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Effects of testosterone on rat placental development
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Abstract: We investigated the morphological effects of testosterone on placental development in a rat model of polycystic ovarian 
syndrome (PCOS). Testosterone propionate (TP), which was subcutaneously administered to pregnant rats with 5 mg/animal from ges-
tation day (GD) 14 to GD 18, induced a maternal weight reduction without mortality or clinical signs from GD 19 onwards. A decrease 
in fetal and placental weight, an increase in intrauterine growth retardation (IUGR) rates, and histological changes in the placenta were 
observed on GD 21 but not on GD15 or 17. Histopathologically, on GD 21, the trophoblast septa thickened, and the maternal sinusoids 
were narrowed in the labyrinth zone, resulting in a small placenta. Additionally, the placental weight, thickness, and histological mor-
phology in the labyrinth zone on GD 21 in the TP-treated group were nearly identical to those on GD 17 in the control and TP-treated 
groups. Therefore, it was assumed that the testosterone-induced small placenta was induced in association with the developmental 
inhibition of the fetal part of the placentas from GD 17 onwards. (DOI: 10.1293/tox.2021-0035; J Toxicol Pathol 2022; 35: 37–44)
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Introduction

Elevated testosterone levels are involved in pregnancy-
related complications, such as preeclampsia1 and polycystic 
ovarian syndrome (PCOS)2 in humans. PCOS is an endo-
crine disorder in women, and its common features are ab-
normal ovulation, hyperandrogenemia, and polycystic ova-
ries3, 4. PCOS also induces an increased risk of pregnancy 
and neonatal complications, intrauterine growth restriction 
(IUGR), and a low body weight of offspring in humans5. In 
rats, high-dose testosterone administration can induce toxic 
reproductive effects, such as reduced litter size, low body 
weight of offspring, and decreased reproductive capacity for 
dams, including delayed parturition and increased resorp-
tion6. Moreover, testosterone induces IUGR and a decreased 
placental weight7. It is thought that elevated maternal testos-
terone has adverse effects on fetal development, mediated by 
placental hypofunction without affecting fetal testosterone 
levels8, 9. However, there have been no reports to date that 

describe the detailed sequential histopathological changes 
in placentas during the gestation period in testosterone-ex-
posed pregnant rats. In the present study, we subcutaneously 
administrated testosterone to the pregnant rats from gesta-
tion days (GD) 14 to 18 and performed a histopathological 
examination of their placentas on GDs 15, 17, and 21 in or-
der to elucidate the morphological effects of testosterone on 
placental development in the testosterone-induced rat model 
of PCOS.

Materials and Methods

Animals
Pregnant (GD 6), specific-pathogen-free Wistar Han-

nover rats (Japan Laboratory Animals, Inc., Hanno, Japan) 
were purchased at approximately 11–12 wk of age. GD 0 was 
designated as the day when the presence of a vaginal plug 
was identified. The animals were single-housed in plastic 
cages on softwood chip bedding in an air-conditioned room 
(22 ± 2 °C; 55 ± 10% humidity; 12 h/d light cycle). Food 
(CRF-1: Oriental Yeast Co., Ltd., Tokyo, Japan) and water 
were available ad libitum.

Experimental design
In total, 24 pregnant rats were randomly allocated into 

two groups of 12 rats each (Table 1). Testosterone propio-
nate (TP) (Sigma-Aldrich, St. Louis, MO, USA), suspended 
in olive oil, was administered subcutaneously to one group 
at a dose of 5 mg/animal at a volume of 0.1 mL/body weight 
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from GD 14 to GD 18. This 5 mg/animal TP or free tes-
tosterone dose has previously been reported to induce re-
productive toxicity in the testosterone-induced rat model 
of PCOS6, 7. The animals in the control group were dosed 
similarly with olive oil alone. All of the treatments were 
administered between 9 and 11 a.m. Maternal body weight 
was recorded on GDs 6, 8, 10, 13, 15, 17, 19, 20, and 21. The 
dams (n=4/each time point/group) were sampled on GDs 15, 
17, and 21. The dams were euthanized via exsanguination 
under isoflurane anesthesia and necropsied. All of the fetus-
es were removed from their placentas. A third of the placen-
tas were separated between the basal zone and the decidua 
basalis, and removed from the uterus wall. The fetuses and 
removed placentas were weighed, and their individual fetal-
placental weight ratios were calculated. The fetuses were 
macroscopically examined for external malformations on 
GD 21. According to criteria for IUGR evaluation, the fe-
tuses were defined as having IUGR if their weights were -2 
standard deviations (SD) from the mean for fetuses in the 
control group on each GD10, which, in the present study, was 
<0.24 g on GD 15, <0.70 g on GD 17, and <5.21 g on GD 21. 
The IUGR rate (i.e., the actual number of fetuses exhibiting 
IUGR as a percentage of the total number of fetuses) was 
calculated. All of the fetal and placental samples were fixed 
in 10% neutral buffered formalin. This study was conducted 
according to the Guidelines for Animal Experimentation, 
Biological Research Laboratory, Nissan Chemical Corpora-
tion, and the Statement about sedation, anesthesia, and eu-
thanasia in a rodent fetus and newborn (2015) in the Japa-
nese College of Laboratory Animal Medicine.

Histopathological examination
Four placentas randomly selected for each dam were 

embedded in one paraffin block, and 4-µm thick sections 
were routinely stained with hematoxylin and eosin (HE) 
stain for histopathological examination on GDs 15, 17, and 
21. All of these placentas were subjected to phospho-histone 
H3 (Ser10) (Cell Signaling Technology, Boston, MA, USA) 
immunohistochemical staining, Factor VIII related antigen 
(DAKO, Tokyo, Japan) immunohistochemical staining, and 
in situ TdT-mediated dUTP nick end labeling (TUNEL; In 
Situ Cell Death Detection Kit, POD, Roche Applied Sci-

ence, Penzberg, Germany)11. The thicknesses of the laby-
rinth zone, basal zone, decidua basalis, and metrial gland 
close to the central portion of the placentas were measured 
once per one placenta using an image analyzer (WinROOF, 
Mitani Co., Tokyo, Japan). With the aid of the image ana-
lyzer, the number of cells in the trophoblastic septa at the 
base region of the labyrinth zone were counted in five sec-
tions per one placenta in the HE-stained slides using light 
microscopy with a 40× objective. The numbers of phospho-
histone H3-positive cells and TUNEL-positive cells in the 
labyrinth zone, basal zone, metrial gland, and yolk sac were 
counted in 20 sections per one placenta across the entire 
cross-section using light microscopy with a 40× objective. 
The number of spiral arteries surrounded by the interstitial 
trophoblasts and/or uNK-cells and the number of these with 
the endovascular trophoblast invasion were counted in the 
decidua basalis and metrial gland in the HE-stained slides 
on GDs 15 and 17. The above aforementioned histopatho-
logical analyses were performed on all prepared placenta 
specimens, and the mean values of each analysis for each 
litter were calculated.

Statistical analysis
The means and SD of the individual litter values were 

calculated (Pharmaco Basic, Scientist Press Co. Ltd., To-
kyo, Japan). For comparisons between both groups, either 
the Student’s t-test for homoscedastic data or the Aspin-
Welch’s t-test for non-homoscedastic data was performed 
after the F-test. The Fisher’s exact test was performed for 
the incidence of IUGR. The levels of significance were set 
at p<0.05 and <0.01.

Results

Effects on dams
The body weight gain (%) of dams in the TP-treated 

group (based on the body weight on GD 6 as 100%) tended 
to decrease from GD 19 onwards, compared with the control 
group (Fig. 1). No mortality or clinical signs were observed 
in any dams in either group during the experimental period.

Table 1.	 Effects of Testosterone on Placentas and Fetuses

Autopsy Group No. of 
dams

Mean No.  
of live fetusesa)

Fetal mortality  
(%)a)

Fetus weight 
(g)a)

Placenta weight 
(g)a)

Fetus / Placenta 
(g/g)a)

IUGR rate  
(%)

GD15 Control 4 10.3 ± 2.2 9.1 ± 18.2 0.27 ± 0.02 0.23 ± 0.03 1.33 ± 0.24 7.3 
Testosterone 4 10.3 ± 1.7 2.3 ± 4.5 0.28 ± 0.01 0.20 ± 0.03 1.27 ± 0.17 0.0 

GD17
Control 4 9.8 ± 1.3 5.1 ± 5.9 0.82 ± 0.06 0.34 ± 0.04 2.44 ± 0.19 5.1 
Testosterone 4 10.5 ± 1.3 2.3 ± 4.5 0.82 ± 0.03 0.33 ± 0.02 2.53 ± 0.26 5.0 

GD21 Control 4 11.3 ± 1.3 2.1 ± 4.2 5.80 ± 0.20 0.53 ± 0.04 10.89 ± 0.59 4.9 
Testosterone 4 11.5 ± 1.7 6.5 ± 8.6 3.53 ± 0.37** 0.39 ± 0.02** 8.76 ± 1.05* 100.0## 

Mean ± SD.
a) Mean of individual litter values.
*, ** Significantly different from control at p<0.05, <0.01, respectively (Student’s t-test).
## Significantly different from control at p<0.01 (Fisher exact test).
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Effects on embryos/fetuses and placentas
The effects of testosterone on fetuses and placentas are 

shown in Table 1. There were no effects of testosterone on 
the number of live fetuses or fetal mortality rate during the 
experimental period, nor on fetal weight, placental weight, 
fetal-placental weight ratio, or IUGR rates on GDs 15 and 17. 
On GD 21, fetal weight, placental weight, and fetal-placental 
weight ratio decreased, and IUGR rates increased in the TP-
treated group, compared with the control group. Upon fetal 
external examination, increased anogenital distance in the 
female fetuses on GD 21 was observed in the TP-treated 
group (data not shown).

Histopathological observations
On GDs 15 and 17, there were no changes in the thick-

ness of any part of the placenta (Fig. 2), the number of cells 
in the trophoblastic septa at the base region of the labyrinth 
zone (Fig. 3), or the histological morphology of the laby-
rinth zone (Fig. 4a) and basal zone in the TP-treated group. 
Although there were no differences in the total number of 
spiral arteries surrounded by the interstitial trophoblasts 
and/or uNK-cells in the decidua basalis and metrial gland 
in both groups, their number with the endovascular tropho-
blast invasion increased on GD 15 in the TP-treated group 
(Figs. 4b, 4c, and 5).

Fig. 1.	 Maternal body weight changes.
*Significantly different from control at p<0.05 (Student’s t-test).
Standard deviation (SD): Error bar.

Fig. 2.	 Thickness of labyrinth zone, basal zone, decidua basalis, and metrial gland.
Blue bar, Control; Pink bar, Testosterone.
Each value represents mean ± standard deviation.
*, ** Significantly different from control at p<0.05, <0.01, respectively (Student’s t-test).

Fig. 3.	 Number of cells in trophoblastic septa at the base region of 
the labyrinth zone.

Each value represents mean ± standard deviation.
Blue bar, Control; Pink bar, Testosterone.
* Significantly different from control at p<0.05 (Student’s t-test).
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Fig. 4.	 Histopathological placenta findings.
a. Labyrinth zone on gestation day (GD) 15.
1. Control group. 2. Testosterone propionate (TP)-treated group. No differences in histological morphology between control and TP-treated 
groups. Bar, 110 μm. Hematoxylin and eosin (HE) stain.
b. Metrial gland on GD 15.
1. Control group. 2. TP-treated group. Increased number of spiral arteries surrounded by interstitial trophoblasts and/or uNK-cells with endovas-
cular trophoblast invasion (→). Bar, 1,100 μm. HE stain.
c. Metrial gland on GD 15 (high magnification).
1. Control group. 2. TP-treated group. Endovascular trophoblast invasion into spiral artery (→). Bar, 110 μm. HE stain.
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d. Loupe image of placenta on GD 21.
1. Control group. 2. TP-treated group. Thinning of labyrinth zone and slight thickening of basal zone. Bar, 3,160 μm. HE stain.
e. Histological changes in labyrinth zone on GD 21.
1. Control group. 2. TP-treated group. Thickening of trophoblast septa and narrowing of maternal sinusoids. Bar, 110 μm. HE stain.
f. Histological changes in labyrinth zone on GD 21.
1. Control group. 2. TP-treated group. Increased Factor VIII-positive endothelial cell density in fetal capillaries. Bar, 220 μm. Factor VIII im-
munohistochemical stain.
LZ: labyrinth zone; BZ: basal zone; MG: metrial gland.

Fig. 4.	 Continued.
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On GD 21, the labyrinth zone thinned, and the basal 
zone slightly thickened in the TP-treated group, resulting 
in a small placenta (Figs. 2 and 4d). The trophoblast sep-
ta thickened and the maternal sinusoids narrowed in the 
labyrinth zone (Fig. 4e). Corresponding to the histological 
changes, Factor VIII-positive endothelial cell density in fetal 
capillaries in the labyrinth zone increased in the TP-treated 
group (Fig. 4f). However, the histological morphology in the 
labyrinth zone on GD 21 in the TP-treated group was nearly 
identical to that on GD 17 in both groups. In addition, the 
number of cells in the trophoblastic septa at the base region 
of the labyrinth zone on GD 21 in the TP-treated group was 
greater than that on GD 21 in the control group, but it was 
almost the same as that on GD 17 in both groups (Fig. 3). 

During the experimental period, there were no changes in 
the histological morphology of the yolk sac or the number 
of TUNEL-positive cells and phospho-histone H3-positive 
cells in any part of the placenta (Table 2).

Discussion

Elevated maternal testosterone induces a reduction in 
placental size and weight in pregnant women with PCOS12, 13 
and in the testosterone-induced rat model of PCOS7, 8. It is 
considered that reduced trophoblast invasion14, testoster-
one-induced autophagy14, or advanced placental differentia-
tion15 likely contribute to testosterone-induced alterations 
in placental weight and morphology. In addition, since tes-
tosterone enhances apoptotic damages in cultured human 
vascular endothelial cells16, the testosterone-induced small 
placenta is assumed to have had developed due to increased 
apoptosis or decreased cell proliferation17. However, these 
morphological changes have not been confirmed in the tes-
tosterone-induced rat model of PCOS. In the present study, 
we examined sequential histopathological changes in rat 
placentas exposed to testosterone from GD 14 to GD 18. 
The placentas on GD 21 showed a thickening of trophoblast 
septa and a narrowing of maternal sinusoids in the labyrinth 
zone, with a reduced placental size and weight. These histo-
pathological findings in the labyrinth zone on GD 21 were 
consistent with the testosterone-induced changes in the pre-
vious report on the rat model7. In contrast, there were no 
obvious changes in the placental weight or histological mor-
phology of the placentas on GDs 15 and 17. The placental 
weight and histological morphology in the labyrinth zone on 
GD 21 in the TP-treated group were nearly identical to those 
in the normal developing placenta on GD 17. Furthermore, 
the basal zone on GD 21 thickened in the TP-treated group. 
During normal rat placental development, the basal zone 
becomes thinned due to regression from GD 15 onwards, 
and the labyrinth zone outgrows due to more blood content 
as pregnancy progresses, as a consequence of dilatation of 

Fig. 5.	 Number of spiral arteries in decidua basalis and metrial 
gland.

a. Total number of spiral arteries. b. Number of spiral arteries with 
endovascular trophoblast invasion.
Blue bar, Control; Pink bar, Testosterone.
Each value represents mean ± standard deviation.

Table 2.	 Cell Proliferation and Apoptosis in Placenta
Autopsy Group Labyrinth zone Basal zone Metrial gland Yolk sac

No. of Histone H3 
positive cells1)

GD 15
Control 43.9 ± 3.0 0.1 ± 0.1 10.6 ± 3.6 50.7 ± 14.2
Testosterone 44.9 ± 3.8 0.3 ± 0.2 11.1 ± 3.2 48.3 ± 5.1

GD 17
Control 15.0 ± 1.5 0.1 ± 0.1 8.0 ± 2.6 38.7 ± 5.3
Testosterone 14.2 ± 2.2 0.0 ± 0.0 5.8 ± 1.0 40.0 ± 7.9

GD 21
Control 0.0 ± 0.0 0.0 ± 0.0 0.8 ± 0.6 0.0 ± 0.0
Testosterone 0.1 ± 0.2 0.0 ± 0.0 0.6 ± 0.7 0.2 ± 0.3

No. of TUNEL  
positive cells1)

GD 15
Control 1.2 ± 0.7 0.1 ± 0.1 44.9 ± 6.1 0.0 ± 0.0
Testosterone 2.6 ± 1.5 0.0 ± 0.0 46.1 ± 11.6 0.0 ± 0.0

GD 17
Control 1.2 ± 0.5 0.3 ± 0.4 53.8 ± 13.9 0.1 ± 0.1
Testosterone 1.3 ± 0.8 0.1 ± 0.1 56.1 ± 9.4 0.0 ± 0.0

GD 21
Control 0.4 ± 0.1 29.2 ± 13.1 40.3 ± 10.2 0.0 ± 0.0
Testosterone 0.3 ± 0.2 25.1 ± 8.1 47.9 ± 6.6 0.0 ± 0.0

Mean ± SD.
Mean of individual litter values.
1): Number in 20 sections/part/dam.
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maternal sinusoids and a decrease in the cellular density of 
trophoblastic septa18. Therefore, the present study revealed 
that the small placenta in the testosterone-induced rat model 
of PCOS occurred only at the end of gestation. Histopatho-
logically, it was assumed that the testosterone-induced small 
placenta was associated with the developmental inhibition 
of the fetal part of the placentas from GD 17 onwards. In ad-
dition, no increased apoptosis or decreased cell proliferation 
was elicited during gestation.

Testosterone is an anabolic hormone, and an increased 
testosterone concentration in the fetal environment can be 
expected to facilitate growth rather than have a negative 
impact on fetal growth19. In addition, maternal testoster-
one does not cross the placenta to directly suppress fetal 
growth8. However, elevated maternal testosterone is known 
to induce IUGR and low-birth-weight offspring in rats7, hu-
mans17, and sheep20. IUGR in PCOS is thought to be induced 
by an abnormal utero-placental blood flow9, 21 and placen-
tal hypoxia13, 22. In the testosterone-induced rat model of 
PCOS9, 23, elevated maternal testosterone elicits pregnancy-
induced hypertension and a reduced utero-placental blood 
flow due to the inhibition of the endothelium-dependent re-
laxation pathway involving nitric oxide production in blood 
vessels with the renin-angiotensin system24. In addition, 
testosterone induces the downregulation of genes related 
to vascular development and angiogenesis and reduces the 
growth of the utero-placental vascular tree that evolves in 
the placenta9. In the present study, IUGR was detected only 
on GD 21 but not on GD 15 or 17, where it did not occur 
in the small placenta. Histopathologically, there were no 
obvious changes in vascular development in the maternal 
part of the placenta during the experimental period. On the 
other hand, judging by the histological morphology in the 
labyrinth zone, an utero-placental blood flow in the small 
placenta on GD 21 was considered to be reduced compared 
with normal placenta. Therefore, it was supposed that IUGR 
in the testosterone-induced rat model of PCOS was attribut-
able to insufficient blood supply for rapid fetal development 
from GD 17 onwards, as a consequence of the narrowing of 
maternal sinusoids in the labyrinth zone. However, it was 
not possible from this study to determine whether the mor-
phological changes in the labyrinth zone associated with the 
developmental inhibition of the placenta were due to a di-
rect effect of testosterone and/or a secondary effect of the 
reduced utero-placental blood flow.

In normal human placental development, endovascular 
trophoblasts invade into the spiral arteries, penetrate, and 
replace their endothelium. This morphological change, the 
so-called “endothelial replacement”, occurs in the first or 
early second trimester of gestation25, 26. In pregnant women 
with PCOS, elevated maternal testosterone impairs this tro-
phoblast invasion into spiral arteries in early pregnancy and 
leads to an inadequate spiral artery remodeling, resulting in 
increased vascular resistance of utero-placental circulation 
and a reduced utero-placental blood flow27, 28. In normal rat 
placental development, endovascular trophoblasts invade 
the spiral arteries from GD 13 or 14 onwards29, replace en-

dothelium, and lead to sink into the vessel wall on GD 2130. 
In addition, interstitial trophoblasts invade the metrial gland 
and replace degenerated u-NK cells in perivascular regions. 
In the present study, it was revealed that testosterone did not 
inhibit the endovascular trophoblast invasion into the spi-
ral arteries. Rather, the number of spiral arteries with the 
endothelial trophoblast-invasion increased on GD 15 in the 
TP-treated group. However, this change was thought to be 
unrelated to the small placenta and IUGR on GD 21, be-
cause there were no differences in the number of spiral ar-
teries with the endothelial trophoblast-invasion on GD 17 in 
both groups. Thus, the effects on a reduced utero-placental 
blood flow in the testosterone-induced rat model of PCOS 
was considered to have no relationship to the inhibition of 
the endovascular trophoblast invasion into the spiral arter-
ies, unlike PCOS in humans.

In conclusion, IUGR and small placentas were ob-
served only at the end of gestation in the testosterone-in-
duced rat model of PCOS. The small placentas resulted from 
the thickening of trophoblast septa and the narrowing of ma-
ternal sinusoids. It was assumed that the histological mor-
phology in placentas in the testosterone-induced rat model 
of PCOS was induced in association with the developmental 
inhibition of the fetal part of the placentas from GD 17 on-
wards.
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