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The study had been conducted to evaluate the effects of nandrolone decanoate (abused repeated doses)
on female rat’s ovary and uterus during administration and withdrawal. The study included 18 rats that
were divided into control group (n = 6) and treated group (n = 12). The treated group was injected intra-
muscular (IM) with nandrolone decanoate (7 mg/kg body weight) for three consecutive days, for two
weeks. The study stated that nandrolone decanoate increases the weights of body, ovary, and uterus.
Moreover, it has a tendency of bringing upon modifications in the biochemical, histopathological, and
morphological makeup of the female reproductive aspects. In conclusion, nandrolone decanoate has been
identified as deleterious element for the female rats, and it is suggested that keen observations must be
made on the human abusers to control and manage the possible pathologies.
� 2017 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction Women usually have irregularities in menstrual cycles, enlarge-
The use of androgenic anabolic steroids (AASs) is observed com-
monly among athletes, youth, and adults in contrast to the com-
mon perception. In clinical settings, these compounds are
identified as the synthetic analogues of testosterone. Clinically,
AASs are usually recommended for the treatment of various patho-
logical conditions; including renal insufficiency, endometriosis,
hereditary angioedema and breast cancer (Belardin et al., 2014).

Drug administration has been practiced since many years to
enhance the ergogenic effects. AASs are amongst common ‘drug
of illicit nature’ that are mainly taken by athletes along with other
stimulants. Barceloux and Palmer (2013) have identified AAS abu-
sers as the poly-drug users. AASs are typically administered via
intramuscular route. The drug use cycle lasts for about 6–
12 weeks, which is observed with abstinence between the periods
to avoid any adversarial outcome (Barceloux and Palmer, 2013).
ment of clitoris, voice deepening, and growth of facial hairs with
AASs usage. At cellular levels, testosterone has been identified as
an inhibiting factor for the endothelial nitric oxide synthase (eNOS)
that can ultimately reduce the production of nitric oxide (NO) in
the cells and induce oxidative stress (Skogastierna et al., 2014).

Nandrolone decanoate is a popular AASs, which is used by ath-
letes to boost their physical performance and body image. This
compound is also known to induce aggression, depression, and
many other adverse effects (Rainer et al., 2014). A study indicated
that subcutaneously injection of nandrolone decanoate (7.5 mg/kg
BW/week) for 30 consecutive days increases the count of atretic fol-
licles and reduces the ovarian oocytes in female rats and mice
(Camargo et al., 2014). The objective of this experimental study
was to evaluate the effects of nandrolone decanoate (abused dose)
among female rat’s on the ovaries and uterus during administration
and withdrawal for 3 consecutives days per week for two weeks by
means of histopathological and morphometric assessment.
2. Material and methods

2.1. Chemicals

Nandrolone decanoate (17b-hydroxy-19-nor-4-androstene-3-
one) was purchased from local pharmacy. It is an injectable
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Table 1
Body weights (grams) of rats injected IM, with 7 mg/kg body weight of nandrolone
decanoate in all studied groups.

Groups Initial (g) 1st week (g) 2nd week (g)

Control (n = 6) 107.00 ± 16.325 107.00 ± 10.30 102.30 + 10.11
Treated (n = 6) 132.00 ± 16.28* 147.60 ± 17.18* 126.00 ± 11.10*

Withdrawal (n = 6) 132.00 ± 16.28 125.34 ± 8.00 131.34 ± 11.45

* Significant versus initial weight of the same group.

Table 2
Weight of ovary and uterus (grams) of rats injected IM with 7 mg/kg body weight of
nandrolone decanoate in all studied groups.

Groups 1st week (g) 2nd week (g)

Control (n = 6) 0.82 + 0.98 0.80 + 0.98
Treated (n = 6) 1.90 + 1.38* 1.15 + 1.46*

Withdrawal (n = 6) 1.39 ± 1.00 1.44 ± 1.22

* Significant at P < 0.01; 0.05.
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solution, containing 25 mg of the androgen in 1 ml, available as
oily solution.

2.2. Animal models

Eighteen female adult rats with regular estrous cycle were
obtained from the animal house of King Fahad Medical Research
Center (KFMRC) with the approval of local university ethical com-
mittee on the study protocol. The average weight of the rats was
132 g. The settings, within the animal house, had been established
for two weeks at the requisite laboratory conditions. The control
group (n = 6) received IM injections of 0.1 ml of mineral oil as vehi-
cle for 3 consecutive days each week for two weeks. The treated
animals (n = 12) received a daily IM injection of ND diluted in vehi-
cle for 3 consecutive days each week for two weeks. The dose
employed in this study simulated the abusive dose of steroid uti-
lized by youth at fitness centers. The first injection was adminis-
tered at the estrus phase of the cycle in all animals. Blood
samples were obtained from rats of the treated group after the first
week (n = 3) and second week (n = 3) post-injection. While blood
samples were obtained from the withdrawal group (n = 6) after
the first (n = 3) and second week (n = 3) after stopping the ND
injection.

2.3. Method and experimental protocol

The body weight; of both the control and treated groups, were
recorded before the injection (initial), treated, and withdrawal.
Moreover, the weight and size of ovary and uterus were also
recorded at the end of the experiment. Blood samples from all
the rats were obtained from the retro-orbital vein of the eye using
capillary tube. The sera was separated for the estimation of
luteinizing hormone (LH) using Rat Eliza LH kit (MyBioSource,
San Diego, CA, USA).

Rats were exterminated by ethyl ether inhalation before dissec-
tion of the pelvis to obtain the ovaries and uterus. The organs were
removed from all groups weighed and immediately fixed in 10%
formalin, dehydrated, embedded in paraffin and sectioned at 4–
5 lm. The stains used in the observations included Hematoxyline,
Eosin and Mallory trichromatic stain. The slides were examined
under light microscope for histopathological and morphometric
assessment. The thickness of myometrium was measured using
Figi software (Figi co., Fiji Island).

2.4. Statstical analysis

The Statistical Package for Social Science (SPSS 20 for Windows)
program was used for data analysis. The numerical data are pre-
sented as the means ± standard error (SE). One-way analysis of
variance (ANOVA) was used for the comparison of variables
between control and other groups. Statistically significant results
were considered at a P-value < 0.05.
Fig. 1. LH fluctuation in the sera of rats injected IM with 7 mg/kg body weight of
nandrolone decanoate in all studied groups.

Table 3
Thickness of myometrium (mm) of rats injected IM with 7 mg/kg body weight of
nandrolone decanoate in all studied groups.

Groups Initial (mm) 1st week (mm) 2nd week (mm)

Control (n = 6) 120.33 ± 12.25 _ _
Treated (n = 6) 144.97 ± 0.56 179.80 ± 5.33*

Withdrawal (n = 6) 1166 ± 6.00 157.07 ± 8.67*

* Significant at P < 0.01; 0.05.
3. Results

The initial body weight of adult control rats was
(107 ± 16.325 g), while in both treated and withdrawal groups it
was around 132 ± 16.28 g. The evaluation observed a marked
increase by first week of the experiment, which has been about
147.6 ± 17.18 g, followed by a decrease in the second week, which
was 126 ± 11.1 g. The withdrawal group presented that the body
weight has returned closer to the initial body weight by the second
week of experiment (Table 1).

The weight of ovary and uterus of adult control rats was
0.82 ± 0.98 g in the 1st week. It has been observed that the weight
of organs was increased by 1.9 ± 1.38 g in the first week of exper-
iment, followed by a decline by 1.15 ± 1.46 g in the second week
in the ND treated groups. Moreover, withdrawal group displayed
an increase in the weight of ovary and uterus by 1.44 ± 1.22 g dur-
ing second week of post administration (Table 2).

The LH profile in the test group of rats showed marked drop to
0 Ul/ml as compared to the control group (1 Ul/ml). However,
withdrawal of the drug administration in the second week resulted
in marked increase of LH hormone to 3.2 Ul/ml (Fig. 1).

The thickness of myometrium of control group was found to be
120.33 ± 12.25 mm. At the first week and second week; post injec-
tion, it became 144.97 ± 0.56 mm and 179.80 ± 5.33 mm, respec-
tively. During the period of withdrawal, the thickness had been
found to be decreasing to 166 ± 6.0 mm and 157.07 ± 8.67 mm, in
first and second week of the experiment, respectively (Table 3).

Histopathological observations revealed that ovaries from the
control group has a normal cortical follicles appearances at differ-
ent stages of development (arrows), corpus luteum structures
could also be observed (Fig. 2A).



Fig. 2. Representative H&E stained histopathologic sections at 4 �magnification from ovarian tissues of all groups after the nandrolone decanoate (ND)-treatment period and
withdrawal. Control (Fig. 1A indicates the ovary with normal appearance of cortex with different stages of ovarian follicles (arrows) and corpus leutium (CL)), one week post
treatment (Fig. 1B indicates the absence of primary follicles) and (Fig. 1C indicates abundance of corpus leutium (CL), two weeks post treatment (Fig. 1D indicates different
stages of ovarian follicles with relatively few number of primary follicles), one week of withdrawal (Fig. 1E indicates the restoration of the normal ovarian appearance), two
weeks of withdrawal (Fig. 1F indicates normal appearance of the ovary with all stages of ovarian follicles (arrows)).
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Rat ovary, which was injected with nandrolone decanoate,
was collected after one week. It presented different stages of
follicles, yet with relatively less primary follicles (Fig. 2B). Fig. 2C
displays an abundance of corpora lutei (CL) on the expense of
follicles.

The ovaries of rats injected with ND collected at two weeks
post-injection showed different stages of follicles except relative
less primary follicles (Fig. 2D). The predominance of CL at the
expense of follicles has been consecutively noticed at the first
week.

Withdrawal of ND for one week result in almost restoration of
normal appearance of ovaries (Fig. 2E). At two weeks of with-
drawal, the ovaries presented almost normal appearance with all
stages of follicles (Fig. 2F).

The uterui of rats from the control group showed normal
appearance of the different layers (Fig. 3A), the thickness of
myometrium was 120.33 ± 12.25 mm.
After one week of ND injection the uteri showed pronounced
papillary hyperplasia of endometrial epithelium (Fig. 3B). An
increase in myometrium thickness has been observed with the
measurement of around 144.97 ± 0.56 mm (Fig. 3C).

Two weeks post injection, pronounced increase in the myome-
trium thickness as well as cystic dilatation of endometrial glands
have been observed. The thickness of myometrium has been mea-
sured to be 179.80 ± 5.33 mm (Fig. 3D). Moreover, enlargement in
the nuclei of myometrial smooth muscle has also been noticed
(Fig. 3E). After one week of ND withdrawal, the uterus displayed
less papillary hyperplasia of endometrial epithelium and the thick-
ness of the myometrium has been observed to decrease by
166 ± 60 mm (Fig. 3F).

At two weeks of withdrawal, the uterus showed normal appear-
ance of all uterine layers (Fig. 3G). Decrease in the myometrium
thickness by 157.07 ± 8.67 mm has been observed at two weeks
post-injection (Fig. 3H).



Fig. 3. Representative H&E stained histopathologic sections at 4 � magnification from uterine tissues of all groups after the nandrolone decanoate (ND)-treatment period
and withdrawal. Control (Fig. 2A shows the different layers; endometrium (E), lumen (L), endometrial glands (g), myometrium (my), and perimetrium (pe) and the thickness
of the myometrium (arrows), one week post treatment (Fig. 2B shows hyperplasia of endometrial epithelium into the lumen (arrow) at 10 � and Fig. 2C shows pronounced
increase in thickness of myometrium (arrows)), two weeks post treatment (Fig. 2D shows pronounced increase in the thickness of myometrium (arrow) as well as cystic
dilatation of endometerial glands (*) and Fig. 2E shows enlargement of nuclei of myometrium (arrow) at 10 � ), one week of withdrawal (Fig. 2F shows decrease in the
thickness of the myometrium (arrow)), two weeks of withdrawal (Fig. 2G shows normal appearance of uterine layers and Fig. 2H shows decrease in the thickness of the
myometrium (arrows)).
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4. Discussion

In the present study, the body weight of rats was increased in
the first week of ND injection as compared to control group. Stop-
ping the administration of ND showed that the body weight has
returned close to initial body weight by the second week. The
increase in body weight of treated group can be attributed to
increase in food intake, which was observed in the behavior of
feeding of injected rats. Studies have identified that steroidal ele-
ments in ND have a tendency to influence the satiety level of the
consumer; and thus, it increased the food demand. The increased
and improved physical performance, provided by the influences
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of the steroids, also elevated the energy demands of the body (Sato
and Iemitsu (2015); Sato et al., 2014). Thus, the stimulated appetite
can be the core reason behind the increase in weight of experimen-
tal group observed with the drug administration. Older studies
have also stated that the nandrolone decanoate produces positive
impacts on the body growth of a female rat (Brasil et al., 2015;
Bisschop et al., 1997).

The ovary and uterus weight during treatment and withdrawal
period had similar pattern to the body weight of rats. In this
respect, Camargo et al. (2009) had evaluated the adult female rats
that were injected intra-peritoneal with 6 mg/kg nandrolone
decanoate (single injection per week for four consecutive days).
The results indicated that there have been no significant impact
on the uterine weight. However, it lead to a significant decrease
in the ovarian weight (Camargo et al., 2009). Different experimen-
tal designs, species, doses and routes of injection in the present
study could be attributed to such disagreement. Nonetheless, the
present study supported the morphological modification observed
previously in the ovarian patterns (Camargo et al., 2009).

Observation done in the present study showed that the thick-
ness of myometrium was increased by first and second weeks
post-injection as compared to control group and decreased during
the first and second week of withdrawal period. These results sug-
gested that the discontinuation of drug administration may be
responsible for the decrease in the thickness of myometrium in
time dependant manner. Reproductive organs tend to respond effi-
ciently to steroidal compounds. The ovaries and uterus primarily
depend upon the dominant secretions of estrogen and proges-
terone in the body, along with a smaller fraction of the testos-
terones. It was reported that steroid administration can stimulate
tissue growth which could be the possible cause of increased uter-
ine thickness (Klyuchnikova and Voznessenskaya, 2015).

In the present study, drop of LH levels in the sera after treat-
ment with nandrolone and then abrupt increase with the with-
drawal of the drug had been observed. Bordbar (2014) stated
that nandrolone decanoate has potential elements of male sex hor-
mones. Nandrolone decanoate had been observed to reduce the
secretions of Follicle Stimulating Hormone (FSH) and Luteinizing
Hormone (LH) through a negative feedback mechanism. These fac-
tors can subsequently lead to the menstrual and follicular disor-
ders. Blasberg et al. (1997) and Bronson (1996) have reported
that AAS compounds can markedly alter the normal functioning
of hypothalamus–hypophysis–gonad axis. It has been noted that
an increase in the circulating androgen levels can consequently
inhibit the production and release of female reproductive hor-
mones; including the LH, FSH, estrogen and progesterone (Liu
et al., 2014; Blasberg et al. 1997; Bronson, 1996).

Histopathologically, control rat ovaries showed various stages
of follicular development and corporal lutea. During the first and
second week of treatment with ND, the presence of relatively less
primary follicles were noticed; while more corpora lutea have been
observed on the expense of ovarian follicles. These results may
suggest that ND could result in alteration in the morphology of
the ovaries. Several reports have indicated that altered morphology
of the ovarian tissues in the form follicular atresia, destruction of
follicular units, reduction in the number of ovarian oocytes, and
increase in the cortical stroma by ovarian interstitial proliferation
are the prevalent reactions to the steroid abuse on the female
reproductive system (García-Manso and Esteve 2016; Camargo
et al., 2009). The cessation of ND administration has resulted in
the restoration of normal morphology of the ovarian tissues with
the appearance of all stages of follicles and CL especially after the
drug administration for two weeks. Such outcomes were attributed
to the secretions of LH, FSH, and progesterone that may have
return to the normal levels (Richards, 2013).
The uterine changes showed hyperplasia of endometrium and
increased thickness of myometrium. Moreover, pronounced papil-
lary hyperplasia was observed by the second week as well as glan-
dular cystic dilatation. These changes suggested that repeated dose
of ND could induce serious changes in the uterus. Mills et al. (2010)
stated that endometrial hyperplasia is a heterogeneous set of
pathologic lesions that range from mild reversible glandular prolif-
erations to direct cancer precursors. It can be suggested that the
abusive intervention of AASs can act as a possible risk factor for
the reproductive cancer in females (Bansal & Acharya, 2014).
5. Conclusions

The results of this experimental study showed a serious health
concern for the reproductive organs of adult females, who may use
steroidal compounds for their physical enhancement. The abuse of
these drugs can ultimately lead to deleterious histopathological
changes in the uterus and ovaries and modifications in the hor-
monal makeup of the female biology; such as the decrease in the
luteinizing hormone. It is evident that these compounds have a
tendency to create reproductive dilemmas and can influence the
childbearing capacity of female individuals. However, there is a
need of performing keen observations among human population.
The study has also indicated that the withdrawal of the drugs
can be helpful in retaining back the normal physiology of the body.

Acknowledgement

The author is very thankful to all the associated personnel in
any reference that contributed in/for the purpose of this research.
This work was funded by the Deanship of Scientific Research (DSR),
King Abdulaziz University, Jeddah, under grant No. (363-73-
D1438). The authors, therefore, acknowledge with thanks DSR
technical and financial support.

Conflict of Interest

This research holds no conflict of interest.
References

Bansal, R., Acharya, P.C., 2014. Man-made cytotoxic steroids: exemplary agents for
cancer therapy. Chem. Rev. 114 (14), 6986–7005. http://dx.doi.org/10.1021/
cr4002935.

Barceloux, D.G., Palmer, R.B., 2013. Anabolic-androgenic steroids. Dis Mon 59 (6),
226–248. http://dx.doi.org/10.1016/j.disamonth.2013.03.010.

Belardin, L.B., Simao, V.A., Leite, G.A.A., Chuffa, L.G.D.A., Camargo, I.C.C., 2014.
Dose-dependent effects and reversibility of the injuries caused by
nandrolone decanoate in uterine tissue and fertility of rats. Birth Defects Res
B: Devel Reprod. Toxicol. 101 (2), 168–177. http://dx.doi.org/10.1002/
bdrb.21104.

Bisschop, A., Gayan-Ramirez, G., Rollier, H., Dekhuijzen, P.R., Dom, R., De Bock, V.,
Decramer, M., 1997. Effects of nandrolone decanoate on respiratory and
peripheral muscles in male and female rats. J. Appl. Physiol. 82 (4), 1112–1118.

Blasberg, M.E., Clark, A.S., 1997. Anabolic-androgenic steroid effects on sexual
receptivity in ovariectomized rats. Horm. Behav. 32 (3), 201–208. http://dx.doi.
org/10.1006/hbeh.1997.1422.

Bordbar, H., Mesbah, F., Talaei, T., Dehghani, F., Mirkhani, H., 2014. Modulatory
effect of gonadotropins on rats’ ovaries after nandrolone decanoate
administration: a stereological study. Iran. J. Med. Sci. 39 (1), 44.

Brasil, G.A., de Lima, E.M., do Nascimento, A.M., Caliman, I.F., de Medeiros, A.R.S.,
Silva, M.S.B., Bissoli, N.S., 2015. Nandrolone decanoate induces cardiac and renal
remodeling in female rats, without modification in physiological parameters:
the role of ANP system. Life Sci. 137, 65–73. http://dx.doi.org/10.1016/j.
lfs.2015.07.005.

Bronson, F.H., 1996. Effects of prolonged exposure to anabolic steroids on the
behavior of male and female mice. Pharmacol. Biochem. Behav. 53 (2), 329–334.
http://dx.doi.org/10.1016/0091-3057(95)02030-6.

Camargo, I.C.C., Leite, G.A.A., Pinto, T., Ribeiro-Paes, J.T., 2014. Histopathologycal
findings in the ovaries and uterus of albino female rats promoted by co-

http://dx.doi.org/10.1021/cr4002935
http://dx.doi.org/10.1021/cr4002935
http://dx.doi.org/10.1016/j.disamonth.2013.03.010
http://dx.doi.org/10.1002/bdrb.21104
http://dx.doi.org/10.1002/bdrb.21104
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0020
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0020
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0020
http://dx.doi.org/10.1006/hbeh.1997.1422
http://dx.doi.org/10.1006/hbeh.1997.1422
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0030
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0030
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0030
http://dx.doi.org/10.1016/j.lfs.2015.07.005
http://dx.doi.org/10.1016/j.lfs.2015.07.005
http://dx.doi.org/10.1016/0091-3057(95)02030-6


512 S.Y. Saddick / Saudi Journal of Biological Sciences 25 (2018) 507–512
administration of synthetic steroids and nicotine. Exp. Toxicol. Pathol. 66 (4),
195–202. http://dx.doi.org/10.1016/j.etp.2014.01.005.

Camargo, C.I., Barreiros De Souza, R., Fátima Paccola Mesquita, S., Chuffa, L., Frei, F.,
2009. Ovarian histology and follicular score in female rats treated with
nandrolone decanoate and submitted to physical effort. Acta Biol. Hung. 60
(3), 253–261. http://dx.doi.org/10.1556/ABiol.60.2009.3.2.

García-Manso, J.M., Esteve, T.V., 2016. Consequences of the use of anabolic-
androgenic steroids on female athletes’ fertility. In: Exercise and Human
Reproduction. Springer, New York, pp. 229–238.

Klyuchnikova, M.A., Voznessenskaya, V.V., 2015. Volatile steroids as potential
regulators of reproduction in the house mouse. In: Life Chemistry Research:
Biological Systems. Apple Academic Press, pp. 227–237.

Liu, H., Yang, Y., Zhang, L., Liang, R., Ge, R.S., Zhang, Y., Su, Z., 2014. Basic fibroblast
growth factor promotes stem Leydig cell development and inhibits LH-
stimulated androgen production by regulating microRNA expression. J.
Steroid Biochem. Mol. Biol. 144, 483–491. http://dx.doi.org/10.1016/j.
jsbmb.2014.09.016.

November. Endometrial HyperplasiaSeminars Diagnostic Pathology, Vol. 27(4). WB
Saunders, pp. 199–214.
Rainer, Q., Speziali, S., Rubino, T., Dominguez-Lopez, S., Bambico, F.R., Gobbi, G.,
Parolaro, D., 2014. Chronic nandrolone decanoate exposure during adolescence
affects emotional behavior and monoaminergic neurotransmission in
adulthood. Neuropharmacology 83, 79–88. http://dx.doi.org/10.1016/j.
neuropharm.2014.03.015.

Richards, J.S., 2013. Hormonal control of ovarian follicular development: a 1978
perspective. Recent Prog. Horm. Res., 343–373

Sato, K., Iemitsu, M., 2015. Exercise and sex steroid hormones in skeletal muscle. J.
Steroid Biochem. Mol. Biol. 145, 200–205. http://dx.doi.org/10.1016/j.
jsbmb.2014.03.009.

Sato, K., Samocha-Bonet, D., Handelsman, D.J., Fujita, S., Wittert, G.A., Heilbronn, L.
K., 2014. Serum sex steroids and steroidogenesis-related enzyme expression in
skeletal muscle during experimental weight gain in men. Diabetes Metab. 40
(6), 439–444. http://dx.doi.org/10.1016/j.diabet.2014.03.006.

Skogastierna, C., Hotzen, M., Rane, A., Ekström, L., 2014. A supraphysiological dose
of testosterone induces nitric oxide production and oxidative stress. Euro. J.
Prev. Cardiol. 21 (8), 1049–1054 <http://journals.sagepub.com/doi/abs/10.
1177/2047487313481755>.

http://dx.doi.org/10.1016/j.etp.2014.01.005
http://dx.doi.org/10.1556/ABiol.60.2009.3.2
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0055
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0055
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0055
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0060
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0060
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0060
http://dx.doi.org/10.1016/j.jsbmb.2014.09.016
http://dx.doi.org/10.1016/j.jsbmb.2014.09.016
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0070
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0070
http://dx.doi.org/10.1016/j.neuropharm.2014.03.015
http://dx.doi.org/10.1016/j.neuropharm.2014.03.015
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0080
http://refhub.elsevier.com/S1319-562X(17)30219-X/h0080
http://dx.doi.org/10.1016/j.jsbmb.2014.03.009
http://dx.doi.org/10.1016/j.jsbmb.2014.03.009
http://dx.doi.org/10.1016/j.diabet.2014.03.006
http://journals.sagepub.com/doi/abs/10.1177/2047487313481755
http://journals.sagepub.com/doi/abs/10.1177/2047487313481755

	The impact of nandrolone decanoate administration on ovarian and uterine tissues in rat: Luteinizing hormone profile, histopathological and morphometric assessment
	1 Introduction
	2 Material and methods
	2.1 Chemicals
	2.2 Animal models
	2.3 Method and experimental protocol
	2.4 Statstical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Acknowledgement
	ack12
	Conflict of Interest
	References


