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Prenatal exposure to exogenous
progesterone adversely affects fetal
development in Albino rats
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Abstract

Background: The current study was carried out to investigate the effects of exogenous progesterone on fetal
development in rats.

Results: Placental weights did not vary in control and treated groups. Fetal weights were significantly reduced in
the low- and high-dose progesterone groups. Fetal CVL was significantly reduced in both treatment groups
compared to control group. In fetuses that received maternal treatment with low- and high-dose progesterone,
several parts of the fetal skeleton showed incomplete ossification. Alkaline phosphatase was decreased in the bones
of fetuses born to progesterone-treated dams. The testes and ovaries of the fetuses of the dams treated with low
and high doses of progesterone showed degenerative seminiferous tubules and failed sex cord development into
primordial follicles, respectively.

Conclusions: The administration of exogenous progesterone during pregnancy adversely influences fetal growth,
skeletal construction, and sex organ development.
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Background
Progesterone is used therapeutically in patients with
infertility, hypoestrogenism, and secondary amenor-
rhea (Warren & Shantha, 1999). Moreover, it is also
prescribed in the treatment and management of sev-
eral reproductive conditions, including threatened
abortion, recurrent miscarriage, luteal phase mainten-
ance in assisted reproduction programs, and threat-
ened preterm labor (Di Renzo, Mattei, Gojnic, &
Gerli, 2005). An elevated progesterone concentration
during corpus luteum formation may affect the devel-
oping embryo. An early rise in progesterone has been
reported to alter the pattern of protein synthesis and

secretion in cattle (Garrett, Geisert, Zavy, & Morgan,
1988). Moreover, elevations in early circulating pro-
gesterone concentrations increase the embryo devel-
opmental rate (Garrett et al., 1988).
Check, Rankin, and Teichman (1986) and Rock et al.

(1985) studied the effect of progesterone on the rate of
congenital malformations in fetuses and found no rela-
tionship between the incidence of malformations and
progesterone exposure. However, none of these studies
have adequately addressed the hypothesis that progester-
one affects the developing embryo. Rock et al. (1985) ex-
amined 93 women who received progesterone treatment
during the first trimester; only 2 of them had fetuses
with congenital malformations. In the study by Check
et al. (1986), which investigated 382 women who re-
ceived progesterone, only 5 had fetuses with congenital
malformations.
There is scarce information concerning the dose of

progesterone during pregnancy and its effect on fetal
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development as well as lacking of specific data on pre-
natal fetal exposure to excess progesterone. Moreover,
the findings of previous studies examining existing ani-
mal models are contradictory that is why the present
study aimed to determine the effects of two relevant
therapeutic doses of progesterone during gestation on
maternal weight gain, fetal development, fetal skeletal
defects, and the histopathology in fetal sex organs. Sub-
sequently, this will open a new research window to in-
vestigate the safety margin of using progesterone during
pregnancy.

Methods
Animal care
This study was carried out on 30 adult virgin female
rats and 9 male albino rats. Their weights ranged
from 210 to 250 g. Rats were obtained from Labora-
tory Animal House at the Faculty of Veterinary Medi-
cine, Suez Canal University, Ismailia, Egypt. All rats
were housed in well-ventilated plastic cages (3 rats
per cage) with appropriate humane care. Rats were
maintained at a room temperature of 25 °C (±1 °C)
and under a natural daylight cycle. Before the begin-
ning of the experiment, the rats were kept for
acclimatization for 2 weeks. They were fed on stand-
ard rodent pellets and given water ad libitum
throughout the experimental period. Pregnant females
(n=27) were divided into 3 groups (9 animals per
group). The control group was injected with corn oil.
The procedures of the current study were carried out
based on the ethical guidelines for the use of animals
in laboratory experiments of the Faculty of Veterinary
Medicine, Suez Canal University, Egypt (Approval
number ≠2019016).

Breeding procedures
The estrous cycle was checked by daily cytological
examination of vaginal smears for 3 successive cycles
(Ekambaram, Kumar, & Joseph, 2017). Smears from
the vagina were obtained from female rats (n=30)
early in the morning one time daily. The smears were
dried with a flame, stained for 1 min with methylene
blue (Sigma chemical Co., USA), and examined under
a microscope to determine the stage of the estrous
cycle. Females with 3 successive regular cycles (n=27)
were selected for this study, while those with irregular
cycles (n=3) were excluded. The females in proestrus
with regular cycles were kept with males at a ratio of
one male to 3 females per cage. Mating was con-
firmed by the presence of sperm in the vaginal smear
or the presence of a vaginal plug which was desig-
nated as the zero day of pregnancy (Piesta, Maj, &
Chelmonska-Soyta, 2009).

Progesterone treatment and dose calculation
Progesterone was used in the present study in the
form of Prontogest®, which was produced by the
Egyptian International Pharmaceuticals Industries
Company. Each ampoule contained 100 mg/2 ml pro-
gesterone. Prontogest was diluted with corn oil at a
ratio of 1:1. The doses of the drug were calculated by
extrapolating the recommended human therapeutic
dose in the enclosed pamphlet to the rat dose on the
basis of the body surface area ratio by referring to
Paget and Barnes (1964). The low-dose treatment
group was injected subcutaneously with 1.8 mg/200 g
bw progesterone in corn oil starting on gestation day
1 (GD1). The high-dose treatment group was injected
subcutaneously in the skin of the neck with 3.6 mg/
200 g bw progesterone in corn oil starting on GD1.
Both doses were chosen according to the recom-
mended therapeutic levels of progesterone mentioned
in the enclosed manufacture pamphlet.

Body weight gain
The body weights of the control and treated dams were
determined at the start and end of the experimental
period. Maternal body weight gain was estimated by sub-
tracting the final weight from the initial weight of the
dams. The percent weight gain was calculated as follows:
mean final weight − mean initial weight/mean initial
weight × 100.

Percentage of implantation and fetal parameters
The pregnant females in each group were sacrificed
on GD20. The horns of the uterus were examined to
determine the number of fetuses, resorbed fetuses,
and corpora lutea in the ovaries to calculate the per-
centage of implantation. The number of implantation
sites was determined as the sum of live fetuses and
dead and resorbed fetuses (Figueiró-Filho et al., 2014).
The percentage of implantation was calculated (Tel-
efo, Tagne, Koona, Yemele, & Tchouanguep, 2012) as
follows: number of implantation sites/total number of
corpora lutea × 100. The placental weights for each
group were recorded. The average fetal crown verte-
bral length (CVL) and fetal weight were recorded as
the distance from the fontanella to the base of the
tail at GD20.

Morphological malformations and skeletal preparation
Morphological malformations in the fetuses were ob-
served carefully, and photographs of the fetuses born
to control dams and dams treated with low and high
doses of progesterone were taken. Additionally, the
skeletal systems of the fetuses were examined for the
presence or absence of ossification centers and for
the rate of bone defects in the skull, limbs, and
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girdles. For this purpose, the skin, viscera, adipose tis-
sue, and eyes were detached from the fetuses from
the different experimental groups, and the remaining
fetuses were kept in 95% ethyl alcohol for 4 days
followed by acetone for 1 day to remove the fat. Fe-
tuses were double-stained for cartilage and bone (Ali-
zarin red S plus Alcian blue staining) according to
the method described by Mohsen, Esfandiari, Rabiei,
Hanaei, and Rashidi (2013). Briefly, 10 ml of staining
solution was used for staining skeleton of each fetus
that composed of equal amount (one volume) of 0.3%
filtered Alcian blue in 70% ethanol, 0.1% filtered Ali-
zarin red S in 95% ethanol, and acetic acid that was
added to 17 volume 70% ethanol. Then, the stained
fetus was washed with water and placed in an ascend-
ing series of glycerol and 1% aqueous KOH solution
and then preserved in 100% glycerin. The stained
preparations were carefully examined under a micro-
scope to explore the different parts of the axial and
appendicular skeleton. Photographs were taken from
all fetuses, and any skeletal abnormalities were re-
corded. The incidence of congenital malformations in
the control fetuses and fetuses maternally treated with
low or high doses of progesterone were examined ac-
cording to Makris et al. (2009).

Alkaline phosphatase analysis
The bones of 6 fetuses in each group were dissected
and cleaned carefully to remove skin and muscles as
well as other tissues. The dissected bones were
washed thoroughly using phosphate-buffered saline
(PBS) to remove the blood. Homogenization was car-
ried out in PBS (pH 7.4) at a ratio of 1 g of bone tis-
sue to 5 mL of PBS. The mixture was centrifuged at
4000 rpm for 15 min at 4 °C. The supernatant was
then separated and kept at − 80 °C for alkaline phos-
phatase (ALP) analysis. ALP activity was assayed kin-
etically using the ALP Kinetic UV method (Cat # no.
ALP 101090, BioMed, Hannover, Germany) at an ab-
sorbance of 405.

Histopathology
Reproductive organs (testes and ovaries) as well as fetal
cartilage were collected and fixed in 10% formalin buffer
saline. They were gradually dehydrated and then embed-
ded in paraffin wax. Several 5 μm sections from each
fetus were cut and then stained with hematoxylin and
eosin stain (H&E) for histopathological examination
(Bancroft & Gamble, 2008).

Statistical analysis
One way ANOVA (GraphPad prism software, version
7, San Diego, USA) was used for comparison be-
tween control, low, and high-treated progesterone

groups. Data were expressed as the mean ± SEM.
The results were considered significant when P was
less than 0.05.

Results
Body weight gain and implantation
The maternal weight gain of the low- and high-dose
progesterone-treated pregnant dams was not signifi-
cantly different from that of the control dams. The
implantation percentage of the low-dose
progesterone-treated pregnant dams was not signifi-
cantly increased as compared with that of the control
(Table 1).

Placental weight and fetal parameters
The average placental weights showed non-significant
(P> 0.05) variation between control and progesterone-
treated dams. The treated pregnant dams exhibited
no significant changes in their litter number/dam.
The fetal CVL was decreased significantly (P< 0.001)
in fetuses born to dams treated with low and high
dose of progesterone compared to that in control
ones. The fetal weight was greatly reduced (P< 0.001)
in the group of fetuses in the high-dose maternal pro-
gesterone treatment group compared to other groups
of fetuses (Table 2).

Gross morphology
Control group displayed normal morphology. How-
ever, fetus maternally treated with low dose of pro-
gesterone showed leptocephaly, sclerosis, and
acromelia in the forelimb as well as acromelia and
symmelia in the hindlimb. The fetus maternally
treated with high dose of progesterone revealed acro-
melia in the forelimb, kinked tail in runt fetuses as
well as cutis lesion (Fig. 1; Table 3).

Fetal malformations and skeletal studies
The fetuses in the control group showed the lowest
number of congenital anomalies compared to the fetuses
in both maternally treated progesterone groups. Deform-
ities of the hind limbs were the most common fetal
anomalies in low and high progesterone treatment
groups (Table 4).
Fetuses with high dose maternally treated proges-

terone exhibited generalized incomplete ossification
all over the skeleton. Incomplete ossification of the
skull roof (nasal, frontal, parietal, and interparietal
bone) especially in high-dose progesterone-treated
group was observed (Fig. 2). Additionally, high inci-
dence of incomplete ossification of vertebral centrum
as well as incomplete ossification of forelimb of ma-
nubrium and sternebrae were noticed in the latter
group. The fore- and hindlimbs as well as their
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phalanges showed incomplete ossification with
higher incidence in high-dose progesterone-treated
group (Table 4).
The control fetus showed well-ossified vertebral

column. Moreover, the vertebral column of mater-
nally treated fetus with low dose of progesterone
showed incomplete ossification all over the vertebral
column with incomplete ossification of vertebral
centra in cervical, thoracic, lumbar, and sacral verte-
brae. The vertebral column of fetus maternally
treated with high-dose progesterone showed more
pronounced incomplete ossification all over the ver-
tebral column with unossified vertebral centra in
cervical, thoracic, lumbar, and sacral vertebrae. Also,
unossified caudal vertebrae are observed (Fig. 3a).
The control fetus showed fully ossified sternebrae.
Additionally, the fetal rat sternum maternally
treated with low-dose progesterone exhibited less-
pronounced incomplete ossification of ribs and ma-
nubrium. However, the fetal rat sternum maternally
treated with high-dose progesterone showed more
pronounced incomplete ossification of the sterneb-
rae with unossified manibrum. Also, xiphoid process
shows incomplete ossification (Fig. 3b).

Fore- and hindlimbs, pectoral, and pelvic girdles
The control showed fully developed forelimbs. The fe-
tuses maternally treated with low- and high-dose pro-
gesterone showed less and more pronounced

incomplete ossification of the forelimbs, respectively
(Fig. 4a). The control showed fully developed ilium,
iliac crest, pubis “anterior bone,” ischium “posterior
bone,” obturator foramen, femur, patella, tibia, fibula,
tarsus, metatarsus, and phalanges. The fetuses mater-
nally treated with low-dose progesterone show incom-
plete ossification of metatarsals and phalanges.
Fetuses maternally treated with high-dose of proges-
terone demonstrated more pronounced incomplete
ossification in the pelvic girdle parts and unossified
metatarsus and phalanges (Fig. 4b).

Alkaline phosphatase activity
ALP activity declined significantly in the bones of the fe-
tuses born to dams treated with high (P< 0.01) or low
(P< 0.05) doses of progesterone compared to those of
the control fetuses (Table 2).

Histopathology
The fetal rat testes of the control group showed a nor-
mal architecture for the seminiferous tubules and inter-
stitial tissue. The fetuses maternally treated with low-
dose progesterone showed degenerated seminiferous tu-
bules. The fetuses maternally treated with high-dose
progesterone showed hemorrhage between the semin-
iferous tubules and congested blood vessels, and most
seminiferous tubules have an irregular degenerate pat-
tern. The ovaries of the control had a normal architec-
ture of well-developed primordial follicles. However, the

Table 1 Changes (mean ± SE) in the maternal weight gain (g) and implantation (%) in pregnant albino rats after injection of low
and high doses of progesterone

Control Treated

Low dose, 1.8 mg/200 g bw High dose, 3.6 mg/200 g bw

Initial body weight (g) 211.0± 8.04 201.25 ± 13.38 212.08± 9.57

Final body weight (g) 265.5± 10.94 261.33 ± 11.69 281.00± 10.12

Maternal weight gain (g) 54.58± 7.09 60.08 ± 5.70 68.92± 4.67

Body weight gain (%) 25.90% 29.90% 32.50%

Implantation (%) 88.96 ± 6.17 89.17 ± 3.11 82.09 ± 5.32

Table 2 Changes (mean ± SE) in placental weight, fetal length, weight, and number of fetuses maternally treated with low and high
doses of progesterone treatment groups

Control Treated

Low dose, 1.8mg/200 g bw High dose, 3.6 mg/200 g bw

Placental weight (g) 0.57 ±0.01 0.54 ± 0.01 0.56 ± 0.01

Fetal CVL (cm) 3.60 ± 0.01a 3.50 ± 0.01b 3.47 ± 0.01b

Fetus weight (g) 3.56 ± 0.03a 3.53 ± 0.03a 3.21 ± 0.05b

No. of litters/dams 6.73±0.02 6.84±0.02 6.63±0.02

ALP (unit/g) 262.00±19.90a 185.10±9.90b 135.40±5.70b

Superscript letters “a” and “b” represent a significant difference (P < 0.05) between the control and treatment groups
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fetuses maternally treated with low-dose progesterone
showed incomplete development and mild degeneration
of sex cords. In addition, the fetuses maternally treated
with high-dose progesterone showed poorly developed
ovaries with an atrophied sex cord. The fetal cartilage of
the control and maternally treated fetus with low-dose
progesterone had normal chondrocyte. The fetal cartil-
age maternally treated with high-dose progesterone
showed hypertrophied chondrocytes (Fig. 5).

Discussion
The progesterone hormone has been widely used in
therapeutic purposes for numerous conditions, the man-
agement of amenorrhea and the prevention of threat-
ened abortion and preterm labor. However, the direct

effects of this therapeutic intervention on female health
and their offspring have not been fully elucidated (Yas-
saee, Shekarriz-Foumani, Afsari, & Fallahian, 2014).
Thus, the current study handled several aspects on ma-
ternally treated fetuses that were not discussed collect-
ively in one study before like malformations,
morphometry, sex organs, and skeletal development with
reference to skeletal fetal alkaline phosphatase activity.
Moreover, this study reported novel findings on the ad-
verse effect of therapeutic doses of progesterone com-
monly used in women during pregnancy and its effect
on fetal development.
In this study, maternal exposure to progesterone non-

significantly influenced body weight gain, and these re-
sults were consistent with those of Bartholomeusz and

Fig. 1 Photomacrograph GD 20 fetal rat shows the external morphology. a Control group displayed normal morphology. b–g Fetus maternally
treated with low-dose of progesterone (1.8 mg/200 g bw), b fetus with acromelia in the forelimb (white arrow), e fetus exhibited leptocephaly
(LP) and sclerosis, c runt fetus, d and f hindlimb displayed symmelia (white arrow head). f Fetus with acromelia in hind limb white arrow head).
h–j Fetus maternally treated with high dose of progesterone (3.6 mg/200 g bw), h Fetus revealed acromelia in the forelimb (white arrow), i runt
fetus with kinked tail (T) and j fetus with cutis lesion. Scale bar=1 cm
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Table 3 Incidence of morphological anomalies in the control fetuses and fetuses maternally treated with low and high doses of
progesterone

Parameters Control Low dose, 1.8 mg/200 g bw High dose, 3.6 mg/200 g bw

No. of dams 9 9 9

No. of fetus/dam 61 62 60

No. of dams had abnormal fetus 7/9 9/9 9/9

Anasarca 0.01±0.00c (0.11%±0.00) 0.44±0.17b (7.40%±2.92) 1.88±0.11a (31.90%±2.33)

Runt (small) 0.22±0.14b (3.17% ± 2.1) 4.00±0.33a (64.02%±4.78) 5.00±0.40ac (82.59%±3.95)

Hematoma 0.22±0.14c (3.70 % ± 2.45) 3.77±0.27b (60.85%±4.63) 4.66±0.28a (77.57%±2.80)

Cutis lesion 0.01±0.00b (0.11%±0.00) 0.66±0.16b (0.10%±0.02) 0.88±0.11a (15.03%±1.99)

Symmelia (bent limb) 0.02±0.00c (0.22%±0.00) 0.66±0.16b (10.58%±2.66) 2.44±0.17a (40.63%±2.19)

Acromelia (short limb) 0.01±0.00c (0.11%±0.00) 0.77±0.14b (0.12%±0.02) 2.00±0.00a (33.76%±1.35)

Kinked tail 0.01±0.00c (0.11%±0.00) 0.77±0.14b (00.12%±0.02) 2.44±0.17a (40.63%±2.19)

Large genital tubercle 0.02±0.00b (0.22%±0.00) 0.77±0.27b (10.60%±4.74) 2.33±0.28a (38.78%±4.39)

Decreased anogenital distance 0.02±0.00c (0.22%±0.00) 1.55±0.37b (25.40%±6.38) 3.88±0.45a (62.17%±6.90)

Data was expressed as mean ± SE and mean percent.
Different superscripts in the same row indicates significance at P< 0.001

Table 4 Incidence of skeletal anomalies in the control fetuses and fetuses maternally treated with low and high doses of
progesterone

Anomalies Control (n=61) Low dose (n=62), 1.8 mg/200 g
bw

High dose (n=60), 3.6mg/200 g
bw

Lordosis 0.01±0.00c (0.11%±0.00) 0.88±0.11b (14.29%±1.81) 2.77±0.14a (46.93%±3.27)

Vertebral unossified area 0.22±0.14c (3.17% ±
2.10)

0.88±0.11b (14.29%±1.81) 3.55±0.24a (60.11%±5.02)

Skull roof incomplete 0.02±0.00c (0.22%±0.00) 1.22±0.14b (19.31%±1.75) 3.44±0.17a (57.51%±2.20)

Incomplete ossification of sternebrae 0.01±0.00c (0.11%±0.00) 1.11±0.20b (17.99%±3.39) 3.11±0.26a (53.23%±6.05)

Hemisternebra (s) 0.22±0.14c (3.17%±2.10) 0.66±0.16b (10.58%±2.66) 1.88±0.11a (31.90%±2.33)

Incomplete ossification of vertebrae 0.01±0.00c (0.11%±0.00) 1.11±0.11b (17.99%±1.94) 2.88±0.35a (47.51%±4.76)

Incomplete ossification of scapula 0.02±0.00c (0.22%±0.00) 0.88±0.11b (14.29%±1.81) 2.55±0.17a (42.49%±2.20)

Incomplete ossification of humerus 0.02±0.00c (0.22%±0.00) 1.11±0.20b (17.46%±2.77) 2.55±0.17a (42.49%±2.20)

Incomplete ossification of radius and ulna 0.01±0.00c (0.11%±0.00) 1.33±0.23b (21.16%±3.60) 2.55±0.17a (42.49%±2.20)

Incomplete ossification of carpal 0.02±0.00b (0.22%±0.00) 0.77±0.27b (12.43%±4.59) 2.22±0.40a (36.19%±6.10)

Incomplete ossified metacarpal 0.01±0.00c (0.11%±0.00) 1.44±0.17b (23.54%±3.11) 3.11±0.11a (52.49%±2.69)

Forelimb aphalangia (absent phalanx) 0.01±0.00a (0.11%±0.00) 0.66±0.28a (11.11%±4.81) 0.66±0.44a (11.11%±7.34)

Forelimb incomplete ossification of
phalanges

0.02±0.00c (0.22%±0.00) 2.44±0.17a (39.68%±3.32) 3.11±0.26ab (51.75%±3.92)

Femur incomplete ossification 0.02±0.00c (0.22%±0.00) 1.33±0.16b (21.69%±2.92) 3.00±0.00a (50.63%±2.03)

Tibia and fibula incomplete ossification (O) 0.01±0.00b (0.11%±0.00) 1.33±0.16a (21.69%±2.92) 1.66±0.23ac (27.46%±3.58)

Incomplete ossification of tarsal 0.02±0.00b (0.22%±0.00) 0.55±0.17b (9.25%±2.92) 2.77±0.32a (46.19%±5.05)

Incomplete ossified metatarsal 0.22±0.14c (3.70%±2.45) 1.22±0.14b (19.31%±1.75) 3.66±0.23a (61.22%±3.40)

Hindlimb aphalangia (absent phalanx) 0.01±0.00b (0.11%±0.00) 2.22±0.14b (3.70%±2.45) 2.33±0.52a (38.78%±8.56)

Hindlimb incomplete ossification of
phalanges

0.22±0.14b (3.70%±2.45) 1.77±0.36a (28.57%±6.03) 3.00±0.60ac (50.00%±9.83)

Data was expressed as mean ± SE and mean percent
Different superscripts in the same row indicate significance at P< 0.001
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Bruce (1976). However, the numerical increase in the
body weight gain was parallel with the findings of Bhatia
and Wade (1989). The current results demonstrated that
the increase in maternal weight gain from 29.9 to 32.5%
after treatment with 1.8 and 3.6 mg/200 g bw progester-
one, respectively, compared to 25.9% in the control
group may be due to the promoting effects of progester-
one on several hormones, including leptin (Augustine,
Ladyman, & Grattan, 2008), neuropeptide Y (Tovar
et al., 2004), and cholecystokinin (Gutzwiller et al.,
2000). These hormones could promote food intake to in-
fluence the metabolic status of the body in preparation
for future lactation and the development of the fetus
during pregnancy (Faas, Melgert, & de Vos, 2010).
The implantation percent showed a non-significant

change between the control and progesterone-treated
dams. These results were in agreement with those of Chwa-
lisz, Winterhager, Thienel, and Garfield (1999) while con-
tradicting those of Harini, Sainath, and Reddy (2009a). The
placental weight of the dams treated with low-dose proges-
terone decreased significantly. This result was contradictory
to the findings of Bartholomeusz and Bruce (1976). The
present study demonstrated significant adverse effects of
maternal progesterone supplementation on fetal CVL com-
pared with the control group. Furthermore, the fetal weight
analysis revealed a marked reduction in the weights of fe-
tuses maternally treated with high-dose of progesterone.

These results were in agreement with those of Resseguie
et al. (1985) and Seegmiller, Nelson, and Johnson (1983).
Carmichael et al. (2005) reported that the reduction in
weights of fetuses from progesterone-treated dams was
etiologically distinct. Controversially, Bartholomeusz and
Bruce (1976) found that progesterone administration to
dams had no effect on fetal weight.
It is impossible to evaluate the skeleton of late ges-

tation rodent fetuses because major portion remains
unossified and, subsequently, unstained with Alizarin
red S. Failure to evaluate the cartilaginous portions of
the skeleton may result in difficulties in identification
of important abnormalities in skeletal morphology.
Therefore, the double staining method for fetal skele-
tons was proposed several years ago by different in-
vestigators with minor differences in methodology
(Menegola, Broccia, & Giavini, 2001). In the current
study, several congenital defects were recorded espe-
cially in the skeletal system with high prevalence of
hindlimb defects. Janerich, Piper, and Glebatis (1974)
were the first to report an association between mater-
nal progestogen administration and limb reduction
defects in infants. Of 108 women with an affected in-
fant, 15 had received progesterone hormones. Add-
itionally, Greenberg, Inman, Weatherall, Adelstein,
and Haskey (1977) found an overall increase in anom-
alies following progestogen exposure; limb reduction

Fig. 2 Photomacrograph of GD 20 full fetal rat skeleton double stained with Alizarin red S and Alcian blue stains (stains bone red and cartilage
blue). (A) Fetal rat skeleton of control mother. (B) Fetal rat skeleton maternally treated with low dose of progesterone (1.8 mg/200 g bw). (C) Fetal
rat skeleton maternally-treated with high-dose of progesterone (3.6 mg/200 g bw). Scale bar=1 cm
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defects contributed to this increase. Moreover, a
retrospective case-control study in Australia by
Kricker, Elliott, Forrest, and McCredie (1986) re-
corded an association between oral contraceptive use
and limb abnormalities.
The skeletal defects of the fetuses maternally treated

with progesterone were manifested as delayed ossification
of the parietal bone of the skull, incomplete ossification in
most sternal bones. These results were in accordance with
the survey performed by Lammer and Cordero (1986) on
malformations associated with exposure to sex steroids,
including progesterone exposure during pregnancy. The
obtained data indicated deficient mineralization of the
skeletal system of the fetuses. The current results sug-
gested that progesterone treatment of pregnant dams
could affect bone formation, mineralization, and cartilage
formation leading to skeletal malformations. The explan-
ation for the skeletal malformations is that progesterone
can reduce Ca++ deposition in the bone, enhance bone

resorption in pregnant dams, and increase fecal Ca++ ex-
cretion from fetuses, thus reduces their bone Ca++ depos-
ition (Harel et al., 2010). Moreover, the reduced ALP
activity in the bones of progesterone-treated fetuses is
suggestive of a bone catabolic status where ALP is a well-
known major bone mineralization regulator (Christenson,
1997). Additionally, ALP plays a crucial role in proosteo-
blastic cell differentiation and osteoblast development
(Alborzi, Mac, Glackin, Murray, & Zernik, 1996). There-
fore, the reduction in bone ALP activity in low- and high-
progesterone-treated fetuses is suggestive of the observed
bone malformations in these two groups.
The current study demonstrated the adverse effects of

maternal progesterone administration on the develop-
ment of fetal sex organs. The male fetuses of the
progesterone-treated dams exhibited testicular degener-
ation, edema, and blood vessel congestion. The effect
seemed to be dose dependent. The current results were
in agreement with those of Harini, Sainath, and Reddy

Fig. 3 a Fetal rat vertebral column double stained with Alizarin red S and Alcian blue. (A) The control shows well-ossified vertebral centra; parts
of the neural arches of atlas (at); axis (ax); the remaining cervical vertebrae (cv); the thoracic (tv), lumbar (lv), and sacral (sv) vertebrae; and the first
one-third of the caudal vertebrae (ca.v). (B) The fetal rat vertebral column maternally treated with low dose of progesterone (1.8 mg/200 g bw)
shows incomplete ossification all over the vertebral column with incomplete ossification of vertebral centra in cv, tv, lv, and sv. (C) The fetal rat
vertebral column maternally treated with high-dose progesterone (3.6 mg/200 g bw) shows more pronounced incomplete ossification all over the
vertebral column with unossified vertebral centra in cv, tv, lv, and sv. Also, unossified caudal vertebrae are observed. b The fetal rat sternum
double stained with Alizarin red S and Alcian blue. (A) The control shows six fully ossified sternebrae (st) and cartilaginous sternal portions of the
ribs (rb), free ribs (frb), manubrium (ma), and xiphoid process (xp), which also shows that the cartilage-ossification ratio of the body of the ribs
increased caudally as descending. (B) The fetal rat sternum maternally treated with low-dose progesterone (1.8 mg/200 g bw) exhibited less
pronounced incomplete ossification of the ribs and manubrium. (C) The fetal rat sternum maternally treated with high-dose progesterone (3.6
mg/200 g bw) shows more pronounced incomplete ossification of the sternebrae (st) with unossified manibrum. Also, xp shows
incomplete ossification
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(2009b) who reported testicular retrogressive changes in
male offspring born to dams that were treated with hy-
droxyprogesterone hexanoate during gestation. A
pharmacological dose of progesterone to dams can cross
the placenta and pass to fetus (Yan et al., 2008). This
crossed progesterone adversely influences the
hypothalamic-pituitary axis (Ellinwood & Resko, 1980;
Pointis, Latreille, & Cedard, 1980; Pointis, Latreille, Rich-
ard, D’Athis, & Cedard, 1987), thus reducing fetal LH in-
ducing testosterone levels. Additionally, progesterone
has been proposed to have a direct local inhibitory effect
on testicular testosterone production (Pointis, Latreille,
Richard, D’Athis, & Cedard, 1984). The reduced fetal
testosterone level is attributed to the deteriorated tes-
ticular architecture that can adversely affect future male
fertility and fecundity (Pushpalatha, Reddy, & Reddy,
2003). The low and high progesterone doses delayed the
development of sex cords into primordial follicles. These
results were parallel to those of Kezele and Skinner
(2003). They demonstrated the adverse impacts of pro-
gesterone on the development of ovarian primordial

follicles in ovaries of rat neonates in vitro. The arrest of
primordial follicle development crucially influences the
subsequent transformation of these follicles into primary
follicles immediately after delivery (Rajah, Glaser, &
Hirshfield, 1992). This transformation constitutes a cru-
cial event for further normal ovarian physiology. Abnor-
malities in primordial follicle assembly possibly result in
ovarian pathological conditions, such as premature ovar-
ian failure (Kezele & Skinner, 2003).

Conclusions
In conclusion, prenatal administration of exogenous pro-
gesterone at doses of 1.8 and 3.6mg/200 g bw has adverse
effects on morphology, skeletal construction of fetuses,
and sex organs of male and female fetuses. These adverse
alterations seemed to be dose-dependent. The finding of
this study could be generalized to other animal species
and human to clarify the effect of prenatal exposure of ex-
ogenous progesterone. However, further investigations
should be carried out to assess the safety of a marginal
progesterone dosage to avoid its side effects.

Fig. 4 a The fetal rat scapula and forelimb double stained with Alizarin red S and Alcian blue. (A) The control shows a fully developed scapula (s),
scapular spine (ssp), humerus (h), radius (r), ulna (u), radial epiphysis (re), ulnar epiphysis (ue), carpals (c), metacarpals (mc), and phalanges (ph). (B)
The fetuses maternally treated with low-dose progesterone (1.8 mg/200 g bw) shows less pronounced incomplete ossification of radial bone (re),
ulnar bone (ue), humerus, and carpals. The phalanges (ph) are unossified. (C) The fetuses maternally treated with high-dose of progesterone (3.6
mg/200 g bw) show more pronounced incomplete ossification of the humerus, re, ue, and c. The phalanges are unossified. b Half of the fetal rat
pelvic girdle and the hindlimb double-stained with Alizarin red S and Alcian blue. (A) The control shows fully developed ilium (il), iliac crest (il
crest), pubis “anterior bone” (pu), ischium “posterior bone” (is), obturator foramen (of), femur (fe), patella (pa), tibia (t), fibula (fi), tarsus (ta),
metatarsus (mt), and phalanges (ph). (B) The fetuses maternally treated with low-dose progesterone (1.8 mg/200 g bw) show incomplete
ossification of metatarsals (mt) and phalanges (ph). (C) Fetuses maternally treated with high dose of progesterone (3.6 mg/200 g bw) demonstrate
more pronounced incomplete ossification in the pelvic girdle parts and unossified mt and ph
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Fig. 5 a The fetal rat testis of the control group shows a normal architecture for the seminiferous tubules (SE) and interstitial tissue (IT). b The
fetuses maternally treated with low-dose progesterone (1.8 mg/200 g bw) showed degenerated seminiferous tubules (black arrow). c The fetuses
maternally treated with high-dose progesterone (3.6 mg/200 g bw) show hemorrhage between the seminiferous tubules (black arrowhead) and
congested blood vessels (CO), and most seminiferous tubules have an irregular degenerate (DT) pattern. d The ovary of the control has a normal
architecture of well-developed primordial follicles (white arrow). e The fetuses maternally treated with low-dose progesterone show incomplete
development of their sex cords into primordial follicles with mildly degenerated sex cords (white arrowhead) that exhibit hydropic degeneration
of the epithelial tissue. f The fetuses maternally treated with high-dose progesterone show poorly developed ovaries with an atrophied sex cord
(star). a The fetal rat cartilage of the control group has a normal chondrocyte. b The cartilage of the group maternally treated with low-dose
progesterone shows normal cartilage histology. c The fetal rat cartilage maternally treated with high-dose progesterone shows hypertrophied
chondrocytes (asterisks)
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