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Abstract
The thyroid hormone has few serious effects on the testes except during the neonatal stage. There is little knowledge concerning
the prolonged effect of thyroid hormone deficiency throughout the rat’s life span and its effect on spermatogenesis. Proliferating
cell nuclear antigen (PCNA) is a nuclear matrix protein, which is essential for multiple cell cycle pathways. Here we used PCNA
immunohistochemistry as a marker to differentiate between the testes of control and hypothyroid rats. About 20 rats were
equally divided into 2 groups; the first group was the control group, while the second group was the experimental group in
which rats were fed 0.05% 6-n-propyl thiouracil (PTU) in drinking water for 6 weeks. Immunohistochemistry, using an antibody
against PCNA, showed at least 3 differences in the pattern of PCNA immunoreactivity (PCNA-ir). First, PCNA-ir was not
detected in Sertoli and Leydig cells in the testes of control rats and detected in some of the hypothyroid rats. Second, in the con-
trol group more than 96% of spermatogonia were PCNA-positive cells; however, hypothyroidism caused the reduction to
approximately 25% PCNA staining in spermatogonia. The third difference was in the abnormal distribution of spermatogonia seen
in the hypothyroid rat testis, not in the control one. These results suggest that prepubertal hypothyroidism affects the prolifera-
tion of spermatogenic cells leading to impaired spermatogenesis and that PCNA index is a useful marker for assessing germ cell
kinetics and spermatogenesis in prepubertal hypothyroidism.
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Introduction

Appropriate level of thyroid hormone is essential for normal

development and metabolism in most vertebrate tissues, and

altered thyroid status adversely affects them.1,2 For many

years, the testis was regarded a thyroid hormone unresponsive

organ, but consistent evidence accumulated in the past 2

decades has definitively changed this classical view.

The testes are mainly regulated by the gonadotrophin

follicle-stimulating hormone (FSH) and luteinizing hormone

(LH), the latter acting through the intermediate testosterone

secreted by the Leydig cells.3,4 It is well accepted that these

systemic hormones and local testicular paracrine–autocrine

factors work together to initiate and maintain testicular func-

tion and sperm production.5 Apart from gonadotrophins, thyr-

oid hormone has also been shown to play an important role

in testicular physiology.2,6,7 It is now established that tri-

iodothyronine (T3) regulates the maturation and growth of tes-

tis, in rats and other mammal species, by inhibiting immature

Sertoli cell proliferation and stimulating their functional differ-

entiation.8-10 Similarly, thyroid hormone has also been shown

to play a critical role in the onset of Leydig cell differentiation

and stimulation of steroidogenesis in postnatal rat testis.11,12

Although the basic mechanisms involved in the regulatory

actions of thyroid hormone in testicular cells are still unde-

fined, the presence of thyroid hormone receptors (TRs) in

human and rat testes throughout development and in adulthood

implies that T3 may act directly via the classical genomic path-

way in this organ.2,8,13

Altered thyroid status, experimentally induced or occurring

in adult life, is frequently associated with some kind of sexual

dysfunction and/or morphological testicular degeneration.14-17

Because most experimental studies to date have focused on

thyroid hormone effects on the developing testes, only limited

data are available on its role in spermatogenesis.
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Proliferating cell nuclear antigen (PCNA) is a well-known

36-kDa nuclear matrix protein, which is essential for multiple

cell cycle pathways, including DNA replication, DNA elonga-

tion (leading strand synthesis), and DNA excision repair.18,19 It

is also utilized in cell cycle control through direct interaction

with cyclin/cdk complexes, allowing progression through the

G1/S boundary of the cell cycle.20 Proliferating cell nuclear

antigen is an essential component of the DNA replication

machinery, acting as the processing factor for polymerases.21

In addition to its role in replication, PCNA is also required for

nucleotide excision repair and plays a role in 1 pathway of base

excision repair.22 Analysis of proteins that interact with PCNA

has shown that it not only interacts with enzymes involved in

the mechanics of DNA repair and replication but also binds

to cell cycle regulatory proteins such as p21 and Gadd45.23,24

Proliferating cell nuclear antigen is useful for the diagnosis

of germinal arrest because there are significantly reduced

PCNA levels in germinal arrest, which is an indication of DNA

synthesis deterioration.25 In this study, a detailed histopatholo-

gical examination was performed, including PCNA immuno-

histochemistry of rat testicular tissue to analyze the

proliferation rate of the germ cells and to examine the effects

of 6-n-propyl thiouracil (PTU)-induced hypothyroidism on the

proliferative aspects of spermatogenesis.

Materials and Methods

The experiments were performed on 20 male albino rats (Rat-

tus norvigicus) weighing 120 g (+10 g) and of 6 to 7 weeks’

age. They were obtained from Helwan laboratory farms of the

Egyptian Organization for Vaccine and Biologic Preparations.

The rats were kept in the laboratory for 1 week before the

experimental work and maintained on a standard diet and water

available ad libitum. The temperature in the animal room was

maintained at 23 + 2�C with a relative humidity of 55% +5%.

Light was on a 12:12-hour light–dark cycle. The experimental

protocol was approved by local ethics committee and animals

research. The rats were equally divided into 2 groups: the first

group was the control group in which rats never received any

treatment; while the second group was the experimental group

in which rats received 0.05% PTU in drinking water for

6 weeks.26

At the end of the experimental period, 5 rats from each

group were euthanized with intravenous injection with sodium

pentobarbital and subjected to a complete necropsy. Blood

samples were individually collected from each rat in nonhepar-

inized glass tubes. Serum was separated by centrifugation at

3000 rpm for 15 minutes. The collected serum was stored at

�18�C until analysis. Serum was analyzed to determine the

T3 and thyroid-stimulating hormone (TSH) levels.

Determination of Serum T3 and TSH Concentrations

Serum T3 was assayed using commercial test supplied by the

Diagnostic systems Laboratories (DSL), Texas. Serum TSH

was assayed using commercial kit supplied by Coat-A-Count

TSH IRMA, Los Angeles, California.

Proliferating Cell Nuclear Antigen
Immunohistochemistry

The other 5 rats from each group were anesthetized with thio-

pental. Through surgical incision on the sternum, the thorax

was opened and the perfusion was done from left ventricle and

right atrium. A rinsing solution was perfused before the fixa-

tion solution (Bouin fluid). Due to the narrow testicular artery

branches from the abdominal aorta near the renal artery, it is

probably constricted and occluded during the perfusion pro-

cess. Perfusion with rinsing solution helped overcome this

problem. To make rinsing solution, 9.0 g NaCl, 25 g polyvinyl-

pyrrolidone, 0.25 g heparin, and 5.0g procaine-HCL were dis-

solved in 1 L of water by thorough stirring. The pH was

adjusted to 7.35 with 1 N NaOH and twice filtered through

Millipore filters of 3.0 mm or less pore size. The perfusion of

both solutions was performed using a scalp vein attached to a

50 cc syringe. Testes were immediately removed, taking care

to handle specimens gently to minimize trauma to the delicate

seminiferous tubules prior to the placement of each testis into

fixative solution. The tunica albuginea was shallowly pierced

at each pole 5 times with a 21-gauge needle to aid in the pene-

tration of the fixative solution. Fixation time was limited to

24 hours and tissues were transferred to 70% ethyl alcohol.

Alcohol was changed 3 times daily for 2 days before transfer-

ring the specimens to a saturated solution of 70% ethyl alcohol

and lithium carbonate to neutralize the picric acid in Bouin

fluid. The ethyl alcohol-lithium carbonate solution was chan-

ged 3 or more times until the yellow color of Bouin fluid was

almost completely depleted from the tissue. Testes were stored

in 70% ethyl alcohol until they were processed.27 The fixed

testes were dehydrated through a graded series of ethanol and

embedded in paraffin, according to standard procedures.

Paraffin sections (5 mm thick) were mounted on gelatin

chromalum-coated glass slides and stored at room temperature

until further processing. The 5 mm thick paraffin sections were

used for PCNA immunohistochemical staining method.28

Testicular distribution of PCNA receptor subunits were

examined in deparaffinized sections (5 mm) of Bouin fixed

testes of rats using an avidin–biotin–peroxidase (ABC) immu-

nohistochemical method (Elite-ABC, Vector Laboratories,

California) against PCNA (dilution 1:100, DAKO Japan Co,

Ltd, Tokyo, Japan). Briefly, sections were deparaffinized,

rehydrated, washed in phosphate buffered saline ([PBS] 3 �
5 minutes) and peroxidase activity was quenched using 0.3%
H2O2 in methanol for 30 minutes. Subsequently, samples were

washed in PBS and incubated with blocking solution at room

temperature for 10 minutes. After rinsing with PBS, sections

were incubated with biotinylated mouse PCNA primary anti-

body in moist chamber for 30 to 60 minutes and then rinsed

with PBS. Samples were incubated with streptavidin peroxi-

dase at room temperature for 10 minutes and washed with PBS.

The antibody–peroxidase complex was developed using the

680 Reproductive Sciences 18(7)



diaminobenzidine (DAB) chromogen at 18-24�C for 2-5min.

Finally, the sections were washed with PBS, counterstained

with hematoxylin for 1 minute, washed with tap water then

PBS for 30 seconds, dehydrated through ascending grades of

alcohol, delipidated in xylene, and coverslipped with Mount-

Quick (Daido Sangyo, Tokyo). All stained slides were viewed

using Olympus microscope and images were captured by a

digital camera (Canon PowerShot A620). Brightness, contrast,

and analysis of the images were adjusted using Adobe Photo-

shop software (version 4.0.1; Adobe Systems, Mountain View,

California).

PCNA-Labeling Index

We determined the PCNA labeling index (PCNA-LI) in the

PCNA immunoreactive slides by slide examination under

the light microscope with a magnification of �200 and with

the help of PAX-it image analysis software. Selected sections

were evaluated for PCNA immunostaining. Microscopic fields

were chosen at random and 5 fields per slide were evaluated.

Only the basal germ cells of the seminiferous tubules were

counted, as they are the cells where active DNA synthesis took

place.29 The PCNA-LI for each seminiferous tubule was

estimated as a percentage of immunolabeled cells (cells with

brown nuclear staining PCNAþ) to all basal cells.30 The aver-

age PCNA index in each case was obtained by dividing the sum

of all PCNA indices by the number of seminiferous tubules in

which the calculation was carried out. For each specimen the

mean + SD was calculated.

Statistical Analysis. Data were expressed as mean values + SD

and statistical analysis was performed using 1-way analysis

of variance (ANOVA) to assess significant differences among

treatment groups. The criterion for statistical significance was

set at P < .05. All statistical analyses were performed using

SPSS statistical version 16 software package (SPSS Inc., IBM

Company; Somers, NY 10589 USA).

Results

Serum T3 levels were significantly lower in hypothyroid rats

compared with the control. On the other hand, serum TSH lev-

els in rats were significantly higher than those found in the con-

trol rats (Table 1).

The light microscopy examination of the testis of the control

rats showed a normal structure completely enveloped by a thick

capsule, tunica albuginea, which is composed mainly of dense

collagenous fibrous connective tissue. The structural compo-

nents of the testis are the seminiferous tubules and interstitial

tissues (Figure 1A). The interstitial cells (Leydig cells) of con-

trol rats are found in the connective tissue between the semini-

ferous tubules and showed a negative reaction for PCNA-ir

(Figure 1B). The seminiferous tubules are of 2 types of cells,

the Sertoli cells, resting on the thin basal lamina (basement

membrane) and the spermatogenic cells. Figure 1F shows a

negative reaction for PCNA-ir in Sertoli cells of control rats,

which can be identified by their oval- or pear-shaped vesicular

nuclei lying perpendicular on the basement membrane of semi-

niferous tubules (data not shown). The spermatogenic cells are

arranged in many layers, namely, the spermatogonia; primary

and secondary spermatocytes; spermatoids; and finally mature

spermatozoa. Only the spermatogonia in control animals

showed a positive strong reaction for PCNA-ir (Figure 1),

while the other spermatogenic cell types showed negative reac-

tion (Figure 1C and D). The lumen of the seminiferous tubules

in the control group was fully packed with sperms that showed

a negative reaction for PCNA-ir (Figure 1A-C).

The testes of hypothyroid rats showed many immunohis-

tochemical changes in testicular tissues (Figure 2). Table 1

presents the index PCNA value and the number of PCNA-ir-

positive germ cells per tubule cross-section significantly

decreased following PTU treatment (19.45+3.55) in com-

parison to the control group (96.33 + 5.59). The number

of spermatozoa is less in hypothyroid rats, where the lumen

of some seminiferous tubules was clear and the spermatozoa

were not seen (Figure 2A and B). Some of the Sertoli cells

in the seminiferous tubules of hypothyroid rats showed pos-

itive reaction for PCNA in contrast to the control group

(Figure 2C). Figure 2D shows positive reaction for PCNA

in some Leydig interstitial cells lying between seminiferous

tubules of hypothyroid rats in contrast to the control group.

The distribution of spermatogonia in seminiferous tubules of

hypothyroid rats is not homogenous as in control animals

(Figure 2E and F). Some of the spermatogonia in the testes

of hypothyroid rats were observed in the lumen of the semi-

niferous tubules and between the spermatocytes (Figure 2E

and F).

Discussion

The thyroid hormone is essential for the development and

maintenance of the testes. In previous studies, the thyroid hor-

mone has few serious effects on the testes except during the

neonatal stage when the thyroid hormone receptor is mainly

present. However, there is little knowledge concerning the pro-

longed effect of thyroid hormone deficiency throughout the

rat’s life span. We designed our study to investigate the role

Table 1. Serum T3 and TSH Levels and PCNA Index in Testes Tissues
of Control and Hypothyroid Rats

Groups
Parameters

Total T3 (ng/dL) TSH (mIU/mL) PCNA-LI

G1 (control),
mean + SD

155.8 + 30.335 0.014 + 0.006
�10�3

96.33 + 5.59

G2 (PTU-induced
hypothyroidism),
Mean + SD

56 + 11.023a 4.1 + 0.7�10�3* 19.45 + 3.55

Abbreviations: T3, tri-iodothyronine; TSH, thyroid-stimulating hormone;
PCNA, proliferating cell nuclear antigen; LI, labeling index; PTU, 6-n-propyl
thiouracil; SD, standard deviation.
a P < .001 vs control rats.
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Figure 1. Photomicrographs of PCNA-ir (immunoperoxidase labelling) through in the testis cross-sections in control rats. A, Different stages of
spermatogenic cells in the seminiferous tubules (arrows) showing the distribution of PCNA-ir positive cells in spermatogonia. B, The lumen of
the somniferous tubules is fully packed with sperms (arrows) and the negative reaction for PCNA-ir in Leydig cells (triangle). C-E, Positive reac-
tion of PCNA-ir in spermatogonia (arrows). F, Negative reaction for PCNA-ir in Sertoli cells (arrows). PCNA indicates proliferating cell nuclear
antigen.
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Figure 2. Photomicrographs of PCNA-ir (immunoperoxidase labelling) in the testes cross-sections in hypothyroid rats. A, Different stages of
spermatogenic cells in the seminiferous tubules. Only a few numbers of spermatogonia have positive reaction for PCNA-ir. Note that the lumen
of the tubules was clear and the spermatozoa were not seen. B, A few numbers of the spermatogonia in the seminiferous tubules have positive
reaction for PCNA (arrows). C, A few numbers of the Sertoli cells (arrows) have a positive reaction for PCNA. D, A few numbers of the Leydig
cells (arrows) have a positive reaction for PCNA. E and F, Abnormal distribution of spermatogonia (arrows) in seminiferous tubules of hypothyroid
rats. PCNA indicates proliferating cell nuclear antigen.
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of thyroid hormone on the testicular function at the prepubertal

stage of rats. In order to achieve this target, we made a deficient

state of thyroid hormones by a reversible goitrogen. 6-n-propyl

thiouracil is known to decrease the conversion of peripheral T4

to T3 and thereby reduces serum T3 concentration. 6-n-propyl

thiouracil has been linked with several side effects, such as

transient leucopenia, jaundice, hepatomegaly, and vasculitis.31

It was administered to the rats in the drinking water within a

period of 6 weeks to investigate the changes through a com-

plete spermatogenic cycle.32

In order to ensure the hypothyroid state, we regularly

determined the serum T3 and TSH through the dose period,

where serum T3 concentration is depressed and serum TSH

concentration is significantly elevated. During normal sper-

matogenesis, controlled cell proliferation is of fundamental

importance, assuming highly coordinated mechanisms

between the mitotically inactive Sertoli cells and the germ

cells undergoing mitosis and meiosis. Efficiency of sperma-

togenesis depends on the proliferative activity of spermato-

gonia and the loss of germ cells during meiosis and

spermiogenesis.2 Mitosis counts, tritiated thymidine ([3H]

Thy) or 5-bromodeoxyuridine (BrdU) labeling have tradi-

tionally been used for the assessment of cell proliferation.

However, these methods are less suitable for use under cer-

tain experimental conditions. For instance, [3H]Thy labeling

requires use of radioisotopes, visualization by autoradiogra-

phy, and in vivo administration, thus not enabling the use of

this method in postmortem tissue.33 With the development

of monoclonal antibodies to DNA-incorporated BrdU,34 the

use of radioisotopes and autoradiographic visualization was

eliminated. However, variability in BrdU concentration dur-

ing the incubation period can affect the quality of labeling

and thus influence the labeling index value.33 Moreover,

these methods require long fixation and development peri-

ods. Recently, the use of immunocytochemical assays, based

on antibodies to cell proliferation-related antigens, has been

shown to be effective in the assessment of cell prolifera-

tion.35 One such cell proliferation-related protein36 is PCNA

that has been identified as an auxiliary protein of DNA

polymerase d,36 is found in the nuclei of proliferating cells.

This antigen, which is differentially expressed during the

cell cycle, reaches its maximum level of expression during

late G1/S phase and begins to decrease during late G2/M

to G1 phase.37 Comparisons of PCNA- and BrdU-labeling

indices have shown that not only does PCNA-labeling pro-

duce similar results to that of BrdU labeling, but it is a

faster and easier method to use for the detection of cell pro-

liferation.38 In addition, because the PCNA method is based

on an antigen–antibody reaction, it can be performed in situ,

on routinely processed tissue sections. Quantitation of

PCNA expression is becoming routinely used as a diagnos-

tic tool in clinical pathology, for the assessment of tumor

cell proliferation. However, we believe that because PCNA

expression and synthesis is linked to cell proliferation,35 and

its presence subsequent to immunohistochemical processing

can be observed microscopically, this technique may be

used for the purpose of providing direct visual evidence

of cell proliferation under various experimental conditions.

The seminiferous epithelium contains 2 distinct cell

populations, namely somatic Sertoli cells and spermatogenic

cells. Spermatogonia undergo successive rounds of mitotic

divisions and later the resulting daughter cells enter meiotic

division to provide sperm. In the current study, we used

immunohistochemistry to map the distribution of PCNA

immunoreactivity in the testes of the control and hypothyr-

oid rats. Proliferating cell nuclear antigen has been used

extensively in the identification of proliferating spermatogo-

nia and spermatocytes, which we observed as brownish

black stained cells in our samples.

Our results indicate that hypothyroidism adversely affects

spermatogenesis, suggesting that thyroid hormone might play

an important role not only in controlling normal testicular

development, but also in maintaining normal testicular function

and spermatogenesis. These results indicate at least 4 differ-

ences in the pattern of PCNA immunoreactivity in the testes

of hypothyroid rats in comparison to control ones. First,

PCNA-ir were not detected in Sertoli cells in the testes of con-

trol rats and detected in hypothyroid rats. This finding con-

firmed thye findings of Van Haaster et al,10 Tarulli et al,9

and Jansen et al8 regarding the role of thyroid hormone in reg-

ulating the maturation and growth of testis, in rats and other

mammal species, by inhibiting immature Sertoli cell prolifera-

tion and stimulating their functional differentiation. Second,

PCNA-ir were not detected in Leydig cells in the testes of con-

trol rats and were detected in hypothyroid rats confirming what

mentioned by Mendis-Handagama and Ariyaratne11 and Lin

et al12 regarding the critical role of thyroid hormones in the

onset of Leydig cell differentiation and stimulation of steroido-

genesis in postnatal rat testis. The third difference was in the

number of spermatogonia that have a positive reaction for

PCNA-ir in control and hypothyroid rats, all spermatogonia

in control animals showed a positive reaction for PCNA-ir,

while the number was smaller in hypothyroid rats as counted

by PCNA-LI indicating a germinal arrest in the hypothyroid

status (defected spermatogenesis). The fourth difference was

in the abnormal distribution of spermatogonia seen in the

hypothyroid rat testis in contrast to the control one, indicating

a role of thyroid hormone in maintaining the normal distribu-

tion of the spermatogenic cells in the seminiferous tubules.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interests with respect

to the authorship and/or publication of this article.

Funding

The authors received no financial support for the research and/or

authorship of this article.

References

1. Maran R, Ravichandran K, Arunakaran J, Aruldhas MM. Impact

of neonatal hypothyroidism on Leydig cell number, plasma, and

684 Reproductive Sciences 18(7)



testicular interstitial fluid sex steroids concentration. Endocr Res.

2001;27(1-2):119-141.

2. Toshihiro I. Thyroid hormone and atherosclerosis. Vascul Phar-

macol. 2009;doi:10.1016/j.vph.2009.09.004.

3. Bay K, Matthiesson KL, McLachlan RI, Andersson AM. The

effects of gonadotropin suppression and selective replacement

on insulin-like factor 3 secretion in normal adult men. J Clin

Endocrinol Metab. 2006;91(3):1108-1111.

4. Ge RS, Dong Q, Sottas CM, Papadopoulos V, Zirkin BR, Hardy MP.

In search of rat stem Leydig cells: identification, isolation, and line-

agespecific development. Proc Natl Acad Sci USA. 2006;103(8):

2719-2724.

5. Wagner SM, Wajner S, Maia A. The role of thyroid hormone in

testicular development and function. J Endocrinol. 2008;199(3):

351-365.

6. Cooke PS, Holsberger DR, Witorsch RJ, et al. Thyroid hormone,

glucocorticoids and prolactin at the nexus of physiology, repro-

duction, and toxicology. Toxicol Appl Pharmacol. 2004;194(3):

309-335.

7. Holsberger DR, Cooke PS. Understanding the role of thyroid hor-

mone in Sertoli cell development: a mechanistic hypothesis. Cell

Tissue Res. 2005;322(1):133-140.

8. Jansen HT, Kirby J, Cooke PS, Arambepola N, Iwamoto G.

Impact of neonatal hypothyroidism on reproduction in the male

hamster, Mesocricetus auratus. Physiology Behav. 2007;90(5):

771-781.

9. Tarulli G, Stanton P, Lerchl A, Meachem S. Adult sertoli cells are

not terminally differentiated in the Djungarian hamster: effect of

FSH on proliferation and junction protein organization. Biol

Reprod. 2006;74(5):798-806.

10. Van Haaster LH, de Jong FH, Docter R, de Rooij DG.

High neonatal triiodothyronine levels reduce the period of Sertoli

cell proliferation and accelerate tubular lumen formation in the rat

testis, and increase serum inhibin levels. Endocrinology.

1993;133(2):755-760.

11. Mendis-Handagama SM, Siril Ariyaratne HB. Leydig cells, thyroid

hormones and steroidogenesis. Indian J Exp Biol. 2005;43(11):

939-962.

12. Lin H, Hu G, Dong L, et al. Increased proliferation but decreased

steroidogenic capacity in leydig cells from mice lacking cyclin-

dependent kinase inhibitor 1B1. Biology Reprod. 2009;80(6):

1232-1238.

13. Gereben B, Zavacki AM, Ribich S, et al. Cellular and molecular

basis of deiodinase- regulated thyroid hormone signaling. Endocr

Rev. 2008;29(7):898-938.

14. Faraone-Mennella MR, Ferone A, Marino L, et al. Poly (ADP-

ribosyl) ation of proteins and germ cell development in hyperthyr-

oid rat testes. Mol Cell Biochem. 2008;323(1-2):119-129.

15. Krassas GE, Papadopoulou F, Tziomalos K, Zeginiadou T,

Pontikides N. Hypothyroidism has an adverse effect on human sper-

matogenesis: a prospective, controlled study. Thyroid. 2008;18(12):

1255-1259.

16. Krassas GE, Tziomalos K, Papadopoulou F, Pontikides N,

Perros P. Erectile dysfunction in patients with hyper- and

hypothyroidism: how common and should we treat? J Clin Endo-

crinol Metab. 2008;93(5):1815-1819.

17. Wagner SM, Wajner S, Maia A. Is there a role for thyroid hor-

mone on spermatogenesis? Microsc Res Tech. 2009;72(11):

796-808.

18. Madsen P, Celis JE. S-Phase patterns of cyclin (PCNA) antigen

staining resemble topographical patterns of DNA synthesis. FEBS

Lett. 1995;193(1):5-11.

19. Waseem NH, Labib K, Nurse P, Lane DP. Isolation and analysis

of the fission yeast gene encoding polymerase delta accessory

protein PCNA. EMBO J. 1992;11(13):5111-5120.

20. Zhang H, Xiong Y, Beach D. Proliferating cell nuclear antigen

and p21 are components of multiple cell cycle kinase complexes.

Mol. Biol. Cell. 1993;4(9):897-906.

21. Hindges R, Hubscher U. DNA polymerase delta, an essential

enzyme for DNA transactions. Biol Chem. 1997;378(5):

345-362.

22. Shivji MK, Kenny M, Wood RD. Proliferating cell nuclear anti-

gen is required for DNA excision repair. Cell. 1992;69(2):

367-374.

23. Hall PA, Kearsey JM, Coates PJ, Norman DG, Warbrick E,

Cox S. Characterisation of the interaction between PCNA and

Gadd45. Oncogene. 1995;10:2427-2433.

24. Waga S, Hannon GJ, Beach D, Stillman B. The p21 inhibitor for

cyclin-dependent kinases controls DNA replication by interaction

with PCNA. Nature. 1994;369(6481):574-578.

25. Zeng L, Kong XT, Su JW, Xia TL, Na YQ, Guo YL. Evaluation of

germ-cell kinetics in infertile patients with proliferating cell nuclear

antigen proliferating index. Asian J Androl. 2001;3(1):63-66.

26. Sahoo D, Roy A, Bhanja S, Chainy G. Hypothyroidism impairs

antioxidant defence system and testicular physiology during

development and maturation. General and comparative. Endocri-

nology. 2008;156(1):63-70.

27. Latendresse JR, Warbrittion AR, Jonassen H, Creasy DM. Fixa-

tion of testes and eyes using a modified Davidson’s fluid: compar-

ison with Bouin’s fluid and conventional Davidson’s fluid.

Toxicol Pathol. 2002;30(4):524-533.

28. Taghavi M, Moallem S, Alavi S. The evaluation of single dose

effects of methamphetamine on proliferation and apoptosis of

sperm germ cells in mature rat. J Isfahan Med School.

2009;27(97):100-109.

29. Heller CH, Clermont Y. Kinetics of the germinal epithelium in

man. Recent Prog Horm Res. 1964;20:545-575.

30. Abdel-Dayem M. Histological and immunohistochemical

changes in the adult rat testes after left experimental varicocele

and possible protective effects of resveratrol. Egypt J Histol.

2009;32(1):81-90.

31. Chiao YC, Cho WL, Wang PS. Inhibition of testosterone produc-

tion by propylthiouracil in rat Leydig cells. Biol Reprod.

2002;67(2):416-422.

32. de Kretser DM. Sertoli cell-Leydig cell interaction in the regula-

tion of testicular function. Int J Androl. 1982;5(suppl 5):11-17.

33. Linden MD, Torres FX, kubus J, Zarbo RJ. Clinical application of

morphologic and immunocytochemical assessments of cell prolif-

eration. Am J Clin Pathol. 1992;97(5 suppl 1):S4-S13.

34. Gratzner HG. Monoclonal antibody to 5-bromo- and 5-

iododeoxyuridine: a new reagent for detection of DNA replica-

tion. Science. 1982;218(4571):474-475.

Tousson et al 685



35. Kurki P, Ogata K, Tan EM. Monoclonal antibodies to proliferat-

ing cell nuclear antigen (PCNA)/cyclin as probes for proliferating

cells by immunofluorescence microscopy and flow cytometry. J

Immunol Meth. 1988;109(1):49-59.

36. Bravo R, Frank R, Blundell PA, Macdonald-Bravo H. Cyclin/

PCNA is the auxillary protein DNA polymerase delta. Nature.

1987;326(6112):515-517.

37. Celis JE, Celis A. Cell cycle dependent variations in the distribution

of the nuclear protein cyclin/proliferating cell nuclear antigen in cul-

tured cells: sub-division of S phase. PNAS. 1982;82(10):3262-3266.

38. Van Dierendonck JH, Wijsman JH, Keijzer R, van de Velde C,

Corneliss C. Cell-cycle-related staining patterns of anti-proliferating

cell nuclear antigen monoclonal antibodies. Comparison with BrdU

labeling and Ki67 staining. Am J Pathol. 1991;138(5):1165-1172.

686 Reproductive Sciences 18(7)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


