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Abstract:

Background:
Superovulation in mice causes a delayed embryonic development in vitro and in vivo, an increased 
abnormal blastocyst formation, pronounced fetal growth retardation.

Objective:
Morphometric measurements the dimensions (thickness, length) of fetal kidney and suprarenal 
gland during the later intrauterine life, after superovulation induction.

Methods:
Twenty five mature female mice Swiss-Webster mice, these mice were divided into two groups: 
experimental (G1) (15animal/group) and control group (G2) (10 animal/group). Superovulation 
was induced by intraperitoneal (IP) injection of 7.5 IU of PMSG, then followed by 7.5 IU of HCG 
after 48 hours. Ovulation was taken place between 12 ±2 hours after injection of HCG. One 
mature male mice was placed with three superovulated female mice for mating. Pregnant females 
were sacrificed on gestational day eighteen in all experimental groups. For morphometric study 
20 mice embryos were fixed in Bouin>s fixative, longitudinal sections of whole embedded embryo 
were stained by H&E, the specimens independently read. The dimensions (thickness, length) of 
fetal kidney and suprarenal gland were evaluated.

Results:
The statistical analysis showed significant decrease (P< 0.01) in weights of fetuses in comparison 
with control group. The study was showed significant decrease (P< 0.01) in fetal kidney dimensions 
at day 18 of intrauterine life, when it compared to the fetal kidney of non superovulated group 
(control group). There was also significant decrease (P< 0.01) in the morphometric measurements 
of fetal suprarenal gland dimensions.

Conclusion:
The study improve that there is a delay in growth of kidney and suprarenal gland in fetal mice that 
belongs to mother undergo to superovulation induction before pregnancy.
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Introduction:
Superovulation is routinely used in both animals 
and humans to induce multiple follicle stimulation 
thus increasing the number of oocytes or embryos 
obtained from a single cycle that can potentially 
be used for techniques such as in vitro fertilization 
(IVF). The use of exogenous gonadotropins to in-
duce ovarian stimulation, however, has been re-
ported [1, 2, 3]. Furthermore, ovarian stimulation 
was associated with a reduction in fetal growth and 
a prolonged gestation period in mice [4]. Superovu-
lation in the mice causes a delayed embryonic de-
velopment in vitro and in vivo, an increased abnor-
mal blastocyst formation, pronounced fetal growth 
retardation, and an increased number of resorption 
sites [5]. Developmental delay and growth restric-
tion have also been observed following superovu-
lation. When embryos were cultured from the blas-
tocyst stage, development was delayed relative to 
controls (6). Growth and development of the em-
bryo during the embryonic stage of pregnancy are 
influenced by uterine factors (7). Embryologically, 
urinary system develop from a common mesoder-
mal ridge (intermediate mesoderm) along the pos-
terior wall of the abdominal cavity, In human, the 
permanent kidney (metanephros) appears in the 
fifth week of gestation, the kidney develops from 
two sources metanephric mesoderm, which pro-
vides excretory units; and the ureteric bud, which 
give rise to the collecting system [8].
Development of the human fetal kidney runs 
through a series of continual and mutually depend-
ent changes during which the kidney obtains its 
morphological and functional maturity [9]. Fetal 
kidneys do not reach the same level as adults at 
full term and move farther apart from the midline 
of the body during the fetal period, the dimensions, 
weight, and volume of the kidneys increased with 
gestational age during the fetal period [10]. Supra-
renal gland which is structurally and functionally 
unique from other species suprarenal gland plays a 
pivotal role, mainly through steroidogenesis, in the 
regulation of intrauterine homeostasis and in fetal 
development and maturation. The steroidogenic 
activity is characterized by early transient cortisol 
biosynthesis, followed by its suppressed synthesis 
until late gestation, and extensive production of de-
hydroepiandrosterone and its sulfate, precursors of 
placental estrogen, during most of gestation [11].

Materials and Methods:
All experiments were performed on 25 mature fe-
male Swiss-Webster mice, their ages ranged be-
tween 8-12 weeks with a body weight ranged be-

tween 25-30 g. Mice were obtained from the colony 
of the animal house of the Institute of Embryo Re-
search and Infertility Treatment, Al-Nahrain Uni-
versity/Baghdad. These mice were divided into 
two groups: one experimental (G1) (15 animal/
group) and control group (G2) (10 animal/group). 
Induce ovulation in experimental group (G1) was 
done by i. p. injection of 7.5 IU of pregnant mare 
serum gonadotropin (PMSG), then followed by i. p. 
injection of 7.5 IU of human chorionic gonadotropin 
(HCG) after 48 hours, ovulation was taken place 
between 12±2 hours after injection of HCG,  then 
after 6 hours of HCG injection, one mature healthy 
male mice was placed with three superovulated 
female mice for mating, then check for success-
ful mating by looking for the presence of vaginal 
plug, The presence of vaginal plug indicated suc-
cessful mating and this was designated day 1 of 
gestation, fertilization usually complete by 6 hours 
after mating [12]. Control group (G2) were inject-
ed with the vehicle at the appropriate time. When 
the pregnant females of each group (G1 and G2) 
reached day 18 of gestation they were sacrificed 
by cervical dislocation, each fetus was examined 
for weighed then washed and fixed in Bouin>s so-
lution for 24 hours, then stored in 70% ethanol al-
cohol for routine histological techniques, paraffin 
sections with 5 microns thickness were prepared 
and stained with Harries hematoxylen-eosin stain 
for histological examination [13]. Serial measure-
ments of kidney and adrenal gland dimensions 
(length, width) were performed in 20 mice fetuses’. 
For morphometric analysis, images were captured 
by using Microns Contain TV-Based computer as-
sisted morphometry with a 10X and 4 X objectives. 
The actual measurements were done by using the 
image analyzer software after accurate calibration 
using a stage micrometer.
The morphometric parameters used in this study:
• Using Microsoft (Motic image plus 2.0) for 

measured the length and diameter from menu 
chose open to open this image, then from meas-
ure chose objective (10X) or (4X),  and unit that 
using to measure (mm),  and then chose from 
menu irregular shape or line to draw, the area 
tend from measurement table that found in 
menu program (software) and then storage this 
images in computer.

• Because irregular shape for these images, and 
after measured the area, for measured the di-
ameter for this parameters, this process is 
called D-circle.
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Results:
A- Weights changes:
The statistical analysis showed significant de-
crease (P< 0.01) in embryos weights (males 
and females) belonged to mothers treated with 
normal dose of PMSG at day 18 in comparison 
with control group figure (1).
B. Morphmetric Measurement:
Mean values were calculated from the treated 
group with PMSG and non treated group during 
day 18, the morphometric measurement of the 
kidney length of treated group was 281.690 µm,  
while the morphometric measurement of kidney 
length of non treated group (control group) was 
431.095 µm. So there is significant decrease in 
kidney length when it compared with non treat-
ed group.
The result of morphometric measurement of 
kidney thickness of treated group was 210 µm,  
and the result of morphmetric measurement of 
non treated group (control group) was 269.8 µm 
um. So there is significant decrease in kidney 
width when it compared with non treated group 
figure (2).
The morphometric measurement of suprarenal 
gland thickness of treated group was 95.6 µm, 
while of non treated group (control group) was 
127.4 µm. The morphmetric measurement of su-
prarenal gland length of treated group was 98.9 
µm, while of non treated group (control group) 
was 129.8 µm. So there is significant decrease 
in suprarenal length and thickness when it com-
pared with non treated group figure (3).
Longitudinal section of mice fetus at day 18 
belongs to mothers injected by IP of 7.5 IU of 
PMSG, followed by 7.5 IU of HCG morphometric 
study showing the kidneys (metanephron) adja-
cent to the adrenal gland in the abdominal cav-
ity as shown in figure (4).

Figure (1): A diagram showing the differences in embryos 
weight belong to mothers treated with PMSG and non 
treated groups (control group) at day 18.

Figure (2): A diagram showing the differences in the kidney 
length and thickness during prenatal life between treated 
groups and non treated group (control group).

Figure (3): A diagram showing the differences in the ad-
renal gland length and width during prenatal life between 
treated groups and none treated group (control group).

Adrenal gland

Fetus kidney

Figure (4): Longitudinal section of mice fetus at day 18 
belongs to mothers injected by IP of 7.5 IU of PMSG, fol-
lowed by 7.5 IU of HCG morphometric study showing the 
kidneys (metanephron) adjacent to the adrenal gland in 
the abdominal cavity (10X).

Discussions:
The kidney is one of the organs that continue to 
develop postnatal, kidney development does not 
complete during intrauterine life. Maturation of the 
cortico-medullay regions of the kidney continues 
throughout the first week of neonatal life. The rat 
glomeruli and tubules continued to develop and 
mature during that period [14]. Decreased embryos 
weight belongs to superovulated mother relative to 
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controls have been observed at E7.5 [15],  E14.5 
[16,17],  E18.5 [1] and E19.5 [18].
Ovarian stimulation has also been reported to delay 
the in vivo development of embryos [6,16] compared 
with embryos recovered from naturally cycling con-
trol mice, and this has been attributed to an adverse 
effect of stimulation on the oocytes or embryos as 
well as the reproductive tract. In particular, several 
studies have shown that superovulation results in 
embryonic growth restriction [6, 16, 18] at mid- to 
late-gestation. Although few studies followed devel-
opment through to birth, one study has also noted 
delayed parturition following superovulation. Simi-
larly, implantation was delayed following superovu-
lation in vivo [15].
Suprarenal, glands are located on the top of each 
kidney, these glands produce hormones that we 
can>t live without, including sex hormones and cor-
tisol, which helps to respond to stress and has many 
other functions. The role of the fetal adrenal cortex 
in human pregnancy and parturition appears highly 
complex, probably due to redundant and compen-
satory mechanisms regulating these events [11].
According to Ozgüner, 2012 [19] who study the mor-
phometric development of the suprarenal gland us-
ing anatomic dissection methods during the fetal 
period found that all parameters increase with ges-
tational age, and concluded that there was signifi-
cant correlation between gestational age and all pa-
rameters and found that no significant differences 
were observed between sexes for any of the param-
eters and observed that there was no difference be-
tween the right and left sides of parameters except 
the thickness of the suprarenal glands.
According to Vlajković S et al. 2006 [9] on their ob-
servation concluded that development of the human 
fetal kidney runs through a series of continual and 
mutually dependent changes during which the kid-
ney obtains its morphological and functional maturi-
ty. Their study estimates the changes in kidney size 
during gestation in fetuses from the 4th to the 10th 
month. Serial measurements of kidney dimensions 
(width, thickness) were performed in 110 fetuses. 
The importance of this study lies in determining the 
average fetal kidney dimensions, which could be 
used as standard values in obstetrics [9,20]. These 
findings are in agreement with the current investiga-
tion of the anatomical morphological feature of the 
kidney.

Reference
1. Ertzeid G and Storeng R. Adverse effects of gonado-

tropin treatment on pre- and postimplantation devel-
opment in mice. J Reprod Fertil, 1992; 96: 649–655.

2. Ertzeid G and Storeng R. The impact of ovarian stimu-
lation on implantation and fetal development in mice. 
Hum Reprod, 2001; 16: 221–225.

3. Ertzeid G, Storeng R, and Lyberg T. Treatment with 
gonadotropins impaired implantation and fetal devel-
opment in mice. J Assist Reprod Genet, 1993; 10: 
286–291.

4. Sibug RM, Helmerhorst FM, Tijssen AMI, De Kloet ER, 
and De Koning J. Gonadotropin stimulation reduces 
VEGF120 expression in the mouse uterus during 
the per-implantation period. Hum Reprod, 2002; 17: 
1643–1648.

5. Van der Auwera I and D’Hooghe T. Superovulation of 
female mice delays embryonic and fetal develop-
ment. Hum Reprod,  2001;16: 1237–1243.

6. Ertzeid G and R Storeng. The impact of ovarian stimu-
lation on implantation and fetal development in mice. 
Hum Reprod,2001; 16 (2): 221- 225.

7. Denker H W. Cell biology of endometrial receptivity 
and of trophoblast endometrial interactions. In: En-
docrinology of Embryo-Endometrium Interactions. 
S. R. Glasser, I. Mulholland and A Psychoyos (Ed. ). 
Plenum Press, New York, 1994; pp: 17- 32.

8. Sadler T. Medical Embryology. 10th ed. 2011; PP: 240.
9. Vlajković S, Vasović L, Daković-Bjelaković M and 

Cukuranović R. Age-related changes of the human 
fetal kidney size. A thesis Department of Anatomy, 
Faculty of Medicine, University of Nis, Nis, Serbia 
and Montenegro, 2006;182 (3-4): 193-200.

10. Ozgüner G, Sulak O, Koyuncu E. A morphometric 
study of suprarenal gland development in the fetal 
period. Surg Radiol Anat. 2012; Sep;34 (7): 581- 7.

11. Ishimoto H and Jaffe RB. Development and function of 
the human fetal adrenal cortex: a key component in the 
feto-placental unit. Endocr Rev. 2011; Jun;32 (3): 317- 55.

12. Nagy A, Gertsenstein M, Vintersten K and Behring-
er R. In Manipulating the mouse embryo: A labora-
tory manual, Isolation and culture of blastocyst-de-
rived stem cell lines, (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY),  2003; 3rd ed, pp 
359–370.

13. Bancroft J D and Stevens A. Carbohydrates. In The-
ory and Practice of Histological Techniques, Edin-
burgh: Churchill Livingstone. 1982; pp. 188 -190.

14. Aida Hameed Al-Obaidi. Morphological and Morpho-
metric Study of the Perinatal Development of Rat Re-
nal Glomerulus, Thesis of Msc in applied embryology. 
Institute of Embryo Research and Infertility Treat-
ment, University of Al-Nahrain. Oct 2008;P: 15 -20.

15. Ertzeid G, Storeng R and Lyberg T. Treatment with 
gonadotropins impaired implantation and fetal devel-
opment in mice. J Assist Reprod Genet,1993; 10 (4): 
286- 291.



Ira
qi

 J
. E

m
br

yo
s 

an
d 

In
fe

rt
ili

ty
 R

es
ea

rc
he

s 
Vo

l.(
3)

 N
o.

(6
) 2

01
3

61

16. Van der Auwera I and D>Hooghe T. Superovulation 
of female mice delays embryonic and fetal develop-
ment. Hum Reprod,2001; 16 (6): 1237- 1243.

17. Van der Auwera I,  Pijnenborg R and Koninckx P 
R. The influence of in-vitro culture versus stimulat-
ed and untreated oviductal environment on mouse 
embryo development and implantation. Hum Re-
prod,1999; 14 (10): 2570 -2574.

18. Evans M I, Schulman J D, Golden L and Mukherjee 
A B. Superovulation-induced intrauterine growth re-
tardation in mice. Am. J. Obstet. Gynecol,1981; 141 
(4): 433- 435.

19. Ozgüner G, Sulak O and Koyuncu E. A morphometric 
study of suprarenal gland development in the fetal 
period. Surg Radiol Anat. 2012; Sep;34 (7): 581 -7.

20. Fowden A L, Sibley C, Reik W and Constancia W. 
Imprinted genes, placental development and fetal 
growth… Horm Res 65 Suppl 2006 (3): 50- 58.

21. Sulak O, Ozgüner G, Malas MA. Size and location of 
the kidneys during the fetal period. Surg Radiol Anat. 
2011; 33 (5): 381 -8.


