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Abstract 
Background: Hormonal control for multiple follicular growths in IVF program was directed toward 

maximizing the yield of fertilizable oocytes, enhance successful implantation and improve early embryonic 

development.  

Aim: The effect of different doses of urinary human menopausal gonadotropin (U-hMG) in superovulation 

regimen was studied.  

Materials and Methods: Four groups of immature female mouse were sequentially injected by 5 IU, 10 

IU, 15 IU and 20 IU of U-hMG followed by injection of 15 IU human chorionic gonadotropin (hCG) for 

all groups. Mature cumulus oocytes complexes (COCs) were collected 12 hours later then the grading of 

cumulus cell expansion and oocytes maturity was determined. In vitro fertilization for mature oocytes was 

done by using epididymal sperm, the embryonic development was followed up till the blastocyst stage. 

Results: Results demonstrated that the super ovulatory response in immature mice increased with 

increasing dose of hMG. 15 IU U-hMG was the optimal dose that gave maximum number oocytes with 

higher maturation rate,minimum degeneration rate and support embryonic development.  

Conclusion: 15 IU is the optimal dose for induction of superovulation and support in vitro embryo 

developmentin immature female mice. 
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Introduction 
Superovulation is a technique used to produce a 

large number of embryos developmentally 

synchronized[1]. It is employed for protocols such 

as embryo transfer [2],embryonic stem (ES) cell 

production[3], transgenic animals[4[, and to 

develop animal models of human diseases [5]. 

Superovulation protocols based on gonadotrophic 

hormones have been standardized in species such 

like mouse[3], pig [6],cattle [7], sheep [2] and goat [8], 

and the quality of the embryos produced appears 

to be satisfactory. 

Mouse is the most commonly used animal model 

in reproductive research for obtaining mature 

oocytes or for investigating pre implantation 

embryo development. In such experiments, it is 

possible to test different reproductive techniques 

and infertility treatment programs[9] and to 

determine the effects of potentially toxic 

materials on the oocytes or embryos [10,11]. In this 

respect a great number of ova/embryos is needed 

and therefore the number of mice required for a 

given experiment increases. However, in recent 

years an increasing interest in animal care and 

rights has arisen, limiting the use of laboratory 

animals in experimental procedures. Therefore, 

different superovulation with gonadotrophins 

regimen are widely performed to reduce the 

number of mice used in experiments, without 

reducing the accuracy of results. In mice, 8 to 10 

ova are extruded by copulation-induced 

spontaneous ovulation [12]. This number can be 

substantially increased to 40 to 60 ova by using 

superovulation protocols [13]. However, the 

efficacy of exogenous stimulation varies with the 

strain, age, nutritional status and health, 

breeding-housing conditions of a female mouse, 

and the dose of administered gonadotrophins 
[14,15]. Therefore these factors that influence the 

number and quality of super ovulated eggs must 

be optimized for any given strain of mouse. The 

program for superovulation using human 

menopausal gonadotropin needs to be 

standardized. According to our knowledge there 

are no literatures on the effect of dose of human 

chorionic gonadotropin on development of 
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mouse embryos using and in vitro fertilization 

technique. Therefore, the current study was 

undertaken to evaluate the effect of three different 

doses of hMG on maturation, in vitro fertilization 

rates and the subsequent embryo development in 

Balb C mouse. 

 

Materials and methods 
Experimental animals 

In this study, female Balb C mice of age 4-6 

weeks were purchased from VACSERA- 

Biological and Vaccine Production Holding Co., 

Egypt). The mice were kept for two weeks in the 

Animals’ lab at standard conditions, i.e., 

temperature of 23 to 25 °C, humidity of 50 to 

55%, a 12-hour light cycle, and easy access to 

food and water for compatibility with the 

environment. The mice were divided randomly 

into four groups of equal numbers, 1) First group 

were injected with 5 IU urinary human 

menopausal gonadotropin (hMG); 2) Second 

group were injected with 10 IU hMG; 3) Third 

group were injected with 15 IU hMG; and 4) 

Fourth group were injected with 20 IU hMG. 

Then all groups were injected with15 IU human 

chorionic gonadotropin (hCG) 48 hours later. 

Oocyte collection 

For the induction of oocyte development and 

reproduction in each mouse, Group (1):female 

mouse were injected intraperitonealy i.p. with 5 

IU urinary hMG hormone (Merional, IBSA 

Farmaceutici Italia). Group (2): female mouse 

were injected i.p. with 10 IU hMG. Group 

(3):female mousewere injected i.p. with 15 IU 

hMG. Group (4):female mouse were injected i.p. 

with 20IU hMG. For the purpose of inducing the 

ovulation process, 48 to 50 later 15 IU of human 

chorionic gonadotropin (hCG), Chorimon, 

IBSA Farmaceutici Italia) were injected i.p in 

all groups. Twelve hours prior to the isolation of 

oocytes, the 100 µl of Human tubal fluid 

(HTF)supplemented with 4 mg/ml bovine serum 

albumin (BSA) were dropped in 35 mm culture 

plate (Nun, Nunclon Denmark) and covered with 

mineral oil and kept in CO2 incubator for 

equilibration. On the day of oocytes isolation (12 

hours after hCG hormone injections) the female 

mice were killed by neck beads’ displacement, 

and the set of eggs and cumulus cells were 

collected from the ampulla of the uterine tubes of 

both sides and placed into the Petri dish 

containing HTF that had earlier been equilibrated 

in CO2incubator for 12 h. 

 

Sperm collection 

In order to collect sperm, cauda epididymis tail 

was dismembered and put into a Petri dish 

containing HTF in vitro that had already been 

equilibrated in CO2 incubator for 12 h. Then, 

cauda epididymis were cut into small pieces and 

were placed for 1 hour inCO2 incubator (Class 

100 Thermo Co., Germany) at 37 °C under 5% 

CO2 for induction of capacitation. 

 

In Vitro Fertilization (IVF) 

One to two millions capacitated spermatozoa was 

added to drops containing oocytes. Oocytes co-

incubated with capacitated spermatozoa were 

placed in CO2 incubator for 4 to 5 hr. Then, the 

oocytes likely of insemination were transferred to 

a Petri dish containing 100 µl drops of Potassium 

Simplified Optimized medium (KSOM) and 

covered with mineral oil. Oocytes were finally 

transferred to the fifth in the middle of the Petri 

dish after being washed in four side drops. 

Twenty-four hours after insemination, the 

number of two cell (and probably four-cell) 

embryos were counted and recorded by a 

stereomicroscope (Zeiss Co., Germany). 

Monitoring the embryo development was to 

blastocyst stage was recorded on Day-4 after IVF.  

Grading of embryo 

The morphology of two blastomer embryos was 

divided into four Grades of A, B, C, and D (14). 

Grade A with equal blastomers, round, with no 

fragmentation, smooth cytoplasm, and bright 

yellow zona; Grade B with slightly different 

blastomers in size, up to 10% fragmentation with 

granules in cytoplasm; Grade C with unequal 

blastomers, up to 50% fragmentations and large 

granules and vacuoles in cytoplasm; and Grade D 

with blastomers of unequal size, extreme 

fragmentation, with dark and large granules and 

presence of vacuoles in cytoplasm. 

 

 

Statistical analysis 

Oocytes yield was analyzed by one-way 

ANOVA. While COCS expansion, maturation 

rate, degeneration rate, fertilization rate and 

embryonic development were tested for 
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significance using the X2chi-square analysis. A 

value of P< 0.05 was regarded as indicative of 

statistical significance. 

 

Results 
Oocytes yield and nuclear maturation rate 
The effect of different doses of hMG on 

superovulationresponse in mice as indicated by 

oocytes yield, quality and the subsequent embryo 

development after in vitro fertilization is 

demonstrated in Table 1 and Figure 1. The 

obtained results showed that super ovulatory 

response in terms of number of oocytes recovered 

was significant (P<0.01) higher by using 20 IU, 

15 IU and 10 IU hMG than when using5 IU hMG 

superovulation regimen. A significantly (P<0,01) 

higher number of oocytes were collected by using 

the 20 IU hMG dose than 10 IU hMG regimen. 

While no significant difference in number of 

oocytes recovered after using 15 IU hMG and 20 

IU hMG doses. The percentage of cumulus 

oocytes complexes (COCs) with full cumulus cell 

expansionwas significantly(P<0.001) higher after 

induction of superovulation with 20 IU or 15 IU 

than by using 5 IU hMG or 10 IU  hMG. 

Maturation rate as indicated by the percentage of 

oocytes extruding the first polar body (1st polar 

body) was significantly (P<0.05) when using 15 

IU hMG than 20 IU and highly significant 

(P<0.001) than 5 IU hMG or 10 IU HMG. Also 

20 IU hMG gave significantly (P<0.001) higher 

maturation rate than 5 IU hMG or 10 IU hMG. 

No significant difference in maturation rate was  

detected after using 5 IU hMG or 10 IU hMG for 

induction of superovulation in female mice 

(P=0.571).  

In addition, the number of degenerated oocytes 

was significantly (P<0.001) lower in group of 

female mice superovulated by using  15 IU hMG 

than that treated with 5 IU hMG, 10 IU hMG or20 

IU. No significant difference was detected in the 

percentages of degenerated oocytes after 

induction of super ovulation using 5 IU hMG, 10 

IU hMG or 20 IU hMG. 

 

Table 1: Effect of different dose of  hMG used for induction of superovulation in mice on oocytes yield, 

cumulus cell expansion and nuclear maturation and oocytes degeneration. 

HMG 

dose 
Ovaries No. 

Oocytes No. 

Mean ± S.E 

Full COCs 

Expansion 
MII Degenerated 

5 IU 60 311**51.8 ± 5.42 162 (52%) 135 (43.4%) 20 (6.4%) 

10 IU 60 707*117.8 ± 4.48 386 (54.6%) 
329 (46.5%) 

 

38 (5.4%) 

 

15 IU 60 794132.2 ± 5.93 703 (88.5%)** 
732 (92.1%)** 

 

11 (1.38%)* 

 

20 IU 60 876146 ± 3.9 718 (84.9%)** 692 (78.9%)* 70 (7.99%) 

  *Significantly differ at P<0.05, ** significantly differ at P<0.01. 
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Fig 1: Photograph showing oocyte quality and cumulus cell expansion after collection 40X and 100X Full 

expansion of COCs surround oocyte which good indicator for oocyte maturity (A 40X, B 100X) C) 

compacted COCs around oocytes. D) Immature oocytes without polar body MI phase, 400X. E)Mature 

oocytes with first polar body as an indicator for MII phase200 X.F) Degenerated oocyte200X very dark and 

granulated cytoplasm. 

Embryonic development 

The effect of hMG dose used for induction of 

superovulation in mice on cleavage rate of in 

vitro fertilization oocytes and their subsequent 

embryo development is presented in Table 2. 

Cleavage rate as indicated by the percentage of 

IVF oocytes reaching the 2-cell stage was 

significantly (P<0.05) higher in group of female 

mice induced for superovulation by using 15 IU 

hMG compared with the 20 IU, 10 IU or 5 IU 

hMG groups (Fig. 2). There was no significant 

difference in IVF ratebetween the other doses (5 

IU, 10 IU or 20 IU hMG). 

Embryo development to the 8-cell stage, morula 

and blastocyst stage was significantly (P<0.05) 

higher in mice superovulated using 15IU hMG 

than the other doses used for superovulation.  

Table 2: Effect of hMG dose used for induction of superovulation on cleavage rate and embryo 

development rates to the blastocyct stage in mice. 

HMG dose 

No. Mature 

oocytes 

 

Cleavage rate (%) 

Embryo development rate (%) 

2-cell  8-cell Morula Blastocyst 

5 IU 135 85 (62.9%) 17 (20%) 6 (7.0%) 25 (29.4%) 37 (43.5%) 

10 IU 329  221 (67.1%) 45 (20.4%) 21 (9.5%) 31 (14.0%) 124 (56.1%) 

15 IU 732  623 (85.1%)* 63 (10.1%) 54 (8.7%)* 62 (10%)* 444 (70.7%)* 

20 IU 692 482 (69.6%) 121 (25.1%) 43 (8.9%) 62 (13.0%) 255 (52.9%) 

* Significantly differ at P<0.05,  
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Fig 2: Photograph showing different stages of embryonic development.A) show 8 cell stage (48 hours after 

in vitro fertilization, 100X). B) show the morula 72 hours after culture, 200 X. and C) blastocyst stage 

(Expanded blastocyst) which obtained after 96 hours from embryo culture some blastocysts started to hatch 

as a good sign on embryonic  development, 200 X.  

 

Discussion 
The present study examined the effect of different 

doses of gonadotropin (5 IU, 10 IU, 15 IU and 20 

IU hMG) used for induction of superovulation on 

oocytes yield, maturation rate and its  effect on 

embryonic development after in vitro 

fertilization. In the present work, there was a 

positive correlation between the number of 

retrieved oocytes and the hMG dose used for 

induction of superovulation in female mice. 

Superovulatory response in terms of number of 

oocytes recovered was significant (P<0.01) 

higher by using 10 IU, 15 IU and 20 IU hMG 

compared with the group received 5 IU hMG 

regimen. Also, a significantly (P<0.01) higher 

number of oocytes were collected from group 

received 20 IU hMG dose than that super 

ovulated by using 10 IU hMG regimen. 

Increasing stimulation doses in prepubescent 

females resulted in an increased number of 

recovered ova. This results are in accordance with 

results obtained from prepubescent females with 

induction doses of 10 and 15 IU of FSH/LH 

(36.63 ± 10.14 and 44.40 ± 5.00 oocytes/mouse; 

respectively) A maximum of 55 ova recovered 

per mouse was reached when stimulating with 20 

IU of FSH/LH. No additional effect was found 

when using higher stimulation doses, and the 

number of recovered ova decreased significantly 

at 25 IU of FSH/LH [9]. A similar maximum 

number of 40 to 50 pre-embryos was reached in 

the study of [16], but reached a plateau at 15 to 30 

IU of FSH/LH and decreased with a higher 

stimulation dose. This wider range of stimulation 

dose (15 to 30 IU) resulting in maximal recovery 

of pre-embryos may be due to the different strain 

of immature mice (B6D2-F 1) used in this 

study[16]. 

In the current study, The same results were 

obtained in the quality of Cumulus Oocyte 

Complexes (COCs) which express the quality and 

maturity of oocytes which showed that there was 

a very high significant difference between 

oocytes were obtained after induction with 20 IU 

and 15 IU higher than 5 IU and 10 IU (P<0.001) 

in percentage of full COCs expansion. 

Furthermore, in this work, oocytes maturation 

rate as indicated by the percentage of oocytes 

reaching M-II stage and extruding the first polar 

body was significantly (P<0.05) after induction 

of superovulation using 15 IU hMG significantly 

when compared with 5 IU, 10 IU and 20 IU hMG. 

Similarly, [9] administration of 20 IU of FSH/LH 

generated the highest number of oocytes in 

prepubertal mice, but the ratio of mature oocytes 

was found to be the highest when this group was 

induced with 15 IU of FSH/LH. Also, 

comparable to results at a study by[[17] who 

administered 20 IU of FSH and 10 IU of hCG 

(40.90 + 8.30 early embryos per mouse). In this 
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study, B6D2-FI (C57BL/6 x DBA/2J) immature 

female mice were used, and optimal follicular 

development was obtained with a combination of 

20 IU of FSH and 1-10 IU of hCG. Better results 

with lower doses of hCG than LH, may be due to 

the potency of hCG which was found to be higher 

than that of LH. 

In addition, the number of degenerated oocytes 

was significantly (P<0.001) lower in group of 

female mice super ovulated by using  15 IU hMG 

than that treated with 5 IU hMG, 10 IU hMG or 

20 IU. In previous study, proportions of abnormal 

(degenerated or parthenogenetic) oocytes were 

lower with low stimulation doses (10 and 15 IU 

FSH/LH) in the prepubescent group. However, 

the lowest proportions were determined in the 

sexually mature group when stimulated with high 

doses (20, 25 and 30 IU FSH/LH). This finding 

strongly suggests that very high doses of 

gonadotrophins must be avoided in the 

prepubescent BALB/c mice in order to prevent 

increased numbers of 

degenerated/parthenogenetic oocytes [9].  

In present study, In vitro fertilization was done 

for all obtained oocytes from the mice were super 

ovulated with different doses of U-HMG then the 

embryonic development was observed for four 

days after in vitro fertilization, the obtained 

results show that the fertilization rate of mature 

oocytes were collected after 15 IU induction was 

significant higher than fertilization rate of mature 

oocytes were obtained after induction with 20 

IU(P=0.009), 10 IU (P=0.0169) and 5 IU 

+(P=0.037). On other hand there was no 

significant difference in rate of fertilization of 

mature oocytes after induction with other doses 

(5 IU, 10 IU or 15 IU hMG). 

Furthermore, the present results illustrated that 

cleavage rate as indicated by the percentage of 

fertilized oocytes reaching the 2-cell stage was 

significantly (P<0.01) for group of mice super 

ovulated with 15 IU hMG than 5 IU, 10 IU or 20 

IU hMG groups. 8 cells stage in all groups. There 

was significant difference in embryonic 

development to morula stage between fertilized 

oocytes were collected from mice that induced 

with 15 IU more than 20 IU (P=0.0328) but there 

was no significant difference between other 

groups.  Also, morula and blastocyst rateswere 

higher (P<0.01) for in vitro fertilized oocytes 

retrieved from 15 IU hMG than the oocytes were 

collected from mice super ovulated with 5 IU 10 

IU or 20 IU hMG.   

Increasing stimulation doses of the FSH/LH 

combination resulted in an increased recovery of 

pre-embryos capable of pre implantation 

development[16]. Expansion of mouse cumulus-

oocyte complexes in vitro occurs to a degree 

comparable to that seen in vivo when FSH and 

LH treatment are used together[18]. Also, in vitro 

role of LH on the maturation of mouse early 

follicles[19]. Immature mouse oocytes were also 

shown to mature in medium supplemented with 

various combinations of FSH and LH [20]. 

All mice received 5 IU of hCG 48 hours after 

hMG administration, and oocyte retrieval was 

performed 20 hours post-hCG. During oocyte 

collection, the oviducts were also flushed after 

tearing the ampulla, in the case of weak cumulus-

oocyte complexes which may cause the oocytes 

to spread in the oviduct. However in all 

stimulation doses, we could not observe any 

oocytes from the flushed oviducts. This 

manipulation led us to rule out the possibility that 

some mice may have ovulated before the 

ovulatory hCG treatment [9]. Even if FSH alone 

had been used to induce folliculogenesis, the 

possibility of early ovulation would again exist, 

since there are studies determining the potentially 

important role of FSH in the ovulatory process 
[21]. 

The recovery of oocytes 20 hours post-hCG 

corresponds to postovulatory oocyte recovery 7 

to 8 hours. Keeping in mind that mouse oocytes 

can be fertilized in vivo for about 15 hours post-

ovulation, ovulated oocytes can be fertilized 

within this 7 to 8 hour period before reaching the 

end of their life span and hence before 

postovulatory aging[9]. Cytological changes and 

spontaneous activation may occur in the mouse 

oocytes as they progressively age in vivo, 

resulting in an elevated number of abnormal 

oocytes[22].  

Similar results were obtained in present study 

(Table 1) in which there is high statistical 

significant difference P<0.01 on number of 

oocytes obtained after induction with 20 IU, 15 

IU and 10 IU HMG concentration dose more than 

induction with 5IU, the number of oocytes were 

collected after induction with 20 IU dose was 

significantly higher than 10 IU dose, there was no 

significant difference in number of oocytes 
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between 10 IU and 15 IU (P=0.0797) or 15 IU 

and 20 IU doses, but there was no significant 

difference between 5 IU and 10 IU or 15 IU and 

20 IU.  

Subsequently oocytes maturation showed 

significant difference after induction with 15 IU 

more than 20 IU (P=0.0323) and very high 

significant difference (P<0.001) more than 5 IU 

and 10 IU also 20 IU dose gave maturation rate 

significantly higher than 5 IU and 10 IU 

(P<0.001) but oocytes maturation rate was not 

significant after induction with 5 IU or 10 IU 

doses (P=0.571). [16[found that stimulation of 

immature females with 5 IU of FSH/LH resulted 

in recovery of fertilized oocytes in 64% of mice. 

In present study, In vitro fertilization was done 

for all obtained oocytes from the mice were super 

ovulated with different doses of U-HMG then the 

embryonic development was observed for four 

days after in vitro fertilization, the obtained 

results showed that the fertilization rate of mature 

oocytes were collected after 15 IU induction was 

significant higher than fertilization rate of mature 

oocytes were obtained after induction with 20 

IU(P=0.009), 10 IU (P=0.0169) and 5 IU 

(P=0.037). On other hand there was no significant 

difference in rate of fertilization of mature 

oocytes after induction with other doses (5 IU, 10 

IU or 15 IU). 

The evaluation of embryos for their in vitro 

survival capacity and their ability to generate ES-

like cells demonstrate that the embryos derived 

from rats treated with the highest dose of PMSG 

had a lower capacity to survive in culture and to 

form ES-like cell colonies than those embryos 

obtained from rats treated with the lower [2]. 

That agrees with the obtained result from present 

study which illustrated that there was no 

significant difference in development rate of 

fertilized oocytes to 8 cells stage in all groups. 

There was significant difference in embryonic 

development to morula stage between fertilized 

oocytes were collected from mice that induced 

with 15 IU more than 20 IU (P=0.0328) but there 

was no significant difference between other 

groups. Blastolation rate in fertilized oocytes 

were collected from mice that induced with 15 IU 

U-HMG was significantly  more than the oocytes 

were collected after super ovulation with 5 IU 

(P=0.01796) and significantly higher (P=0.0034) 

than oocytes which collected from female mice 

were super ovulated with 20 IU. 

This situation would be anticipated in association 

with excessive gonadotropin stimulation, which 

has been reported to resultin impaired embryo 

growth in the rat [23],mouse [24], human [25], and 

sheep [26], where a typical gonadotropin levels [27] 

resulting in a nomalies of oocyte maturation [28] 

have been implicated. More specifically, a 

reduced rate of oocyte fertilization has been 

reported in IVF patients with raised basal levels 

of serum luteinizing hormone (LH)during the 

follicular phase, with premature oocyte 

maturation being proposed as a possible 

mechanism for this effect [29]. Since both PMSG 

and hMG preparations contain significant LH 

activity, the administration of excessive levels of 

either may result in raised basal LH levels during 

follicular development. Increasing the tonic level 

of LH by gonadotropin stimulation late in the 

follicular phase may be particularly detrimental 

since it has been reported that high tonic levels of 

urinary LH in the late follicular phase are 

associated with a lower incidence of 

establishment of pregnancy and an increased rate 

of abortion following IVF-ET [30].Conclusion: 

From the previous study the obtained results 

prove that using dose of 15 IU hMG for induction 

of superovulation Balb/c mice give best results in 

terms of number of retrieved oocytes, highest 

percentage with cumulus cell expansion, 

cleavage rate and embryo development to the 

blastocyst stage. 
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