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ABSTRACT 
 

Effects of non-steroidal aromatase inhibitor letrozole on ovarian 

function in ewe were investigated through testing the hypothesis that 

letrozole will arrest the growth of dominant follicles, resulting in the 

emergence of a new follicular wave at a predictable post-treatment 

interval. Treatment ewes (n = 10) were treated using an intravaginal 

sponge (regardless of the stage of estrus) containing 7.5 mg letrozole 

for five days followed by prostaglandin injection. The control group (n 

= 10) was treated with gonadotropin prostaglandin gonadotropin (GPG) 

protocol for ovarian synchronization. Ovarian structures were daily 

monitored with trans rectal ultrasonography concomitant with blood 

sampling. Commercial enzyme-linked immunosorbent assay Kits 

assigned steroid concentration of estradiol, testosterone and 

progesterone. Some biochemical parameters including blood glucose, 

total proteins, lipid profiles were measured as a preliminary screening 

for the effect of applied letrozole treatment on ewes general health 

condition. Treatment with letrozole decreased serum concentrations of 

estradiol during sponge insert in the vagina while its concentration 

increased following removal correlated with the number of ovulatory 

follicles. On the other hand, the concentration of  Progesterone 

increased correlated with increased number and diameter of corpora 

lutea resulting from increased diameter and number of ovulatory 

follicles. The onset of estrus was about 54.00 ± 0.40 hrs. After sponge 

removal and continued for 25.17 ±  0.24 hrs. Ovulation was 

synchronous and occurred at 78.70 ±  0.21 hrs after sponge removal. 

There was no effect of letrozole treatment on measured metabolic 

parameters. We concluded that letrozole proved to have potential as a 

non-steroidal treatment for controlling ovarian function and onset of 

estrus in the ewe.  
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INTRODUCTION 
 

Sheep production is considered a  suitable 

candidate for increasing lamb and meat production 

covering daily increasing human demands with a 

profitable role in solving local shortage in animal 

proteins (LENG, 1990), with the lower cost of 

production when compared with that of cattle (Martin, 

2016).especially when intensive managemental 

practices such as application of estrus synchronization 

were adopted (Kulaksiz and Ucar, 2013, Gootwine, 

2017). 

Increasing concern regarding the toxicity of 

hormonal preparations used to promote growth rates in 

cattle and the hazard of the potential carcinogenicity of 

steroid hormone residues in meat or milk concluded to 

prohibiting the use of estrogens and other steroid 

hormones as growth promoters in animals designated 

for human consumption in all states of the European 

Union as of 1 January 1989(Andersson, and 

Skakkebaek, 1999; Daxenberger et al., 2001 and 

Official Journal of the European Union, 2003). 

Replacement true solutions are rapidly required to 

compensate for the future absence of steroids. 

https://javs.journals.ekb.eg/
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The aromatase enzyme, P450arom, belongs to 

the super-family of P450 proteins which includes more 

than 480 members divided in74 different families. 

P450arom is a unique member of family 19 (Simpson 

et al., 2002) which is located in the endoplasmic 

reticulum of mammalian cells in which the CYP19 

gene is expressed, such as adipose tissue, brain, adrenal 

glands, gonads, liver and placenta (Vanselow et 

al.,2001), P450arom contains a heme group in its 

structure and is functionally associated with another 

member of P450 cytochrome family, NADPH 

reductase, which acts as a donor of reductive 

equivalents (Simpson et al., 2002).  It is responsible 

for catalyzing the final, rate-limiting step in the 

production of estrogens (estrone and estradiol) from 

C19 substrate (androstenedione and testosterone). 

Inhibitors of aromatase bind to the heme group in the 

P450arom, (occupying part of the active binding site of 

the enzyme) and reversibly interfere with enzyme 

activity. Examples of these Type II estrogen 

synthetase-specific inhibitors are letrozole, anastrozole, 

and fradozole (Goss and Strasser, 2001). 

 

Estradiol hormone suppresses gonadotropin 

release through negative feedback effects on the 

hypothalamo-pituitary axis. Theoretically when 

circulating estradiol is removed by means of aromatase 

inhibitors, the suppressive effects of estradiol will be 

removed permitting a new surge of FSH, which could 

in-turn induce the recruitment of a new wave of 

follicular development (Requena et al., 2008) and this 

effect is already obtained in our experiment after 

removal of sponges 

.  

At the current time clinical use of Aromatase 

inhibitors in human reproductive medicine is focused 

on inducing normal folliculogenesis in women with 

polycystic ovarian syndrome, in addition to ovarian 

stimulation with or without exogenous gonadotropins 

prior to intrauterine insemination, oocyte collection and 

IVF, and in women desiring fertility preservation 

throughout cancer therapies (Verpoest.et al., 2006). 

 

According to the results obtained from the 

bovine model that was used to determine the effects on 

ovarian function, it was found that letrozole treatment 

extended the lifespan of the dominant follicle which in 

role delayed the emergence of the next follicular wave 

and/or ovulation(Yapura et al., 2017). Beside its 

luteotrophic effects which expressed in the form of 

larger CL and increased concentrations of circulating 

progesterone in letrozole-treated animals. The results 

obtained from initial studies in cattle inspired an 

impetus for the development of aromatase inhibitor-

based synchronization protocol in cattle(Yapura et al., 

2017). 

That's what triggered our ambitions in the 

development of letrozole dependent synchronization 

protocol in sheep based on available data from 

researches in cattle and its effect on humans besides 

our research trials. Therefore, in the present study, 

letrozole synchronizing efficacy was investigated in 

farafra ewes when compared to GPG protocol and its 

effect on ovarian activity. 

 

MATERIALS AND METHODS 

1. Animals and experimental design 
The study was conducted during the breeding 

season (September –October) at the veterinary teaching 

hospital in faculty of veterinary medicine, New Valley 

University, Al Kharga city (latitude 25
ο
53 ׳30 

״
 N – 30օ 

35
׳
 47

 ״
E). Twenty cyclic non-lactating Farafra ewes 

ranging from 3 to 5 years in age and weighing 35–40 

kg/BW were assigned for the study, Ewes were 

clinically healthy (rectal temperature, pulse rate, 

respiratory rate and color of mucus membranes were 

normal). Ewes were kept indoors with outdoor access 

with concrete floor. Balanced ration and good quality 

hay were provided ad labitum in addition to 

concentrate mixture. The animals were provided daily 

at the level of ½ kg per head with mineral mixture were 

added. 
 

Ewes were randomly divided into two equal 

groups each containing ten ewes; the first group were 

letrozole Group which received Vaginal sponge 

containing 7.5mg letrozole for five days then 250 μg of  

Prostaglandin F2α were given intramuscularly at oncet 

of sponge removal, while the other group named GPG 

group and treated with GPG protocol as in Fig. (1).  
 

 2. Preparation of sponges 
 

Vaginal sponges (2cm width, 2cm thickness, 

3cm length piece of sponge provided with 15 cm silk) 

sterilized in an autoclave, left to dry and stored in 

sterilized closed corkscrewed glass bottle till used. 

Each sponge was loaded by 7.5mg letrozole powder 

(Femara® Tablets 2.5 mg-Novartis Pharmaceuticals 

corporation) just before its introduction into the vagina 

using suitable sterilized  2cm diameter glass tube 

opened from both sides guided by a metal probe to 

push loaded sponge through glass tube till settle inside 

the vagina of the ewe. Both glass tube and metal rod 

were gently removed and silk was cut at 1cm below the 

level of the vulva, to avoid accidental sponge 

withdrawal which is kept there for five days. During 

sponge removal, treatment ewes were given an 

intramuscular injection of 250 μg of cloprostenol 

(Estrumate; Mallinckrodt Vet GmbH, Friesoythe, 

Germany). Ewes were observed and examined for 

estrus signs through the introduction of ram and 

observing whether ewes refuse ram or searching for its 

accompany and stand to be mounted. 
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3. Monitoring of follicular development 
       Daily ultrasound examination by using an 

ultrasound scanner (ECM80, Exago, France), equipped 

with a 5–10 MHz endorectal linear probe attached to an 

Extender. 
 

The examination was carried out in lateral 

recumbency. The fatty tail was raised, after the 

evacuation of the rectum with lubricated, gloved 

fingers an ultrasound lubricant gel was placed into 

probe then it is introduced into the rectum, The urinary 

bladder was used as a guide to find the uterine horn. 

The probe was rotated laterally 90
◦ 
clockwise and 180

◦
 

anticlockwise to scan the ovaries and explore all parts 

of genitalia as stated by (Ginther, 1984).  

 

4. Biochemical and hormonal analysis 
 

Blood samples were collected by (according to 

figure.1) Jugular vein puncture into 5ml plain vacuum 

tubes (vacutainer system). For letrozole group 

sampling was once daily from the onset of sponge 

insertion and along period when sponge in the vagina, 

six hours after sponge were removed then twice daily 

until ovulation has occurred then sampling were taken 

once daily, while for GPG group, sampling was every 

other day along the time of the experiment. Collected 

samples (Fig:1) were centrifuged at 2500 rpm for 15 

minutes and serum was separated and placed into 1.5 

ml eppendorf tubes, labelled and stored frozen at -20 

ºC till assayed. 

 

  Blood glucose was determined using GOD-

PAP enzymatic colourimetric method (Tietz, 1995). 

Total protein were determined using colorimetric 

method (Biuret reagent;Tietz, 1995). Determination of 

triglycerides was carried out using GPO-PAP 

enzymatic colorimetric method (Tietz, 1995). Total 

cholesterol was measured by using CHOD-PAP-

enzymatic colorimetric method (Tietz, 1995). High-

density lipoproteins were determined using the 

precipitation method. Low-density lipoproteins were 

Calculated according to the following 

(LDL=cholesterol-(HDL+Triglycerides/5). 

 

Serum concentration of estradiol and 

progesterone was determined by commercial ELISA 

kits (Precheckbio, Inc. U.S.A.). Testosterone was 

determined using a commercial ELISA Kits 

(BioCheck, Inc. CA94404, Foster City, USA) for the 

quantitative determination of estradiol in serum or 

plasma (Tietz, 1995). Based on the concept that 

aromatase activity is positively correlated with estrogen 

concentration and estrogen testosterone ratio 

According to Cason and Ladly Statement (Tsonis and 

Carson, 1984), Aromatase activity was predicted 

through concentrations of estradiol and estrogen 

testosterone ratio.   

5. Statistical analysis 
 

Statistical analysis of the data obtained in the 

study was performed by using the Microsoft Excel 

computer programs (2010), method of analysis. 

Significant differences among means were analyzed by 

T-Test.  
 

 
 
 
 

 

RESULTS 
 

1.Ultrasonic findings of the ovaries 
 

The number of medium sized follicles before 

ovulation was significantly averaged 2.85 ± 0.34 and 

2.15 ± 0.30 for letrozole and GPG  groups, respectively 

(Fig. 2A). Moreover, number of  large sized follicles 

did not differ between letrozole group (0.80 ± 0.21 ) 

and GPG Group (Fig. 2B). Interestingly, number of 

ovulatory follicles were higher (P<0.05) in letrozole 

group (3.67 ± 0.88) when compared to GPG Group 

(1.00 ±  0.58); table 1 ). In Fig. 3, diameter of 

ovulatory follicles before ovulation were larger 

(P<0.05) in letrozole group (6.25 ± 0.01 mm) than that 

of GPG group (5.90 ± 0.01 mm) plate(1).  

  

Table 1: Reproductive parameters and steriod 

cocentration in letrozole (n =10) and GPG (n= 10) 

ewes. 
 

 

Item 
 

Letrozole 

group (n=10) 

 

GPG group 

(n=10) 

Onset of estrus after 

sponge removal (hrs) 54.00 ± 0.40
a
 72.64 ± 1.34

b
 

Estrus duration (hrs) 
25.17 ±  0.24

a
 46.52 ± 1.70

b
 

Ovulation time after 

sponge removal (hrs) 78.70 ±  0.21
a
 119.16 ± 2.30

a
 

Estradiol 

concentration 

(pg/ml) During 

Estrus 

85.55 ± 4.70
a
 27.60 ± 1.60

b
 

Number of ovulatory 

follicles 
3.67 ± 0.88

a 

 

1.00 ±  0.58
b 

 

Number of corpora 

lutea (CL) after 

ovulation 

3.20 ±  0.39
a
 1.90 ± 0.28

b
 

Progesterone 

concentration 

(ng/ml) 3 days post 

ovulaion 

5.73 ± 2.80
a
 4.52 ± 0.12

b
 

Diameter (mm) of 

CL 4 days after 

ovulation 

6.63 ± 0.07
a 

5.33 ± 0.18
b 

Values with different superscripts in the same row are 

significantly different at p<0.05. 
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Fig.1:  Summery of protocol, time of blood sampling and ultrasound examination for Both  Letrozole and  GPG Groups. 

 

 

 

  

   

Pppp  

       Plate 1: Ultrasonic images were showing preovulatory follicles for letrozole group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 2: Number of medium sized follicles (A), Large sized follicles (B). In ewes that treated by 

aromatase inhibitor (Letrozole Group), And ewes that treated by ovisynch protocol(GPG Group) 

before ovulation . 
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Fig.  3:  Diameter of ovulatory follicles along the pre ovulatory period (Mean ± SEM) in Letrozole 

(n= 10 ) and GPG ewes (n=10) during the study period. 
 

           

               Number of copora lutea post-ovulation were higher (P<0.05) in letrozole group (3.20 + 0.39)  than that 

of GPG group (1.9 + 0.28) throughout the period of the study (Table 1). In Fig 4, CL diameter (mm) after 

ovulation  averaged from(6.63 ± 0.07). Moreover, diameter of newly formed corpus luteum between letrozole 

group and GPG group(5.33 ± 0.18) differed significantly during the period of the study 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.4: Diameter of CL after ovulation  (Mean ± SEM) in Letrozole (n= 10 ) and GPG ewes (n=10) during the study period. 

 
2.Steroid concentration 

In letrozole group, serum concentration of estradiol (pg/ml) was increased 24 hours post treatment then it 

continued to decrease for five days till sponges were removed, then concentration of estradiol begin to raise again 

in association to synchronous follicular recruitment and selection then its second  decrease were just before 

ovulation (Fig. 5). 

 

Fig.5: Pattern of estradiol and progestrone (Mean ± SEM) in 

Letrozole (n= 10 )  during the study period. 

 

Fig. 6 : Estradiol testosterone(E2/T) to testosterone Ratio 

(Mean ± SEM) in Letrozole (n= 10 ) and GPG ewes (n=10) 

during the study period. 
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 Serum concentration of progesterone (ng/ml) was slightly increased throughout the period in which 

sponges were kept on vagina then decreased post removal of sponges and injection of luteolytic agent. Serum 

concentration of testosterone (ng/ml) were used to deduce ratio between estradiol and testosterone ratio which is 

considered as an indicator for aromatase enzyme activity, throughout the period in which sponges were kept in 

vagina testosterone accumulate at expense of decreased estradiol resulting in decreased estrogen testosterone ratio 

indicating decreased aromatase activity, however after sponge removal estrogen testosterone ratio were increased 

indicating normal aromatase activity (Fig. 6). Aromatase activity showed slight increase one day following 

sponge insertion then started to decline till reached its minimal activity one day after sponge removal. As a result 

of removal of inhibitory effect, in coordination with new follicular wave emergence which began 36 hours after 

sponge removal preceded by increased activity of testosterone reaching peak activity 12 hours before ovulation. 
 

3.Biochemical parameters 
  Biochemical profile including total proteins concentration, blood glucose concentration, total 

cholesterol concentration, triglycerides concentrations, HDL concentration, LDL concentrations were shown in 

Fig. (7) and there was no significant changes neither before sponge insertion nor during experiment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7: Concentrations of total  proteins (A),Blood glucose (B), Triglycerides (C),Total cholesterol (D), 

High density lipoprotein (HDL) (E), and Low Denisty lipoprotein (F).From 8 days before to 6 days after 

the ovulation . In ewes that treated by aromatase inhibitor (Letrozole Group), And ewes that treated by 

ovisynch protocol (GPG Group).No significant Difference between groups(P<0.05). 
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DISCUSSION 

 
Just from two decades, non-steroidal aromatase 

inhibitors were used for induction of  ovulation ( 

Mitwally and Casper, 2001, 2002;Navarro et al., 

2008; Mitwally et al 2008).The results obtained from 

clinical observations of species other than  ruminants 

has inspired  many scientists to apply this substance on 

animals testing its effect on ovarian function and 

synchronicity of estrus (Rogan et al., 2011;Yapura et 

al., 2016.,2018). 

 

The intra vaginal route of administration is 

profitable for reducing animal handling and distress 

resulting from daily administration attributed to other 

route of administration. Moreover, continuous daily 

dose of drug acting directly on ovaries (cunnighm, 

Elliot,Ginther, 2010). The two days half-life of 

letrozole after single administration it still about four 

days in circulation (Miwally, 2005) thus extended 

estradiol suppression during ovulatory wave were 

obtained through use of  intravaginal sponge containing 

7.5 mg letrozole kept for five days. 

 

As observed in this study, letrozole treatment 

didn’t significantly affect number of small and medium 

sized follicles and the same were observed with the 

large follicles. This may be attributed to that letrozole 

exerts its action through inhibition of aromatization 

system in wall of follicles which is yet ill developed in 

small and medium follicles, but well developed in large 

follicles throughout its inhibition preovulatory LH 

surge is delayed allowed for further growth for more 

follicles and increase in size; As a result  number of 

follicles attaining ovulatory size were significantly 

increased in letrozole group compared with GPG 

group. Diameter of ovulatory follicles were increased 

for letrozole treated group over GPG. group and this 

were the same result observed in cattle by yapura  

(Yapura et al., 2018); Thus estradiol withdrawal was 

associated with prolonged dominance of ovarian 

follicles which produced by elevated LH secretion 

from anterior pituitary gland resulting in increased 

period of FSH suppression which hinders the 

emergence of a new follicular wave.  

 

In contrast to women, estrogen concentration 

was increased 24 hours after letrozole treatment. This 

was explained in rats by increased gonadotropin 

secretion after letrozole treatment(Sinha et al., 1998). 

The lower preovulatory estradiol concentration 

favorable for early implantation and embryonic 

development(Bayar et al, 2006) as lowering of 

estradiol concentration before implantation is more 

favorable for implantation and early embryo 

development events (Simón et al, 1995). 

 

 The larger diameter of ovulatory follicles 

observed in letrozole treated group may be attributed to 

increased sensitivity of growing follicles to 

gonadotrophic hormones as increased testosterone 

concentration enhancing sensitivity of follicular 

receptors to gonadotropins (de Castro, et al 1999). 

However estrogen and inhibin secreted from the 

dominant follicle has been associated with suppressive 

effect responsible for follicular selection (Ginther, 

2003 ;
 

Casper and Mitwally, 2012). Therefore 

transient elevation of estrogen concentration  twelve 

hours after sponge insertion intravaginally together 

with inhibin result in arresting progress of follicular 

wave at stage of dominance showing a picture of over 

dominance(prolonged growth and maintenance of 

dominant follicles) .Twelve hours after sponge 

insertion, estradiol concentration decreased as a result 

of inhibition of E2 synthesis by an aromatase inhibitor 

with no adverse effect on the extant dominant follicle; 

rather, it indirectly enhance follicular dominance by 

permitting elevated pituitary LH secretion (Yapura et 

al., 2012).  
 

Elevated serum progesterone observed in 3 

days old corpus lutem in letrozole group is similar to 

that in cattle (Yapura et al, 2011)  which is attributed 

primarily to increased number of corpora lutea 

obtained from increased number of ovulatory follicles 

and secondly to increased number or proportion of 

large luteal cells(Granulosa cell origin) and small luteal 

cells thecal cell origin contained Within Corpora lutea 

(Alila, 1984).Furthermore corpora lutea formed after 

letrozole treatment probably have an increased luteal 

cells and there are an alteration in proportion of small 

and large luteal cells has occurred resulting in an 

increase in progesterone producing capacity of CL. 

(Rigoglioo et al, 2013). 
 

Measured metabolic parameters before the 

experiment did not change between letrozole and GpG 

group. This is a clue that these animals were normal. 

Moreover, there were no any significant change 

throughout the sponges kept intravaginally indicating 

that five days letrozole treatment in this experiment did 

not show any unwanted changes on animal health 

preventing it from being furtherly used for 

synchronization of estrus in ewes. Although earlier 

reports (Wasan et al., 2005) indicated an alteration in 

lipid metabolism with long term use of letrozole if 

compared with short term use in the present study.  
 

Based on concept that aromatase activity is 

positively correlated with estrogen concentration and 

estrogen testosterone ratio as stated by Cason and 

Ladly (Tsonis and Carson, 1984), Aromatase activity 

showed slight increase one day following sponge 

insertion then started to decline till reached its minimal 

activity one day after sponge removal. As a result of 

removal of inhibitory effect, in coordination with new 
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follicular wave emergence which begin thirty six hours  

after sponge removal preceded by increased activity   

of testosterone reaching Peak activity twelve hours 

before ovulation. This observation is coinciding with 

the results obtained in cattle by (Yapura et al, 2016). 
 

Variation in onset of estrus is minimized 

between members of letrozole group in which 

differences in aromatase activity were recorded  is a 

strong indicator for the the effect of letrozole on 

ovarian function which is brought up by its inhibitory 

effect on follicular dynamics ( Mitwally and Casper, 

2001) along the period of presence of sponge on 

vagina. Duration of estrus in letrozole group is nearly 

of equal values attributed to the synchronous oncet of 

estrus in all members of treatment group (Yapura et 

al., 2016) which favoring proper timing for artificial 

insemination after sponge removal and GPG injection, 

As more accurate oncet and durations of estrus in 

synchronization protocols is useful as it decrease aids 

for estrus detection.  
 

CONCLUSIONS 
 

We conclude that the use of letrozole for estrus 

synchronization in cyclic ewes could decrease the 

variation in oncet of estrus which is useful specially 

when timed insemination protocols are implicated. 

Moreover, it can increase the number of ovulatory 

follicles which is favorable for increased twining and 

therefore a profitable synchrony of ovulation over GPG 

protocol would be obtained. Additional studies are 

needed on Large numbers of ewe flocks to elucidate 

the impact of estradiol depraviation on fertility and 

embryo survival. 
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