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Simple Summary 

Ovulation is also induced by human chorionic gonadotropin (hCG) independent of the 
pituitary–adrenal axis. Generally, the use of hCG could be more efficient than GnRH in 
equines due to its easier availability and its lower cost. This current study aimed to deter-
mine the action of a single dose of hCG on follicular dynamics, luteal (CL) functionality, 
ovarian (OV.A) and uterine arteries (MUA) blood flow, hormones (estradiol [E2] and lu-
teinizing hormone [LH]), nitric oxide (NO), and vascular endothelial growth factor (VEGF) 
levels in Thoroughbred mares. Blood sampling, ultrasound scanning, hormone assaying, 
and statistical analysis were performed. Using hCG in mares acts to induce predictable 
ovulation, mimic LH surge, and align breeding times with high accuracy. 

Abstract 

This study aimed to determine the action of a single dose of human chorionic gonadotropin 
(hCG) on follicular dynamics, CL functionality, ovarian (OV.A) and uterine arteries (MUA) 
blood flow, hormones (estradiol [E2] and luteinizing hormone [LH]), nitric oxide (NO), and 
vascular endothelial growth factor (VEGF) levels in Thoroughbred mares. Animals were sub-
jected to ultrasonography scanning, when the dominant follicle (F1) reached 35 mm in diam-
eter, mares were injected with hCG (hCG group; n = 7) at hour 0, while others were injected 
with saline (control; n = 7). The examination was performed a those points at hours −24 h, −12 
h, 0 h, 12 h, 24 h, 36 h, 48 h, 72 h, and 96 h. Blood sampling, ultrasound scanning, hormone 
assaying, and statistical analysis were performed. F1 was ruptured at 12 h after injection com-
pared to 24 h in the control, with an elevation in its diameter (p ≤ 0.05) and a colored area 
surrounding F1. The amount of color Doppler area around CL and its diameter were increased 
(p ≤ 0.05) at 24 and 48 h after injection with an increase (p ≤ 0.05) in the ipsilateral uterine horn 
colored area from 6 to 36 h after injection. OV.A and MUA Doppler velocity parameters were 
elevated (p ≤ 0.05) at 24 h. Both NO and VEGF levels were elevated at 24 h after injection, with 
the elevation (p ≤ 0.05) of E2 occurring only before injection and then declining. hCG and LH 
levels were increased after injection at 12 and 24 h, respectively, with an interaction (p ≤ 0.05) 
effect. hCG may speed up and hasten the ovulation process by elevating follicular color 
amount and CL morphometry via elevating ovarian flow and uterine body total coloration 
via elevating uterine blood flow (declining Doppler indices) in mares. 

Academic Editor: Gregory Johnson 

Received: 13 July 2026 

Revised: 28 July 2026 

Accepted: 28 July 2026 

Published: 31 July 2026 

Copyright: © 2026 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license. 



Vet. Sci. 2026, 13, 770 2 of 18 
 

https://doi.org/10.3390/vetsci13080770 

Keywords: human chorionic gonadotropin; equine; follicular dynamics; blood flow;  
nitric oxide 
 

1. Introduction 
Most protocols of synchronization use two doses of gonadotropin-releasing hormone 

(GnRH) combined with a single dose of prostaglandin (PGF2α) as the Ovsynch system 
[1,2], as the application of GnRH is primarily related to the induction of a luteinizing hor-
mone (LH) surge resulting in ovulation [3]. 

Moreover, unlike GnRH, LH works for the induction of ovulation, which is accom-
panied by the negative feedback of progesterone (P4) levels [4]. Ovulation is also induced 
by human chorionic gonadotropin (hCG) independent of the pituitary–adrenal axis. Gen-
erally, the use of hCG could be more efficient than GnRH in equines due to its easier avail-
ability and its lower cost [5,6]. 

hCG binds to LH receptors and mimics LH activity, thereby inducing ovulation and 
luteinization in cows [7], sheep [8,9], sows [10], and mares [11–13]. The application of hCG 
in the treatment of cystic ovaries [14], and synchronization was studied in animals regard-
ing dose, timing of administration, and species [15–17]. 

Many factors contributed to the success of hCG as an ovulation-inducing agent, such 
as follicular diameter, as 1500–3000 IU of hCG should be administered when the largest 
follicle diameter reaches 32–35 mm [11]. This follicular factor has been reported in mares 
treated with hCG and GnRH [18,19]. In addition, uterine edema with a cartwheel appear-
ance is an important factor related to uterine echogenicity and ovarian steroid circulating 
levels [20], with an elevation of estradiol (E2) levels that is critical in the release of LH and 
the induction of ovulation [21]. It was reported that treatment with hCG could result in a 
decline in E2 levels [22], but it resulted in a marked elevation of LH within 24 h in mares 
[23], in addition to the follicular diameter and uterine edema [24]. Another important pa-
rameter should be reported, which is genital blood flow. However, to the best of our 
knowledge, there is little data linking hCG injections and ovarian artery (OV.A) combined 
with middle uterine artery (MUA) blood flow. The vascular remodeling in mares could 
aid in reflecting the active physiological angiogenesis that is required for follicle matura-
tion and successful implantation in relation to angiogenic factors [25,26]. The changes in 
blood flow may be associated with nitric oxide (NO) and vascular endothelial growth fac-
tor (VEGF) levels, as NO works in combination with E2 to increase both ovarian and uter-
ine blood flow by the vasodilation process with upregulation of endothelial NO synthase 
type (eNOS) and thus leads to the relaxation of smooth muscle [26]. In addition, E2 en-
hances NO production and synthesis in uterine arteries that induce hyperemia during the 
estrous phase [27,28]. While VEGF is involved in the angiogenesis process with newly 
formed blood vessels and in the elevation of vascular permeability during equine follicu-
lar growth, ovulation, and formation of CL by facilitating follicular maturation and ele-
vating blood supply to the ovaries by ovulation signals [29,30]. This study aimed to inves-
tigate the actions of a single administration of hCG on ovulation, ovarian and uterine 
blood flow patterns, hormonal levels (E2 and LH), and angiogenesis (NO and VEGF) pro-
cesses in Thoroughbred mares. 

2. Materials and Methods 
2.1. Animals, Location and Management System 

Thoroughbred multiparous mares (n = 14) were kept and handled at the College of 
Veterinary Medicine, King Faisal University—with a location (25°23′ N 49°36′ E) in 



Vet. Sci. 2026, 13, 770 3 of 18 
 

https://doi.org/10.3390/vetsci13080770 

ALHASA, Kingdom of Saudi Arabia, after obtaining acceptance and approval from the 
animal ethical committee at the Deanship of Ethical Review at King Faisal University 
(KFU-REC-2026-APR-ETHICS4170). Animals weighed about 500 ± 20 kg, aged about 6–10 
years, and had a body condition score of about 4 [31]. Mares were non-lactating, and the 
interval from parturition to the first ovulation (partum-ovulation interval) typically aver-
ages 14 ± 4 days. 

All animals were kept in an indoor paddock with the presence of a pubertal colt at 
the same stable to confirm and speed up estrous appearance behavior. Natural light was 
present all day, with about 12 h of artificial light at night within the paddock. Animals 
were fed a commercial pelleted ration for equines with hay, mineralized salt, and water 
during the day. All ultrasonographic scanning was performed by only one operator. 

2.2. Experimental Design 

This study was conducted from Jan 2026 to April 2026, as all mares must be examined 
for two successive estrous cycles to confirm animal functionality and ovarian cyclicity. All 
mares remained in good health with normal heat function during the study. Therefore, 
our inclusion criteria were the presence of normal healthy cyclic females in the proestrous 
phase, and that the females had not been injected with hCG during the previous year, and 
exclusion criteria were postpartum uterine infections (endometritis) and anatomical con-
formation issues (pneumovagina). At the third estrous cycle, a daily transrectal ultraso-
nography scan (MEDISION, SONOACEX8; Samsung Medison Co., 17 LCD MONITOR; 
MADE IN KOREA-KOREA) was performed for all animals starting from 15 days after 
ovulation. Daily measurements of follicular diameters were conducted with an electronic 
caliper. When the largest dominant follicle reaches a diameter of 35 mm with the appear-
ance of a cartwheel endometrial echogenic feature [32,33] as determined in Figures 1 and 
3, treated mares (hCG-treated group; n = 7) were subjected to a single intravenous injec-
tion of hCG (2500 IU; Ovogest; hCG; intravenous) at hour 0, and the same amount was 
injected into control mares in the form of saline (2.5 mL; control; n = 7) as used in a previ-
ous study [34]. The examination was performed at those points at hours (−24 h, −12 h, 0 h, 
12 h, 24 h, 36 h, 48 h, 72 h, and 96 h). Ovaries were scanned every 12 h after injection to 
confirm ovulation, as the actual ovulation could occur between the detected ovulation and 
the previous scanning. 

2.3. Ultrasonography Scanning 

Both follicular and luteal tissue scanning was done by a transrectal probe equipped 
with a 5–12 MHz frequency for all mares (MEDISION, SONOACEX8; Samsung Medison 
Co.,17 LCD MONITOR; MADE IN KOREA). The device is equipped with Doppler modes 
(color, power, and pulsed waves). Dominant and subordinate follicle diameters were 
measured by an electronic caliper regarding corpus luteum (CL) diameter (Figure 1) after 
activation of the gray mode of scanning. Once color mode was activated, a total colored 
area surrounding the largest dominant follicle (F1) was estimated by two coloring maps 
(red and blue), and then power Doppler was activated to show a small branch of the ovar-
ian artery (OVA) (Figure 2). 
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Figure 1. Ultrasonogram of the right ovary showed a dominant follicle with a diameter of 35.3 mm 
in B-mode gray scale (A), and the same follicle with color Doppler mode (B) after 6 h of hCG injec-
tion. In addition to the presence of left ovarian structures, such as corpus luteum and subordinate 
follicle with diameters of 11.65 and 9.88 mm, respectively, in B-mode gray scale (C), and the same 
follicle with luteal tissue in color Doppler mode (D). RO = right ovary, LO = left ovary, F1 = dominant 
largest follicle, F2 = subordinate follicle, and CL = corpus luteum. 

 



Vet. Sci. 2026, 13, 770 5 of 18 
 

https://doi.org/10.3390/vetsci13080770 

Figure 2. Ultrasonogram showed the largest follicle in a power mode Doppler to reveal a very small 
ovarian arterial supply and then a pulsed wave Doppler mode was activated to measure the three 
successive cardiac cycles to show Doppler parameter variations after 6 h of hCG injection. OVA = 
ovarian artery, PSV = peak systolic point of velocity (cm/s), EDV = end diastolic point of velocity 
(cm/s), TAM = time average maximum velocity to complete cycle (cm/s), S/D = ratio between sys-
tolic/diastolic, RI = resistance index of ovarian artery, and PI = pulsatility index of ovarian artery. 

The colored area around the follicle was estimated by making an outline around the 
anechoic antral cavity as previously performed in mares [35]. The frozen colored image 
was transferred to the Adobe Photoshop program (1990–2013, Adobe Systems) to count 
the colored area with my magnetic lasso tool. Right and left uterine horn diameters and 
their colored area by color and power modes were calculated during the estimated time 
points (Figure 3). In addition, the uterine body was analyzed via uterine echotexture in 
the form of uterine tissue echogenicity (UE; NPVs) to estimate organ echotexture as pre-
viously determined [36] via a frozen B-mode ultrasonographic image (Figure 4). The uter-
ine body colored area (UBCA; pixels; pixels) was estimated by the program (1990–2013, 
Adobe Systems), where the colored area was counted with my magnetic lasso tool. Finally, 
a window enters the gate of the known middle uterine artery (MUA) to measure the arte-
rial waveform alterations (Figure 4). The Doppler parameters were automatically calcu-
lated once the operator got three successive waves with clear systolic and diastolic points, 
as those Doppler parameters were peak systolic point of velocity (PSV; cm/s), end diastolic 
point of velocity (EDV; cm/s), time average maximum velocity to complete cycle (TAM; 
cm/s), ratio between systolic/diastolic (S/D), resistance index (RI), and pulsatility index (PI) 
of both OVA and MUA. The settings of the B-mode and Doppler mode of an ultrasound 
scanning device were as follows: 3500 KHz as a pulse repetition frequency, 40° as an in-
sonation angle, 0.5 mm as a gate window, 65 dB as gain, and two color maps [37–39]. 

 

Figure 3. Ultrasonogram showed the cross-sectional diameter of the right uterine horn with B-mode 
(A) with appearance of cartwheel with a follicle 35.3 mm after 6 h of hCG injection, and colored area 
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around the same horn with color mode (B) and power mode (C). in addition, left uterine horn was 
also measured in B-mode (D), and its coloration was estimated by color (E), and power (F) modes. 
RUH = right uterine horn, and LUH = left uterine horn. 

 

Figure 4. Ultrasonogram showed the drawing of three square (1 cm2) in uterine body to measure 
uterine tissue echogenicity (A), with a marked appearance of uterine layers (B), and its vasculariza-
tion with coloration by color mode (C), in addition to middle uterine artery alterations by spectral 
Doppler mode to measure the three successive cardiac cycles to show Doppler parameters varia-
tions after 6 h of hCG injection (D). MUA = middle uterine artery, PSV = peak systolic point of 
velocity (cm/s), EDV = end diastolic point of velocity (cm/s), TAM = time average maximum velocity 
to complete cycle (cm/s), S/D = ratio between systolic/diastolic, RI = resistance index of middle uter-
ine artery, PI = pulsatility index of middle uterine artery, ES mucous = estrus mucous, and UB = 
uterine body. 

2.4. Blood Collection and Hormonal Evaluation 

Blood sampling was performed for all mares via the jugular vein. After blood collec-
tion, serum and plasma samples were obtained by centrifugation of whole blood samples 
at 1500× g for 15 min. All samples were stored at −18 °C until hormonal assaying. Plasma 
levels of hCG (MIU/mL) were assayed by radioimmunoassay with a two-site assay kit 
with antibody-coated V-tubes and 125I detection labeling (DIAGNOSTIC LABORATO-
RIES; DL 8350; USA). Plasma levels of luteinizing hormone (LH; ng/mL) were measured 
via radioimmunoassay with a presence of cross-reactivity between hCG and eLH with a 
0.04%. All analyses were performed in our laboratory as previously done [33]. The test 
inter- and intra-assay coefficients of variance (CV %) were 4.9% and 5.1% for LH, with a 
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sensitivity test of 0.2 ng/mL [11]. Regarding estradiol levels (E2; pg/mL), their plasma lev-
els were determined by radioimmunoassay (double antibody kit; E2; Diagnostic Labora-
tories; DL; USA). The inter- and intra-assay coefficients of variance (CV %) of E2 were 11.9% 
and 11.2%, with a sensitivity test of 0.2 pg/mL [11]. 

Nitric oxide levels (NO; µmol/L) were assayed via serum samples using diagnostic 
kits (R&D Systems, Inc., 614 McKinley Place, Minneapolis, MN, USA) with a catalog num-
ber DE1500B. The test inter- and intra-assay coefficients of variance (CV %) were 2.9% and 
1.7%, with a sensitivity of 0.22 µmol/L [40]. Finally, vascular endothelial growth factor 
(VEGF; ng/mL) serum levels were calculated with double sandwich ELISA (MTS-1123-
HM726; SUITE 203, 17 Ramsey Road, Shirley, NY 11967, USA) with a sensitivity of 18.77 
ng/mL, an inter-assay coefficient of variance of 5.5%, and an intra-assay one of 4.5% [41]. 

2.5. Statistical Analysis 

Data were represented as mean ± error of mean for all variables. All data must be 
firstly check and confirm for normality and homogeneity using the Kolmogorov–Smirnov 
test. A statistical analysis of all data was performed by SPSS software analysis program 
(Guide 20.0 Multilingual). Data were analyzed using mixed repeated-measures ANOVA 
with specific time points. Time effect (hour) and treatment effect (hCG-treated versus nor-
mal control mares) were measured. Tukey’s post hoc was done to estimate error bars in 
figures and the significance was set at a probability less than or equal to 0.05. 

3. Results 
3.1. Ultrasonographic Findings of the Genital Tract 
3.1.1. Effect of hCG on Follicular Dynamics, Corpus Luteum, and Uterine  
Horn Coloration 

The largest mature follicle diameter (F1) was increased (p ≤ 0.05) in hCG-injected fe-
males until 12 h after injection, then ruptured, while in control animals, F1 diameter was 
increased until 24 h after injection, then disappeared. Regarding the subordinate follicle 
(F2), its diameter was slightly increased but not significantly. There was a time effect only 
in F1 diameter levels between the two groups (p ≤ 0.05), as shown in Figure 5A. The total 
colored area surrounding the largest follicle (TCA; pixels) increased (p ≤ 0.05) after injec-
tion and reached its peak at 24 h compared to levels before injection and compared to the 
control (Figure 5B). There was a treatment effect with time and their interactions (p ≤ 0.05). 

Both corpus luteum diameter and colored area (CL diameter: mm; Figure 5C, pri-
mary axis and CLCA: pixels; Figure 5C, secondary axis) were increased after injection, 
reaching a peak at 48 h and 24 h, respectively. In addition, the treatment effect (p ≤ 0.05), 
the hour effect (p ≤ 0.05), and their interaction (p ≤ 0.05) were observed during the hours 
of examination. The contralateral left side colored area of the uterine horn (Contra 
LUHCA; pixels; Figure 5D) showed no changes before and after hCG injection, while the 
ipsilateral right one (Ipsi RUHCA; pixels; Figure 5D) was increased (p ≤ 0.05) from 6 to 36 
h after injection in hCG-treated females compared to controls. 
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Figure 5. Mean ± standard error of mean (SEM) of the largest mature follicle diameter (F1 diameter; 
mm; primary axis; (A), and subordinate follicle diameter (F2 diameter; mm; (A); secondary axis), 
total colored area surrounding largest follicle (TCA; pixels; (B), corpus luteum diameter (CL diam-
eter; mm; (C); primary axis), with its colored area (CLCA; pixels; (C); secondary axis), ipsilateral 
right uterine horn colored area (Ipsi RUHCA; pixels; (D); primary axis) and contralateral side (Con-
tra LUHCA; pixels ; (D); secondary axis) in control and hCG-treated females before and after hCG 
injection. Different superscript values indicate a significant difference (p ≤0.05) within groups at dif-
ferent hours, while * indicates a significant difference (p ≤ 0.05) between two groups at the same 
time. 

3.1.2. Effect of hCG on Uterine Echotexture and Uterine Body Coloration 

Uterine tissue echotexture was measured by frozen ultrasonographic image in both 
groups. As depicted in Figure 6, uterine echogenicity (UE; NPVs; primary axis) was not 
altered (p > 0.05) by hCG injection before and after injection, while the uterine body col-
ored area (UBCA; pixels; secondary axis; Figure 6) was elevated (p ≤ 0.05) until its peak at 
24 h after injection in injected females compared to control females with time effect (p ≤ 
0.05) and their interaction effect (p ≤ 0.05). 
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Figure 6. Mean ± standard error of mean (SEM) of the uterine echogenicity (UE; NPVs; primary 
axis), and uterine body colored area (UBCA; pixels; secondary axis) in control and hCG-treated fe-
males before and after hCG injection. Different superscript values indicate a significant difference 
(p ≤ 0.05) within groups at different hours, while * indicates a significant difference (p ≤ 0.05) between 
two groups at the same time. 

3.1.3. Effect of hCG on Ovarian Artery and Middle Uterine Artery Flow 
There was an hCG effect (p ≤ 0.05), an hour effect (p ≤ 0.05), and a treatment versus 

hour interaction effect (p ≤ 0.05) regarding alterations in blood flow velocities. The peak 
velocity point (PSV; cm/s) of ovarian and middle uterine arteries (OV. A and MUA) was 
increased (p ≤ 0.05) after injection, reaching the highest level at 24 h compared to before 
injection and control, as depicted in Figure 7A. While the end velocity point (EDV; cm/s; 
Figure 7B) of both arteries is increased (p ≤ 0.05), it reaches the highest level at 24 h for OV. 
A, and 12 h for MUA. Regarding both Doppler indices, both resistance (RI; Figure 7C) and 
pulsatility indices (PI; Figure 7D) of both arteries decreased (p ≤ 0.05) linearly after injec-
tion by 12 h for RI and by 24 h for PI. There was a treatment effect, a time effect, and their 
interactions (p ≤ 0.05). 
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Figure 7. Mean ± standard error of mean (SEM) of the peak velocity point (PSV; cm/s; (A)), end 
velocity point (EDV; cm/s; (B)), resistance index (RI; (C)), and pulsatility index (PI; (D)) of both mid-
dle uterine and ovarian (MUA and OV. A) arteries in control and hCG-treated females before and 
after hCG injection. Different superscript values indicate a significant difference (p ≤ 0.05) within 
groups at different hours, while * indicates a significant difference (p ≤ 0.05) between two groups at 
the same time. 

3.2. Hormonal, Nitric Oxide, and Vascular Endothelial Growth Changes Following hCG 
Administration 

The plasma level of hCG (MIU/mL; Figure 8A) increased (p ≤ 0.05) by 12 h after in-
jection but reached its peak at 6 h with treatment, time, and interactions. While luteinizing 
hormone (LH; ng/mL; Figure 8B) level was increased (p ≤ 0.05) after injection, it reached 
its peak at 24 h and then declined again until the end of the examination. E2 (pg/mL; Fig-
ure 8C) levels increased (p ≤ 0.05) before injection by 12 h and then remained at the same 
level of elevation until 24 h after injection. Regarding nitric oxide levels (NO; µmol/L; 
Figure 8D) and vascular endothelial growth factor (VEGF; ng/mL; Figure 8E) levels, both 
were elevated (p ≤ 0.05) after injection until they reached the highest levels at 24 h com-
pared to before injection and to controls with treatment (p ≤ 0.05), time (p ≤ 0.05), and their 
interaction (p ≤ 0.05) effect, while NO levels were elevated in control group at the time of 
ovulation (p ≤ 0.05). 
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Figure 8. Mean ± standard error of human chorionic gonadotropin plasma levels (hCG; MIU/mL; 
(A)), luteinizing hormone (LH; ng/mL; (B)), estradiol levels (E2;pg/mL; (C)), nitric oxide levels 
(NO;µmol/L; (D)) and vascular endothelial growth factor (VEGF; ng/mL; (E)) levels in control and 
hCG-treated females before and after hCG injection. Different superscript values indicate a signifi-
cant difference (p ≤ 0.05) within groups at different hours, while * indicates a significant difference 
(p ≤ 0.05) between two groups at the same time. 

4. Discussion 
A common and efficient hormone injection used to stimulate ovulation in mares (usu-

ally as Chorulon) is hCG, which usually takes effect 24 to 48 h after treatment. To control 
a mare’s reproductive cycles, ovulation is regularly induced. When cyclic estrous mares 
with a dominant follicle ≥35 mm in diameter are treated with hCG, ovulation will occur 
within 24 to 48 h. This study reported that earlier ovulation occurs in hCG-administered 
females compared with the control non-injected group. In treated females, F1 was present 
until 12 h and then disappeared, whereas it remained longer until 24 h in the non-injected 
control group. F1 diameter was increased after hCG administration, while the subordinate 
follicle showed no change in our study, which is in agreement with a study reporting a 
higher diameter of F1 in response to hCG and a lower diameter when hCG was combined 
with prostaglandin [13,42]. Similarly, when animals were injected with GnRH, ovulation 
was reported when F1 was more than 34mm compared to the control mare [43]. 

The elevation of CL diameter and its colored area with a previous elevation of color-
ation surrounding the follicle before ovulation in this study could be explained by the 
elevation of ovarian arterial blood flow with an elevation of its peak and end velocity 
points that spectral Doppler could calculate inside each artery, as this is the direct action 
of hCG in the stimulation of the angiogenesis process, so hCG enhances the new blood 
vessel formation [44]. The change in follicular flow with ovarian blood flow could be re-
lated to the marked decline of both Doppler indices, as reported by a study [25] that was 
observed with an elevation of CL diameter with a decline of ovarian PI and RI as a re-
sponse to early implantation [45]. 
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The elevation of the colored area at the ipsilateral horn is closely associated with the 
middle uterine artery alterations, as MUA travels in the broad ligament to supply both 
uterine horns, and the elevation of coloration on the ipsilateral side is a direct response to 
the change occurring on the same side regarding ovulation and CL formation [46]. The 
lower the arterial resistance, the higher the blood flow to the genital organs, such as testes 
with the testicular artery [47–49], ovaries with the ovarian artery [50,51], and uterine he-
modynamics [39,52]. This current study revealed that no change occurred in uterine tissue 
echogenicity under hCG action. Contrary, a study revealed that hCG could alter the echo-
genicity of uterine tissue by making it more hyper-echoic to prepare the uterus for the 
implantation process [53,54]. The marked elevation of plasma levels of hCG after injection 
after 6 h in our study was accompanied by the long biological half-life of hCG (2–6 h) 
which could be considered a potent LH analog as it stimulates progesterone and testos-
terone secretion when binding with receptors [55,56]. hCG and LH share structural ho-
mology and bind to the same LH/CG because they do not actually “act together,” but 
rather activate the same receptor [57,58]. It is well known that the alpha subunit is similar 
between hCG and gonadotropin, while about 50% of the beta subunit is similar between 
hCG and eCG. This subunit contains the same amino acid sequence between eLH and 
eCG [59,60], so there is a similar representation between hCG and LH. It was demon-
strated that the ovulation induction properties of hCG could result directly from the mech-
anism of the LH surge [61,62]. The vascular remodeling that is reflected by angiogenic 
factors with elevation of Doppler velocity parameters could be related to ovarian matura-
tion that affects theca vasculature, and elevation of VEGF that is critical in follicle growth 
and rupture [62]. 

In our current study E2 was elevated 12 h before hCG injection in both groups and 
remained elevated until 24 h after injection, then declined. As is well-known, E2 in mares 
elevates around two–threefold during the period of luteal regression and then reaches its 
peak before ovulation by 2 days, which agrees with our findings, and then its levels de-
cline after ovulation after 2–4 days in normal cases [63,64]. The elevation of E2 for 24 h in 
the hCG-treated group could be explained by the mimic LH surge accompanied by hCG 
injection that stimulates follicular growth and development with a temporary elevation 
of E2 levels by direct action on LH receptors [65]. Therefore, the hCG injection elevates 
both LH and E2 due to its action as a stimulant of E2 production by follicles that predict 
the success of IVF outcomes [66]. hCG acts as an LH agonist because it binds to the same 
receptor (LH/CGR). Therefore, its biological effects resemble an LH surge. The connection 
between E2 and LH levels in control and treated groups could be directly related to hCG-
induced ovulation [22,67,68]. In addition, a negative relationship could be noticed with 
the LH surge when estradiol was administered [11,67]. Contrary to our findings, a study 
reported an elevation in E2 levels after hCG injection in buffalo bulls [69]. 

In the control, normal mares subjected to spontaneous ovulation, NO levels were in-
creased at the time of ovulation, and this could be directly explained by the function of 
NO as a key regulator for the rupture of the follicle and the luteinization process with the 
increase in intra-follicular NO levels to facilitate the ovulation process [70,71]. In the 
treated group, there was a more elevated level of NO compared to the control on the day 
of ovulation. This could suggest faster growth and development of the growing and ma-
ture follicles after administration of hCG. On the day of ovulation, mares treated with 
hCG and PG had a significantly higher NO level compared to the control group. This sug-
gests that the ovulating follicles grow and mature faster after receiving hCG and luteolysis. 
NO is known to modulate steroidogenesis in granulosa cells in cattle and mares, as well 
as follicular angiogenesis and blood flow. It also regulates ovulation by controlling the 
production of steroid hormones, which could be directly connected with the role of NO 
in the steroidogenesis of the granulosa cell [72], follicular hemodynamics with blood flow 
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patterns [28], and steroid hormone production [73]. Moreover, the NO system in equine 
reproduction is a new research area of interest, as NO is primarily involved in vascular 
alterations required for ovulation with the aid of E2 that acts as a vasodilator in association 
with an elevation of the preovulatory follicular response to hCG [71,74]. In addition the 
elevation in ovarian hemodynamics could be related to NO metabolites that alter smooth 
muscle reactivity to manage vascular tone with VEGF up regulation to stimulate emer-
gency angiogenesis under low oxygen [75]. Regarding the elevation of VEGF levels in 
mares injected with hCG, this could be associated with the role of hCG in the reproductive 
system’s angiogenesis by direct secretion of VEGF [76]. In addition, VEGF is widely dis-
tributed in all tissues, especially in the endocrine gland with micro-vessels, as it is re-
ported and classified as an angiogenic selective factor [77,78]. By injection of hCG, LH 
receptors were activated to stimulate the expression of VEGF-A via the NF-κB pathway, 
promoting follicular development and the ovulation process with an elevation of VEGF 
[79]. By activating LH receptors, hCG induces VEGF expression and production in gran-
ulosa cells, promoting vascularization and mediating physiological changes such as fol-
licular maturation and ovulation [80,81]. Our study limitations were a small sample size 
of mares, lack of progesterone analysis, and lack of previous research on the topic that 
could affect findings. 

Future Research Aspects 

Our future research will be focused on tracking how chronic antibody production 
affects follicular wall blood flow and oocyte maturation, particularly in aged mares over 
15 years old. In addition to trials for combination hCG with GnRH analogs to show their 
effect on the speed of ovulation without harming luteal function or early pregnancy. 

5. Conclusions 
A single dose of hCG before ovulation can greatly improve blood flow to the ovaries 

and uterus, raise levels of luteinizing hormone, nitric oxide, and vascular endothelial 
growth factor, and lower estradiol levels and both arterial Doppler indices. Additionally, 
hCG may speed up ovulation. In addition, hCG could hasten the ovulation process with 
an excellent follicular vascularization, with an elevation of corpus luteum diameter and 
colored area with respect to an elevation of the ipsilateral horn’s colored area. 
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