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ABSTRACT
The study area is located in the northern part of Iraq to the west of Mosul city within the foothill subzone which
including secondary blocks suggested by previous tectonostratigraphic studies. The area under consideration is
covered with a gravity high where its centre locates near Atshan anticline and extends over many anticlinal
structured surfaces( Allan, Shaikh -Ibrahiem, Sasan , Ishkaft, Gusair, Ain-Zala, Butma, Rafan, Atshan, Nwaigit,
Qlaian, Adaya and Najma).
The enhanced gravity maps of the Geokriging, Modified Shepard's, Triangulation, Convolution Filter-11, Local
Polynomials and subtracting the Polynomial Regression from the modified Shepard's have displayed the
characteristics of a huge Mosul block which divided into a southern block (Zagros trend) and a northern block
(Taurus trend) by a strike-slip fault(SF) explaining the reason of the change of anticline axes orientations. On the
other hand, the enhanced gravity map of Convolution Filter-41 removed the gravity signature caused by all Mosul's
secondary blocks while the map of subtracting of the Local Polynomial from modified Shepard's, and the First
Directional Derivative map have identified twelve secondary blocks which have got a valuable importance of the
hydrocarbon resources in sedimentary basins as a result of tectonic activities during the geological eras.
KEYWORDS. Gravity signature, Mosul

INTRODUCTION
The study area is situated in the NW of Iraq
in the western parts of Tigris river between
latitudes 35.5º , 37.5º N and longitudes 41.5º ,
43.5º E with an area about 14000 Km² (Fig.1).
The study area has got an important attention
due to the probabilities of oil and gas bearing.
Previously, exploration wells were drilled(not
exceeding 3 Km) on the axes of main anticlines
in the region. The Mosul petroleum Company (
MPC) established in the thirties of the past
century had produced amounts of the oil from
Ain-zala and AL-Gayara regions.
The study area consists of three main units of
landforms( tectonic, fluvial and denudation)
which are divided into fourteen secondary units.
Each group of landforms is reflecting different
balance between the internal and surface
processes with the nature and style of terrain
development in the area since L. Miocene. A
comparison between the geomorphological map

and the geologic interpretation of the area
displayed that the terrain is affected by geologic
structures and comfortable with it (ALDaghastani, 2007). The study area contains
mountains of Jwan, Adaya, Shaikh Ibrahiem,
Sasan, Ishkaft, Gusair, Ain-zala, Ravan, Butma,
Allan, Atshan, Nuigit and Qlaian with different
heights (maximum 495m a.s.l.). As well, there
are many valleys, in and around the area, like
wadi Al- Tharthar which extends 120 km
towards south, wadi Al-Gesab extends 65 km
towards SE, wadi Aski Mosul 25km and wadi
Badosh 30 km.(Fig.1)
The deep basement faults in Iraq were
mentioned by Ditmar et al. (1971). AL-Jumaily
& Domaci, (1976) studied the geologic and
tectonic setting of Sasan and Ishkaft mountains
concluding that the area is divided into
secondary blocks isolated from each other by
vertical faults on the axes of the folds and others
parallel to the axes.
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Fig. (1): a- The study area on the Iraqi tectonic map (Jassim & Goff, 2006).
b- The study area and its geomorphology (Al-Daghastani, 2007).

The reason of an asymmetrical folding in the
study area is the tectonic movement direction
where the sedimentary cover is moving towards
south and south west separating from the
basement rocks which are moving in its own role
towards north and northeast (Dewey et al.,
1973).
The tectonostratigraphy of the southern part the
foothill zone in Iraq was also studied by
Ibrahiem (1985) delineating the secondary
basement blocks and faults depending on
subsurface information picked from eight wells
dug on the axes of the folds and from the surface
information (Fig.2). A wrench tectonic model
was assumed from Numan (1997) to interpret the
foreland folds which the study area is a part of it.

2

Gong, J. and Gerken, L., (2003) pointed that the
study area including seven oilfields which are
Ain Zalah, Butmah, Sasan, Alan, Qasab, Jawan
and Najmah.
Mutib & Al-Shaikh (2005) concluded from
geoelectrical analysis that Mosul trough which
lies eastern of the study area is an interrelation
system of oblique strike slip faults tectonism and
basement blocks tectonism. Eventually, Jassim
& Goff (2006) pointed that the study area
includes transverse faults (Fig. 3) which are
Hadhar-Bakhma fault, Sinjar-Herki Fault and
Kutchuk-Dohuk fault. Furthermore, there are
Longitudinal faults like Kirkuk fault and
Himrien- Makhul fault.

Journal of University of Duhok., Vol.15, No.2 (Pure and Eng. Sciences), Pp 1-15, 2012

Fig.(2): Secondary blocks and faults sites (after Ibraheim, 1985)

Fig.(3): Longitudinal and Transversal faults (after Jassim & Goff, 2006).
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Exploration wells which drilled on the axes of
the main folds in the study area (Fig.2) illustrates
the thicknesses and ages of the formation
sediments for each fold(Figs.4 and 5). Mosul
uplift can be noticed in the study area from a
correlation between these wells. It is evident that
the same formations are lifted in Atshan well
which lies in the middle of the study area
according to the neighboring wells in the south
eastern direction in Qlaian and Najma wells and
in the north western in Alan, Ravan and Ain-zala
wells and in the southwest in Adaya and Shaikh
Ibrahiem wells. As well, it is also identified that
there are lateral variations in the formation
thicknesses which reveal the evolution of basins
due to the relative movements of blocks during
the geological history.
The present research aims to analyze the gravity
data of the Mosul block using geophysical
enhancement processing techniques (EPT) for

identifying the gravity signature of the
tectonostratigraphic studies which concluding
secondary blocks and faults. Consequently, it is
intended to delineate deep seated faults and
secondary blocks which representing a huge
importance of hydrocarbon traps possibilities in
Mosul block.
METHODOLOGY
The gravity map of IPC(1960) is adopted as a
source of data for this study (Fig.6). The map
(magnified from scale 1:1000000 to 1:285000)
indicates a gravity high south west of Mosul city
with a maximum value of (-14) mGal decreases
towards different directions with low gravity
gradient towards the south, and then increases
affected by Hader gravity high. In the west
direction it is affected by Baaj gravity low and
Sinjar high, and in the north continuing
decreasing till get affected by Mashura dagh
high..

Lower Jurassic

Fig.(4): Correlation of thicknesses and ages of
Different Formations after (Ibraheim, 1985)

4

Fig. (5): Correlation of thicknesses and ages of
different Formations after (Ibraheim, 1985)
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The anticlinal structures shown in Fig.1 have
plotted on the gravity map of the study area in
order to make a correlation between the
geological
features
and
gravity
field
characterizations (Fig.6). The gravity map for
the study area were divided into gridding net of
the gravity values with spacing intervals of 30

Km, 20Km , 10Km and 3Km. It has been
indicated that the first and second intervals are
not giving details about the secondary gravity
field features, the third interval is giving details
but the fourth interval is the best choice because
of identifying more feature details.

Fig. (6): Bouguer Gravity map with structural anticlines of the studied area(IPC, 1960)
The EP Techniques exploit the surfer program in
the purpose of adopting the best useful
approaches in verifying the goal of the present
study. The geokriging proved a capability to
produce visual maps from irregular distributed
data. The modified Shepard's depends on an
inverse distance weighted least squares that
usually minimizing the Bull's eyes phenomena.
The triangulation with linear interpolation
creates algorithm triangles through drawing lines
between the data nodes. The original points are
being tied to each other without any intersection
between the triangles. The triangle represents a
plane above the grid nodes within triangular
angles with dipping and height closely to the
reality. This technique is considered the best

when the data are evenly distributed in the grid
area. Smoothing interpolators can be employed
with a different weighted average when the
gridding does not have strict confidence in the
repeatability of the data measurements. This type
of interpolation reduces the effects of smallscale variability between neighboring data
points. Smoothing interpolators do not assign
weights of 1.0 to any single point, even though a
point is exactly coincident with the grid node.
When smoothing is used, weighting factors
should be assigned. In the extreme case, all data
points are given equal weight and the surface
becomes a horizontal plane at the average for all
data in the data file. The method includes
number of approaches which smoothes the
5
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gravity data where two manners of them are
reliable to represent the data in this study, while
the other approaches could not detect the gravity
features clearly. The polynomial regression
represents a delineation of the large scale
features while local polynomials are the most
applicable to data sets that are formed a localized
regional field.
Two approaches of the mathematic difference
are used in the present study, the first is the local
anomaly map which is produced via subtracting
the polynomial regression map from the
modified shepard's map. The second is the local
anomaly map of secondary blocks representing a
map of subtracting local polynomial from
modified Shepard's maps.
The first directional derivatives and their
functions are considered the most important
tools in delineating the structural elements and
capability of discovering faults (Jiakang &
Morozov, 2008). First derivative grid files
produce contour maps that show isolines of
constant slope along lines of fixed direction. The
directional derivative at a point is equal to the
dot product between the gradient vector and a

Mutib and Al-Shaikh (2005)

Fig.(7): Geokriging map

6

unit vector in the direction of interest. The
second horizontal derivative is removed the low
frequency anomalies which reflect the deep
bodies (Cooper, 2006).The digital filtering is
considered a better technique than the
wavelength filtering when there is a big amount
of data where the mathematic operation depends
on Fourier domain and convolution integral for
two dimensions.
RESULTS
The geokriging map(Fig. 7) has enhanced the
characteristics of the gravity high caused by the
Mosul block where its centre lies on Atshan
anticline with -14 mGal representing the
maximum value of this high which decreases
towards the different directions . The map is also
indicated that the Mosul block is a two
dimensional body oriented NW-SE and divided
into two blocks which are the southern block
with Zagros trend (NW-SE) and the northern
block with Taurus trend (E-W) where its centre
lies on Gusair anticline. The change in the axes
of the two blocks is due to a strike slip fault(SF).
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The modified Shepard's map (Fig. 8) has yielded
similar implication and characteristics of the
previous geokriging method with distortion of
the gravity contours near anticlines of Qlaian
,Adaya and Shaikh Ibrahiem in the southern

Mosul block and also near anticlines of Gusair,
Ain-zala, and Butma in the northern Mosul
block. These features may reflect secondary
blocks in the basement complex.

Mutib and Al-Shaikh (2005)

Fig. (8): Modified Shepard's map
Triangulation with linear interpolation map(Fig.
9) shows clearly the Mosul blocks (the northern
and the southern) which are separated by the
Mosul strike slip fault (MSSF) where the gravity
contours are pulling out in the north of Mosul
city to the west while those contours are
displacing to the east in south of the city.
The Polynomial regression map identified the
regional gravity field with its directional
analyses after removing the small and large
anomalies leaving the general dip direction of
0.08 mGal/Km with NE direction (Fig.10).
whereas the local polynomials(Fig. 11) explain
smoothing of the data and no appearance of the
northern block centre of the Mosul uplift with
the change of gravity contours due to the steady
regional gravity field all over the study area.
The local anomaly map of Mosul gravity uplift
(Fig. 12) resulted from the mathematic
difference indicates a maximum anomaly
amplitude of (8) mGal, and consequently the
first block fault (BF1) extends along the half
maximum contour value which also thought to
be representing the second block fault (BF2) and

the third fault (BF3) locations to the
southwestern and the southeastern, respectively.
The Mosul's northern uplift (Taurus trend) is
about 40 Km. width with undefined length and
amplitude while the southern uplift ( Zagros
trend) is about 80 Km. length and 50 Km. width
and its centre is close to Atshan anticline. The
latter block also includes the anticline structures
of Najma, Adaya, Shaikh Ibrahiem, Nuaigit and
Qlaian with Zagros trends. The former block (its
centre close to Ain Zala anticline) includes
anticlines of Sasan, Ishkaft, Gusair, , Butma,
Rafan and Allan with Taurus trends.
Furthermore, It is also seen that there is a large
gravity gradient ,decreasingly, towards the
eastern part of the studied area reaching the zero
contour which reflects a fault existence that
extends along Tigris river. This fault represents
Kirkuk fault (Fig. 3) according to Jassim and
Goff(2006).
The local anomaly map of the secondary blocks
(Fig. 13) displays a small value of amplitudes
but having large extensions (more than10 Km).
The following approximate delineation for the
7
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determined blocks according to the present study
are: the petroleum Ain Zala block with length
and width of 10 Km respectively and amplitude

of 1.5 mGal , moreover, another block west of it
with similar characteristics. Ishkaft block with 4
mGal amplitude

Mutib and Al-Shaikh
(2005)

Fig. (9): Triangulation with linear interpolation map

Fig. (10): Polynomial regression map
8

Journal of University of Duhok., Vol.15, No.2 (Pure and Eng. Sciences), Pp 1-15, 2012

Fig. (11): Local polynomial map

Block faults according to Ibraheim (1985)

Fig(12): Local anomaly map for Mosul gravity uplift
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and width of 20 km and unknown length . Sasan
block with 1 mGal amplitude, length and width
of 10 km respectively .While Rafan block is 30
Km length,(12) Km width and amplitude of (0.5) mGal. Gusair block is about 10 Km length
and 4 Km width and 0.5 mGal amplitude. Allan
block is -1 mGal amplitude and unknown
dimensions. Sheikh ibrahiem block is -1.5 mGal
with length and width of 20 km respectively.The
petroleum Najma block is 20 km length, 10 Km
width and 0.5 mGal of amplitude . The Qlaian,

Atshan and Nuigit blocks are considered large
features with 2 mGal amplitudes and having
each of them length and width of 45 Km.
Finally, Mishraq block (containing the sulphur
producing area) is 1 mGal amplitude with 10
Km of length and width respectively. It is
believed that the previous negative blocks are
resulted from the density variation between the
sedimentary cover and basement rocks (Graham
et al.,1999).

Ibraheim (1985)

Fig. (13): Local anomaly map for the secondary blocks
The first directional derivative map (Fig. 14)
length, and Mishraq block is definitely not
indicates the boundaries of the bodies in zero
appeared.
intersection places between the positive maxima
It is seen that the second directional derivative
and negative minima values. Accordingly, it is
map (Fig. 14) is useless for the study area
observed that Ain Zala oil bearing block with
(Fig.15) because the block anomalies are deep
length of 20 Km and width 15 Km. Rafan-Butma
seated elements while it may show good results
block is 20 Km length and 10 Km width. Gusair
in other studies (Reynolds, 2003).
block is 4 Km width and unknown length
The impact of the senistral strike slip fault (Fig.
.Ishkaft block is 15 Km width and unknown
16) using linear convolution filter-11 gives rise
length. Adaya and Sheikh Ibrahiem blocks are
to the changing of the gravity contour
seemed to be as one block with length of 60 Km
orientations dividing the Mosul block into
and width of 20 Km. Allan block is 10Km width
northern
and southern parts, whereas
and unknown length. Qlaian block is 20km
Convolution Filter-41 (Fig. 17) outlines the
length and 10km width. Finally, The petroleum
southern Mosul block remarkably and removed
Najma block is 10km width and unknown
the northern one.

11
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Ibraheim (1985)

Fig(14): First directional derivative map

Block faults according to Ibraheim (1985)

Fig.(15): Second directional derivative map
11
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Block faults according to
Ibraheim (1985)

Fig. (16): Convolution filter 11 map

Fig.(17): Convolution filter (41) map
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Discussion
The geokriging map reveals that the fault (SF)
separating Alan anticline of E-W direction from
Atshan anticline of NW-SE is previously
referred by Mutib & Al-Shaikh (2005) and
Mutib & al-Mawally (2005) in two geoelectrical
studies to the north east and out of the study
area. It is noticed that the trend of gravity
contour (-14) in north west of Atshan anticline is
changed from NW-SE to E-W, and near TalAfer city the trend of gravity contour (-15) is
also changed from NW-SE to E-W reflecting the
impact on the surface anticlines axes which take
the Zagros trend in the south and Taurus trend in
the north. The behavior of gravity contours of
the triangulation map gives a clear evidence of
the senistral strike slip fault that matching with
the other studies (Mutib& Al-Shaikh, 2000 ;
Mutib & Al-Mawaly, 2005). It is also evident
that there is another two dip slip faults, one of
them with NW-SE direction along Tigris river
north of Mosul city that was also mentioned by
Al-Shaikh and Baker ( 1975) and the other one is
heading NE-SW located south of Mosul city. By
comparing these two faults with the study of the
lineament features from the image satellites
(Ibrahiem, 1985), it is clear that there is a
correspondence between the present and
previous studies.
The gravity signature of the local anomaly map
for Mosul gravity uplift supports the
tectonostratigraphic study (Ibrahiem, 1985)
which delineated approximately the block faults
locations from the drilling wells (Fig. 12). It is
also seen that the gravity signature of Local
anomaly map of secondary blocks (Fig. 13)
reflects five new secondary blocks(Ishkaft,
Sasan, Gusair, Nuigit, Mishraq) and seven others
which had been previously concluded from
tectonostratigraphic evidences (Ibrahiem, 1985).
On the other hand, the gravity signature of the
first directional derivative is only reflected two
new secondary blocks (Gusair & Ishkaft) and
six others which had been previously concluded
from tectonostratigraphic evidences (Ibrahiem,
1985).
The convolution filter-41 approach removes the
gravity signature caused by all Mosul's
secondary blocks where this filter is certainly
applied to the main deep seated geological
features(Ali et al.,2008)
Conclusions
1.The enhanced gravity maps of the Geokriging,
Modified Shepard's, Triangulation with Linear

Interpolation, Convolution Filter-11, Local
Polynomials and subtracting the Polynomial
Regression from the modified Shepard's proved
that the main Mosul block is a huge block extend
160 km in length and 80 km width (2D body)
divided into two blocks. One of them is located
in the south of the study area and the other one
less amplitude and extension located in the north
of the study area where the block fault,BF1,gives
rise to the two blocks. Moreover, a strike slip
fault, SF, was identified which dividing the main
block into southern block with Zagros trend and
the northern block with Taurus trend. So the
impact of SF is the reason for the change of
anticline axes directions on the surface for each
of the two blocks. Besides of these two faults ,
the enhanced gravity maps also revealed three
block faults which are southern (BF2) and
western (BF3) and the eastern Kirkuk fault.
2. The enhanced gravity map of Convolution
Filter-41 removed the gravity signature caused
by all Mosul's secondary blocks and the northern
Mosul block. On the other hand, the main deep
seated geological feature (the southern Mosul
block ) is clarified remarkably.
3. The tectonostratigraphic study and petroleum
companies identified eight secondary basement
blocks and seven oilfields respectively while the
enhanced gravity maps concluded twelve
basement blocks using the subtracting of the
Local Polynomial map from modified Shepard's
map, and the First Directional Derivative map.
Those blocks have got large importance due to
presence of hydrocarbon resources in
sedimentary basins as a result of tectonic
activities during the geological eras.
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شوين تبليَن راكيَشانىَ يا تة كتونوسرتاطراف يا جهيَن ثة تروال خاظ ل بلوكا مويسل ذ تة كنيكيَن ضاككة ر ييَن نةخشيَنا
ثوختة
دة ظة را ظة كولينىَ دكة ظيتة روذئاظا مويسل ل باكورىَ عيَراقىَ ل ظة ريَذا طريَن سة ر ب حة وديَنن فورالنني ينىَ نة
 واتة ئة ظ دة ظة رة خاظة كىَ الوة كى ثيَشنياركرى ذظة كولينا تة كنوسرتاطرافيك ب خنوة ظنة دطرين ب,الويستى
 ل دة ظنة رىَ بلنيا ينة كنا. َريَكا بة راوردكرنا برييَن كوير ييَن ظة ديتى ل سة ر بيناظيَن سنة رطنركيَن ل دة ظنة رى
 ننويط,راكيَشاى يا ة ى و سة نتة رىَ وى ل نيَزيكى (عطشان)ة ة تا دطة يتة زجنريا ثيَكهاتيَن راسن ل (عننن
.)  جنمة, كصري, رافان,  اشكف,  بطمة,  عني_زالة, ساسان, شيخ ابرا يم, عياية,قليان
.  ونيكرنا سىَ طوشة يا ئيَك ريَكى) دياركر,  شيباردا بياظى, ئة ظان نة خشيَن راستظة كرى (تيَكة لبونا ئامارا ئة ردى
شوين تبليَن راكيَشاى يا تايبة تييَن خاظا مويسل يا مة زن ل ديظ ئيَك ئة ويَن كو ذيَكظة بوين ل سة ر خاظىَ باشورى بة
) كنارتيَكرن لS F(.َرة ف ضيايىَ زاطروس و يىَ دى بو باكورى بة رة ف ضيايىَ طوروسى ب ئة طة را ذيَكظة بنونى
سة ر طو ورينا ئاراستا بياظيَن وة رثيَضانا رويىَ ذ دة رظة ذ باكورىَ روذئاظاى ل باشورىَ ذيَكظة بونىَ بة رة ف روذ نة
شوين تبن ظة طة41 _  ئة ظى نة خشىَ راكيَشاى يىَ ضاككة ر بو موخة ال تيَهة لكيَش.الت_ روذئاظا ل باكورىَ وى
ود ة مان دة ميا نة خشىَ ذيَكجوداكرنا ة ذمارة يى يىَ فنرة سننوريَن خنوة ينى ذ, رياى بو ة مى خاظيَن ناظنجى ية
َ يىَ ئيَكىَ دوزة خاظيَن ناظنجى نة كو طرنطن سنة ر ئيَككنة سنامانى, شيبارتىَ تة وة رى و نة خشىَ دارشتى يىَ ئارستا
.َاييروكاربونى دناف بياظىَ سة رئيَكة كة تى ل دويظ دة ميَن جيولوجى ل دة ظة را ظة كولينى
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الخالصة

البصمة الجذبية لتكتونوطباقية حقول نفط بلوك الموصل باستخدام تقنيات تحسين الخرائط

تقع منطقة الدراسة غرب مدينة املوصل يف مشال العراق ،إذ تتضمن املنطقة بلوكات ثانوية مقرتحة من دراسة تكتونوطباقية سابقة من
خالل إجراء مضاهاة آلبار استكشافية عميقة على حماور الطيات احملدبة املوجودة يف املنطقة .يغطي املنطقة مرتفع جذيب مركزه قرب طية
عطشان وميتد املرتفع فوق سلسلة تراكيب الطيات السطحية (عالن ونويقط وقليان وعداية وشيخ ابراهيم وساسان وعني -زالة وبطمة
واشكفت ورافان وكصري وجنمة.
أظهرت اخلرائط احملسنة (التشبيك االحصائي االرضي ،شيبارت احملور ،االستحداث التثليثي اخلطي ،املرشح االحتوائي  ،11متعدد احلدود
احمللي ،الفرق احلسايب ومتعدد احلدود االحنساري من شيربد املعدلة) البصمة اجلذبية خلصائص بلوك املوصل الكبري والذي ينقسم إىل بلوك
جنويب باجتاه زاكروسي وآخر مشايل باجتاه طوروسي بفعل فالق مضريب ( (SFاثر على تغري اجتاه حماور الطيات السطحية من الشمال الغريب
يف جنوب الفالق اىل شرق – غرب يف مشاله .لقد أزالت اخلريطة اجلذبية احملسنة للمرشح االحتوائي 41 -البصمة اجلذبية العائدة لكافة
البلوكات الثانوية بينما شخصت خريطة الفرق احلسايب ملتعدد احلدود احمللي من شيبارت احملورة وخريطة املشتقة االجتاهية األوىل اثين عشر
بلوكا ثانويا ذات األمهية يف تراكم الثروات اهلايدروكاربونية ضمن الغطاء الرسويب عرب األزمنة اجليولوجية بفعل تفاعل احلركات التكتونية يف
منطقة الدراسة.

15

Journal of University of Duhok., Vol.15, No.2 (Pure and Eng. Sciences), Pp 16-22, 2012

ON THE TENSOR PRODUCT OF MULTIPLICATION AND SYMMETRIC
MULTIPLICATION R- MODULES
HAZHA ZIRAR HUSSAIN
Dept. of Mathematics, College of Science, University of Salahaddin, Kurdistan Region, Iraq
(Received: July 19, 2009; Accepted for publication: November 15, 2011)

ABSTRACT
If R is a commutative ring with identity, and A a left R- module, A is multiplication left R- module if for every
submodule C of A, there exists an ideal I in R such that C= IA, see[ 3]. In this paper, we study the tensor product of
two types of multiplication and symmetric multiplication R- modules, we prove that the tensor product A  B of two
multiplication left R- modules A and B is a multiplication R- module, but the converse is not true.
Moreover, we prove that, the tensor product of two (s.m) left R- modules is (s.m) left R- module. Finally we introduce
the notion (A  B)*
which is the dual of the tensor product of (A  B).

KEYWORDS. Multiplication R- module, Symmetric Multiplication R- module, Tensor product, dual R- module.

1.
INTRODUCTION
Let R be a commutative ring with identity, and
A a left R- module, A is multiplication left Rmodule if for every submodule C of A, there
exists an ideal I in R such that C= IA, see[3 ], a
finitely generated R- module A is symmetric
multiplication (s.m) R- module if and only if
there exists a finite set U= ( a1, a2, …, an) of
generators of A and an nxn symmetric matrix
M=[rij] with entries in R satisfies the following:
1) Mt Ut = Ut
2) Tr(Mt)= 1
3)rij ak= rik aj , for all 1  i, j, k  n
The matrix A is called the associated matrix with
A, see[ 11].
In this paper, we prove that the tensor product
A  B of two multiplication left R- modules A,
B is multiplication, but the converse is not true,
the tensor product of a finite number of
multiplication R- modules is multiplication R
module, the tensor product of two (s.m) Rmodules is (s.m) R- module, the tensor product
of a multiplication (s.m) ideal and a
multiplication (s.m) R- module is multiplication
(s.m) R- module, the tensor product of a
multiplication R- module and a (s.m) R- module
is multiplication R- module, but not (s.m) Rmodule, if A is multiplication(s.m) R- module
then R  A is multiplication (s.m) R- module.
The f.g dual tensor product (A  B)* generated
by components of the vector
( 1 d1 , 1 d 2 ,..., 1 d k ,  2 d1 ,  2 d 2 ,...,  2 d k ,

 m d1 ,  m d 2 ,..., …,  nm k ) is multiplication (s.m)
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if each of A, B is multiplication (s.m) Rmodules, if A*  B multiplication (s.m) Rmodule then HomR(A, B) is multiplication (s.m)
R- module.
For a reference to the basic concepts appearing
in this work consult [4 ], [9 ], ], [12 ].
Definition 1.1: Let R be a commutative ring. If
A1, …, An, B are R- modules, we denote by
Ln ( A1, …, An ; B)
The R- module of n- multilinear maps
f: A1x …x An  B
A multilinear map is a map which is linear in
each variable. The multilinear maps of a fixed
set of R- modules A1, …, An as the objects of a
category. Inded, if
f: A1x …x An  B as g: A1x …x An  C
are multilinear, a homomorphism f  g is said
to be a homomorphism h: B  C which makes
the following diagram commutative
A1x …x An

B
C

A universal object in this category is called a
tensor product of A1,…, An (over R), see[12].
Note: The tensor product of two R- modules is
an R- module, see[12].
2.
TENSOR
PRODUCT
OF
MULTIPLICATION R-MODULES
Theorem 2.1: Let R be a commutative ring with
identity and A, B be f.g multiplication Rmodules, then the tensor product A  B is
multiplication R- module.
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Proof: Let the f.g R- module A be generated by
components of the vector U= ( a1, a2, …, an) and
the f.g R- module B be generated by the
components of the vector V=( b1, b2, …, bm ),
since each of A,B is multiplication R- module
then, there exists an associated nxn matrix M=
[rij] and an mxm square matrix N= [kij] with
entries in R respectively, satisfies the following
conditions:
1) M Ut= Ut
2) Tr(M)= 1
3) rij ap= rip aj , for all 1  i, j, p  n
and
1) N Vt= Vt
2) Tr(N)= 1
3) kij bp= kip bj , for all 1  i, j, p  m
respectively, see[7]
then the tensor product A  B of the above Rmodules over R is f.g by components of the
vector U  V which has elements of the form
ai  bj (i= 1, …n and j= 1, …m)
The tensor product (kronecker product), see[11]
of the two matrices M, N denoted by * is an
mnxmn square matrix:
M*
N=

 r11[k ij ] r12 [k ij ] .
r [k ] r [k ] .
22
ij
 21 ij
 .
.

.
 .
 .
.

rn1 [k ij ] rn 2 [k ij ] .

.
.

.
.

.

.

r 1n [k ij ]
r2 n [k ij ]
. 

. 
. 

rnn [k ij ] 

is an nmxnm matrix associated
n

Tr(M*N)=

m

 r k
i 1 j 1

ii

n

=

jj

m

r k
i 1
t

ii

j 1

jj

=1

(M*N) (U  V) = (U  V)t
For each pair (i, j) with 1  i  n and 1  j  m
let tij be a letter, and
M* N= [sij]
Then sij tk = sik tj
Thus the tensor product A  B is multiplication
R- module.
Note. The converse of the above theorem is not
true as we see in the following example.
Example : Let A= Q and B= Z7 be Z- module.
Then A  B  0 is a Z- module which is a
multiplication Z- module but Q is not a
multiplication Z- module.

Theorem 2.2: Let R be a commutative ring with
identity and A be a f.g multiplication R- module.
Let f: A  A be a module homomorphism, then
there exists a unique homomorphism
g: A  A  A  A such that
g( a  b)= f(a)  f(b) and
g( A  B  )= I f(A )  f(A )
for some Rsubmodules A , B  of A and an ideal I of R.
Proof: Let A be a f.g R- module generated by
components of the vector U= ( a1, a2, …, an),
since A is multiplication, then by theorem 1.1
the tensor product A  A is also f.g
multiplication R- module generated by
components of the vector U  U= ( a1  a1, a1
 a2, …, a1  am, …, an  a1, …, an  an), we
shall prove that a homomorphism g satisfying
the required condition exists. Let a  b be an
element of the tensor product A  A, and let r1,
…, rn be the unique elements in R such that
a  b= r1 (a1  a1)+ r2 (a1  a2)+ …+ rn (an  an)
We let
g( a  b)= r1 (a1  a1)+ r2 (a1  a2)+ …+ rn
(an  an)
We then define a mapping g satisfying the
required condition exists from the multiplication
tensor product A  A into itself, and we contend
that g is homomorphism , if a  b is an
element of A  A, and if
a  b = z1 (a1  a1)+ z2 (a1  a2)+ …+ zn
(an  an)
(a  b)+ ( a  b )= (r1+z1) (a1  a1)+ (r1+z2)
(a1  a2)+ …+ (rn+zn) (an  an)
We obtain
g[(a  b)+ ( a   b )]=r1 (a1  a1)+ z1 (a1  a1)+ r2
(a1  a2)+ z2 (a1  a2)+ …+ rn (an  an) + zn (an  an)
= f (a )  f(b )
= g(a  b)+ g( a   b )

Let  be an element in R. Then
 (a  b)=  r1(a1  a1)+  r2 (a1  a2)+ …+
 rn (an  an)
and hence by the definition of the function g we
get:
g(  (a  b))= f(  a)  f(b)
=  f(a)  f(b)
=  f(a)  f(b)
=  g( a  b)
We have therefore proved that g is an Rhomomorphism, and hence that there exists an
R- homomorphism as asserted in the theorem.
Such a map is unique, because for any element r1
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(a1  a1)+ r2 (a1  a2)+ …+ rn (an  an) of the
tensor product A  A, any homomorphism
h: A  A  A  A such that
h (a  b) = f (a )  f(b ) must also satisfy
h(r1 (a1  a1)+ r2 (a1  a2)+ …+ rn (an  an))= r1
h(a1  a1)+ r2 h(a1  a2)+ …+ rn h(an  an)
= r1 (f(a1  f(a1))+ r2 (f(a1)  f(a2))+ …+ rn
(f(an)  f(an))
= r1 g (a1  a1)+ r2 g (a1  a2)+ …+ rn g (an  an)
g(r1 (a1  a1)+ r2 (a1  a2)+ …+ rn (an  an))
Since the tensor product A  A is multiplication
R- module, then for any submodule A  B  of
A  B there exist an ideal I of R such that
A  B  = I A  A, see[3 ]
g ( A  B  )= g(I (A  A)
= g( I (A  A))
= I g(A  A)
= I f (A )  f(A )
This concludes the prove.
Note. We call the homomorphism f in the above
theorem by
the
multiplication
tensor
homomorphism and denoted by f  f.
We will generalize Theorem 1.3 to then tensor
product A  B as we see in the following
Theorem:
Theorem 2.3: Let R be a commutative ring with
identity and A,B be f.g multiplication Rmodules. Let f: A  A and f  : B  B be
module homomorphisms, then  an Rhomomorphism
f  f  : A  B  A  B defined by
f  f  ( a  b)= f(a)  f  (b) and
f  f  ( A  B  )= I f(A )  f  (B ) for some
R- submodules A , B  of A,B respectively and
an ideal I of R.
Proof : To prove the existence of the required
homomorphism f  f  . Let a  b be an
element of the multiplication tensor product
A  B, then
a  b= r1 (a1  b1)+ r2 (a1  b2)+ …+ rnm
(an  bm)
f(a)= p1a1+ p2a2+ …+ pn an
f(b)= q1b1+ q2b2+ …+ qmbm
(f  f  )(a  b) = r1 (a1  b1)+ r2 (a1  b2)+ …+
rnm (an  bm)
Therefore we define a mapping from the
multiplication tensor product A  B to itself, to
prove the required condition let a  b be an
element of A  B and
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a  b = z1 (a1  b1)+ z2 (a1  b2)+ …+ znm
(an  bm)
Thus
(a  b)+ ( a  b )= (r1+z1) (a1  b1)+ (r1+z2)
(a1  b2)+ …+ (rnm+znm) (an  bm)
We get
f  f  [(a  b)+ ( a  b )]= (r1+z1) (a1  b1)+
(r1+z2) (a1  b2)+ …+ (rnm+znm) (an  bm)
=r1 (a1  b1)+ z1 (a1  b1)+ r2 (a1  b2)+ z2
(a1  b2)+ …+ rn (an  bn) + znm (an  bm)
= f (a )  f  (b )+ f ( a  )  f  ( b  )
Let   R, then
 (a  b)=  r1(a1  b1)+  r2 (a1  b2)+ …+
 rnm (an  bm)
Thus
(f  f  ) [  (a  b)]= f(  a)  f  (b)
=  f(a)  f  (b)
=  (f  f  ) (a  b)
Thus there exists an R- homomorphism between
the multiplication tensor product R- module
A  B to itself.
Now we proved that such multiplication tensor
homomorphism f  f  is unique
Let r1 (a1  b1)+ r2 (a1  b2)+ …+ rnm (an  bm)be
any element in the multiplication tensor product
A  B, and any multiplication tensor
homomorphism
( f  f  )  ( a  b)= f(a)  f  (b)
satisfies
( f  f  )  (r1 (a1  b1)+ r2 (a1  b2)+ …+ rnm
(an  bm))= r1 ( f  f  ) 
(a1  b1)+ r2
( f  f  )  (a1  b2)+ …+ rnm ( f  f  ) 
(an  bm)
= r1 f(a1)  f  (b1) + r2 f(a1)  f  (b2)+ …+ rnm
f(an)  f  (bm)
= r1 ( f  f  )  (a1  b1)+ r2 ( f  f  ) 
(a1  b2)+ …+ rnm ( f  f  )  (an  bm)
= (f  f  ) (r1 (a1  b1)+ r2 (a1  b2)+ …+ rnm
(an  bm))
Since the tensor product A  B is multiplication
R- module, then for any submodule A  B  of
A  B there exist an ideal I of R such that
A  B  = I ( A  B)
(f  f  ) ( A  B  )=(f  f  )(I (A  B)
= I (f  f  ) (A  B))
= I f (A )  f  (B )
Hence the prove is complete.
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Corollary 2.4: Let R be a commutative ring with
identity and A1, A2, …, An be finite number of
multiplication R- modules, then their tensor
product A1 
A2 
…  An is also
multiplication R- module.
Proof : The prove is direct from Theorem 1.1
and mathematical induction.
3.
THE
TENSOR
PRODUCT
OF
SYMMETRIC MULTIPLICATION
Theorem 3.1: Let R be a commutative ring with
identity and A, B be f.g symmetric
multiplication (s.m) R- modules, then their
tensor
product
AB
is
symmetric
multiplication R- module.
Proof: Let the f.g symmetric multiplication Rmodule A, B generated by components of the
vector U= ( a1, a2, …, an) and V=( b1, b2, …, bm )
respectively , then there exists an nxn, mxm
symmetric matrices M= [rij], N= [kij] with
entries in R, satisfies the following conditions:
1) Mt Ut= Ut
2) Tr(Mt)= 1 the unity of R
3) rij ap= rjp ai , for all 1  i, j, p  n
and
1) Nt Vt= Vt
2) Tr(Nt)= 1
3) kij bp= kjp bi , for all 1  i, j, p  m
respectively, see[11 ]
The matrices M,N are called the associated
matrices with the symmetric multiplication Rmodules A, B.
The tensor product A  B is an R- module over
R is f.g by components of the vector U  V
which has elements of the vector
U  V= ( a1  b1, a1  b2, …, a1  bm, …, an
 b1, …, an  bm)
The tensor product of the two symmetric
matrices M, N is an mnxmn square matrix:

 r11 N t r21 N t .

t
t
.
r12 N r22 N
 .
.
Mt* Nt= 
.
 .
 .
.

t
t
.
r1n N r2 n N
t
t
M  N is symmetric matrix

.
.

.
.

.

.

rn1 N t 

rn 2 N t 
. 

. 
. 

rnn N t 

n

2) the trace

m

 r k
i 1 j 1

ii

jj

=1

3) rij kpq (as  bt)= rjs kqt (ai  bp)
For all 1  i, j, s  n and 1  p, q , t  m let tij be
a letter, Hence the tensor product A  B is a
symmetric multiplication R- module.
Note: We get the following results for
multiplication ideals which was defined in [1 ],
[6 ].
Corrollary 3.2: The tensor product I  A of a
multiplication (s.m) ideal I and a multiplication
(s.m) R- module A is multiplication (s.m) Rmodule.
Proof: Its similar to the above theorem so the
prove is ommited.
Note: The above result was proved in [8 ] for the
product of multiplication R- modules and flat Rmodules.
Corollary 3.3: The tensor product I  Jof two
(s.m) ideals I, J is a (s.m) ideal.
Proof: The prove is ommited.
Theorem 3.4 : Let R be a commutative ring with
identity the tensor product of a f.g multiplication
R- module and a symmetric multiplication Rmodule is multiplication R- module.
Proof : Let A be a f.g multiplication R- module
generated by components of the vector U= ( a1,
a2, …, an), then there exists an nxn, matrix M=
[rij] with entries in R, satisfies the following
conditions:
1) Mt Ut= Ut
2) Tr(Mt)= 1 the unity of R
3) rij ap= rjp ai , for all 1  i, j, p  n
and B be a symmetric multiplication R- module
generated by components of the vector V=( b1,
b2, …, bm ) with associated mxm symmetric
matrices N= [kij] with entries in R, satisfies the
following conditions
1) Nt Vt= Vt
2) Tr(Nt)= 1
3) kij bp= kjp bi , for all 1  i, j, p  m
Now the tensor product A  B is f.g R- module
generated by components of the vector
U  V= ( a1  b1, a1  b2, …, a1  bm, …, an
 b1, …, an  bm)
The tensor product of the matrix M and the
symmetric matrix N is:

follows from the
properties of kronecker product because( Mt 
Nt)t= M  N
1) (M* N) (U  V)t= (U  V)t

19

Journal of University of Duhok., Vol.15, No.2 (Pure and Eng. Sciences), Pp 16-22, 2012

 r11 N t

t
r21 N
 .
Mt *Nt= 
 .
 .

t
rn1 N

r12 N t .
r22 N t .
.
.
.
rn 2 N t .
Since ( Mt* Nt)t= Mt  N

.
.

.
.

.

.

r 1n N t 

r2 n N t 
. 

. 
. 

rnn N t 

Thus the matrix
satisfies the following
conditions:
1) (M* Nt) (U  V)t= (U  V)t
n

2) the trace

m

 r k
i 1 j 1

ii

jj

=1

3) rij kpq (as  bt)= rjs kqt (ai  bp)
For all 1  i, j, s  n and 1  p, q , t  m
Therefore the tensor product A  B is f.g
multiplication R- module but not (s.m) Rmodule.
Theorem 3.5: Let R be a commutative ring with
identity and A a f.g multiplication (s.m) Rmodule, then the tensor product R  A is also
multiplication (s.m) R- module.
Proof: Since A is a f.g multiplication (s.m) Rmodule,
and the existence of the isomorphism between
R  A and A see[5 ] p. 408, we get the result
that R  A is multiplication (s.m) R- module.
Proposition 3.6: Let R be a commutative ring
with identity, and A, B be f.g R- modules, if the
tensor product A  B is f.g multiplication Rmodule, then B  A is also multiplication Rmodule.
Proof: Let the multiplication tensor product
A  B be generated by components of the vector
U  V= ( a1  b1, a1  b2, …, a1  bm, …, an
 b1, …, an  bm)
With associated mnxmn M= [rij] with entries in
R, satisfies the following conditions:
1) M (U  V)t= (U  V)t
2) Tr(M) =1
3) rij (ak  bs)= rik (ak  bs)
For all 1  i, j, k  n and 1  s  m
There is a unique multiplication tensor Rhomomorphism which is monomorphism and
epimorphism, see [2 ] p. 24, of the multiplication
tensor product A  B on the tensor product
B  A sending a  b on b  a for all a  A and
b B
Thus B  A is also multiplication tensor
product.

20

4. ON THE DUAL (A  B)* OF f.g
MULTIPLICATION R- MODULES:
Let A and B be f.g R- modules over a
commutative ring with identity generated by
components of the vectors U= ( a1, a2, …, an) and
V=( b1, b2, …, bm ) respectively , and the
multiplication tensor product A  B be
generated by components of the vector
U  V= ( a1  b1, a1  b2, …, a1  bm, …, an
 b1, …, an  bm)
With associated mnxmn matrix M= [rij] with
entries in R
Let D= Ann(Ann (A  B)) then for each d  D
and 1  j  nm, define
 j d : A  B  R by
nm

If x=

x
i 1

i

(ak  bp) , then put
nm

 j d (x)= d

r x
i 1

ij

i

In particular  j d (ak  bp)= d rij which is an Rhomomorphism. For fix d  D, let (A  B)* be
the submodule of A  B generated by {  j d :
1  j  nm }.
Theorem 4.1: Let R be a commutative ring with
identity, and A  B be a f.g multiplication tensor
product and D be a f.g multiplication ideal, if
D(A  B) is multiplication R- module, then the
dual module (A  B)* is multiplication Rmodule.
Proof: Let (A  B)* be a multiplication Rmodule generated by components of the vector {
 j d : 1  j  nm } associated with the same
matrix M= [rij] with entries in R.
Also (A  B)*=
(A  B)*d



d D

and D is f.g multiplication ideal generated by
components of the vector V= ( d1, d2, …, dp),
with associated pxp matrix P= [kij],
and D(A  B) is f.g multiplication R- module
generated by components of the vector
W  (U  V)= ( d1 (a1  b1), d2 ( a1  b2), …, d1
(an  bm), …, dn (an  bm))
with associated (nmk)x(nmk) matrix N  M
(A  B)* is generated by components of the
vector
(U  V)*=(
1 d1 , 1 d 2 ,..., 1 d k ,  2 d1 ,  2 d 2 ,...,  2 d k , …,  nm k )
with associated nmkxnmk matrix N  M
satisfies the three conditions.
Thus (A  B)* is multiplication
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Since there exists a monomorphism from
(A  B)* onto D(A  B), see [10 ], we get the
prove.
Note : Let Hom(A, A) be the set of all Rhomomorphisms from an R- module A to itself.
Theorem 4.2: Let R be a commutative ring with
identity, and A, B be two f.g R- modules, if the
tensor product A*  B is multiplication Rmodule, then Hom(A, B) is multiplication Rmodule.
Proof: Let A, B be f.g R-modules generated by
the components of the vector U= ( a1, a2, …, an)
and V=( b1, b2, …, bm ), respectively, then the
dual module A* is generated by the components
of the vector
U*=( 1 d ,  2 d ,...,  n d )
The multiplication tensor product A*  B
generated by components of the vector
U*  V=(
1 d  b1 , 1 d  b2 ,..., 1 d  bm ,...,  n d  bm )
with associated nmxnm matrix M= [rij] with
entries in R, satisfies the following conditions:
1) M (U*  V)t= (U*  V)t
2) Tr(M) =1
3) rij (  k d  b p )= rik(  j d  b p )
For all 1  i, j, k  n and 1  p  m
To each pair (f, b) in the direct product A*  B
we associate the homomorphism Hf,b such that
Hf,b(a)= f(a) b
We can note that this association
(f, b)  Hf,b
is an R- homomorphism from A*  B into
Hom(A, B).
Consequentely by Theorem 1.4 there exists a
unique R- homomorphism from A*  B into
Hom(A, B) which to each element f  b
associate our R- homomorphism Hf,b
, in fact its as R- isomorphism, see[2 ].
Hence Hom(A, B).must be multiplication Rmodule.
Proposition 4.3: : Let R be a commutative ring
with identity, and A*, B* be two f.g dual Rmodules, if the tensor product of the dual Rmodules A*  B* is multiplication R- module,
then the dual of their tensor product (A  B)* is
multiplication.
Proof: Let A*, B* be f.g R-modules generated by
the components of the vector U*=(
1 d ,  2 d ,...,  n d )

And V*= ( 1 d ,  2 d ,..., 1 d ), so that their
tensor product A*  B* generated by the
components of the vector
U*  V*=(

1d  1d  , 1d   2 d  ,..., 1d   m d  ,...,  n d   m d 
)
with associated nmxnm matrix M= [rij] with
entries in R, satisfies the following conditions:
1) M (U*  V*)t= (U*  V*)t
2) Tr(M) =1
3) rij (  k d   m d  )= rik(  j d   m d  )
For all 1  i, j, k, m  n m
To each tensor product  j d   k d  where
 j d  A* and  k d  B* associate an Risomorphism H  j d , k d  of A  B having the
property that
H  j d , k d  (a  b)=  j d (a)  k d  (b)
Hence the dual of the tensor product (A  B)* is
multiplication R- module.
REFERENCES:
1-D.D.Anderson,
(1976),Multiplication
ideals,
multiplication rings, and the ring R(x), Can. J. Math., Vol.
XXVIII, No.4, pp. 760- 768.
2-M.F.Atiah, I.G.Macdonald, (1969), Introduction to
Commutative Algebra, California,. London.
3- A. Barnard, (1981), Multiplication modules; Journal of
Algebra, Vol. 71, 174- 178.
4- C. Faith, (1973), Algebra: rings, modules and categories
I, Springer- Verlag Berlin Heidelberg New York.
5- S. Lang, (1965), Algebra, Columbia University, New
York, London.
6- J. L. Mott, (1964), Equivalent conditions for a ring to be
a multiplication ring, Cand, J. Math 16, 429- 434.
7- A. G. Naoum. M. A. K. Hasan, (1986), The residual of
finitely generated multiplication modules, Arch. Math.,
Vol. 46, 225- 230.
8- A. G. Naoum, (1988), On the product of a module by an
ideal, Beiträge zur Algebra and Geometric 27, 153- 159.
9- D. G. Northcott, (1968), Lessons on Rings, Modules and
Multiplicities, Cambridge at the University Press.
10- K. R. Sharaf, (1986), Multiplication Modules and Their
Duals, M. Sc. Thesis, U. Baghdad.
11- K. R. Sharaf, (1990), On symmetric multiplication
modules, submitted to the 2nd Scientific Conference of
Salahaddin University.
12- A. Solian, Theory of Modules, (1977), John Wiley and
Sons Limited London, New York, Sydney, Toronto.

21

Journal of University of Duhok., Vol.15, No.2 (Pure and Eng. Sciences), Pp 16-22, 2012

الخالصة

حول الضرب الممتد للمقاسات الجدائية و الجدائية المتناظرة

اذا كانت Rحلقة ابدالية احادية A,B,مقاسني على احللقة  ,Rيف حبثنا هذا ندرس الضرب املمتد لنوعني من املقاسات اجلدائية
و اجلدائية املتناظرة .اثبتنا نتائج عديدة منها حاصل الضرب املمتد ملقاسني ددائيني ( )B  Aهو مقاس ددائي ايضا والعكس غري
صحيح ,حاصل الضرب املمتد ملقاسني ددائيني متناظرين هو مقاس ددائي متناظر.
كذلك درسنا املقاس الرديف *( )B  Aللمقاس اجلدائي (.)B  A

دةربارةى ليَكدانى راكيَشراو بوَموَديولة ليَكدراوة كا ن و ليَكدراوة هاوجيَكان
ثوختة
با  Rئةلقةيةكي ئالوكّوري بة دانةي بىَ اليةن بيَت A,B ,دوو موَديولنب لة سة ر ئة لقة ى  . Rلة م ليَكوَلينة وة
ية دا دراسة تى ليَكداني راكيَشراو بوَ دوو جوَر موَديول ده كة ين موَديولي ليَكدراوو ليَكدراوى هاوجىَ.
بوَ ئة م دوو جوَرة موَديوالنة زوَر ئة جناممان سة ملاندووة لةوانة ئةجنامى ليَكدانى راكيَشراو بوَ دوو موَديوىل هاوجىَ
َم ثيَضة وانةكة ى رِاست نى ية ,ئة جنامى ليَكدانى دوو موَديوىل لييَكدراوى
( )B  Aموديوليَكى هاوجىَ ية بة ال
هاوجىَ موَديوليَكى ليَكدراوى هاوجىَ ية.
هةروةها دراسةتى موَديولي هاوتا*( )B  Aبوَ موَديوىل هاوجىَ ( )B  Aمان كردووة.
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ABSTRACT
In this study we found that synthetic Vanilla (Vanillin) which is a food flavorant widely used in food industry and
homemade pastry causes significant increases (P<0.05) in plant growth of Vicia faba and Zea mays when used in very
low concentrations of 0.3% . incontrast to this there was a progressive reduction in plant growth parameters and
considerd toxic when plants treated with 0.6% , 0.9% and 1.2% concentrations of the synthetic Vanillin. No. of
leaves per plant of both species was not affected by the treaments. This is for the first time to be reported that the low
concentrations of Vanillin causes significant increases(P<0.05) in plant growth parameters,
Keywords : Vanillin , plant growth, Vicia faba , Zea mays.

INTRODUCTION
Vanilla (Vanill planifolia) is terrestrial orchid
suitable for the warm humid tropics. It is
evergreen, leafy, and somewhat fleshy vine that
may climb to the top of trees, 50 to 75 feet, if
unchecked. It has thick, oblong, 6 to 9 inch,
dark-green leaves and forms roots opposite the
leaves by which it clings to the tree. The fruit is
a beanlike pod, 4 to 6 inches long by about onehalf inch thick. The better pods are 5 inches or
more in length. A single pod contains thousands
of seeds almost microscopic in size (l/3 to 1/4
mm). The major Vanilla growing areas are
Madagascar, Mexico, and Comoro islands
(Odoux and Grisoni,2011).
Vanillin(4-hydroxy-3- ethoxybenzaldehyde)
with the molecular formula C8H8O3, is a pleasant
smelling aromatic compound occurs naturally in
Vanilla beans. Vanillin is also can be found in
plants bound to sugar as glucoside. Another
source is lignin a by-product of paper pulp
manufacture. It may be also prepared by
synthesis.(D.O.C.A.B ,2003). Natural Vanilla
extract is a mixture of several hundred different
compounds in addition to Vanillin. Artificial
Vanilla flavoring is a solution of pure Vanillin,
usually of synthetic origin. It is used widely as
flavoring additive for beverages, cooking and as
an aromatic additives for candles, incense,
potpourri, fragrances, perfumes and air
fresheners at concentration ranging from 0.005%
to 0.8% .Next to saffron and cardamom, Vanilla
is the worlds next most expensive spice.
Effects of Vanillin on different organisms
and environments have been thoroughly studied,
(IPCS. IUCHEM, OECD,1996) as well its
safety and handling (Mallinckrodt Baker,
inc.,2003). In many experiments has shown to be

acute toxic to fish, (Brook,et al.,1984),
(Mattson, et al.,1976) Daphnia, (IPCS.
IUCHEM, OECD,1996) and reduced growth of
many Algae species after 7, 14 and 21 days of
exposure (Dedonder, et al.,1971). Germination
test with lettuce and cotton produced a great
reduction in germination, while no effects was
observed on wheat.(Reynolds,1978 and Riffle,
et al.,1990 ). Great reduction in weed seeds
germination has been observed when treated
with high concentration of the phenolic
compound.( Reigosa, et al.,1999) Substantial
effects was observed in Vicia faba these were
reduction of root length and mitotic index as
well different types of cytological malformation
and chromosomal aberrations.(Younis, et al
.,1987 and Fattah and AL-Hibshi , 2008). High
concentration of Vanillin has also increased
number of aberrations in human lymphocytes
only when chromosome gaps are included.(
Jansson, et al.,1987). In contrast to these
observations Vanillin is considered to be
antimutagen, anticlastogen and anticarcinogen
compound. It also inhibited non-homologous
DNA end joining (NHEJ).( Daniel, et al., 2000).
Vanillin also was able to inhibit mutation of the
CD59 locus on human Chromosome 11 induced
by
hydrogen
peroxide,
N-methyl-Nnitrosoguanidine and mitomycin C. In another
study it seems that Vanillin is a promising antisickling agent, it interact with hemoglobin and
inhibits polymer formation (Troutman, 1995). It
has been found also hat the low concentration of
Vanillin increases the mitotic index in the root
tips of vicia faba.( Fattah and AL-Hibshi, 2008)
The aim of the present study is to investigate the
effects of Vanillin on growth of Vicia faba and
Zea mays plants
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MATERIALS AND METHODS
Concentrated solution of synthetic Vanillin
was purchased from local market, originally has
been imported from Foster Clark’s company
Malta, Its ingredients were, water, Glycol
E1520, Vanillin flavor, color E150, with no
alcohol added .The seeds of Vicia faba minor
and Zea mays were obtained from Agricultural
Research Center Duhok. These two species were
selected to represent dicotyledon and
monocotyledon plants. 4-6 seeds were sown in
small plastic pots containing sandy soil. After
germination, the seedlings were thinned to one
plant per pot. The pots were watered with 5
different concentration of Vanillin solution. The
concentrations of Vanillin were (0.0, 0.3, 0.6,
0.9, and 1.2 % v/v). Each treatment repeated 5
times. The plants were arranged in Complete
Randomized Design (CRD). 10 ml of each
concentration was used to water the plants each
2-3 days interval. The experiment was ended
after 5 weeks from sowing. The scored
parameters are shown in tables 1and 2. Duncan
test was used to test the differences between the
means.

RESULTS
Effects of Vanillin on Vicia faba grwoth
Table (1) presents the effects of different
Vanillin concentrations on plant growth of Vicia
faba. It's obvious that Vanillin affected all
parameters measured :Plant height cm, Plant
weight gm, No.of leaves /plant, Dry weight (gm)
and Primary root length (cm),in compare to
untreated
plants.There
were
significant
differences between the means of the
treatments.The most affected character was plant
weight (gm),followed by plant hight (cm).while
the least affected character was No, of leaves per
plant. Generally,when plants treated with
concentrations of 0.3 % of the aqueous solutions
of Vanillin an increase in all plant growth
parameters were scored. When higher
concentartions of the substance were applied to
the plants, a significant reductions in all
parameters were scored especialy when traeted
with 1.2% concentration, and an adverse effects
were noticed.The reductions in growth
parametres were increased with increases of
Vanillin concentrations, (Table 1 and Fig.1). The
toxicity effects was clear in treatment 0.9% and
hiegher, as the edges of the leave were burned
and most of roots went dark and rotten.
Table No.1 average of growth parameters of Vicia faba
Treat.
No.

treatments
(Vanillin conce.)

Plant height
(cm)

Plant weight
(gm)

No.of leaves
/plant

1
2
3
4
5

Control
0.3 %
0.6 %
0.9 %
1.2 %

30.6 b
38.0 a
29.2 b
27.6 b
19.6 c

12.94 b
14.62 a
09.54 c
09.18 c
06.90 d

15.0 ab
17.0 a
15.4 ab
15.4 ab
14.0 b

Dry
weight
(gm)
0.94 b
1.22 a
0.81 b
0.81 b
0.59 c

Primary root
length (cm)
15.8 b
24.4 a
22.2 a
24.4 a
10.6 c

Means having the same letter has no significant differences according to Duncan test at P < 0.05

Fig No.1 the effects of Vanillin on growth of Vicia faba.L
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Effects of Vanillin on Zea mays grwoth
Inspite of that Zea mays is a monocotyledon
plant, similar results to those of Vicia faba were
scored as well. The most affected characters
were plant weight (gm) and plant hight (cm),
while No. of leaves per plant was not affected as
there was no significant differencecs due the
effects of different treatments,(Table 2 and

Fig.2). Significant increase (P<0.05) in growth
parameters except No.of leaves per plant was
noticed when plants were treated with
concentration of 0.3 % of the aqueous solutions
of Vanillin. The hiegher concentrations were
having advers and toxic effects on plants grwoth,
as the edges of the leave were burned and most
of roots went dark and rotten.

Table No.2 average of growth parameters of Zea mays
Treat.
No.

treatments
(Vanillin conce.)

Plant
weight
(gm)
5.70 b
6.59 a
5.06 bc
4.44 c

No.of
leaves
/plant
5.2 a
5.4 a
5.4 a
5.4 a

Dry weight
(gm)

root length
(cm)

Control
0.3 %
0.6 %
0.9 %

Plant
height
(cm)
28.2 ab
32.4 a
27.8 b
27.6 b

1
2
3
4

0.53
0.79
0.55
0.46

32.8
41.0
33.6
28.8

5

1.2 %

23.4 c

3.87 c

5.2 a

0.43 b

b
a
b
b

b
a
b
bc

23.6 c

Means having the same letter has no significant differences according to Duncan test at P < 0.05

Fig No.2 the effects of Vanillin on growth of Zea mays.L
DISCUSSION
Many observations had confirmed the toxicity of
Vanillin when used at high concentrations to a
variety of organisms such as plants,( Reigosa, et
al.,
1999), earth worm Eisenia foetid
(Hartenstein,1982), fungi (Palmer, et al., 1955),
fishs (Brook, et al.,1984 and
Mattson, et
al.,1976),
daphnia
(Källgvist,
1996),
Algae,(Dedonder, et al.,1971) and many other
organisms reviewd in OECD Screening
Information Data Sets (SIDS). The results of
this experiments support the
reviewed
observations, and that using Vanillin in a high
concentrations will have a toxic effects on both
types of plants the dicotyledon and
monocotyledon . Nevertheless as we see from
Fig (1&2) and table (1&2) the concentration of

0.3% of Vanillin had stimulated plant growth
and caused increases in all parameters measured
except number of leaves per plant of Zea mays
and to some extend Vicia faba plants .Although
number of leaves was the same in Zea mays ,
there was significant differences in plant hight
and dry weight, this increase may be due to
increase in node length and leave area index and
it seems that No of leaves per plant is geneticaly
controled rather than other factors .
This is for the first time to be reproted that
the low concentration of Vanillin increases plant
grwoth. This increase perhapas is due to the
increase of mitotic index, as it has been
confirmed in the previous expermints of Fattah
and AL-Hibshi, (2008) that low concentration of
Vanillin increases the mitotic index of Vicia faba
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roots. For more confirmation of these results
more expermints should be done in the field
using very low concentrations of pure Vanillin.
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)Zea mays( ) والذره الصفراءVicia faba( تأثير مادة الفانلين على نمو نبات الباقالء

الملخص

)يفP<0.05( يف هذه الدراسه وجد ان ملادة الفانلني الصناعيه واملستخدمه بصورة واسعه يف الصناعات الغذائيه واملعجنات تأثريا معنويا
) يفP < 0.05(  يف حني لوحظ اخنفاضا معنويا، %3.0 منو نبايت الباقالء والذره الصفراء عند استخدامها برتاكيز منخفضه ومبقدار
عدد االوراق لكل نبات يف كال اجلنسني من. %2.1  و%3.0 ، %3.0 صفات منو النباتات واعتربت سامة عند املعامله بالرتاكيز
 هذه هي للمرة االوىل يتم فيها مالحظة ان الرتاكيز الواطئه من مادة الفانلني أدت اىل زبادة معنويه.النباتات مل تتأثر باملعامالت
.) منو النباتاتP<0.05(
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ABSTRACT
Background
Tuberculosis, is one of the infectious diseases caused by Mycobacterium tuberculosis, it is one of the serious global
health problems as it causes nearly 3 million deaths annually, and most of them from developing countries.
Tuberculosis is mainly transmitted by airborne droplets nuclei, Hence spread of the diseases is very fast, non
compliance is the main cause of treatment failure. WHO adopted the DOTS strategy (Directly Observed Treatment
Short courses) to overcome the problem of non- compliance. The implementation of DOTS in Duhok Governorate
was commenced in April 2002 under direct supervision of WHO, then it was expanded annually to include all the
Governorate districts by 2009.
Materials and methods
The national Tuberculosis control programme in Iraq as a whole was disrupted, as a consequences of embargo effect
on the general socio-economic situation and health infrastructure. Duhok Governarate is situated in north eastern
part of Iraq with population of 1,043,962 with area of 10715 KM 2. The tuberculosis control programme in Duhok
Governorate was implemented through tuberculosis control center in Duhok under direct supervision of the WHO. It
was commenced in large cities in 2002 and expanded gradually to include all governorate districts by 2009. All
diagnosed patients received quadruple therapy according to DOTS criteria.
Results
Following the implementation of DOTS program the numbers of detected tuberculosis cases were increased gradually
as more areas were included and case detection rate was increased until 2010. The total number of all tuberculosis
cases in 2010 were 218 (117 male and 101 female), of them 154(71%) were pulmonary and 64(29%) were extrapulmonary. The total number of pulmonary sputum smear positive patients was 91(59%), The case detection rate was
increased from 16% in 2001 to 27% 2010, but was far below the case detection rate of Iraq 47% and far away from
WHO target of 70%. The success rate is 90% which is well above WHO target of 85%. The rate of sputum conversion
at the end of two months was 85.2%. The mortality rate was very law. The MDR and XDR rate were extremely low.
Conclusion
This was with no doubt a great outcome, as implementation of DOTS program in this area has resulted in increase of
success rate and reduction in both mortality and numbers of resistant types of pulmonary tuberculosis.
KEYWORDS: DOTS, Tuberculosis, DOTS in Iraq, Benefit of DOTS strategy, outcome of DOTS strategy.

INTRODUCTION
Tuberculosis, is one of the infectious
diseases that is caused by Mycobacterium
tuberculosis, is one of the serious global health
problem as it causes nearly 3 million deaths
annually, and most of them from developing
countries(1).
Tuberculosis is mainly transmitted by
airborne droplets nuclei hence spread of the
diseases is very fast. The impact of the diseases
cannot be underestimated as each patient of
pulmonary tuberculosis can infect 10 or more
person annually (2)
The current treatment of tuberculosis can
cure virtually all patients, but it is very important
that treatment must be taken for usually 6
months. However, the treatment is frequently
interrupted due to long duration of the regime,

and also because of the fact that most patients
will feel better after few weeks of treatment (3)
Non compliance is the main cause of
treatment failure, in addition to the long duration
of therapy, other factors includes ignorance and
illiteracy, as a result many patients are not cured
completely and remain infectious and continue
to spread the diseases throughout the
community.
That is the reason, WHO adopted the DOTS
strategy (Directly Observed Treatment Short
courses) to overcome the problem of noncompliance (3).
The five components of DOTS includes
1. Political commitment with increased and
sustained financing.
2. Case detection through quality assured
Bacteriology(sputum smear microscopy)
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3. Standardized treatment with supervision and
patient support
4. An effective drug supply and management
system
5. Monitoring and evaluation system and impact
measurement system(reporting and recording
system)
The goal is to cure 85% of of new positive
sputum and identifying 70% of the tuberculosis
cases (4).
DOTS is a comprehensive strategy for
tuberculosis cure which include, diagnosis,
improved drug supply and program monitoring.
It is the only strategy which has proven effective

in controlling tuberculosis on a mass basis. It has
being successfully implemented in many
countries worldwide (5).
MATERIALS AND METHODS
Duhok Governarate is situated in north
eastern part of Iraq with population of 1,043,962
with area of 10715 KM2 (Fig1). The tuberculosis
control programme in Duhok Governorate was
implemented through tuberculosis control center
in Duhok. The suspected or diagnosed cases
were referred from other health facilities to this
center for more investigations and treatment.

Duhok Population and Districts
Districts

Population

Duhok Population per Districts

Duhok

288,328

Duhok

Zakho

217,398

Zakho

Akre

132,119

Akre

Sumail

115,674

Sumail

Amadia

98,387

Amadia

Shekhan

97,592

Shekhan

Bardardsh

94,464

Bardardsh

Total, 2010

Figure 1

1,043,962
Duhok Total Area

10715 Km2

Conference
on Strengthening
StrategyReview
in KRG,
6/10/20110
DOTS
& TB Control
program the implementation of the National TB Control
2010 Annual
/ DOH-DUHOK

The implementation of DOTS in Duhok
Governorate was commenced on April 2002
under direct supervision of WHO. It started with
conducting training courses for the selected
staffs on proper implementation of the strategy.
There was one work shop for the facilitators (5
Doctors from General Medicine & one Doctor
from Laboratory) conducted by Master trainers
from National institute of Tuberculosis in
Baghdad. There were intense training courses for
all medical, laboratory staff, heath worker in
pharmacies, in the pilot programme area. There
was also strengthening community participation
and active involvement of community members
then establishing effective supervision and
monitoring system through proper case
identification, reporting, registration and regular
evaluation.
28

The implementation of DOTS was started in
April 2002 as a pilot program. This program
included Dohuk city, Sumail city and Zackho
city which include 60% of Dohuk Governorate
population then it was expanded annually to
include all the Governorate districts by 2009. All
cases with 3 or 2 sputum smear positive were
treated as active tuberculosis. If one sputum
examination was only positive, then chest X-ray
and medical judgment was considered. If all
three sputum examination were negative but the
chest X-ray and medical judgment were
suspicious of Tuberculosis a course of broad
spectrum antibiotics ( Co Amoxiclav) were
offered for 10 days and if there was no
improvement the sputum examination were
repeated.
Extra
pulmonary
tuberculosis
diagnosis depends on histological finding. Urine,
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CSF, Discharge of chronic osteomyelitis,
aspiration from enlarged lymph nodes and joints
were also examined for AFB.
Treatment was given according to DOTS
strategy, that is a quadruple therapy for 6
months, for both pulmonary and extrapulmonary tuberculosis. Under DOTS strategy
the patient swallows the drug in front of a health
worker/DOTS provider. Thus appropriate
medications in correct doses and at correct
intervals are administered, ensuring that the
patients are taking the medicines. All the active
tuberculosis cases were offered, Rifampicin,
Isoniazid, Pyrazinamide and Ethambutol or IM
streptomycin for 2 months followed by Isoniazid
and Rifampicin for 4 months. There were regular
visits to all health centers weekly to insure that
especially Pulmonary positive patients were
taking their medicine under direct supervision.
There was a follow up for all patients in the
tuberculosis center every two months, Clinical
examination and sputum examination for

pulmonary tuberculosis were conducted, if the
sputum was still positive after 2 months, the
four drugs were taken for an extra one month
according to DOTS strategy. Clinical
examination, ESR and specific tests according to
site of tuberculosis were offered for
extrapulmonary tuberculosis.
RESULTS
The number of tuberculosis cases in Duhok
Governorate increased in 190s (1538 cases),
compared with 1980s (1346) of them 815(53%)
were male, and 723(47%) were female, 1013
(65.9%)were pulmonary tuberculosis, and
(34.1%) were extra-pulmonary tuberculosis.
Only 32% of cases did complete the treatment
courses(table1, WHO report of year 2001).
There was no improvement in tuberculosis
situation, and in fact there was clear
deterioration.

Table 1 Incidence of Tuberculosis \ Year, Duhok 190s(WHO)
`Years

No
TB
Cases

90

91

92

93

94

95

96

97

98

99

Total

Pul.
TB

80

90

101

103

129

47

135

110

122

96

1013

Extra
Pul.
TB

48

40

57

59

54

49

42

52

76

48

525

Following the implementation of DOTS
programme the number of detected tuberculosis
cases were increased gradually as more areas
were included and case detection rate was
increased until 2010 (table 2). The total number
of all tuberculosis cases in 2010 were 218 (117
male and 101 female), of them 154(71%) were
pulmonary and 64(29%) were extra-pulmonary.
The total number of pulmonary sputum smear
positive patients was 91(59%), retreatment rate
was 25(11%), while most of the extra-pulmonary
were, pleural effusion followed by skeleton
tuberculosis (table 3 & fig 2). The area
distribution of notified tuberculosis cases, per
district is highest in zakho city and lowest in
sumail city (Fig.3). The case detection rate was
increased from 16% in 2001 to 27% 2010, but
was far below the case detection rate of Iraq of

47% and far away from WHO target of 70%
(Table 4). Low case detection rate is due to
multiple factors including a possibility of
inaccurate tuberculosis estimation for Iraq and
especially for Duhok, being a mountainous area
with good socio-economic status, week referral
system from private sector, poor quality control
system and poor knowledge about DOTS
program among health staff and community
members. This problem is currently being
addressed by a large study sponsored by WHO
throughout Iraq.
The success rate is 90% which is well above
WHO target of 85%.The mortality rate remain
very low and so are the defaulter, failure, and
relapses rates (Table 4). The rate of sputum
conversion at the end of two months was 85.2%.
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Table 2 TB (Case notification) in Duhok Governorate; (2002 - 2010)
Total
TB
Cases

Year

Pulmonary Tuberculosis
Total Pul.
TB

New SS+ve

Re-Rx.

New SS-ve

Extra
Pul.

1

2002

36

21

14

0

7

15

2

2003

69

44

32

2

10

25

3

2004

123

69

25

2

42

54

4

2005

171

127

40

6

81

44

5

2006

174

111

29

15

67

63

6

2007

192

122

50

12

60

70

7

2008

204

135

68

10

57

69

8

2009

221

136

62

17

57

85

218

154

66

25

63

64

9

*** DOTS Implemented in Duhok Governorate in April
DOTS & TB Control program

2002

2010 Annual Review / DOH-DUHOK

Table 3: Distribution of registered extra pulmonary TB cases by anatomical site in governorate (Duhok ) 2010.
Site of
TB

Pleural
effusion

Number

Lymph
Nodes

39

6

Skeleto
n

Meningitis

10

1

Gastroi
ntestina
l
9

Genitourinary

Skin

Pericardiu
m

Other
s

Total

1

3

71

2

Type : No. (TB Cases-Duhok 2010)
Re-treatment/Category II
New Extra-pulmonary

New PTB (SS-)
New PTB (SS+)
0
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Fig. 3
TB Case Detection Rate (CDR); (Duhok-2010)

80%

70%

70%
60%

47%

50%

28%

40%

30%

16%

20%

20%

12%

25%

27%

CDR

10%

0%
5

6

7

8

9

10

Iraq

WHO

Yr.

DOTS Targets, WHO:Duhok, 2010

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

WHO

Detection R

Cure R

Mortality R

Defaulter R

Failure R

Duhok

Relaps R

Table 4

The number of proved MDR, registered cases in
the governorate from the start of implementation
of DOTS program till now stand at 11 cases
most of them are chronic cases and one was
cured, 3 had died and 8 patients are still
receiving treatment. All the recorded cases are

examined for HIV but there is no positive case
till now.
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DISCUSSION
This study examined tuberculosis control
program directly observed short courses
(DOTS), in duhok governorate districts. Its
success rate is reported at more than 90 percent,
and sputum conversion of more than 85% at the
end of first 2 months, was with no doubt a great
out come. It prevents the spread of tuberculosis
by prioritizing the sputum-positive patients for
diagnosis and treatment, hence reducing the
incidence and prevalence of tuberculosis and
reducing the development of Multi-drug resistant
tuberculosis (MDR-TB) and extensive drugresistant (XDR-TB). It helps very poor patients
by easy access to free drugs, hence saving lives
and reducing duration of the diseases. It also
helps to remove social stigma and improves the
life quality of many patients by uninterrupted
supply of medicine.
The compliance to DOTS strategy therapy is one
of the important factors that affect the result of
treatment. Compliance can be defined as extend
to which patient's behavior coincide with
medical advice. Non-compliance to self
administered multi-drugs tuberculosis regimens
is common and is the most important cause of
failure of initial treatment and relapse(Globe,
et.al., 2007). Non-compliance may also result in
acquired drug resistance, requiring more
prolonged and expensive treatment that is less
likely to be successful than the treatment of drug
susceptible tuberculosis(Globe, et.al., 2007). The
adoption of DOTS has been associated with
reduced rate of treatment failure, relapse and
drug resistance ( Weis, et.al., 1994 ).
There is no doubt that dots has proven to be very
successful in many countries. A study from
Senegal by Thiam et al in 2007 demonstrated the
effectiveness of an intervention package which
included improved patients counseling, patients
choice of DOTS supporter, decentralization of
treatment and reinforcement of supervision
activities. The intervention was studied from
2003-2005. Treatment success rate were 88% in
the intervention group as compared with 76% in
the control group. Default rates were also
reduced (Thiam, et.al., 2007). In another study
from Baghdad, Iraq in 2003 by Mohan A et al
found that home visiting by trained personnel
improved patient compliance under DOTS
system, the intervention had treatment success
rate of 94.2% versus the control group rate of
10% and smear conversion rate of 92.9% versus
75% for the control group(Mohan, et.al., 2003).
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Early evidence from Eastern Europe was
supportive of the DOTS treatment system. In
1988 a study done by Rouhonen et al found that
World Health Organization DOTS pilot in the
Leningrad region was moderately effective with
patients with high epidemiological and medical
risk. The study was followed by study done in
2003 by (Kherosheva T et al) in Orel Oblast of
a revised DOTS program that also had good
results; an 81% cure rate for culture positive and
91% cure rate for clinically diagnosed patients.
A report by Pint in 2001 for WHO Geneva,
found that from 1995-2001, a cumulative total of
36 million tuberculosis cases were successfully
treated with DOTS program and up to 6 million
deaths were averted. This indeed was praise
worthy effort. Most dramatic and eventful result
was seen in China where number of detected
cases of TB rose from 835 in 1990 to about
130,000 in 1995. About 91 percent of the
patients who started treatment in 1993 got cured
(Pint , 2001 ). Furthermore, he added that in
Bangladesh, from the same report, DOTS
Strategy was started in 1993 and about 80
percent of the patients were cured till 1995. In
1997, WHO considered Bangladesh as a model
country for the world for TB control .
CONCLUSION
This was with no doubt a great outcome, as
implementation of DOTS program in this area
has resulted in increase of success rate and
reduction of both mortality and numbers of
resistant types of pulmonary tuberculosis.
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ثوختة
ذيَرخانةئيَشا زراظ ئيَكة ذ ئيَشيَن ظةطر رويددةت ذ ئةطةرىَ وةرطرتن و تووشبوونىَ ب بةكترييا ناظدار ب ( mycobacterium
,) tuberculosisدهيَتة هذمارتن ئاريَشةكا ساخلةميا ترسناك ل سةرانسةرى جيهانىَ ذبةركو دبيتة ئةطةرىَ مرنا نزيكى3
مليون كةسا د ساليَدا,و ثرتيا ظان كةسيَن دمرن ذ وةالتيَن نوى طةهشتى.ئيَشا زراظ بارا ثرت دهيَتة ظةطوهاسنت ذ كةسةكى بؤ
ئيَكيَكىَ دى ب ريَكا ثرضكيَن بايىَ بيَهنشك و كوخكى.ذ بةر هندىَ بةالظبوونا ئيَشىَ زؤرا لةزطينة و ب ساناهية,نة ثيَطريكرن
ب دروست خارنا دةرمانيَن ضارةسةريىَ و ب دومياهيك نةئينانا )قةدةر و دةمىَ )courseىَ ثيَدظى بؤ خارنا دةرمانا ئةطةرىَ
سةرةكيىَ ئيَكيَية بؤ نة سةركةفتنا ضارةسةريىَ.ريَكخراوا ساخلةميا جيهانى ()WHOسرتاتيجيا ) )DOTSثةيرةكرية
(ثيَكهاتية ذ ضارةسةركرنىَ ب كورسيَن كورت ىلَ خارنا دةرمانى ذ اليىَ نةخووشيظة راستةوخؤ (ثيَشضاظيَن كادرىَ
ساخلةميىَ))داكو زالبنب لسةر نةثيَطريكرنا نةخووشى ب خارنا دةرمانا.ثةيرةوكرنا سرتاتيجيا ) )DOTSل ثاريَزطةها دهوكىَ
دةستثيَكربوو هةر ذ مةها نيسانا  2002ز راستةوخؤ لنب سيبةر و سةرثةرشتيا ريَكخراوا ساخلةميا جيهانى(, )WHOثاشى
ئةظ ثرؤطرامة ساالنة هاتة بةرفرةهكرن داكو هةمى باذيَركيَن ثاريَزطةهىَ ظةطريت دطةل ساال 2002
كةلوثةل و ريَكثرؤطرامىَ نيشتيمانى يىَ زالبوونىَ لسةر ئيَشا زراظ ل عرياقىَ ب شيَوةكى طشتى تيَكضبوو ذ ئةجنامىَ ئابلوقا ئابوورى و
كارتيَكرنيَن وىَ لسةر بارىَ ئابوورى جظاكى يىَ طشت خةلكى و ذيَرخانا ساخلميىَ ل هةمى عرياقىَ.ثاريَزطةها دهوكىَ
دكةةظيتة باكوورىَ رؤذهةالتىَ عرياقىَ و هةذمارا خةلكىَ وىَ نيَزيكى 340,3 , 262كةسن لسةر رووبةرىَ  30731كم

2

 .ثرؤطرامىَ زالبوونىَ لسةر ئيَشا زراظ ل ثاريَزطةها دهوكىَ هاتةجبهئينان ب ريَكا سةنتةرىَ زالبوونىَ لسةر ئيَشا زراظ ل باذيَرىَ
دهوكىَ لنب سيبةر و سةرثةرشتيا ريَكخراوا ساخلةميا جيهانى,هاتبوو جبهئينان ل باذيَريَن مةزن ل  2002و ثاشى هيَدى هيَدى
هاتة بةرفرةهكرن داكو هةمى باذيَركيَن ثاريَزطةهىَ ظةطريت ل ساال . 2002هةمى نةخووشيَن هاتينة دةستنيشانكرن هاتبوونة
ضارةسةركرن ب ضارةسةريا ضارقووىل و لدويظ ثرؤطرام و ريَنماييَن DOTS
ئةجنامثشتى جبهئينانا ثرؤطرامىَ ( )DOTSو دطةل زيَدةكرنا ليَطةريانىَ ل ثرت باذيَرك و طوندا هةذمارا ظةديتنا نةخووشيَن ئيَشا زراظ
زيَدةبوون و د ئةجنامدا ريَذا ظةديتنا نةخووشيىَ ذى زيَدةبوو ل هةتا ساال 2030
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هةمى هةذمار ل ساال 232 , 2030بوون ( 337نيَر و  303مىَ),ذ وانا  )%73( 31,سيهطرتيبوون و  )%22( 6,دةرظةى
سيهابوون .هةمى هةذمارا نةخووشيَن كو بلغةمىَ موجةب ب بةكترييا (23,) mycobacterium tuberculosis
( )%12بوون.ريَذا ظةديتنا نةخووشا زيَدةببوو ذ  %36ل  2003بةرةظ  %27ل  ,2030ىلَ طةلةك يا كيَمرت بوو ذ ريَذا ظةديتنا
نةخووشيىَ ل هةمى عرياقىَ كو  %,7بوو و طةلةك دوير بوو ذ ئارماجنا ريَكخراوا ساخلةميا جيهانى( )WHOيا كو %70
ية.ريَذا سةركةفتنىَ  %20ية يا كو دهيَتة هذمارتن دسةر ئارماجنا ()WHOدا كو  %21ية
ريَذا طوهرينا بلغةمى ثشتى  2هةيظا % 2152بوو.ريَذا مرنىَ زؤرا كيَمبوو .ريَذا MDRو  XDRزؤر زؤرا كيَمبوو
دومياهيكئةظة بىَ طومان دةستكةفتةك مةزنبوو,ذ بةركو جبهئينانا ثرؤطرامىَ  DOTSلظىَ دةظةرىَ بؤ ئةطةرىَ زيَدةبوونا ريَذا
سةركةفتنىَ و كيَمكرنا ريَذا مرنىَ و ريَذا جوينيَن ئاسىَ ذ بةكترييايىَ() mycobacterium tuberculosis
ملخص

اخللفيةمرض السل يعترب من االمراض املعدية و يصاب به االنسان اثر العدوى بالبكترييا املعروفة بMycobacterium) tuberculosis
)و يعترب املرض مشكلة صحية عاملية خطرة النه يسبب وفاة ما يقارب ال  3ماليني شخص ىف السنة الواحدة ,اكثرية هذه الوفيات حتدث
يف بلدان العامل الثالث .ينتقل مرض السل ىف اكثرية احلاالت من شخص مصاب اىل اخر عن طريق الرذاذ املتطايرة من العطس و السعال
من الشخص املصاب اىل الشخص السليم و لذلك فان العدوى باملرض سهله و سريعه معا  ,اضافه اىل عدم االلتزام باخذ العالج بشكل
منتظم و اكماله يعترب السبب الرئيسى و الوحيد لفشل العالج
اوصت منظمة الصحة العاملية ( ) WHOبتنفيذ اسرتاتيجية جديدة الجناح املعاجله تسمى ( )DOTSو تتكون هذه الفكرة باعطاء
كورسات عالجية قصرية تكون حتت معاينة و اشراف مباشر من الكادر الصحى للتأكد من التزام املرضى باخذ العالج بشكل منتظم و
اكماله .بدا تنفيذ هذه االسرتاتيجية ىف حمافظة دهوك اعتبارا من شهر نيسان من العام  2002و حتت مظلة و اشراف مباشر من منظمة
الصحة العاملية (, ) WHOومت استخدام هذا الربنامج بشكل واسع سنويا ليشمل مجيع املدن و البلدات التابعة حملافظة دهوك حبلول
سنة 2002
املواد و الطرقتعثرالربنامج الوطىن للسيطرة على مرض السل ىف العراق بشكل عام نتيجة احلصار االقتصادى الذى كان مفروضا على البلد الكثر من عقد
من الزمن مما اثر على احلالة االقتصادية و االجتماعية لعامة الناس و البنية التحتية لقطاع الصحة ىف العراق برمتها .تقع حمافظة دهوك ىف
مشال العراق ويصل عدد سكاهنا اىل ما يقارب  2,0,3,2,2نسمه ومتتد على مساحة 20721كم.2
بدء بالربنامج الوطىن للسيطرة على مرض السل ىف حمافظة دهوك عن طريق مركز السيطرة على مرض السل ىف احملافظة حتت مظلة و اشراف
مباشر من منظمة الصحة العاملية (,) WHOىف البدء نفذ الربنامج ىف املدن الكبرية ىف العام  2002مث مت توسيعه تدرجييا ليشمل كل
املدن و القصبات ىف احملافظة حبلول عام . 2002مجيع املرضى الذين مت تشخيصهم عوجلوا بالكورس الرباعى حتت اشراف مباشر من قبل
الكادر الصحى و حسب برنامج ال DOTS
النتائج
بعد تنفيذ برنامج ال  DOTSوتوسيعه ليشمل املدن و القصبات االخرى التابعة للمحافظة ازداد عدد املرضى املشخصني واستمر العدد
باالزدياد وحبلول عام 2020بلغ العدد الكلى  227( 222ذكر و  202انثى) ,منهم  21,مصابا( )%72بالسل الرئوى و ,,
( )%22خارج اجلهاز التنفسى .بلغ العدد الكلى للمرضى ذو البلغم احلاوي على بالبكترييا( Mycobacterium tuberculosis
. )%12( 22 ,ازدادت نسبةتشخيص املرض من  %2,ىف عام  2002اىل  %27حبلول سنة , 2020لكن هذه النسبة هي اقل
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كثريا من النسبة الىت وجدت ىف عموم العراق و الىت كانت  %,7و كذلك بعيدة جدا من النسبه اليت هتدف اليها منظمة الصحة العاملية
( ) WHOواملطلوب هوالتوصل اىل نسبه جناح %70حيث كانت نسبة النجاح  %20و الىت تعترب اعلى من النسبة  %21املطلوبة
نسبة تغيري نتيجة فحص البلغم بعد شهرين من العالج كانت .%21,2نسبة  MDR ,XDRكانت قليلة جدا
االستنتاجمن دون شك تشكل هذه النتيجة جناحا كبريا .و بسبب تطبيق برنامج ال  DOTSىف هذه املنطقة مت زيادة نسبة النجاح وواخنفاض
نسبة الوفيات و انواع البكترييا املقاومة لالدوية.
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EFFECT OF FOLIAR APPLICATION OF ASCORBIC ACID ON MINERAL
AND BIOCHEMICAL CONSTITUENTS OF WHEAT GROWN UNDER SALT
STRESS CONDITIONS*
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ABSTRACT
This study was carried out in the glasshouse of Biology department, College of Education/ Scientific departmentsUniversity of Salahaddin-Erbil, during October 26, 2009 to January 21, 2010 to investigate the effect of 200ppm
ascorbic acid (AsA) as foliar application on some chemical and biochemical components of wheat irrigated by salting
water with different levels of NaCl solutions (0, 50, 100 and 200mM) for (90) days. Salt stress caused reduction in
chemical and biochemical constituents of plant. Nitrogen, phosphorus, potassium, magnesium and calcium content
were decreased and the lowest values found at 200mM NaCl, while sodium and chloride increased sharply by
increasing NaCl concentrations. Proline and endogenous AsA increased with increasing NaCl stress. Whereas,
protein, soluble sugar, soluble carbohydrate and photosynthetic pigments were decreased by increasing salt stress.
Foliar application of AsA alleviated the adverse effects of salt stress on wheat, increased chemical and biochemical
constituents of plant.
KEY WORDS: Ascorbic acid, Salt stress, Wheat

INTRODUCTION
Wheat is a major agriculture commodity and
dietary component in the world. It is one of the
most important cereals in view of nutrition
values. It serves as rich sources of fiber,
vitamins, carbohydrate, proteins and mineral
(Fardet et al., 2008). Cultivated in different
environments, in arid and semi arid region of the
world, wheat yield is very low due to low
precipitation, high temperature and accumulation
of salts in soil (Munns, 2002). Against these
stresses, plants adapt themselves by different
mechanisms including change in morphological
and developmental pattern as well as
physiological and biochemical responses
(Bohnert et al., 1995).
Salinity is one of the major problems of
agriculture in arid and semiarid regions;
concentrations of NaCl over 0.4M inhibit most
enzymes because of disturbances to hydrophilic–
electrostatic balance that is necessary to
maintain the protein structure. However, Na+
concentrations of 0.1M are cytotoxic indicating
that the ion directly affects specific biochemical
and physiological processes (Munns, 2002).
High concentrations of salt also impose
hyperosmotic shock by lowering the water
potential causing turgor reduction or loss that
restricts cell expansion (Hasegawa et al., 2000).
High salt concentration normally impair the
cellular electron transport within different sub
* Part of M.Sc. thesis of the first author
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cellular compartments and lead to generation the
reactive oxygen species (ROS) such as singlet
oxygen, superoxide, hydrogen peroxide and
hydroxyl radicals, excess of ROS triggers
phototoxic reactions such as lipid peroxidation,
protein degradation and DNA damage (Apel and
Hirt, 2004). Principal secondary effects of NaCl
stress include disturbance of K uptake,
membrane
dysfunction,
impairment
of
photosynthesis and other biochemical processes,
generation of ROS and programmed cell death
(Borsani et al., 2003).
Ascorbic acid (AsA) is an organic compound
required in trace amount to maintain normal
growth in higher plants (Padh, 1990). AsA
involved in hydroxylation of proline, regulation
of the cell cycle, numerous fundamental
processes of plant growth and development
(Chinoy, 1984). Grain soaking in/or shoot
spraying with AsA under the various levels of
salinity caused a reduction of Na+ accumulation
and increase in the contents of K+, Ca2+ and
Mg2+, and this lead to increase in K+/Na+ ratio
when compared with non-salinized plants (ElTayeb, 1991). A pot experiment involving
addition of different NaCl cocentrations (0, 2, 4,
8, and 10 dSm-1) was conducted by (Rajpar et
al., 2006). It was observed that salt stress leads
to impairment of mineral nutrition and
disruptions in ion homeostasis, increasing soil
salinity increased Na+ and Cl- content while K+
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content decreased which led to lowering the
K+/Na+ ratio of the flag leaf sap in wheat (cv.
Inqlab). However, salt-induced reduction in leaf
chlorophyll a, b and carotanoids was improved
by AsA application to two wheat cultivars, S-24
and MH-97.
Application of ascorbic acid mitigates the
adverse effects of salinity through increasing the
synthesis of protein and decreasing protease
activity and corrects the nutritional disorders
induced through salinity by decreasing Na+ ions
and increasing K+, Ca2+ and Mg2+ ions
contents over those of control plants and
salinized ones of Zea mays plant (Bassuony et
al., 2008). AsA-induced enhancement in growth
of salt-stressed plants of wheat cv.S-24 cultivar
particularly at 100ppm AsA was associated with
enhanced endogenous AsA level, catalase
activity, higher photosynthetic capacity, and
accumulation of K+ and Ca2+ in the leaves
(Athar et al., 2008). Similar response was
observed in photosynthetic content of leaves
(Farghal et al., 2009). Proline is one of the
classes of small molecules known as
"compatible osmolytes" includes certain amino
acids quaternary ammonium compounds. These
compounds share the property of being
uncharged at neutral pH, it synthesized from
glutamate, arginine, citrulline or ornithine under
normal physiological conditions. However, it
protects the cell membranes against detrimental
effects of dehydration and lowers generation of
ROS (Smirnoff and Cumbes, 1989). Likewise,
accumulation of proline permits osmotic
adjustment, and supplies energy for growth and
survival and thereby helps the plant to tolerate
stress (Mittler, 2002), acts as a compatible
buffers cellular redox potential; stabilizing the
macromolecules , the organoids and the
structures (proteins, membranes, chloroplasts
and liposome against damage caused by stress
condition (Wahid and Close, 2007).
Al-Hakimi and Hamada (2001) studied the
interactive effects of salinity stress (40, 80, 120
and 160mM NaCl) and AsA application on
wheat (Triticum aestivum L.). They found that
increasing in proline of either shoots or roots
with increased NaCl concentrations. Application
of AsA could counteract the adverse effects of
NaCl salinity on the seedlings of wheat plant by
suppression of salt stress induced accumulation
of proline. Increasing amount of proline was also
established in salinity condition (Poustini et al.,
2007).

Salinity is a primary factor that limits the wheat
production in Iraq, since the rainfull during the
growing seasons, which lead to decrease ground
water and eventually increase the soil and water
salinity, thus the objectives of this study were to
examine whether foliar application of AsA could
minimize the harmful effects of salt stress, to
estimate the changes that occur in some mineral
nutrients content and compatible osmolytes
content under salt stress such as proline, AsA,
soluble sugars, total carbohydrates and proteins,
which are important marker in a biotic stress
resistance.
MATERIALS AND METHODS
The experiment was conducted in a
greenhouse under normal conditions. The soil
(sandy loam) was air dried and ground to pass
through a 2mm sieve then sterilized by formalin
40%. Plastic pots (24cm in diameter and 21cm in
depth) were filled with 7kg air dry soil. Some
chemical and physical properties of the soil were
analyzed using different methods as described
by Ryan et al., (2001), table (1). The pots were
fertilized with urea CO (NH2)2 (46.66% N),
phosphorus and potassium fertilizer (KH2PO4)
(22.70 %P and % 28.60 K) were added twice to
the pots as solutions after 10 and 60days from
germination with the rates of 75, 75, 94.5 mg/Kg
soil for N, P and K, respectively. Pots were
brought to field capacity prior to seed sowing.
Seven seeds of wheat (Triticum aestivum L.) cv.
Rizgary were sown per pot in 26 October 2009
and reduced to two plants per pot after fifteen
days of seedling emergence. Soil moisture status
was maintained at field capacity by gravimetric
method. Average relative humidity in glasshouse
ranged from 40% to 70% in day and at night,
respectively. Monthly average temperatures
were recorded in the glasshouse (table 2).
Seedling were sprayed with (200ppm) AsA
solution and distilled water used to spray
(control) twice after 30 and 40days from sowing.
Two days after second spray the plants were
irrigated with (0, 50, 100 and 200mM) NaCl
solutions for 90days. The plants were supplied
by NaCl solutions every four days according to
field capacity. The experiment was consisted of
eight treatments with four replicates. The results
were analyzed statistically using completely
randomized block design, the mean of treatments
were compared using Fischer's Least Significant
Differences (LSD) at the probability of p≤ 0.01.
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Table (1): Some physical and chemical properties of the
soil used in the experiments.
Properties
Particle Size
Distribution g kg-1

Sand
Silt
Clay

Soil Texture
Field Capacity%
Organic matter%
pH
Electrical Conductivity (dS m-1 at 25 0C)
Total nitrogen%
Total Phosphorus (mg kg-1 soil)
Soluble potassium (mg kg-1 soil)
Soluble Sodium(mg kg-1 soil)
Soluble Chloride(mg kg-1 soil)

Values
701.1
234.6
64.3
Sandy loam
15.87
0.76
7.51
0.38
0. 6
1.32
24.20
19.56
35.42

Table (2): Minimum and Maximum air temperatures
throughout the experiments period.
Year
2009
2010

Months
October
November
December

Minimum oC
18.8
12.4
7.9

MaximumoC
30.9
21.6
16.4

January

5.8

15.2

Total nitrogen (mg g-1) was determined in
digested plants by Kjeldahl method as described
by Temminghoff and Houba (2004). Total
phosphorus (mg g-1) was determined in plant
extract samples using spectrophotometer method
as described by Ryan et al., (2001). Total
potassium and sodium (mg g-1) were estimated
by flame emission photometer technique as
adopted by Temminghoff and Houba (2004).
Total magnesium and calcium (mg g-1) were
determined simultaneously in plants using
atomic absorbance spectrophotometer as
described by Hanlon (1992). Chloride content
was estimated according to Mohr method which
described by Pandey et al., (2000). Total protein
(mg g-1) was calculated by multiplying the total
nitrogen by 5.75 (A.O.AC., 1995). Total soluble
sugars (mg g-1) and total carbohydrate (mg g-1)
were determined by anthrone method
(Sadasivam and Manickam, 1995). Chlorophyll
a, b and total carotenoids were extracted from
0.5g of fresh leaves in 85% ethanol and

measured spectrophotometrically according to
Lichtenthaler (1987). Ascorbic acid content in
leaves was estimated using 2, 6-dichlorophenol
indophenols titration method (Sadasivam and
Manickam, 1995). Proline was determined
according to the method described by Bates et
al., (1973).
RESULTS
Mineral composition of leaves after 85 days
from sowing
Table (3) shows plant treated with 0, 50, 100,
200mM NaCl caused high significant decrease
in nitrogen content. The lower content of
nitrogen was 32.62 mg g-1 obtained from plants
irrigated with 200mM NaCl. Spraying the plant
with 200ppm AsA caused high significant
increase in nitrogein content compared to
control, when AsA interacted with 0, 50, 100
and 200mM NaCl, the values were 48.82, 41.82,
38.83 and 34.95 mg g-1. Moreover, as salt
concentrations increased phosphorus content
decreased significantly and the lower value was
1.376 mg g-1obtained by 200mM NaCl, whereas
application of AsA could alleviate significantly
the plant from harm effect of salt by increasing
phosphorus content compared to control. The
values of 3.873, 3.455, 3.387 and 3.285 mg P g-1,
were obtained at 0, 50, 100 and 200mM NaCl
plus 200ppm AsA. High significant reduction in
potassium of the leaves was observed with 100
and 200mM NaCl, the lower value was 30.34
mg g-1obtained by 200 mM NaCl. Whereas
treating the plant with 200ppm AsA caused high
significant increase in potassium content
compared to control. In addition the table also
shows that with increasing salinity levels highly
significant reduction in calcium content was
observed in comparison to control except 50 mM
NaCl, the different salt levels plus 200ppm AsA
also lead to highly significant increase of
calcium content compared to control, the value
was 33.70, 31.01, 29.03 and 26.96mg g-1
obtained by 0, 50, 100, 200 mM NaCl plus
200ppm AsA respectively.

Table (3): Combination effect of foliar ascorbic acid (AsA) application and NaCl stress on mineral composition (mg g-1
D.wt.) in the leaves of wheat cv. Rizgary after 85days from sowing.
Treatments
Control
50mM NaCl
100mM NaCl
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Nitrogen
(mg g-1)
40.38
38.05
35.72

Phosphorus
(mg g-1)
3.223
3.077
2.213

Potassium
(mg g-1)
32.64
32.03
31.05

Calcium
(mg g-1)
26.93
26.17
23.78

Magnesium
(mg g-1)
0.751
0.727
0.700

Sodium
(mg g-1)
1.518
11.624
16.155

Chloride
(mg g-1)
1.808
7.214
12.03
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200mM NaCl
200ppm AsA
200ppm AsA
+50mM NaCl
200ppm AsA
+100mM NaCl
200ppm AsA
+200mM NaCl

32.62
48.82
41.82

1.376
3.873
3.455

30.34
35.28
32.82

21.40
33.70
31.01

0.686
1.054
0.940

27.436
1.694
5.261

16.60
1.890
4.353

38.83

3.387

31.72

29.03

0.891

8.810

7.49

34.95

3.285

31.44

26.96

0.842

11.367

9.68

L.S.D (0.01)

1.637

0.398

0.56

3.07

0.18

5.41

1.59

Total magnesium was significantly decreased by
increasing salt levels, the higher reduction was
0.686 mg g-1 obtained at 200mM NaCl, while
interactive effect between 200ppm AsA and 0,
50, 100 and 200mM NaCl increased highly
significant to 1.054, 0.940, 0.891 and 0.842 mg
g-1 respectively compared to control. Indeed an
application of water salt stress at 0, 50, 100 and
200mM highly enhanced the accumulation of
sodium in the leaves of the plant as compared
with control, however when AsA applied led to
dramatically decrease in sodium content as
compared with control, however when the plant
sprayed with AsA it interacted with 50, 100 and
200mM NaCl, substantially decreased sodium
content in comparison with control and the
higher value was 11.36 mg g-1 obtained by
200mM NaCl plus 200ppm AsA in comparison
to 27.436 mg g-1 obtained by 200mM NaCl. The
same table indicate that chloride content was
highly significant increased when the salinity
levels increased in comparison with control and
the higher level was 16.60 mg g-1 obtained by
200 mM NaCl, while application of 200ppm
AsA plus different salt concentration caused
highly significant decrease in chloride content
compared to control except 0mM NaCl.
Photosynthetic Pigments
Gradual salt increases resulted in gradual decline
in the pigment content of leaves such reduction
was attributed to the decline in the chlorophyll a
& b as well as the carotenoid contents (Table 4).
The
highly
significant
reduction
in
photosynthetic pigments was displayed at higher
salt concentration (200 mM NaCl) which is
0.777, 0.280 and 0.429 mg g-1 F.wt. for
chlorophyll a, b and total carotenoid
respectively. Application of AsA shoot spray in
most cases, did alleviate the inhibitory effect of
salinity stress on the biosynthesis of
photosynthetic pigments, and also induced a
high significant stimulatory effect greater than
observed in control except chlorophyll a, b and
carotenoid at 50 mM NaCl, the lower value was

0.887, 0.369 and 0.504 mg g-1 F.wt. for
chlorophyll a, b and total carotenoid
respectively.
Table (4): Combination effect of foliar ascorbic acid
(AsA) application and NaCl stress on chlorophyll a,
chlorophyll b and carotenoid pigments (mg g-1 F.wt.)
in the leaves of wheat cv. Rizgary after 85days from
sowing.
Treatments

Chlorophyll a

Chlorophy

Total carotenoids

(mg g-1 F.wt.)

ll b

(mg g-1 F.wt.)

(mg g-1
F.wt.)
Control

0.877

0.362

0.495

50mM NaCl

0.870

0.356

0.494

100mM NaCl

0.808

0.314

0.453

200mM NaCl

0.777

0.280

0.429

200ppm AsA

0.945

0.444

0.554

200ppm AsA

0.924

0.443

0.547

0.919

0.442

0.545

0.887

0.369

0.504

0.056

0.056

0.056

+50mM NaCl
200ppm AsA
+100mM NaCl
200ppm AsA
+200mM NaCl
L.S.D (0.01)

Biochemical changes of leaves after 85 days
from sowing
Table (5) elucidate that increasing water salt
concentration to 200mM NaCl showed high
significant increase in proline content of the
fresh leaves, and value was 0.271μg g-1 F.Wt.
While application of AsA 200ppm caused no
significant differences as compared to control. In
addition increasing the salt concentration caused
a high significant increase in AsA content at
100, 200 mM NaCl, the lower level was 4.290
μg Kg-1 F.wt. for control and increased gradually
by increasing salt concentrations. Whereas the
exogenous application of AsA 200ppm caused a
high significant increase in endogens AsA as
compared with the control, the higher value was
16.495 μg Kg-1 F.Wt. obtained by 0mM NaCl
plus 200ppm AsA. The low concentration
50mM NaCl induced a significant increase in
soluble carbohydrate, the higher value was 387.8
63
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mg g-1, while the higher concentration of NaCl
decreased highly significant these content as
compared with those of the control plants,
indeed an application of AsA stimulated highly
significant the accumulation of soluble sugars
and soluble carbohydrate as compared to control,
the higher value was 250.1 mg g-1 and 468.7 mg
g-1, respectively obtained by 0mM NaCl plus
200ppm AsA for soluble sugar and soluble
carbohydrate respectively and this two value
decreased gradually by increasing salt
concentrations.

Moreover, the same table indicated that
increasing the salt concentration up to 50, 100
and 200 mM NaCl caused highly significant
decline in the protein content as compared to the
control, in contrast treating the plant with
200ppm AsA highly significant enhanced the
accumulation of protein in plant as compared to
their control, the higher value was 261.1 mg g-1,
obtained by 0mM NaCl plus 200ppm AsA in
comparison to 216.6 mg g-1 obtained at 200 mM
NaCl
only.

Table (5): Combination effect of foliar ascorbic acid (AsA) application and NaCl stress on some biochemical
changes in the leaves of wheat cv. Rizgary after 85days from sowing.
Proline (µg g1
F.Wt.)

Ascorbic acid
(µg Kg-1 F. Wt.)

Soluble sugars
)mg g-1)

Protein ) mg g-1)

196.2

Soluble
carbohydr
ates
)mg g-1)
357.3

Control

0.203

4.290

50mM NaCl

0.234

4.775

200.3

387.8

203.4

100mM NaCl

0.237

5.780

176.6

323.8

199.2

200mM NaCl

0.271

5.830

171.2

322.5

185.9

200ppm AsA

0.239

16.495

250.1

468.7

261.1

200ppm AsA
+50mM NaCl
200ppm AsA
+100mM NaCl
200ppm AsA
+200mM NaCl
L.S.D (0.01)

0.255

16.315

243.1

463.1

239.0

0.270

16.197

213.6

431.8

230.1

0.289

16.119

211.2

375.6

221.2

0.061

1.342

12.3

20.4

9.3

Treatments

DISCUSSIONS
Salinity stress caused a considerable effect on
the mineral composition of wheat plants it
enhanced the accumulation of sodium and
chloride ion, while decreased the nitrogen,
phosphorus, potassium, calcium and magnesium
ions as compared with control plant, in addition
application of AsA significantly decreased
sodium and chloride ion and increased nitrogen,
phosphorus, potassium, calcium and magnesium
(table 3). These results partially agreed with
those obtained by Rajpar et al., (2006), Athar et
al., (2008) and Farghal et al., (2009) on wheat
and Bassuony et al., (2008) on maize. Sakr et
al., (2007) supposed that an increase in chloride
uptake and accumulation is accompanied by a
decrease in shoot nitrate concentrations due to
the competition between the chloride and nitrate.
The decreasing in total nitrogen can be attributed
to the decrease in protein synthesis and/or to the
04

216.6

increase in its degradation (Azooz, 2004). The
results concerning the accumulation of nitrogen
due to AsA treatments were in agreement with
those obtained by El-Tayeb (1991). They
reported that vitamins treatments not only
alleviated the inhibitory effect of salinity stress,
via osmotic adjustment or by conferring some
desiccation resistance to plant cell, but also
might act as activators of protein synthesis. The
decrease in phosphorus concentration associated
with the salinity conditions may be ascribed to a
decrease in the translocation of P upward
through the stem because of the increase in the
osmotic pressure of the root medium (Sakr et al.,
2007). Furthermore, the increase in P
concentration by AsA application might be due
to increased organic acids content excreted from
roots into the soil and consequently increase the
solubility of most nutrients which may utilized
by plants (Hanafy, 1996).
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The decrease in potassium, calcium and
magnesium ions content in salt stress conditions
may be attributed to the increase in accumulation
of Na+ and Cl- ions in the tissues which inhibits
the
biochemical
processes
related
to
photosynthesis through direct toxicity (Lioyed et
al., 1990). The promotion of Na+ uptake by
salinity was accompanied by a corresponding
decline in K+ concentration, showing an
apparent antagonism between K+ and Na+. High
concentration of Na+ affects intercellular K+
accumulation presumably by competing for sites
through which influx of both cations occurs or
affecting membrane integrity and causing
leakage of K+. The reduction in Ca2+ and Mg2+
uptake under salt stress conditions might be due
to the suppressive effect of Na+ and K+ on these
cations Ca2+ and Mg2+ ions (Zhu, 2003).
Spraying plants with AsA under the various
levels of salinity caused a reduction of Na+
concentration and increase in the contents of K+,
Ca2+ and Mg2+, AsA led to increase the
concentration of ions in the main organs of the
stressed plant through their role in increasing
osmotolerance and/or through regulating various
processes including absorption of nutrients from
soil solution so ascorbic acid mitigates the
adverse effects of salinity through increasing the
synthesis of protein corrects the nutritional
disorders induced by salinity by decreasing Na+
ions and increasing K+, Ca2+ and Mg2+ ions
contents over those of control plants and
salinized ones (Azooz, 2004).
The photosynthetic pigments contents showed a
sharp decline as a respond to the salinity
concentrations, such reduction was attributed to
the decline in the chlorophyll (a and b) as well as
the carotenoid contents (table 4). These results
are partially agreed with those observed by
Athar et al., (2008) and Farghal et al., (2009) on
wheat and Bassuony et al., (2008) on maize. The
adverse effect of salt stress on leaf
photosynthetic pigments may have been due to
reduced biosynthesis or increased degradation of
ultra structure of chloroplasts including plastid
envelop, thylakoids through direct Na+ toxicity
or salt-induced oxidative damage (Mittler,
2002). Or the effect of NaCl was attributed to
salt induced weakening of protein pigment-lipid
complex (Turan and Aydin, 2005). AsA
protected photosynthetic apparatus from salt
induced oxidative stress this view is further
supported by the fact that chloroplast is a major
source of production of ROS in plants but lacks

catalase to scavenge ROS produced in the
thylakoid membranes (Apel and Hirt, 2004). On
the other hand AsA increased some ions as
Mg2+ that needed for chlorophyll synthesis. In
addition increased potassium content which
increased leaf photosynthetic efficiency possibly
by increasing the number of chloroplast per cell,
number of cell per leaf and consequently leaf
area (Shaddad et al., 1990).
Under salt stress proline concentration increased
significantly in the wheat plant compared to
control, in contrast treating the plant with AsA
plus different level of salt increased proline
content significantly compared to control (table
5). These results are partially agreed with those
obtained by Al-Hakimi and Hamada (2001) and
Poustini et al., (2007) on wheat. Proline
accumulation might be used as an indicator in
selection for with standing saline stress through
the
involvement
in
osmoregulation.
Additionally, proline accumulation under stress
conditions may be caused by induction of
proline biosynthesis enzymes, reduction the rate
of proline oxidation conversion to glutamate,
decrease utilization of proline in proteins
synthesis and enhancing proteins turnover,
further more proline accumulation is one of the
most frequently reported modifications induced
by salt stress and water deficit in plant and it
involved in stress resistance mechanisms (Sakr
et al., 2007). AsA concentration was increased
with increase salt concentration as compared to
the control and exogenous AsA application had
positive effect on endogenous AsA content,
these results are partially agreed with those
obtained by Athar et al., (2008) on wheat. They
reported that plant would respond to exogenous
supply of the vitamins only if its endogenous
vitamins level was low, application of
exogenous AsA increased the AsA uptake by
different tissues, increased the internal AsA and
lead to amelioration of oxidative stress which
caused by a biotic stress.
The low concentration of NaCl induced
significant increases in soluble sugars and
soluble carbohydrate while the higher
concentration of salt decreased these contents as
compared with those of the control plants while
AsA application generally stimulated the
accumulation of carbohydrates and soluble
sugars (table 5). These results are partially
agreed with those obtained by Poustini et al.,
(2007) on wheat and Hassanein et al., (2009) on
maize. The significant increase in the soluble
carbohydrate and soluble sugars in salt stressed
01
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plant concomitant with increased the growth rate
which led to the conclusion that the
photosynthetic efficiency was increased in
response to low concentrations of NaCl, thus led
to enhance biosynthesis of carbohydrates which
are utilized in growth of plant. AsA application
stimulated the accumulation of carbohydrates in
the salt-affected plant either via increasing
endogenous levels of certain phytohormones or
by acting as activators of carbohydrates
synthesis.
Moreover,
accumulation
of
carbohydrate play a key role in alleviating the
salinity stress, either via osmotic adjustment or
by conferring some desiccation resistance to
plant cells (Ahmed et al., 1995). Protein content
was consistently decreased with increasing the
of salinity concentration. Also, the treatments
with AsA under the various concentration of
salinity, resulted in significant increases in
protein over those of corresponding control
plants and non-salinized control plants, these
results partially agreed with those obtained by
Bassuony et al., (2008) on maize. The decrease
in protein content can be attributed to the
decrease in protein synthesis and/or to the
increase in its degradation (Ahmed et al., 1995).
Furthermore, the positive effect of AsA on
protein content resulted in high significant
increases in nitrogen content and this might act
as activators of protein synthesis via significant
alteration of the enzymes related to protein
metabolism (El-Tayeb, 1991).
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الخالصــة
 أربيل للفرتة- جامعة صالح الدين، األقسام العلمية/اجريت هذه الدراسة يف البيت الزجاجي التابع لقسم علوم احلياة يف كلية الرتبية
) جزء يف املليون600( أختربت تأثريرش االوراق حبامض األسكوربيك برتكيز.6020  شباط62  اىل6002  تشرين األول لعام62 من
يف بعض املكونات الكيمياوية والبايوكيميائية لنبات احلنطة واليت خضعت للتأثري امللحي عن طريق ريها مبحلول ملحي من كلوريد الصوديوم
 لقد سبب االجهاد امللحي تغريات واضحة يف املكونات الكيمياوية.) يوما20( ) مللي مول ملدة600 ، 200 ، 00 ، 0(برتاكيز
 حمتوى النيرتوجني والفسفور والبوتاسيوم والكالسيوم واملغنسيوم و أوطأ قيمة وجدت يف تركيز.والبايوكيميائية للنبات حيث لوحظ اخنفاض يف
 وزادت الربولني وحامض. بينما حمتوى الصوديوم والكلورايد زادا بشكل حاد مع ازدياد تركيز امللح،  مللي مول كلوريد الصوديوم600
 صبغات.  أما الربوتني والسكريات الذائبة والكربوهيدرات الذائبة فقد اخنفضت بزيادة االجهاد امللحي، األسكوربيك بزيادة االجهاد امللحي
الرتكيب الضوئي اخنفض مع ازدياد امللوحة ولقد بينت النتائج أن رش النبات حبامض األسكوربيك أدى اىل تقليل التأثريات الناجتة على
.النبات وذلك عن طريق ازدياد صبغات الرتكيب الضوئي واحملتويات الكيميائية والبايوكيميائية للنبات
ثــوخـتــــة
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ئةم تويَذينةوةية لة خانووي شووشةيي بةشي بايؤلؤذي كؤليذي ثةروةردة/بةشة زانستيةكان -زانكؤي سةالحةددين-
َى  6020ئةجنامدراوة .تيايدا كاريطةري ثرذاندني
َى  6002و  62شوباتى سال
هةولري لة نيوان  62تشرينى يةكةمى سال
َاى طةمن بة ( )600بةش لة مليؤن لة ترشي ئةسكؤربيك لةسةر ئةو رِووةكانةي خرابوونة ذيَر بارودؤخي سويَري لة
طةل
رِيَطةي ئاودانيان بة طرياوةي خويَي كلؤريدي سؤديؤم بة ضوار خةسيت جياواز ( )600 ، 200 ، 00 ، 0ميللى مؤل بؤ
َةي سةوزةطةشةي رِووةكةكة.
َينةوة لة ثيَكهاتة كيميايي وكيميايية زيندةطيةكان لة كؤمةل
ماوةي ( )20رِؤذ ئةوةش بة ليَكؤل
فشاري سويَري بووة هؤي طؤرِانكاري بةرضاو لة ثيَكهاتةي كيميايي وكيميايية زيندةطيةكان .نايرتؤجني و فؤسفؤرِ وثؤتاسيؤم
وكالسيؤم ومةطنسيؤم كةميان كرد و نزمرتين ثيَوانة لة ()600ميللي مؤلَ كلؤريدي سؤديؤم تؤمار كرا .برِي سؤديؤم وكلؤر
بة شيَوةيةكي زؤر لةطةلَ زياد كردني خةسيت كلؤريدي سؤديؤم زياديان كرد .ثرِؤلني و ترشي ئةسكؤربيك بة زيادكردني
َم ثرِؤتني وشةكري توواوة و تيَكرِاي كاربؤهيدراتي توواوة بة زياد كردني فشاري سويَري
فشاري سويَري زياديان كرد بةال
كةمي كرد وة هةروةها كلؤرؤفيل  aو كلؤرؤفيل  bو تيَكرِاي كارِؤتني كةمى كرد.
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ABSTRACT
We introduce a new class of functions called almost sc-continuous functions which includes the class of sc-continuous
functions due to Khalaf
and Zanyar and is included in the class of almost semi-continuous functions due to Munshi and Bassan. Some
characterizations and several properties concerning almost sc-continuity are obtained.
KEYWORDS: sc-continuous, almost sc-continuous and almost semi-continuous.

INTRODUCTION
In In 1963, Levine [16] defined the notion of
semi-continuous functions. Munshi and Bassan
[18] used this notion to introduce a class of almost
semi-continuous functions. Khalaf and AbdulJabbar [12] introduced the notion of almost scontinuous functions. The purpose of the present
paper is to introduce and investigate another class
of functions called almost sc-continuous. The
almost sc-continuity is weaker than both almost
s-continuity and sc-continuity but stronger than
almost semi-continuity. We characterize this class
of functions, study some of their basic properties
and investigate their relationships to the other
types of functions between topological spaces.
1.

PRELIMINARIES
Throughout the present paper, spaces always
mean topological spaces on which no separation
axiom is assumed unless explicitly stated. Let A
be a subset of a space X. The closure and
interior of A with respect to X are denoted by
Clx (A) and Intx (A) respectively or simply
Cl(A) and Int(A). A subset A of a space X
is said to be preopen [17] (resp., semi-open
[16], regular open [27] and β-open [1]) if A
Int(Cl(A))
(resp.,
A
⊆
Cl(Int(A)),
A=Int(Cl(A)) and A ⊆ Cl(Int(Cl(A)))). A
semi-open subset A of a space X is said to be
sc-open [13] if for each x ∈ A, there exists a
closed set F such that x ∈ F ⊆ A. The f a m i l y
of all sc-open (resp., semi-open) subsets of a
space X denoted by SCO(X) (resp., SO(X)). The
complement of a preopen (resp., semi-open, scopen and regular open) set is said to be
preclosed [17] (resp., semi-closed [5], sc-closed
[13] and regular closed [27]). The intersection
2.

of all preclosed (resp., semi-closed and scclosed) sets of X containing A is called the
preclosure [10] (resp., semi-closure [5] and scclosure [13]) of A. The union of all preopen
(resp., semi-open, δ-open and sc-open) sets of
X contained in A is called the preinterior
(resp., semi- interior, δ-interior and sc-interior)
of A.
In 1968, Velicko [26] defined the
concepts of δ-open and θ-open. A subset A of
a space X is called δ-open (resp., θ-open) if
for each x ⊆ A, there exists an open set G
such that x ∈ G ⊆ I nt(C l(G)) ⊆ A (resp., x ∈
G ⊆ C l(G) ⊂ A). Joseph and Kwack [11]
introduced that a subset A of a space X is
called θ-semi-open if for each x ∈ A, there exists
a semi-open set G such that x ∈ G ⊆ Cl(G)⊆ A.
Authors in [13] have shown that every θ-semiopen set is sc-open and every sc-open set is
semi-open. Let A be a subset of a space X, a
point x ∈ X is said to be in the semi-closure [5]
(resp., sc-closure [13], δ-closure and θs- closure
[11]) of A if for each semi-open (resp., sc-open,
δ-open and θ-semi-open) set U containing x, A
∩ U = φ. The set A is said to be the semi-closed
(resp., sc-closed, δ-closed and θsemi-closed) if
A = sCl(A) (resp., sc-Cl(A), Clδ (A) and
θsCl(A)).
Definition 2.1. A function f: (X, τ ) → (Y, σ)
is said to be sc-continuous [13] (resp., θscontinuous [14], semi-continuous [16]) if the
inverse image of every open subset of Y is scopen (resp., θ-semi-open, semi-open) in X .
Definition 2.2. A function f : (X, τ ) → (Y, σ)
is said to be almost continuous in the sense
Singal and Singal [24] (resp., almost θscontinuous [12], almost semi-continuous [18]) if
the inverse image of every regular open subset of
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Y is sc-open (resp., θ-semi-open, semi-open) in
X.
Lemma 2.3. Let A be any subset of a space
X. Then
(1) A ∈ SO(X) if and only if Cl(A) =
Cl(Int(A)) [16].
(2) A is β-open if and only if Cl(A) is regular
closed [3].
Lemma 2.4. [6] Let (X ,τ) be a topological
space, If A ∈ τ and B ∈ SO(X), then A ∩ B ∈
SO(X).
Lemma 2.5. [7] If A is an open set in a space
X , then sCl(A)=Int(Cl(A)).
3. ALMOST SC-CONTINUOUS
FUNCTIONS
In this section, we introduce a new class of
functions by using sc-open sets called almost sccontinuous and some characterizations of this
class of functions are given.
Definition 3.1. A function f : (X, τ ) → (Y, σ)
is called almost sc-continuous at a point x ∈ X if
for each open set V of Y containing f (x), there
exists an sc-open set U of X containing x such
that f (U) ⊆ Int(Cl(V )). If f is almost sccontinuous at every point x of X, then it is
called almost sc-continuous.
Proposition 3.2. For a function f: (X, τ) →
(Y, σ), the following statements are equivalent:
(1) f is almost sc-continuous.
(2) For each x ∈ X and each open set V of Y
containing f (x), there exists an sc-open set U in
X containing x such that f (U ) ⊆ Int(Cl(V )).
(3) For each x ∈ X and each open set V of Y
containing f (x), there exists an sc-open set U
in X containing x such that f (U ) ⊆ sCl(V ).
(4) For each x ∈ X and each regular open set
V of Y containing f (x), there exists an sc-open
set U in X containing x such that f (U ) ⊆ V .
(5) For each x ∈ X and each δ-open set V of Y
containing f (x), there exists an sc-open set U
in X containing x such that f (U ) ⊆ V .
Proof. (1)⇒(2) Obvious.
(2)⇒(3) Since Int(Cl(V)) = sCl(V) for every
open set V .
(3)⇒(4) Let x ∈ X and let V be any regular
open set of Y containing f (x). Then V is an
open set of Y containing f (x). By (3), there
exists an sc-open set U in X containing x such
that f (U) ⊆ sCl(V ). Since V is open set, by
Lemma 2.5, f (U) ⊆ Int(Cl(V )). Since V is
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regular open, then f (U) ⊆ V. (4)⇒(5) Let x ∈ X
and let V be any δ-open set of Y containing f
(x). Then, for each f (x) ∈ V, there exists a
regular open set G containing f (x) such that G
⊆ V. By (4), there exists an sc-open set U in
X containing x such that f (U) ⊆ G ⊆ V. This
completes the proof.
(5)⇒(1) Let x ∈ X and let V be any open set
of Y containing f (x). Then Int(Cl(V ) is δ-open
set of Y containing f (x). By (5), there exists an
sc-open set U in X containing x such that f (U) ⊆
Int(Cl(V )).
Therefore,
f is almost sccontinuous.
Proposition 3.3. For a function f: (X, τ) →
(Y, σ), the following statements are true:
(1) f is almost sc-continuous.
(2) For each x ∈ X and each open set V of Y
containing f (x), there exists a closed set F in
X containing x such that f (F) ⊆ Int(Cl(V)).
(3) For each x ∈ X and each open set V of Y
containing f (x), there exists a closed set F in
X containing x such that f (F) ⊆ sCl(V).
(4) For each x ∈ X and each regular open set V
o f Y containing f (x), there exists a closed set
F in X containing x such that f (F) ⊆ V.
(5) For each x ∈ X and each δ-open set V of Y
containing f (x), t her e exists a closed set F in
X containing x such that f (F) ⊆ V.
Proof. The implications (1)⇒(2), (2)⇒(3),
(3)⇒(4) and (4)⇒(5) are true. Moreover, if the
function f is almost semi-continuous, then
(5)⇒(1) hold.
(1)⇒(2) Let x ∈ X and let V be any open set of
Y containing f (x). By (1), there exists an scopen set U of X containing x such that f (U) ⊆
Int(Cl(V )). Since U is sc-open set, then for each
x ∈ U , there exists a closed set F of X such
that x ∈ F ⊆ U . Therefore, we have f (F) ⊆
Int(Cl(V )).
(2)⇒(3) Obvious.
(3)⇒(4) Let x ∈ X and let V be any regular
open set of Y containing f (x). Then V is open
set of Y containing f (x). By (3), there exists a
closed set F in X containing x such that f (F) ⊆
sCl(V). Since V is regular open and hence is
open set. Therefore, by Lemma 2.5, f (F) ⊆
Int(Cl(V )) = V.
(4)⇒(5) Let x ∈ X and let V be any δ-open set
of Y containing f (x). Then for each f (x) ∈ V,
there exists an open set G containing f (x) such
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that G ⊆ Int(Cl(G)) ⊆ V. Since Int(Cl(G)) is
regular open set of Y containing f (x), then by
(4), there exists a closed set F in X containing
x such that f (F) ⊆ Int(Cl(G)) ⊆ V . This
completes the proof.
(5)⇒(1) Let V be any δ-open of Y, then for all f
(x) ∈ V, there exists a regular open set U such
f (x) ∈ U ⊆ V. Therefore, x ∈ f -1(U) ⊆ f -1(V), by
Definition 2.2, f -1(U) is semi-open set in X and
by semi interior notion, f -1 (V) is semi open as
well. We have to show that f -1(V) is sc-open set
in X. Let x ∈ f -1(U) implies f (x) ∈ U. By
hypothesis, there exists a closed set F of X
containing x such that f (F) ⊆ U ⊆ V. This
implies that x ∈ F ⊆ f -1 (V). Therefore, f -1 (V)
is sc-open set in X. Hence, clearly f (f -1 (V)) ⊆
V and by Proposition 3.2,
f is almost sccontinuous.
Proposition 3.4. For a function f: (X, τ) →
(Y, σ), the following statements are equivalent:
(1) f is almost sc-continuous.
(2) f -1 (Int(Cl(V ))) is sc-open set in X , for
each open set V in Y.
(3) f -1 (Cl(Int(F ))) is sc-closed set in X , for
each closed set F in Y.
(4) f -1 (F ) is sc-closed set in X , for each
regular closed set F of Y.
(5) f -1 (V ) is sc-open set in X , for each
regular open set V of Y.
(6) f -1 (V ) is sc-open set in X , for each δopen set V of Y.
(7) f -1 (F ) is sc-closed set in X , for each δclosed set F of Y.
(8) f (sc-Cl(A)) ⊆ C lδ (f (A)), for each subset
A of X.
(9) sc-Cl(f -1(B)) ⊆ f -1 (C lδ (B)), for each
subset B of Y.
(10) f -1(I ntδ (B)) ⊆ sc-Int(f -1 (B)), for each
subset B of Y.
(11) I ntδ(f (A)) ⊆ f (sc-Int(A)), for each subset
A of X.
Proof. (1)⇒(2) Let V be any open set in Y. We
have to show that f -1(Int(Cl(V))) is sc-open set
in X. Let x ∈ f -1(Int(Cl(V))), then f (x) ∈
Int(Cl(V)) and Int(Cl(V)) is a regular open set
in Y. Since f is almost sc-continuous, then b y
Proposition 3.2, there e x i s t s an sc-open set U
of X containing x such that f (U ) ⊆ Int(Cl(V))
which implies that x ∈ U ⊆ f -1(Int(Cl(V))).
Therefore, f -1(Int(Cl(V))) is sc-open set in X.

(2)⇒(3) Let F be any closed set of Y. Then Y\ F
is open set of Y. By (2), f -1(Int(Cl(Y\ F))) is an
sc-open set in X and f -1(Int(Cl(Y\F))) =
f1
-1
(Y\Cl(Int((F))) = X\f (Cl(Int(F))) is an scopen set in X and hence f -1(Cl(Int(F))) is an
sc-closed set in X.
(3)⇒(4) Let F be any regular closed set of Y .
Then F is a closed in Y and Cl(Int(F))=F . By
(3) f -1(Cl(Int(F )))= f -1(F ) is an sc-closed
set in X.
(4)⇒(5) Let V be any regular open set of Y.
Then Y\V is a regular closed set of Y. By (4)
f
-1
(Y \V) is an sc-closed set in X and f -1(Y\V) =
X\ f -1(V). Therefore, f -1(V ) is an sc-open set
in X .
(5)⇒(6) This follows from the fact that every δopen set is a union of regular open sets.
(6)⇒(7) It is entirely analogous to the part
(4)⇒(5) and is thus omitted.
(7)⇒(8) Let A be any subset of X and
yClδ (f (A)). Then, there exists an open set V in
Y such that f (A) ∩ Int(CI(V))=φ. Since
Int(CI(V)) is δ-open, then Y\Int(CI(V )) is δclosed,
by
(7), f-1(Y\Int(CI(V)))
=
X\f -1(Int(CI(V))) is sc-closed,
so f 1
(Int(CI(V))) is an sc-open in X and A ∩ f 1
(Int(CI(V )))=φ. Therefore, sc-CI(A) ∩ f 1
(Int(CI(V )))=φ and so f(sc-Cl(A)) ∩ Int(CI(V
)) = φ. Consequently, we get y  f (sc-Cl(A))
and hence f (sc-Cl(A)) ⊆ Clδ (f (A)).
(8)⇒(9) Let B be any subset of Y. Then f 1
(B) is a subset of X, by (8) f (sc-Cl(f -1(B)))
⊆ Clδ (f (f -1 (B))) ⊆ C lδ (B). Therefore, we
obtain sc- Cl(f -1(B)) ⊆ f -1(Clδ (B)).
(9)⇒(10) Let B be any subset of Y. Then Y\B is
also subset of Y. Applying (9) we obtain sc-Cl(f
-1
(Y \ B))⊆ f −1 (Clδ (Y \ B)) ⇔ sc-Cl(X \ f 1
(B)) ⊆
f -1(Y\Intδ (B))⇔X\ sc-Int(f -1(B)) ⊆ X\ f 1
(Intδ (B)) ⇔ f -1(Intδ (B)) ⊆ sc-Int(f -1(B)).
(10)⇒(11) Let A be any subset of X. Then
f (A) is a subset of Y. By (10), we have f -1(Intδ
-1
(f(A)))
⊆ sc-Int(f
(f (A))=sc-Int(A).
Therefore, Intδ (f (A)) ⊆ f (sc-Int(A)).
(11)⇒(1) Let x ∈ X and let V be any regular
open set of Y containing f (x). Then x ∈ f 1
(V) and f -1(V) is a subset of X. By (11), we
have Intδ (f (f -1(V)) ⊆ f (sc-Int(f -1(V))). Then
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Intδ (V) ⊆ f (sc-Int(f -1(V))). Since V is regular
open and hence is δ-open, then f -1(V) ⊆ scInt(f -1(V)). Therefore, f -1(V) is an sc-open set
in X which contains x. If U = f -1(V) and
clearly f (U) ⊆ V. Hence f is almost sccontinuous.
Proposition 3.5. For a function f: X → Y, the
following statements are equivalent:
(1) f is almost sc-continuous.
(2) sc-Cl(f -1(V)) ⊆ f -1(Cl(V)), for each βopen set V of Y.
(3) f -1(Int(F)) ⊆ sc-Int(f -1(F)), for each βclosed set F of Y.
(4) f -1(Int(F)) ⊆ sc-Int(f -1(F)), for each
semi-closed set F of Y.
(5) sc-Cl(f -1(V)) ⊆ f -1(Cl(V)), for each semiopen set V of Y.
Proof. Immediately follows from Lemma 2.3.
Proposition 3.6. A function f : X → Y is
almost sc-continuous if and only if f -1(V) ⊆
sc-Int(f -1(Int(Cl(V)))), for each pre-open set
V of Y.
Proof. Let V be any pre-open set of Y. Then V ⊆
Int(Cl(V)) and Int(Cl(V)) is a regular open set
in Y. Since f is almost sc-continuous, by
Proposition 3.4(5), f -1(Int(Cl(V))) is an scopen set in X and hence we obtain that
f
-1
(V) ⊆ sc-Int(f -1(Int(Cl(V)))).
Conversely, let V be any regular o p e n set
of Y. Then V is a preopen set of Y. By
hypothesis, we
have f-1(V) ⊆ sc-Int(f-1
(Int(Cl(V)))) = sc-Int(f -1(V)) and sc-Int((V)) ⊆
f -1(V) always. Therefore, f -1(V) is an sc-open
set in X and hence by Proposition 3.4(5), f
is almost sc- continuous.
4. FURTHER PROPERTIES AND
COMPARISON
In this section we study further p r o p e r t i e s
o f almost sc-continuous a n d investigate their
relationships to other types of functions between
topological spaces.
Definition 4.1. A function f: (X, τ) → (Y, σ)
is said to be
(1) δ-continuous [ 21] if for each x ∈ X and each
open set V of Y containing f (x), there exists
an open set U of X containing x such that
f(Int(Cl(U ))) ⊆ Int(Cl(V )).
(2) R-map [4] if the inverse image of each
regular open subset of Y is regular open in X.
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(3) Almost quasi-continuous [23] if for each
x ∈ X , each open set U containing x and each
open set V of Y containing f (x), there exists
an open set G of X containing x such that φ
= G ⊆ U and f (U ) ⊆ Int(Cl(V)).
(4) Almost strongly θ-continuous [22] if the
inverse image of each regular open subset of Y is
θ-open in X.
Remark 4.2. It is worth mentioning that the
notions almost quasi-continuity and almost
semi-continuity are equivalent (see [19]).
The following diagram holds and none of the
implications is reversible in general as shown by
Examples 4.3 - 4.5 stated below.
θs-cont.

al. θs-cont.

sc- cont.

al. sc- cont.

semi-cont.

al. semi-cont.

Be noticed that cont. means continuity and al.
means almost in the above diagram.
Example 4.3. Let X = {a, b, c}, τ = {φ, X,
{a}} and σ= {φ, X, {a}, {b}, {a, b}}. Define a
function f: (X, τ) → (X, σ) as follows f (a) = f
(b) = b, f(c) = c. Then f is almost semicontinuous, but not almost sc-continuous since
{b is regular open set in (X, σ) but f -1({b}) =
{a, b} which is not sc-open set in (X, τ). The
only sc-open set containing b is the whole space
X.
Example 4.4. Let X = {a, b, c}, τ = {φ, X,
{c}, {a, b}} and σ = {φ, X, {a}, {b}, {a, b}, {a,
c}}. Define a function f : (X, τ) → (X, σ) as
follows f (a) = a, f (b) = c and f (c) = b.
Then f is almost sc-continuous, but not sccontinuous because {a, b} is open set in (X,
σ), but
f -1({a, b}) = {a, c} which is not
sc-open set in (X, τ ).
Example 4.5. Consider the identity function
f : (X, τ) → (X, σ), where τ is cofinite topology
and σ is discrete. Then f is almost sccontinuous, but n o t almost θs -continuous since
for every open set V containing f (x), there
exists no θ-semi-open set U containing x
such that f (x) ∈ f (U ) ⊆ Int(Cl(V)). The only
θ-semi-open set containing x is the whole space
X.
Proposition 4.6. If f: X → Y i s an almost

Journal of University of Duhok., Vol.15, No.2 (Pure and Eng. Sciences), Pp 45-50, 2012

strongly θ-continuous, then f is almost sccontinuous.
Proof.
Follows from the fact that every
θ-open set is sc-open.
We recall that a topological space X is said
to be extremally disconnected [25] if Cl(G) is
open for every open set G of X.
Lemma 4.7. [8] A space X is extremally
disconnected if and only if RO(X ) = RC(X ).
Proposition 4.8. If f: X → Y is an R-map
and X is extremally disconnected space, then
f is almost sc-continuous.
Proof. This follows immediately from Lemma
4.7 and Definition 4.1.
Definition 4.9. A space X is said to be
Alexandroff [2], if an arbitrary intersection of a
collection of open sets is open, equivalently, any
union of closed sets is closed.
Theorem 4.10. [13] If a space X is T1-space,
then SO(X) = SCO(X).
Theorem 4.11. [13] If a topological space (X,
τ) is Alenxandroff or finite, then θSO(X) =
SCO(X).
Proposition 4.12. For a function f: (X, τ) →
(Y, σ), the following properties are equivalent,
whenever X is T1 -space.
(1) f is almost sc-continuous.
(2) f is almost semi-continuous.
Proof.
Immediately follows from Theorem
4.10.
Proposition 4.13. For a function f: (X, τ) →
(Y, σ), the following properties are equivalent if
X is Alexandroff or finite space.
(1) f is almost sc-continuous.
(2) f is almost θs-continuouse.
Proof. Immediately follows from Theorem 4.1.
Lemma 4.14. [13] If X is regular space, then
τ ⊆ SCO(X).
Proposition 4.15. If f: X → Y is almost
continuous and X is regular space, then f is
almost sc-continuous.
Proof. This follows immediately from Lemma
4.14.
Definition 4.16. [19] A space X is said to be
semi-regular if for any open set U of X and
each point x ∈ U , there exists a regular open
set V of X such that x ∈ V ⊆ U.
Proposition 4.17. Let f: (X, τ) → (Y, σ) be a
function. If X i s T 1 -Alexandroff space and Y is
semi-regular
space. Then t h e following

statements are equivalent:
(1) f is sc-continuous.
(2) f is almost sc-continuous.
(3) f is θs-continuouse
(4) f is almost θs-continuouse.
(5) f is semi-continuous.
(6) f is almost semi-continuous.
Proof. Obvious.
Lemma 4.18. [8] The intersection A ∩ B of a
preopen set A and a regular closed (resp.
regular open) set B is regular closed (resp.
regular open) in the preopen subspace A.
Proposition 4.19. Let f: X → Y b e an almost
sc-continuous and Y ⊆ Z. If Y i s a pre-open
subset of Z, then f: X → Z is almost sccontinuous.
Proof. Let V b e any regular open set of Z.
Since Y i s a pre-open, then by Lemma 4.18, V
∩Y is a regular open set in Y. Since f: X → Y
is almost sc-continuous, by Proposition 3.4(4),
f -1(V ∩Y) is an sc-open set in X. But f (x) ∈ Y
for each x ∈ X, thus f -1(V) = f -1(V ∩ Y) is an
sc-open set of X. Therefore, by Proposition
3.4(1), f: X → Z is almost sc-continuous.
The following results can be found in [13]
Theorem 4.20. Let (X, τ) be a topological
space, and A, B ⊆ X , if A ∈ SCO(X) and B is
clopen, then A ∩ B ∈ SCO(X).
Theorem 4.21. Let (X, τY) be a subspace of a
space (X, τ). If A ∈ SCO(X, τ) and A ⊆ Y, then A
∈ SCO(Y, τY).
Theorem 4.22. Let (X, τY) be a subspace of a
space (X, τ) and A ⊆ Y. If A ∈ SCO(X, τY) and Y
∈ RC(X, τ), then A ∈ SCO(X, τ). Proposition 4.13. For a f
Corollary 4.23. Let A and Y be any subsets of a
space X. If A ∈ SCO(X) and Y is clopen subset of
X, then A ∩ Y ∈ SCO(Y).
In the next results, we find some conditions
under which the restrictions of almost sccontinuous functions to subspaces are almost sccontinuous.
Proposition 4.24. Let f: X → Y be an almost
sc-continuous function. If A is a clopen subset
of X, then f |A: X → Y is almost sc-continuous
in the subspace A.
Proof. Let V b e any regular open set of Y. Since
f is almost sc-continuous, then b y Proposition
3.4(5), f -1(V) is an sc-open set in X . Since A
is a clopen subset of X, by Corollary 4.23,
(f | A) -1(V) = f -1(V) ∩A is an sc-open
subspace of A. This shows that f | A: X → Y is
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almost sc-continuous.
Proposition 4.25. A function f: X → Y is
almost sc-continuous function, if for each x ∈ X
, there exists a regular closed set A of X
containing x such that f |A : X → Y is almost
sc-continuous.
Proof. Let x ∈ X, then by hypothesis, there
exists a regular close set A containing x such
that
f |A : X → Y is almost sc-continuous.
Let V b e any regular open set of Y containing
f (x), there exists an sc-open set U in A
containing x such that (f |A)(V) ⊆ V. Since A
is a regular cl osed set, by Theorem 4.22, U is
sc-open set in X and hence f (U) ⊆ V. This
shows that f is almost sc-continuous.
Proposition 4.26. Let f: X → Y and g: Y →
Z be functions.
Then the composition
f u n c t i o n g◦f: X → Z is almost sc-continuous
if f and g
satisfy one of the following conditions:
(1) f is sc-continuous and g is almost
continuous. (2) f is almost sc-continuous and g
is
δ-continuous.
(3) f is almost sc-continuous and g is R-map.
Definition 4.27. [28] A space X is said to be
sc-T2 if for each two distinct points x, y in X,
there exist U, V ∈ SCO(X) such that x ∈ U, y ∈ V,
y  U and x  V a n d U ∩ V = φ.
Proposition 4.28. If f: X → Y is an almost
sc-continuous injection a n d Y i s Hausdorff
space, then X is sc-T2 space.
Proof. Since f is injective, it follows that f (x)
≠f (y) for any two distinct points x and y. Since
Y is Hausdorff, there exist open sets V and
W containing f (x) and f (y), respectively, such
that Int(Cl(V)) ∩ Int(Cl(W)) = φ. Since f is
almost sc-continuous, there exist sc-open sets
G and H containing x and y, respectively,
such that
f (G) ⊆ Int(Cl(V) and f (H) ⊆
Int(Cl(W). It follows that G ∩ H = φ. X is
sc-T2 .
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ABSTRACT
The purpose of this paper is to introduce a new class of functions called weakly Sc-continuous functions. Some
properties and characterizations of such functions are investigated.
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1. DEFINITIONS AND PRELIMINARIES
Throughout this paper, space X and Y mean
a topological space with out any separation
axiom. We recall the following definitions,
notations and terminology. The closure (resp.,
interior) of a subset A of X is denoted by ClA
(resp., IntA). A subset A of X is said to be
preopen [12] (resp., semi-open [11], regular
open [22] and regular semi-open [2]) if
AIntClA (resp., AClIntA, A=IntClA and A =
sIntsClA). A semi-open subset A of X is called
Sc-open [6] if for each x  A, there exists a
closed set F such that x  F  A. A preopen
subset A of X is called PS-open [7] if for each x
 A, there exists a semi-closed set F such that x
 F  A. A subset A of a space X is called open [23] (resp., -semi-open [4]) if for each x 
A, there exists an open (resp., semi-open) set G
such that x  G  ClG  A. The complement of
an Sc-open (resp., PS-open, preopen, semi-open,
-open, regular open and regular semi-open) set
is said to be Sc-closed (resp. PS-closed,
preclosed, semi-closed, -closed, regular closed
and regular semi-open). The family of all Scopen (resp. PS-open, preopen, semi-open, semi-open and regular open) subsets of a
topological space X is denoted by ScO(X) (resp.,
PsO(X), PO(X), SO(X), SO(X) and RO(X)). A
topological space(X,) is said to be Extremally
disconnected [2] if the closure of every open set
of X is open in X. A function f:XY is said to
be Sc-continuous [6] (resp., PS-continuous [7]
and semi-continuous [11]) if the inverse image
of each open subset of Y is Sc-open (resp., PSopen and semi-open) in X. A function f:XY is
said to be almost Sc-continuous [25] (resp.,
almost semi-continuous [13], almost αcontinuous [15] and almost continuous in the
sense of Singal and Singal [21]) if for each x 
X and each open set V of Y containing f (x),
there exists a Sc-open (resp., semi-open, α-open
and open) set U of X containing x such that f(U)

 IntClV. A function f:XY is said to be almost
Sc-continuous [25] (resp., almost strongly continuous [17] and -irresolute [9]) if the
inverse image of each regular open subset of Y
is Sc-open (resp., -open and intersection of
regular open sets) in X. A function f:XY is
said to be weakly semi-continuous [1] (resp.,
weakly α-continuous [16], weakly s-continuous
[5] and weakly continuous [10]) if for each x 
X and each open set V of Y containing f (x),
there exists a semi-open (resp., α-open, -semiopen and open) set U of X containing x such that
f(U)  ClV. A function f:X→Y is said to be Scontinuous [24] if for every F  RC(Y), f−1(F) is
the union of regular closed sets of X. A function
f:X→Y is said to -continuous [17] if for each x
 X and each open set V of Y containing f (x),
there exists an open set U of X containing x such
that f(ClU)  ClV.
Definition 1.1. A point x  X is an Sc-limit [6]
(resp. -adherent [23]) point of A if A\{x}  V
≠ φ (resp. A\{x}  ClV ≠ φ) for every Sc-open
(resp., open) set V containing x. The intersection
of all Sc-closed (resp. -closed) sets of X
containing A is called the Sc-closure (resp., closure) of A and is denoted by ScClA (resp.,
ClA). The union of all Sc-open (resp., -open)
sets of X contained in A is called the
Scinterior (resp., -interior) of A and is denoted by
ScIntA (resp., IntA).
Theorem 1.2. A space X is said to be
1. Extremally disconnected [3] if and only if
every semi-open subset of X is peropen.
2. Semi-regular [18] if for any open set U of X
and each point x  U, there exists a regular open
set V of X such that x  V  U.
3. Almost regular [20] if for any regular closed
set F of X and a point x F, there exist disjoint
open sets U and V such that F U and x  V.
The following results can be found in [26].
Theorem 1.3. A subset A of a space X is Sc-
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open if and only if A is semi-open set and A is a
union of closed sets.
Theorem 1.4. Let A be any subset of a
topological space X. If A PO(X), then
sCl(A)=scCl(A)=sCl(A)=IntCl(A).
Theorem 1.5. Let X be extremally disconnected,
If a subset A of X is semi-open, then ScCl(A) is
both open and closed.
Corollary 1.6.[6] Let A and Y be subsets of a
space X. If AScO(X) and Y is clopen subset of
X, then AY ScO(Y).
Theorem 1.7.[6] Let (X,) be a topological
space and A,Y subset of X such that AYX
and Y  RC(X,), then A  ScO(Y,Y) if and
only if A  ScO(X,).
Lemma 1.8.[6] If a space X is T1-space, then
SO(X) = ScO(X).
Lemma 1.9.[6] Let A be a subset of a
topological space (X, ), then the following
statement are true:
1. Every θ-open set is Sc-open set.
2. Every regular closed set is Sc-open set.
3. Every θ-semi-open set is Sc-open set.
Theorem 1.10.[23] Let (X, ) be any topological
space, if A  , then Clθ(A) = Cl(A)
Theorem 1.11.[25] Let f:XY be a function
and X is T1 space. Then f is almost Sc-continuous
if and only if f is almost semi-continuous.
Theorem 1.12.[25] If f:XY is an almost Sccontinuous function and Y is semi-regular. Then
f is Sc-continuous.
The following results can be proved easily.
Theorem 1.13. If f:X→Y is almost semicontinuous and Y is semi-regular, then f is semicontinuous.
Theorem 1.14. If f:X→Y is almost continuous
and Y is semi-regular, then f is continuous.
Theorem 1.15.[19] A function f:X→Y is weakly
continuous if and only if Clf−1(V)  f−1(ClV) for
each open subset V of Y.
Theorem 1.16.[19] A function f:X→Y is almost
open if and only if f−1(ClV)  Clf−1(V) for each
open subset V of Y.
Theorem 1.17.[25] A function f:XY is almost
Sc-continuous if and only if the inverse image of
each regular open set of Y is Sc-open in X.
Theorem 1.18.[19] A function f:X→Y is almost
open and almost continuous if and only if
Clf−1(V) = f−1(ClV) for each open subset V of Y.
2.
WEAKLY
Sc-CONTINUOUS
FUNCTIONS
In this section, we start with the definition
and characterizations of weakly Sc-continuous
functions. Several relations between this
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function and other types of continuous functions
and spaces are investigated.
Definition 2.1. A function f : X  Y is called
weakly Sc-continuous if for each x  X and each
open set V of Y containing f (x), there exists an
Sc-open set U of X containing x such that f (U) 
ClV.
The following diagram show the relation
among weakly Sc-continuous and other types of
functions.
almost Sc-continuous  weakly Sc-continuous
almost semi-continuous  weakly semi-continuous

almost α-continuous



weakly α-continuous

Diagram 2.2
In the sequel, we shall show that none of the
implications that concerning weakly Sccontinuity in Diagram 2.2 is reversible.
Example 2.3. Let X = {a, b, c, d} with the two
topologies  = {φ, X, {c}, {a, d}, {a, c, d}} and
 = {φ, X, {a}, {b}, {a, b}}; then SO(X,) = {φ,
X, {c}, {a, d}, {a, c, d}, {b, c },{a, b, d}},Sc
O(X,)= {φ, X, {b, c },{a, b, d}}. Let
f:(X,)(X,) be a function defined as follows:
f (a) = f (b) = f (c) = a and f (d) = d. Then f is
weakly Sc-continuous, but it is not almost Sc continuous, because {a} is an open set in (X,)
containing f (a) = a, there exist no Sc -open set U
in (X,) containing a such that f (U)  IntCl{a}
= {a}.
Example 2.4. Let X = {a, b, c} with the two
topologies  = {φ, X, {a}, {b}, {a, b}} and  =
{φ, X, {a}, {b, c}}; then SO(X,) = {φ, X,
{a},{b} {a, b}, {a, c}, {b, c}}, ScO(X,) = {φ,
X, {a, c}, {b, c}}. Let f:(X,)(X,) be the
identity function. Then f is weakly semicontinuous. However f is not weakly Sccontinuous since {a} is an open set in (X,)
containing f ({a}) = {a}, there exist no Sc-open
set U in (X,) containing a such that f (U) 
Cl{a} = {a}.
Remark 2.5. We notice that every function
f:XY is weakly Sc-continuous if either X is
discrete or Y is indiscrete.
Theorem 2.6. If a function f:XY is weakly
Sc-continuous, then for each x  X and each open set V of Y containing f (x), there exists an
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Sc-open set U in X containing x such that f (U)
V.
Proof. Let x  X and let V be any -open set of
Y containing f (x). Then for each f (x)  V, there
exists an open set G containing f (x) such that G
 ClG  V. Since f is weakly Sc-continuous,
there exists an Sc-open set U of X containing x
such that f (U) ClG  V. This completes the
proof.
Corollary 2.7. If a function f:XY is weakly
Sc-continuous, then for each x  X and each open set V of Y containing f (x), there exists a
closed set F in X containing x such that f (F) 
V.
Proof. Let x  X and let V be any -open set of
Y containing f (x). Since f is weakly Sccontinuous, then by Theorem 2.6, there exists an
Sc-open set U in X containing x such that f (U) 
V. Since U is Sc-open set in X, then for each x 
U, there exists a closed set F of X such that x 
F  U. Therefore, we obtain
f (F)  f (U) 
V. Hence f (F)  V.
Theorem 2.8. Let f:XY be a function. If for
each x  X and each regular closed set R of Y
containing f(x), there exists an Sc-open set U in
X containing x such that f (U)  R, then f is
weakly Sc-continuous.
Proof. Let x  X and let V be any open set of Y
containing f (x). Then put R = ClV is regular
closed set of Y containing f (x). By hypothesis,
there exists a Sc-open set U in X containing x
such that f (U)  R. Hence f is weakly Sccontinuous.
Theorem 2.9. If a function f:XY is weakly Sccontinuous, then the inverse image of each open set of Y is Sc-open set in X.
Proof. Let V be any -open set in Y. We have to
show that f−1(V) is Sc-open set in X. Let x 
f−1(V). Then f (x)  V. Since f is weakly Sccontinuous, then by Theorem 2.6, there exists an
Sc-open set U of X containing x such that f (U) 
V. Which implies that x  U  f−1(V).
Therefore, f−1(V) is Sc-open set in X.
Corollary 2.10. If a function f:XY is weakly
Sc-continuous, then the inverse image of each θclosed set of Y is Sc-closed set in X.
Theorem 2.11. Let f:XY be a function. If
f−1(ClV) is Sc-open set in X for each open set V
in Y, then f is weakly Sc-continuous.
Proof. Let x  X and let V be any open set of Y
containing f (x). Then x  f−1(V)  f−1(ClV). By
hypothesis, we have f−1(ClV) is an Sc-open set in
X containing x. Then put U= f−1(ClV) is an Sc-

open set in X, we obtain f(U)  ClV. Hence f is
weakly Sc-continuous.
Corollary 2.12. Let f:XY be a function. If
f−1(IntF) is Sc-closed set in X for each closed set
F in Y, then f is weakly Sc-continuous.
Theorem 2.13. Let f:XY be a function. If the
inverse image of each regular closed set of Y is
Sc-open set in X, then f is weakly Sc-continuous.
Proof. Let V be any open set of Y. Then ClV is
a regular closed set in Y. By hypothesis, we have
f−1(ClV) is an Sc-open set in X. Therefore, by
Theorem 2.11, f is weakly Sc-continuous.
Corollary 2.14. Let f:XY be a function. If the
inverse image of each regular open set of Y is
Sc-closed set in X, then f is weakly Sccontinuous.
Theorem 2.15. If a function f:XY is weakly
Sc-continuous, then for each x  X and each
open set V of Y containing f (x), there exists a
closed set F in X containing x such that f (F) 
ClV.
Proof. Let x  X and let V be any open set of Y
containing f (x). Since f is weakly Sc-continuous,
then there exists an Sc-open set U of X
containing x such that f (U)  ClV. Since U is
Sc-open set. Then for each x  U, there exists a
closed set F of X such that x  F  U.
Therefore, we have f (F)  ClV.
Theorem 2.16. For a function f:XY, the
following statements are equivalent:
1. f is weakly Sc-continuous.
2. ScClf−1(IntClB)  f−1(ClB), for each B  Y.
3. f−1(IntB)  ScIntf−1(ClIntB), for each B  Y.
4. f−1(IntClV)  ScIntf−1(ClV), for each open set
V of Y.
5. f−1(V)  ScIntf−1(ClV), for each regular open
set V of Y.
6. ScClf−1(IntF)  f−1(F), for each regular closed
set F of Y.
7. ScClf−1(IntF) f−1(ClIntF), for each closed set
F of Y.
8. ScClf−1(V)  f−1(ClV), for each open set V of
Y.
9. f−1(lntF)  Sclntf−1(F), for each closed set F of
Y.
Proof. (1)  (2). Let B be any subset of Y.
Assume that x  f−1(ClB). Then f (x)  ClB and
there exists an open set V containing f (x) such
that V  B = φ, hence ClV  IntClB = φ. By
(1), there exists an Sc-open set U of X containing
x such that f (U)  ClV. Therefore, we have f
(U)  IntClB = φ which implies that U 
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f−1(IntClB) = φ and hence x  ScClf−1(IntClB).
Therefore, we obtain ScClf−1(IntClB)  f−1(ClB).
(2)  (3). Let B be any subset of Y. Then apply
(2) to Y\B we obtain ScClf−1(IntCl(Y\B)) 
f−1(Cl(Y\B))

ScClf−1(Int(Y\IntB))

−1
−1
−1
f (Y\IntB)  ScClf (Y\ClIntB)  f (Y\IntB)
 ScCl(X\f−1(ClIntB))  X\f−1(IntB)  X\
ScInt(f−1(ClIntB))  X\f−1(IntB)  f−1(IntB) 
ScIntf−1(ClIntB). Therefore, we obtain f−1(IntB)
 ScIntf−1(ClIntB).
(3)  (4). Let V be any open set of Y. Then
apply (3) to ClV we obtain f−1(IntClV) 
ScIntf−1(ClIntClV) = ScIntf−1(ClV). Therefore, we
obtain f−1(IntClV)  ScIntf−1(ClV).
(4)  (5). Let V be any regular open set of Y.
Then V is an open set of Y. By (4), we have
f−1(V) = f−1(IntClV)  ScIntf−1(ClV)). Therefore,
we obtain f−1(V)  ScIntf−1(ClV).
(5)  (6). Let F be any regular closed set of Y.
Then Y\F is regular open set of Y. By (5), we
have f−1(Y\F)  ScIntf−1(Cl(Y\F))  X\f−1(F) 
ScIntf−1(Y\IntF)  X\f−1(F)  ScInt(X\f−1(IntF))
 X\ f−1(F) 
X\ ScClf−1(IntF) 
−1
−1
ScClf (IntF)  f (F). Hence ScClf−1(IntF) 
f−1(F).
(6)  (7). Let F be any closed set of Y. Then
ClIntF is regular closed set of Y. By (6) we have
ScClf−1(IntClIntF) = ScClf−1(IntF)  f−1(ClIntF).
Therefore, we obtain ScClf−1(IntF)  f−1(ClIntF).
(7)  (8). Let V be any open set of Y. Then by
(7) we have ScClf−1(V)  ScClf−1(IntClV) 
f−1(ClIntClV) = f−1(ClV). Therefore, ScClf−1(V)
 f−1(ClV).
(8)  (9). Let F be any closed set of Y. Then
Y\F is an open set of Y. By (8), we have
ScClf−1(Y\F)  f−1(Cl(Y\F))  ScCl(X\f−1(F)) 
f−1(Y\IntF) 
X\ ScIntf−1(F)  X\f−1(IntF)
 f−1(IntF)  ScIntf−1(F). Therefore, f−1(IntF) 
ScIntf−1(F).
(9)  (1). Let x be any point of X and let V be
any open set in Y containing f (x). Then x 
f−1(V) and ClV is closed set in Y. By (9), we
have x  f−1(V)  f−1(lntClV)  Sclntf−1(ClV).
Put U = ScIntf−1(ClV). Then we obtain x  U 
ScO(X) and f (U)  ClV. Therefore, f is weakly
Sc-continuous.
Theorem 2.17. If a function f:XY is
continuous, then f is weakly Sc-continuous.
Proof. Let V be any open set of Y. Since f is
continuous. Then f−1(V) is open set and hence it
is preopen set. By Theorem1.4, we have
ScClf−1(V) =IntClf−1(V)  Clf−1(V). Also, since f
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is continuous, then Clf−1(V)  f−1(ClV).
Therefore, we obtain that ScClf−1(V)  f−1(ClV)
and hence by Theorem 2.16 (8) , f is weakly Sccontinuous.
Theorem 2.18. For a function f:XY, the
following statements are equivalent:
1. f is weakly Sc-continuous.
2. f (ScClA)  Clθf (A), for each subset A of X.
3. Intθf (A)  f (ScIntA), for each subset A of X.
4. f−1(IntθB)  ScIntf−1(B), for each subset B of
Y.
5. ScClf−1(B)  f−1(ClθB), for each subset B of Y.
Proof. (1)  (2). Let A be a subset of X.
Suppose that f(ScClA)  Clθf(A). Then there
exists y  f(ScClA) such that y  Clθf(A), then
there exists an open set G in Y containing y such
that ClG  f(A) = φ. If f−1(y) = φ, then there is
nothing to prove. Suppose that x be any arbitrary
point of f−1(y), so f(x)  G. Since G is any open
set in Y. By (1), there exists an Sc-open set H in
X containing x such that f(H)  ClG. Therefore,
we have f(H)  f(A) = φ. Then x  ScClA.
Hence y  f(ScClA) which is a contradiction.
Therefore, we have f(ScClA)  Clθf(A).
(2)  (3). Let A be any subset of X. Then apply
(2) to X\A we obtain f(ScCl(X\A))  Clθf(X\A)

f(X\ ScIntA)  Clθ(Y\ f(A))  Y\ f(ScIntA)  Y\Intθf(A)  Intθf(A)  f(ScIntA).
Therefore, we obtain Intθf(A)  f(ScIntA).
(3)  (4). Let B be a subset of Y. Then f−1(B) is
a subset of X. By (3), we have Intθf(f−1(B)) 
f(ScIntf−1(B)). Then IntθB  f(ScIntf−1(B)) and
hence f−1(IntθB)  ScIntf−1(B).
(4)  (5). Let B be any subset of Y. Then apply
(4) to Y\B we obtain f−1(Intθ(Y\B)) 
ScIntf−1(Y\B)  f−1(Y\ClθB)  ScInt(X\f−1(B))
 X\f−1(ClθB) 
X\ ScClf−1(B) 
ScClf−1(B)  f−1(ClθB). Therefore, we obtain
ScClf−1(B)  f−1(ClθB).
(5)  (1). Let V be any open set of Y. By (5),
we have ScClf−1(V)  f−1(ClθV). By Theorem
1.10, we have ScClf−1(V)  f−1(ClV). Therefore,
by Theorem 2.16, f is weakly Sc-continuous.
Theorem 2.19. A function f:XY is weakly Sccontinuous if and only if ScClf−1(IntClθB) 
f−1(ClθB) for each subset B of Y.
Proof. Let B be any subset of Y. Assume that x
 f−1(ClθB). Then f (x)  ClθB and hence there
exists an open set H containing f (x) such that B
 ClH = φ. This implies that ClθB  H = φ and
so H  Y\ClθB and hence ClH  Cl(Y\ClθB).
Since f is weakly Sc-continuous, there exists an
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Sc-open set U of X containing x such that f (U) 
ClH  Cl(Y\ClθB) = Y\IntClθB. This implies
that f (U)  IntClθB = φ and hence U 
f−1(IntClθB) = φ. Then x  ScClf−1(IntClθB).
Therefore, ScClf−1(IntClθB)  f−1(ClθB).
Conversely. Let V be any open set of Y. Then
by hypothesis and Theorem 1.10, we have
ScClf−1(IntClV) = ScClf−1(IntClθV)  f−1(ClθV) =
f−1(ClV). Therefore, ScClf−1(IntClV)  f−1(ClV).
Hence by Theorem 2.16, f is weakly Sccontinuous.
From Theorem 2.19, we obtain that:
Corollary 2.20. A function f:XY is weakly Sccontinuous if and only if f−1(IntθB) 
ScIntf−1(ClIntθB) for each subset B of Y.
Theorem 2.21. A function f:XY is weakly Sccontinuous if and only if f−1(V)  ScIntf−1(ClV)
for each open set V of Y.
Proof. Let f be weakly Sc-continuous and let V
be any open set of Y. Then V  IntClV.
Therefore, by Theorem 2.16, f−1(V) 
f−1(IntClV)  ScIntf−1(ClV). Hence f−1(V) 
ScIntf−1(ClV).
Conversely. Let V be any regular open set of Y.
Then V is an open set of Y. By hypothesis, we
have f−1(V)  ScIntf−1(ClV). Therefore, by
Theorem 2.16, f is weakly Sc-continuous.
From Theorem 2.21, we obtain that:
Corollary 2.22. A function f:XY is weakly Sccontinuous if and only if ScClf−1(IntF)  f−1(F)
for each closed set F of Y.
Theorem 2.23. If Y is extremally disconnected
then a function f:XY is weakly Sc-continuous
if and only if ScClf−1(V)  f−1(ScClV) for each
open set V of Y.
Proof. Let V be any open set of Y. Since f is
weakly Sc-continuous. Then by Theorem 2.16,
we have ScClf−1(V)  f−1(ClV). Since V is open
set and hence V is semi-open set. Therefore, by
Theorem1.5, we obtain ScClf−1(V)  f−1(ScClV).
Conversely. Let F be any closed set of Y. Then
IntF is an open set in Y. By hypothesis, we have
ScClf−1(IntF)  f−1(ScClIntF). Since IntF is semiopen set. Then by Theorem1.5, ScClf−1(IntF) 
f−1(ClIntF). Therefore, by Theorem 2.16, f is
weakly Sc-continuous.
From Theorem 2.23, we obtain that:
Corollary 2.24. If Y is extremally disconnected
then the function f:XY is weakly Sccontinuous if and only if f−1(ScIntF)  ScIntf−1(F)
for each closed set F of Y.

Proposition 2.25. If a function f:(X,)(Y,) is
weakly Sc-continuous, then f:(X,)(Y,θ) is Sccontinuous.
Proof. Let H  θ, then H is θ-open set in (Y,).
Since f:(X,)(Y,) is weakly Sc-continuous.
Then by Theorem 2.9, f−1(H) is Sc-open set in X.
Therefore, f:(X,)(Y, θ) is Sc-continuous.
Proposition 2.26. Let f:XY be a function. Let
 be any basis for θ in Y. If f is weakly Sccontinuous, then for each B  , f−1(B) is a Scopen set of X.
Proof. Suppose that f is weakly Sc-continuous.
Then since each B   is a -open subset of Y.
Therefore, by Theorem 2.9, f−1(B) is a Sc-open
subset of X.
Proposition 2.27. If f : X  Y is both
continuous and open function and V is a semiopen set of Y, then f −1(V) is a semi-open set of
X.
Proof. Let V be a semi-open set of Y, then there
exists an open set G in Y such that G  V 
Cl(G). Then f −1(G)  f −1(V)  f −1(Cl(G)). Since
f is a continuous function, then f −1(G) is an open
set in X and since f is an open function, then f
−1
(Cl(G))  Cl(f −1(G)). Hence we obtain that f
−1
(G)  f −1(V)  Cl(f −1(G)). Therefore, f −1(V)
is a semi-open set of X.
Proposition 2.28. If f : X  Y is both
continuous and open function and V is a Sc-open
set of Y, then f −1(V) is a Sc-open set of X.
Proof. Let V be a Sc-open set of Y, then V is a
semi-open set of Y and V = Fα, where Fα is
closed set of Y for each α. Then f −1(V) = f
−1
(Fα) = f −1(Fα), where Fα is closed set of Y
for each α. Since f is a continuous and open
function. Then by Proposition 2.27, f −1(V) is a
semi-open set of X, Since f is a continuous, then
f −1(Fα) is a closed set of X for each α. Hence by
Theorem 1.3, f −1(V) is a Sc-open set of X.
3.
MORE
PROPERTIES
AND
COMPARISONS
In this section, we give some properties of
weakly Sc-continuous functions and we compare
them with other types of continuous functions.
Theorem 3.1. Let f:XY be weakly Sccontinuous function. If A is clopen subset of X,
then the restriction f|A:AY is weakly Sccontinuous in the subspace A.
Proof. Let x  A and V be an open set of Y
containing f(x). Since f is weakly Sc-continuous,
there exists an Sc-open set U of X containing x
such that f(U)  ClV. Since A is clopen subset
of X. By Corollary 1.6 A  U is an Sc-open
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subspace of A containing x and (f|A)(A  U) =
f(A  U)  f(U)  ClV. This show that f|A is
weakly Sc-continuous.
Theorem 3.2. A function f:XY is weakly Sccontinuous. If for each x  X, there exists a
regular closed set A of X containing x such that
the restriction f|A:AY is weakly Sccontinuous.
Proof. Let x  X, then by hypothesis, there
exists a regular closed set A containing x such
that f|A:AY is weakly Sc-continuous. Let V be
any open set of Y containing f(x), there exists an
Sc-open set U in A containing x such that
(f|A)(U)  ClV. Since A is regular closed set. By
Theorem 1.7, U is Sc-open set in X and hence
f(U)  ClV. This shows that f is weakly Sccontinuous.
Theorem 3.3. If X = R  S, where R and S are
regular closed sets and f:XY is a function such
that both f|R and f|S are weakly Sc-continuous,
then f is weakly Sc-continuous.
Proof. Let x  X and V be an open set of Y
containing f (x). Since f|R and f|S are weakly Sccontinuous, there exist Sc-open sets x  U and x
 W of R and S, respectively such that (f|R)(U)
 ClV and (f|S)(W)  ClV, respectively. Then
f(U  W) = (f|R)(U)  (f|S)(W)  ClV. Since R
and S are regular closed sets in X, then by
Theorem 1.7, U and W are Sc-open sets in X.
Since union of two Sc-open sets is Sc-open. Then
U  W is Sc-open set of X containing x.
Therefore, f is weakly Sc-continuous.
As an immediate consequence of Theorem 3.2
and Theorem 3.3, we obtain that:
Corollary 3.4. Let {Uα : α  Δ} be a clopen
cover of a topological space X. A function f : X
 Y is weakly Sc-continuous if and only if the
restriction f|Uα :Uα Y is weakly Sc-continuous
for each α  Δ.
Theorem 3.5. Let f:XY be a weakly Sccontinuous and for each x  X. If Y is any
subset of Z containing f (x), then f:XZ is
weakly Sc-continuous.
Proof. Let x  X and V be any open set of Z
containing f (x). Then V  Y is open in Y
containing f (x). Since f:XY is weakly Sccontinuous, there exists a Sc-open set U of X
containing x such that f(U)  Cl(V  Y) and
hence f (U)  ClV. Therefore, f:XZ is weakly
Sc-continuous.
We shall obtain some conditions for the
composition of two functions to be weakly Sccontinuous.
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Theorem 3.6. Let f:XY and g:YZ be
functions. Then the composition function
gf:XZ is weakly Sc-continuous if f and g
satisfy one of the following conditions:
1. f is Sc-continuous and g is weakly continuous.
2. f is weakly Sc-continuous and g is almost
strongly -continuous.
3. f is weakly Sc-continuous and g is continuous.
4. f is weakly Sc-continuous and g is continuous.
5. f is continuous and open and g is weakly Sccontinuous.
Proof. 1. Let x  X and W be an open set of Z
containing g(f (x)). Since g is weakly
continuous, there exists an open set V of Y
containing f (x) such that g(V)  ClW. Hence
g−1(ClW) is open in Y containing f (x). Since f is
weakly Sc-continuous, there exists a Sc-open set
U of X containing x such that f (U)  g−1(ClW).
Therefore, we obtain (gοf)(U) = g(f (U))  ClW.
Hence gοf is weakly Sc-continuous.
2. Let W be any regular open subset of Z. Since
g is almost strongly -continuous, by g−1(W) is
-open subset of Y. Since f is weakly Sccontinuous, then by Theorem 2.9, (gοf)−1(W) =
f−1(g−1(W)) is Sc-open subset in X. Therefore, gοf
is almost Sc-continuous and hence it is weakly
Sc-continuous.
3. Let x  X and W be an open set of Z
containing g(f(x)). Since g is -continuous, there
exists an open set V of Y containing f (x) such
that g(ClV)  ClW. Since f is weakly Sccontinuous, there exists a Sc-open set U of X
containing x such that f (U)  ClV. Hence g (f
(U))  g (ClV)  ClW. Therefore, gf is weakly
Sc-continuous.
4. Let x  X and W be an open set of Z
containing g(f(x)). Since g is continuous, g−1(W)
is an open set of Y containing f (x). Since f is
weakly Sc-continuous, there exists a Sc-open set
U of X containing x such that f (U)  Clg−1(W).
Also, since g is continuous, then we have f (U) 
g−1(ClW). This implies that g(f (U))  ClW.
Therefore, gοf is weakly Sc-continuous.
5. Let x  X and W be an open set of Z
containing g(f(x)). Since g is weakly Sccontinuous, there exists a Sc-open set U of Y
containing f (x) such that g (U)  ClW. It is clear
that g−1(ClW) is a Sc-open set of Y containing f
(x). Since f is continuous and open, then by
Proposition 2.28, f−1(g−1(ClW)) = (gοf )−1(ClW)
is a Sc-open set in X containing x and clearly
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(gοf)((gοf)−1(ClW))  ClW. Hence gοf is weakly
Sc-continuous.
Theorem 3.7. If f:XY is weakly Sc-continuous
function and Y is almost regular. Then f is
almost Sc-continuous.
Proof. Let x  X and let V be any open set of Y
containing f (x). By the almost regularity of Y,
there exists a regular open set G of Y such that f
(x)  G  ClG  IntClV [20, Theorem 2.2].
Since f is weakly Sc-continuous, there exists an
Sc-open set U of X containing x such that f (U) 
ClG  IntClV. Therefore, f is almost Sccontinuous.
Theorem 3.8. If f:X→Y is weakly Sc-continuous
function and Y is extremally disconnected space,
then f is almost Sc-continuous.
Proof. Let x  X and let V be any open set of Y
containing f (x). Since f is weakly Sc-continuous,
there exists an Sc-open set U of X containing x
such that f (U)  ClV. Since Y is extremally
disconnected, then f (U)  IntClV. Therefore, f
is almost Sc-continuous.
Corollary 3.9. A function f:XY is weakly Sccontinuous if and only if f is almost Sccontinuous if it satisfies one of the following
properties:
1. Y is almost regular.
2. Y is extremally disconnected.
Proof. Follows from Theorem 3.7 and Theorem
3.8.
Lemma 3.10. Let X be an extremally
disconnected space and AX. If A ScO(X),
then A  Ps O(X).
Proof. Let A be any Sc-open set in X by the
Definition Sc-open set A is semi open set and for
each xA there exist a closed set F containing x
such that xFA, by Theorem 2.1(1) , A is
peropen set, since each closed set is semi closed.
Hence A is Ps-open. Theorem 3.11. If f:X→Y
is weakly Sc-continuous function and X is
extremally disconnected space, then f is weakly
Ps-continuous.
Proof. Let x  X and let V be any open set of Y
containing f (x), since f is weakly Sc-continuous
then there exist an Sc-open set U containing x
such that
f (U)  ClV. since X is extremally
disconnected space by Lemma 3.10, each Scopen set is Ps-open. Then there exists a Ps-open
set U in X containing x such that f (U)  ClV.
Hence f is weakly Ps-continuous.
Corollary 3.12. Let f:XY be a function and X
is T1- space. Then f is weakly Sc-continuous if
and only if f is weakly semi-continuous.
Proof. Follows from Lemma 1.8.

Corollary 3.13. If X is a T1- space and Y is
extremally disconnected space, the following
statements are equivalent for a function f:XY:
1. f is almost Sc-continuous.
2. f is weakly Sc-continuous.
3. f is weakly semi-continuous.
4. f is almost semi-continuous.
Proof. Follows from Corollary 3.12, Corollary
3.9.
Corollary 3.14. If X is a T1-space and Y is a
regular space, the following statements are
equivalent for a function f:XY:
1. f is Sc-continuous.
2. f is almost Sc-continuous.
3. f is weakly Sc-continuous.
4. f is weakly semi-continuous.
5. f is almost semi-continuous.
6. f is semi-continuous.
Proof. Follows from Corollary 3.12, Corollary
3.9 and Theorem 1.13 and the fact that every
regular space is almost regular and semi-regular
space.
Theorem 3.15. If f:XY is weakly scontinuous, then f is weakly Sc-continuous.
Proof. Let x  X and let V be any open set of Y
containing f (x). Since f is weakly s-continuous,
then there exists a -semi-open set U of X
containing x such that f(U)  ClV. Hence by
Lemma 1.9, U is Sc-open set of X containing x
such that f (U)  ClV. Therefore, f is weakly Sccontinuous.
Theorem 3.16. If f:XY is weakly semicontinuous and either S-continuous or irresolute function, then f is weakly Sccontinuous.
Proof. Let x  X and V be any open set of Y
containing f (x). Since f is weakly semicontinuous, there exists a semi-open set U of X
containing x such that f (U)  ClV. Then
f−1(ClV) is a semi-open set of X containing x.
Since ClV is regular closed set of Y and f is
either S-continuous or -irresolute, then f−1(ClV)
is the union of regular closed sets of X. and since
each regular closed set is Sc-open set, By the
definition of Sc-open set then f−1(ClV) is an Scopen set of X containing x and clearly f
(f−1(ClV))  ClV. Hence f is weakly Sccontinuous.
Theorem 3.17. If a function f:XY is weakly
Sc-continuous and open and Y is extremally
disconnected, then f (ScClV)  ScClf (V) for
each open set V of X.
Proof. Let V be any open set of X. Since f is
open. Then f (V) is open set in Y. Since f is
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weakly Sc-continuous, then by Theorem 2.23, we
obtain that ScClf−1(f (V))  f−1(ScClf (V)) which
implies that f(ScClV)  ScClf (V).
Corollary 3.18. If a function f:XY is weakly
sc-continuous and open and Y is extremally
disconnected, then ScIntf (F)  f (ScIntF) for
each closed set F of X.
Theorem 3.19. If a function f:XY is semicontinuous and almost open and Y is extremally
disconnected . Then f is weakly Sc-continuous if
and only if ScClf−1(V) = f−1(ScClV) for each open
set V of Y.
Proof. Let V be any open set of Y. Since f is
weakly Sc-continuous, then by Theorem 2.23,
ScClf−1(V)  f−1(ScClV). Since V is open and
hence is semi-open. Then by Theorem 1.2.(2)
and Theorem 1.3, ScClV = ClV which implies
that ScClV  ClV and hence f−1(ScClV) 
f−1(ClV). Since V is open set of Y and f is almost
open, then by Theorem 1.16, f−1(ClV) 
Clf−1(V). Therefore, we have f−1(ScClV) 
f−1(ClV)  Clf−1(V) and hence f−1(ScClV) 
Clf−1(V). Since V is open set of Y and f is semicontinuous. Then f−1(V) is semi-open set in X.
Then by Theorem 1.2.(2)and Theorem 1.3, we
obtain that f−1(ScClV)  ScClf−1(V). Therefore,
we have ScClf−1(V) = f−1(ScClV).
Conversely. Follows from Theorem 2.23.
Corollary 3.20. If a function f:XY is weakly
Sc-continuous, semi-continuous and almost open
and Y is extremally disconnected, then
ScIntf−1(F) = f−1(ScIntF) for each closed set F of
Y.
Proof. Follows from Theorem 3.19.
Corollary 3.21. If a function f:XY is weakly
Sc-continuous, semi-continuous and almost open
and Y is extremally disconnected, then Clf−1(V)
= f−1(ClV) for each open set V of Y.
Proof. Follows from Theorem 3.19 and
Theorem 1.2.(2) and Theorem 1.3
Corollary 3.22. Let f:XY be an almost open
function and Y is extremally disconnected. If f is
weakly Sc-continuous and semi-continuous, then
f is almost continuous and hence f is weakly
continuous.
Proof. Follows from Corollary 3.21 and
Theorem 1.18.
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ثوختة
دظىَ ظةكولينىَ دا من دانة نياسني رةنطةكي نوي ذ نةخشيَن بةردةوام ذ جورىَ  Sc-بكار ئينان كوميَن ظةكري ذ جورى-
 Scوهندك سةخلةتيَن فةر من ديار كرن وهةر وةسا ثيونديا ظى نةخشةيي ب هندةك نةخشيَن دي ييَن بةردةوام ظة.

الخالصة
يف هذا البحث قدمت نوع جديد من الدوال املستمرة من منط  Sc-باستخدام اجملموعات املفتوحة من منط  Sc-وجدت جمموعة من
اخلواص املهة لتلك الدوال وعالقاهتا ببعض الدوال املستمرة االخرة.
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ABSTRACT

c -open set and by using this set we define generalized c -closed sets
also we obtain some of its properties. Finally we introduce ( ,  ) -irresolute functions and investigate it’s basic
In this paper we introduce the concept of

properties.
KEYWORDS: semi open, s-operation,

c -open, generalized c -closed, ( ,  ) -irresolute.

1. Introduction
The study of semi open sets and semi
continuity property in topological spaces was
initiated by Levine [5]. Bhattacharya and
Lahiri[2], introduced the concept of semi
generalized closed sets in the topological spaces
analogous to generalized closed sets introduced
by Levine [6]. Kasahara [4], defined the concept
of an operation on topological spaces and
introduced the concept of closed graphs of a
function. Ahmad and Hussain [1], studied the
properties of operations on topological spaces
introduced by S. Kasahara .
In this paper mainly, we introduce a new
class of semi open sets called c -open sets in
topological spaces.
In Section 4, we introduce the concept of
generalized c -open sets and study some of its
properties. Also we define c -T 1/2 space.

In Section 5, we introduce ( ,  ) - irresolute
functions and we study some of its properties.

In this section we recall some definitions and
results concerning sets, which are related to this
work
Definition 2.1. [3] Let (X , ) be a topological
space and let A be subset of X then:
(1)
The semi interior of A ( sInt (A ), ) is
the union of all semi open sets of X contained
in A .
(2)
A point x  X is said to be a semi limit
point of A if every semi open set containing x
contains a point of A different from x , and the
set of all semi limit points of A is called the
semi derived set of A denoted by sd (A ).
(3)
The intersection of all semi-closed sets
of X containing A is called the semi-closure of
A and is denoted by sCl (A ).
Lemma 2.2. [3] For each point x  X ,
x  sCl (A ) if and only if V  A   for
every V  SO (X ) such that x V .
3.

2. Preliminaries
Throughout, X denote a topological space.
Let A be a subset of X . The closure of A and
the interior of A are denoted by Cl (A ) and
Int (A ), respectively. A subset A of a
topological space (X , ) is said to be semi open
[5] if A  Cl (Int (A )). The complement of a
semi open set is said to be semi closed [5]. The
family of all semi open (resp. semi closed) sets
in a topological space (X , ) is denoted by
SO (X , ) or SO (X ) (resp. SC (X , ) or
SC (X ) ).

60

c -Open Sets

In this section, we introduce new classes of
semi open sets called c -open sets in

topological spaces. We define  as a function
SO (X )
P (X )
on
into
and

 : SO (X )  P (X ) is called an s-operation if
V   (V ) for each V where  (V ) denotes the
value of SO (X ) at V .
Definition 3.1. Let (X , ) be a topological
space and  : SO (X )  P (X ) be an soperation, then a subset A of X is called a  open set if for each x  A there exists a semi
open set U such that x U and  (U )  A .
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The complement of a  -open set is said to be
 -closed. The family of all  -open ( resp.  closed ) subsets of a topological space (X , ) is
denoted by SO  (X , ) or SO  (X ) ( resp.

SC  (X , ) or SC  (X ) ).

Definition 3.2. A  -open subset A of a space
X is called c -open if for each x  A there
exists a closed set F such that x  F  A . The
complement of a c -open set is said to be c closed. The family of all c -open ( resp. c -

then
 I

A is a c -open set

Proof. Let x 
 I

A then there exist  0  I

such that x  A 0 , since A is a c -open set
for all   I then A is a  -open set for all
  I and this implies that there exists a semi
A ,
open set U such that  (U )  A0 
 I

A is a  -open subset of (X , ).

therefore
 I

closed ) subsets of a topological space (X , ) is

Since A is a c -open set for all   I then

denoted by SO c (X , ) or SO c (X ) ( resp.

there

SC c (X , ) or SC c (X ) ).
Remark 3.3. From the definition of s-operation,
it is clear that  (X )  X for any s-operation  .
For the purpose of simplicity it is assumed that
 ( )   , for any s-operation  .
Proposition 3.4. If ( X , ) is a topological
space, then SOc (X )  SO  (X )  SO (X ).
Proof. Obvious
The following examples show that the
converse of the above proposition may not be
true in general.
Example 3.5. Let X  {a, b , c }, and

 { ,{a},{a,b },X }. We define an s-operation
 : SO (X )  P (X ) as  (A )  A , if
A  {a, c } and  (A )  X otherwise. Here, we
have {a, c } is  -open set but it is not c -open
set.
Example

3.6.

Let

X  {a, b , c },

and

 { ,{a},X }. We define an s-operation
 : SO (X )  P (X ) as  (A )  A if b  A
and  (A )  X otherwise. Here, we have {a, c }
is semi open set but it is neither  -open nor c open set.
Example

3.7.

Let X {a,b ,c },

and

 { ,{a},{b },{a,b },X }. We define an soperation  : SO (X )  P (X ) as  (A )  A
if A  {a},{b } and  (A )  {a, b } if A  {a}
or {b }. Now, the family of open sets in (X , )
is incomparable with c -open.
Proposition 3.8. Let A   I be any collection
of c -open sets in a topological space (X , ) ,

exist

 -closed

a

x  F  A

but

x F 
 I

set F such

A 

A and thus

 I

 I

A

that
then

A is a c -

open set.
The following example shows that the
intersection of two c -open sets need not be c
-open.
Example 3.9. Let
X  {a, b , c }, and

  P (X ) . We define an s-operation
 : SO (X )  P (X ) as  (A )  A if
A  {a},{b } and  (A )  X otherwise. Now,
we have {a, b } and {b , c } are c -open sets but
{a, b } {b , c }  {b } is not c -open.
From the above example we notice that the
family of all c -open sets of a space X is a
supra topology and need not be a topology in
general.
Proposition 3.10. The set A is c -open set in
the space (X , ) if and only if for each x  A
there

exists

a c -open

set

B such

that

x  B  A.
Proof. Suppose that A is c -open set in a

(X , ). Then for each
x  A , put B  A is a c -open such that

topological space

x  B  A.

Conversely, suppose that for each x  A there
exists a c -open set B such that x  B  A ,
thus A 

B x , where B x  SO c (X ) for

each x . Therefore, A is a c -open set by
Proposition 3.8.
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Definition 3.11. Let (X , ) be a space, an soperation  is said to be  -regular if for every
semi open sets U and V containing x for each
x  X , there exists a semi open set W
containing x such that  (W )   (U )   (V ).
Theorem 3.12. Let  be  -regular s-operation.
If A and B are c -open sets in X , then

A  B is also a c -open set.
Proof. Let x  A  B then x  A and x  B .
Since A and B are c -open sets, there exists
semi open sets U and V such that x U and
 (U )  A , x V and  (V )  B . Since  is
a  -regular s-operation, this implies there exists
W of x
a semi open set
such that
 (W )   (U )   (V )  A  B . This implies
that A  B is  -open set. Since A and B are
c -open sets, then there exist  -closed sets

G , H such that x G  A and x  H  B
and
thus,
x G  H  A  B
x  F  A  B , where F  G  H is a  -

so,

closed set, because the intersection of two closed
sets is also closed. Thus A  B is a c -open
set by Definition 3.2.
Definition 3.13. Let A be a subset of a space
X . A point x  X is said to be c -limit point
of A if for each c -open set U containing x ,
then U  (A \{x })  . The set of all c -limit
points of A is called a c -derived set of A and is
denoted by c d (A ).

Definition 3.14. Let (X , ) be a topological
space and let A be a subset of X , then c closure of A ( cCl (A ) ) is the intersection of
all c -closed sets containing A .
Here we introduce some properties of c closure of the sets.
Proposition 3.15. For each point x  X ,

x  cCl (A ) if and only if V  A   , for
every V  SO c (X ) such that x V .
Proof. Obvious
Proposition 3.16. For subsets A , B of a
topological space (X , ), the following
statements are true.
cCl (A )  cCl (B )  cCl (A  B ).
(1)
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cCl (A  B )  cCl (A )  cCl (B ).
(2)
Proof. Obvious.
In general the equalities of the above
proposition may not be true as it is shown in the
following examples:
Example 3.17. Let X  {a, b , c }, and
  { ,{a},{c},{a,c }, X }. We define an soperation  : SO (X )  P (X ) as  (A )  A
if c  A and  (A )  Cl (A ) if c  A . Now, if
we
let
and B  {c }
then
A  {a}

cCl (A )  {a} and cCl (B )  {c }, but
cCl (A B )  X , where A  B {a,c }. Hence
cCl (A B )  cCl (A ) cCl (B ).
Example3.18. Let X {a,b ,c }, and  P (X ).
We define an s-operation  :SO (X )  P (X ) as
 (A )  A if A  {a, b } or {b , c }  (A )  X
otherwise. Now, if we let A  {a, b } and

B  {a, c } then cCl (A )  X and

cCl (B )  X , but cCl (A  B ) {a},

where

Hence
A  B  {a}.
cCl (A  B )  cCl (A )  cCl (B ).
Definition 3.19. Let (X , ) be a topological
space and let A be a subset of X , then c interior of A ( c Int (A ) ) is the union of all c
-open sets contained in A .
Proposition 3.20. For any subset A of a
topological space X . The following statements
are true.
X \ c Int (A )  cCl (X \ A ).
(1)
(2)
(3)

cCl (A )  X \ c Int (X \ A ).
X \ cCl (A )  c Int (X \ A ).
c Int (A )  X \ cCl (X \ A ).

(4)
Proof. Obvious.
Theorem 3.21. Let A ,B be subsets of X. If
 : SO (X )  P (X ) is a  -regular s-operation
on SO (X ). Then:
(1)
(2)

cCl (A  B )  cCl (A )  cCl (B ).
c Int (A  B )  c Int (A )  c Int (B ).

Proof. Obvious.
4. Generalized
Spaces

c -Closed

Sets and

c -T1/2
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In this section, we define a new class of sets
which are generalized c -closed set, and we
give some of its properties also we define

c -

T 1/2 spaces.
Definition 4.1. A subset A of a topological
space (X , ) is said to be generalized c -closed

cCl (A ) U ,
whenever A  U and U is a c -open set in
(X , ). We say that a subset B of X is
generalized c -open (briefly. g- c -open) if its
complement X \ B is generalized c -closed in
(X , ).
( briefly. g- c -closed)

if

In the following proposition we show every
c -closed subset of X is g- c -closed.
Proposition 4.2. Every c -closed set is g- c closed.
Proof. Let A  X be a c -closed set, then

cCl (A )  U for every
U  SO c (X ) containing A .
cCl (A )  A . Thus

The converse of the above proposition is not
true in general.
X {a,b ,c }, and
Example 4.3. Let

  P (X ). We define an s-operation
 : SO (X )  P (X ) as  (A )  A if A  {a}
and  (A )  X otherwise. Then, if we let
A  {a, b }, and since the only c -open
supersets of A is X, so A is g- c -closed but it is
not c -closed.
Proposition 4.4. The intersection of a g- c closed set and a c -closed set is always g- c closed.
Proof. Let A be g- c -closed and F be c closed. Assume that U is c -open set such that

G  X \ F . Then
A  F U ,
set
A  U G , since G is c -open, then U G
is c -open and since A is g- c -closed, then

cCl (A )  U G . Now by Proposition 3.16
cCl (A F )  cCl (A )  cCl (F ) =
(2),
cCl (A )  F  (U G )  F =
(U  F )  (G  F ) = (U  F )    U .
The union of two g- c -closed sets need not

be g- c -closed, as shown in the following
example:
X {a,b ,c }, and
Example 4.5. Let

  P (X ). We
 : SO (X ) 

define

an

s-operation

P (X ) as  (A )  A if
or
or
A  {a, b } {a, c } {b , c }, and  (A )  X
otherwise. Then, if A  {a} and B  {b }. So,
A and B are g- c -closed, but A  B  {a, b }
is not g- c -closed, since {a, b } is c -open and

cCl ({a, b })  X.
Theorem 4.6. If  : SO (X )  P (X ) is a  regular s-operation. Then the finite union of gc -closed sets is always a g- c -closed set.
Proof. Let A and B be two g- c -closed sets,
and let

A  B  U , where U is c -open.

Since A and B are g- c -closed sets, therefore

cCl (A )  U and cCl (B )  U
implies
cCl (A )  cCl (B )  U . But by Theorem
cCl (A )  cCl (B ) 
3.21,
we
have
cCl (A  B ). Therefore cCl (A  B )  U .
Hence we get A  B is g- c -closed set.
The intersection of two g- c -closed sets need
not be g- c -closed, as it is shown in the
following example:
X {a,b ,c }, and
Example 4.7. Let

  P (X ). We

define
an
s-operation
 : SO (X )  P (X ) as  (A )  A if A  {a}
and  (A )  X otherwise. Then the sets

A  {a, b } and B  {a, c } are g- c -closed
sets, since X is their only c -open superset. But

C  {a}  A  B is not g- c -closed, since

C  {a}  SOc (X )
cCl (C )  X  {a}.

and

Theorem 4.8. If a subset A of X is g- c -closed
and A  B  cCl (A ) then B is a g- c closed set in X .
Proof. Let A be g- c -closed set such that

A  B  cCl (A ). Let U be a c -open set of
X such that B  U . Since A is g- c -closed,
cCl (A ) 
we
have cCl (A )  U . Now
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cCl (B )  cCl (cCl (A )) = cCl (A )  U .
That is cCl (B )  U , where U is c -open.
Therefore B is a g- c -closed set in X .

Theorem 4.12. If a subset A of X is g- c -

We give an example in which B is a g- c -

Proof. Let A be a g- c -closed set in X . We

closed set in X . But A  B  cCl (A ). is not
true.
X {a,b ,c }, with
Example 4.9. Let

  { ,{a},{c},{a, c},{b , c}, X }. And let
 : SO (X )  P (X ) be a  -identity soperation. If A  {a} and B  {a, b } . Then A
and B are g- c -closed sets in (X , ). But A  B

 عcCl (A ).

Theorem 4.10. Let  : SO (X )  P (X ) be an
s-operation. Then for each x  X , either {x }
is

c -closed

(X , ).

or X \{x } is g- c -closed in

Proof. Suppose that {x } is not c -closed, then

X \{x } is not c -open. Let U be any c -open
set such that X \{x }  U , then U  X .
Therefore cCl (X \{x })  U . Hence X \{x } is
g- c -closed.
Proposition 4.11. A subset A of (X , ) is g-

c -closed if and only if cCl ({x })  A   ,
holds for every x  cCl (A ).
Proof. LetU be a c -open set such that A  U
and let x  cCl (A ). By assumption, there
exists a z  cCl ({x }) and z  A  U . It
follows from Proposition 3.15, that U  {x }

 ,

hence x U, implies

cCl (A )  U .

Therefore A is g- c -closed.
Conversely, suppose that x  cCl (A ) such that

cCl ({x })  A  . Since, cCl ({x }) is c -

closed set in X . Then cCl (A ) \ A does not
contain any non empty c -closed set in X .
prove the result by contradiction. Let F be a c
-closed set such that F  cCl (A ) \ A and
which implies
F  . Then F  X \ A

A  X \ F. Since A is g- c -closed and X \ F
is c -open set, therefore cCl (A )  X \ F ,
that

is F  X \ cCl (A ). Hence

F  cCl (A )  X \ cCl (A )  . This shows
that, F   which is a contradiction. Hence
cCl (A ) \ A does not contains any non empty
c -closed set in X .
Lemma 4.13. Let A be a subset of a topological
space (X , ) . If c d (A )  U for U is c open. Then c d (c d (A ))  U , where  is  regular.
Proof. Suppose x  c d (c d (A )) but x U .
Then x  c d (A ) and so, for some c -open set
but
V , x V and
A V  {x },

x  c d (c d (A )) implies
y  c d (A ) V \{x }
for some y . Now,
y  c d (A ) and so
and
y U V
  A U V  X \{y }  A V  {x }.
It follows that x U , a contradiction.
Theorem 4.14. If  is  -regular s-operation.
Then the c -derived set is g- c -closed.
Proof. If A is any subset of a topological space
(X , ) with c d (A )  U for U is c -open.
Then
by
Lemma
4.13

cCl (c d (A ))  c d (c d (A ))  c d (A )  U .

closed.

Theorem 4.15. A subset A of a topological
space (X , ) is g- c -open if and only if

 X \ cCl ({x }) and A is g- c -closed implies

F  c Int (A ) whenever F  A and F is c
-closed in (X , ).
Proof. Let A be g- c -open and F  A where
F is c -closed. Since X \ A is g- c -closed
and X \ F is a c -open set containing X \ A

Therefore
by
Definition
3.2,
X \ cCl ({x }) is c -open set in X . Since A

cCl (A )  X \ cCl ({x }) holds, and
hence x  cCl (A ), a contradiction. Therefore
cCl ({x })  A  .
that
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implies cCl (X \ A )  X \ F.

By

Proposition 3.20, X \ c Int (A )  X \ F. That
is F  c Int (A ).
Conversely, suppose that F is c -closed and

F  c Int (A ). Let
Then
U is c -open.
X \ A U , where
X \U  A , where X \U is c -closed. By
X \ U  c Int (A ). That
hypothesis
is
X \ c Int (A )  U and then by Proposition
3.20, cCl (X \ A )  U. This implies X \ A is
g- c -closed and A is g- c -open.
The union of two g- c -open sets need not be
g- c -open. As it is shown in the following
F  A,

implies that

example:
Example 4.16. Let
X {a,b ,c }, and
  P (X ). We define an s-operation
 : SO (X )  P (X ) as  (A )  A if A  {b }
and  (A )  X if A  {b }. If A  {a} and

X \ c Int (A )  cCl ( X \ A ). Now, X \ G is
c -closed and X \ A is g - c -closed, by
Theorem 4.12, it follows that X \ G  . Hence
G X .
Conversely, let c Int (A )  X \ A  G and G
is c -open, this implies that G  X . Let U be a
c -open set such that X \ A U . Now
c Int (A )  X \ A  c Int (A ) U which is
clearly, c -open and so by the given condition
c Int (A ) U  X , which implies that

cCl (X \ A )  U . Hence X \ A is g- c closed, therefore A is g- c -open.
Theorem 4.19. Every singleton set in a space
X is either g- c -open or c -closed.
Proof: Suppose that {x } is not g- c -open, then
by definition X \{x } is not g- c -closed. This

B {c }, then A and B are g- c -open sets in

implies that by Theorem 4.10, the set {x } is c closed.
Theorem 4.20. If c Int (A )  B  A and A is

X, but A  B {a,c } B {a,c } is not a g- c -

g- c -open, then B is g- c -open.

open set in X .
Theorem 4.17. Let  : SO (X )  P (X ) be a
 -regular s-operation, and let A and B be two
g- c -open sets in a space X . Then A  B is

Proof.

also g- c -open.
Proof. If A and B are

g- c -open sets in a

space X . Then X \ A and X \ B are g- c closed sets in a space X . By Theorem 4.6,
X \ A  X \ B is also g- c -closed set in X .
That is X \ A  X \ B  X \ (A  B ) is a g-

c -closed set in X . Therefore, A  B is a gc -open set in X .
Theorem 4.18. A set A is g- c -open if and
only if c Int (A )  X \ A  G and G is c open implies G  X .
Proof. Suppose that A is g- c -open in X . Let
G be c -open and c Int (A )  X \ A  G . This

c Int (A )  B  A
implies
X \ A  X \ B  X \ c Int (A ).
That
is,
X \ A  X \ B  cCl (X \ A ) by Proposition
3.20. Since X \ A is g- c -closed, by Theorem
4.8, X \ B is g- c -closed and B is c -open.
Theorem 4.21. The following statements are
equivalent for a topological space (X , ) with
an s-operation  : SO (X )  P (X )
(1)

(X , ) is c -T1/2 .

(2)

Each singleton {x } of X is either c -

closed set or c -open set.
Proof. (1)  (2): Suppose {x } is not c -closed.
Then by Proposition 4.10, X \{x } is

g- c -

closed. Now since (X , ) is c -T1/2 , X \{x }
is

c - closed i.e. {x } is c -open.

(2)  (1): Let A be any g- c - closed set in

(X , ) and x  cCl (A ). By (2) we have {x }
X \ G  X \ (c Int (A )  X \ A )  X \ c Int (A ) isA . - closed or  - open. If {x } is  - closed
c
c
c
That is X \ G  (X \ c Int (A )) \ (X \ A ).
then x  A will imply x   Cl (A ) \ A which

implies

Thus

X \ G  cCl (X \ A ) \ (X \ A ),

c

since

is not possible by Proposition 4.12. Hence
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x  A . Therefore, cCl (A )  A , i.e. A is c closed. So (X , ) is c -T1/2 . On the other
hand, if {x } is c - open then as x  cCl (A ),

{x } A  . Hence x  A . So A is c closed.
5. ( ,  ) -Irresolute Functions
In this section we introduce the concept of
( ,  ) -irresolute functions in topology, and we
study some of its basic properties. Also we
define ( ,  ) -open and ( ,  ) -closed functions,
and we give some properties of these functions.
Through out this section Let (X , ) and (Y ,  )
be
two
topological
spaces
and
let
and
 : SO (X )  P (X )
 : SO (Y )  P (Y ) be the operations on
SO (X ) and SO (Y ) respectively.
Definition
5.1.
A
function
f : (X , )  (Y ,  ) is said to be ( ,  ) irresolute, if for each x of X and each  c -open
set V containing f (x ) there exists a c -open
set U such that x U and f (U ) V .

Theorem 5.2. Let f : (X , )  (Y ,  ) be a
function, then f is ( ,  ) - irresolute if and only
if for each  c -open set B in Y , f

1

(B ) is c -

open in X .
Proof. Let B  SO c (Y ), let A  f

1

(B ). We

show that A is c -open in X . For this, let
x  A , then f (x )  B . Hence, by hypothesis,
there exists A x  SO c (X ) such that x  A x

f (A x )  B . Then

and

Ax  f

1

(f (Ax ))  f

1

(B )  A . Thus A 

{Ax : x  A }. It follows that A is c -open
in X .
Conversely,
let x  X and B  SO c (Y )
such that f (x )  B . Let

A f

1

(B ). By

hypothesis, A is c -open in X and also we
have x  f

1

(B )  A as f (x )  B . Thus we
have f (A )  f (f 1 (B ))  B . Hence f is
( ,  ) -continuous.
Definition

A
function
f : (X , )  (Y ,  ) is said to be ( ,  ) -open
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5.3.

( ( ,  ) -closed ), if for any c -open ( c -closed )

set A of (X , ), f (A ) is  c -open (  c -closed ).
Theorem
5.4.
Suppose
that
f : (X , )  (Y ,  ) is ( ,  ) - irresolute and

( ,  ) -closed function, then:
(1)
For every g- c -closed set A of (X , )
the image f (A ) is g -  c -closed set.
(2)
For every g-  c -closed set B of (Y ,  )
(B ) is g- c -closed set.
Proof (1) Let V be any  c -open set in (Y ,  )
such that f (A ) V , then by Theorem 5.2,
f 1 (V ) is c -open. Since A is g- c -closed and
the inverse set f

A f

1

1

(V ),

have cCl (A )  f

we

1

(V ),

f (cCl (A )) V . By
assumption f (cCl (A )) is a  c -closed set,
and hence we get
therefore

 cCl (f (A ))   cCl (f (cCl (A )))  f (cCl (A )) V .
This implies f (A ) is g-  c -closed.
(2) Let U be any c -open set such that
1

(B )  U .
Let
1
H  cCl (f (B ))  X \ U , then H is c closed in (X , ). This implies f (H ) is  c Y . Since f (H ) =
closed
set
in
1
f (cCl (f (B ))  X \ U )
  cCl (B )  f (X\U )   cCl (B ) Y \ B.
f

This implies f (H ) = 
Therefore cCl (f

f

1

1

and hence H  .

(B ))  U .

This

implies

(B ) is g- c -closed.

Theorem 5.5. Let f : (X , )  (Y ,  ) be a
( ,  ) - irresolute and ( ,  ) -closed function.
Then:
(1)
If f is injective and (Y ,  ) is  c -T1/2
space, then (X , ) is c -T1/2 space.
(2)
If f is surjective and (X , )

is

c -T1/2 space, then (Y ,  ) is  c -T1/2 space.
Proof. (1) Let A be a g- c - closed set in
(X , ). Since f

is ( ,  ) -closed function,

then f (A ) is g-  c - closed also (Y ,  ) is

 c -T1/2 ,

hence f (A ) is  c - closed. Again
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since f

is ( ,  ) - irresolute, therefore, A be

c - closed . Thus (X , ) is c -T1/2
(2) Let B be g-  c - closed set in (Y ,  ). By
1
Theorem 5.4, f (B ) is g- c -closed. Since,
(X , ) is c -T1/2 . It follows from the
assumption that B is  c - closed in (Y ,  ).
Therefore (Y ,  ) is  c -T1/2 .
Definition 5.6. A function f : (X , )  (Y ,  )
is said to be ( ,  ) -homeomorphism if it is
bijective, ( ,  ) - irresolute and ( ,  ) -open.
Theorem 5.7. Let f : (X , )  (Y ,  ) be a
bijection function, then f is ( ,  ) -closed if
and only if f is ( ,  ) -open.
Proof. Let U  SO c (X ). Then X \ U is c closed in X. By (1), f (X \ U ) is  c -closed in

Y . But f (X \ U )  f (X ) \ f (U ) Y \ f (U ).

Thus f (U ) is  c -open in Y. This shows that f
is ( ,  ) -open.
Conversely. Obvious.
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الخالصة
 ) وباستخدام هذه اجملموعات عرفنا اجملموعات املغلقة املعممة منc ( يف هذا البحث ادخلنا مفهوم اجملموعات املفتوحة من النمط
.( وحبثنا خواصها االساسية ,  ) - irresolute  اخريا ادخلنا مفهوم الدوال. ) وحصلنا على عدد من خواصهاc ( النمط
كورتى

( َ ) مة دا نياسني و ب كارئينانا ظان كوما كوميَن طرتييَن طشتى ذ جورىc ( َدظىَ ظةكولينيَدا كوَميَن ظةكرى ذ جورى

.( هاتنة نياسني وظةكوَلني ,  ) - irresolute  ل دوماهيىَ نةخشيَن.  ) هاتنة نياسني و ظةخواندنc
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ADSORPTION OF Ni(II) FROM AN AQUEOUS SOLUTION BY (Glycyrrhiza
glabra),A NATURAL ADSORBENT: EQUILIBRIUM AND KINETIC STUDIES
SUHAD A. YASIN1 and ABRAHEEM A.MOHAMMED2
Department of Chemistry- Faculty of Science- University of Duhok–Kurdistan Region-Iraq
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ABSTRACT
The ability of Liquorice (Glycyrrhiza glabra) to adsorb nickel, Ni2+, from aqueous solutions has been investigated
through batch experiments. The Ni2+ adsorption was found to be dependent on adsorbent dosage, initial concentration
and contact time. All batch experiments were carried out at neutral solution pH and at a constant temperature of 25
C° using thermostat shaker that operated at 150 rpm. The experimental isotherm data were analyzed using the
Langmuir, Freundlich and Tempkin equation .The adsorption isotherm fit well with all models studied and the
maximum adsorption capacity ( Qm =31.25mg/g ) obtained from Langmuir model.The kinetic processes of
Ni2+adsorption on liquorice were described by applying pseudo first –order ,pseudo second-order and Elovich kinetic
model, it was clear that pseudo second-order model is fitted well.
KEYWORDS: Nickel, Adsorbent, Adsorption isotherm, Adsorption Kinetic

1. INTRODUCTION
Industrial effluents are the major sources of
contamination of water resources by heavy
metals. Mining and metallurgy of nickel,
stainless steel, aircraft industries nickel,
electroplating, battery manufacturing, pigments
and ceramic industries wastewaters contain high
amounts of nickel ions[1]. Nickel is known as
one of the most common toxic metals, and the
US Environmental protection Agency (EPA) has
established
0.5mgL-1as
the
permissible
concentration for nickel in drinking water[2]. In
view of this, it is necessary to remove nickel
from wastewater before they are discharged into
natural water bodies [3]. Several methods have
been developed over the years to remove toxic
metals from aqueous solution which include
chemical precipitation, ion-exchange, membrane
processes, reverse osmosis, solvent extraction,
electro flotation and evaporation etc. [4].
However when metal is dissolved in huge
volumes at relatively low concentration, these
methods becomes generally ineffective or
expensive. The removal of heavy metals from
wastewater through adsorption on a variety of
substances has been subject of many studies in
recent years [5]. Adsorption onto activated
carbons has been found to be superior to other
techniques because of its capability of adsorbing
a broad range of different types of adsorbates
efficiently and its simplicity of design [6].
However, commercially available activated
carbons are still considered expensive [7]. As a
result, many researchers have studied substitutes,
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which are relatively inexpensive and are at the
same time endowed with reasonable adsorption
capacity. According to Khan et al. [8], an
adsorbent can be generally termed as low cost
adsorbent if it requires little or no treatment, is
abundant in nature, or is a by-product or waste
material from another industry. Thus, low cost
agricultural by –products such as sugarcane
bagasse[9][10][11],
rice
husk[12][13],
sawdust[14], coconut husk [15], bark [16],
waste tea leaves [17], etc. have been investigated
by various researchers for the removal of heavy
metals from aqueous solutions. These materials
contain lignin, cellulose, tannin, protein etc.,
and adsorption of metal ions involves functional
groups (e.g., aldehyde, ketone, amine, alcohol,
phenol, and carboxyl functional groups etc.) of
these substances.
In the present study, a simple and economic
preparation of liquorice powder for the removal
of nickel from aqueous solution. The influence
of experimental parameter such as contact time,
adsorbent dosage and initial Ni2+ concentrations
were studied. The adsorption processes under
equilibrium conditions are studied to understand
the kinetic of adsorption mechanism.
2. MATERIALS AND METHODS
2.1 Adsorbent
Liquorice was collected from the northern part
of Iraq and was dried, then milled and sieved.
Liquorice was shacked with distilled water for
overnight then filtered, this process was repeated
about ten times or until we get rid of all colored
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or soluble materials, then filtered and dried in an
air oven at 800C for overnight.
2.2 Metal solution
Metal stock solution containing Ni(II) with a
concentration of 500mg/L was prepared by
dissolving (2.4772 g) of Ni(NO3)2.6H2O in 1L
of deionized water, this solution was used for
further experimental solution preparation.
Analytical grade reagents were used throughout
this study.
2.3 Effect of pH
The effect of pH on adsorption of Ni(II) onto
liquorice was determined by adjusting the pH
values of Ni(II) solution to 4.0,5.0,6.0,7.0,8.0
with 0.1M(HNO3) and 0.1 M(NaOH).The pH
values of solution Ni(II) were measured by pH
meter type 430 pH (JENWAY) instrument. All
experiments were done by using shaking water
bath (SBS 4-0 Stuart). The residual Nickel in the
adsorption solutions was determined by atomic
adsorption spectrophotometer type (A Analyst
300 Perkin Elmer).
2.4 Effect of time and initial concentration of
Nickel
The effect of initial concentration of Ni(II) and
time on adsorption of Ni(II) onto liquorice were
done of solution pH 6.0,by mixing 4g/L of
liquorice with 50ml of Ni(II) of 10ppm at
25C°and 150 rpm(revolutions per minute)
for(120) minutes. At the end of each
experimental the solution was filtered and
residual Ni(II) concentration was determined.
2.5 Adsorption Isotherm
Adsorption isotherm experiments were carried
out at different adsorbent concentration (2,4, 8
and 12g/L) and different Ni(II) concentrations
(10, 20, 30, 40 ppm) at each adsorbent
concentration , each experiment was lasted for
100 minutes and at pH 6.0. The amount of Ni(II)
adsorbed onto the liquorice qe, was calculated
using the following equation:

qe 

(C0  Ce )  V
M

……………(1)

Where Co and Ce are the initial and equilibrium
liquid-phase
concentration
of
Ni(II),
respectively, V is the volume of experimental
solution (L), M is the weight of the liquorice
used (g). The Ni (II) percent removal R% was
calculated using the following equation:

R% 

(C  Ce )
100 ………..
C

(2)
3. RESULTS AND DISCUSSION
It was found that the maximum removal of
Nickel from aqueous solution using liquorice
powder as adsorbent occurred at pH6.0 and the
required time for equilibrium was 120 minutes.
So all batch adsorption experiments were
carried out under these conditions.
The FTIR spectra of liquorice (Fig. 1a, b),
showed the presence of many functional groups,
indicating the complex nature of adsorbent. A
strong band at 3435.37 cm-1 indicated the
presence of hydroxyl groups and spectra bands
observed at 2920 cm-1represent vibration of CHn
especially due to the C–CH and C-CH2 bonds.
The peak at 1637.44 cm-1 corresponds to C=O
and vibration of C=C. Band at 1035.50 cm-1
refer to C-O bonding of phenols. The change in
FTIR spectra confirm the complications of Ni
(II) with functional group present in the
liquorice. There was a small shift either to higher
or lower frequencies after loading with Ni (II).
These results indicated that the adsorption of Ni
(II) occurs at hydroxyl, carboxyl, and carbonyl
functional groups present on the surface of
liquorice .
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(a)

(b)
Figure1: FTIR Spectrum of liquorice (a:before adsorption)(b:after adsorption)

3.1 Effect of pH on Ni(II) adsorption
pH is an important parameter influencing heavy
metal adsorption from aqueous solution. It
affects both the surface charge of adsorbent and
the degree of ionization of heavy metal in
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solution [18]. Plot of pH versus quantity of metal
ion adsorbed on gram of adsorbent qe was shown
in Figure 2.The optimum pH was found to be pH
6.0, and maximum removal of Nickel ion at this
pH was 63.3%.
At the optimum
pH value (pH 6.0) the
surface of the liquorice is negatively charged and
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favorable to the adsorption of Ni (II). Decreased
adsorption at higher pH (pH6) was due to the
formation of soluble hydroxylated complexes of
the metal ions and their competition with the
active sites, and as a consequence, the retention
had been decreased again. Therefore further

experiments were carried out with initial pH
value 6.0 previous studies also reported that the
maximum adsorption efficiency for Ni (II) metal
ion on adsorbent was observed at pH 6.0
[19][20][21].

Figure 2: pH versus qe of Ni (II) adsorption onto liquorice
3.2 Effect of adsorbent dosage
Adsorption of Ni(II) onto liquorice was studied
by changing the quantity of adsorbent from 0.1to
0.6g in the test solution while maintaining the
initial concentration 10mg/L, pH 6.0 and contact
time 100min constant. Fig. 3 shows the effect of
adsorbent dose on the Ni (II) adsorption by
liquorice. Obviously, the adsorption efficiency

increased as the adsorbent dose increased. This
may be explained by the following. When
adsorbent ratio is small, the active sites for
binding metal ions on the adsorbent surface is
less, so the adsorption efficiency is low, when
adsorbent dose increased more metal ions were
adsorbed. Thus it results in the increment of
adsorption efficiency until saturation.

Figure3: Effect of Adsorbent Dose.
3.3 Effect of contact time and kinetics studies
For practical application, the process design
operation control, and adsorption kinetics were
very important. Adsorption kinetics in
wastewater treatment was significant, as it
provides valuable insights into the reaction
pathways and the mechanism of the adsorption
reactions. Adsorption of Ni (II) onto liquorice at
different time intervals (5-120 min) as shown in
Fig 4. The result indicates that about 50 of Ni

(II) of the total metal uptake place within the
first 20 min and thereafter the adsorption rate
decreases. The rapid rate of adsorption of the
metal ions in the initial period of the process
may be due to a higher number of adsorption
sites available on the surface of the adsorbent
and the higher concentration gradient between
the adsorbate in the solution and the adsorbate
on the surface of the adsorbent. As the uptake of
the metal ion progresses the concentration
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gradient between the metal ions in the solution
and the metal ions on the adsorbent surface
decreases and the number of the vacant

adsorption sites on the adsorbent surface also
decreases leading to a decrease in the adsorption
rate
with
time.

Figure 4: Time vs qe for adsorption of Ni (II) onto liquorice
3.4 Effect of initial concentration of Ni(II)
The effect of initial nickel ion concentration in
the range of 10,20,30 and 40mg/L on adsorption
(investigated under the specified conditions;
initial
pH
of
6.0;contact
time
of
100min;adsorbent dosage of 2g/L; and

temperature of 25C°).The adsorption capacity qe
was plot against the concentration of Ni(II), the
relation was shown in Figure5. It is revealed that
qe increases with increase of concentration of Ni
(II).

Figure 5: Relation between amount of adsorbed Ni (II) at equilibrium, qe, and initial concentration.

3.5 Adsorption isotherm
Adsorption isotherms are essential for the
description of how metal ion interacts with the
adsorbent surface and are useful to optimize the
adsorbent for the removal of Ni (II) ions. The
Langmuir model was represented by the
following linear equation, [22]

1
1
1
1
(
) 
         3
qe
K LQm Ce Qm
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Ce is the equilibrium concentration in solution
(mg/L), qe the amount of metal ion adsorbed
(mg/L), Qm is the maximum monolayer capacity
of the adsorbent (mg/g) and KL is an adsorption
equilibrium constant (Lmg-1) .Plot of 1/qe
versus1/Ce is presented in Figure 6.The values of
Langmuir isotherm constants and correlation
coefficients are presented in Tabl 1.
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Figure 6: Langmuir plot of Ni (II) onto liquorice.
The linear form of Freundlich equation is[23]:

log qe  log K F 

1
log Ce …(
n

4)
Where KF (Lmg-1) and n are isotherm constants
indicate the capacity and intensity of the
adsorption, respectively. The linear plot of log qe
versus log Ce at each adsorption of Ni(II)
adsorption onto liquorice also follow Freundlich
equation Figure 7, the Freundlich constants and
correlation coefficients are listed in Table1.
All values of n are higher than one indicating
that the adsorption may be physical process[24].
The linear equation of Tempkin model can be
written as follows [25].

qe  BT ln AT  BT ln Ce ….…..(
5)
Where BT is related to heat of adsorption, AT is
the equilibrium binding constant (Lmg-1),
corresponding to maximum binding energy. A

plot of qe versus lnCe at studied adsorbent
concentration is given in Figure 8, while
Tempkin constants are given in Table 1.
Table 1: Comparison of the isotherm parameters
coefficients from Ni (2, 4, 8, 12g/L) adsorption onto
liquorice.
Isotherm
model

Isotherm
paramete
r

Langmuir

Qm (mg /
g)
KL L mg -1
R2
KF
n
R2
AT
BT
R2

Freundlich

Tempkin

DOSE g/L

2
12.5

4
11.36

8
12.35

12
31.25

0.25
0.994
3.13
2.32
0.992
2.26
2.93
0.991

0.127
0.999
1.503
1.592
0.991
1.24
2.497
0.99

0.092
0.931
1.189
1.479
0.911
1.92
1.583
0.981

0.024
0.945
0.804
1.217
0.939
1.69
1.323
0.991

Figure7. Freundlich Adsorption Isotherm.
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Figure 8. Tempken Adsorption Isotherm.
3.6 Adsorption dynamic
In order to investigate the controlling
mechanism of adsorption processes such as mass
transfer and chemical reaction. The kinetic of Ni
(II) adsorption onto liquorice were analyzed
using Pseudo first-order, Pseudo second-order
and Elovich kinetic models. The Pseudo firstorder [26] is generally expressed in a linear form
as follows.

log( qe  qt )  log qe  ( k1 )t          6
2.303
Where qe and qt are the amount of Ni adsorbed
(mg g-1) at equilibrium and at any time t,
respectively, and k1 is the equilibrium rate
constant of pseudo-first order adsorption (min-1).
Figure 9 represent the pseudo-first order plot,
where The correlation coefficient is 0.945

Moreover, the qe(cal) do not agree with qe(exp),
Table 2.
Table 2 : Comparison of the pseudo first- order,
pseudo second- order, and Elovich rate constants and
calculated and experimental qe values for the
adsorption of Ni 10mg/L, onto, liquorice 4g/L.
kinetic model
pseudo firstorder kinetic
model
pseudo Secondorder kinetic
model
Elovich model

Parameter
qeexp.(mg/g)
k1(min.-1)
qe calc. (mg/g)
R2
k2 (g mg-1 min-1)
h (mgg-1 min-1)
qecalc.(mg/g)
R2
β (g mg-1)
α (mg g-1 min-1)

4.257
0.0506
1.6595
0.945
0.0 673
1.2945
4.3859
0.999
2.4875
194.922

R2

0.931

Fig.9. Pseudo-first –order Reaction for Ni(II) Adsorbed onto liquorice.
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The pseudo second-order equation [27] is
expressed in a linear form as follows:

t / qt 

1
k qe2
2





1
(t )            7
qe

Where, k2 (g mg-1 min-1) is the equilibrium rate
constant of pseudo second-order adsorption. The
initial adsorption rate, h (mg g-1 min-) is
expressed by the following equation.

h  k2 qe              8
2

Figure 10 represent is the pseudo second-order
plot, where the correlation coefficients is
(0.999).

Figure10 : Pseudo second-order kinetics for the adsorption of Ni(II) 10 mg/L, onto adsorbent.

Elovich model as modified by Chien and
Clayton, where, the linear from of Elovich
equation is [28]

qt 

1



ln( ) 

1



Where, α is the initial adsorption rate and β is the
desorption constant. Plot of qt vs. ln (t) yield a
linear relationship Figure 11, and the Elovich
constants α and β were calculated in Table 2.

ln(t )            9
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Figure11: Elovich kinetic for the adsorption of Ni (II) onto adsorbent.
capacity of Ni(II) was( 31.25 mg/g) at an
optimum pH6.0. Experimental results are in
good agreement with Langmuir, Frendlich and
Tempkin adsorption isotherm models, and have
shown a good fitting to the experimental data.
 Adsorption of Ni (II) obeys pseudo secondorder equation with good correlation.

4. CONCLUSSION
The experimental investigation concluded that
liquorice (Glycyrrhiza glabra) could be used
adsorbent, for the removal of Ni(II) from
aqueous solution .The batch study parameters ,
pH of solution , adsorbent concentration , and
contact time were found to be effective on the
adsorption processes.The maximum adsorption

كورتى
رةهة ميَكيكىَ يا هيَراى (عرق سوس) بؤ رووةمذينى نيكل ) Ni(IIلةطرياوةى ئاوى هاتية ليَكولني ذ ضةنديا تاظيكردنى
رووةمذينى ) Ni(IIهاتية دياركردن بة ثشت بةستنىَ ب ضةنديا رووةمذينى  ,ثةيتى سةرةتايى ,وثةيوةندى كاتى .ضةندييا
تاقيكردنى

هاتية

جىَ

بة

جىَ

كردن

ل

سروشتيا

طرياوةى

pH

وبة

نةطورانى

ثلةى

طةرمى  25C°ب كارئينانا ريَكخةرى طةرمى دهيَتة ب كارئينان خرياييا ل  150 rpmتاقيكردنا داتلى ئايسوسريمى هاتية
شيكاركردن ب كارئينان  ,Freundlich,Langumirوياسايى  .Tempkinرووةمذينى ئايسوسريمى دكةظيَة هةمى
شيَويت خاندنى وشيانا بلنداهيا رووةمذينى)  .(31.25=mg/gQmدهيَتة دينت دشيَويَنLangumirوبةكردارى جولةيى ويا
رووةمذينى (ئاوى عرق سوس)هاتية شلوظةكرن بريَكا جبهئينانا ثلةى يةكةمى نة راستى وثلةى دووةمى نةراسيت وشيَويَن
جولةيى  ,Elovichولسةر دهيَتة جىَ بة جىَ كرن كو دياربى ثلةى دووةى نةراستى دهيَتة جىَ بة جىَ كردن.
الخالصة
يتضمن هذا البحث  ,دراسة قابلية استخدام مطحون عرق السوس المتاا الييل النياي من ااحمالي اامايية ,واشتم ايضا على دراسة
العوام اامؤثرة على كفاءة االمتاا من الوسط احلامض ,والرتكيا البداي للييل النياي وتركيا اامادة ااما ة و من التماس ونسبة اال الة.وك
التجارب مت اجرايها حبامضية  0.6و درجة حرارة ثابتة باستخدام ميظم حراري جها رج بسرعة  , 150rpmومت اختبار اليتايج العملية
باستخدام عدة اياوثرمات  Freundlich,Langmuirو .Tempkinتبني ان اياوثرم االمتاا يتياسب متاما مع كافة ااموديالت
واحلد االقىى لسعة االمتاا باختال تركيا اامادة ااما ة كان ( )31.25mg/gمت احلىول عليها من تطبيق معادلة . Langmuirكما
مت حتلي اليتايج احلركية باستخدام ثالث معادالت حركية وه اامرتبة االوىل والنانية اللاذبتيني و ( )Elovichومن الواضح ان الرتبة النانية
الومهية كانت ميطبقة بدرجة عالية.
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ABSTRACT
In this work, the optical and electrical properties of organic semiconductor Myo-inositol were studied. The films
are deposited by flow coating technique on to glass substrate at room temperature. The optical absorption spectra of
this film is measured. The present studies reveal that the values of absorption coefficient are small with visible range
wavelengths, also the maximum value of the real refractive index is about 3 but small values for extinction coefficients
were measured. The optical band gap energy is 1.3 eV. The real dielectric constant
visible range while imaginary part

2

-4

have small values 2×10

1

have values about 10 in the

along this range of wavelengths.

KEYWORDS: Organic semiconductor, optical, electrical

INTRODUCTION
Optical properties have been the subject of
numerous investigations by both theoreticians
and experimentalists in recent years.
In high-density optical data recording media,
organic dyes have attracted attention as novel
materials due to their chemical stability, low
heat conduction
and diversity of optical
properties. Myo-inositol is an organic
semiconductor has excellent stability against
heat, light, moisture and oxygen. In recent
years, organic semiconductors became very
attractive for building electronic devices as
active material displays[1,2].Features that make
them so interesting are their low cost and
solution process ability, but there is a problem
still to be solved which is the low mobility.
Organic
semiconductors
differ
from
inorganic semiconductor in that the molecules
that they are made of have  conjugate bonds
which allow electrons to move via  electron
cloud overlaps. Conduction mechanisms for
organic semiconductor are mainly through
tunneling, hopping between localized states,
mobility gap and phonon assisted hopping [3].
The chemical formula of myo-inositol is
C6H12O6 ;however, the natural isomer has a
structure in which the 1st, 3rd , 4th, 5th, and 6th
hydroxyls are equatorial, whereas the 2nd
hydroxyl group is axial. In its most stable
geometry, the inositol ring is in the chair
conformation. There are nine stereo isomers, all
of which may be referred to as inositol.
The aim of this work is to obtain the
absorption spectrum ,from which we calculated
the optical and electrical constants.

EXPERIMENTAL
The thin film of myo-inositol organic
semiconductor was prepared by dissolving a
powder of this material in ethanol getting a
concentration C using the following equation:
C

m
100%          1
V

Where m is the mass of the material and V is
the volume of the solvent. Then over a clean dry
glass sheet we use the flow coating technique to
flow the prepared solution by making the glass
sheet inclined at proper angle to get a
homogeneous film after that we dried the
sample.
The thickness t of the film was calculated
from the equation:
t

m

 

             2

Where m the mass of the deposited film, A the
area of the sample, a nd
the density of the
myo- inositol.
The UV-Visible spectrophotometer type
CECIL,CE 1021 was used to measure the
optical absorption spectra of myo-inositol film at
room temperature in the range 290- 1000 nm.

RESULTS AND DISCUSSION
The absorption coefficient  was calculated
using the following relation:

  2.303


       (3)
t
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Where A is the absorbance and t is the
thickness of the deposited film.
Also
the
relation
between
the
transmittance T and the absorbance  is as
follow:

I0
1
 log          (4)
I
T

Where I0 is the intensity of incident light.
And I is the intensity of transmitting light.
Since R  1  A  T    (5)
One can find R.
To find the real refractive index n 0 we use the

0.6

0.4

0.2

0.0

following equation [4]

200

1

myo inositol

0.8

Abs.

  Log

1.0

400

600

800

1000

Figure(1): The absorption spectrum for myo-inositol
film.

Here K 0 is the extinction coefficient [4 ].

Figure (2) is the relation between the real
refractive index n 0 and the wavelengths, in

K0 





1200

( nm )

 1  R 

1 R 
2
n 0  
  K0 1   
      (6)
 1 R 
 1  R 

2

2

 
                                   7 which the n0 values are changing at wavelength
4

Where  is the wave length of incident
photon.
The dielectric constant define as the polarization
of the medium charges due to the absorption of
incident radiation [5].
  n0  iK 0 2        (8)

range from 280 to 370 nm and then saturate at a
value about 3.15 in the visible range , this give
information that the material is opaque , this is
taking place for most dyes in which myoinositol is one of them but it behaves as
semiconductor.
3.4
3.2

  1   2      (9)

2.8
2.6

n0

The real and imaginary parts of the dielectric
constant are
2
2
1  n0  K0              (10)

3.0

2.4
2.2

 2  2n0 K0                (11)
Figure (1) shows the absorption spectrum for
myo-inositol film. The most interesting features
which were observed in the spectrum is the main
absorption bands at 300 nm because of band to
band transition and less absorption bands
between 380-550 nm due excitation between
bonding and anti bonding molecular orbital.
Also there are weak absorption bands in the
nearest IR because of excitons generation and
vibrational transitions.
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2.0

myoinositol

1.8
1.6
200

400
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800
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nm )

Figure (2): The relation between the real refractive
index n 0 and the wavelengths.
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11
10
9
8



Figure (3) shows the extinction coefficient
K 0 versus the wavelength , since K 0 is the value
of the electronic absorption for the incident
radiation and it depends on the value of the
incident wavelength, therefore the oscillation
can be observed. Its behavior with the
wavelength as the absorption coefficient, look
equation 7.

7
6
5

Myo-Inositol

4

7e-5

3
200

6e-5

600

800

1000

1200

(nm)
Figure (4): Relation between
the real part of the
dielectric constant ε1 and the incident wave length.

5e-5
4e-5

K0

400

Figure (5) shows the relation between the
imaginary part of the dielectric constant  2 and
the wavelength of incident photon, its value is
small ( 2×10-4)in the visible range.

3e-5
2e-5
1e-5
myo inositol
0

200

400

600

800

1000

1200

5e-4

nm )

Myo-Inositol

4e-4

Figure (3): Relation between the extinction
coefficient K 0 versus the wavelength.


3e-4

Figure (4)shows how the real part of the
dielectric constant  1 change with the incident
wavelength, it is increasing sharply at 350 nm , it
results from strange parts in the material, and
nearly fixed in the visible range taking
maximum value about 10 . At near infrared
wavelength the value of the real dielectric
constant decreases to value about 8 then
increased to 10 at about 1000
nm, all these variations in ε1 magnitude is
belong to the polarization of the medium charges
due to the absorption of the incident radiation
from the charges of the medium and different for
different incident wavelengths.

2e-4

1e-4

0

Figure
between
part
200(5): Relation
400
600 the imaginary
800
1000 of
 (nm)
the dielectric constant  2 and
the incident wave
length.

Finally Fig. (6) shows the relation between
(αhν)1/2 and the photon energy. According to
the relation[6]
αhν =B(hν –Eg)r
where r is the index which can be assumed to
have values of 1/2, 3/2, 2 and 3, depending on
the nature of the electronic transition responsible
for absorption.
r = 1/2 for allowed direct transition, r = 3/2
for forbidden direct transition and r=3 for
forbidden indirect transition, with r=2 refer to
indirect allowed transition [7]. The energy band
gap can be obtained by extrapolating the linear
region of the plots to (αhν)1/2=0 give the value of
the energy gap of myo-inositol which is 1.3 eV
due to an indirect allowed transition.
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is a capability to use it in solar cell. The high
value of real refractive index gives idea that the
material is opaque in the visible range .The real
part of dielectric constant is about 10 in the
visible range while imaginary patr is small . The
energy band gap has found to be 1.3 eV which
is in the range of semiconductors values.
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الملخص
 مت تةسث الش ثيب ئنية ث النش ث.Myo-inositol مت يف هذا البحث دراسث اخلثاا البرثة لالربةئية ث ل ثبو ا الثض ال ثا
 الي يسثثيش ت ثثن قي زم ق ث ل يلثثض.  مت ق ثثيي ثثص ا لنرثثي لأش ثثيب ا ةس ث. ئيلن ث عل أثثة زرا ث د ي ث ة ث در ث ثةار الشةع ث
 للرث قث ل يلثض ا ار ثير اخل ثي ( ل يلثض3  ز ي الي مث ال ممثة يلثض ا ار ثير ايي يثي ث لد, ا لنري لشن يف ا ى ا ةةي
 يف ال ثص ا ةةثي ئ ةمثي ثيئثت10  ثيئت ال زل ايي يي لثو ق مث ث لد.1.3 eV  عجا ال يق البرة كيات. ا امحالل) كيات لا ئ
. لةفس ا ى2× 10-4 ال زل اخل ي عريات ق منو قأ أ لد
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ABSTRACT
Background
Brain tumors are typically composed of morphologically diverse cells that express a variety of neural lineage
markers. Tumors arise through the accumulation of several genetic changes affecting the control of cell proliferation.
Aim of study
Use of RAPD-PCR markers to identify genomic alterations in patients harboring different types of brain tumors
and attempts for detection of molecular markers that could, later, be linked to a common type of brain tumor in
Kurdistan region.
Patients and methods
In the present study Random Amplified Polymorphic DNA (RAPD) marker was used to reveal genetic alterations
and DNA fingerprinting in 23 samples from 22 patients suffering from brain tumors, the study was carried out in
Scientific Research Center University of Duhok from November 2008 to July 2009. Samples of brain tumor tissues
were obtained by the Staff Neurosurgeons at Duhok Accident and Emergency Hospital(Teaching) from patients
harboring brain tumors. Genomic DNA was isolated from tumor cells and blood of each patient. The DNA samples
were exposed to RAPD-polymerase chain reaction (PCR), after optimizing PCRs, out of 27 different 10-mer random
primers were tested; thirteen primers were informative.
Results
The total number of amplified bands was 1527 and the total number of polymorphic bands was 664. The size of
amplified products ranged from 0.130 Kb and 5.370 Kb. All informative primes give common fingerprinting patterns,
for instance using primer OPA-02 a gain of a band was obtained with MW 1.362Kb found to be common between 5
patients with glioma.
Discussion
A unique band of MW 0.538 Kb was observed in DNA of blood and tumor patient number 20, by using primer
OPO-07, was lost in the tumor DNA in the same patient, given number 22, following tumor recurrence (recurrent
medulloblastoma).
Conclusions
These results confirm the presence of single or multiple genetic alterations in brain tumor cells.
KEY WORDS: Brain Tumors, Molecular Genetic Markers, Genetic Alterations, RAPD-PCR.

INTRODUCTION
Cancer is a complex disease occurring as a
result of a progressive accumulation of genetic
aberrations and epigenetic changes that enable
escape from normal cellular controls (Mills,
2002). Brain tumors comprise a remarkably
diverse group of conditions. They include
primary brain tumor derived from normal
cellular constituents and embryologically
misplaced tissues, and brain metastases which
are a devastating complication of systemic
cancer (Bell et al., 1998 and Raizer et al., 2007).
Tumors arise through the accumulation of
several genetic changes affecting the control of
cell proliferation (Mukherjee et al., 2006). One
of the most devastating central nervous system
(CNS) pathologies is brain cancer (Fomchenko
et al., 2005). Human CNS tumors are among the

most rapidly fatal of all cancers and new
molecular strategies should be developed to cure
these tumors in the future. Glial tumors, such as
astrocytoma, glioblastoma multiforme (GBM)
and oligodendroglioma, are the most common
primary tumors in the CNS (Isa et al., 2003).
Brain tumors are typically composed of
morphologically diverse cells that express a
variety of neural lineage markers(Dirks, 2005).
There are two groups of brain tumors with
respect of their origin, primary brain tumors
originate in the brain and metastatic brain
tumors, which develop elsewhere in the body
and spread to the brain(Zupanska et al.,2002 and
Barlow et al.,2009).In contrast to primary brain
tumors, brain metastases originate in tissues
outside the CNS and are a common complication
of systemic cancer(Doolittle, 2004).
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It is believed that the driving force in the
carcinogenesis process is mutations resulted by
genetic alterations (Ong et al., 1998). Some
researcher indicated that multiple mutations are
responsible for the development of brain tumors
(Mukherjee et al.,2005).Advancement of
molecular analysis of neoplastic cells
demonstrated that multiple genetic changes are
associated with the development of tumors
(Mukherjee et al., 2006). A number of molecular
and cytogenetic methods have been used to
identify genetic alterations in tumors. Of these
RAPD analysis is an effective way of
determining genomic alterations in the brain
tumor genome (Dil-Afroze et al., 1998 and
Chosdol et al., 2009 ).
Random amplified polymorphic DNA is a
polymerase chain reaction (PCR) based
fingerprinting technique that amplifies random
DNA fragments with single short primers of
arbitrary nucleotide sequence under low
annealing stringency. The advantages of RAPD
analysis lie in the technique being locus nonspecific and easy identification of the regions of
amplification, without prior information about
the loci permitting simultaneous screening of
multiple regions of the genome (Williams et al.,
1990 and Welsh et al., 1990).
The aims of this study are summarized as
follow: Use of RAPD-PCR markers to identify
genomic alterations in patients harboring
different types of brain tumors and attempts for
detection of molecular markers that could be
later linked to a common type of brain tumor in
Kurdistan region.
PATIENTS, MATERIALS AND METHODS
Sample collection
Twenty three samples of fresh brain tumor
tissues were obtained by the Staff
Neurosurgeons at Duhok Accident and
Emergency Hospital(Teaching) from 22 patients
harboring brain tumors; the samples were placed
immediately in sterilized cup filled with absolute
Ethanol, then transferred to laboratory and stored
at -20°C until analysis (Smith et al., 1987).
Samples of tumor tissues were also subjected for
histopathological diagnosis and were as follow:
Fifteen cases of glioma, Three cases of
meningioma, Four cases of medulloblastoma and
One case of haemangioblastoma.
In all cases, samples of affected tissues were
taken and considered as a
source of mutant
DNA. Venous blood samples, 5ml amount, were
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drawn from the same patients with brain tumors
and placed in sterilized tube containing EDTA,
then transferred to laboratory and stored at -20°C
until analysis. The leukocytes of the collected
blood were considered as a source of normal
DNA (Misra et al., 2000).
The study was carried out in Scientific Research
Center, University of Duhok, from November
2008 to July 2009.Genomic DNA were extracted
(from both blood and tumor) by Proteinase K
digestion and Phenol: Chloroform extraction
Modified Bass et al., (1984) method was used
for extracting DNA from the patients' blood and
the method described by Maniatis et al., (1982)
was used for extracting DNA from brain tumor
samples.
Determination of DNA concentration and
purity
For determination of DNA concentration and
purity in the samples, each DNA sample was
diluted 100 fold by mixing 20µl of DNA sample
with 1980µl of TE buffer (TE preparation
described in section 3.2.1.15). Sample's Optical
Density (OD) was measured using UVSpectrophotometer at wave lengths 260nm and
280nm respectively. Concentration of DNA was
calculated using to the following formula:
DNA concentration (µg/µl) = [OD 260 ×
100(dilution factor) × 50 µg/ml] /1000
Theoretically, 1 OD value, at 260 nm, equals to
50µg/ml double strand DNA. The ratio between
the two readings at 260nm and 280nm
(OD260/OD280) provides an estimation of the
purity of nucleic acid (Sambrook et al., 2001).
Agarose Gel Electrophoresis
The agarose gel was prepared in
concentrations of 1% for testing genomic DNA
and 1.2% for RAPD-PCR products of the blood
and brain tumor samples. 1X TBE buffer were
used in the electrophoresis process.
Preparation of λ DNA Marker
This marker was prepared according to
instructions described in Ammersham catalogue
(1999) as follows:
1. To 10 μl of undigested DNA (0.5 μg/μl) 5 μl
of 10X one phore-all buffer was added, then 3µl
of each EcoR1 and Hind III restriction enzyme
were added. Finally 29µl of sterile deionizer
D.W. was added to the mixture to obtain 50µl of
mixture reaction.
2. The mixture was incubated in a water bath at
37oC for 3 hours.
3. After that 2μl was taken from mixture with
2µl of loading buffer and run by electrophoresis,
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electrophoresis step is done to make sure that the
digestion process is proper.
4. After making sure that the digestion had
occurred, 1.5µl of EDTA(0.5M) were added, the
mixture was heated for 5minutes at 68°C, then
30µl TE buffer was added and finally 40µl of
loading buffer was added, and saved at (-20°C)
until use.
5. Double digestion of λ DNA with Hind III and
EcoR1 generated 11 bands of different
molecular weight, 21.22, 5.148, 4.26, 3.53, 2.02,
1.9, 1.58, 1.37, 0.94, 0.83, and 0.56 Kb
respectively.
Primers
These random primers were purchased from
Operon Incorporation Technologies Company,
U.S.A., in lyophilized forms. To prepare
working solution each primer was dissolved in
sterile D.W. to a final concentration of 5pmol
/µl. Twenty seven primers were used in this
study, the sequence and the name of each primer
is listed in table (1).
Table ( 1): List of Primers with their sequences
used in this study.
No.

Primers

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

OPA-01
OPA-02
OPA-06
OPB-10
OPC-05
OPD-02
OPC-16
OPC-18
OPO-07
OPD-08
OPD-07
OPE-17
OPG-13
OPR-12
OPJ-13
OPL-17
OPN-11
OPK-08
OPP-01
OPY-13
OPR-20
OPV-19
OPX-17
OPF-04
OPL-20
OPQ-06
OPC-03

Sequences
5’ → 3’
CAGGCCCTTC
TGCCGAGCTG
GGTCCCTGAC
CTGCTGGGAC
GATGACCGCC
GGACCCAACC
CACACTCCAG
TGAGTGGGTG
CAGCACTGAC
GTGTGCCCCA
TTGGCACGGG
CTACTGCCGT
CTCTCCGCCA
ACAGGTGCGT
CCACACTACC
AGCCTGAGCC
TCGCCGCAAA
GAACACTGGG
GTAGCACTCC
GGGTCTCGGT
ACGGCAAGGA
GGGTGTGCAG
GACACGGACC
GGTGATCAGG
TGGTGGACCA
GAGCGCCTTG
GGGGGTCTTT

RAPD-PCR Amplification
The reagents required for RAPD-PCR reaction
were mixed in a sterile (1.5 ml) Eppendorf tube
as shown in the Table 2.
Table (2): Components required for RAPD-PCR
reaction.
Additional
order

Components

Volume

1

10X PCR buffer

2.5 µl

1X

2

DNTPs

2.5 µl

0.2Mm

3

Primer

2.0 µl

10pmol

4

Taq polymerase

0.2 µl

1U

5

S.D.D.W

14.8 µl

--------

6

DNA sample

3.0 µl

25-50ng

Total
volume

Concentration

25µl

The amplification program was run as follows:
1 cycle
94°C for 2 minutes
92°C for 1 minute
40 cycles 36°C for 1 minute
72°C for 2 minutes
1 cycle
72°C for 10 minutes
Then the amplified DNA was run in 1.2%
agarose gel electrophoresis (Weigand et al.,
1993).
Data Scoring and Analysis
The results were illustrated by using tables,
which summarizing all information from
Photographs of agarose gels stained with
Ethidium Bromide to score the data for RAPD
analysis starting from the higher molecular
weight to lower molecular weight. These
information include the molecular weight of
amplified bands, their presence or absence, and
the total number of amplified bands across all
samples and different primers used in the present
study (Udupa et al., 1998). The size of each of
different bands in the RAPD analysis was
calculated by using "PhotoCapt version 12.6"
computer software.
RESULTS
By using DNA isolation method described in
this study, suitable amount of DNA was yielded
with an average yields ranging from 80-425µg /
ml blood and 105 – 995 µg/ ½ gm fresh tissue,
with purity ranging between 1.6-1.8 measured
by spectrophotometric ratio A260/A280.
Thirteen primers produced reliable amplified
products; Table 3 summarizes the efficiency,
total number of amplified bands and total
polymorphic band of each individual primer,
which produce successful amplified product.
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Table (3): The efficiency, total number of amplified
bands and total number of polymorphic bands of each
individual primer.
Primer

Total number
of amplified
bands

Total
number of
polymorphic
bands

Primer
efficiency

OPA-02

107

86

0.80

OPB-10

39

20

0.51

OPC-05

187

69

0.36

OPC-16

54

17

0.31

OPC-18

77

38

0.49

OPD-02

129

52

0.40

OPF-04

104

72

0.69

OPK-08

167

41

0.24

OPL-17

97

41

0.42

Kb

OPL-20

41

17

0.41

OPO-07

150

64

0.42

21.226

OPQ-06

207

83

0.40

5.148
4.268
3.530

OPX-17

168

64

0.38

Total

1527

664

M B1 T1 CO

M B1 T1 CO

B1

T1 CO

M

B1 T1 CO

M

B1

M B1 T1 CO

0.947
0.831
0.564

OPK-08

OPQ-06

OPX-17

(A)

M B1 T1 CO

M

B1

T1 CO

M

B1

T1 CO

21.226
5.148
4.268
3.530

2.027
1.904
1.584
1.375

(B)

0.947
0.831
0.564

OPB-10

OPC-05

OPC-18

OPD-02

OPF-04

OPO-07

Figure (1): RAPD profiles of patient number 1 obtained from different primers. Electrophoresis was performed on 1.2%
agarose gel and run at 5 volt/cm for 3 hours. A-Represents monomorphic band patterns. B- Represents polymorphic
patterns. Lane M represents the EcoRI and Hind III cut  DNA marker. Lane B = blood DNA, Lane T = tumor DNA and
CO =control.
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T1

2.027
1.904
1.584
1.375

Table (4) summarizes result from only one
patient (patient's numbers 3 representing
glioma,) who has been included in the study.
However, the amplified DNA bands as appear in
the agarose gel electrophoresis from the blood
and brain tumor tissues for 2 glioma patients (
patients number 1 and 2) are shown in figures (1
and 2), respectively.
Kb

M

CO
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Kb

M

B2

T2

CO

21.226

5.148
4.268
3.530

2.027
1.904
1.584
1.375

0.947
0.831
0.564

OPK-08

(A)
Kb

M

B2

T2

CO

M

B2

T2

CO

M

B2

T2

CO

M

B2

T2

CO

M

B2

T2

CO

M

B2

T2

CO

M B2 T2 CO

M B2 T2 CO

21.226
5.148
4.268
3.530

2.027
1.904
1.584
1.375

0.947
0.831
0.564

OPB-10

OPC-05

OPC-18

OPD-02

OPF-04

OPO-07

OPQ-06

OPX-17

(B)
Figure (2): RAPD profiles of patient number 2 obtained from different primers. Electrophoresis was
performed on 1.2% agarose gel and run at 5 volt/cm for 3 hours. A- Represents monomorphic band
patterns. B- Represents polymorphic patterns. Lane M represents the EcoRI and Hind III cut  DNA
marker, lane B = blood DNA, lane T = tumor DNA and CO =control.
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Table (4): The results obtained from RAPD amplification of patient number 3 generated by different 10-mer primers, MW of bands, their presence (+), or absence (-), and number of polymorphic bands.
OPA-02

OPB-10

Band NO

MW

B

T

MW

Lane 1

1.900

-

+

Lane 2

1.584

-

+

Lane 3

1.490

+

Lane 4

1.362

Lane 5

1.056

Lane 6
Lane 7

OPC-05

OPC-18

OPD-02

B

T

MW

B

T

MW

B

MW

B

T

MW

1.375

-

+

3.729

+

-

1.415

1.044

+

+

3.330

+

-

1.305

T

MW

B

T

-

+

1.290

+

+

-

+

1.140

+

+

-

+

3.739

+

+

2.304

+

-

+

+

3.395

+

+

2.006

+

-

+

0.839

-

+

3.036

+

+

1.098

-

+

0.708

+

+

2.786

+

+

0.694

-

+

0.928

-

-

+

0.789

+

2.224

+

+

1.110

+

-

-

1.800

+

-

0.797

+

-

-

+

0.634

+

+

2.342

+

+

1.200

+

+

0.675

+

+

1.600

+

+

0.636

+

-

0.937

-

+

0.479

-

+

2.118

+

0.756

+

+

1.951

+

-

1.148

-

-

1.084

+

1.363

+

-

1.405

+

+

0.521

+

+

1.253

+

+

1.250

+

-

0.376

+

-

Lane 8

0.628

+

+

1.786

+

+

0.960

-

0.771

+

+

1.181

-

+

Lane 9

0.525

+

+

1.613

Lane 10

0.245

-

+

1.484

+

+

0.900

+

+

-

0.620

+

+

1.158

+

-

0.533

+

+

1.024

+

-

Lane 11

1.120

+

+

0.843

+

+

Lane 12

0.989

Lane 13

0.899

+

+

0.556

+

+

+

+

Lane 14

0.809

+

+

Lane 15

0.678

+

+

Lane 16

0.441

-

+

Lane 17

0.333

+

+

B=Blood DNA; T=Tissue

2.338

+

1.750
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Common
Fingerprinting
(Polymorphic)
patterns
Common fingerprinting patterns included
sharing of one polymorphic band (gain or loss)
in more than one patient of particular type of
brain tumor. Revising results many common
polymorphic patterns or even unique
polymorphic patterns (possession of one
polymorphic band ,gain or loss, by only one
patient of particular type of brain tumor) were
detected; however, the most common patterns
detected for the different brain tumors are listed
in table (5 and 6). For instance using primer
OPA-02 a gain of a band was obtained with
MW1.362Kb found to be common between 5
patients with glioma, those were patients number
3,5,8,13,15 and gain of a band with MW
1.250Kb found to be common between 5
patients with glioma, those are patients number
5, 8,12,13,14 using the same primer (Table 6).
Loss of a band with MW 2.099 Kb by using
primer OPF-04 and a band with MW 2.220 Kb
by using primer OPK-08 were shared by all
meningioma cases (patients number 16, 17, and
18) (Table 5). Loss of a band of 1.584Kb by
using primer OPL-17 and a band of 2.050Kb by
using primer OPO-07 were shared by all patients
with medulloblastoma (patients number 19, 20,
21, and 22) Table 5. Also gain of a band of
0.882 Kb was shared also by three patients with
medulloblastoma (patient number 20, 21, 22)
(Table 6).
Table (5): Common fingerprint associated with
loss of band(s) shared by more than one patient,
and clinical diagnosis.
Primer

Polymorphic
bands MW
(Kbp)

Common
patients

Clinical
diagnosis

OPA02

3.011

20, 22

Medulloblastoma

1.490

16,17

Meningioma

OPC05

2.428, 2.826,
2.198

20, 21, 22

Medulloblastoma

OPC18

0.790, 0.694

16, 17

Meningioma

2.287

20, 21

Medulloblastoma

OPF04

2.750

20, 22

Medulloblastoma

2.099

(16, 17, 18)
(20, 21, 22)

Meningioma
Medulloblastoma

1.245, 1.090

16, 18

Meningioma

0.755

20, 22

Medulloblastoma

2.220

16,17,18

Meningioma

1.633, 1.792

16,18

Meningioma

OPK08

OPL17

1.584

OPO07

OPQ06

OPX17

19,20,21,22

Medulloblastoma

1.130

19,20 ,22

Medulloblastoma

2.050

19, 20, 21,
22

Medulloblastoma

1.500

19, 21

Medulloblastoma

1.393, 0.780

16, 17

Meningioma

3.460, 2.612,
1.636

16, 18

Meningioma

0.841

20, 21, 22

Medulloblastoma

1.453

20, 22

Medulloblastoma

0.660

16, 18

Meningioma

Table (6): Common fingerprint associated with
gain of band(s) shared by more than one patient.
Primer

Polymorphic
bands MW
(Kbp)

Common
patients

Clinical diagnosis

OPA-02

1.362

3, 5, 8, 13,
15

Glioma

1.250

5, 8, 12, 13,
14

Glioma

OPB-10

0.479

1, 2, 3, 8

Glioma
Medulloblastoma

OPL-17

1.364

19, 22

OPO-07

1882

17, 18

Meningioma

OPQ-06

0.882

20, 21, 22

Medulloblastoma

2.394

21, 22

Medulloblastoma

1.375

20,21

Medulloblastoma

2.283

16, 18

Medulloblastoma

OPX-17

Discussion
In this study, different types of brain tumors
(glioma, meningioma, medulloblastoma and
haemangioblastoma) were analyzed by RAPDPCR and suitable genomic alterations obtained
in all four types of brain tumors tested. Many
primers detected more than one alteration in a
given tumor. These alterations are the
manifestation of unstable genome in tumor cells,
and it deserves attention as important
determinants of tumor behavior and thereby
outcome in the patient, the significance of these
in terms of the behavior of the tumor needs to be
elucidated. Characterization of such altered
fragments would constitute the first step in
understanding of the molecular mechanisms
leading to the onset of tumourigenesis (Bacerril
et al., 1999).
Genomic alterations are characteristic feature of
the neoplastic process, including alterations at
specific loci and defined karyotypic changes that
affect tumor behavior to generalized alterations
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indicated by microsatellite instability (Misra et
al., 2000).
The RAPD bands are lost or gained when point
mutations, inversions, deletions, additions or
gross chromosomal rearrangements affect the
presence/absence of primer annealing sites, their
complementarities to primers and/or the distance
between priming sites (DeWolf et al., 2004).
However the cause of genomic instability is still
debated, some authors find aneuploidy as the
primary cause of the genomic instability in the
tumors (Rajagopalan et al., 2004). Dams et al.,
(1995) have shown microsatellite instability in
20% to 45% of glioblastoma multiforme and
anaplastic astrocytoma.
The increased production of polymorphism, as
suggested by alterations in RAPD patterns in this
study, could give rise to an altered cell that the
progeny of this altered cell could lead to the
progression or recurrence of the same tumor
with a higher grade. For example the samples
obtained from the patients given number 20 and
22, were actually from same patient with
recurrent medulloblastoma, by using primer
OPO-07 a unique band was lost with MW 0.538
Kb in the tumor DNA of patient number 22,
while this band found to be present in tumor
DNA of patient number 20, such alteration may
elucidate the recurrence of the tumor.
In a study exploiting a similar approach, DilAfroze et al.,(1998) observed genetic
alteration(s) in gliomas and meningiomas; these
alterations include the loss of normal band,
appearance of new band and amplification of
pre-existing band, and they report the utility of
RAPD analysis for identifying suitable genomic
alteration in gliomas and meningiomas.
Results obtained by Mukherjee et al., (2005).
using AP-PCR showed suitable alterations in
genome of Ethyl Nitrosourea induced brain
tumor animal model. Another study by
Mukherjee et al.,(2006) using RAPD analysis
observed genetic alterations in brain tumors of
cells of glial origin. These alterations were
expressed as loss and gain of bands.
Alteration at molecular level was also
observed by Misra et al., (2000) who detect
polymorphic loci as loss, gain and difference in
band intensity, they observed extensive intra –
tumor genetic instability in primary human glial
tumors by using RAPD marker. In another study
by Misra et al., (2007). Observed that RAPD
analysis was able to demonstrate more intratumor genetic heterogeneity in lower grade
glioma compared to higher grade. Furthermore,
90

Jotwani et al.(2001)reported RAPD amplified
fragment which was lost in glioblastoma
multiforme sequencing, this band was found to
be homologous sequences, which were probably
derived from the human endogenous retrovirusK.
The high frequency of these alterations may
indicate that these alterations were a features
associated with tumourigenesis in a significant
proportion of these tumors. These common
polymorphic bands may be useful to identify
genomic changes that may be significant to the
tumourigenic process, and it may relate to a
novel genetic alteration among a particular type
of brain tumor. Results obtained by Chosdol et
al.,(2009) showed that RAPD analysis is a
reliable method in scanning the genome for
identification of novel genomic alterations in
brain tumors. They detected loss of a band (500
bp) in 33% of the grade II astrocytic tumors
studied, after further characterization of the
corresponding band they showed 100%
homology to the FAT gene at exon2-intron2
junction on chromosome 4q34-q35 locus. It can
be utilized in the identification of polymorphic
markers related to a particular type of brain
tumor; however, this requires further
characterization of the corresponding bands by
Southern hybridization, cloning, sequencing. It
could be investigated by another RAPD-based
approach which is called bulked segregant
analysis (BSA) (Caetano-Anollés, 1993 and
Pomper et al., 1998).
Taking these results into consideration, this
study may suggest the reliability of RAPD-PCR
technique to investigate genetic alterations in
other common types of cancer such as
bronchogenic cancer, prostate cancer and colon
cancer. Hopefully, when the results are reliably
specific and sensitive, may enable clinician to
detect, at an early stage, persons at risk of
developing cancer, such as the patients’
relatives.
Up to our knowledge this study is considered
the first study in Iraq concerning brain tumors at
molecular level using RAPD-PCR technique.
Final Remarks
The DNA polymerase enzyme which was
used in this study was Amplitaq DNA
polymerase. Although Taq DNA polymerase
normally isolated from Thermus aquaticus, has
been most extensively used enzyme in PCR
analysis, however, Amplitaq is a recombinant
DNA polymerase cloned in Escherichia coli
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from which the enzyme has been purified, that
Amplitaq is known to have a higher purity and
reproducibility than Taq DNA polymerase, so is
the preferred enzyme in PCR studies (Graham
et al., 1995).
Presence of artificial bands in the control
samples in the previous figures of this study
without template DNA may attribute to natural
contamination of the Amplitaq polymerase with
bacterial DNA (Escherichia coli) from which the
enzyme has been purified. Many reports
suggested that if an artificial band matched
bands in the RAPD profile and of similar MW,
these bands were usually discriminated (AlMaronesi, 2007, Dizayee, 2007). In conclusion
the Amplitaq has been found to be more efficient
in amplification process, less expensive and
more convenient to use than the Taq DNA
polymerase, and thus, Amplitaq DNA
polymerase has been recommended for use in
many laboratories worldwide.
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ثوختة
لةم تويَذينةوةيةدا نيشانةى ضةندشيَوةى طةورةكراوى هةرِةمةكى ناوكةترشى رايبى كةم ئؤكسجني بةكارهاتووة بؤ ديارى
 تووشبوو بة شيَرثةجنةى33 منونةلة32 كردنى طؤرِانةبؤماوةيةكان و ثةجنةمؤرى ناوكةترشى رايبى كةم ئؤكسجني لة
3002  تا تةمووزى3002 تويَذينوةوكة لة سةنتةرى تويَذينةوةى زانستى زانكؤى دهؤك ئةجنامدرا لة تشرينى دووةمى.ميَشك
 منونةى شانةى شيَرثةجنةى ميَشك وةرطرياوة لة اليةن دةستةى ثسثؤرى نةشتةرطةرى دةمار لة نةخؤشخانةكانى دهؤك لةو.
َى طشتى جياكرايةوة لة خويَن و خانة
 ناوكةترشى رايبى كةم ئؤكسجينى بؤهيَل.نةخؤشانةى كة شيَرثةجنةى ميَشكيان هةبووة
 منوونةكانى ناوكةترشى رايبى كةم ئؤكسجني خراوةتة بةر كارليَكى زجنريةيى. شيَرثةجنةييةكانى هةريةك لة نةخؤشةكان
 جؤرى جياوازى دةستثيَكةرى32  دواى ريَكخستنى كارليَكةكان.دووهيَندكراوى ناوكةترشى رايبى كةم ئؤكسجني
.َةمةندبوون بة زانيارى
 دةستثيَكةر دةول02 ,  تفتى نايرتؤجينى بةكارهيَنرا00 هةرةمةكى
 قةبارةي بةرهةم هاتووة. بوو666  ذمارةى طشتى طورزة شيَوة جياوازةكان, بوو0232 كؤى طشتى طورزة دووهيَندبووةكان
 طشت دةسثيَكةرة ثرِ زانياريةكان ئةو جؤرة شيَوازةيان دابوو بؤ منوونة. بووKb 27220- 1.130 Kb دووهيَندبووةكان لة
2  بينرا كة باو بوو لة نيَوانKb 07263  طورزى بةدةست هاتوو بة كيَشى طةردىOPA-02 بةكارهيَنانى دةستثيَكةرى
.نةخؤشى توشبوو بة شيَرثةجنةى دةبةقةخانةكان
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طورزى بيَ هاوتا بة كيَشى طةردى  Kb 07222تيَبينى كرا لة ناوكةترشى رايبى كةم ئؤكسجينى خويَن و خانة
شيَرثةجنةييةكانى نةخؤشى ذمارة  30بة بةكارهيَنانى دةستثيَكةرى , OPO-07ئةو طورزة ديار نةما لة ناوكةترشى رايبى
كةم ئؤكسجينى خانة شيَرثةجنةييةكانى هةمان نةخؤش كة ذمارةى  33ى ثيَدرابوو دواى طةرِانةوةى شيَرثةجنةكة(طةرِانةوةى
شيَرثةجنةى كرؤكى ميَشك) .ئةم ئةجنامانة بوونى طؤرِانى بؤماوةي يةكى يان ضةندى لة خانة شيَرثةجنةييةكانى ميَشك دووثات
دةكةنةوة .
الخالصة
التغّيات اجلينية و
متّ يف هذه الدراسة استعمال عالمة" ّ
املضخم العشوائي متع ّدد األشكال حلامض الديوكسي رايبو نووي" للكشف عن ّ
"الطبعة االصبعية" حلامض الديوكسي رايبونووي يف  32عينة من 33مريضاً يعانون من ورم الدماغ  7الدراسة اجريت يف مركز االحباث
العلمية جبامعة دهوك من تشرين الثاين  3002اىل متوز ّ 73002مت احلصول على عينات من نسيج ورم الدماغ من اختصاصيي جراحة
األعص اب يف مستشفيات مدينة دهوك عن طريق التداخالت اجلراحية على املرضى املصابني بتلك األورام ّ 7مت استخالص احلامض

لكل مريض  7متّ تعريض عيّنات حامض الديوكسي رايبو نووي اىل "التفاعل
الديوكسي رايبو نووي اجليين من الدم و من أنسجة األورام ّ
املضخم العشوائي متع ّدد األشكال  ،و بعد حتسني التفاعل املتسلسل لالنزمي املتع ّدد  ،متّ اختبار 32
املتسلسل لالنزمي املتع ّدد البوليمر" -
ّ

"باديء العشوائي ؛ كان  02من الباديء العشوائية غنية باملعلومات املفيدة
املضخمة هو  0232و أ ّن العدد الكلّي لألحزمة املتع ّددة األشكال كان  666فرقة  7كما
وجد هبذه الدراسة بأ ّن العدد الكلّي لألحزمة
ّ
املضخمة تراوح من " 07020كيلوقاعدة مزدوجة" اىل  27220كيلو قاعدة مزدوجة  7مجيع البواديء ذوي
وجد بأ ّن حجم املنتوجات
ّ
املعلومات املفيدة أعطوا منط املتع ّددة األشكال الشائعة  ،فعلى سبيل املثال باستعمال باديء أو يب أي –  03متّ كسب حزمة بوزن جزيئي
 07263كيلو قاعدة مزدوجة وجدت شائعة (مشرتكة) بني  2مرضى مصابني باألورام الدبقية7
لوحظت حزمة فريدة ذات وزن جزيئي  07222كيلو قاعدة مزدوجة يف حامض ديوكسي رايبو نووي خاليا الدم و خاليا الورم يف املريض
الراجع يف نفس املريض (و هو
رقم  ، 30باستعمال الباديءأو يب أو –  ، 02لكنّها فقدت يف حامض ديوكسي رايبو نووي خاليا الورم ّ
تغّيات جينية متع ّددة و منفردة يف خاليا أورام
الراجع 7ا ّن النتائج يف أعاله تؤّكد وجود ّ
الرقم  ، )33ورم األرومة البصلية ّ
نفسه لكن أعطي ّ
الدماغ7
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ABSTRACT
Descriptive study conducted on nurses working in Dohuk governmental hospitals to identify sources of job stress. .
The study included (322) samples of nurses for the period from 15 March to 1 St July 2011.The results of the study
showed that there are Problems in all areas covered by the research and to varying degrees in relation to the to
department. The study also showed that there was a significant increase in psychological problems compared to other
problems.
KEYWORDS : Stress, Age factor, Psychological problems ,Administrative problems, Personal problems.

INTRODUCTION
Stress is commonly used as a term to describe
distress, or the “negative interpretation of an
event (real or imagined) to be threatening that
promotes continued feelings of fear or
anger…”(1) Nurse stress is defined as the
emotional and physical reactions resulting from
the interactions between the nurse and her/his
work environment where the demands of the job
exceed capabilities and resources2.
High level of stress at work is a major
threatening factor to both physical and
psychological health of individuals (3-4) and
affects their cognitive processes involving
memory, recall of knowledge and attention (46). Also a high level of OS caused by heavy
workload has been found to reduce nursing
quality, and can threaten the lives and security of
patients (7). Although nursing jobs in many
hospitals are often represented by emotive
pictures, these pictures may be affected with
deficiencies which may occur in some hospitals.
Deficiencies such as work overload, shortage of
staff, role conflict, lack of experience, work
hazards, and lack of the art of dealing with
nurses who provide patient services lead to
stress. (8) Nursing is generally recognized as a
high-stress occupation due to the nature of the
work (9). National Institute for Occupational
Safety and Health (1995) defined nursing as
among 40 occupations with higher than expected
incidence of stress-related disorders.
Sources of stress in nursing are multi-faceted.
Nursing is known to be emotionally, physically
and intellectually demanding work (10). Nursing
is also known to be physically demanding, with
long hours and overtime a common expectation
94

as well as the physical daily demands of
providing care to a number of patients with
minimal resources and sometimes poorly
designed delivery systems or working
environments (11)
Objectives of the Study
The general purpose of this study is to identify
the degree of job stress & its sources among
nursing work. This type of investigation is very
useful to hospital administrators, because it helps
in improving all nursing management processes
and to protect nurses from these adverse effects.
The specific objectives of this study are:
1-To identify the degree of jobs stress & its
levels among nurses.
2- To reveal the essential sources of stress
among nurses in a selected hospital.
Methodology
A descriptive design was carried out through
out the present study from the period 15th March
to 1st July 2011 in order to achieve the
objectives of the study. The study was carried
out among nurses working in Duhok
Governmental hospitals .Three hundred and
twenty two nurses working in four
Governmental hospitals ,Azadi Teaching
hospital, Emergency hospital, Hevi hospital and
burn hospital constituted the sample used for the
study. The exclusion criteria is to be a head
nurse or supervisor, working in the same area .
Study tool “questionnaire” was validated by a
number of referees and based on literature
review when developed by the researcher to
ensure culture & language appropriateness. After
the arrangement of information obtained from
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referees , the tools of the study consisted of two
parts:
Part1: Included the independent variables like,
sex, marital status, level of education, years of
service.
Part2:The researcher arrange the questionnaire
by depending on a five likert scale ranging from
1 (strongly disagreement) to5 (strongly
agreement ), In order to knowledge
the
importance of each paragraph and the
importance of the total score after getting of the
standard deviation and percentages ,the
questionnaire was divided into three areas,
psychological problems, personal problems &
administrative.
The questionnaire was administrated to (15)
nurses, (5) nurses in Azadi hospital, (5) nurses
in Emergency hospital & (5) nurses in Hevi
hospital , after a period of (21) days, the same
questionnaire was administrated to the same
group to find out the correlation between the
scores
of pre and post test . Pearson’s
Coefficient Correlation was used. The results
were (r=.509) were significant at (p. <0.01). See
table (1) .
Statistical analysis:
1- Percentages were used to calculate the
description of the sample.
2- Mean ,standard deviation and percentage were
used to estimate the items of the data.
3- t-test for independent sample was used to
determine the differences between males and
females.
4-Analysis of variance, one way (ANOVA) was
used to determine the differences between the
scores of problems & variables.
RESULTS
The aim of this study was to explore the impact
of job stress among nurses in Duhok hospitals.
This was achieved through measuring the degree
of job stress among nurses in selected hospitals.
Table (3) demonstrate that the high percentages
of the nursing staff (18%) working in the
surgical department, while the low percentages
nursing staff (5.9%) working in the burn
department.
Table (2) describes the socio-demographic and
job characteristics of nurses in the study sample.
As evident from the table, the highest percentage
of nurses were male (59.3%) ,Also, (59.6%)of
the sample were married. It is also obvious from
the table that a high percentage of the sample
(53.4%) with less than diploma. With regard to

years of service, it appears that majority of the
sample (32%) were less than three years.
It appears from figure (1) that the nurses were
suffering from all areas of problems
(administrative, personal and psychological)
from the nurse’s point of view. The
psychological problems come first in rank
(79.45%), personal problems are second in
rank(70.1%), while the administrative problems
are last in rank (69.24%).
Table (4) indicates that there are real
psychological problems from the nurse’s point
of view according to the percentage. Where as
item no. (1) come in first rank (84.78%), while
the item no. (4) come in last rank (73.73%).
Table (5) shows that there are real personal
problems, where as item no. (8) come in first
rank (78.45%), while the item no. (5) come in
last rank (54.97%).
Table (6) demonstrate that there are real
administrative problems, where as item no. (8)
come in first rank (79.07%), while the item no.
(5) come in last rank (54.97%).
It appear from the table (7) that there are no
significant differences among the scores of
problems among nurses with regard to sex using
t- test.
The table (8) shows that there are no significant
differences at (p<0.05) among the scores
problems among nurses with regard to the level
of education using ANOVA-test.
Table (9) demonstrate that there are
no
significant differences at (p<0.05) among the
scores problems among nurses with regard to the
married status using ANOVA-test.
Table (10) shows that there are no significant
differences at (p<0.05) among the scores
problems among nurses with regard to the years
of experience using ANOVA-test.
It appear from the table (11) that there are
significant differences among the scores the
problems among nurses with regard to the
department using ANOVA test.
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Table (1) shows the scores of test and retest
for defining the reliability of questionnaire
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Correlation
coefficient

Table 3 Frequencies & percentage of
nurse according to the department
Name of dep.
F
%
Resuscitation
28
8.7
Consult
21
6.5
Reception
23
7.1
Burns
19
5.9
Operation
46
14.3
Maternity
24
7.5
Pediatric
51
15.9
Surgical
58
18
Medical
52
16.1
Total
322
100

questionnaire
test
Re-test
100
90
115
112
105
98
85
97
120
119
122
101
109
99
104
110
98
96
92
95
90
100
95
105
120
115
95
114
115
105

Figure (1)
Level of source of problems

0.509

Table 2 Socio-demographic characteristics
of the nurses staff
Characteristics
No
1 - Gender
Males
131
Females
191
Total
322
2 - Marital status

%

80.00%
78.00%
76.00%

40.7
59.3
100

74.00%
administrative

72.00%

psychological

70.00%

Single
127
Married
192
Divorced
3
Total
322
3-Level of education

39.5
59.6
0.9
100

68.00%
66.00%
64.00%

96

Less than diploma
172
Diploma
100
Collage
48
Master
2
Total
322
4-Years of service

53.4
31.1
14.9
0.6
100

less 3 years
3-6 years
6-9 years
More than 9 years
Total

32
19.6
18.6
29.8
100

103
63
60
96
322

personal
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Table (4) Mean, Standard deviation, percentage and estimation of source of problems with regard to psychological
problems. (theoretical mean =1)
No.
1
2
3
4
5

Item
Bothers me a lot into the affairs
of a patient facilities
I feel that society does not
appreciate the effort of nurse
I feel the fear of encroachment by
the relative of the patients
I feel criticized by reviewers and
their families
I feel discomfort from disrespect
for the nurse by the other health
professions

Mean
4.24

Std
1.36

%
84.78

Estimation
Very high

4.21

1.34

84.22

Very high

3.92

1.26

78.39

High

3.69

1.3

73.73

High

3.81

1.56

76.15

High

Table (5) Mean, Standard deviation, percentage and estimation source of problems with regard to personal
problems. (theoretical mean =1)
No
1

Item
I become that my work at the hospital interfere with
my own life.
I feel that the effort in the hospital is largest of my
energy
I feel tired when I try to solve the problems of
patients in the hospital
I become tired and stress from the place where I
work.
I feel shamed by the nursing profession
I feel tired and fatigue from the large number of call.
I advise my friends to choose a profession rather
than nursing
Monthly salary is not enough.

2
3
4
5
6
7
8

Mean
3.6

Std
1.3

%
71.99

Estimation
High

3.71

1.36

74.29

High

3.48

1.34

69.5

Moderate

3.8

1.24

75.9

High

2.75
3.53
3.25

1.55
1.57
1.52

54.97
70.56
64.97

Low
High
Moderate

3.92

1.47

78.45

High

Table 6 Mean, Standard deviation ,percentage and estimation source of problems with regard to administrative
problems
No.
1
2
3
4
5
6
7

8
9
10

Item
I feel that the priorities for action in the hospital is
unclear I have.
I feel that there is no definition of responsibilities in the
hospital
I feel upset from inability to predict what should I do in
the hospital.
Often I feel the inability to determine the demand for my
work in hospital
Bother me to lack of time available to perform the tasks
required of me in the hospital
Bother menot to my participation in the decisions made
in the section where I work
I feel resentful of the management of the hospital because
they do not provide the opportunity to discuss matters
pertaining to personnel.
I feel frustrated by the lack of support courses for nursing
staff in the hospital
I feel discomfort from the look of transcendence on the
part of nurse management
I feel uncomfortable from a hospital that does not depend
on putting the right person in the right place

Mean
3.28

Std
1.35

%
65.59

Estimation
Moderate

3.38

1.35

67.58

Moderate

3.36

1.34

67.2

Moderate

3.42

1.39

68.32

Moderate

2.75

1.33

54.97

Low

3.52

1.55

70.5

High

3.47

1.49

69.44

Moderate

3.95

1.48

79.07

High

3.62

1.54

72.36

High

3.88

1.38

77.33

High
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Table (7) Comparison between the scores of problems with regard to the sex
S. of problem
Administrative
Personal
Psychological

Male (N.131)
Mean
Std.
0.8.99
18999
0.804.
98..0
09840.
08904

Female (N.191)
Mean
Std.
008941
948.01
098494
98.00
9.81..
.8400

df

T value

320

3.077
98.9

0804

Table (8) Comparison between the scores of problems with regard to the level of education
Variable
Administrative

Personal

Psychological

S.O.V
Between
Groups
Within
Groups
Total
Between
Groups
Within
Groups
Total
Between
Groups
Within
Groups
Total

S.S
566.40

df
3

M.S
188.80

33734.97

318

106.08

34301.37
4.87

321
3

1.62

18359.17

318

57.73

18364.05
58.6030603303

321
3

19.53

10114.07085271

318

31.80

10172.67391304

321

F-value
1.78

P-value
0.05

. 0.02

0.05

0.61

0.05

Table (9) Comparison between the scores of problems with regard to the Married status.
Variable

S.O.V

S.S

df

M.S

F-value

P-value

Administrative

Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

33.88
34267.49
34301.37
180.73
18183.31
18364.05
13.83
10158.84
10172.67

2
319
321
2
319
321
2
319
321

16.94
107.42

0.15

0.05

90.36
57

1.58

0.05

6.91
31.84

0.21

0.05

Personal

Psychological

Table (10) Comparison between the scores of problems with regard to the years of experience
Variable
Administrative

Personal

Psychological

98

S.O.V
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

S.S
649.89
33651.47
34301.37
194.52
18169.52
18364.05
214.06
9958.60
10172.67

df
3
318
321
3
318
321
3
318
321

M.S
216.63
105.82

F-value
2.04

P-value
0.05

64.84
57.13

1.13

0.05

71.35
31.31

2.27

0.05
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Table (11) Comparison between the scores of problems with regard to the department
Variable
Administrative

Personal

Psychological

S.O.V
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total
Between Groups
Within Groups
Total

S.S
9999.824
24301.55
34301.37
4595.09
13161.90
17756.99
803.90
9368.76
10172.67

df
8
313
321
8
313
321
8
313
321

Discussion:
Feelings of stress in humans result from
interactions between persons and their
environment that are perceived as straining or
exceeding their adaptive capacities and
threatening their well-being. The element of
perception indicates that human stress responses
reflect differences in personality as well as
differences in physical strength or health .12
Study of variables
In order to know whether there are
effects of the socio-demographic characteristics
of the nurses on the occurrence of problems, the
researcher categorized the sample of the study to
many groups according to certain variables .
Sex
The study revealed that there are no significant
differences in job stress among nurses with
regarded to the sex of the nurses at (p<0.05)
(table 7 ) the researcher attributed the cause to
the morning and evening shifts uniformly to all
nurses, regardless of gender. This result is
disagreement
with
the
result
of
(Stewart,2002)(17). This result is in agreement
with the result of (Yehia,2003)(18),which
indicates that the female nurses were more
exposure to job stress.
Table (8) indicates that there are significant
differences in job stress among nurses with
regard to the level of education at (p<0.05).This
result is disagreement with (Reynolds,1997)
(19), (Chapman,1995)(20), which indicates that
there are no significant differences in job stress
among nurses with regard to the level of
education.
With regard to married status , it was revealed
that there were no significant differences in job
stress among nurses (table 9). This result is in
agreement
with
the
results
of
(Yehia,2003)(18).Which indicates that there

M.S
1249.97
105.82

F-value
16.1

P-value
0.05

574.38
42.05

13.65

0.05

100.48
29.93

3.35

0.05

were no significant differences in job stress
among nurses with regard to married status.
It appears from tables (10) that there are no
significant differences in job stress among
nurses with regard to the years of experience.
The researcher attributed the cause to the small
number of training courses for nurses. This
result is in agreement with the results of
(Chapman,1995)(20). Which indicate that there
were no significant differences in job stress
among nurses with regard to the years of
experience.
Table (11) shows that there are no significant
differences in job stress among nurses with
regard to the department. This result is in
agreement
with
the
results
of
(Schuster,1999)(21). Which indicates that there
were no significant differences in job stress
among nurses with regard to the department.
The result of the study shows at the nurses were
suffering from all areas of problems
(administrative, personal and psychological)
from the nurse’s point of view. Where as
psychological problems come first in rank
(79.45%) figure 1.Rajaa,2008 (13), stated
(78.9%) nurses feel high levels of Psychological
problems.
Psychological problems:
Analysis of data regarding psychological
problems represents the real psychological
problems among nurses. (table 4). Where as item
no.(1)( Bothers me a lot into the affairs of a
patient facilities) come in first rank (84.78%).
Personal problems
Analysis of results shows the real personal
problems among nurses. The mean (table 5).
Where as item no.(8)( Monthly salary is not
enough) come in first rank (78.45%).
Administrative problems:
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The result of the study indicates that
there are real administrative problems among
nurses. The mean scores of all these problems
are more than 1 (table 6). Where as I tem no.(8)(
I feel frustrated by the lack of support courses
for nursing staff in the hospital) come in first
rank (79.07%)
These results are in agreement with the results of
(Hoffman,2001)
(14),(Ngwezi,2000)(15)
,
(Al-sabagh,1999)(16) which indicated that the
nurses were suffering from all areas of problems
(administrative, personal and psychological), as
well as to the level of job satisfaction is less than
in other professions.
Conclusion
According to the objectives of the
present study and the results of the data analysis,
the following conclusions have been inferred:
1- There are tangible disorders in all
(administrative, psychological and personal)
aspects according to the opinion of the nurses
where as the psychological aspect comes first in
rank.
2- There were no statistically significant
differences, from the nurse’s point of view,
between the occurrence of problems and some
variables like (sex, married status, years of
experience, and department).
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الخالصة
دراسة وصفية أجريت على املمرضني واملمرضات العاملني يف مستشفيات دهوك احلكومية للتعرف على مصادر ضغوط العمل.
مشلت الدراسة ()233عينة من املمرضني واملمرضات للفرتة من  51آذار 5 -متوز .3155أشارت نتائج الدراسة إىل أن هناك
مشاكل يف كل اجملاالت اليت مشلتها البحث وبدرجات متفاوتة وحسب األقسام وكذلك أظهرت الدراسة أنه هناك ارتفاع كبري يف
املشاكل النفسية باملقارنة مع املشاكل اآلخرة.
كورتة
ظةكوَلينةكا وةسفى هاتة ئةجنام دان لسةر ثةرستاريَن ذن و زةالم ئةويَن كاردكةن ل نةخوَشخانيَن دهوَكىَ ييَن مريى
داكو فشاريَن كارى ييَن وان بزانن.
ظةكوَلني ثيَك دهات ذ (  )233كةسان ذ ثةرستاريَن ذن وزةالم دماوىَ  51ئادارىَ تا  5تةموزا  3155ىَ .
ئةجناميَن ظةكوَلينىَ دياركرن كو دهةمى بواراندا ئاريشةيت هةين ئةويَن ظةكوَلينىَ ب خوَظة طرتني وب ثلةييَن جياواز
و لديف ثشكا و هةروةسا ظةكوَلينىَ دياركر كو ئاريشيَن دةروونى د بةرزبوونىَ دانة ب بةراورد دطةل ئاريشيَن دى .
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ABSTRACT
Background
Traumatic brain injury is a major cause of death and disability worldwide, especially in children and young adults.
Biochemical means have been used to measure brain cell damage; of them neuron specific enolase and glial fibrillary
acidic protein, but considerable overlaps have been found between different outcome groups. Currently, S-100B
protein, a small cytosolic protein that is found in astroglial and Schwann cells, a highly specific for brain tissue, is
released and can be found in increased concentration in cerebrospinal fluid and serum after glial cell damage.
Aim of study
The aim of this study is to find any correlation between elevated serum protein S-100 B and outcome in severely
head injured patients.
Methods
This study involved 25 patients admitted to the intensive care unit /Accident and Emergency Hospital (Teaching)
(AEHT) / Duhok with severe head injury from 1st February 2010 to 1st October 2010. The initial clinical assessment
of the level of consciousness was done using Glasgow Coma Scale, GCS, score; blood samples were taken on
admission, day 3, and day 10. Soon the sample was centrifuged; serum was isolated and kept inside the freezer
compartment of laboratory refrigerator to be examined later for estimating the concentration of protein S-100B. The
latter measurements were correlated with serial measurements of GCS score that were done on the days mentioned
above. The outcome of the patients was assessed according to the Glasgow Outcome Scale (GOS) six months following
the accident.
Results
Twenty five patients with severe head injury were included in this study, their median age was 10 years, 17(68%)
males and 8(32%) females. The causes were as follow: road traffic accidents (RTA) in 14 (56%) patients, fall from
height (FFH) 6 (24%), assault 3 (12%), and bullet injury 2 (8%). Thirteen patients (52%) had survived; however, 12
patients (48%) had died. The median level of S-100B among those survived was 0.17µg/l, while it was 0.35 µg/l among
the dead patients. The probability value, p-value was 0.013, a statistically significant finding.
Conclusions
In severe head injury, there is an inverse relationship between serial measurements of serum protein S-100B and
GCS score; and, also, between the initial concentration of S-100B and the outcome. S-100B can be used to identify
patients who are most likely to have a poor outcome after severe head injury.
KEY WORDS: Severe Head Injury, Protein S – 100, Glasgow Coma Scale Score, Glasgow Outcome Scale.

INTRODUCTION
Quantifying brain injury
Traumatic brain injury is a major cause of death
and disability worldwide, especially in children
and young adults. Most people with severe
closed head injury either die or recover enough
to live independently; middle ground is less
common (Maas AIet al 2008).
Despite significant recent progress in cerebral
monitoring, it is still difficult to quantify the
extent of primary brain injury and ongoing
secondary damage after severe head injury. For
this reason and because of the limitations of
clinical study and computed tomography in
assessing the severity of head injury, there has
been considerable interest in the development
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and use of biochemical means of measuring
brain cell damage (Seifert A R et al 1999).
Previous studies have assessed the serum level
of a variety of brain markers, including neuron
specific enolase [NSE], but considerable
overlaps have been proven to exist between
different outcome groups (Seifert A R et al
1999). Another biochemical serum marker
currently under investigation is S-100B protein
(W J Townend 2002).
Serum protein S-100B
S-100B is a member of the family of calciumbinding proteins which is found mainly in the
cytosol of glial cells. S-100 genes include at
least 13 members which are located as a cluster
on chromosome 1q21; however, this gene is
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located at 21q22.3. In the developing CNS it acts
as a neurotrophic factor and neuronal survival
protein. In the adult organism S-100B is usually
elevated due to nervous system damage, which
makes it a potential clinical marker (Maas AIet
al 2008 and Roberts R J 2001). The concept is
that it is released and can be found in increased
concentration in cerebrospinal fluid and serum
after glial cell damage (Seifert A R et al 1999).
The clearance (half life) of S-100B is within 3
hour.
Diagnostic use
S100B is secreted by astrocytes or can spill from
injured cells and enter the extracellular space or
bloodstream. Serum levels of S-100B increase in
patients during the acute phase of brain damage.
Over the last decade, S-100B has emerged as a
candidate peripheral biomarker of blood-brain
barrier (BBB) permeability and CNS injury.
Elevated S-100B levels accurately reflect the
presence of neuropathological conditions
including
traumatic
head
injury
or
neurodegenerative diseases. Normal S-100B
levels reliably exclude major CNS pathology. Its
potential clinical use in the therapeutic decision
making process is substantiated by a vast body
of literature validating variations in serum S100B levels with standard modalities for
prognosticating the extent of CNS damage:
alterations in neuroimaging, cerebrospinal
pressure, and other brain molecular markers
(neuron specific enolase, glial fibrillary acidic
protein). However, more importantly, S100B
levels have been reported to rise prior to any
detectable changes in intracerebral pressure,
neuroimaging, and neurological examination
findings. Thus, the major advantage of using
S100B is that elevations in serum or CSF levels
provide a sensitive measure for determining
CNS injury at the molecular level before gross
changes develop, enabling timely delivery of
crucial medical intervention before irreversible
damage occurs. S100B serum levels are elevated
before seizures suggesting that BBB leakage
may be an early event in seizure development
(Roberts R J 2001). An extremely important
application of serum S-100B testing is in the
selection of patients with minor head injury who
do not need further neuroradiological evaluation,
as studies comparing CT scans and S-100B
levels have demonstrated S100B values below
0.12 µg/L are associated with low risk of
obvious neuroradiological changes (such as
intracranial hemorrhage or brain swelling) or
significant clinical sequelae. The excellent

negative predictive value of S100B in several
neurological conditions is due to the fact that
serum S-100B levels reflect blood-brain barrier
permeability changes even in absence of
neuronal injury (Rachel P B et al 2002 and
Ueno T 2003). The objective of our study was to
investigate S-100B protein as a serum marker
related to the outcome after severe head injury
(Raabe A et al 2003) .
PATIENTS AND METHODS
PATIENTS
Study design and inclusion criteria
This prospective cohort study was conducted at
Accident and Emergency Teaching Hospital in
Duhok city, from 1st February 2010 to 1st
October 2010. Twenty-five patients with severe
head injury (Glasgow Coma Scale score <8)
were included in this prospective study. Their
age ranged from 2 to 66 years (median 10 years).
All patients were treated at the intensive care
unit according to its therapy protocols.
The inclusion criterion was a GCS score ≤ 8 of
any pattern of injury admitted to Accident and
Emergency Hospital. Verbal consent was
obtained from the relatives of the patients.
Data collection
A pre-tested format sheet was designed to obtain
information on age, gender, occupation, and
pattern of injury. Also the GCS score recorded
serially, and investigations (CT scan of brain,
spine, and other regions), important blood tests
(for bleeding profile and follow up), any
associated injury was recorded.
METHODS
Collection of blood samples
Venous blood samples were taken soon after
admission, at day 3 ,and at day 10 . Blood
samples were immediately centrifuged and
serum was kept in the freezer for future analysis.
The serum concentration of S-100B protein was
measured
by
commercially
available
immunoluminometric technique (DiaMetra,
FOLIGNO (PG) ITALY).
Variables
Clinical variables related to outcome were noted,
including GCS score, patient’s age, sex, CT
findings, and associated extra cranial injuries.
Continuous monitoring of vital signs, SPO2,
level of consciousness, and blood tests were
done. GCS score recorded with each S-100B
sampling , and the outcome was assessed after 6
months using the Glasgow Outcome Scale. In
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this study ,we analyzed preliminary results
provided by the outcome of 13 patients at 6month-follow-up.
Statistical analyses
Statistical Package for Social Science (SPSS,
version 18) software is used for analysis.

Those who had died 10 patients (83.3%) were
male, and 2 were females (16.7%). While those
who had survived 7(53.8%) were males, and
6(46.2%) were females (Table 5).
Table (5): Gender and fatal outcome.
Gender

RESULTS
Age
The age of the patients ranged from 2 to 66
years, the median was 10 years (Table 1), The
distribution of age groups is shown in the
histogram bellow.
Table (1): Age description
Age in
years

Number

Median*

Minimum

Maximum

25

10

2

66

Gender
Seventeen patients (68%) were males, and eight
were females (32%), as in table 2.
Table (2): Gender distribution
Gender
Male
Female
Total

Frequency
17
8
25

Percentage
68
32
100%

Pattern of injury
The pattern of injury is shown in table 3, from
the more common to the least.

Frequency
14

Percentage
56

6
3
2
25

24
12
8
100%

Table (6): Pattern of injury among fatal cases.
Pattern
injury

Number
of
patients
6

Percentage

2
2
2
12

16.7
16.7
16.7
100.0%

50.0

Associated injuries
Associated injuries were found in 7 patients
(28%), (Table 7).

2
3

Table (4): Outcome

6
Percentage
48
52
100%

Frequency of gender in dead and alive
patients

Type of injury

GOS

Fracture spine C2
(odontoid type 3)
Fracture spine C3
(lamina)
Fracture shaft of
femur
Fracture shaft of
femur
Lung contusions and
pneumothorax
Facial bone fractures
(maxillary
and
mandible)
Contusion of right
lung

1

Number

4
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of

Road
Traffic
Accident
Fall from High
Trauma
Bullet
Total

1

Frequency
12
13
25

83.3
16.7
100.0%

Frequency of pattern of injury in dead and
alive
Frequency of patterns of injury among dead and
alive groups is shown in table 6.

Outcome
Thirteen patients had survived (52%), and
twelve died (48%) (Table4).

Outcome
Died
Alive
Total

Percentage

Table (7): Associated injuries.

Table (3): Pattern of injury
Pattern of injury
Road
Traffic
Accident
Fall from High
Trauma
Bullet
Total

Male
Female
Total

Number
of
patients died
10
2
12

5

7

5
5
4
3
5

1
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Main statistical analysis
Age: Difference in the median of age between
dead and alive groups statistically was not
significant according to P-value of log
transformation (Table 8).

Gender: The difference in the frequency of
gender distribution among fatal and non-fatal
cases was also not significant (Table 9).

Table (8): Significance of age between dead and
alive groups.

Gender

Dead(N=12)

Male
Female

N(%)
10(83.3)
2(16.7)

Outcome
Age

Dead
(N=12)
Median
(Range)
15(3-66)

Alive
(N= 13)
Median
(Range)
9(2-60)

T-test

P-value

1.43

NS*

*Not Significant, P-value of log transformation
Mean confidence interval (CI)
There was no significant difference in age
distribution among fatal and non-fatal severe
head injury.

Table (9): Significance of gender between dead
and alive groups.
Alive
(N= 13)
N(%)
7(53.8)
6(46.2)

Chisquare

Pvalue

2.5

NS*

S-100B and GCS: The median of S-100B in the
dead group was 0.35µg/l, and of GCS was 4,
while in alive group it was 0.17µg/l, and GCS
was7 (Table 10). Who survived only 2 (pt. no.
16 & 20) had disabilities (GOS of 4 & 3,
respectively), the remaining had GOS of (5).

Table (10): Significance of S-100B and GCS between dead and alive groups
Outcome
Serum S-100B on
Admission
GCS on Admission

Dead (N=12)
Median (Range)
0.35(1.83-0.127)
4 ( 6- 3)

Alive (N= 13)
Median(Range)
0.17(0.86-0.09)
7 ( 5-8)

U-test*
37
4.0

P-value
0.013(significant)
0.000 ( highly significant)

*Mann Whitney test (non-parametric)
When testing for difference between dead and
live cases in regard to the serum S-100B
measurement, Mann Whitney test showed
statistically significant difference among them at
the time of admission.
Also for GCS score, we found highly significant
difference among dead and alive cases at time of
admission.
Box plot (the middle line is median) and the
upper and lower short line are maximum and
minimum values.

Controlling variables
There was significant relationship between the
outcome (dead and alive) and the measurement
of serumS-100B on admission, with more likely
of high value of serum S-100B for dead cases
than those who stayed alive, rpb* = ―0.375 with pvalue of 0.032. However, such relationship
becomes non-significant when we controlled
(adjusted) for age, gender and pattern of injury
with r = ―0.225 and p-value of 0.157(Table
11)..

Table (11). Correlation with and without controlling variables.
Control variable
None
Age, Gender and
Pattern of Injury
None

Variable
S-100B Admission
S-100B Admission

Variable
Dead or Alive
Dead or Alive

Correlation
rpb = ―0.375 **
r = ―0.225

P-value*
0.032
0.157

S-100B Admission
S-100B Admission

Spearman’s
rho=―0.3
r =―0.188

0.071

Age, Gender and
Pattern of Injury

GCS on
Admission
GCS on
Admission

0.202

*p-value of <0.05 is significant.
**rpb stands for point biserial correlation.
Relation between S-100B and GCS is an inverse relationship.
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Cut-off value
We put a cut-off value of S-100B at admission to
be 0.25 µg/l and its relation to the outcome.
When we look at the outcome (dead and live
cases) of severe head injury in relation to cut-off
serum S-100B measurement ( < 0.25 compared

to > 0.25) at the time of admission, there was no
statistical significant with chi-square of 3.23.
Although more dead cases were having higher
serum S-100B (> 0.25) than live cases, however,
such a non-significant result was most likely
due to the small sample size (low power).

Table (12): Chi-Square test for the outcome in relation to the cut-off serum S-100B measurement at
time of admission.
Outcome

Dead (N=12)

Alive (N= 13)

Serum S-100B > = 0.25
< 0.25

Number of patients (%)
7 (58.3)
5 (41.7)

Number of patients (%)
3 (23.1)
10 (76.9)

Chisquare*

P-value

3.23

NS*

*Fisher’s Exact Test
Hazard Ratio (HR)
HR of dead and live cases of severe head
injury in related to cut-off serum S-100B
measurement* ( Table 13).
Table (13): Hazard Ratio.
Control
variable
Age, Gender
and Pattern of
Injury

HR
1.701

95% Confidence
Interval
0.57, 5.08)

P-value
NS**

*cut-off serum S-100B is 0.25µg/l
**not significant

S-100B( admission)
S-100B( day 3)
S-100B ( day 10)

Table (14): Descriptive Statistics(S-100B).
Median
Minimum
Maximum
0.175
0.087
0.86
0.125
0.068
0.671
0.091
0.067
0.275

When looking at which measurement of serum
S-100B were significant from each other,
although the serum S-100B median level at time
of admission ( 0.175) was higher than serum S100B level on day 3, the non-parametric
Wilcoxon Signed Ranks test demonstrated that
such observation was statistically not-significant,
the same was for serum S-100B on day 10 (

GCS on admission
GCS( day 3)
GCS ( day 10)

Descriptive statistics
Serial measures of S-100B and GCS (admission,
day3, and day10) and their correlation and
significant. When we are looking at the serial
measurement of serum S-100B ( on admission,
day 3 and day 10) and whether it is significantly
decreasing along time for those who stayed
alive, there was statistically significant lowering
of the serum S-100B measurement for alive
cases along the first 10 days of admission,
Friedman Test with X2(2) = 14.22, p < 0.01.

Chi-square
14.22

P-value
0.001

median= 0.091) and day 3 ( median= 0.125).
However, the only significant result was when
comparing serum S-100B at the time of
admission (median= 0.175) and serum S-100B
on day 10 (median= 0.091). However, clinical
significance is always superior to the statistical
significance.

Table (15): Descriptive Statistics(GCS).
Median
Minimum
Maximum
7
5
8
8.5
7
12
10
9
14

Chi-Square
23.53

P-value
0.000

There was highly statistically significant increase in GCS among alive cases during the first 10 day of
admission, with Friedman Test of X2(2) = 23.53, p < 0.001.
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the score were significantly less for day
Table (16): Test Statistics (GCS)*.
compared
to
day
10
GCS( day 3) GCS ( day 10)
GCS ( day 10) -3(median-=8.5)
GCS on
- GCS on
GCS( day 3) (median=10).
When we look at the relationship between GCS
admission
admission
and serum-100B measurement during follow up
-3.097
-3.074
-3.104
of 10 days for non-fatal severe head injury, there
.002
.002
.002

Z
Pvalue
* Wilcoxon Signed Ranks Test

For the GCS, the score were significantly lower
when comparing at time of admission (Median=
7) than day 3 (Median=8.5) and day 10
(Median= 10). Also between day 3 and day10,

is inverse association between them along the
first 10 days with r=―0.376 and it is significant.
However, when taking out the effect of covariates such as age, gender and pattern of injury
and make the relationship more pure, the
correlation becomes less ( r=― 0.148) and nonsignificant.

Table (17): Correlation between S-100B and GCS during follow-up.
Control variable
None
Age, Gender and
Pattern of Injury

Variable
S-100B during
follow up
S-100B during
follow up

Variable
GCS during follow
up
GCS during follow
up

The above figure support the previous finding
that with the follow up of alive cases during the
first 10 days of admission, there were continuous
rising up of GCS as indicated an improvement in
general condition of patient including
neurological system with corresponding
lowering of serum-100B throughout the first 10
days of admission, we can conclude that initial
and serial measurement of serum-100B could be
an indicator for predicting the outcome of patient
by measuring GCS. Future studies with bigger
sample size may delight more on such
relationship.
DISCUSSION
In this study we evaluate the potential role of S100B as an early predictive marker for prognosis
and outcome in severe head injury. Our results
confirm that those patients with good outcome
(52%) had initial S-100B median of (0.17µg/l),
while those with poor outcome S-100B median
was higher (0.35 µg/l), and this was clinically
and statistically significant (p-value = 0.013). So
S-100B concentration is inversely related to the
outcome. This is consistent with the published
articles by A. Raabe,(1999) and W J
Townend,(2002).
There was significant relationship between the
outcome (dead and alive) and the measurement
of serum S-100B on admission. However, such
relationship becomes non-significant when we
controlled (adjusted) for age, gender and pattern
of injury with r = ― 0.225 and p-value of (
0.157). Also the time of first blood sampling has

Correlation
Spearman’s rho= -0.376

P-value**
0.017

r= -0.148

0.341

a role in these results, because half life
(clearance) of serum S-100B is about 3 hours.
When we put a cut-off value for the S-100B to
be (0.25µg/l) as a mean for both groups still
statistically not significant, while the hazardous
ratio was 1.7 which means a patient with S100B > 0.25 µg/l has 1.7 times (70%) more risk
for poor outcome than others with levels < 0.25
µg/l.
Such non-significant result is related to the
sample size, and future study with bigger sample
size ( > 120 cases) will most likely make the
prediction of serum S-100B measurement on
admission higher for the outcome.
The majority of patients were males (68 %), and
the median age was 10 years.
We are convinced that in severe head injured
victims, the high mortality rate, and high
disability rate among survivors, are due to the
deficiency of some essential steps and tools in
the management and follow up of those victims
starting from the scene of trauma to the intensive
care unit, such as improper transfer system , lack
of initial basic and or advanced life support,
absence of ICP monitoring , and lack of use of
other relevant variable(s), e.g., the one in this
study, the application of which may dictate early
implementation
of
appropriate
clinical
intervention.
CONCLUSIONS
Serum protein S-100B can be used as prognostic
and predictive factor for the outcome in severe
head injury, and could inform management
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decisions to improve the outcome. Higher levels
are associated with poor outcome. S-100B rises
prior to clinical and radiological evidence of
brain damage (at molecular level before
irreversible damage occurs. Patients who have S100B concentration of > 0.25µg/l have higher
risk for poor outcome (70%) than those with
concentrations of < 0.25 µg/l.
RECOMMENDATIONS
1To gain more significant relations
between outcome and S-100B in different age
groups we recommend further expansion of the
study in terms of more patients population and
longer follow-up time.
2Serum protein S-100B is to be done for
all patients with severe head injury soon after
admission (marker for brain damage), and
serially (for any increase which will indicate
secondary damage to the brain, even prior to
clinical and radiological evidence), this could
help in early intervention.
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الرأس الشديدة
ّ  ب كعامل إنذار و توقّع في إصابات011 – الزالل س

الخالصة

الخلفية
 وقد استخدمت وسائل كيميائية. وخاصة يف األطفال و سن البلوغ،إصابات الدماغ هي سبب رئيسي للوفاة والعجز يف مجيع أحناء العامل
Pocro Acyacoorab Fecace )PAFG( , esan u eecice e norue )ESN(  منها، حيوية لقياس تلف خاليا الدماغ
-011B  وحاليا يستخدم،  ولكن كان هناك تداخل ملحوظ بني النتائج يف اجملموعات املختلفة من حيث احملصلة النهائية، Gantec
 عند حدوث. وهي خاصة للغاية بأنسجة الدماغ) هلذا الغرض، rutanoocro  (بروتني صغري عصاري خلوي اليت وجدت يف خالياS
 هنا ميكن االستفادة منها كمقياس لدرجة،اصابة خلاليا الدماغ الغروية تتحرر هذه املادة و تدخل مصل الدم و السائل الشوكي برتاكيز عالية
.الضرر الذي اصيبت به خاليا الدماغ
هدف الدراسة
.) يف مصل الدم و حمصلة االصابات الشديدة يف الرأسS-011B( اهلدف من هذه الدراسة هو البحث عن أي عالقة بني ارتفاع بروتني
الطريقة

 دهوك مع اصابة شديدة يف الرأس/  مستشفى الطوارئ/ ) من املرضى اللذين أدخلوا يف وحدة العناية املركزة52( مشلت هذه الدراسة
 واليوم، يف اليوم الثالث،  مت أخذ عينات الدم عند الدخول.5101  تشرين االول0  إىل5101  شباط0 ) منPCS( باستخدام مقياس
) يف وقت الحق ومقارنتها مع القياساتS-100B (  وأحتفظت يف اجملمدة لقياس تركيز، العاشر وسرعان ما فصل املصل من الدم
.POS  أشهر باستخدام مقياس6  وحالة املريض بعد،)01  واليوم،3  واليوم، (دخول املستشفىGCS املتسلسلة ل
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النتائج

من بني  52مريض الذين مشلتهم هذه الدراسة كان متوسط أعمارهم  01أعوام  01 ،مريض ( )٪ 66من الذكور و  )٪ 35( 6من
اإلناث ،و كان السبب حوادث الطرق واملواصالت ،)٪26( 01سقوط من علو ،) ٪51( 6ضربات الرأس ،)٪ 05( 3و طلق ناري 5

(.)٪ 6
جنا  )٪ 25( 03من املرضى ،وتويف  ،)٪ 16( 05و متوسط مستوى  S-100Bبني املرضى على قيد احلياة كان ( ،)1.01µg/lيف
حني كان بني املرضى املتوفني ( ،)1.32µg/lوكان هذا ذات داللة (امهية) إحصائية بالغة (.) lrose 1.103
االستنتاج
هناك عالقة عكسية بني القياسات املتسلسلة من بروتني مصل الدم  , S-011Bو  PCS uenaeيف االوقات نفسها  ،وأيضا بني
الرتكيز األويل ل  S -011Bوحمصلة االصابات البالغة يف الرأس .وميكن استخدام  S -011Bللتعرف على املرضى الذين على األرجح
سيكون هلم نتائج سيئة بعد إصابة بالغة يف الرأس.
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ABSTRACT
Ultrasonic preparation of a series of Azomethine derivatives via efficient condensation of various aromatic
aldehydes with different aromatic amines without solvent is described in high yield as well as environmental
friendship reaction in organic synthesis. The advantages of this friendly, economically, environmentally and mild
method are the simplicity of the reaction procedure, high product yields and very short reaction times.
Keywords: Sonochemistry, Schiff-base, Aromatic aldehydes, Aromatic amines

INTRODUCTION
The chemistry of the carbon-nitrogen double
bond plays a vital role in the progresses of
chemistry science [1]. During the past decade,
life-threatening infectious diseases caused by
gram positive and negative pathogenic bacteria
have increased to an alarming level around the
world. This increase coupled with emergence of
bacteria resistant to commonly used antibiotics
has resulted in the need to evolve new classes of
antibacterial agents to combat infections.
Understanding the chemistry of molecular
biology has created a significant class of
compounds that are now employed as
antibacterial agents. A class of compounds that
has shown great promise in this area are the
Schiff bases [2]. A Schiff base is the nitrogen
analogue of aldehyde in which the C=O group is
replaced by a C=N group. Schiff bases are well
known in the pharmaceutical industry and have
been shown to possess a broad spectrum of
biological activities [3].
In light of these significances, a variety of
synthetic strategies have been developed for the
preparation of Schiff base, despite the progress,
the synthesis of these compounds remains less
than ideal [4]. Here, we try to synthesize
derivatives by unconventional techniques.
Although many research have been came out for
the synthesis of them but effect of ultrasound
waves in chemical reaction have not been fully
understood yet. Ultrasonic-assisted organic
synthesis as a green synthetic approach is a
powerful technique that is being used more and
more to accelerate organic reactions [5].
The solvent-free approach to the synthesis of
molecules is an attractive one since the
majorities of solvents are either toxic or
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flammable and add considerably to the cost of an
overall synthesis. In many instances, the solventfree approach allows shorter reaction times,
improved selectivity and easier separations and
purifications than conventional solvents [6-9].
Compounds containing azomethine group (–
C=N–) in the structure are known as Schiff
bases, which are usually synthesized by the
condensation of primary amines and active
carbonyl groups. Schiff bases are important class
of compounds in medicinal and pharmaceutical
field. They show many biological applications
[10-14].
Ultrasound technique has been considered as
a clean and useful protocol in organic synthesis
in the last three decades. The use of Ultrasound
to promote chemical reactions is called
Sonochemistry. The effects of Ultrasound
observed during organic reactions are due to
cavitations, a physical process that creates,
enlarges, and implodes gaseous and vaporous
cavities in an irradiated liquid. Cavitations
induces very high local temperatures, and
pressures inside the bubbles (cavities), leading to
turbulent flow of the liquid and enhanced mass
transfer [5].
Compared with traditional methods, this
technique is more convenient and easily
controllable. A large number of organic
reactions can be carried out under milder
conditions in shorter reaction times providing
higher yields under ultrasound technique [15].
Many homogeneous and heterogeneous
reactions can be conducted smoothly by
sonication to improve yields with increased
selectivity.
Recently
2-methoxy-6-[(4methylphenyl) imino] methylphenol (Schiff
base) was synthesized using ultrasonic technique
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[8]. The aim of this research project is to screen
simple and economic methods for the
preparation of Azomethine derivatives, and
studding the antibacterial activity of some of
them.
Experimental
Infrared spectra were recorded at room
temperature from 4000 cm-1 to 400 cm-1 with
KBr pellets at a resolution of 4cm-1, using
Thermo Mattson IR.300 Spectrometer. Most of
the obtained vibration bands of the IR spectrum
were identified and compared with those
available in literature. The 1H (300MHz) NMR
spectra was measured using TMS as internal
reference. Melting points were determined in
open capillaries using electro thermal 9100
digital melting point apparatus and are
uncorrected. All reagents were used without
further purification. The Ultrasonic-assisted
condensation of aryl aldehyde and aryl amines
were carried out in electronics Ultrasonic cleaner
JP-060S (with a sequence of 30 KHz and a
normal power 250 w). Chemical shifts are
quoted in parts per million and the abbreviation

CHO

used s= singlet, d=doublet, t=triplet, m =
multiplet, br =broad.
The percentage compositions of the elements
(CHNS) for the compounds were determined
using an Elemental analyzer CHNS Model Fison
EA 1108. All reactions were monitored by TLC
(aluminum foil-backed, 0.25mm silica gel 60
F254; Merck).
General Procedure for the preparation of
Schiff base (3a-i)
Three mmol aryl aldehyde 1 with equal mole
aryl amines 2 were mixed together at ambient
temperature in an Erlenmeyer flask (25 ml) after
dissolving the solid one in minimum amount of
ethanol. The mixture was subjected to Ultrasonic
waves for an optimized time at room
temperature (Table 1); the crude products were
re-crystallized with ethanol to obtain 3.
RESULTS AND DISCUSSION
In using ultrasound promoted condensation
reaction of Aromatic aldehyde and aryl amines
displayed the convenient practicing way for
forming a series of Schiff bases (Scheme 1).

H
C N

H2N

R2
R1

1

R1

R2

3a-i

2
Scheme 1

The first preparation of imines was reported in
the 19th century by Schiff (1864) [16]. Since then
a variety of methods for the synthesis of imines
have been described [17]. Synthesis of Schiff
base is often carried out with acid-catalyzed and
generally by refluxing the mixture of aldehyde
or (ketone) and amine in organic medium.

However, with the assistance of Ultrasound
technique, it was found that the condensation
reaction of aryl aldehyde and various aryl
amines could proceed fast and efficiently
without solvent (Table 1). The products could
be purified simply by re-crystallization in an
appropriate solvent.
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Table (1): Preparation of Compounds 3a-i
No.
a

R1
-OH

R2
-H

Product

%Yield
52

CHN

Time(mint) M.P, oC
2
53-54

OH

b

-OH

-CH3(P)

H
CN
OH

c

-OH

-OCH3

98

2

99-101

70

2

67-68

95

2

188-189

90

1

180-182

71

2

52-53

93

2

94-96

CH3

H
C N
OCH 3
OH

d

-OH

-CH2C6H4NH2(P)

CH=N
OH

H 2N

e

-OH

H
C N

-NH2(p)

OH

f

-H

-H

g

-NO2

-H

NH 2

HC N

HC N
O2 N

Table (2): Infrared absorption band (cm-1) assignments for compound 3a-g
No.

Product (Schiff base)

v(N-H)

v(C=N)

v(C-O)phenolic

A
B
C
D
E
F
G

(Z)-2-((phenylimino)methyl)phenol
(Z)-2-((p-tolylimino)methyl)phenol
(Z)-2-((3-methoxyphenylimino)methyl)phenol
2-((4-(4-aminobenzyl)phenylimino)methyl)phenol
(E)-2-((4-aminophenylimino)methyl)phenol
(Z)-N-benzylideneaniline
(Z)-N-(4-nitrobenzylidene)aniline

3414
3413
3414
3412
3412
3413
3415

1616
1617
1601
1617
1611
1624
1617

1274
1282
1286
1283
1281
-----------
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Table (3): Elemental Analysis for compound 3a-g
No. Chemical Formula
(%) calculated, Found
a
C13H11NO
Cal. C, 79.16, H, 5.62, N, 7.10
Fnd. C, 79.12, H, 5.72, N, 7.15
b
C14H13NO
Cal. C, 79.59, H, 6.20, N, 6.63
Fnd. C, 79.48, H, 6.28, N, 6.69
c
C14H13NO2
Cal. C, 73.99, H, 5.77, N, 6.16
d

C20H18N2O

Fnd. C, 73.98, H, 5.74, N, 6.11
Cal. C, 79.44, H, 6.00, N, 9.26

e

C13H12N2O

Fnd. C, 79.40, H, 6.08, N, 9.28
Cal. C, 73.56, H, 5.70, N, 13.20

f

C13H11N

g

C13H10N2O2

Fnd. C, 73.52, H, 5.75, N, 13.22
Cal. C, 86.15, H, 6.12, N, 7.73
Fnd. C, 86.18, H, 6.10, N, 7.75
Cal. C, 69.02, H, 4.46, N, 12.38
Fnd. C, 69.09, H, 4.48, N, 12.32

Table (4): 1H-NMR spectral data (δ, ppm) for the synthesized compounds (3a-g)
Comp.
(-CH=N-)
aromatic protons
(-OH)
a
3.34
6.96-7.67
8.95
b
3.31
6.95-8.95
8.95
c
3.35
6.54-7.65
8.96
d
3.27
6.44-7.60
8.91
e
3.31
6.36-7.67
8.85
f
3.36
6.98-7.96
g
3.36
7.31-8.75
Table (5): 13C NMR spectral data (δ, ppm) for the synthesized compounds (3a-g)
Comp.
(-CH=N-)
aromatic carbons
(-CH2-) (-CH3)
a
121.8
117.06-163.94
b
121.66
117.01-162.99
21.06
C
121.85
110.88-161.45
50.22
d
116.99
114.41-146.75
31.1
e
122.87
114.65-163.55
f
121.42
126.41-136.52
g
121.68
124.36-159.121
The IR of each compound confirms the
formation of imine bond (–C=N-) and absence of
the original aldehydic bond (-C=O). A band at
1601-1624 cm-1 is assigned to the stretching
vibration of the imine group v (C=N). All the
compounds except (3f, 3g) displayed a band at
1274-1286 cm-1 which is assigned to v(C-O)
stretching vibration of the phenolic – OH,
respectively. All the compounds displayed a

band at 3412-3415 cm-1 which is assigned to v
(N-H). Proton NMR showed sharp singlet at
3.27-3.36 ppm (s, 1H, CH=N) which further
confirmed the formation of –C=N- bonds.
Antibacterial activity of Schiff bases
Table (6) exhibits the zone of bacterial growth
inhibition of the Schiff bases, and the effect of
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the Schiff bases against three types of bacteria
were tested.

5- Xu, H., Liao, W. M. and Li, H. F. (2007). Ultrasonic
Sonochemistry 14, 779. Also 2012, Vol.19, 4, p. 762766.
6- Hai Jian YANG, Wen H49 SUN, Zi, long LI, ZhiMA.
Table (6): The effect of 4 Schiff base on the
(2002). The rapid Synthesis of Schiff-base without
bacterial growth
Solvent under Microwave Iradiation: Chinese Chemical
Schiff
Bacteria
Letters Vol. 13, No.1, P. 3-66.
base
E. Coli Pseudomonas Staphylococcus 7- Atul R., Bendale I., Rohit Bhatt 2. Akhil Nagar 3. Anil
/Aeruginosa
aueus
G. Jadahav 2 and G. Vidyasagau. (2011). Schiff base
A
+
+
Synthesis by unconventional Route: An innovation
+++
Green Appoach, Der Pharma Chemica, 3(2), P. 34-38.
B
+
+
8- Imrie, C., Kleyi, P., Nyamori, V. O., Gerber, T. I. A.,
+
Levendis, D. C. and Look, J. J. (2007). Organomettalic.
D
++
Chemisty, 692, P. 3443.
++
9- Zhaoqi Yang and Pinhua Sun. (2006). Compare of three
ways of synthesis of simple Schiff base, Molbank
G
+
+
M514.
+
10- Satyanarayana, V. S. V., Madhumita, R., Sivakumar.
High active = +++ (inhibition zone = 10(2011). A Microwave-Assisted Synthesis of 2,4,513mm); moderately active = ++
Triphenyl-1H-imidazole Containing Schiff Base
(Inhibition zone = 7-9 mm); slightly active
Derivatives with Potential Antioxidant and Anticancer
= + (inhibition zone = 4-6 mm);
Activities, Asian J. Chem., 23, P. 1212.
Inactive = - (inhibition zone < 6mm)
11- Satyanarayana V. S. V., Sreevani P., Amaravadi S., and
Vijayakumar V. (2008).
CONCLUSION
Synthesis and antimicrobial activity of new Schiff bases
containing coumarin moiety and their spectral
It can be concluded that it is easy and simple
characterization, ARKIVOK, (xvii), P. 221-233.
procedure for the synthesis of some Schiff base
12- Jumat S. Nadia S. (2010). New Schiff base derivatives
using Ultrasonic assisted technique, solvent free,
containing anthracene and 1, 3, 4-thidiazole moieties:
without catalyst, at high yield and at room
Synthesis and Fungicidal activity, PharmTech, Vol.2,
temperature.
No. 1, P. 205-208.
13- Amjid I. Hamid L. Siddiqui C.M. Ashraf. M. and
Acknowledgements
Ahmad G. W. (2007). Weave, Molecules 12, P. 245We are very much grateful to the Almighty
254.
God, the King of Kings and the Lord of Lords
14- Cleiton M. da S, Daniel L. da S, Luzia V. Modolo,
for enabling us to complete this work.
Rosemeire B.Alves, Maria A. de R, Cleide V. B.
Matins and Angelo de Fatima. (2011). Schiff base: A
REFERENCES
short review of their antimicrobial activities J. of
Advanced Res. 2, P. 1-8.
1- Patai S. (1970). The Chemistry of the carbon-nitrogen
15- Ackmez M. CRS Press. (2011). Hand book on
double bond, John Wiley & Sons Ltd., London.
Applications of Ultrasound Sonochemistry for
2- Fessenden, RJ. and Fessenden, JS. (1989). Organic
Sustainability, Chapter 11.
Chemistry, 3rd edition, Brooks/Cole, P. 542-543.
16- Moffett RB. In: Rabjohn N. (1963). Organic synthesis,
3- Dueke-Eze, C. U.1. Fasina, T. M.1* and Idika, N.
Vol. 4. New York (USA): John Wiley & Sons, Inc: P.
(2011). Synthesis, electronic spectra and inhibitory
605-608.
study of Some Salicylaldehyde Schiff bases of 217- Zheng Y, Ma K, Li H, Li J, He J, Sun X, et al. (2009).
aminopyridine, African J. of Pure and Applied
One pot synthesis of imines from aromatic nitro
Chemistry Vol. 5(2), P. 13-18.
compounds with a novel Ni/SiO2 magnetic catalyst.
4- Lednicer D. (1984). The Organic Chemistry of Drug
Catal. Lett, 128 (3-4), P. 465-74.
Synthesis, Vol. III, Wiley Interscience Publication,
New York, 90, P. 283.

114

Journal of University of Duhok., Vol.15, No.2 (Pure and Eng. Sciences), Pp 110-115, 2012

بريؤكة ية كى بةرهةمدار بؤ ئامادة كردن ،رِة وشتةكان ،وة تواناى دذة بةكرتياى هةنديَك لة داتاشراوة كانى
ئةزؤميثني بةهؤى بةركةوتنى شةثؤىل سةرووى دةنط
ثوختة:
َةكانى سةرووى دةنط بؤ ئامادةكردنى زجنريةيةك لة داتاشراوةكانى ئةزؤميثني بة رِيَطاى خةستكردنةوةيةكى
بةكارهيَنانى شةثؤل
بةتواناى هةنديَك لة ئةلديهايدات وة ئةميناتى ئةرؤماتى بةبىَ بةكارهيَنانى تويَنةرةوة ،طرنطى ئةم رِيَطاية ئةوةية كة بةبىَ زيانة
بؤ ذينطة وة رِيَطايةكى ئابوورية ،ئامادةكردنةكةى ئاسانة ،بةرهةميَكى زؤر دةدات لةكاتيَكى زؤر كورتدا.

الوصول المثمر ،الصفات ،و نشاط ضد البكتيريا لمشتقات ازوميثين بواسطة تقنية الموجات فوق الصوتية
الخالصة:
باستعمال تقنية موجات فوق الصوتية مت حتضري سلسلة من مشتقات ازوميثني و ذلك من خالل تكثيف جمموعة من الديهايدات مع
أمينات أروماتية بدون استعمال املذيب .أمهية هذه الطريقه تكمن يف اهنا اقتصاديه ،صديقة للبيئه ،سهله وتعطي نسبه عاليه من الناتج ىف
وقت قصري.
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ABSTRACT
Digital terrain models are basically sets of 3-D point coordinates (E,N,Z) data of a massive cloud of points that
best represent ground surface. In this study two sets of digital terrain models of an area located on the outskirts of
Duhok city were compared. The first set was acquired using GPS technique, while the second set was acquired from
Google Earth mapper data.Two ground surfaces werecreated using these sets of data.Elevation differences between
the two surfaces were evaluated at a regular grid over the area. Differences between the two surfaces range between
-3.5 to 2.5 m. A relationship between point elevations and surfaces difference was derived. Surfaces differences were
decrease with the increases in ground heights.
Keywords: Digital , Terrain , Model , Surface , GPS , Google , Earth , Elevation , Datum

1-INTRODUCTION
Digital terrain models (DTMs) is threedimensional representation of the earth
surfacegiven in digital form [1]. DTM first
appeared in the early fifties to be used for the
calculation of the dimensions, area, and volume
of different engineering projects.
Since DTM data can be utilized to represent
land surface topography mathematically, they
are useful in the production of topographic
maps, earth surface deformation, and
hydrological studies.
Modern surveying techniques allow for
acquiring digitally massive survey data in short
time. These data are mainly ground spot height
stored automatically in the observing
instruments internal memory. In a single day
thousands of spot height data are stored
establishing the base for a full digital terrain
models.
Among the modern observing techniques are
the total station observations, satellite
observations, and GPS.
In this study two data sources are used, the
first is a dense GPS groundobservation of a
selected area having different topographic
nature. The second source was the ready
available data derived from Google Earth
mapper for the same area.
For both models, surface topography was
generated using graphical software allowing for
the production of contour maps and 3-D
surfaces. Since the two models are stored
digitally, it is possible to obtain the difference in
height between the two surfaces and conclude
the pattern of this difference.
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2- DESCRIPTION OF THE STUDY AREA
The test area, figure (1) is located on the
eastern outskirts of Duhok governorate
/Kurdistan region -Iraq.
Study area

Figure (1) the location of the study area relative to
iraq

The test site is located to the north of the
highway connecting Duhok to Erbil city. The
terrainarea is varying from low elevation road
valley to the surrounding rugged Duhok
Mountains, with elevation range between 613m
and 857 m. The UTM boundaries of the area are
as follows:
Minimum Easting = 326262m Maximum
Easting =331615m
Minimum Northing =4076782mMaximum
Northing =4080672m
The total test area is about 4,300,000 sqm.
3- THE GPS SYSTEM
The Global Positioning System (GPS) is a
space-based satellite navigation system that
provides location in all weather, anywhere on or
near the earth surface, where there is an
unobstructed line of sight to four or more GPS
satellites [2].

Journal of University of Duhok., Vol.15, No.2 (Pure and Eng. Sciences), Pp 116-121, 2012

GPS consists of three major segments. These
are the Space Segment (SS),a Control Segment
(CS), and a User Segment (US).The user
segment is composed of
areciver, antenna, and a display for providing
location .A GPS receiver calculates its position
by precisely timing the signals sent by GPS
satellite high above the earth. The receiver uses
the messages it receives to determine the transit
time of each message and compute the distance
to each satellite. These distances along with the
satellites locations are used with the possible aid
of trilateration, to compute the position of the
receiver. When more than four satellites are
available ,the calculation can use the four best or
more than four considering number of channels ,
processing capability , and a geometric dilution
of precision (GDOP) . Using more than four is
an over- determined system of equations with no
unique solution, which must be solved by leastsquares. If all visible satellites are used, the
results are as good as or better than using the
four bestfigure (2).

occupancy. All observed GPS data are referred
to a base station point observed for five days of
occupying and referred to Iraqi National Grid
depending on a first order local vertical control
point no. (45-16) with elevation height of
(486.8159m).
bA readily available DTM data of 1248
points
derived from Google earth mapper
collected at regular grid size of 93 * 76 m were
utilized. Figure (4) shows the Google earth
image and the test area boundaries.

Figure (2) GPS system components

Figure (4) the study area boundaries

4-THE COLLECTED DATA
Two digital terrain models of the test site were
used:
aA total of 24851 points were observed
and their UTM coordinates were recorded using
the Leica GPS1200 system, figure (3). The
system consist of: GPS receiver located at a
base station with itsantenna,rover antenna and
the data collector. The base station was occupied
for 8hours allowing for stable base coordinates.
The coordinates of the base station were used as
a reference to the rover point’s observations.
According to the manufacturer literature, the
vertical accuracy of the base station
=10mm±0.5ppm, and for rover observed points=
20mm± 1ppm.
The base station elevation is that obtained using
GPS observations only during long time

The geodetic datum which is the tool used to
define the shape and size of the earth, as well as
the reference point for the various coordinate
systems used in mapping the earth is the World
Geodetic System, WGS.
Within the World Geodetic System (WGS),
there are several different datum that have been
in use throughout the years. These are
WGS84,72,70, and 60 .The WGS84 is one of the
most widely used around the worldfigure (5) [3].

Figure (3) the GPS Leica1200 system
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Figure ( 5 ) WGS84 ellipsoidal parameters

The GPS and the Google Earthdata are both
referenced to WGS84 datum. Both sets of
coordinates are listed as an E, N, and Z in text
format. Many software packages can handle this
text format, among which is AutoCAD- civil 3D,
and Surfer. In these packages points can be
viewed ingraphical form, and edited.
5 -SURFACE GENERATION
The creation of aaccurate surface and a digital
terrain model (mathematical representation of
earth surface) depends greatly on the number,
accuracy, and location of the pointsused. The
created surface approximates the shape of the
actual ground surface [4].
The software uses the actual field survey
points as node points, joining together all the
data points as a series of non-overlapping
contiguous triangles. These surfaces can be
viewed from different angles and presented as
wireframe and triangular mesh, also any area of
specific interest can be highlighted. Contour
lines can be interpolated mathematically passing
through the triangular mesh.
The two sets of data, the GPS, and the DTM
data were imported separately to AutoCAD
program and two surfaces were created. Contour
interval for both surfaces= 5m
Figure (6) shows the contourmap and 3-D
view generated using the GPS data. Figure (7)
shows the contour map and 3-D view for the
same area generated using the Google Earth
DTM data.Both surfaces have similar contour
line pattern but with a shift in elevation ranging
between -3.5 -2.5 m.
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Figure (6) contour map and 3-D view produced using
the GPS data

Figure (7) contour map and 3-D view produced by
Google Earth DTM data

To create a pattern of the height differences
between the two surfaces the following
procedure was followed
a- The two surfaces are stored separately in
different names within the AutoCAD civil 3D
program.
b- Using the grid volume command, the total
site volume was calculated depending on the
difference in heights between the two surfaces.
c- Using the grid volume command, a grid
volume ticks were generated on a regular grid.
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Figure (8) shows the locations and height ofthe
ticksusing a grid size of 50m in Easting and
100m in Northing. The heights shown in the
figure represents the difference in heights
between the two surfaces.

Tick Points with
Height
Differences

Substituting the tick points coordinates for the
whole area (565points) and solving the equation
on line (www. ZunZun.com) for theequation
parameters, a low correlation factor was
obtained (R-squared: 0.121) [5]. A 3-D plot of
the derived surface and the tick points cloud are
shown in figure (10). Obviously a weak fitting
was obtained. Most of the points appear floating
above the surface. Other mathematical surfaces
were tried yielding similar results.

Figure (8) locations and height differences at tick
points

d- As the data for the tick points are not listed
directly as an output in text format file. A new
group of these points were created manually
point by point by clicking on the screen location
of the tick point and adding to it its elevation.
A third surface is created using the height
difference data obtained using the AutoCAD
program. A contour map, figure (9) was
generated and plotted at interval of 2m.

Figure (9) Height differences contour map

6- RESULTS ANALYSES
Studying the height pattern of the two surfaces
revealed that in all points , the GPS surface is
higher than the Google Earth surface. The height
differences range between -3.5 -2.5m.
To check the correlation between the variation
in height between the two surfaces ( which
range between -3.5m to 2.5 m ) with the local
positions( E,N coordinates of the tick points), a
full cubic polynomialsurface for the whole area
was tried,
equation ( 1) :

z  a  bx  cy  dx 2  fy 2  gx3  hy 3
ixy  jx 2 y  kxy2

...(1)

Where x, y represent the horizontal position of
each tick point on the surface. z represent
elevationdifference, and a,b,c, …etc, are the
polynomial parameters.

Figure (10) the full cubic polynomial derived surface
and the observed points (zun….)
zone

Elevation
range

Number
of points

R2

1

< 650 m

210

0.0577436540559

2

650-700

280

-0.00105335651091

3

>700

75

0.0136500032214

In a trial to obtain better mathematical model
of the surface, the area was divided into 3 zones
havinglimited ranges in elevations asfollows:
The results show a very low correlation
between point positions (E, N) with the
difference in height between the two surfaces.
To obtain a relationship between the elevation
of ground points and the height differences a
cubic two dimension polynomial was tested
using equation (2) (zunzun.com)

y  a  bx  cx 2  dx3

...(2)

Where y represents the height differences, x
represents the ground elevations, and a,b,c,d are
the polynomial coefficients.
Tick points were input to the above
polynomial equation. Solving for the four
coefficients unknowns, the following values
were obtained:
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a = -7.821E+03
b = 3.567E+01
c = -5.3982E-02
d = 2.715E-05
The coefficient of correlation R2 =
0.724344884973
Figure (11) shows a graphical representation of
the best fit function

Figure (11): The cubic 2-D best fit polynomial of
elevations and height differences

The figure shows relationship between point’s
elevations and elevation differences. Elevation
differences decrease with the increase in the area
elevation.
7-DISCUSSION AND CONCLUSION
Digital terrain model are essential tool for
engineer providing him with all necessary data
for topographic mapping and for the design of
the majority of engineering projects. With the
available fast computers and graphic display
screens it is possible to make 3-D presentation to
the Earth surface, computing quantities of earth
work and making all the necessary drawings.
In present work, two surfaces were generated,
the first was a GPS data surface, the second was
generated using Google Earth data. The GPS
point locations were the best to represent the
area topography and ground. The Google Earth
point locations were on a regular grid. On
studying the two surfaces generated from the
two data sets, the following conclusions were
reached:
1The two surfaces are identical in the
topographic shape but having an offset in
elevation range between -3.5 – 2.5 m

120

2The elevation differences between the
surfaces are correlated to some extent to the
ground elevations. As ground elevation increase,
elevation differences decrease.
3No correlation was found between
elevation differences and point positions.
Different models were tried to connect these
differences to the ground positions, not gave
satisfactory results. Even if the area was divided
into smaller zones depending on different height
ranges no correlation was found to connect E, N
coordinates to the elevation differences.
According to this, one can conclude that
elevation differences are not a function of the
horizontal point positions.
4The GPS data observations were made
depending on long time base station
measurements. Having a known base station
orthometric height.
5Having identical shapes surfaces, the
elevation shift does not prevent using any of the
two in the design and the necessary calculations
for the majority of engineering projects.
Quantities of earth work in highway
constructions are not affected by this elevation
shift.
6For further studies comparison can be
made between orthometric elevations on the
local datum, post processing GPS elevations to
evaluate the local differences.
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اخلالصه
النماذج االرضيه الرقميه عباره عن قوائم بااالحداثيات الثالثيه االبعاد كمجاميع كثريه من النقاط لتمثيل شكل سطح االرض  .يف هذا
البحث متت مقارنه جمموعتان من النماذج الرقميه ملنطقه يف ضواحي مدينه دهوك  .يف اجملموعه االوىل مت اعتماد تقنيه ( )GPSيف مجع
االحداثيات و استخدم ( )Google Earth Mapperكمصدر لالحداثيات يف اجملموعه الثانيه  .متت مقارنه و حساب فرق
االرتفاع بني السطحني املتولدين من طريقيت القياس  ,و حساب فروقات االرتفاع بينهما على شكل شبكه تربيعيه منتظمه  .تراوحت فروق
االرتفاعات بني السطحني بني ( -5.3ـ  )5.3مرت .
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ABSTRACT
This study was conducted to predict pregnancy outcome by studying the relation between serum CA 125, AFP and
HPL serum levels and the occurrence of miscarriage in the first trimester, in cases with history of recurrent
pregnancy loss. Serum CA 125, AFP and HPL levels in fifty pregnant women with history of recurrent pregnancy loss
during first trimester were compared to 30 pregnant women with no history of abortion and who have completed the
pregnancy period successfully. The mean level (Mean ± S.E.) of CA-125 in the patients was 80.458 ± 18.044 IU/ml and
in control group was 20.366 ± 7.312 IU/ml. While the mean level of AFP and HPL in the study group were 21.704 ±
8.036 IU/mL and 10.022 ± 4.279mg/L respectively, and in control group were 10.022 ± 4.279 IU/mL and 3.176 ± 0.691.
KEYWORDS: Recurrent pregnancy loss, First trimester miscarriage, CA125, AFP and HPL.

INTRODUCTION
Miscarriage, the commonest complication of
pregnancy, is the spontaneous loss of a
pregnancy before the fetus reached viability. The
term therefore includes all pregnancy losses
from the time of conception until 24 weeks of
gestation (Chard,1991). Recurrent miscarriage,
is defined as three or more consecutive
pregnancy losses, and a range of the
reproductive disorders sharing a common
underlyingcause (Stirrat,1999; Greenwold and
Javniauy,2002). First trimester miscarriage (until
20 weeks gestation) is the most common type of
pregnancy loss, about 80% of miscarriage
happen before the end of first trimester (Haider
and Ghutta,2006). This event suggests that not
only random causes but also some specific
factors must be involved in this type of
reproductive
failure.Historically,
recurrent
miscarriage has been attributed to either genetic,
structural, infective, endocrine, immune, or
unexplained causes (Grimbizis, 2001). So the
review of obstetrical outcomes of decreased and
increased level of one or more of the most
frequently measured maternal serum markers is
very important to investigate the relationship
between these markers and pregnancy loss .This
study focused on the serum level of CA125, AFP
and HPL as a biochemical markers at different
gestational ages in the first trimester for
predicting pregnancy loss, because all of these
markers are widely used to assess the risk of
miscarriage at the early stages of pregnancy (
Fiegler et al, 2003).
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CA125 is a cell-surface glycoprotein antigen
with high molecular weight. This antigen is
secreted from normal tissues, such as; coelomic
epithelium, amnion and their derivatives:
respiratory system, mesenteric organs and
epithelium
of
female
genital
system
(Berek,2002).
An increased CA-125 level is due to genital or
non-genital origins. Such as hepatic diseases,
renal failure, breast, colon and lung cancer,
inflammatory diseases, endometriosis, ectopic
pregnancy, spontaneous abortion and ovarian
cancer. A significant increase in serum CA-125
levelswas also reported in a group of patients
with vaginal bleeding and impending
spontaneous abortion (Schmidt et al, 2001;
Predanic,2000). In pregnancy, CA- 125
increases in the first trimester and return to a
non-pregnancy range in late pregnancy (Speroff
and Fritzm,2005; Cunningham,2005). The
Alpha-fetoprotein (AFP) was first recognized as
a fetal-specific globulin in 1956. It is
synthesized in the yolk sac, gastrointestinal tract
and liver of the fetus. Fetal plasma levels peak at
10 to 13 weeks' gestation and decline
progressively until term, while maternal levels
peak in the third trimester (Cunningham,1997).
The relationship between spontaneous abortion
and maternal serum AFP levels was investigated
between 9 and 25 weeks of pregnancy (Wald et
al, 1977). Higher levels of maternal serum AFP
appear to correlate with a higher incidence of
poor pregnancy outcome (Killam et al, 1991).
Also low maternal serum AFP has been
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associated with spontaneous abortion ( Krause et
al, 2001).
Human Placental Lactogen (HPL) (also
called chorionic somatomammotropin) is a
hormone produced during implantation of a
fertilized egg, and secreted by the placenta.
Several groups of hospital works have
commented on the value of HPL levels taken in
early pregnancy as an indication of outcome of
spontaneous abortion (Walsh and Kossiakoff,
2006). Because this hormone regulates and
coordinates fetal growth, maternal metabolism,
maternal effects relative insulin resistance and
circulating free fatty acids; HPL may optimize
metabolism of nutrients by the fetus in 1st half of
pregnancy ( McGraw,2002). It is may be
deficient in certain abnormalities of pregnancy,
the concentrations of this hormone raised in
serum after the fifth week of pregnancy and
continues to increase at the time of delivery
(Mosbys Medical Dictionary, 2009). The aim of
the current study is to evaluate the relation
between serum AFP, CA125 and HPL as
biochemical markers in the first trimester for
predicting pregnancy loss.
MATERIALS AND METHODS
Sampling
The study was carried out on 80 pregnant
women with mean age 27.3 years range (19-43)
in the obstetrics department of Azadi Teaching
Hospital and Shilan Private Hospital in Duhok
governorate, Kurdistan Region - Iraq. Ethical
committee approval was obtained prior to
common cement of the study and all material
were taken with full patient consent. The
Patients were divided into two groups. The
control group comprised of 30 normal pregnant
women with no history of miscarriage and the
abortion group comprised of 50 pregnant
females with history of two or more pregnancy
losses, and the selection of these samples was
based on the following criteria: All patients had
a previous
pregnancy losses, excluding the
conventional causes of pregnancy loss (i.e. T3,
T4, TSH,17 α-hydroxyprogesterone, estradiol,
estriol,
β hCG), immunological causes
(autoimmune markers – ANA, ds DNA, ACL,
rheumatoid factor) and medical disorders
(hypertension,
diabetes,
fibroid,
uterine
abnormalities, …ect).
From each case (control and miscarriage)
blood samples were collected under aseptic
condition; for control group, blood sample was

taken during first trimester of pregnancy from
the healthy women who do not have any
previous abortion, while for study cases, blood
samples were taken immediately after or at the
time of abortion and then the serum is separated
and stored at deep freeze for the estimation of
the level of serum CA125, AFP and HPL.
Biochemical Study
The serum level of CA 125 was estimated by a
two-site Chemiluminescent Immunometric assay
using Immulite analyzer and commercial
diagnostic kit (Immulite, Simens Medical
solution diagnostic, Los Angeles, USA, OV.).
Immulite uses a murine monoclonal antibody for
the capture and a rabbit polyclonal antibody for
detection of the CA 125. The monoclonal
antibody which forms the basis of specificity for
the kit, recognize a repetitive protein
determinant expressed in the protein core of the
CA 125 antigen. (Nustad et al, 1996)
The serum level of AFP and HPL were
estimated by using a Gen Way Biotech, Inc kit,
which is a solid phase enzyme-linked
immunosorbent assay (ELISA) based on the
sandwich
principle
according
to
the
manufacturer instructions. Data analyzed by
using SPSS (version 18.0) program. Values were
calculated and expressed as mean with the
Standard Error (S.E.). Independent sample, Ttest was used to compare these data between the
two groups. P < 0.05 was regarded as significant.
RESULTS
The CA-125 mean value in the patients,
whose pregnancy was terminated before 20th
week of gestation (First trimester miscarriage)
were 80.458 ± 18.044 IU/ml in compare with
control group (ongoing pregnancy) were 20.366
± 7.312 IU/ml. Therefore, there were statistically
significant difference between these two groups
in serum CA-125 levels according to the
statistical analysis (p > 0.003).
While the mean level of AFP and HPL in the
patients, whose pregnancy was terminated
before 20th week of gestation were 21.704 ±
8.036IU/mL and 10.022 ± 4.279mg/L
respectively, while the control group were
10.022 ± 4.279 IU/mL and 3.176 ± 0.691
respectively. So There was no significant
difference between two group in concentration
of AFP and HPL level according to the statistical
analysis (p > 0.204 for AFP and p > 0.192 for
HPL) (Table. 1).
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Table 1. The values of CA 125, AFP and HPL
between study and control group
Parameters

Patients
Mean ± SE

Controls
Mean ± SE

P_ value

CA 125
(U/mL)

80.458 ±
18.044

20.366 ±
7.312

0.003**

AFP (IU/mL)

21.704 ±
8.036

10.022 ±
4.279

0.204*

HPL (mg/L)

2.198 ± 0.253

3.176 ± 0.691

0.192*

** = significant according to independent
sample t-test.
* = non-significant according to independent
sample t-test.
DISCUSSION
It is clinically important to predict the outcome
of patients with history of recurrent abortion at
an early stage of gestation. The prognostic
predictive value of maternal serum CA125
measurement was investigated in different
studies with conflicting results. In one study, the
mean serum CA125 level of the patients with an
unfavorable
pregnancy
outcome
was
significantly higher than that of the patients with
a favorable outcome (Ocer et al, 1992).
In another study, it was found that at 4 to 8
weeks of gestation the mean value for serum
CA125 in patients with successful outcome was
significantly higher than that in patients who
aborted (Schmidt et al, 2001). (Sedigheh Ayaty
et al, 2007) and (Ibtisam and Amal, 2010) found
that the mean level of CA-125 in finally aborted
patients was greater than level of CA-125 in
normal pregnant women, who continue to term.
A significant increase in serum CA-125 levels
was also reported in a group of patients with
vaginal bleeding and impending spontaneous
abortion. It was concluded that the extension of
decidual destruction and trophoblast separation
from decidual cells was the major source of the
maternal serum CA-125 elevation. So, the
results of the present study are in line with the
results of several studies (Schmidt et al, 2001;
Predanic et al, 2000) in terms of the high levels
of CA-125 in early gestation of pregnancy could
be an early signal in determining the progression
to the pregnancy loss.
On the other hand, in the present study, serum
AFP showed no statistical significant differences
between the control group and women who
aborted at first trimester. In the study that carried
out by (Wald et al,2005) found that Seven out of
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126 (5·6 per cent) women who had spontaneous
abortions had raised maternal serum AFP levels
at their antenatal booking visit compared to 4 out
of 247 (1·6 per cent) control patients who were
delivered of single liveborn infants. The raised
AFP concentrations were, however, associated
with spontaneous abortion only if the serum
samples had been taken immediately before, or
at sometime after the abortion was first clinically
suspected. The results of AFP for this study are
consistent with the observation of who noticed
that the high concentrations were associated with
intrauterine fetal death. In legal first &second
trimester abortions, the circulating maternal AFP
levels in post abortion samples were often higher
than before abortion (Krause et al,2001; Baschat
et al, 2002). Maternal serum AFP levels provide
a new means for compared to recurrent abortion
with AFP and HPL. And about the prediction of
the outcome of abortion, we recently found that
a noticeable increase in the maternal serum AFP
concentration is often associated with fetal
distress ( Seppala and Ruoslahti, 1972 ; Ent. 1)
HPL is present only during pregnancy, with
maternal serum levels rising in relation to the
growth of the fetus and placenta (Walsh et al,
2006). The findings of HPL in these studies are
in agreement with (Gau,1977),
which
mentioned that, the tow concentration levels for
HPL reflect increased fetal risk in complications
specific in aborted women & he believed that the
abnormally low HPL values reliably to predict
abortion after first trimester of pregnancy.
(Olaviyikorkal and Pentti Jouppila, 2005) found
in their study that complicated pregnancies with
an unsuccessful outcome, HPL values were low
and decreased in serial samples. A single HPL
determination seemed to be a sufficiently
reliable index of viable pregnancy from the 14th
week onwards, but before that serial HPL
samples would seem to be needed. As
conclusion, the value of AFP and HPL in
recurrent abortions is unclear and cannot be
recommended on routine basis according to this
study. On the other hand CA 125 is sensitive and
specific predictor of outcome in recurrent
abortion, which results the loss of pregnancy.
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دراسة الدالئل البايوكيميائية للتنبأ حاالت الحمل في حاالت االجهاض المتكرر
الخالصة

اجريت هذه الدراسة للتنبأ على نتائج احلمل من خالل دراسة العالقة لكل من  CA125و  AFPو  HPLبني  05عينة من النساء

اجملهضات خالل الفرتة االوىل من احلمل (ثالثة اشهر االوىل) والذين سبق ان حدث هلم االجهاض من قبل مع  05عينة من النساء الغري
اجملهضات وليس لديهم اجهاض سابق .حيث وجد ان مستوى املتوسط ل CA125كان 48.5.. ± 85..08يف النساء
اجملهضات ,يف حني ان مستوى املتوسط يف عينة النساء الغري جمهضات كان  .75.022 ±2.047يف حني كان مستوى املتوسط لكل من
 AFPو  HPLيف عينة النساء اجملضات كانت74.25. ± 8.502و  45.577±..724على التوايل ويف عينة النساء الغري
اجملضات كانت  ..724 =45.577و  .5.244 =0.422ومن خالل نتائج هذه الدراسة تبني ان كل من  AFPو  HPLليس هلم
تأثري او عالقة مع حدوث حاالت اجهاض املتكررة يف حني ان  CA125اكثر حساسية وميكن ان يكون احد االسباب املهمة حلدوث
االجهاض يف مراحل االوىل من احلمل.

ثيظةريَن بايوكيميايى بؤ ثيَبينيكرنا كريارا ذبةرضوونىَ ب شيَوةيةكىَ دووبارةبووى ل دةظ ئافرةتيَن دووطيان
ثوختة
ئةظ ظةكولينة هاتية ئةجنامدان بؤ ثيَشبينيكرنا ئةجناميَن دووطيانيىَ ب ريَكا خاندنا ثةيوةنديا دناظبةرا  CA125و  AFPو
 HPLكو داتاييَن  15ئافرةتيَن زاروكيَن وان ذبةرضووى د ماوىَ دةستثيَكا دووطيانيا وان هاتبوونة وةرطرتن ( دماوىَ سىَ
هةيظيَن دةستثيَكىَ ييَن دووطيانيىَ) كو بةرى هينطىَ ذى ب دووطيان كةفتبوون و زاروكيَن وان ذبةر ضووبون ,هةرديسان
داتاييَن  15ئافرةتيَن ئاسايى ئانكو ييَن زاروك ذبةر نةضووين هاتبوونة وةرطرتن كو بةرى هينطىَ ذى ض زاروك ذبةر نةضووبون.
دظىَ خاندنىَ دا دياربوو كو ئاستىَ ناظنجى يىَ ئةنتيجينىَ  CA125ل دةظ ئافرةتيَن زارووك ذبةر ضووين بريتى بوو ذ
284511 ± 854118ل دةمةكى ئاستىَ ظى ئةنتيجينى ل دةظ ئافرةتيَن زاروك ذبةر نةضووين بريتى بوو ذ .154111 ±24121
ىلَ د هةمان دةمدا ئاستىَ  AFPو  HPLل دةظ ئافرةتيَن زاروك ذبةرضووين بريتى بوو ذ 124251 ± 84511و
 254511±14124ل دويظ ئيَك ,و ل دةظ ئافرةتيَن زاروك ذبةر نةضووين بريتى بوو ذ  14124 =254511و =14221
 .54142ئةجناميَن ظىَ ظةكولينىَ خويادكةن كو  AFPو  HPLض كارتيكرنةكا بةرضاظ يان ثةيوةنديةكا راستةوخو ب
ثةيدابوونا حالةتيَن ذبةرضوونىَ ييَن دووبارةبووى ظة نينة ,ىلَ  CA125ثرت يىَ هةستيارة بؤ ظىَ ضةندىَ و دبيت بهيَتة هذمارتن
ئيَك ذ ئةطةريَن طرنط بؤ رويدانا ذبةرضوونا زاروكان ل دةف ئافرةتيَن دووطيان ل ماوىَ دةستثيَكا كريارا دووطيانبوونىَ.

211

Journal of University of Duhok., Vol.15, No.2 (Pure and Eng. Sciences), Pp127-132, 2012
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ABSTRACT
This study was conducted to investigate the effect of water deficit on five wheat (Triticum aestivum L.) cultivars
that are not sown in Kurdistan yet. They named UmRabi-5, Maamuri-1, Azghar-2, Gidara-2 and Ammar-9. Four
water regimes used, 65%, 45%, 25%, and 10% of field capacity, where 65% regime was indicated as control. Results
showed that the cultivar Ammar-9 was the most cultivar that tolerated the water deficit where it was the only cultivar
that has yield at the lowest water regime (10%). Azghar-2 was the most sensitive cultivar to water deficit because all
its parameters were lowered as much as water regimes were lowered.
KEYWORDS: Wheat, Water deficit, Water regimes, Triticum aestivum

INTRODUCTION
Water deficit is the result of a complex
interaction between metrological conditions, soil
surface conditions, and human activities. Its
impact on environmental and socioeconomic
terms is severe, even in developed societies.
Negative impact consequences depend on both
the magnitude and duration of the precipitation
deficit, but also and to a large extend on the
vulnerability of affected regions (Vogt and
Somma, 2000).
The availability of water is one of the most
limiting factors in crop production, where water
stress is one of the external abiotic factors that
exerts a disadvantage influence on plant and this
factor is below the optimum condition for a plant
growth caused by water (Taiz and Zeiger, 2006;
Hopkins and Huner, 2004; Al-Fakhry, 1981).
Water deficit may cause osmotic dehydration
which effects on the Photosystem II of wheat
(Liu et al., 2006). Studies has shown that the
level of IAA-oxidase activity is affected by
environmental stress in the form of low
temperature (Bolduc et al.,1970), or water
stress(Darbshire, 1971) where it has been shown
in the later experiments that IAA-oxidase
activity increased water stress suggesting that
reduced plant growth in drought. Sakri and
Ismael (2006) investigated that all treatments,
some wheat cultivars, of water stress caused
significant decrease in vegetative growth
parameters, such as number of tillers, flag leaf
area, plant height, and yield components. The
stress resistant acquired by genetic adaptation is
obvious in the multiple morphological and
physiological adaptation of xerophytes against
water loss e.g. reduction of transpiration by thick

cuticles and sunken stomata (Mohr and
Schopfer, 1995).
Water deficit tolerant wheat cultivars can be
characterized by growth response, changes in
water relations of tissues exposed to low water
potential,
stomatal
conductance,
ion
accumulation, and changes in fluorescence
induction parameters under water stress(Taiz and
Zeiger,
2006;
Hopkins
and
Huner,
2004).Consequently, there have been many
suggestions that improvement in yield could be
achieved
by
identifying
physiological
characteristics or traits which could be included
in a set of selection criteria by plant breeders
(Lacape et al., 1998; Alves and Setter, 2000;
Dhanda and Sethi, 2002).
It is well known that the best options for crop
production, yield improvement, and yield
stability under soil moisture deficient conditions
is to develop drought tolerant crop varieties
(Sakri and Ismael, 2006). This study investigated
the water relations of wheat cultivars
productivity under different levels of water
deficit stress.
MATERIALS AND METHODS
a. Planting of wheat cultivars
The experiment was conducted at the
greenhouse in plantarum gardens of the College
of Science, Salahaddin University. The
temperature was controlled by electrical heaters
and thermostated air coolers to justify
temperature around 23-280C. Five wheat
cultivars UmRabi-5, Maamuri-1, Azghar-2,
Gidara-2 and Ammar-9 were grown in plastic
pots (20 cm diameter) containing 5 kg sandy
clay loam soil. Fertilizer mixture of 20:20:20
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NPK, as a solution of 0.1 % per pot was added at
the beginning of planting and once a week
during the experiment period from October till
May2010. Five seeds were sowed in each pot.
One week after emergence the seedlings were
thinned to two per pot.
The plants were subjected to four levels of water
treatments with (3) replications for each cultivar,
the treatments were: 65% of field capacity as
control, 45% of field capacity, 25% of field

capacity and, 10% of field capacity every 72 hrs
as long as the experiment exceeded .
b- Measurement of field capacity
The field capacity was measured according to
Al-Rajabo (1991). A 500 gm of soil was placed
in a glass cylinder where its volume was 375
cm3, 50 ml of water was added to and left for 48
hrs, the dry part below was 320 cm3 inside the
cylinder and the above wet was 60 cm3.

Thus

Hence

Thus

The soil used in this experiment brought from
the quarries of Aski-Kalak, air dried, then sieved
through 2mm sieve. Parameters of the
experiment for vegetative growth characteristics
were number of tillers, flag leaf area (mm2)
which was calculated according to Hunt's
formula (LA = LD X 0.905) (Hunt 1982), leaf
area where the area of upper leaf measured using
Hunt's formula, and plant height (mm) excluding
spike. Yield components also measured
concluding spike length (mm) excluding awns,
number of spikes, number of kernels/spike, and
weight of 1000 kernels.
Statistical analysis had been carried out
according to completely randomized design
(C.R.D.), getting only one treatment that is water
deficit, and using Duncan Multiple-Range
(DMR) test at level 0.05 for comparing between
the means of treatment under the study. All data
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analyzing were accomplished by using SPSS
software program.
Results and Discussion
The results shown in the table that all parameters
of all wheat cultivars were lowered significantly
in water regime 10% field capacity. But each
cultivar has different sensitivity for other water
regimes.
All parameters of UmRabi-5 plants in the testing
regimes lowered significantly as much as water
regime was lowered except the normal leaf area
parameter, there was no significant differences
between the means.
The results, in case of Maamuri-1 plants, for flag
leaf area and normal leaf area showed no
significant differences between means. While all
other parameters showed significant differences

Journal of University of Duhok., Vol.15, No.2 (Pure and Eng. Sciences), Pp127-132, 2012

between means this proves that water deficit
affected the treatments.
The Azghar-2 plants showed significant
differences comparing with the control (65%) in
all parameters. The means were lowered
according to high water deficit, in other words,
decreasing field capacity.
The Gidara-2 wheat plants were with no
significant differences between the means in the
number of tillers and normal leaf area, but other
parameters there were significant differences
between the means and they lowered as much as
water regimes are lowered.
Ammar-9 wheat plants have no significant
differences between means for number of tillers.
While all other parameters varied in their
differences between means in a significant case
which differs from case to case.
The yield (number of kernel/spike and one
thousand kernel weight) of all plants at water
regime 10% were zero except for Ammar-9
where the yield (number of kernels and kernel
weight) was lowered significantly. Others find
that the absolute grain yield genotypes were
found to be drought tolerant because of their
osmotic adjustment (Akram et al., 2004; Singh
and Singh, 1989). In other studies it has been
investigated that the yield average were lowered
as much as soil water depletion levels and results
indicated that more frequent irrigations may be

required to optimize wheat grain yield where the
water stress effects on grain filling process in
wheat. Also the water stress has effects on the
indole acetic acid oxidase activity in wheat
leaves (Ahmadi and Baker, 2001; Dhanda and
Sethi, 2002; Husman et al., 1999; Mills and
Todd, 1973). The impacts of these water deficits
on grain development and yield depend on their
severity and the stage of plant growth which
they occur. Seedling emergence is one stage of
growth that is sensitive to water deficit
(Moustafa et al., 1996). It is generally believed
that flowering anthesis, is the stage at which
water should be applied to wheat to insure high
yields (Pope and Hay, 1976).According to these
researches it means that the Ammar-9 cultivar is
the most tolerant cultivar to the drought, while
other cultivars were moderately sensitive or
highly sensitive to water deficit.
The results are not in agreement with those
that had been reported by Schonfield et al.
(1989) where they found that water deficit had
no effect on tiller number and growth rate of
some winter wheat cultivars; this means that
tiller number in case of cultivars used in this
study may be affected by water deficit, because
of significant differences between means in
comparison with control.
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Effects of four water regimes on different parameters of five wheat cultivars.

Plants

N

Mean Number of
Tillers ± S.E.

Flag leaf
area (mm2) ± S.E.

Normal leaf
area (mm2) ± S.E.

Plant height
(mm) ± S.E.

Spike length
(mm) ± S.E.

Number of
kernel /spike
± S.E.

1000 kernel
Weigh (g)
± S.E.

10%

10

1.00 ± 0.00 a

583.80 ± 25.67a

2129.00 ± 75.79a

239.00 ± 8.43a

35.00 ± 7.91a

0.00 ± 0.00a

0.00 ± 0.00a

25%

10

1.60 ± 0.24 ab

2356.20 ± 203.28b

4245.00 ± 647.29b

530.00 ± 29.50b

54.00 ± 4.00b

15.20 ± 1.59b

43.47 ± 1.16b

45%

10

1.80 ± 0.20 b

2973.40 ± 277.78bc

4189.00 ± 418.52b

584.80 ± 27.80b

62.00 ± 3.00b

23.40 ± 0.93c

51.06 ± 2.05c

65%

10

2.00 ± 0.32 b

3711.80 ± 396.83c

3979.60 ± 363.02b

694.00 ± 29.73c

68.60 ± 2.23b

50.60 ± 2.46d

63.60 ± 0.58d

10%

10

2.20 ± 0.20a

1708.20 ± 119.49a

2936.80 ± 254.55a

256.00 ± 11.22a

0.00 ± 0.00a

0.00 ± 0.00a

0.00 ± 0.00a

25%

10

2.60 ± 0.24ab

5544.20 ± 803.55c

3348.80 ± 331.39a

435.80 ± 22.78b

54.00 ± 1.87b

16.00 ± 1.18b

62.27 ± 1.43b

45%

10

3.20 ± 0.20b

5552.60 ± 173.59b

5758.60 ± 699.96b

487.80 ± 35.95b

63.00 ± 2.00c

30.20 ± 1.66c

71.03 ± 6.26b

65%

10

2.00 ± 0.22b

6363.40 ± 1455.82c

6587.20 ± 659.28b

565.00 ± 26.08c

68.20 ± 3.28c

66.60 ± 1.03d

81.96 ± 0.65c

10%

10

2.00 ± 0.00a

0.00 ± 0.00a

2761.20 ± 209.13a

204.00 ± 16.00a

0.00 ± 0.00a

0.00 ± 0.00a

0.00 ± 0.00a

25%

10

2.20 ± 0.20a

1994. 60 ± 346.31b

3457.80 ± 137.45a

458.00 ± 30.78b

69.00 ± 2.92b

24.80 ± 0.49b

39.24 ± 0.88b

45%

10

2.60 ± 0.30b

2335. 80 ± 215.87b

4899.40 ± 208.64b

545.60 ± 4.88c

80.00 ± 0.00c

56.00 ± 1.58c

54.27 ± 0.48c

65%

10

3.60 ± 0.40c

3379. 20 ± 433.81c

6828.80 ± 341.95c

722.40 ± 44.25d

86.00 ± 2.45d

61.40 ± 0.51d

57.21 ± 0.68d

10%

10

2.00 ± 0.00a

0.00 ± 0.00a

2163.60 ± 142.13a

170.80 ± 11.67a

0.00 ± 0.00a

0.00 ± 0.00a

0.00 ± 0.00a

25%

10

3.00 ± 0.00b

1292.80 ± 159.30b

2919.40 ± 180.08b

439.60 ± 10.53b

68.00 ± 1.22b

24.00 ± 1.14b

33.80 ± 1.12b

45%

10

2.80 ± 0.20b

1677.60 ± 94.53b

2107.80 ± 90.55a

547.40 ± 9.67c

69.00 ± 1.00b

43.40 ± 1.69c

44.84 ± 0.83c

65%

10

3.20 ± 0.37c

2286.40 ± 262.05c

2907.80 ± 175.26b

617.20 ± 20.75d

67.00 ± 1.22b

58.00 ± 0.71d

47.61 ± 0.67d

10%

10

2.00 ± 0.00a

3015.00 ±358.62a

3655.80 ± 221.40a

279.00 ± 15.99a

24.00 ± 6.60a

0.60 ± 0.60a

7.80 ± 7.80a

25%

10

2.40 ± 0.24a

5152.40 ± 252.73b

3933.40 ± 220.06a

443.60 ± 21.03bc

69.00 ± 1.00b

25.60 ± 0.51b

52.06 ± 1.41b

45%

10

2.60 ± 0.24a

3088.40 ± 335.52a

4026.00 ± 307.09a

402.00 ± 29.21b

63.00 ± 2.55b

34.20 ± 0.86dc

45.94 ± 2.73b

65%

10

2.60 ± 0.24a

4222.80 ± 347.32ab

5178.40 ± 395.18b

477.00 ± 15.93c

64.00 ± 1.87b

57.20 ± 2.18d

46.27 ± 1.19b

UmRabi-5

Maamuri-1

Azghar-2

Gidara-2

Ammar-9

1.
2.

There is no significant differences in the means that having same letters.
The differences are significant (p< 0.05) in the means having different letters at (Duncan multiple comparison test).
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الخالصة
 هذه األصناف كانت.أجريت هذه الدراسة ملعرفة تأثري نقص املاء على بعض أصناف احلنطة اليت مل تتم زراعتها يف أقليم كردستان حلد اآلن
%25 و%55  و%55  مت استخدام اربعة انظمة مائية على مستويات. 9- وعمار2- وجدارة2- وأصغر1- واملعموري5-أم الربيع
. من السعة احلقلية هي املقارنة اليت على اساسها تقارن بقية املعامالت%55  وقد اعترب النظام املائي،  من السعة احلقلية للرتبة%11و
 كانت أكثر األصناف مقاومة للجفاف حيث أهنا كانت الوحيدة بني األصناف اليت أعطت حمصوالً حىت9-أظهرت النتائج أن صنف عمار
 فقد كان أكثر األصناف حساسية لنقص املاء حيث أهنا2- أما بالنسبة للصنف أصغر.  من السعة احلقلية%11 عند النظام املائي
.ضعفت يف مجيع القراءات وقلت بشكل معنوي مع تقليل ماء السقي
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ثوختة
ئةم تويَذينةوةئةجنامدرا بةمةبةسيت تاقيكردنةوةي كاريطةري كةم بوونةوةي ئاو لةسةر ضةند ضةشنيَك لة طةمن كة لة
كوردستان تائيَستا بةكار نةهيَنراوة .ئةم ضةشنانة أم الربيع 5-واملعموري 7-وأصغر 2-وجدارة 2-وعمار 1-بوون .ضوار
َطةيي خاك  .رِذيَمي ئاو لةئاسيت %55
رِذيَمي ئاو بةكار هيَنرا لةسةر ضوار ئاست  %55و  %55و %25و %71ثيَرِةوي كيَل
َطةيي دانرا وةكو كؤنرتؤلَ كة لةسةر ئاسيت ئةو بةرهمي ئاستةكانرت بةراوورد دةكريَ .ئةجنامةكان دةركةوت
لة ثيَرةوي كيَل
كة ضةشين عمار 1-زياتر لة هةموو ضةشنةكان تر بةرطريرت بوو بؤ ووشكايةتي وكةمبوونةوةي ئاو ضونكة تةنها ئةو بوو كة
َطةيي .ضةشين اصغر 2-لة هةموو
بةرهةمي هةبوو لة ئاسيت هةموو رِذيَمةكاني ئاو تةنانةت لة رِذيَمي  %71ثيَرِةوي كيَل
َطةيي خاك نزم
ضةشنةكاني تر هةستدار بوو بؤ كةم بوونةوةي ئاو ضونكة هةموو ئةجنامةكاني لةسةر ئاسيت هةموو ثيَرِةوي كيَل
دةبوو بةطويَرةي كةم بوونةوةي ئاستةكة.
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ABSTRACT
This study was conducted to assess the effects of orally administrated Hypericum triquetrifolium for 30
consecutive days in local rabbits under shadow and exposed to direct sun light. Evaluation of the potential effects of
the plant depended on some hematological parameters, liver and kidney function indicators. For these purposes, 40
local rabbits between ages of 6-9 months of both sexes were randomly divided into 2 experimental groups, and each
group was also subdivided into 2 subgroups of 10 rabbits each as a control and treated groups. In the first experiment,
animals were not exposed to direct sun light, while in the second experiment, animals were exposed to direct sun light
daily for 30 minutes in the morning.
The results of the current study indicated that treated rabbits not exposed to direct sun light did not show any
obvious behavioral changes as well as no significant changes showed in the most of hematological parameters, liver
and kidney function indicators. While, treated group exposed to direct sun light showed prominent clinical signs of
photosensitization, significant changes in most of hematological parameters, liver and kidney function indicators.
These changes may be resulted from photoactivation of accumulated hypericin in cellular membranes that might
produce high amount of reactive oxygen species (ROS) resulted in oxidative damages to the tissues. Hematological
examinations showed significant decrease in the RBC count, Hb and PCV values, platelets and WBC counts and
absolute number of lymphocytes, while the absolute number of reticulocytes and eosinophils significantly increased.
Biochemical measurements showed significant increase in the alanine aminotransferase, gamma glutamyl transferase,
alkaline phosphatase and bilirubin (total and indirect), creatinine and urea, while total serum protein and serum
albumin significantly decreased.
In conclusion, findings of the present study suggest that the plant is not toxic without direct sun light exposure
in local rabbits. While treatment along with direct sun light exposure has toxic effects characterized by clinical signs
of photosensitization, haemolytic amenia of normocytic normochromic and regenerative types, eosinophilia,
lymphopenia, and acute damages to the hepatiocytes and hepatobiliry system which characterized by uncojugated
hyperbilirubinemia.
Keywords: Hypericum triquetrifolium, Photosensitization, Hematological parameters, Liver and Kidney function indicators

1. INTRODUCTION
Hypericum triquetrifolium Turra is a species
of
annual
plant
of
the
family
Clusiaceae/Hypericacea, which consists of eight
genera and approximately 460 species, sixteen of
which are found in Iraq. The most abundant
herbs of these are Hypericum triquetrifolium
(crispum) and Hypericum perforatum (AlMukhtar, 1975 and Robson, 2006). H.
triquetrifolium potentially causes poisoning of
animals, especially when the pasture is poor due
to drought or over grazing. The plant contains a
toxic
compound
called
hypericin,
a
photodynamic agent which is the major
naphthodianthrones constituent with an intense
red color and phototoxic properties that
responsible
for
the
development
of
photosensitization in animals (Schey et al.,
2000).

Photosensitization is a light induced
dermatitis caused by heightened sensitivity of
the lightly pigmented skin to sun light.
Generally, it is caused by the presence of
photodynamic agents in sufficient concentration
in the circulation and skin. Primary
photosensitization is caused due to ingestion of
exogenous photodynamic agents for e.g.,
hypericin in H. triquetrifolium. Eaten the plants
by animals, hypericin through the general
circulation reaches the skin and when activated
by sun light leads to the photogeneration of free
radical reactive oxygen species (ROS) (Knight
and Walter, 2003 and Alali et al., 2007). These
radicals result in lipid peroxidation and
damaging the cell membranes, and releasing the
histamine and other inflammatory mediators,
which causes clinical signs of photosensitization
(Davids et al., 2008).
Photosensitization is characterized by early
sings of lacrimatiom, congestion of the
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conjunctiva, photophobia and searching of
shadow, anorexia, rising of body temperature,
increasing heart and respiratory rates, hemolytic
anemia and hemoglobinuria. Other signs were
noticed such as skin lesions, initially erythema,
followed by edema, serous exudation, scab
formation and skin necrosis, which are restricted
to the white-skinned areas of skin specially ears
and face (Youkhana et al., 1996 and Radostits et
al,. 2007), as well as post mortem lesions
including the congestion of all internal organs;
liver, kidney, lungs and intestines and
microscopical necrosis and granulation tissue
formation, particularly in the liver and kidney
(Youkhana et al., 1996 and Kako et al., 1993).
The most susceptible species of animals affected
by these herbs are cattle, sheep, horses, goats
and rabbits, especially breeds with large areas of
unpigmented skin (Beasley, 1999).
It has been reported that the pathogenicity of
H. perforatum in Awasi sheep is caused by
hemolytic anemia (Kako et al., 1993). Others
studied the pathology of the H. perforatum and
H. triquetrifolium (crispum) in rabbits, and their
results revealed that H. triquetrifolium was more
toxic (Youkhana, 1996). The H. triquetrifolium
was also studied at different stages of growth
and the results confirmed that the plant showed
its most toxicity at the flowering stage of growth
(Al-Farwachii, 1997).
Hypericum species contain numerous
potentially biologically active constituents
including; hypericin, hyperforin and flavonoids.
Recently, a focus on chemotherapeutic uses of
them was developed in many conditions
including antidepressant, antioxidant, antiinflammatory, antiviral, antibacterial, antifungal,

A

anti-tumor and skin wound healing (Oztürk et
al., 2007; Milosevic et al., 2007 and Saddiqe et
al., 2010).
H. perforatum and H. triquetrifolium were
studied in Iraq, yet, no specific data are available
concerning their impact on the liver and kidney
function indicators in treated animals exposed to
direct sun light and those not exposed and kept
in shadow. Therefore, this study was conducted
in order to study some of clinical, hematological
and biochemical parameters changes in local
rabbits intoxicated with H. triquetrifolium, as
diagnostic aids to determine the deleterious
effects of the plant and to differentiate between
the hematological parameters, kidney and liver
function indicators in the treated rabbits exposed
to direct sunlight and those not exposed to
sunlight.
2. MATERIAL AND METHODS
2.1. Preparation of Hypericum triquetrifolium:
The aerial parts of plant Hypericum
triquetrifolium (stems, leaves and flowers)
(Fig.1) were hand harvested at Khanik
Collective/Duhok Governorate, during the early
stages of flowering time in June 2009
(Townsend and Evan 1980). Then the aerial
plant was air dried indoors at room temperature
to protect it from direct light and then finely
ground, and stored in a dark place at room
temperature.

B

Figure (1): Growth Stages of Hypericum triquetrifolium A: H. triquetrifolium at early stage of
flowering; B: The flowering plant (Kheravii, 2011).
2.2. Laboratory Animals:
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Experiments in this study were carried out
on 40 local domestic rabbits (Oryctolagus
cuniculus) of both sexes with age between 6-9
months and weighing about 1.69 ± 0.24 kg. The
rabbits were housed in cages in the animal house
at room temperature and normal day light
photoperiod, and provided with normal rabbit’s
food (barley and vegetables) and drinking water.
The animals were kept for one week in the
animal house before being used in the
experiments for adaptation of the animals to the
environment.
2.3. Experimental Designs:
Forty rabbits were randomly divided into
two experimental groups, and each experiment
was subdivided into two subgroups of 10 rabbits
for each as follows:
Experiment I:
1. Control I: Group of rabbits (n=10)
received no treatment, and the animals were kept
away from direct sun light for 30 days.
2. Treatment I: Group of rabbits (n=10)
treated with H. triquetrifolium in a dose of 3
g/Kg of body weight daily in a mixture of
ground diets (1:10), and the animals were also
kept away from direct sun light for 30
consecutive days.
Experiment II:
1. Control II: Group of rabbits (n=10)
received no treatment, and the animals were
exposed to direct sun light 30 minutes daily for
30 days.
2. Treatment II: Group of rabbits (n=10)
treated with H. triquetrifolium in a dose of 3
g/Kg of body weight daily in a mixture of
ground diets (1:10) and the animals were
exposed to direct sunlight 30 minutes daily for
30 consecutive days. In all the experiments the
rabbits were exposed to sunlight in the morning.

Absolute number of reticulocytes 

2.4. Collection of Blood Sample:
A Blood sample of (7-8 ml) was collected
from overnight fasted rabbits at the end of the
experiment (after 30 days) by direct cardiac
puncture from anesthetized animals by xylazine
and ketamine. A 21 gauge syringe needle was
inserted into heart through the third left
intercostal space about 4 mm lateral to the
sternum and the blood was drawn into the
syringe (Marshal, 2008). Two ml of blood were
mixed with EDTA anticoagulant tube for
hematological examination, and 5 ml of blood
into tube without anticoagulant was used for
serum separation by centrifugation at 5000 rpm
for 10 minutes, and the serum kept at -20°C until
used for biochemical evaluation.
2.5. Haematological Examinations:
The blood sample in the EDTA tubes was
mixed thoroughly and used for auto-hematology
analyzing by coulter counter (Mindray,
Hamburg/Germany) to obtain hematological
parameters including; RBC count, PCV and
Hemoglobin concentration, RBC indices (MCV,
MCH and MCHC), WBC count, differential
leukocytes count (lymphocytes, monocytes and
granulocytes) and Platelet count.
Equal volume (100 µl) of both blood and
new methylene blue stain was mixed thoroughly
in a small test tube and incubated for 15 minutes
at 37 ºC, Then blood smear prepared and
examined by light microscope (100 x). The
number of reticulocytes per 1000 RBCs was
recorded and calculated its absolute number by
the following formula (Pittiglio and Sacher,
1987).

Reticulocyte %
 Total RBC numbers
100

Thin blood smear was prepared and stained with 10% of Giemsa stain for estimation the relative
numbers of neutrophil, eosinophil and basophil, and then calculated their absolute numbers by the
following formula (Adam et al., 1971).

Absolute numberof Neutrophils 

Neutrophils %
 Total Leukocyte counts
100

3.6. Estimation of some Liver and Kidney
Function Indicators:
Serum
activities
of
Alanine
Aminotranferase
(ALT),
Aspartate
Aminotrasnferase (AST), Gamma Glutamyl
Transferase (GGT), Alkaline Phosphatase

(ALP), Bilirubin (total and direct), total serum
protein, serum albumin, urea and creatinine were
estimated by methods described in the
commercially available kits (BIOLABO SA,
France).
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3.8. Statistical Analysis:
Results were expressed as mean ±
standard error (S. E.) of mean. Unpaired
Student’s-t-test was used for comparison of
parametric data between the control and treated
groups of each experiment. The results were
considered significant at P < 0.05.
3. RESULTS AND DISCUSSION
3.1.
General
Effects
of
Hypericum
triquetrifolium in Local Rabbits:
Hypericum triquetrifolium treatment in the
group of rabbits not exposed to direct sun light
in the morning for 30 days revealed no clinical
signs of photosensitization as compared with the
control group. It has been reported by Meruelo et
al., (1988), the plant did not exhibit toxic effects
in the absence of light because the accumulated
hypericin in the cellular membrane was not
activated and not induce toxic effects. While in
treated group exposed to direct morning sun
light resulted in obvious clinical signs of
photosensitization including, anorexia, searching
for shadow, lacrimation, congestion of

conjunctiva and area around the eye (Fig. 4.1 B),
redness of nose and ears, skin lesions (dermatitis
and edema) (Fig. 4.1 C), itching and swelling of
ears. These signs were observed only in the
white colored local rabbits, while black skinned
animals were almost unaffected (Fig. 4.1 D); it
may be associated with the photoprotective
ability of melanin in the pigmented cells (Hadjur
et al. 1996 and Pearson, 1996).
Clinical signs of photosensitization could be
due to photoactivation of accumulated hypericin
in the skin, which producing high amount of
reactive oxygen species (ROS) initiating
oxidative stress processes by lipid peroxidation,
cell membranes damaging, and explosive
releasing of histamine and other inflammatory
chemical mediators into the surrounding tissue
(Katzung, 2004 and Davids et al., 2008). The
present findings are in agreement with those
reported by Youkhana, (1995); Al-khafaji,
(1996) and Al-Farwachii, (1997) in rabbits fed
with H. Perforatum and H. Triquetrifolium, and
Muslih et al., (1987) and Kako et al., (1993) in
the cattle and sheep ingested H. perforatum.

Figure (2): Clinical signs of photosensitization in the local rabbits treated with H. triquetrifolium
and exposed to direct sun light; A- Lacrimation, B- Congestion of conjunctiva and area around
the eye, C and D- Skin lesions, dermatitis and edema of the ears.
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the findings of Al-Farwachii, (1997) who
detected
leukopenia
accompanied
by
eosinophilia due to the chemotaxis effects of
released histamine during the primary
photosensitivity reaction, on the contrary,
different results were reported by Youkhana,
(1995)
who
found
that
leukocytosis
accompanied by eosinophilia.
The highly significant decrease in the
absolute number of lymphocytes in the treated

animals exposed to direct sun light, it may be
resulted from immunosuppressive effects
induced during photosensitivity reaction by the
plant or from stresses during direct sun light
exposure induced the releasing of corticosteroid
hormone (Douglas et al., 2010). In contrast, AlFarwachii, (1997) reported that leukopenia
accompanied by lymphocytosis whereas
Youkhana, (1995) showed that leukocytosis
accompanied
by
lymphocytosis.

Table (1): Effects of H. triquetrifolium treatment on Hematological Parameters; RBC count, Hb,
PCV, Reticulocyte Count, Blood Indices, Platelet Count, WBC count, and Differential leukocytes
counts (Lymphocytes, Monocytes Neutrophils, Eosinophils and Basophils) (n=10 for each group).
Parameters

Experiment I

Experiment II

RBC Count
106/mm3
Reticulocytes
103/mm3
PCV %

Control 1
6.63 ± 0.35

Treatment 1
6.53 ± 0.56

Control 2
6.96 ± 0.60

Treatment 2
5.91 ± 0.59 **

54.22 ± 9.23

56.56 ± 20.2

61.25 ± 21.14

186.6 ± 63.16***

47.04 ± 2.96

46.63 ± 2.99

48.00 ± 3.91

40.25 ± 3.11 ***

Hb (g/dl)

14.66 ± 0.87

14.73 ± 1.06

14.50 ± 1.51

11.90 ± 0.96 **

MCV (fl)

70.92 ± 2.65

71.61 ± 3.28

69.05 ± 2.20

69.65 ± 1.91

MCH (pg)

22.06 ± 0.78

22.56 ± 1.50

20.38 ± 0.76

20.14 ± 0.77

31.14 ± 0.50

31.44 ± 1.09

29.87 ± 0.63

29.50 ± 0.68

Platelets10 /mm

365.9 ± 105.4

300.60 ± 96.8

308.6 ± 85.2

144.4 ± 94.49 **

WBC Count
103/mm3
Lymphocytes
103/mm3
Monocytes
103/mm3
Neutrophils
103/mm3

10.71 ± 3.55

7.71 ± 2.23 *

7.93 ± 1.15

5.15 ± 2.40 **

4.81 ± 1.893

3.54 ± 1.228

3.55 ± 0.965

1.69 ± 0.813***

0.31 ± 0.12

0.24 ± 0.151

0.25 ± 0.053

0.24 ± 0.201

5.48 ± 2.137

3.82 ± 2.021

4.01 ± 1.253

2.99 ± 1.588

MCHC (g/dl)
3
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membrane damages and releasing most of the
liver enzymes (Stockham and Scott, 2002). A
significant increase in the levels of ALT, GGT
and ALP are predominantly related acute
damages in the hepatocytes and hepatobiliry
system of the liver, because ALT mainly exists
in the cytoplasm and in lower concentration in
the mitochondria of the hepatocytes (Evans,
2005). Kako et al., (1993), reported similar
results in sheep and Al-Khafagi, (1996) in local
rabbits that Hypericum treatments with sun light
exposure led to elevation of both ALT and AST.
Significantly increased serum bilirubin (total
and indirect), it seems to be associated with
excessive destruction of erthrocytes as a result of
developed
photohemolysis
during
photosensitivity reaction which accompanied by
increasing production of unconjugated bilirubin
in the serum at a faster rate than can be excreted
by the liver into the intestine (El-Missiry and
Abou-Seif, 2000 and Valerie and Tina, 2007).
The present findings are in contrast to those
reported by Kako et al., (1993) in sheep where
total and direct bilirubin significant increased.
The highly significant decrease in the levels
of total serum proteins and serum albumin could
be interpreted as an insufficiency of liver

synthesis of albumin, protein loss in
glomerulopathy or enteropathy and it might be
resulted from anorexia developed during
photosenthitization (Hoffmann and Solter,
2008). These results are in accordance with
those reported by were reported by Kako et al.,
(1993) in sheep and by Al-Khafagi, (1996) and
Al-Farwachii, (1997) in the local rabbits, which
showed that Hypericum treatments with sunlight
exposure led to the reduction of plasma protein.
The significant elevation of creatinine may
be attributed to the increased catabolic break
down of the tissues induced during
photosensitization
as
demonstrated
by
decreasing in the body weight gain at the end of
experiment in the treated animals exposed to
direct sun light and\or damages of the nephrons
during photosensitization reaction (Kreutzer,
2008). The significant increment in the levels of
blood urea might be caused by tissues damages,
fever and increased protein catabolism
developed during photosensitization or it may be
related to the impairment of the renal function
(Tennant and Center, 2008). These results are in
accordance with those reported by Kako et al.,
(1993) in sheep and by Al-Khafaji (1996) in
rabbits.

Table (2): Effects of Hypericum triquetrifolium on some Liver Function Indicators such as serum
levels of ALT, AST, GGT, ALP, total serum protein, serum albumin and bilirubin in local rabbits.
Serum parameters
AST (IU/L)
GGT (IU/L)
ALP (IU/L)
Total serum protein
(g/dl)
Serum albumin (g/dl)
Total Bilirubin (mg/dl)
Direct Bilirubin (mg/dl)
Indirect Bilirubin
(mg/dl)
Creatinine (mg/dl)
Urea (mg/dl)
Body weight (Kg)
Before Experiment
Body weight (Kg)
After Experiment

Experiment I
Control 1
Treatment 1
28.60 ± 9.78
25.20 ± 8.50
7.63 ± 3.90
6.98 ± 3.00
56.86 ± 11.82
51.01 ± 17.26
7.19 ± 0.52
6.91 ± 0.99

Experiment II
Control 2
Treatment 2
29.90 ± 7.20
36.30 ± 7.69
7.17 ± 3.02
11.57 ± 4.37 *
51.52 ± 8.72
60.45 ± 7.76 *
6.70 ± 0.88
5.18 ± 0.51 ***

4.39 ± 0.28
0.13 ± 0.14
0.06 ± 0.06
0.07 ± 0.08

4.46 ± 0.46
0.14 ± 0.14
0.06 ± 0.06
0.08 ± 0.08

4.11 ± 0.32
0.15 ± 0.08
0.08 ± 0.04
0.07 ± 0.03

3.03 ± 0.29 ***
0.22 ± 0.07 *
0.09 ± 0.03
0.13 ± 0.05 **

0.70 ± 0.33
42.44 ± 8.14
1.78 ± 0.24

0.71 ± 0.33
44.85 ± 8.22
1.79 ± 0.15

0.74 ± 0.23
41.79 ± 6.69
1.58 ± 0.21

1.01 ± 0.17 **
48.69 ± 4.02 *
1.61 ± 0.28

1.92 ± 0.22

1.84 ± 0.16

1.70 ± 0.17

1.45 ± 0.24*

Significant difference compared with the control groups are shown as: * = P <0.05, ** = P <0.01,
*** = P <0.001.
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ABSTRACT
The effect of deposition temperature on the optical conductivity and optical parameters (extinction coefficient,
real and imaginary dielectric constants) of Cadmium Sulfide (CdS) thin films are investigated. The thin films were
prepared using two cadmium sources, namely, CdSO4.8H2O and CdCl2. The behavior of the extinction coefficient,
refractive index, real and imaginary dielectric constants against variation of both wavelength and deposition
temperature is studied. It was found that films prepared from cadmium sulfate provide more effective optical
conductivity and optical parameters than those prepared using cadmium chloride.
Keywords—Cadmium Sulfide, Chemical Bath Deposition Technique, Optical Properties of CdS Thin Film, Structure
Properties of CdS Thin Film.

1. INTRODUCTION
The chemical bath deposition (CBD)
technique allows producing uniform, adherent
and continuous films in a fast and easy way.
Semiconductor thin films for diverse
technological applications have been prepared
using this technique[Gutierrez. et. al.]. In
particular, for photovoltaic applications, CBD is
a well-adapted technique for the deposition of
the optical window of polycrystalline thin film
based solar cells. Especially dense films with
thickness in the 0.02–0.2m range can be
achieved easily. However, for applications other
than solar cells, Cadmium Sulfide (CdS) thin
films with a thickness above 1m are needed
[Gutiérrez et al.( 2009)].
CdS is an II-VI compound semiconductor and
has an energy band gap of 2.42 eV at room
temperature in bulk materials [Sreekantha et..
al.( 2007)]. CdS thin films have been intensively
studied due to their interesting characteristics
(wide band gap, direct band-to-band optical
transition, high transmittance in visible domain)
[Mahdi M. A.etal.(2009)].Those characteristics
make this compound suitable for many
important applications (economical hetero
junction, solar cell, sensitive photo detectors,
electron-beam pumped lasers, displays, etc). The
previous research works showed that materials
like Iron Halide (FeCl2)[Ugwu (2006)]has
suitable properties such as optical properties,
appropriate band gaps, and dielectric constants
can be used effectively to transmit solar
radiation with crucial wavelength regions for
many
applications [Ugwu (2006), and V.
Ciupina et al. (2008).].This paper represents an
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extent of those works that concern the study of
the optical properties.
The material properties that are of greatest
interest in the previous researches are the optical
properties, dielectric constants, and the band
gaps of the films. These properties arise as a
result of the interaction either between photon
energies and the structure or between the energy
configuration and the optical constants of the
materials. Energy configuration and other
materials properties of the thin films follow
those of bulk materials with only slight
modifications due to surface states. Therefore a
study of these properties and the solid state of
the film would give an idea about transmission,
absorption, and reflectance characteristics of the
materials of the thin films[Ugwu. (2006)].
2. Experimental Work and Theoretical
Calculations
CdS thin films have been deposited onto
glass substrates by CBD technique using two
cadmium sources (CdSO4.8H2O and CdCl2)
(usual method of substrates cleaning was
explained by OladejiI. O. and Chow L. [OladejiI
et al. (1997)]).The chemical reaction was
mentioned by Bonnet et al.[ Bonnet D. et al.].
The deposition equipment permitted to
prepare thin films in different and strictly
controlled condition: Deposition temperature
Td=(50-70) oC, deposition time td=(1050)minutes.
After depositing the film, the transmitted
spectrums were measured using CE595 Double
Beam Digital U.V spectrophotometer, CECIL
instrument. Film thickness was measured by
optical interferometer method using He – Ne
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Laser (0.632 µm) [Milton (1992)].Then the
absorption coefficient (α) for CdS films was
calculated from the transmitted spectrum using
the following equation [Moualkia et al.(2009):
(1)
Where (T) is the transmittance and (d) is the
thickness of thin film.
The refractive index (n) is deduced from the
fringe pattern in the transmittance spectrum (i.e.
in the transparent region), where the absorption
coefficient α≈0[Dinesh et al.(2006)].
The optical conductance () can be calculated by
the following relations [Zhang et al. (2002)]:
(2)
Where (n) is the refractive index and(c) is the
velocity of light.
The extinction coefficient (k), real and
imaginary part of the dielectric constant(r, i )
are given by the relations [Dinesh et al.(2006)]
α
(3)
(4)

Where, ( ) is the wavelength of radiation.
3. RESULTS AND DISCUSSION
Cadmium sources were deposited using the
aforementioned procedure .The deposited films
were mostly in deep yellow color, smooth and
adherent. Then the refractive index, optical
conductivity ,and optical properties were
measured.
3.1. Refractive Index
First the refractive index (n) as a function of
wavelength () was measured for the given
deposition temperature and deposition time. This
6E+12

measure is an important requirement for the
coming calculation.
Generally the refractive index (n)of CdS film
is in the range( 2.58–2.79) for various
conditions. Variation of n as a function of
wavelength for td=50min. and Td=70oCis shown
in “Fig.1”.

Fig.1 Refractive index (n) as a function of
wavelength ()at td=50min. and Td=70oCfor
CdS thin film.
“Fig.1”, shows that the refractive index
decreases with increasing the wavelength. This
result indicates that the crystalline quality is
good and it is in good agreement with previously
published results[Santiago C.(2008)].This results
also gives information about the electronic
polarization, local field and how to determine
the density of colors inside the material [Oladeji
I. O. et al.(1997)].
3.2. Optical Conductivity
i- Optical Conductivity as a function of
wavelength
The optical conductivity () as a function of
wavelength()was calculated from “Eq.2” for
the deposition time( td) and deposition
temperature( Td). Figs.(2-4)show the relationship
between the optical conductivity and wavelength
for both cadmium sources .
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Fig. 2 Optical conductivity for both cadmium sources as a function of wavelength for deposition
temperature (50oC) and (a): deposition time=10minuites (b): deposition time=50minuites.
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Fig.3 Optical conductivity for both cadmium sources as a function of wavelength for deposition
temperature (60oC) and (a): deposition time=10minuites (b) deposition time=50minuites.
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Fig. 4 Optical conductivity as a function of wavelength for deposition temperature (70oC) and (a):
deposition time=10minuites (b) deposition time=50minuites.

Generally,in all figures,the optical conductivity
domiatly
decreased
with
increasing
wavelength.This decrease makes the visible
region as the region of optical transmission for
the films. This observation is in accordance with
the theory of electronic absorption and
transmission for transparent films [Ugwu E.I.
(2006)].
However the optical conductivity in the case
of CdCl2,as a source of cadmium is lower than
that of CdSO4.8H2O .This is due to the fact that
the absorption coefficient of CdCl2 is smaller
than that in the case of CdSO4.8H2O (the
transmission in the CdCl2 case was higher than
that of the CdSO4 films. This is actually
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expected, since the CdCl2-based films are much
smoother and more uniform than those of the
CdSO4 films. The surface roughness, due to
coverage by crystallite overgrowth, causes light
scattering, which in turn lowers the
transmission).Except in the case of low
deposition temperature(50oC)and low deposition
time(10minute),this may be due to the
complication that occur due to glass signal and
less degree of crystallization.
ii-Optical Conductivity as a function of
Deposition Temperature
The optical conductivity as a function of
deposition temperature for both cadmium
sources at td=30min.is shown in “Fig.5”.

1.8E+13
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Fig. 5 Optical conductivity for both cadmium sources as a function of deposition temperature for
deposition time=30minuites using (a)CdSO4.8H2O source (b)CdCl2 source.
In the case of using CdSO4.8H2O as a source of
cadmium , Fig. 5a shows that the conductivity
increases as the deposition temperature increase
up to the 60oC and then starts to decrease above
this temperature .But in the case of using CdCl2
as a source the conductivity increases as the
temperature increases as shown in “Fig5b”.This
phenomena can be interrupted on the basis of
absorption coefficient of the two sources which
consequently depends on the thin film thickness
[Zhang H.et al.(2004)]. Since the absorption
coefficient of CdSO4.8H2O is higher than
absorption coefficient of CdCl2,for the same
temperature ,then the measured conductivity of
CdSO4.8H2O will also be higher than the
measured conductivity of CdCl2.
However, the behavior of the optical
conductivity as shown in “Fig. 5a” occurs
because the phase change takes place and
oxygen adsorption has effect on the
photoconductivity decay of the films. Oxygen
greatly decreases the decay life time (), as seen

by the increase in  for aged films compared
with freshly deposited ones. The adsorbed
oxygen will extract electrons from the CdS
conduction band and introduce deep trapping
centers ( inter band surface states).Thus, the
carrier lifetimes will lead to increase the
photoconductivity decay time. Oxygen can also
affect electron mobility between grains by
modify the barrier between grain boundary of
crystals.
In” Fig. 5b” the oxygen adsorption has no effect
on the photoconductivity decay of the thin films.
3.3. Optical Parameters
3.3.1 Extinction Coefficient
i- Extinction Coefficient as a function of
Wavelength
The variation of extinction coefficient as
function of wavelength are shown in Fig.( 68),has been calculated from “Eq.3” for two
cadmium sources, for the aforementioned
deposition time and deposition temperature.

Fig.6 Extinction coefficient for both cadmium sources as a function of wavelength for deposition temperature (50 oC)
and (a) deposition time=10minuites (b) deposition time=50minuites.
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Fig.7 Extinction coefficient for both cadmium sources as a function of wavelength for deposition
temperature (60oC) and (a): deposition time=10minuites (b) deposition time=50minuites.

Fig.8 extinction coefficient for both cadmium sources as a function of wavelength for deposition
temperature (70oC) and (a): deposition time=10minuites (b) deposition time=50minuites.
The extinction coefficient of a material is
directly related to its absorption characteristic
i.e. absorption coefficient or inversely related to
its extinction coefficient. At long wavelengths
films would have high transmittance, low
absorption and low k values, or vice versa for
short wavelengths. Since transmission increases
with wavelength that means, absorption
coefficient will inversely related with
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wavelength. So the extinction coefficient of
CdSO4.8H2O is higher than that of CdCl2.
ii- Extinction Coefficient as a function of
Deposition Temperature
The extinction coefficient as a function of
deposition temperature using both cadmium
sources is shown in “Fig.9”.
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Fig.9 Extinction coefficient as a function of deposition temperature for deposition time=30minuites
using (a)CdSO4.8H2O source (b)CdCl2 source.
In the case of using CdSO4.8H2O as a source of
cadmium ,“Fig. 9a” shows that the extinction
coefficient increases as the deposition
temperature increase up to the 60oC , then starts
to decrease above this temperature .But in the
case of using CdCl2 as a source “Fig. 9b”, the
extinction coefficient increases even at
temperature higher than is 60oC as shown in
Fig.(9b) .
This investigation can be interrupted on the basis
of absorption coefficient of the two sources
which consequently depends on the thin film
thickness [Zhang H et. al.]. Since the absorption
coefficient of CdSO4.8H2O is higher than

absorption coefficient of CdCl2, for the same
temperature ,then the extinction coefficient of
CdS thin films prepared using( CdSO4.8H2O ) as
a source of cadmium will also be higher than
that of CdS thin films prepared using(CdCl2) as a
source of cadmium.
3.3.2
Real and Imaginary Dielectric
Constants
i- Real and Imaginary Dielectric Constants as
a function of Wavelength
Real and imaginary dielectric constants as a
function of wavelength are shown in Figs.( 1013).

Fig.10 Real dielectric constant as a function of wavelength for CdS: (a) deposition temperature (50 oC) (b)
deposition temperature (70oC). (CdSO4.8H2O as a source of cadmium)
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Fig.11 Imaginary dielectric constant as a function of wavelength for CdS: (a) deposition temperature
(50oC), deposition time=10minuites, 50minuites. (b) deposition temperature (70oC) . (CdSO4.8H2O)
as a source of cadmium)

Fig.12 Real dielectric constant as a function of wavelength for CdS: (a) deposition temperature (50oC)
(b) deposition temperature (70oC). (CdCl2 as a source of cadmium)
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Fig.13 Imaginary dielectric constant as a function of wavelength for CdS: (a) deposition temperature
(50oC), deposition time=10minuites, 50minuites. (b) deposition temperature (70oC) . : (CdCl2) as a
source of cadmium)
It is obvious from “Fig. 11and 13”, that there is
an increase for imaginary constants versus
wavelength curves where the change in
absorption coefficient more obvious at higher
deposition time, consequently leads to this
significant upward. The real part of dielectric
constant is associated with the property of
slowing down the speed of light in the material

whereas the imaginary part paves the way to
absorb energy from electric field due to dipole
motion.
ii- Real and Imaginary Dielectric Constants as a
function of Deposition Temperature
Variation of real and imaginary dielectric
constants as a function of bath temperature of
CdS films is shown in “Figs.14 and15”.

Fig.14 Real dielectric constant as a function of bath temperature for deposition time=30minuites
using both sources.
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Fig.15Imaginary dielectric constant as a function of deposition temperature for deposition
time=30minuites (a)CdSO4.8H2O source (b)CdCl2 sources.
For CdS thin films prepared
using
CdSO4.8H2Osource, it is found that as the
deposition temperature (bath temperature)
increases, the real and imaginary parts of
dielectric constants increase as shown in
Fig.(14).However ,when the temperature reaches
60oCthe real and imaginary parts start to
decrease indicating that the saturation of
deposition rate has been reached. But in the case
of CdS thin films prepared using CdCl2 as a
source “Fig.15”, the real part of dielectric
constants will continue increaseafter60oC.This
means that the saturation of deposition required
higher temperature and higher deposition time
.This results is in coincidence with the fact that
the grain size exhibit saturation at longer
deposition time [Sanjay Mathur et al.(2007)]
.More probably, this is due to the variation in the
surface of the substrate; in short time, the film
was deposited on the glass substrate where the
nucleation centers density is high while in larger
times, the layers where deposited on the already
deposited CdS layer.
4. CONCLUSION
Chemical bath deposition (CBD) which is
designed in the present work is an accurate
method that can be used to prepare
stoichiometric cadmium sulfide (CdS) thin films.
The data explains that the film prepared using
cadmium sulfate as a source of cadmium has
higher
optical
conductance,
extinction
coefficient, real and imaginary dielectric
constants than that prepared using cadmium
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chloride because the film prepared using
cadmium sulfate source shows high transparency
in the visible region of the electromagnetic
spectrum so it is possible to use them as a
window layer in solar cells. The optical
conductivity directly depends on the absorption
coefficient and it is found to increase sharply for
higher energy values due to large absorption
coefficient for these values. Besides that one can
conclude that the deposition process was done
by cluster –by-cluster process for CdSO4.8H2O
source and ion-by –ion process for CdCl2
source. Also it is observed that both the complex
dielectric constant is known to be a fundamental
intrinsic material.
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(CdS( كارتيَكنا ثال طةرماتيا نيشتنىَ لسةر طةهاندنا بيناهيىَ و هاوكولكيَن بيناهيىَ بو ثةرديَن تةنك
كورتى
،َدظىَ ظةكولينيَدا كارتيَكرنا ثال طةرماتيا نيشتنىَ لسةر طةهاندنا بيناهيىَ و هاوكولكيَن بيناهيىَ (هاوكولكىَ ظةمراندنى
 سةرضاويَت.(CdS( نةطوريَن نة طةهاندنا كارةبىَ ييَن راستةقينةو ئاشوثى) بو ثةرديَن تةنكيَت كادميوم سولفايد
َطهورينا هاوكولكىَ ظةمراندنىَ هاوكولكى.CdS  هاتنة بكارئينان بو دةستظة ئينانا ثةرديَتCdCl2 وCdSO4.8H2O
شكاندنا كارةبىَ نةطوريَن نة طةهاندنا كارةبىَ ييَت راستةقينةو ئاشوثى دطةل كهورينا دريَذىيا شةثوىلَ و طةرماتيا نيشتنىَ هاتة
 ثةرديَن دروست كرى ذ سةرضاوىَ كادميوم سولفيَت كاراتربوون طةهاندنا بيناهيىَ و هاوكولكيَن بيناهيىَ ذ ثةرديَن.طةكولني
.كادميوم كلورايد

(CdS) تأثير درجة حرارة الترسيب على التوصيلية البصرية و المعامالت البصرية لالغشية الرقيقة
الخالصة
مت يف هذا البحث دراسة تأثري درجة حرارة الرتسيب على التوصيلية البصرية و املعامالت البصرية ( معامل االخنماد و ثوابت العزل الكهربائية
 وCdSO4.8H2O  مت حتضري االغشية الرقيقة باستخدام مصدرين للكادميوم (سولفيت الكادميوم. احلقيقية و اخليالية) للغشاء الرقيق
 معامل االنكسار و ثوابت العزل الكهربائية احلقيقية و اخليالية مع تغري الطول، مت دراسة تغري معامل االخنماد.)CdCl2 كلورايد الكادميوم
مت التوصل اىل ان االغشية الرقيقة احملضرة من مصدر سولفيت الكادميوم تعطى فعالية افضل للتوصيل.املوجي و درجة حرارة الرتسيب
.البصري و املعامالت البصرية من االغشة احملضرة من مصدر كلورايد الكادميوم
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ABSTRACT
This study was conducted to state the frequency of TORCH (Toxoplasma gondii, Rubella, Cytomegalovirus and
Herpes simplex) infections with incidence of abortion in pregnant women and to study histological changes in placenta
in order to understand the etiology & relationship to the abortion. Ninety miscarriage cases and sixty normal
pregnant women were studied, their serological data were analyzed using Person’s Chi-square test. Of the 90
miscarriage cases, 60 specimens were selected for the purpose of the histological changes study in chorionic villi
including: hydropic change, fibrosis and fibrinoid degeneration. Regarding anti-TORCH IgM immune profile using
ELISA, it was found that, anti- toxoplasma IgM antibodies were detected in 20 (22.22%) cases, anti- rubella IgM
antibodies in 6 (6.66%) cases, anti- CMV IgM antibodies in 6 (6.66%) cases and anti- HSV IgM antibodies in 15
(16.6%) for HSV. Regarding the histological changes in the same group, it was observed that villi were normal in 12
(18.4%) and abnormal in 43(66.1%). While 64.6% of villi had stromal fibrosis, 58.4% displayed fibrinoid
degeneration while 53.8% were suffering from hydropic change.
KEYWORDS: TORCH agents, Chorionic Villi

INTRODUCTION
The first trimester of pregnancy is an
important
period
often
fraught
with
complications like bleeding and pain, leading to
severe apprehension in the mother. Pregnancy
loss has been attributed to several factors
involved in human reproduction. Genetic and
uterine
abnormalities,
endocrine
and
immunological dysfunctions, infectious agents,
are most important causes of spontaneous
abortion (Sawardekar, 2005).
Some infectious agents, especially during the
early gestation, can result in fetal loss or
malformations because the ability of the fetus to
resist infectious organisms is limited and the
fetal immune system is unable to prevent the
dissemination of infectious organisms to various
tissues (Mladina et al, 2002). Pregnancy loss due
to maternal infections transmissible in utero can
be caused by a wide array of pathogenic
organisms mostly belonging to the TORCH
group( Stegmann and Carey,2002; Abdul Karim
et al, 2009). Infection with these agents can
result in significant morbidity and mortality
especially in developing countries (Abdul Karim
et al, 2009; Das et al, 2007). All these pathogens
infect and affect the fetus at various stages of
gestation and can cause various types of fetomaternal
complications
(Stegmann
and
Carey,2002; Abdul Karim et al, 2009). On the
other hand there is report saying that most of the
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infections of the mother will not result in fetal
infection (Langford, 2002).
Toxoplasmosis acquired during pregnancy
may cause damage to the fetus (Sharma et al,
1997). The infection caused by CMV in adult is
usually asymptomatic but its significance is
many times increased when it occurs during
pregnancy. However, the rate of primary CMV
infection is significantly higher for pregnant
women from low socioeconomic group (Das et
al, 2007). The mother is the usual source of
transmission of HSV to the fetus or newborn.
Primary HSV infection during first half of
pregnancy is associated with increased
frequency of spontaneous abortion (Langford,
2002). In addition, studies have found that
parvovirus B19 has a 33% vertical transmission
rate in pregnant women (Public Health
Lab.1990).
These maternal infections with adverse
outcome are initially in apparent or
asymptomatic and are thus difficult to diagnose
on clinical grounds. Therefore, diagnosis of
acute TORCH infection in pregnant women is
usually established by demonstration of sero
conversion in paired sera or by demonstration of
specific IgM antibodies. Many sensitive and
specific tests are available for serological
diagnosis of TORCH complex. ELISA for IgM
and IgG antibodies against these infections is
highly sensitiveand specific (Surpam et al,
2006)).
Fetal-placental development occurs
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hand in hand, that consisit of chorionic villi,
which are the main part of the fetal placenta and
serve as functional transport unit for oxygen as
well as nutrition to the fetus. The fetal
developmental abnormality is understandably
associated with fetal part of placenta Uterus
recognizes this aberrant growth of the placenta
and expels the products of conception i.e.
spontaneous abortion. There may be local,
systemic and combined means of recognition of
abnormal placental development and induction
of abortion (Geoffery and Philip, 2001).
The aim of this study to reports the results of
screening for IgG and IgM antibodies against
TORCH complex and histological changes in
chorionic villi in a group of patients with first
trimester miscarriage.
MATERIALS AND METHODS
A total of 90 women with spontaneous
abortion at the first trimester of pregnancy
(group I) in addition to 60 term healthy pregnant
women as a control group (group II) referred to
the obstetrics department at Azadi teaching
Hospital and Shilan Private Hospital were
subjected in this study. The approval of the
institute’s ethical committee was obtained prior
to samples collection.
Informed
written
consent was obtained from all the patients
considered under this study such as: age,
previous miscarriages of having 2 and more
pregnancy wastages, pregnancy induced
hypertension (PIH), conventional causes of
pregnancy loss i.e., hormonal, autoimmune
markers,
medical disorders and infectious
agents.
For TORCH immunoprofile screening, serum
samples were collected at about 8 – 12
gestational weeks and stored in small screw
caped vials at –20oC. Serum samples were
screened for the presence of anti- T. gondii,
Rubella virus, Cytomegalovirus and H. simplex
virus IgM and IgG antibodies using ELISA kit
(Immuno dianostic GmbH, Germany). The tests
were conducted according to the manufacturer
instructions. The IgM levels were interpreted
qualitatively as negative or positive. A positive

IgM is an indication of a recent infection.
Specimen products of spontaneous abortion
received in formalin and prepared for
histological study using routine histological
technique with hematoxylin & eosin stain
(Bancroft and Stevens, 1999). Paraffin
embedded sections of the specimens were
examined under light microscope to determine
the frequencies of various lesions and
histological changes of the chorionic villi. These
lesions included hydropic change, fibrosis and
fibrinoid degeneration. Statistical analysis is
done using the SPSS. The Chi Square test is
used to assess statistical significance in the
studied cases.
RESULTS
In the present study, 90 study cases (group I)
involved 47(52.22%) and 60 healthy controls
(group II)10(16.66%) were serologically positive
for one of the TORCH infectious agents
depending on the IgM antibodies detection. In
study cases group I, the IgM seropositivity for
toxoplasma gondii was found in 22.22% cases,
rubella virus in 6.66% cases, CMV in 6.66%
cases and HSV in 16.6% cases. While in the
control group II,the IgM seropositivity for
toxoplasma,rubella and CMV was found in
3.33%cases and for HSV in 6.66% cases (Fig 1).
Statistically, there was a significant difference
in the seropositivity of toxoplasma and HSV
between miscarriage cases and control cases
respectively (P<0.001) and (P=0.07) (Figure 1).
In the studied group, 65 specimens were
examined for histological changes, the other 25
specimens were excluded. 18.4 percent of
specimens showed no histological lesions in
chorionic villi (Figure 2), while 66.1% showed
some form of histological abnormalities (Table
2). 64.6% of chorionic villi had stromal fibrosis
(Fig. 3) and 35% showed no fibrosis. 58.4% of
the examined specimens showed fibrinoid
degeneration (Fig. 4). While 41.5% in the
studied group were normal and 53% cases
showed various grades of hydropic degeneration
(Fig 5), (Tables 1 & 2).
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Fig1. TORCH infections in miscarriage cases.
Table 1. Histological status for Placenta in aborted women
Status of Histological
lesions
Normal
Abnormal
Total

No.of specimen

Percentage

12
43
65

18.4%
66.1%
100%

Table 2. Abnormalities for Chorionic villi in aborted women
Histological lesion
in Chorionic Villi
Fibrosis
Fibrinoid
Degeneration
Hydropic Change

Normal

Abnormal

Total

23(35%)
27(41.5%)

42 (64.6%)
38 (58.4%)

65(100%)
65(100%)

30(46.1%)

35 (53.8%)

65(100%)

Fig. 3: Marked fibrosis of chorionic villi (H&E
X 40)

Fig.2: Normal well vascularized chorionic
villi (H&E X 10)
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Fig. 4: Fibrinoid degeneration of chorionic villi
(H&E X 40)
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Fig. 5: Marked hydropic degeneration of
chorionic villi (H&E X 40)
DISCUSSION
In the present study T. gondii, which is a
known etiological agent in recurrent pregnancy
wastage was found in 22.22% of group study
compared to 3.3% in control group, which
means that the role of T.gondi is significant in
the miscarriage cases (P>0.001) this is similar to
what has been reported earlier is (Thant et al,
2006; Zagar et al, 1999)
As T.gondi, role of HSV also is very
significant in the miscarriage cases in the present
study (P=0.07). Seropositivity rate for HSV IgM
among miscarriage cases in our study was
16.7%, similar to what has been reported
previously (Sawardekar, 2005). As Rubella, role
of CMV also is not very significant in the
miscarriage cases (P=0.37) for both pathogen.
Rubella is a mild viral illness in children but can
occasionally infect adults. Primary virus
infection during pregnancy may cause fetal
damage. In our study seropositivity for rubella
was 6.7% while other workers report
seropositivity ranging from 4 to 17.77% ( Abdul
Karim et al, 2009; Sood et al, 1994).
CMV is known to have an intrauterine route of
transmission with significant mortality and
morbidity (Geoffery and Philip, 2001). The
present study shows seropositivity rate of 6.7%
for CMV specific IgM in abortion women. In
other studies seropositivity ranges from 3 to
12.9% (Das et al, 2007). It was suggested that
pregnancy may reactivate the latent virus leading
to further reproductive wastages.
The histological appearance of chorionic villi
varies with the gestational age and with the stage
of development & maturations of villous tree.
There is a basic villous structure that is

independent of these variables. A trophoblastic
mantle that consists of 2 layers, an outer layer of
syncytiotrophoblast and an inner layer of
cytotrophoblastic cells covers the outer surface
of the villi (Vijay and Joshi, 1994)
Many of the ills that can beset a pregnancy
have their roots during early stages of gestation
when there is limited blood supply to
fetoplacental unit. In this study we had tried to
evaluate frequent histological lesions in
chorionic villi of spontaneous abortions under
light microscope.7
Fibrosis is the final common pathway for nearly
all forms of disease that progress towards end
stage organ failure. Histologically, stromal
fibrosis consists of variable density of collagen
in the villous stroma. Initially the collagen is
soft
which
later it gets condensed and
hyalinized. The finding is well described in
preeclampsia and diabetic pregnancies (Vijay
and Joshi, 1994). However in our cases the
villous stromal fibrosis was the most common
finding as it involved 64.4% cases. The scarring
of the villi may be regarded equivalent to the
glomerular crescent formation and or severe
interstitial pulmonary fibrosis. Stromal fibrosis
of terminal villi is a consequence of regression
after intrauterine fetal death or may possibly
result from impairment of placental circulation
of different causative background.
Certain
forms of fibrosis may possibly develop via
stromal edema (e.g. diabetes mellitus, blood
group incompatibility, immunological disorders)
together with edema-activated mesenchymal
proliferation. Edema of villous stroma may be
of diffuse or focal manifestation in the terminal
villi and in advanced cases may affect all parts
of the placenta. It is usually linked to disturbed
haemodynamics related to chorionic villi
vasculature (Fox,1999)
Severe stromal edema leads to formation of
cisterns and is gradually replaced by fibrosis.
There are no known lymphatic vessel to drain
the edma fluid from placenta (Emmrich,1992).
Fibrinoid degeneration” is the deposition of
fibrinoid material, initially external to basement
membrane of syncytiotrophoblast.
Later it
appears in the villous stroma. (Vijay and Joshi,
1994). We have observed that fibrinoid material
is derived from hemorrhages. The hemorrhage
seeps through adjacent deciduas and forms a
membrane like sheet around chorionic villous.
Later the material breaks into the villous stroma
at a few places. If carefully searched red blood
cells can be demonstrated in this fibrinoid
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material.
It
seem
that
prematurity,
preeclampsia, diabetes and Rh- incompatibility
etc. favor such small hemorrhages and lead to
increase fibrinoid degeneration. ( Sarin et al,
1993) showed that intravillous fibrin deposition
was observed in 46.1% in spontaneous
abortions vs. 14.4% in medical abortions.
Hyaline change was observed in 67% of
spontaneous abortion vs 7.8 % ; hydropic
change observed in medical abortions.
Hydropic degeneration is a nonspecific tissue
reaction to a variety of pathological insults.
Initially there is mild edema in the stroma of the
villi. Later, the edema fluid may occur in the
form of lakes or cisterns. Extreme hydropic
degeneration is a characteristic feature of
hydatidiform mole (Leselya nd Katy, 2001).
This is also associated with markedly reduced
number vessels are present they show marked
reduction in the patency of the blood vessels.
(Ladefoged et al, 1980) studied placental
tissue from 160 abortions of 6th-12th weeks,
and 109 spontaneous abortions between weeks 5
and 16, for a comparison and quantitation of
hydropic decently severe hydropic degeneration
among the spontaneous abortions (p < 0.001). As
a conclusion, in the current study, it has been
found that the TORCH infections has a
significant role on miscarriage in the first
trimester of pregnancy. The role of T. gondii and
HSV infection on miscarriage is well proved
here. Rubella and Cytomegalovirus infections
were not found to have significant influence on
miscarriage. Also severe histological changes
were found in 66.1% of cases. It is difficult to
postulate whether these histological lesions were
responsible for spontaneous abortions or were
reflective of some primary disorders. Further
future work up is definitely needed in this vast
field.
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تأثير أصابات ال TORCHوالتغييرات النسيجيه في الزغابات المشيميه في األسقاط الجنيني للفتره األولى من
الحمل
الخالصة
اجريت هذه الدراسة لبيان مدى انتشار العدوى لكل من (الطفيلي املسبب لداء القط و احلصبة املانية و فايرس املضخم للخاليا وفايروس
العقبول) ( )TORCHمع حاالت االجهاض لدى نساء احلوامل ودراسة التغريات النسيجية احلاصلة يف املشامي من اجل فهم وبيان
مسببات االجهاض خالل الفرتة االوىل من احلمل (االشهر التالثة االوىل) .حيث مت اختيار  09عينة من النساء اجملهضات و  09عينة من
النساء الغري اجملضات لغرض دراسة العالقة بني هذه املسببات ((TORCHيف كلتا اجملموعتني ومت بعد ذلك حتليل النتائج املصلية هلذه
املسببات عن طريق استخدام مربع االختبار ( (Chi-square testومن اصل  09عينة من النساء اجملضات مت اختيار  06عينة منهم
لغرض دراسة التغريات النسيجية احلاصلة يف زوائد املشيمية مب ا يف ذلك التغري اخلزيب و التليف واالستسقاء املائي .خبصوص املسببات املرضية
فقد مت تشخيص الغلوبينات املناعية لطفيلي داء القط يف  09حالة ( )%00.00بينما مت تشخيص  0حاالت اي بنسبة ( )%0.00لكل
من فايروس احلصبة وفايرو املضخ للخاليا يف حني مت تشخيص الغلوبينات املناعية يف  56حالة ( )%50.0لفايروس العقبول .اما بشأن
الزوائد املشيمية فقد لوحظ ان  34حالة ( )%00.5من مشامي النساء اجملضات تظهر مع احد او اكثر من التغريات النسيجية املذكورة
سابقا حيث لوحظ وجود  %6..3من التغري اخلزيب و  %03.0من التليف و  %64..من املشامي ظهر فيها استسقاء مائي .يف حني
ان  50حالة فقط ( )%5..3كانو ذوو مشامي طبيعية.

مايتيكرنا توشبونا نه خوشيني  TORCHو كوهرينا شانا ل مه ميلني ويالش ل له بارجونا جبيكي ل ده مي دوو
كيانيي
ثوختة
ئةظ ظةكولينة هاتية ئةجنامدان بؤ دياركرنا ريَذا بةربةالظبوونا هةر ئيَك ذ ( مشةخورىَ دبيتة ئةطةرىَ ثةيدابوونا ئيَشا
ثشيكان و سوركيَن ئةملانى و ظايورسىَ ثووفكرنا خانةيان و ظايروسىَ (  )TORCHدطةل حالةتيَن ذبةرضوونا زاروكان ل دةف
ئافرةتيَن دووطيان ,زيَدةبارى خاندنا طهورينيَن شانةيى ييَن ثةيدادبن ل ناظ وةريسكىَ مالبضووكى ذثيَخةمةت تيَطةهشنت و
دياركرنا ئةطةريَن ذبةرضوونا زاروكان د ماوىَ دةستثيَكا كريارا دووطيانبوونىَ ( دماوىَ هةرسىَ هةيظيَن دةستثيَكىَ ييَن كريارا
دووطيانبوونىَ)  .ذبؤ ظىَ ضةندىَ ذى داتاييَن  09ئافرةتيَن كو زاروك ذبةرضووين دطةل  09ئافرةتيَن زاروك ذبةرنةضووين
هاتبوونة وةرطرتن ب مةرةما خاندنا ثةيوةنديا ئةطةريَن ثةيدابوونىَ  TORCHل دةظ هةردوو طروثيَن ئافرةتان .ثشتى هينطىَ
ئةجناميَن سريةمان ييَن ظان ئةطةران هاتنة شروظةكرن ب ريَكا ضارطوشىَ ضاى )  . ( Chi – square testذ سةرجةمىَ 09
داتاييَن طروثىَ ئافرةتىَ زارووك ذبةرضووين بتنىَ  06داتا هاتنة ذيَطرتن ذ ثيَخةمةت خاندنا طهورينيَن شانةيى د ظيالييَن
وةريسكىَ مالبضووكىَ واندا وةك طهورينيَن هايدروثيكى و تيَكضونيَن فابرويسى و فايربينويدى .هةرديسان ذبو دياركرنا
ئةطةريَن ثةيدابوونا نةخوشيان طلوبينىَ بةرطريىَ  IgM immuneيىَ مشةخورىَ نةخوشيان ثشيكان د )%00.00( 09
حالةتاندا هاتة ثشكينني ,ىلَ بتنىَ  0حالةت (  )%0.00بؤ ظايروسىَ سوركا ئةملانى و ظايروسىَ ثووفكرنا خانةيان هاتنة ثشكنني,
هةرديسان طلوبينىَ بةرطريىَ يىَ  )%50.0( 56حالةتيَن ظايروسىَ هيَرثسىَ هاتنة ثشكنني .دةربارةى ظيالييَن وةريسكىَ
مالبضووكى هاتة تيبينيكرن كو  34حالةت (  )%00.5ذ وةريسكيَن مالبضووكى ييَن ئافرةتيَن زاروك ذبةرضووى دياربوو كو
ئةو طهورينيَن شانةيى ييَن هاتينة بةحسكرن تيَدا ثةيدابوون .هةرديسان  %6..3طهورينيَن هايدروثيكى و  03.0تيَكضونيَن
فايربوسى و  %64..تيَكضونيَن فايربينويدى ل دةف ثةيدابوون .ىلَ بتنىَ  50حالةت (  ) %5..3ذ وانان خودان وةريسكيَن
مالبضوكى ييَن ئاسايى بوون.
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