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Abstract 
 

Phosphoenolpyruvate Carboxykinase, encoded by the pepck gene, plays an important role in 
gluconeogenesis. It also seems to be important in metabolism of nitrogenous compounds in developing seeds of 
legumes, including amides and ureides which are then transformed into amino acids, necessary for the 
synthesis of storage proteins. In this research, pepck gene expression in mRNA level, in different genotypes of 
chickpea (Cicer arietinum L.), was determined. Two low protein genotypes (MCC291 and MCC373) and two 
high protein genotypes (MCC458 and MCC053) out of 20 chickpea genotypes were selected. Total RNA were 
extracted through different stages of seed development, and the expression of the pepck gene was estimated by 
semi-quantitative RT-PCR. The results of the RT-PCR showed that two isoforms of this gene are expressed in 
high protein genotypes, whereas in the low protein genotypes, the expression of these isoforms was not 
obvious. Also this method showed a differential expression of pepck gene in different stages of flowering and 
seed development. pepck gene is expressed in higher levels during the sheet formation and developing seeds 
compared to the flowering and seed formation stages. Probably, the differential expression of pepck gene is 
related to its possible role in metabolism of seed components, particularly in determination of the protein 
content of chickpea seeds. 
 
Keywords: chickpea, nitrogen metabolism, phosphoenolpyruvate Carboxykinase, seed development 

 
 

Introduction     ∗ 
 
Chickpea (Cicer arietinum L.) is one of the most 

important grain legumes in Western Asia, Northern 
Africa, Southern Europe, Central America and 
Southern Australia. This crop holds the third place 
among legumes as of the global cultivation acreage. 
Its grain is reach in carbohydrates (48.2-67.6%), 
protein (12.4-31.5%), starch (41-50%), fatty acids 
(6%), B-group vitamins, and nutritional elements 
(Icrisat, 2005); and is recommended to be 
consumed as an amino acids (esp. lysine) 
supplement to cereals. 

Studies on the genes contributing to the seed 
filling in chickpea and its protein content might 
lead to engineer plants with seeds of a higher 
nutritional value. A gene of concern is 
phosphoenolpyruvate carboxykinase (pepck), 
encoding a protein with a substantial role in the 

                                                 
∗ Corresponding author, e-mail: 
 ar-bahrami@ferdowsi.um.ac.ir.  

gluconeogenesis pathway. It catalyses the 
conversion of oxaloacetate to phosphenolpyruvate 
(PEP) which will be further converted to sugar 
(Owusu-Apenten et al., 2002; Walker et al., 2003; 
Malone et al., 2007; McClements, 2007). An 
increase in PEPCK activity results in reduced 
organic acids and increased sugar content (Leegood 
et al., 1999). A probable role of PEPCK thus has 
also been recently reported in metabolism of 
nitrogen and nitrogenous compounds and their 
conversion into proteins in the grain of some 
legumes (Aivalakis et al., 2004). This gene is 
involved in growth, seed filling and amino acid 
content (esp. that of asparagine) of pea (Pisum 
sativum) seeds. The seed coat is recognized as the 
tissue reach in nitrogen transporter enzymes and 
invertases which contribute to amino acid and 
carbohydrate metabolism. The relationship between 
PEPCK and metabolism of amino acids and amides 
shows that it is a relatively sensitive enzyme to the 
presence of nitrogenous compounds in seed coat 
and cotyledons, with its content being affected by 
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nitrate, ammonium and asparagine in seed coats, 
but only by asparagine in cotyledons of pea 
(ICRISAT, 2005). 

Increased PEPCK content is combined with 
elevated levels of the enzymes involved in amino 
acid metabolism, such as mitochondrial asparagine 
amino-transferase, cytosolic alanine amino- 
transferase and acetyl-CoA carboxylase; thus 
contributing to metabolism, absorption and 
transmission of the nitrogenous compounds 
(Ruffner et al., 1975). 

No studies on the expression and role of this 
gene and its possible relation to protein content has 
been reported in chickpea yet. In the present paper, 
the protein content (percentage) is measured in a 
number of cultivated chickpea genotypes, followed 
by comparison of the expression levels of pepck 
gene at different stages of seed filling in some of 
the genotypes. This study aims at revealing the 
relation between PEPCK transcript level with 
protein content of chickpea seeds which might, in 
the longer term, end at protein quality improvement 
of the crop through the gene manipulation 
procedures. 
 
Materials and Methods 
 
Plant material and raw protein measurement  

The plant material included 20 genotypes of 
cultivated chickpea (table1), kindly provided by the 
seed bank of the plant science institute. The protein 
content was measured by Kjeldahl method (Roylet 
et al., 2003). 
 
Cultivation of plant material and RNA extraction 

A number of intact seeds of four chickpea 
genotypes, having the farthest high/low protein 
content (MCC373 and MCC291 as lowest and 
MCC458 and MCC053 as highest) were selected 
and sterilized with 75% ethanol for 30 seconds. The 
seeds were then placed between two layers of the 
sterilized moist cloth to germinate in the laboratory. 
The germinated seeds were cultured in 12×12×12 
cm pots containing equal amounts of clay, leaf 
compost and sand, at a depth of 3-4 cm, and 
maintained in the glasshouse for 3 months under 
photoperiod of 14 hrs light at 25±2 ºC and 10 hrs 
darkness at 15±2 ºC, until the genesis seed stage.  

The pepck gene expression level was assessed 
using semiquantitative RT-PCR method. Total 
RNA was extracted from the mature seeds of the 
low and high-protein genotypes (referred to as L 
and H, respectively) by the guanidinum thiosianate 
protocol (Chomaczynski et al., 1987). The quality 
and quantity of the extracted RNA were assessed 
by agarose gel electrophoresis and 

spectrophotometry, and the loading volumes of the 
samples were adjusted accordingly.  
 
Gene expression assessment at the mRNA level by 
RT-PCR 

The control primer pair, including a forward 19-
mer oligonucleotide of 5'-
TTTGTGAAAACTCTCACCG-3' and a reverse 
18-mer of 5' GTCTGAGCACCAAATGGA-3', 
were designed based on the mRNA sequence 
available  for ubiquitin protein as registered in the 
NCBI database. PEPCK primers were a 18-mer 
forward of 5'-GAAATCGGCACCTTCTAC-3' and 
a 19-mer reverse of 5'-
CCTCATCCCTAACAACACG-3', designed based 
on the conserved regions identified in the cDNA 
sequences of PEPCK enzyme in alfalfa (Medicago 
truncatula)1, tomato (Solanum lycopersicum)2 and 
flaveria (Flaveria trinervia)3. 

The primers were intended to amplify a 208 bp 
fragment of the ubiquitin cDNA sequence, and 
fragments of 398 and 700 bp of the pepck cDNA 
and gDNA, respectively. All primers were designed 
using the Primer Premier (version 5) software. 

cDNAs were constructed according to the 
standard recommendations (Fermentase) including; 
0.4 μg of the template RNA together with 1 μl of 
the reverse primer (10 pmol/ml) and 8 μl of double 
distilled water incubating at 70ºC (in the 
thermocycler) for 5 minutes for denaturation; and 
immediate cooling on ice. The rest of the reaction 
was performed according to the standard protocols, 
2μl of the first standard cDNA of each samples was 
subjected to ordinary PCR. The resulting cDNAs 
were stored at -20ºC. 

The thermal scheme for PCR was an initial 
denaturation at 94ºC for 3 minutes, followed by 35 
cycles of 94ºC, 52ºC and 72ºC for 1 minute each, 
and a final 6-minutes extension at 72ºC. The PCR 
products were loaded on 1.2% agarose gels. The 
sizes of the bands were estimated according to 100 
bp DNA size marker. For equal loading of the first 
standard cDNA in RT-PCR reaction, the 
concentration must be adjusted according to an 
internal control gene, such as ubiquitin.continusely 
for equal loading of the samples, several PCR 
reactions were performed on serially diluted 
aliquots of the cDNA by using ubiquitin primers. In 
order to make a quantification of the results, gel 
photographs were analyzed by Lab Works software 
package which calculated a value for each 
amplified band (given in table 2) in form of a ratio 

                                                 
1 NCBI  code AF212109.1 
2 NCBI code AF327432.1 
3 NCBI code AB050473.1 
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to the 400 bp band of the loaded commercial size 
marker (which was in turn given a value of 100 as 
the reference). The samples were then scaled by 
diluting the more concentrated cDNA. 
 
Results 
  
Protein measurement 

The statistical results of protein measurements 

are presented in table 1 A remarkable variation in 
protein percentage is evident among the genotypes, 
with MCC458 and MCC053 having the highest 
(mean = 30.5) and MCC291 and MCC373 having 
the lowest (mean = 21.1) amount of protein. These 
were chosen as the extreme genotypes for further 
molecular analysis. 
 

 
 

Table 1. The statistical results of protein content of different chickpea cultivars. 
 

 
Genotype 

Seed Protein 
(percent)1 

 
weight of hundred seeds (gr) 

 
type 

MCC 067 23.50 33.2 Kabuli 
MCC 099 25.85 9.8 Desi 
MCC 165 25.24 16.8 Kabuli 
MCC 291 21.13 19.0 Dsei 
MCC327 25.66 21.4 Kabuli 
MCC 333 24.72 30.8 Kabuli 
MCC 476 23.12 28.2 Kabuli 
MCC 495 26.12 27.2 Kabuli 
MCC 510 24.68 32.0 Kabuli 
MCC 053 30.41 33.2 Kabuli 
MCC 202 23.60  15.8 Kabuli 
MCC 258 25.90 31.4 Kabuli 
MCC 332 28.46 15.0 Desi 
MCC 426 28.31 33.2 Kabuli 
MCC 458 30.57 25.4 Kabuli 
MCC 477 25.42 27.4 Kabuli 
MCC 496 24.80 25.6 Kabuli 
MCC 498 26.30 23.6 Kabuli 

MCC 207 27.40 17.6 Desi 

MCC 373 20.92 17.4 Desi 

 
 
RT-PCR results 

The total RNA extraction was successful, judged 
by two distinct bands of 26S and 18S rRNAs on 
agarose gel. The two selected high-protein 
genotypes showed two bands with sizes of 400 bp 
and 500 bp; whereas the two low-protein ones 
showed no detectable bands (figure 1). In order to 
exclude the possibility of DNA contamination of 
the extracted RNA samples, the total RNA was also 
incorporated as the negative control in each RT-
PCR reaction (figure 1). PCR amplification of the 

extracted DNA resulted in a 700 bp band which is 
missing in the RT-PCR results. It could therefore be 
suggested that there must be intron/introns causing 
this deviation from the expected size of 400 bp. On 
the other hand, this is a confirmation of relatively 
gDNA free RNA extraction. RNA from alfalfa was 
used as the positive control to ensure the results 
throughout the experiments, for which a 400 bp 
band in the RT-PCR and a 2000 bp band in the 
gDNA amplification were detected (figure 2 and 3). 

 
 

 
 

Figure 1. mRNA level of  pepck gene in chickpea seeds in four different  genotypes. Lanes 1-4 correspond to MCC 
458, MCC053, MCC373, MCC291 RT-PCR results, respectively. Lanes 5 and 6 are negative controls of  RNA and 

water,  respectively. Lane 7 is size marker. 
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Figure 2. Optimization of polymerase chain reaction with pepck specific primers.  Lanes 1, 2 and 3 are DNA 100bp 
Plus size marker, alfalfa gDNA amplified band, and chickpea gDNA amplified band, respectively. 

 
 

 
 
Figure 3. Optimization of  polymerase chain reaction with pepck specific primers.  Lanes 1, 2 and 3 are alfalfa cDNA 
amplified band (as positive control), chickpea cDNA amplified band and DNA 100bp Plus size marker respectively. 
 

 
 

Comparative analysis of pepck expression 
throughDifferent stages of chickpea growth and 
development  

The accumulation of pepck (as well as ubiquitin) 
encoding mRNAs were compared at 6 growth 
stages of 4 chickpea genotypes. As shown in fig 4, 
all samples were adjusted to reach equal ubiquitin  

bands upon PCR. This was also supported by 
comparison of the ribosomal RNA bands and equal 
volumes of each RNA were introduced into the RT-
PCR reaction using the specific pepck primers. The 
RNA calibration based on the ubiquitin control is 
shown in figure 4. 

 

 
 
Figure 4. Scaling the total RNA concentration in four genotypes (MCC458,MCC053, MCC373, MCC291) of chickpea 
based on the ubiquitin amplified bands. Lanes 1-6 are loaded correspond to bearing few leaves, flower bud, flowering, 
sheet formation, seed formation, and full seed maturation, respectively. 
 
 

The expected band was not amplified in any 
growth stage of MCC291 and MCC373 genotypes. 
For MCC458 and MCC053, however the 
differences in the intensity of the amplified bands 

are visually evident among different stages of 
growth  and development, and especially in seed 
genesis stage (figure 5).  
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Figure 5. Comparative measurement of pepck mRNA levels at 6 growth stages of MCC458 (a) and MCC053 (b) 
chickpea genotypes, based on RT-PCR experiments: (A) calibration of ubiquitin amplified band after 25 cycles of PCR, 
(B) calibration of ubiquitin amplified band after 20 cycles of PCR, (C) amplified cDNA band related to pepck gene 
from each sample at the same conditions after 35 cycles of PCR, (D) amplified cDNA band related to pepck gene from 
each sample at the same conditions after 30 cycles of PCR, (E) developing stages of the examined samples including: 1) 
a few leaved 2) flower bud, 3) flowering, 4) sheet formation, 5) seed formation, 6) fully mature seeds (c). 

 
Table 2. Quantification of the RT-PCR gel images for pepck (amplified at 35 PCR cycles) in MCC458 and MCC053 
chickpea genotypes, using Lab Works software. Values are represented as percentage of the reference sample (size 
marker) which is given a value of 100. 

 
Discussion 
 

Studies on mature seeds of pea and alfalfa has 
revealed involvement of the pepck gene in nitrogen 
storage, grain filling and amino acid enrichment, 
and thus metabolism of storage proteins during seed 
development (Aivalakis et al., 2004; Delgado et al., 
2007). Similarly, our results suggest that in mature 
seeds of chickpea, the expression of this gene is 
related to the metabolism of nitrogenous 
compounds and increasement of seed protein 

content. It has also been shown that the Arabidopsis 
genome contains two related genes named pck1 and 
pck2 with the former being expressed at a higher 
level (Malone et al., 2007). It therefore appears that 
the two 400 and 500 bp bands, amplified in our 
studies might be counterparts of the pck1 and pck2; 
and the higher amount of the 400 bp RT-PCR 
product could suggest that, in chickpea the same 
isoform could be of more involvement in chickpea 
development. 

Seed 
development 

 
Seed formation 

Sheath 
formation 

 
flower 

 
Flower bud 

Size 
marker 

 
Genotype 

1288.40 332.76 531.52 78.08 65.30 100 MCC 053 
985.50 284.36498.5765.1359.07 100 MCC 458 
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As shown here, pepck is not expressed at 
younger stage (a few – leaved), and experiences the 
lowest levels of expression at flowering and seed 
formation and the highest levels at bundle 
formation and full seed maturation stages. Table 2 
also shows a higher expression level of pepck at 
seed filling stage. These results together with the 
fact that high protein plants are also high pepck 
ones, might add more weight on the notion that 
pepck is a key determinant of protein content in 
seeds. 

The pepck gene has been proven to be controlled 
spatially and temporally (in different tissues and at 
different growth stages) in other plants such as 
tomato, pea, alfalfa, cucumber, grape and 
arabidopsis (Ruffner et al.,1975; Ruffner,1982; 
Bahrami et al., 2001; Walker et al., 2001; Roylet et 
al., 2003; Aivalakis et al., 2004; Delgado et al., 
2007; Malone et al., 2007). Western blots, mRNA-
level analyses, and PEPCK-activity measurement 
have revealed the highest expression level of the 
gene to happen in the pericarp of the ripe fruits and 
the lowest in stems, roots, and germinating seeds 
(Ruffner et al.,1975; Bahrami et al., 2001). Several 
studies have also proven that elevated levels of the 
PEPCK enzyme through pea development 
coincides with higher absorption and transmition of 
the nitrogenous compounds, and consequently 
deposition of the storage proteins in the cotyledon 
(Delgado et al., 2007). 

In addition, studies on alfalfa have revealed a 
differential expression pattern of this gene through 
seed development; with the highest level of 
expression at the torpedo embryo stage and the 
lowest level at bending cotyldons and mature 
embryo (Aivalakis et al., 2004). Here we similarly 
observed very obvious differences in the expression 
level among the stages of seed development in both 
genotypes (MCC458 and MCC053). This data, 
together with observation of the highest expression 
at the full seed maturation stage, empowers the 
conclusion that elevated expression of this gene 
contributes to increments in seed protein content.  

As mentioned earlier, arabidopsis genome 
contains two genes namely pck1 and pck2 with 
different expression patterns. pck1 expression is 
more abundant at pre-budding stage, roots, flowers 
and mature leaves; whereas pck2 is expressed only 
in roots and flowers (Roylet et al., 2003; Malone et 
al., 2007). As results shown, the 500 bp PCR 
product seems more intense at the  flowering and 
seed development stages, while at the same time the 
400 bp product shows a much less intensity. It 
appears, in orchestra with the previously published 
reports, of existing two isoforms for PEPCK with 
different pattern of gene expression, as we also 

suggest for them to happen in chickpea. Meanwhile 
the results should be verified by 
immunohistochemical assays, Real Time-PCR and 
Western blot techniques in different tissues of the 
plant.  
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Abstract 
 

Sex determination in Pistacia as a dioecious plant is economically desirable. Identification of the male and 
female plants has a great value for Pistacia yield production. In the present study, leaf samples from four 
female plants from cultivars of Pistacia including Akbary, Akbar Aghaei, Fandoghi, and Kalleh Ghochi as well 
as male plants were used for RAPD PCR amplification. Among 32 primers with 10 mer two primers (FPKI106 
and FPK105) were able to discriminate between female and male plants. Few bands were detected in the DNA 
pattern of male while they were absent in the female individuals. The PCR conditions were reproducible and 
can be recommended for sex determination of Pistacia vera cultivars 

Keywords: Pistacia vera, RAPD-PCR, sex determination 
 
 

Introduction∗ 
 
Within the last decade, technological 

advancements have increasingly supported the use 
of genetics in determining population diversity of 
plants. Many molecular techniques are now 
available, which allow ecologists and other 
biologists to determine the genetic structure of a 
wide variety of closely related individuals. DNA 
markers that are known to be genetically linked to a 
trait of interest can be used for gene cloning, 
medical diagnostics, sex determination, and for trait 
introgression in plant and animal breeding 
programs (Lynch and Milligan, 1994). 

Several different methods including isozyme 
analyses, restriction fragment length 
polymorphisms (RFLP), and random amplified 
polymorphic DNA (RAPD) are used for 
documenting genetic information. Although 
isozyme analysis and RFLP are a source of readily 
obtainable genetic information which is easily 
reproduced, they often do not show polymorphisms 
which are necessary to determine variation within a 
group of genetically similar individuals (Mulcahy, 
et al., 1993, Williams et al., 1990)  

Because RAPD is a relatively straight-forward 
technique to apply, and the number of loci that can 
be examined is unlimited, RAPD analysis is viewed 
as having a number of advantages over RFLP's and 
other techniques (Lynch and Milligan, 1994), for 
example, no preliminary work such as probe 
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isolation, filter preparation, or nucleotide 
sequencing is necessary (Williams et al.,1990). In 
many instances, only a small number of primers are 
necessary to identify polymorphism within species 
(Williams et al., 1990). Indeed, as Mulcahy et al., 
(1995) report, a single primer may often be 
sufficient to distinguish all of the sampled varieties. 
Williams et al. (1990).  

The genus Pistacia, in the family Anacardiaceae, 
contains at least 12 tree and shrub species. P. vera 
L. (2n=32) the only edible nuts, is cultivated widely 
in the Mediterranean regions of Europe, Middle 
East and California. Pistacia breeding programs 
have been initiated to develop new cultivars (Irish 
and Nelson, 1989). Dioecy represents an 
inconvenience to pistachio breeding since the 
reproductive maturity of pistachio seedlings takes 
between 5 and 8 years. Currently there is no 
method for distinguishing between male and female 
pistachio seedlings prior to flowering. A method to 
determine the gender of plants before flowering 
would facilitate breeding and selection by enabling 
screening for gender at the seedling stage, thereby 
simplifying the breeding of male and female plants 
for different objectives, with a saving in time and 
economic advantages (Bawa, 1980). The presence 
of sex chromosomes has been claimed for other 
dioecious angiosperms, but in only a few cases has 
that claim been documented (Westergaard, 1958; 
Lewis and John, 1968; Parker and Clark, 1991). 
Examples include the genera Humulus, Rumex and, 
perhaps, Cannabis, although the presence of 
heterochromosomes in the is controversial 
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(Westergaard, 1958; Durand and Durand, 1990). 
Well documented examples include species of 

the genera Asparagus, Vitis, Spinacia and 
Mercurialis. In most of the species examined in 
details, the study of sex determination is 
complicated by the presence of additional alleles or 
factors that can modify the effects of the major sex 
determining genes (Durand and Durand, 1990). 
Pistacia vera shows perfect dioecy; mature female 
flowers have no trace of stamens and mature male 
flowers lack any evidence of female structures 
(Wannan and Quinn, 1991). This clear 
differentiation of sexual phenotype, combined with 
its perennial nature, an increasing economic 
importance of the crop and recent interest in 
breeding improved cultivars, makes the P. vera 
attractive for the study of different aspects of sex 
determination. 
 
Materials and Methods 
 
Plant material and DNA extraction  

At least three fresh leaf segments from 7 years 
old individual female Pistacia plants cultivars 
Kalleh Ghochi (K), Akbari (A), Akbar Aghaei 
(AA), Fandoghii (F), and male plants were 
harvested  from Pistacia field in Ardestan in Isfahan 
and kept in the freezer.  

DNA was extracted according to the CTAB 
(hexadecyltrimethylammonium bromide) method of 
Doyle and Doyle (1987) with some modifications. 
Young leaf tissue (100 mg) was ground to fine 
powder in liquid nitrogen in 1.5 ml centrifuge tubes 
and mixed with 0.5 ml of CTAB extraction buffer 
(100 mM TRIS-HC1, 1.4 M NaC1, 20 mM EDTA, 
2% CTAB, 1% PVP, 0.2% mercaptoethanol, 0.1% 
NaHSO3). The sample was incubated at 65°C for 1 
h, mixed with an equal volume of chloroform-
isoamyl alcohol (24:1) and centrifuged at 13000 
rpm for 5 min in a desktop centrifuge. The aqueous 
phase was recovered and mixed with equal volume 
of isopropanol to precipitate the DNA. The nucleic 
acid pellet washed with 1 ml 10 mM ammonium 
acetate in 76% ethanol, dried overnight and re-

suspended in 100 μl modified TE buffer (10 mM 
Tris-HCI, 0. l mM EDTA). DNA was extracted 
separately from each individual plant. In all cases 
extracted DNA ( μ25 ng per 20 l reaction mix) was 
subjected to polymerase chain reaction (PCR) 
amplification. (All chemicals were supplied from 
Cinagene Company, Iran) 

 
PCR Amplification: RAPD analysis was 

performed with 32 decamer primers and 
amplification reactions were carried out in an 
Eppendorf Master cycler gradient thermocycler 
(Eppendorf Netheler-Hinz, Hamburg, Germany). 
Amplification conditions used were 1 cycle at 94°C 
for 5 min followed by 39 cycles at 94°C for 30 sec, 
30°C for 30 sec and 72°C for 1 min. RAPD 
reactions (Williams et al., 1990), were carried out 
in a volume of 20 μ l with 25 ng of genomic DNA, 
μ2 M primer, 1 U of Taq polymerase, 0.2 mM 

dNTPs, and 2 mM MgCl2 all from Cinagene 
Company, Iran. After electrophoresis of PCR 
products in 0.8% agarose (Cinagene) at 80 V, the 

μgels were stained with 0.5 g/ ml ethidium 
bromide solution and visualized by illumination 
under UV light. 
 
Results 
 

After screening 32 arbitrary 10-mer Operon 
primers, we identified FPKI106 and FPK105 
primers as being able to differentiate sex type, 
when tested on four Pistacia male and female 
plants. These primers generated few bands in male 
samples which were absent in female plants (Figurs 
1 and 2). These markers were reproducible under a 
broad range of amplification conditions (for 
example different MgCl2 concentration and 
different annealing temperature), without any 
variation in the results. Additional experiments 
were applied for 4 weeks old seedlings of pistacia 
cultivars for sex determination. We found the same 
patterns of DNA bands after PCR amplification 
using FPKI016 and FPK105 primers for female and 
male seedlings similar to 7 years old plants.  

 
 
 
 
 
 
 
 
 
Figure 1: Identification of male and female individual plants of Pistacia cultivars by FPKI016 primer. L: DNA ladder, 
A: Akbary, K: Kalehghochi, F: Fandoghi, AA: Akbar Aghaii. 
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Figure 2: Identification of male and female individual plants of Pistacia cultivars by FPK105 primer. L: DNA ladder, 
A: Akbary, K: Kalehghochi, F: Fandoghi, AA: Akbar Aghaii 
 
 
Discussion 
 

Efforts to identify dioecious plants sex type in an 
early stage of development is important for 
selecting female and male pistacia plants before 
transfer to the field in order to save time and reduce 
costs. To date, several molecular markers for sex 
type discrimination in dioecious plants, including 
Pistacia (Hormaza et al., 1994) and papaya (Urasaki 
et al., 2002) have been reported. In the present 
study, from the reported primer (OP008) by 
Hormaza et al., (1994), we tried to discriminate sex 
type in four Pistacia cultivars, but could not 
distinguish between male and female plants under 
several PCR amplification conditions (data not 
shown). Based on these unsatisfactory results we 
concluded that new markers are required to 
distinguish sex type of desirable Pistacia cultivars. 
In order to find molecular differences between male 
and female plants, different attempt such as 
immunochemistry, differences in proteins and 
enzymes, comparison of mRNA and tRNA 
populations or RNA hybridization kinetics, have 
been made in several dioecious species (Durand 
and Durand, 1990). These studies deal with gene 
expression and could just show a differential 
expression of common genes between males and 
females. A better approach to understand how 
sexual determination operates in dioecious species 
is to study the differences at the DNA level. The 
discovery of markers linked to sex determining 
genes could eventually allow us to clone the 
gene(s) involved in this process. Although 
promising results have been obtained with 
Asparagus (Jamsar et al., 2004) using RFLPs 
(Bracale et al., 1991), the RAPD technique appears 

to offer better prospects for rapid progress. Its 
advantages relative to RFLPs include technical 
simplicity, lower cost per data unit, small amount 
of DNA required and the higher level of 
polymorphism obtained with RAPDs (Waugh and 
Powell, 1992; Williams et al., 1993). Among 32 
primers used in this study only 2 primers could 
reveal sex differentiation in pistacia cultivars. It has 
been proposed that the basic scheme of sex 
determination in animals involves a key gene that 
activates a cascade of regulatory genes (Truong et 
al., 1991). In plants, the system could be similar. If 
this is the case, of several to many genes could be 
involved in the differentiation of male and female 
flowers in dioecious plants, but sex determination 
could be controlled by a single locus acting as a 
trigger. In such a scenario, genes having the genetic 
information for carpels or stamens development 
would be present in both male and female plants 
with one major gene being the only difference 
between the two sexes (Irish and Nelson, 1989). 
Durand and Durand (1990) reported that a single 
major gene controls sex determination in some 
plant genera (e.g. Asparagus and Vitis), although 
there are exceptions like Mercurialis where the 
system is more complex with three genes involved 
in sex determination. Pistachio may have a similar 
system with a single major gene controlling sex 
determination Here we propose that, we may have 
identified a marker which possibly which is closely 
linked to a sex-determining chromosome segment 
in P. vera and this marker can be used to screen sex 
of pistacia seedlings well before they attain 
reproductive stage. 
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Abstract  
 

Plant nonspecific lipid transfer proteins (nsLTPs) are divided into nsLTP1 and nsLTP2. The existence of an 
internal hydrophobic cavity, is a typical characteristic of nsLTPs that serves as the binding site for lipid 
substrates. In this communication a simple, rapid and low-cost alternative method was developed for 
purification of nsLTP2 from rice paddy. After extracting, final supernatant was loaded on CM-Sepharose 
column, which had previously equilibrated with 0.05 M Tris-HCl buffer, pH 8. Bounded proteins were 
separated using a linear gradient of 0-0.5 M NaCl. Solution of separated proteins was dialyzed and applied on a 
Phenyl-Sepharose column which previously equilibrated with Tris-HCl 0.05 M, ammonium sulfate 1.5 M, 
EDTA 0.005 M and NaHSO3  0.3%, pH 8.4. Tris-Tricin SDS-PAGE of separated proteins, obtained from ion-
exchange column, showed multiple bands in the range of 2-20 kDa. Further purification using hydrophobic 
column resulted in single band of nsLTP2 at about 7 kDa, reflecting a purified sample in the gel. 
 

Keywords: purification, plant lipid transfer proteins, cation-exchange chromatography, hydrophobic 
chromatography 

 
 
Introduction 
    ∗ 

Cellular membrane biogenesis depends on the 
synthesis and transport of lipids. In eukaryotic cells, 
lipids are synthesized in the endoplasmic reticulum 
and golgi apparatus and transported to the cellular 
and organellar membranes. The synthesis of lipids 
in one organelle and subsequent movement through 
the cytosol to the cellular membrane of another 
organelle, suggest that water soluble transport 
proteins assisted in lipid transportation. These 
proteins are Lipid Transfer Proteins, LTPs (Cheng 
et al., 2004). The binding of lipids to LTPs can be 
both specific and nonspecific. These proteins have 
a great concern in pharmaceutical applications. 
They are good candidates for designing efficient 
drug delivery systems (Pato et al., 2001, Wang et 
al., 2005). The nonspecific lipid transfer proteins 
have affinity toward a variety of hydrophobic 
molecules (Charvolin et al., 1999). Nonspecific 
LTPs (nsLTPs) are ubiquitous proteins found in 
bacteria, yeast, plants and animals. They are the 
major lipid-binding proteins in plants have been 
isolated from rice, wheat, barley, maize, peaches 
and apricots (Cheng et al., 2004; Liu et al., 2002). 
Plant nsLTPs are basic (with pI 8–10) and 
disulfide-rich proteins divided into two subfamilies; 
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nsLTP1 (molecular weight ~9 kDa) and nsLTP2 
(molecular weight ~7 kDa) (Kader, 1996; Lin et al., 
2005). All nsLTPs share a common structural fold 
stabilized by four disulfide bonds. Different nsLTPs 
have been purified from various plants. Douliez and 
colleagues, used cation-exchange, size-exclusion 
chromatography and RP-HPLC methods for 
purification of nsLTP2 from wheat seeds (Douliez 
et al., 2001). Other researchers has purified nsLTP2 
from rice seeds using Sephadex (C25), 15S cation-
exchange chromatography and HPLC methods (Liu 
et al., 2002). CM-Cellulose chromatography has 
been used in addition to gel filtration (Sephadex 
G50) and FPLC for gaining purified nsLTP2 from 
rice seeds (Dharmaraj et al., 2002). Gel filtration 
and HPLC as efficient methods for protein 
purification, require special and expensive 
equipments, usually are not available in any 
laboratories and time consuming as well. To this 
end, access to cost-effective and simple purification 
method will be a convenient issue. In this study an 
attempt was conducted to purify nsLTP2 from rice 
paddy kernels by using cation-exchange and 
hydrophobic chromatography, in order to develop a 
simple, low-cost and rapid procedure. Beside the 
simplicity of the used method, it provides a good 
opportunity for LTP purification elsewhere. 
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Materials and Methods 
 
Materials  

Rice kernels were purchased from Lenjan local 
of Isfahan. CM-Sepharose and G50 Sephadex 
resins were obtained from Pharmacia. Chemical 
reagents were of analytical grade and purchased 
from Merck. 
 
Purification procedure  

Rice LTPs were isolated and purified according 
to slightly modified previous procedures (Yu et al., 
1988; Lin et al., 2005). Rice kernels were ground in 
a blender and its flour (250 g) was suspended in 
400 ml of 50 mM sulfuric acid. After it stood at 
room temperature for 4 h, the particulate matter was 
removed by centrifugation at 5000 rpm for 30 min 
and supernatant was passed through a piece of 
cheesecloth. The pH of solution was adjusted to 
8.00 with concentrated NaOH and after standing at 
4°C for 12 h, the produced precipitate was removed 
by centrifugation at 5000 rpm for 30 min. 100 ml of 
final supernatant was loaded onto a CM-Sepharose 
column (1.5×20 cm) which had previously been 
equilibrated with 0.05 M Tris-HCl buffer pH 8.00 
with the flow rate of 12 ml/h. Bounded proteins 
were separated by a linear gradient of 0 to 0.5 M 
NaCl in the same buffer (50 ml in each 
reservoir).Protein was monitored by on-line 
measurements of the absorbance at 280 nm. 
Solution of separated proteins was concentrated by 
freeze drying and dialyzed against 0.05 M Tris-HCl 
pH 8.4. Ammonium sulfate, EDTA and sodium 
bisulfite in final concentration of 1.5, 0.005 M and 
0.3% was added to dialyzed solution, respectively. 
Final solution was loaded onto a Phenyl-Sepharose 
column (1.5×10 cm) which previously equilibrated 
with 0.05 M Tris-HCl, 1.5 M ammonium sulfate, 
0.005 M EDTA and 0.3% NaHSO3 pH 8.4, with 
the flow rate of 40 ml/h. Elution performed by a 
decreasing non-linear gradient of buffer in five 
steps at 1.2, 0.9, 0.6, 0.3 and 0 M of ammonium 
sulfate. The eluted fractions at 1.2 M ammonium 
sulfate were pooled, desalted and freeze dried.  
 
Tris-Tricin sodium dodecyl sulfate Polyacrylamide 
gel electrophoresis  

It was performed according to a slightly 
modified method of Schagger and Von Jagow 
(Schagger and Von Jagow, 1987). SDS-PAGE was 
carried out using gel with 3% C, 16.5% acrylamide 
for resolving gel, 10% acrylamide for spacer gel 
and 4% acrylamide for stacking gel and samples 
were then loaded onto the 1.0-mm slab gel followed 
by electrophoresis with 100 V. Gels were fixed in 

methanol 50%, acetic acid 10% and proteins were 
visualized by Coomassie Brilliant Blue G250 
staining. Mioglobin (16.95 kDa), Mioglobin I+II 
(14.4 kDa), Mioglobin I (8.16 kDa), Mioglobin II 
(6.2 kDa) and Mioglobin III (2.5 kDa) were used as 
molecular weight markers. 
 
ANS Fluorescence measurements  

To confirm the presence of hydrophobic surface 
on nsLTP2, emission spectral changes of ANS was 
studied during binding to the protein. ANS 
fluorescence intensity (400μM) was recorded 
between 400-600 nm after excitation at 380 nm. 
Then, ANS was added to solutions containing 
nsLTP2 (4 and 4.2 μM, respectively) in 0.05 M 
Tris-HCl buffer, pH 8.4 and fluorescence intensity 
recorded as described above. 

 
Results 
 
LTP2 purification NsLTP2 obtained from rice 
kernels was purified using a combination of ion 
exchange and hydrophobic interaction 
chromatography. A CM-Sepharose column was 
initially used for separation of basic peptides 
following extracting. The basic fraction (figure 1, 
P2 peak) represents the minor protein fraction. The 
electrophoretic analysis of P2 proteins obtained 
from cation exchange chromatography showed the 
presence of two major sets of bands in Tris-Tricin 
SDS-PAGE. The first set is comprised of low 
molecular weight proteins with apparent molecular 
masses between 6 and 8 kDa while the second one 
shows band with molecular weight of 2.5 kDa 
(figure 2, lanes 7-10). 
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Figure 1. CM-Sepharose chromatography of extraction. The column was equilibrated with 0.05 M Tris-HCl pH 8.0 
buffer and eluted with 0-0.5 M NaCl. The flow rate was 12 ml/h.  
 
 
                                     
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Tris-Tricin SDS-PAGE of P1 and P2 peaks. Lanes 1-6: P1 peak; lanes 7-10: P2 peak. Numbers in lane M 
refer to molecular mass markers.  
 
 

For further purification, the P2 peak fractions 
were also subjected to hydrophobic interaction 
chromatography on Phenyl-Sepharose column. 

The proteins were separated in several peaks 
(figure 3). Protein patterns were analyzed by Tris-

Tricin SDS-PAGE and visualized by coomassie 
brilliant blue staining. The results showed the 
presence of a protein with a molecular weight of 7 
kDa (figure 4, lanes 4-6). 

 

 
Figure 3. Phenyl-Sepharose chromatography of P2 fractions. The column was equilibrated with 0.05 M Tris-HCl, 1.5 
M ammonium sulfate, 0.005 M EDTA and 0.3% NaHSO3 pH 8.4. Flow rate was 40 ml/h. 
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Figure 4. Tris-Tricin SDS-PAGE of protein fractions from Phenyl-Sepharose chromatography. Lanes 1-3: H1 peak; 
lanes 4-6: H2 peak. Numbers in lane M refer to molecular mass markers. 
 
ANS binding study  

ANS is a widely used hydrophobic probe for 
proteins and membranes characterization. The 
fluorescence intensity of ANS alone is low in 
water, while it places in hydrophobic medium its 
fluorescence intensity increases which is 
supplementary with a blue shift (Matulis et al., 
1998). It has been shown that nsLTP's structure 
contains a hydrophobic cavity surrounded by four 
helices connected through disulfide bonds. The 
hydrophobic cavity is the binding pocket for lipid 
or fatty acid molecules (Liu et al., 2002). This 

naturally occurring feature of nsLTP should bring a 
useful opportunity for checking its presence in 
relevant solutions, via affinity toward hydrophobic 
molecules resembling ANS. Fig. 5 shows the ANS 
emission spectral changes in the absence and 
presence of nsLTP2 solution. It can be seen that 
ANS fluorescence intensity is low in the absence of 
nsLTP2 (curve 1) while its intensity is increased 
when nsLTP2 is present in the solution (curve 2 and 
3), by way of a blue shift due to binding to the 
hydrophobic patches of the protein. 

 

 
 

Figure 5. ANS fluorescence intensity (400 μM) in the absence of nsLTP2 (1) and in the presence of nsLTP2 (4μM) (2) 
and nsLTP2 (4.2 μM) (3). 
 
Discussion 
 

Throughout  the study of some articles had been 
purified LTP2 from various plants, we observed 
that some of those have loaded output of cation 
exchange chromatography onto that column in the 
same conditions and have repeated this stage one or 

two times over again (Ozaki et al., 1980; Yu et al., 
1988). Since there were no sensible reasons for 
these repeats, we did not recreate this stage more 
times. Some other researchers have used  gel 
filtration and/or RP-HPLC after ion exchange 
chromatography (Segura et al., 1993; Liu et al., 
2002; Ooi et al., 2005). Using of these methods are 
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limited for the reason that of being costly and 
requirements of specific facilities. Consequently, in 
this study, relative to specific feature of LTP2 
protein, presence of a hydrophobic cavity, we 
applied a hydrophobic chromatography method to 
separate the protein from rice paddy. The obtained 
results showed that this type of chromatography is 
useful and efficient tool for LTP2 purification. 

In conclusion, given that other nsLTP2 
purification methods have been used to date (Yu et 
al., 1988; Charvolin et al., 1999; Douliez et al., 
2001; Liu et al., 2002) are intricate from the 
performance view point, due to high-cost, time 
overwhelming and instrumental dependency, the 
advantages of the developed procedure introduced 
in this article make it possible to access LTPs in a 
rapid and simple route. However, we proposed that  
ion-exchange chromatography along with 
hydrophobic interaction chromatography are 
convenient methods for feasible and rapid 
purification of  nsLTP2. 
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Abstract 
Study of the different aspects of protection against the exposure of ionizing radiation has always been an 

active area of research. High cost and toxicity of radioprotective drugs have limited their use. So, search for 
new drugs with a high degree of protection and lower cost and side effects seem a necessity. In this study 
radioprotective effect of aqueous as well as alcoholic extracts of the Mann of Cotoneaster nummularia( 
Shirkhesht), regarding their high accessibility and possibly low side effects, against 2 Gy Gamma irradiation, 
was analyzed using micronucleus assay on bone marrow cells of male mice (Balb/c). Different doses of 250, 
500, 1000 mg/kg/BW for aqueous and 3750, 7500, 15000 mg/kg/BW for alcoholic extract of Shirkhesht were 
administered IP for five constitutive days prior to 2 Gy gamma irradiation. The result compared with the 
known radioprotective effect of vitamin E after the same treatment schedule. High frequency of micronucleus 
was observed in non treated gamma-exposed mice, which represented the clastogenic effect of irradiation. 
Vitamin E, aqueous and alcoholic extracts of Shirkhesht treated mice represented a 5.56, 3.32 and 2.1 times 
decrease in the gamma-induced micronucleus frequency respectively. The data suggest a radioprotective effect 
of shirhkesht compared to vitamin E. 
 
Keywords: Gamma irradiation, vitamin E, Cotoneaster nummularia, micronucleus, radioprotection 

 
 
Introduction∗ 
 

Tensional or intentional irradiation in 
radiotherapy of cancers or from natural and 
industrial sources greatly damages the human 
tissues. The great efforts have been conducted to 
reduce the dangerous effects of ionizing irradiation 
to human body (Copeland, 1991; Durakovic, 1993; 
Narra and Harapanhalli, 1994). 

The biological effects of ionizing radiation in 
living organisms are the result of long chain of 
reactions. The main part of the energy of radiation 
is absorbed by water, which comprises 70-80% of 
animal body. This produces significant amount of 
free radicals (Iyer and Lehnert, 2000). 

Although one third of the damages caused by 
irradiation are the direct effects of ionizing 
radiation on DNA, many biological effects of 
ionizing radiation are believed to be the result of 
interaction of free radicals with DNA or other 
cellular macromolecules (Goodhead, 1994; Iyer and 
Lehnert 2000). Damages to DNA could be reduced 
by treatment of animals with sulphurous 
compounds, antioxidant vitamins, and plant natural 

                                                 
∗  Corresponding author, e-mail: haddad@um.ac.ir  

products (Bonorden and Pariza, 1994; 
Hosseinimehr et al., 2003; Lee et al., 2005). 

Antioxidant vitamins can protect the tissues from 
oxidative damages caused by irradiation. Although 
their detailed mechanism(s) yet to be explained, it 
is believed that they can significantly protect DNA 
and chromosomes of animal cells by their ability of 
scavenging the free radicals produced by ionizing 
irradiation (Narra and Harapanhalli, 1994; 
Konopacka and Wolny, 2001; Songthaveesin et al., 
2004). 

Seeking new radioprotective agents that conform 
to all criteria of an optimal radioprotectant is a very 
active line of research. An ideal radioprotective 
agent must provide different aspects for clinical 
applications, including effectiveness, low toxicity, 
availability, specificity and tolerance (Durakovic, 
1993). 

Recently, the herbal products which have been 
used in traditional medicine have become an 
attractive alternative as radioprotective agents. In 
several studies the radioprotective ability of these 
products have been investigated and many of those 
shown to be effective in protecting the cells from 
harmful effects of ionizing irradiation 
(Hosseinimehr et al., 2003; Lee et al., 2005; 
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Rouhanizadeh and Khalkhali, 1971). 
Other studies already have clarified the 

usefulness and reliability of in vivo micronucleuos 
assay, introduced by Schmid and Vol Ledebur 
(1973), in toxicological studies for assessing the 
structural and numerical chromosomal damages. 
Here chromosomal abnormalities, including 
structural damages and chromosomal loss are seen 
as tiny nucleus in cytoplasm, called Micronucleus 
(Mn) (Heddle and Salamone, 1981; Heddle and 
Hayashi, 1991). Analysing the radiation induced 
chromosomal aberrations has also been widely 
studied using this method (Gocke, 1996; 
Abramsson-Zetterberg et al., 1999).  

The same method was followed in this study for 
assaying the radioprotective activity of alcoholic 
and aqueous extract of Shirkhesht. 
 
Material and methods 
 

Animals  
The male Balb/c mice of 3-4 weeks old were 

kept for one week in animal house under a standard 
12 h light: 12 h dark cycle and controlled temperature 
(20 ± 2 °C) conditions to adapt. They were divided in 
control and treated groups of 5 mice in each group. 
Throughout the experiment all the handling, 
keeping situation and working with animals were 
closely monitored by the local Society of Animal 
Rights of Iran, a member of the International 
Society of Animal Rights. 
 
Treatment  

Vitamin E was diluted with sesame oil to get the 
final treatment doses of 0.00, 100 and 200 
mg/kg/BW (Konopacka et al., 1998). 

The Mann of Cotoneaster nummularia 
(Shirkhesht) was purchased from local Herbal 
Medicine shop and its authenticity was approved by 
the experts and macerated. The alcoholic and 
aqueous components were extracted by 80% 
ethanol and deionised water respectively. After 
solvent evaporation, the remained powders were 
diluted with deionised water. 

After determining the Lethal Dose50 (LD50) of 
those extracts, the doses of 250, 500, 1000 
mg/kg/BW and 3750, 7500 and 15000 mg/kg/BW 
of alcoholic and aqueous extracts were 
administered intraperitonealy for five constitutive 
days respectively. For vitamin E different doses of 
50, 100, and 200 mg/kg/BW were also administered 

intraperitonealy for five constitutive days. The total 
volume of injection never exceeded 0.4 ml. 
 
Irradiation 

Whole body irradiation was performed one hour 
post-last treatment using Cobalt-60 in Mashhad 
Omid Hospital. Mice were irradiated in group of 5 
with 2 Gy of gamma radiation (dose rate of 1 Gy/ 
Min). 
 
Micronucleous assay  

The assay was carried out according to Schmid 
and Vol Ledebur (1973). Briefly, the mice were 
sacrificed by cervical dislocation 24 hours post-
irradiation. The bone marrow of both femurs was 
collected into a centrifuge tube using 5 ml of FCS. 
After centrifugation in 1000 rpm for 10 min, the 
supernatant was discarded and a drop of cell 
suspension was smeared on clean slides. The slides 
were stained by May Grundwald/Giemsa. The 
slides were coded to be scored blindly by the 
viewer. On each slide at least 1000 polychromatic 
erythrocytes ( PCEs) were scored and the number 
of cells bearing micronucleus (MnPCE) was 
counted, the frequency of Normochromatic 
erythrocyte (NCE) also was calculated. 
 
Statistical analysis  

The data were analysed statistically and 
presented in tables and figures as Mean ± SEM. 
Interdifferences in each group were analysed by 
one-way variation analysis using Duncan software. 
 
Results  
 

To optimize the best time for obtaining the 
highest gamma-induced micronucleus frequency, a 
preliminary experiment was designed with un-
treated mice. In this experiment the mice were 
exposed to 2 Gy gamma irradiation and harvesting 
took place after 24 and 48 hours. The Gamma 
irradiation statistically increased the frequency of 
MnPCEs (P<0.01) (Figure1). The induced-
frequency of MnPCEs was decreased to half at the 
48 hours post-irradiation. On the basis of this data 
the time course of 24 hours post-irradiation was 
selected as a time of harvesting the bone marrow 
cells throughout the experiment. 
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Figure 1. MnPCE induced by 2 Gy Gamma irradiation at different times post treatment 
 

Effect of vitamin E on the frequency of Gamma-
induced MnPCEs 

The administration of different doses of vitamin 
E for five days before irradiation was resulted in 

dose-dependent decrease in the frequency of 
MnPCEs (P< 0.01) (Figure 2). Of all doses applied, 
200 mg/kg/BW had the most effective result in 
reducing the MnPCEs frequency. 
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Figure 2. Effect of vitamin E on the frequency of Gamma-induced MnPCE 
 
 

Effect of Aqueous extract of Shirkhesht on 
radiation induced-MnPCEs 

The LD50 of aqueous extract of Shirkhesht was 
determined to be 2890 mg/kg/BW. Mice were 
injected with doses of 250, 500, and 1000 
mg/kg/BW ip for five days. Aqueous extract of 

shirkhesht, in all doses, did statistically reduce the 
gamma-induced frequency of MnPCEs( P< 0.01) 
(Table 3). Despite statistical differences in the 
frequency of MnPCEs between 250 and 500 
mg/kg/BW (P< 0.01), no statistical differences 
were observed between 500 and 1000 mg/kg/BW. 
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Figure 3. Effect of aqueous extract of Shirkhesht on the frequency of Gamma-induced MnPCE 

 
Effect of Alcoholic extract of Shirkhesht on 
radiation induced-MnPCEs 

The LD50 of alcoholic extract of shirkhesht was 
determined to be 17500 mg/kg/BW. On the basis of 
this, doses of 3750, 7500 and 15000 mg/kg/BW of 
alcoholic extract of Shirkhesht were selected and 

introduced ip to mice for five days. Alcoholic 
extract of shirkhesht caused a significant dose-
dependent decrease in frequency of gamma-induced 
MnPCEs in all doses used( P< 0.01)(Figure 4). 
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Figure 4: Effect of alcoholic extract of Shirkhesht on Gamma-induced MnPCE 

 
In all experiments the frequency of PCE to 

PCE+NCE of gamma-irradiated mice was 
significantly lower than control (Table 1). Such 

reduction represented the toxicity of irradiation in 
all treated and untreated mice. 
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Table 1. Frequency of PCE/NCEa+PCE in all treatment which represents the toxicity of Gamma irradiation 

 Treatment with Vitamin E 
Treatment with aqueous 

extract of Shirkhesht 

Treatment with 
alcoholic extract of 

Shirkhesht 
Control 53.35 ± 0.95 53.35 ± 0.95 53.35 ± 0.95 

0.00 48.57* ± 1.43 48.57* ± 1.43 48.57* ± 1.43 
Treatment 1 50.86* ± 0.88 50.09* ± 0.88 48.45* ± 1.43 
Treatment 2 48.12* ± 1.32 49.42* ± 1.32 49.86* ± 1.25 
Treatment 3 49.13* ± 0.89 49.23* ± 0.89 50.52* ± 0.58 

a Normochromatic eryhtrocyte 
* Statistical differences( P<0.01) 

 
Discussion 

 
Ionizing radiation causes clastogenic 

chromosomal abnormalities in living cells 
(Goodhead, 1994; Iyer and Lehnert, 2000; Pouget 
and Mather, 2001). Gamma-irradiation of water 
molecules leads to production of different active 
elements such as Radical of hydroxyl (OH°), 
Hydrated electron [e¯(aq)] and Radical of 
Hydrogen (H°). The main elements produced are 
the last two. It is believed that OH° is the most 
destructive to DNA (Goodhead, 1994; Konopacka 
et al., 1998). The hydroxyl radical scavengers are 
able to compete with DNA in interaction with free 
radicals (Copeland, 1991). Through their ability of 
scavenging the OH°, vitamins have the most 
important role in DNA protection against ionizing 
irradiation (Narra and Harapanhalli, 1994; Odin, 
1997). 

In search for new source of radioprotective 
agent, the extracts of Shirkhesht were subjected to 
analysis. For this reason the in vivo Micronucleus 
assay was performed. Application of this method 
has also been widely reported in analysis of 
radioprotective ability of different agents 
(Hosseinimehr et al., 2003; Heddle and Hayashi, 
1991). 

Irradiation of mice in this study led to an extreme 
increase in the frequency of MnPCEs, compared to 
the control. The increase of the Micronucleus 
frequency could be explained by the clastogeneic 
ability of gamma-irradiation which in turn leads to 
structural chromosomal abnormality. The radiation-
induced micronucleus frequency has been reported 
by others (Hayashi et al., 1994; Konopacka et al., 
1998; Konopacka and Wolny, 2001; Hosseinimehr 
et al., 2003). The control frequency of 
micronucleus is at the same level of other studies, 
although the gamma irradiation-induced 
micronucleus frequency after 24 h is higher than 
the frequency report elsewhere (Hosseinimehr et 
al., 2003; Tiku et al., 2004). This difference could 
be the result of the higher dose of gamma-
irradiation used in this study. 

Time-dependent decrease in Gamma-induced 
micronucleus frequency was observed here. In 
similar studies also such decline in the Mn 
frequency has been reported (Matsuoka et al., 1993; 
Mac Gregor, 2000). The time-dependent decrease 
of Mn in anucleated polychromatic erythrocytes 
could be the end points of different pathways, 
degradation of micronucleus by cytoplasmic 
nucleases (Zu Granetto et al., 1996) or maturation 
and then releasing of the MnPCE into the blood 
stream. 

The aim of the experiment was to study the 
effect of Shirkhesht extract on induced 
micronucleus frequency, so 24 hours post 
irradiation, which was exhibited the highest 
frequency of Mn, was selected for harvesting the 
bone marrow cells. Toxicological studies also 
suggest the same time course for harvesting the 
bone marrow in in vivo micronucleus assay 
(Hayashi et al., 1994; Abramsson-Zetterberg et al., 
1996). 

In this study, Five days tresatment with vitamin 
E decreases the gamma-induced MnPCE frequency. 
Administration of vitamin E by either oral or 
through intragastric gavage for 4 days could 
significantly elevate the level of vitamin E 
concentration in bone marrow of mice (Umegaki et 
al., 1994). Radioprotective effect of vitamin E in in 
vivo and in vitro studies has been documented in 
several studies. Due to its free radical scavenging 
ability and its capability in protecting DNA from 
direct effect of H2O2, the decrease in chromosomal 
damages induced by ionizing irradiation could be 
well explained (Konopacka et al. 1998, Mutlu–
Turkoglu et al., 2000; Konopacka and Wolny, 
2001; Claycombe and Meydani, 2001). 

According to the results represented in Figure 3 
and 4, administration of the aqueous as well as 
alcoholic extract of Shirkhesht has led to a 
significant decrease in the gamma-induced MnPCE 
frequency. The data suggest the radioprotective 
capability of extracts of Shirkhesht. 

There is not enough information about the 
radioprotective ability of Shirkhesht. It is a natural 
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product that could be easily absorbed through 
mouth. It has been proposed that its radioprotective 
ability was because of its inhibiting effect on 
enzymes which were activated after irradiation and 
could break DNA (Rouhanizadeh and Khalkhali, 
1971). Although so far there is not enough evidence 
to support this. 

Extract of Shirkhesht contains 40-60% Manitol 
(Zargary, 1999). The free radical and activated 
oxygen scavenging ability of manitol has been 
documented in several studies (Peak and Peak, 
1990; Tsou et al., 1996; Tsou et al., 1999; 
Bektasoglu et al., 2006). On the basis of those 
studies it is possible to explain the radioprotective 
capability of Shirkhesht and resulted reduction of 
MnPCE frequency through free radical scavenging 
of manitol present in its extracts. In mice exposed 
to gamma irradiation there was a competition 
between DNA and manitol to interact with free 
radicals which led to lower DNA damages and 
MnPCE frequency. 

The medicinal properties of Shirkhesht as a 
natural product used in traditional medicine has 
been widely studied. Results of this experiment 
suggest that the Mann of Cotoneaster nummularia 
(Shirkhesht) could be an effective replacement for 
chemical radioprotective agents to reduce the 
damages to DNA of persons exposed to ionizing 
radiation because of their occupations or treatment 
protocols. Also once more this study reveals the 
usefulness of micronucleus assay in study of 
chromosomal damages induced by ionizing 
irradiation. 
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Abstract 
Osmotic stress is one of the major factors that significantly reduce yields in dry areas. Plants respond to this 

abiotic stress at physiological and molecular levels. Many genes are induced under stress conditions by 
transcription factors. Dehydration responsive element binding (DREB) protein is a subfamily of AP2/ERF 
transcription factors which control expression of many osmotic stress-inducible genes. In this study, 21 days 
old seedlings of Sardari cultivar, dry farming bread wheat transferred into hydroponics culture using Hoagland 
solution. Osmotic stress treatments performed with adding 100, 200 and 400 g/l poly-ethylene glycol 6000 to 
hydroponics culture to obtain –0.15, –0.49, and –1.76 MPa water potential, respectively. After the seedlings 
were withered and colorless, relative water content, dry weight, and photosynthesis measured. In addition, RT-
PCR, and cDNA sequencing carried out. Molecular analysis of DREB translated protein sequence performed 
by DNAMAN, BLASTN, Pfam and PROSITE software. Results showed that osmotic stress decreased relative 
water content, root and shoot dry weight and net photosynthesis rate in comparison to control, significantly (P 
< 0.05). Sequence alignment indicated 98% homology with other Triticum aestivum DREB protein mRNA. 
There was an AP2 domain in the translated protein with three �-sheets and one �-helix and contains the Val14 
and Glu19 amino acids. An EST Sequence deposited in NCBI GenBank database with the accession number of 
ES466900.   
Keywords: AP2 domain, DREB, osmotic stress, physiological responses, wheat  
 

 
 

Introduction   ∗ 
 

Osmotic stress is one of the major factors that 
significantly reduce yields in dry areas (Trethowan 
et al., 2001). Wheat in some areas is usually grown 
on dry-agricultural fields and this often causes 
serious problems in wheat production (Tas and Tas, 
2007). Acclimation to this stress, results from a 
series of integrated events occurring at 
physiological and molecular levels that helps in the 
retention and/or acquisition of water, protection of 
chloroplast functions and maintenance of ion 
homeostasis (Mohsenzadeh et al., 2006). 
Researchers have used various indices to categorize 
the symptoms of osmotic stress. These indices 
include changes in dry weight (Marcum et al., 
1995; Huang et al., 1997), RWC (Schonfeld et al., 
1988; Guan et al., 2004), net photosynthesis rate 
(Martin and Ruiz-Torres, 1992; Leidi et al., 1993; 
Flexas and Medrano, 2002) and gene expression 
(Shinozaki and Yamaguchi-Shinozaki, 1996; Bruce 
et al., 2002; Very and Sentenac, 2003). 

                                                 
∗ Corresponding author, e-mail:  mohsenzadeh@susc.ac.ir 

AP2/ERF transcription factors are a large 
multigene family of plant-specific transcription 
factors with over 100 members, whose 
distinguishing characteristic is that they contain the 
so-called AP2 DNA-binding domain composed of 
57-70 amino acid residues. They have been isolated 
from a variety of higher plants, such as Arabidopsis 
thaliana, tobacco, tomato, rice, maize, wheat and 
castor bean (Jofuku et al., 1994; Baker et al., 1994; 
Sakuma et al., 2002).  

Many genes that function in stress tolerance are 
induced under stress conditions (Thomashow, 
1999; Shinozaki and Yamaguchi-Shinozaki, 2003). 
Most of these stress-inducible genes are controlled 
by abscisic acid (ABA), but some are not, 
indicating the involvement of both ABA-dependent 
and ABA-independent regulatory systems in stress-
responsive gene expression (Zhu, 2002; 
Yamaguchi-Shinozaki and Shinozaki, 2005). 
Dehydration responsive element binding (DREB) 
protein is a subfamily of AP2/ERF transcription 
factors which contain one AP2 domain. It is known 
that the DREB genes are the key-genes conferring 
tolerance to water stress, in the ABA-independent 
pathway. The DREB transcription factor controls 
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the expression of several target genes involved in 
the mechanism of osmotic stress tolerance (Liu et 
al., 2000; Latini et al., 2005; Badawi et al., 2007), 
by recognizing and binding to an essential cis-
acting element, the dehydration responsive element 
(DRE) with a core motif of A/GCCGAC in the 
upstream of inducible genes (Yamaguchi-Shinozaki 
and Shinozaki, 1994; Cushman and Bohnert, 2000; 
Kizis et al., 2001; Shen et al., 2003; Liu et al., 
2006; Wang et al., 2006).  

Dry-farming is characterized by a somewhat 
short season and the nature of plant growth is 
modified by the arid conditions prevailing in dry-
farming. So, the mechanisms involved in the 
response of plants to osmotic stress in dry-farming 
require further elucidation. We know that Sardari 
wheat is tolerant to drought because is a dry 
farming cultivar but the aim of this study was to get 
insight into some responses of dry farming wheat to 
osmotic stresses in hydroponics culture. It can help 
in understanding water stress tolerance mechanisms 
and defining conditions for identification of 
osmotic stress-inducible genes in the tolerant 
plants.  
 
Materials and Methods 
 
Plant material and growth conditions  

Nine days germinated seeds of Sardari cultivar, 
dry farming bread wheat (Triticum aestivum L.), 
were transferred into hydroponics culture using 
Hoagland solution and kept for 12 days in growth 

μ −chamber conditions with 16 h light, 500 mol m 2 
− ◦s 1 fluorescent light, 22/15 C day/night 

temperature and 60% humidity. 
 
Osmotic stress treatments  

Osmotic stress treatments were performed with 
adding 100, 200 and 400 g/l poly-ethylene glycol 
6000 (PEG 6000) to hydroponics culture to obtain –
0.15, –0.49 and –0.76 MPa water potential (Michel 
and Kaufmann, 1973), respectively. The untreated 
culture was used as control. The seedlings were 
withered and colorless after 5 days. Seedlings from 
each treatment and control were harvested, quickly 
immersed in liquid nitrogen and stored at –20 °C 
for RNA extraction. 
 
RWC and dry weight measurements  

The percentage of relative water content (RWC) 
was calculated as: 

RWC = (FW � DW) / (TW � DW) × 100 
Variables were the fresh weight of harvested 

leaves which were cut to 1cm segments (FW); the 
weight of leaf segments soaked in water at 4°C in 

the dark for 24 h (TW); and dry weight of the 
◦segments baked at 80 C for 24 h (DW).  

     
 Photosynthesis measurement 

Photosynthesis rate (AN) was determined by 
using Photosynthesis System HCM-1000 (Heinz 
Walz, Effeltrich, Germany). The middle part of the 
youngest, fully expanded leaf of all plants was 
placed in a gas-exchange cuvette (1010-M; Heinz 
Walz), while CO2 concentration and flow rate were 
kept constant at 360 ppm. Plants were illuminated 

μin the cuvette with 1800 mol m-2 s-1 ◦ PAR at 20 C 
during measurements. Data were automatically 
collected every minute after photosynthesis rate 
was stabilized. The rate of photosynthesis was 

μexpressed as mol CO2 m-2 s-1.  
 
DNA extraction and primer design  

Leaf tissue (200 mg) was ground to a fine 
powder in liquid nitrogen, and DNA was extracted 
using modified CTAB method. Primers were 
designed by Oligo5 software and using consensus 
of alignment of DREB genes for wheat from NCBI 
GenBank.  
 
RNA extraction and RT-PCR analysis  

Seedling leaf samples were ground in liquid 
nitrogen and total RNA was extracted using 
Aurum™ Total RNA Mini Kit (Bio-RAD). First-
strand cDNA was synthesized from extracted RNA 
and by cDNA Synthesis system Kit (Roche). 
Primer sequences for the DREB transcripts were 
forward primer: 

′5 -AAGAAGTGGAAGGAGGAAA- ′3  and 
reverse primer: ′ 5 -CTAAACCCATCATCACCA-
′3 . 

Wheat actin was used as a positive control for 
the RT–PCR with ′5 -
GACCCAGACAACTCGCAACT- ′3  as the 

′forward primer and 5 -
CTCGCATATGTGGCTCTTGA- ′3  as the reverse 
primer. The PCRs were carried out in 20-�L 
solution comprising 10 ng of samples cDNA, 1 x 
PCR buffer, 1.5 mM MgCl2, 0.25 mM each dNTP, 

μ2 M of each primer, and 1 U Taq DNA 
polymerase. The PCR profiles for both genes were 
an initial denaturation at 94 °C for 5 min followed 
by 35 amplification cycles (94 °C for 1 min, 50 °C 
for 1 min, and 72 °C for1 min) and final extension 
at 72 °C for 10 min. The PCR amplification 
products were separated in 1% (w/v) agarose gels. 
 
Purification of PCR product and sequencing 

PCR products were purified using High Pure 
PCR Product Purification Kit (Roche), and then 
sequenced (MWG, Germany). 
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Cloning  
DREB sequence was cloned in pTZ57R/T 

αplasmid and DH5  strain of E. coli using Ins 
TMPCR Product T/A Cloning Kit (Fermentas). 
Plasmid extraction was carried out by AccuPrep® 
Plasmid Extraction Kit (BIONEER) to confirm the 
cloning via PCR and gel electrophoresis.  
 
Statistical analysis and computations  

All physiological experiment set-ups were 
randomized complete block designed with three 
replicates. Raw data were imported to Microsoft 
Excel program for calculation and graphical 
representation. SPSS version 11.5 program was 
used for analysis of variance and comparison of 
means by Duncan’s method at P < 0.05. 

Transeq software was used for translating the 
nucleotide sequence to amino acid sequence. The 
alignment of the deduced amino-acid sequence of 
AP2 domain with other AP2 domain-containing 
carried out by protein blast search databases. 
Sequence similarity and several structural features 

were predicted by online databases and related 
software including BLAST, Pfam and PROSITE.  

 
Results 
 
Plant growth and osmotic stress treatments effects 
on RWC and dry weight 

Seeds of Sardari cultivar wheat were germinated 
at the rate of 88.5% in sufficient moisture and were 
grown under growth chamber conditions. RWC 
averages were 88.5% for control seedlings as the 
reference point for well watered plants and 84.9, 
61.1, and 43.4 percent for –0.15, –0.49, and –1.76 
MPa water potential, respectively. Results showed 
that osmotic stress decreased relative water content, 
significantly (P< 0.05) (Figure 1). In addition, 
osmotic stress decreased both root and shoot dry 
weight significantly (P< 0.05) from 0.015 and 
0.033 g root and shoot dry weight, respectively in 
control to 0.009 and 0.019 g in plants which treated 
with 400 g/l polyethylene glycol 6000. 
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Figure 1. RWC in control and drought- treated plants. PEG 100, 200 and 400 g/l are equal to –0.15, –0.49, and –1.76 
MPa water potential, respectively. Data are means ±S.E. of three replicates. Treatments with the same lowercase letters 
were not significantly different based on mean comparison by Duncan’s method at P < 0.05. 
 
 
Effects on photosynthesis rate  

Figure 2 shows a significant decrease in the net 
photosynthesis rate as drought became severe. The 
most declines were seen between 100 and 200 g/l 
PEG treatments. In 200 g/l PEG treatment with –
0.49 MPa water potential the net photosynthesis 
rate was zero but in 400 g/l PEG with –1.76 MPa 
water potential, the net photosynthesis rate was 
negative because respiration is higher.  
 
Gel electrophoresis display  

Agarose gel electrophoresis of amplified cDNA 

by specific primers showed 700-bp bands for 
DREB gene and a 500-bp band for positive control 
(wheat actin) (Figure 3). 
 
Sequencing and bioinformatics analysis 

Sequencing reported a 645 nucleotide sequence 
which was deposited in NCBI GenBank database 
with the accession number ES466900. Alignment 
of TaDREB sequence using blast search, indicated 
that it has 98% homology with DREB1 genome A 
and B and DREB1 mRNA of wheat. 
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Figure 2. Rate of net CO2 assimilation in control and drought- treated plants. PEG 100, 200 and 400 g/l are equal to –
0.15, –0.49, and –1.76 MPa water potential, respectively. Data are means ±S.E. of three replicates. Treatments with the 
same lowercase letters were not significantly different based on mean comparison by Duncan’s method at P < 0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Agarose gel electrophoresis of amplified cDNA by specific primers. cDNA constructed via RT-PCR from 
seedling mRNA under conditions with adding 0, 100, 200, and 400 g/l poly-ethylene glycol 6000 to hydroponics 
culture. M column is 100-bp ladder and A1 to A4 are expression of the actin as housekeeping gene in the four treated 
tissue.  
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The Pfam program shows that the deduced 
amino-acid sequence of AP2 domain including 
three β-sheets and one α-helix with the valine14 
and glutamic acid19 amino acids (Figure 4). 
According to protein blast search databases, our 
deduced amino-acid sequence of AP2 domain has 

98 to 100 % identities with other wheat, 92 to 93 % 
identities with Avena sativa, Festuca arundinacea 
and Poa prantensis, 87 to 89 % identities with 
Sorghum bicolor, Cynodon dactylon and Zea mays 
and 80 to 83 % identities with Populus euphratica 
and Glycine max.  

 

A  Y  R  G V  R  Q  R  T  W  G  K  W  V  A  E  I  R  E  P N  R  G  N  R  L  W  L  G  S  
F  P  T  A  V  E  A  A  R  A  Y  D  D  A  A  R  A  M  Y  G  A  K  A  R  V  N  F  S  E  Q  
S  P  D  A  N  S   
 
Figure 4. The deduced amino-acid sequence of AP2 domain analysed by Pfam program. βAP2 domain has three -
sheets and one �-helix, respectively showed by italic. The valine14 and glutamic acid19 amino acids of AP2 domain are 
typed with bigger font.  

 
Discussion 
 

Wheat crop responds to osmotic stress in the 
form of changes in various physiological and 
biochemical processes. As mentioned in results, 
osmotic stress decreased relative water content; 
both root and shoot dry weight and net 
photosynthesis rate, significantly. These results are 
confirmed by other researches (Mohsenzadeh et al., 
2006; Gill et al., 2002; Flexas et al., 2002). Based 
on these data, it is possible to define three levels of 
drought stress: mild, moderate and severe. If RWC 
is reduced to below 5-7% of the control ones, plants 
looked healthy and decrease in growth rate was not 
significant. Moderate reduction of RWC for 10–
25% affected biomass and the stress is severe when 
RWC decreased by more than 25%. Lawlor (2002) 
suggests that decreased ATP concentration at low 
RWC impairs protein synthesis, though it may 
increase the synthesis of certain types of proteins 
(Flexas, 2002). The moisture content of dry-farm 
wheat, the chief dry-farm crop, is more important. 
In this study, RWC as an indicator of the level of 
response to osmotic stress showed the mild, 
moderate and severe drought stress for 100, 200, 
400 g/l PEG treatments conditions, respectively. 
Maintenance of high plant water status and the net 
photosynthesis rate in 100 g/l PEG treatment is an 
indication of osmotic stress resistance and it is 
necessary for Sardari cultivar as dry farming wheat 
and it may be due to gene expression induced by 
transcription factors like DREB protein. The 
recognition of the superior quality of wheat grown 
under osmotic stress stimulates faith in the great 
profitableness of dry-farming which is growth 
without irrigation under a limited rainfall. 

As figure 3 shows, TaDREB gene in Sardari 
wheat is expressed both under osmotic stress and 
control conditions and it is suggested that this gene 

is also responsible for the non-stress physiology or 
growth and development of the plant. This 
observation is similar to that of Latini and co-
workers (Latini et al., 2005). In addition, we know 
that the DREB genes are controlled by the ABA-
independent pathway and the responsiveness of 
plants to osmotic stress is critically mediated by the 
increase in ABA levels.  

The primary and secondary protein databases 
shows that our Sadari DREB deduced amino-acid 
sequence of AP2 domain is very similar to other 
wheat plant and slightly different with other plants. 
This similarity of the protein motif suggests similar 
functions. In particular, understanding regulatory 
gene networks in stress response cascades depends 
on successful functional analyses of cis-acting 
elements (Yamaguchi-Shinozaki and Shinozaki, 
2005). According to Shen and co-workers research, 
in different wheat cultivars, the TaDREB1 gene is 
induced by low temperature, salinity and drought; 
and the expression of some genes that contains 
DRE motifs in its promoter is closely related to the 
expression of TaDREB1.The results suggest that 
TaDREB1 functions as a DRE-binding 
transcription factor in wheat (Shen et al., 2003). 
Four genes encoding putative ethylene-responsive 
element binding factor (ERF)/AP2 domains were 
cloned from Brassica napus, and these genes could 
be induced by low temperature, ethylene, drought, 
high salinity, abscisic acid and jasmonate 
treatments (Liu et al., 2006).  

The obtained 645 nucleotide sequence from 
cDNA was also amplified from genomic DNA with 
the same primers and it means that this segment of 
sequence has no intron. This study is the first 
research of DREB gene on an Iranian plant. 
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Abstract 

Basement membrane of glomerular mesangium (BMG) is a thin membrane which helps to support the 

capillary loops in a renal glomerulus and type IV collagen is require for complete BM formation during 

glomerulogenesis. In this investigation specific antibody of type IV collagen has been used in light microscopy 

to study development of BMG of the embryonic and postnatal mouse glomerular mesangium. In this study, 20 

female Balb/C mice were selected randomly and finding vaginal plug was assumed as day zero of pregnancy. 

12 pregnant mice were sacrified by cervical dislocation in one of gestational days 13-18, their fetuses were 

fixed and serially sectioned. Immunohistochemical Study for tracing of collagen type IV in BMG was carried 

out. The same processes were carried out for kidneys preparation of pups on 5, 10, 15 and 20 days after birth (2 

mothers for each day). The result of the present study revealed that collagen IV reaction was weak on day 15 of 

gestation. The amount of collagen increased continuously until next days of fetal life and primary of 10 days 

postnatal in BMG. After this period, collagen IV showed no significant change in newborns. These data 

indicate that collagen IV appears just during the glomerular vasculogenesis and because of continuity and 

glomerular endothelial cell differentiation, type IV collagen, is the major structural protein in BMG, have been 

implicated in these processes. 

Keywords: collagen IV, glomerular basement membrane, kidney, mouse  

 
Introduction   ∗ 
 

Basement membrane is a specialized structure of 

extra cellular matrix and consists of different 

compositions such as proteins and sugars (Gulberg 

et al., 1995; Berkholtz et al., 2006). This structure 

contains several components such as types IV, V 

collagen, laminin, fibronectin, sulfated and 

nonsulfated glycosaminoglycan (Berkholtz et al. 

2006; Mates et al., 2004). Among these 

compositions, collagen is the most abundant 

constituent and type IV collagen has been identified 

a main structure of it (Thesleff  et  al., 1979; 

Horacek et al., 2004). Basement membrane not 

only changes during embryonic period but also 

alters during later stages of life and its alterations 

considers as an index of tissue changes in 

pathologic studies (Poschl et al., 2004; Cosgrove et 

al., 2008).   ECM components turn over continually 

in developmental organs (Carnegie, 1993; Chai et 

al., 2003). In other words, molecules and matrix 

components are required in cell differentiation. 

Among them, type IV collagen play complex roles 
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in developmental phenomena such as migration, 

proliferation, morphogenesis and metabolism 

(Paralkar et al., 1991; Thesleff et al., 1979). The 

most prominent role of extra cellular matrix is 

migration and cell adhesion that type IV collagen 

serves them (12, 13, 14). Therefore, considering 

collagen plays role in vital organs changes, it 

necessary seems its investigation.  
 

Material and Methods 
 

20 virgin female Balbc/c mice were selected 

randomly and finding vaginal plug were designated 

as day zero of pregnancy. 2 mices were 

anesthetized by chloroform and were sacrified by 

cervical dislocation in every gestational days 13-18. 

Their fetuses were collected and were processed for 

histological studies. The similar processes were 

used for newborns on 5, 10, 15 and 20 of postnatal 

days. Kidneys were isolated from newborns of 2 

mothers for each day. Finally, all samples of fetuses 

and new borns were placed in paraffin blocks and 

sectioned serially at a thickness of 7 μm. After 

deparaffination and rehydration, sections of kidneys 

were washed twice for 5 min with Tris buffer 
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(containing 1.5% sodium chloride at PH=7). None-

specific antibodies were blocked with 3% Triton X-

100 and goat serum for 3 hours. For blocking 

endogenous peroxides activity, sections were 

treated with 3% H2O2- methanol for 1 hour and 

were incubated with the monocolonal antibody 

against collagen IV (conjugated with Horse radish 

peroxidase) at a dilution 1:50 overnight. Then 

sections again were placed in Tris buffer solution 

containing 3%Triton and 2% goat serum and were 

washed three times for 10 min with Tris buffer. 

After this stage, sections were placed for 15 min in 

Di-aminobenzidine containing 0.03% H2O2 and 

after washing samples, were counterstained with 

hematoxylin. The sections were mounted with 

glycerol gel. In this method, collagen shows 

positive reaction according to amount of 

appearance and the coloring reaction is from light 

to dark brown. The coloring reaction of collagen is 

a proper index for determination of BMG. The 

images of glomerular regions of kidneys were 

obtained by a camera microscope and were saved 

as a file. The intensity of collagen IV reaction was 

graded by two separate individual according to firth 

method (Firth et al., 1996).  

 

Statistical analysis  
The data were analyzed by using SPSS software 

and Kruskal Wallis and Mann-Withney tests. P-

values<0.05 was considered as significant. 

 

Results  
 

Our finding revealed although mesenchymal 

cells are enclosed uretric bud and glomerular 

primordium and rudimentary tubules observed on 

day 13 of gestation (figure1), no collagen reaction 

was detected until this period of time. Glomerular 

development completed on embryonic day 14 and 

collagen just showed weak reaction in parenchym 

of vessels (PV) but not in glomerular basement 

membrane. Collagen IV showed first reaction on 

day 15 of gestation in cortical glomerulus  

(figure 2). The intensity of reaction increased 

continually during next days and detected on day 

18 of gestation in basement membrane of cortical 

glomerulus (figure 2). The results of this stage 

showed that epithelial basement membrane not only 

appeared in cortical regions of gelumerulus but also 

observed in tufts of capillary. The observations on 

5, 10 and 15 days of postnatal period indicated that 

collagen reaction was more intensive on day 5th of 

postnatal period in glomerular basement membrane 

(table 1) but this reaction was not increased showed 

significantly on day 10th   and after that during 

postnatal days.   

 

      
 

Figure 1. a. Transverse section through kidney paranchyme on day 13 of gestation that 

collagen indicated no reaction in glomerular primordium (arrow heads) as well as 

rudimentary tubules (arrows). b. Other transverse section during glomerular development on 

day 14 of gestation. Although glomerular structure have been completed, no reaction was 

observed in any area except for parenchyma vessles. 
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Figure 2. a. Transverse section of glomerulus on day 15 of gestation, The first reaction 

was observed in basement membrane of glomerulus of cortical regions  (arrow heads).  
b. Sections of glomerulus on 18 day of gestation. In this image it have been showed 

labeling in both basement membrane of cortical glomerulus (arrow heads).   
  

     
 

Figure 3. a. Transverse sections through glomerulus on 5th postnatal day, arrowheads 

refer to strong reaction in glomerular basement membrane. b. Glomerulus on 10th 

postnatal day, ECM and basement membrane labeling indicate more intensive reaction 

than previous image.   

 
Table 1. Collagen type IV reaction during kidney glomerular morphogenesis 

 

Embryonic and postnatal days BMG * ECM ** PV *** 
13 th  embryonic day  - - - 

14 th     =     =     =   = - - + 

15 th     =     =     =   = + + ++ 

18 th     =     =     =   = +++  ++ ++++ 

           5th postnatal day +++ +++ ++++ 

           10th  =   =     =   = ++++ ++++ ++++ 
 

Gradation of  ranging from negative (zero) to 4 positive in conformity with the severe of reaction from 

negative, weak, moderate, strong and high strong. 

Values represent means ± standard error of the mean (S.E.M), compared to embryonic with postnatal 

days: * (P � 0.002), ** (P � 0.005) and *** (P � 0.05). 
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Discussion 
 

Fibrillar proteins especially type IV collagen 

play different roles in limbs development and 

tendon junctions (Langmaier et al., 2001). These 

proteins not only act as conducting system for 

migration but also they are effective on wound 

repair, synthesis and turn over components of extra 

cellular matrix (such as fibronectin, tenasin, 

collagens, chondroitin sulfate and heparan sulfate), 

proliferation and cell differentiation (Holster et al., 

2007). Interestingly, it has verified that fibrillar 

proteins such as type IV collagen play important 

role in repair embryonic wounds without remaining 

scar (Campos et al., 2008; Figus et al., 2007). 

Based on our data, it seems that proteins of 

basement membrane synthesis are required for 

glomerular epithelium formation. Among them, 

type IV collagen is the most remarkable component 

of glomerular basement membrane synthesizes 

under inductions mechanisms and it reserved in 

glomerular primordium. 
Kidneys are the most important part of urinary 

tract that its mesenchyme forms tubular epithelium 

and renal glomerular during different stages of 

renal morphogenesis (Abrass et al., 2006; Barasch 

et al., 1999). The embryologic studies show that 

rudimentary glomerulus appears on 13.5 day of 

gestation in mouse (Sukhatme et al., 1993). The 

immunohistochemistry studies of glomerular 

endothelial formation showed that type IV collagen 

was first indicated weak reaction on 15 day of 

gestation. This represents that vessel endothelial 

formation in glomeruls is required macromolecules 

of basement membrane especially type IV collagen 

which plays a crucial rolein this process (Mejelle et 

al., 2007). Our data indicated that type IV collagen 

not only increased during final stage of embryonic 

but also followed on 1-10 of postnatal days. 

Based on the previous studies it have been shown 

that basement membrane density may change by 

factors such as long-time activity of kidney and 

increasing age (Gulber et al., 2008). The studies 

also have revealed that in pathological condition, 

such as diabetes, renal failure influence on 

thickness of basement membrane and density of 

collagen (Funabiki et al., 1998). At this period of 

time, it have been proved that former protein, is 

effective on glomerular formation and renal 

filtration at early stages of kidney development and 

contributes in an immune response by signal 

transduction to adjacent tissues and extra cellular 

matrix that increase thickness of basement 

membrane and collagen density (Borza et al., 

2007). Although this autoimmune response 

supports glomerular endothelium against chemical 

factors, it may results in decline of glomerular 

filtration and renal failure in acute cases. It have 

been believed that compositions of basement 

membrane play a structural role in epithelial cells, 

while have been distinguished basement membrane 

plays complexity roles in cell behavior such as 

development, proliferation, morphogenesis, 

metabolism and pathologic changes (Gullberg et 

al., 1995). Extra cellular matrix contributes in 

different cellular activities such as adhesion, 

migration and signal transduction (Hurle et al. 1989 

and Chohen et al., 2007).  

In extra cellular matrix, there are 2 groups of 

fibrillar proteins in extra cellular matrix, structural  

proteins such as collagen and elastin. The second 

one are the proteins that play adhesion role such as 

laminin and fibronectin (Olson et al., 1991). 

Among these proteins, collagens are the most 

abundant component of extra cellular matrix. At 

least 19 types of collagen have been distinguished 

so far. Type IV collagen is the most important type 

of collagen in extra cellular matrix that its crucial 

role were discussed before. It has been identified 

that various types of collagen contributes in 

different morphologic process. The researches have 

shown that collagens induce endothelial cells to 

tubular ducts formation (Maeshima et al., 2006). 

Type II collagen may plays a role in epithelial- 

mesenchyme interactions that induce to form 

cytoskeleton (Ishibe et al., 1989). Type VI collagen 

probably causes cell-matrix interactions and 

cytoskeleton turn over in fibroblasts that increase 

cell surface during development (Doane et al., 

1992). The studies indicate that extra cellular 

matrix causes specialized functions in different 

tissues. For example, the hepatocytes should 

contact to extra cellular matrix and basement 

membrane that synthesize specific proteins. Also, 

numerous rowth factors and hormones transduct 

signals via binding to extra cellular matrix (Zahang 

et al., 2007). On the other hand, it is important 

understanding relation between extra cellular 

matrix and functional mechanism of growth factors, 

pathogenesis of diseases and finding new 

therapeutics (Favor et al., 2007). The increasing 

type IV collagen represents that glomerular 

development is dependent to this type of collagen 

which appeared during mesangeal formation. 

Collagen detection on 15 days of gestation in 

glomerular basement membrane and its increase 

during next days, suggest that gelumerular 

development is dependent to basement membrane 

formation.  
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Abstract  
 

Relation between sexual maturity and levels of two main steroid hormones in gonads, 17-� estradiol (E2) 
and testosterone (T) were studied by using histological and radioimmunoassay in female kutum Rutilus frisii 
kutum during spawning season of the southern Caspian Sea. The study was carried out from February to May 
2008 using 105 migrated fish specimens catched from the River sefid-rood by various tools of catching 
including (Gillnet, Cast net, Seine net and Sheyl or Kulham). The results revealed that changes in plasma 
levels of gonadal steroids, (E2) and (T) were closely correlated with ovarian development and increased in 
Gonadosomatic index (GSI) (P<0.05). GSI was increased in March and reached the highest value (29.47±4.2) 
in April. It was then decreased sharply in early May. The highest peak of plasma level of (T) and (E2) was 
during spawning season and it was associated with the GSI. The results showed that levels of (E2) and (T) in 
female kutum at the stage IV of sexual maturity was significantly higher than immature gonads (ovary in 
stages II and III) (P<0.01). Plasma (E2) and (T) levels increased in February, the highest levels were observed 
in March and the early of April (105.6±75.3 and 29.2±96.6 ng/ml), respectively. It was decreased in the late of 
April and in the early of May during the spawning season (P<0.05). 
 
Keywords: kutum, Rutilus frisii kutum (Kamenskii, 1901), sex steroid hormones, spawning season, Caspian 
sea 
 

 

Introduction    ∗ 
 

Generally populations of Caspian Kutum, Rutilus 
frisii kutum (Kamenskii, 1901) recorded along near 
the coast, from the Trek River the north to the 
southern part of the Caspian Sea (Sharyati, 1993). 
This species is an endemic fish and more than 70% 
of fishermen catch it in Iranian coastal of the 
Caspian Sea. The catch ratio of catched Caspian 
Kutum of the southern coastal was about 17195 
tons in 2007-08 (www.shilat.com). In natural 
environment, the fish spawning in groups, in slow 
moving rivers occur at the water temperature of 9-
230C (Sharyati, 1993). The Rutilus frisii kutum is an 
order of Cypriniformes representative of cyprinid 
and Spawning strategy in this fish has a group 
synchronous and single spawning behavior. The 
principal spawning age groups are 2-5 years for 
males ad 3-6 years for females. 

Several studies have been made in female 
teleosts to correlate the processes of ovarian 
follicular development and gametogenesis with 
seasonal fluctuations in plasma steroid levels 
                                                 
∗ Corresponding author, e-mail: saeed_fisheries@yahoo.com  

Fostier et al., (1983); Kobayashi et al. (1989); 
Pankhurst and Conroy (1988); Rinchard et al. 
(1993); Rosenblum et al. (1987); Ramesh et al. 
(2009). Maturation of the egg is a long process that 
involves complex physiological and biochemical 
changes. Vitellogenesis is a process in which yolk 
proteins are produced in the liver, transport to the 
ovary and stored in the egg; resulting in tremendous 
egg enlargement. When conditions are appropriate 
for final maturation, nuclear development resumes, 
and the germinal vesicle migrates to one side. 
Finally, the walls of the germinal vesicle break 
down and maturity development completes. The 
association of changes in gonadal development 
with plasma levels of gonadal steroids has proven 
to be a valuable tool for understanding the 
endocrine control of reproduction in teleosts. 
Moreover, in teleosts, vitellogenesis and final 
oocyte maturation are regulated by gonadotropins 
via steroids secreted by the granolosa and theca 
cells of developing and mature oocytes. The 
occurrence of steroid production in different cells 
of the ovary may be related to different phases of 
oocyte development. Estradiol, (E2) stimulates in  
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Figure 1. Kutum Rutilus frisii kutum migrated to river Sefid- Rood of the southern Caspian Sea during spawning 
season.  

 

turn the hepatic synthesis and secretion of 
vitellogenin which is accumulated in the oocytes. 
Correlations between changes of plasma levels of 
gonadal steroids and oocyte development have been 
well documented in a number of freshwater species 
including salmon forms (Whitehead et al., 1983; 
Truscott et al., 1986), cyprinids (Kobayashi et al., 
1987), catfish Heteropneustes fossilis (Lamba et al., 
1983), goldeye Hiodon alosoides (Pankhurst et al., 
1986), walleye Stizostedion vitrum (Malison et al., 
1994) and marine species including orange roughly 
Hoplostethus atlanticus (Pankhurst and Conroy, 
1988; Putheti et al., 2008), Japanese whiting Sillago 
japonica (Matsuyama et al., 1990), Japanese 
sardine Sardinops melanostictus (Matsuyama et al., 
1991) and common snook Centropomus 
undecimalis (Roberts et al., 1999). Environmental 
conditions and seasonal cues begin the process of 
maturation in many fish, this can take up to several 
years. When the gametes have matured, an 
environmental stimulus may signal the arrival of 
optimal conditions for the fry, triggering ovulation 
and spawning. Some environmental stimuli are 
changes in photoperiod, temperature, rainfall, and 
food availability. A variety of sensory receptors 
detect these cues, including the eye, pineal gland 
(an organ in the dorsal part of the forebrain that is 
sensitive to light), olfactory organs, taste buds, and 
thermo receptors. The objectives of this study are to 
investigate the relation between gonadal steroid 
levels, the hormonal profiles of (T) and (E2) with 
sexual maturity stages in kutum R. frisii kutum 
during spawning season.  
 
Material and methods  
 
Experimental fish  

To investigate gonadal development during 
natural spawning season, each Thursday morning at 
10:00, 105 female kutum Rutilus frisii kutum, were 
collected from February to May in 2008, fish 
specimens were catched by variious tools of 
catching (Gillnet, Cast net, Seine net and Sheyl or 

Kulham) with a mesh size length 22mm. The period 
of fish collection lasted for a full calendar year and 
water temperature was recorded whenever fish 
were collected. Scales were collected from the 
specimen in order to determine their age 
(Chungunova, 1959). Scales were measured to 
aging and total length and forke length measured 
the nearest 0.1cm and weighed (W) to the nearest 
0.1 g. The ovaries were dissected out and weighed, 
the condition factor (CF) was determined using the 
following formula (Bagenal, 1978) 

CF=W/Lb×100 
Where W=total fish weight (g); L=fish standard 

length (cm) and b=slop of length-weight 
relationship. 

 Gonadosomatic index (GSI) was determined 
using the following formula (Roff, 1983). 

GSI = gonad weight_100/body weight) for each 
fish analyzed throughout the sampling period was 
calculated and recorded.  
 
Steroid assay and histological analysis  

Fish were anaesthetized with clove oil (Syzyglum 
aromaticum) (75-115 ppm) and blood samples were 
taken from the caudal vessels by using heparinized 
disposable syringes. Sample was centrifuged for 10 
min at 3000 rpm and the plasma was stored at -45 
0C until steroid analysis. Plasma levels of (E2) and 
(T) were measured by radioimmunoassay using the 
procedure described by (Rinchard et al., 1993).  

Ovaries were fixed in Bouin’s solution, 
embedded in paraffin after dehydration-infiltration, 
sectioned at 5 μm and stained with Mayer’s 
hematoxylin and eosin for histological examination 
under binocular microscope. The developmental 
stage and the diameter of the 20 largest oocytes 
were recorded. Each gonad was classified 
according to the most advanced type of oocyte 
present (Table 1). 
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Table 1. Maturity stages of the ovary of kutum. 

Ovarian stage 
 

Oocyte stages present 
in the ovary 

Description of the 
most advanced Oocytes 

(I) Previtellogenic Previtellogenic oocytes Oocytes with vacuole-free cytoplasm 

(II) Onset of endogenous 
vitellogenesis 

 

Previtellogenic oocytes 
and oocytes in endo- 
genous vitellogenesis 

 

Oocytes at primary yolk vesicle 
stage, glycoproteins appear and 

occupy 2 or 3 rings in the 
cytoplasm periphery (early 
endogenous vitellogenesis) 

(III) Completion of endo- 
genous vitellogenesis 

 

Previtellogenic oocytes 
and oocytes having 

complete endogenous 
vitellogenesis 

Oocytes are full of glycoprotein 
inclusions. Follicular and cellular 

layers are differentiated (late 
endogenous vitellogenesis) 

(IV) Exogenous 
vitellogenesis 

 

Previtellogenic oocytes 
and oocytes at different 

stages of exogenous 
vitellogenesis 

Oocytes accumulate yolk globules 
and yolk vesicles are in periphery 

of the cytoplasm 

(V) Final maturation 
 

Previtellogenic oocytes 
and oocytes in final 

maturation 
 

Appearance of the micropyle and 
migration of the germinal vesicle 

to the micropyle 

(VI) Post-spawning 
 

Previtellogenic oocytes 
and pre- and post- 

avoulatory follicles 

The follicle cells in the pre- and 
postovulatory follicles show 

hypertrophy, the yolk substance 
degenerates 

 
 

Since this was a field study in river condition and 
during catching process, which may not be 
controlled as in the laboratory, a degree of stress 
may have been encountered in fish individuals but 
the significance of the variation is not as great as in 
controlled laboratory conditions (Cornish et al., 
1993). Therefore in this study fish were 
anaesthetized with clove oil (Syzyglum 
aromaticum) (75-115 ppm)   
 
Statistical analysis  

Data were statistically analyzed by analysis of 
variance (ANOVA) in SPSS software (Ver. 11.0.)  
 
Results 
 

Results clearly show that, the following 
processes occurred in the ovaries of kutum females 
in the spawning seasonal migration from March to 
April 2008: in early February, the gonads of various 
individuals were at maturity stage IV. The cross 
section of different fish ovarian maturity stages are 
showed in figure 2-4 (H&E, X 40). The Table 1 
Shows relationship between standard length and 
body weight for all individuals and shows positive 
allometric growth of kutum, R. frisii kutum. Figure 
5 shows the relation between water temperature (0C) 
with day length (hr) and gonadosomatic index 
(GSI). Relationship between values of monthly 
condition factor (CF) and gonadosomatic index 
(GSI) are presented in Figure 6. Monthly changes 

in the maturity stage (most advanced oocyte stage 
in the ovary) of kutum in Sefid- Rood river 
southern Caspian Sea was shown in Figure 7. In 
this study relation between Monthly condition 
factor (CF) and gonadosomatic index (GSI) with 
the maturity stage and monthly concentration levels 
of (E2) with gonadosomatic index (GSI) of kutum 
in Sefid- Rood river southern Caspian Sea was 
shown in figure 8 and figure 9 respectively. 
Combination of monthly concentration of (E2) and 
(T) related in (Figure 10). Circulatory plasma (E2) 
and (T) concentration (ng/ml) values for the entire 
experimental period and female plasma estradiol 
levels were low from February but afterward they 
increased significantly to March coinciding with 
the preponderance of vitellogenic follicles in the 
ovary. In the case of female estradiol, the highest 
concentrations are seen during March and early 
April. Therefore in the female kutum, estradiol 
reaches a maximum in March (Figure 9, 10). Then 
plasma (E2) and (T) levels exhibit a sharp decline 
in early May when oocyte maturation takes place. 

During this period, the females had an increased 
GSI and the GSI continued to increase further and 
reach high values in April (Figure 6, 8). The 
histological pictures show the clear synchronicity 
of oocyte maturation. 
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A                   B 
 

Figure 2. Histological picture, cross section of fish ovarian used in the study in 2008: A- maturity stage (Oogony) II 
(H&E, X 20). B- Maturity stage (Oogony) III in female kutum. (H&E, X 40). 

 
 

A                      B 
 

Figure 3. Histological picture, cross section of fish ovarian used in the study in 2008: A&B- maturity stage (Oogony) 
IV-V (H&E, X 40). 

 
 

A                    B 
 

Figure 4. Histological picture, cross section of fish ovarian used in the study in 2008: A maturity stage (Oogony) IV; B- 
maturity stage(Oogony) III in female kutum with total length 423mm, 1784gr weight and aging 5.(H&E,X 40). 

 
 

Table 1. Relationship between standard length and body weight for all individuals which is described by equation: W= 
0.0096×SL 2.03735 (r2= 0.96, n= 105), there is a positive allometric growth for the kutum specimen. MOSLS, mean 

observed standard length and standard deviation; MOWS, mean observed weight and standard deviation. A 
significantly different was MOSL and age (P= .027). 

 
Age MOSLS (mm) MOTWS (gr) Number 

3 304 ± 6.12 549 ± 63 25 
4 337 ± 10.24 896 ± 94 50 
5 378 ± 13.58 1219 ± 85 18 
6 441 ± 19.85 1593 ± 114 12 

  
  
 



Journal of Cell and Molecular Research  101 

8

9

10

11

12

13

14

15

16

January February 01 march 15 march 01 april 15 april 01 may 15 may  June

D
ay

 L
en

gt
h 

(h
r)

0

2

4

6

8

10

12

14

16

18

20

W
at

er
 T

em
pe

ra
tu

re
 (

0C
)

Day Length (hr) Water Temperature (0c)

5

10

15

20

25

30

35

January February March April May June

G
S

I

0

5

10

15

20

W
at

er
 T

em
p

er
at

u
re

 (
0c

)

GSI Water Temperature (0c)

 
 

Figure 5. Relation between water temperature (0C) with gonadosomatic index (GSI) and day length (hr) in southern of 
Caspian Sea of River Sefid-Rood. 

 
 

 
 

Figure 6. Monthly condition factor (CF) and gonadosomatic index (GSI) of kutum in River Sefid- Rood southern 
Caspian Sea. 
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Figure 7. Monthly changes in the maturity stage (most advanced oocyte stage in the ovary) of 105 individuals kutum in 

River Sefid-Rood southern Caspian Sea. 
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Figure 8. Relationship with Condition factor index (CF) and gonadosomatic index (GSI) with sexual maturity of 105 
individuals kutum in River Sefid-Rood southern Caspian Sea. (n=105). 
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Figure 9. Monthly concentration of (E2) and gonadosomatic index (GSI) of 105 individuals kutum in River Sefid-Rood 

southern Caspian Sea. (n=105). 

 

 
Figure 10. Monthly concentration of (E2) and (T) of 105 individuals kutum in River Sefid-Rood southern Caspian Sea. 

(n=105). 
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Figure 11. Relationship between levels of (T) and (E2) concentration in plasma which occurs at the same time in kutum 

of the River Sefid- Rood southern Caspian Sea. (n=105). 
 
Discussion 
 

Khalko and Talikina 1993 described that in the 
ovaries of bream females Abramis brama in the 
Rybinsk reservoir from autumn to spring during 
winter months, trophoplasmic growth of eggs 
proceeds with a corresponding enlargement of yolk 
globules. Yolk deposition comes to an end, and 
oocytes become functionally mature in late March 
to early April. Generally, (E2) is responsible for 
stimulating vitellogenesis and also released by 
female gonads during the pre-spawning period. 
According to the results Condition factor index 
(CF) and gonadosomatic index (GSI) related with 
sexual maturity stages and Monthly concentration 
of sexual steroids hormones demonstrated in (figure 
8 and 10) reflects the importance of this hormone. 
Over the period from February to April a gradual 
increase in plasma levels was observed a bimodal 
increase from both the gonads and the inter-renal 
tissues. Estradiol is known to be secreted by the 
cells of the ovarian follicles that promote the 
development and maintenance of the female sexual 
characteristics. In humans this hormone (together 
with some other hormones) is responsible for 
controlling the female sexual cycle. Also (E2) has 
been reported to stimulate vitellogenesis in teleosts 
changed the plasma levels of sex steroid hormones 
during gonadal maturation (Silversand et al., 1993); 
(Smith and Haley, 1988). These authors reported an 
increase in plasma (E2) levels once spawning 
commences and remains high throughout the period 
of oocyte growth. Sen et al. 2002 reported that 
concentration of plasma testosterone (T) in Indian 
major carp Labeo labeo rohita is expected to be 
high when it is no longer needed for aromatization, 
while (T) levels during postvitellogenic stage 
exhibited a quick decline in this fish, coinciding 

with the fall of plasma (E2) concentration. A sudden 
drop in the plasma (E2) level in Labeo rohita from 
vitellogenic to postvitellogenic stage may be 
explained in terms of switching off the aromatise 
(CYP19) activity as the oocytes progressed to 
maturation. Almost a similar profile of E2 has been 
reported during the transition from vitellogenic to 
maturational stage in rainbow trout (Fostier et al., 
1983). This drop in circulatory (E2) levels probably 
reduces the intensity of sex steroid feedback, 
allowing the occurrence of hypothalamus-mediated 
gonadotropnes surge, which is required for the 
development of oocyte maturational competence. 
Rinchard et al. 1993 mentioned that in other 
teleosts such as gudgeon, Gobio gobio, there was 
no decrease of E2 level during oocyte maturation; 
meanwhile this study has shown decreased E2 in 
some specimens of kutum. (Rosenblum et al. 1987) 
observed a good correlation between circulating 
(E2) and calcium levels in female teleosts. Increases 
in plasma (E2) in female Tilapia Oreochromis 
mossambicus paralleled increases in both GSI and 
calcium levels (Cornish, 1993), thereby confirming 
a role for estradiol in vitelogenesis in present study 
for Kutum R. frisii kutum, is in agreement  that 
correspond with those for most teleosts fish and 
vertebrates. The slight increase of testosterone (T) 
levels during oocyte development may be related to 
its role as precursor of (E2) synthesis. At high 
concentration, (T) might also be involved in hepatic 
vitellogenin synthesis (Rinchard et al., 1993). The 
sudden peak was measured when most fish were in 
final maturation (stage V), an effect of the release 
of testosterone (T) into the plasma when this was 
no longer needed for aromatization. This acute rise 
in testosterone indicates that oocytes are fully 
mature and ready to ovulate (Kobayashi et al., 
1989). Although the same relationship was 

y = 0.0043 x 2 -0.3593x + 19.276
R2  = 0.9994
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established between oocyte stages and testosterone 
levels in fish in river Sefid- Rood during spawning 
season. The present study shows that an increase in 
the level of (T) in the plasma could be associated 
with correlation between levels of (T) and (E2) 
concentration in Kutum of the River Sefid- Rood, 
southern Caspian Sea (Figure 1). There is also an 
increase in day length during this period, which has 
been shown to be an environmental cue to a 
preovulatory surge in hormonal secretion in 
cyprinids (Aida, 1988). 
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