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Objective: To examine the effects of low-to-high doses of tamoxifen on ovarian histopathology, 

serum VEGF, and endothelin 1 levels in ovarian hyperstimulation syndrome (OHSS) in an 

experimental setting.

Materials and methods: A total of 20 female Wistar albino rats, 22 days of age, were randomly 

divided into four groups. Follicle-stimulating hormone 10 IU was administered subcutaneously 

in 15 rats on 4 consecutive days, with OHSS induction on day 5 by 30 IU of human chorionic 

gonadotropin. Group 1 (n=5) comprised 35-day-old control rats, group 2 (n=5) 35-day-old 

OHSS rats, group 3 (n=5) 27-day-old OHSS rats receiving 1 mg/kg of oral tamoxifen for 7 days, 

group 4 (n=5) 27-day-old OHSS rats receiving 3 mg/kg of oral tamoxifen for 7 days. All rats 

were decapitated on day 35. Serum VEGF, endothelin 1, and ovarian follicular reserve were 

assessed in all rats. Kruskal–Wallis variance analysis and the Mann–Whitney U-test were used 

for statistical comparisons. A Bonferroni correction was performed to control the inflation of 

significance, with a significance level set at a P-value of less than 0.025.

Results: Despite higher serum VEGF, endothelin 1, follicular reserve, and angiogenesis and 

fibrosis of the corpus luteum in the OHSS group compared to controls, these differences were 

not significant (P0.025, Mann–Whitney U-test). There was a significant reduction in the 

ovarian follicular reserve in tamoxifen groups compared to controls (P0.025, Mann–Whitney 

U-test), while angiogenesis of the corpus luteum, number of atretic follicles, fibrosis, and serum 

VEGF were significantly higher in rats receiving tamoxifen (P0.025, Mann–Whitney U-test). 

Also, significantly lower follicular reserve and fibrosis were observed among rats in the low-

dose tamoxifen group in comparison with rats in the high-dose tamoxifen group (P0.025, 

Mann–Whitney U-test). No groups had a significant change in endothelin 1 levels (P0.025, 

Mann–Whitney U-test).

Conclusion: Tamoxifen 1 g and 3 g resulted in a dose-dependent increase in VEGF and 

endothelin 1 levels, and ovarian follicle reserves were significantly reduced in our experimental 

model.
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Introduction
Ovarian hyperstimulation syndrome (OHSS) is characterized by cystic enlargement of 

the ovaries and rapid fluid shifts from the intravascular compartment to the third space, 

which is an iatrogenic complication of stimulation for assisted reproductive technology 

and ovulation induction. In its severe form, OHSS is a potentially life-threatening condi-

tion, and it is reported that 1.9% of cases need hospitalization. Exogenous or endogenous 
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human chorionic gonadotropin (hCG) is the triggering factor 

of the syndrome. The effect of human chorionic gonadotropin 

(hCG) on OHSS is thought to mediate the production of the 

angiogenic molecule VEGF.1 This iatrogenic case can effect 

12%–25% of in vitro fertilization cycles, and the severe forms 

of OHSS can be seen in 0.5%–5% of assisted reproductive 

technology cycles. Since OHSS is a potentially life-threatening 

condition and its pathophysiology difficult to understand, it has 

been extensively studied by investigators.2 After ovulation-

induction treatment, cytokines including interleukins, factors 

belonging to the renin angiotensin system, TNFα, VEGF, 

and endothelin 1 are thought to induce increased vascular 

permeability.3 In experimental animal models, the addition of 

hCG to in vivo treatment with gonadotropins has been shown 

to result in increased vascular permeability. On the other hand, 

the addition of specific VEGF inhibitors or blockage of VEGF-

receptor expression by a dopamine agonist can restore normal 

vascular permeability.4,5 The main pathophysiology that 

underlies that clinical situation is increased vascular perme-

ability. Administration of hCG significantly raises VEGF and 

VEGFR2, and this results in increased vascular permeability.6 

High levels of endothelin 1 have been detected in follicular 

fluid samples from patients undergoing ovulation induction. 

Furthermore, a positive correlation between follicular fluid 

endothelin 1 and follicle-stimulating hormone (FSH) has been 

found, suggesting a role of endothelin 1 not only in ovarian 

functions but also in the pathogenesis of OHSS.7

Tamoxifen is a selective ER modulator. Tamoxifen binds 

competitively to ER, blocking the mitogenic effect of estradiol 

so that its antiproliferative action occurs, and this is tamoxifen’s 

main therapeutic strength. Recently, clinical studies of tamox-

ifen displayed its antiangiogenic and VEGF-reducing ability in 

various tumor models.8 Although it is important in the treatment 

of breast cancer, long-term tamoxifen use is reported to increase 

intracellular VEGF levels and to be responsible for metastasis 

and angiogenesis, resulting in inferior outcomes.9 In another 

study, it was reported that tamoxifen decreased VEGF levels 

in vitro and in vivo by inducting an antiangiogenic response.10

In light of this information suggesting a potential preven-

tive and therapeutic role for this selective ER modulator, we 

decided to examine the role of tamoxifen on ovarian follicular 

reserve (OFR), VEGF, and endothelin 1 for the treatment of 

experimentally induced OHSS in rats.

Materials and methods
Experimental design
In this study undertaken at the Animal Experimentation 

Laboratory of the Medical Faculty of Fırat University a total 

of 20 immature female Wistar albino rats, 22 days of age and 

weighing between 41 and 49 g, were used. The study protocol 

was approved by the ethics committee of the Medical Faculty 

of Fırat University. During the study period, rats were kept  

in separate cages, each containing five rats, and were 

exposed to 12-hour cycles of light and darkness. Rats were 

given food pellets and tap water. Weight and hematocrit of 

all rats were recorded on the initial day of study (day 0).  

A total of 15 randomly selected rats were given subcutane-

ous injections of FSH 10 IU on 4 consecutive days, with 

induction of ovarian hyperstimulation through the use of 30 

IU of hCG on day 5. The validity of the OHSS model in rats 

was demonstrated by Ohba et al by an increase in weight and 

hematocrit values.11 After OHSS induction (day 6), these rats 

were randomly allocated into three groups, yielding a total of 

four groups: group 1 (n=5), 35-day-old control group (age-

matched group); group 2 (n=5), OHSS rats decapitated at age 

35 days without any intervention; group 3 (n=5), 27-day-old 

OHSS rats that were decapitated following oral administra-

tion of 1 mg/kg of tamoxifen (Nolvadex, AstraZeneca, UK) 

for 7 days (27+7 day 1 mg/kg of tamoxifen, decapitation 

on day 35); and group 4 (n=5), 27-day old OHSS rats that 

were decapitated following oral administration of 3 mg/kg 

of tamoxifen (27+7 days of 3 mg/kg of tamoxifen, decapita-

tion on day 35).

In all study groups, hematocrit and weight measurements 

were performed on day 13 and decapitation performed on day 

35 under general anesthesia by intraperitoneal administration 

of ketamine (75 mg/kg) and xylazine (10 mg/kg).

Enzyme-linked immunosorbent assay
Approximately 3 mL of blood sample was obtained from 

each rat decapitated. Sera were separated by centrifugation of 

blood samples at 2,500 rpm for 4 minutes and kept at -20°C  

until VEGF and endothelin 1 assays. VEGF was assayed 

using a mouse VEGF enzyme-linked immunosorbent assay 

kit (ELM-VEGF-001; RayBio, USA) and endothelin was 

measured using an endothelin 1 E/Kit (EK-023-01; Phoenix 

Pharmaceuticals, USA).

Ovarian morphology
After laparotomy, ovaries were removed and cleaned of 

adhering tissue in culture medium, weighed, and used for 

subsequent assays. Ovarian tissue was fixed with 10% formal-

dehyde, and then paraffin-embedded tissue samples were cut 

into 4 µm cross sections for estimation of mean ovarian folli-

cle count. The sections were stained with Masson’s trichrome 

to determine OFR under light microscopy (Olympus BX-50). 
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The 4 µm-thick cross sections were mounted at 50 µm inter-

vals onto microscope slides to prevent counting of the same 

structure twice, according to a previously described method.12 

Follicles were classified as primordial, primary, secondary, 

and tertiary. An atretic follicle (AF) was defined as a follicle 

presenting more than ten pyknotic nuclei; for the smallest 

follicles, the criteria for atresia were a degenerate oocyte, 

precocious antrum formation, or both.13

Main outcome measures
The main outcome measures were age (days), weight (g), 

hematocrit (%), weight of ovaries (mg), serum levels of 

VEGF (pg/mL) and endothelin 1 (ng/mL), and total follicle 

count with determination of primordial, primary, secondary, 

and tertiary follicle numbers.14 AFs and corpus luteum (CL) 

and corpus albicans changes were also determined. The CL 

was examined for signs of regression of angiogenesis and 

ovarian stromal fibrosis, which were graded as follows:  

0= absent, 1= moderately present, and 2= highly present. 

Ovarian follicle cysts were counted macroscopically and 

scaled as 0= absent and 1= present.15

Statistical analyses
Analyses were performed using SPSS 9.0. Between-group 

differences for the comparison of statistical parameters were 

examined using the Kruskal–Wallis analysis of variance. For 

parameters with P0.05, pair-wise comparisons were used 

using the Mann–Whitney U-test. A Bonferroni correction 

was performed, and P-values under 0.025 were considered 

significant.

Results
Experimental procedures were accomplished successfully 

in all four groups. Table 1 depicts the means and standard 

deviation for the parameters tested in the study groups.  

A comparison between groups 1 and 2 showed significantly 

higher total ovarian weight, as well as significantly higher 

body weight and hematocrit on days 6 and 3 in group 2 

(P0.025, Mann–Whitney U-test). OFR was significantly 

lower in group 3 than in group 1 (Figure 1B). Also, rats 

in group 3 had significantly increased CL and total cor-

pus numbers, angiogenesis of CL, number of AFs, serum 

VEGF levels, ovarian weight, total weight at days 6 and 13, 

and hematocrit on day 6. Rats in group 4 had significantly 

increased CL and total corpus numbers, angiogenesis of CL, 

number of AFs, fibrosis (Figure 1C), serum VEGF levels, 

ovarian weight, total weight at days 6 and 13, and hematocrit 

on day 6 (Table 1). Rats in group 3 had significantly higher 

serum VEGF than those in group 2. However, hematocrit at 

day 13 was significantly lower. Rats in group 4 had signifi-

cantly higher serum VEGF and weight on day 6, while they 

had significantly lower hematocrit at day 13 compared to rats 

in group 2. Significantly lower OFR, fibrosis, and weight at 

days 6 and 13 were detected in group 3 than in group 4.

Discussion
A cause-and-effect relationship has not been firmly estab-

lished between fertility treatments and OHSS, leading to 

continuing search for possible mechanisms. In this regard, 

our aim was to examine the association between OHSS 

and VEGF and endothelin 1 levels, as well as the effect 

of tamoxifen, on these parameters. In order to prevent or 

minimize age-related differences, age-matched rats were 

used for the study.

VEGF is an important mediator for OHSS. It stimulates 

angiogenesis through VEGF2 receptors on endothelial cells 

and increases vascular hyperpermeability.16 Administration 

of hCG significantly raises VEGF and VEGFR2, and this 

results in increased vascular permeability.6 On the other 

hand, hypoxia represents the most important stimulating 

factor for the production of VEGF, which is considered to 

play a major role in increased vascular permeability.17 This is 

achieved by the transactivation of hypoxia-inducible factor I,  

which binds to the promoter of the VEGF gene.18 Clomiphene 

citrate and tamoxifen are nonsteroidal selective ER modula-

tors. Clomiphene citrate has been the first-line method of 

ovulation induction, but tamoxifen has also been used to 

induce ovulation. Differently from clomiphene, it has been 

reported that tamoxifen acts as an agonist on the ERs of the 

endometrium and vaginal mucosa.19

Tamoxifen has been reported to play an important role 

in the regulation of angiogenic factors, such as VEGF, in 

both breast cancer and normal target tissues.20 It has been 

reported that the combination of hypoxia and estrogen 

may be important in upregulating VEGF in some breast 

cancers.21 Bausero et al reported that tamoxifen increased 

VEGF expression in venous smooth-muscle cells and exerted 

estrogen-like effects in the vascular system.18 Furthermore, 

Donovan et al proposed additional effects of tamoxifen 

on angiogenesis that occur in conjunction with decreased 

levels of the proangiogenic cytokine VEGF.22 In contrast, 

other authors have reported an agonistic effect of tamoxifen 

on VEGF expression, despite antagonistic effects on tumor 

growth.9 Tamoxifen has been shown to induce angiogenesis 

by increased expression of VEGF messenger ribonucleic 

acid in rat uterus.23
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In this study, all rats in the OHSS groups had increased 

VEGF levels, particularly in group 4. Due to a hypoxic effect 

triggered by tamoxifen in the OHSS groups, we believe that 

tamoxifen may have been responsible for the significant 

increase in VEGF levels in groups 3 and 4 compared to 

group 2. Also, it is likely that the increased weight in rats in 

group 4 on days 6 and 13 as compared to those in group 3 

might have resulted from the effect of VEGF.

Increased production of VEGF, both in human ovaries 

and fallopian tubes, has been detected under hypoxic con-

ditions. It also leads to increased vascular permeability and 

regulates lumen secretion. Increased vascular permeability 

Table 1 Weight, hematocrit (%), ovarian weight, ovarian histopathology, follicle counts, serum VEGF, and endothelin 1 levels of all 
rats in the study

Parameters Group 1 Group 2 Group 3 Group 4

Weight on day 0 (g) 47±16.8a 45.6±2.8a 45±1.5a 48.2±0.8a

Weight on day 6 (g) 61.4±2.3a 71.8±2.1b 71±5b 82±1.6c

Weight on day 13 (g) 83.6±1.1a 105.6±3.6b,c 98±4.5b 107.8±4.5c

Hematocrit on day 0 (%) 37.6±1.5a 30.2±14.1a 37.4±1.9a 36.6±2.8a

Hematocrit on day 6 (%) 40±1.8a 45.2±0.8b 43.8±0.4b 44±1.6b

Hematocrit on day 13 (%) 38.2±1.3a 42.2±0.8b 38.4±2.1a 40.2±1.1c

Ovarian weight (mg) 60.6±5.8a 123±18.2b 101±13b 120.4±19.4b

Ovarian follicle reserve 49.4±7.6a 45±11.1a,b 33.6±4.8b 45.4±6.5a

CL count 0a 1.8±1.8a,b 3.4±3.2b 3±2.3b

Total corpus count 0a 1.8±1.8a,b 3.4±3.2b 3±2.3b

Angiogenesis in CL 0a 0.4±0.5a,b 1.2±0.4b 1.4±0.5b

Fibrosis 0a 0.4±0.5a,b 0a 0.8±0.4b

Atretic follicle count 0.4±0.5a 2.6±2a,b 2.6±1.3b 2±0.7b

VEGF (pg/mL) 1,596±1,113a 2,250±952a 5,482±790.3b 7,015±220.2c

Endothelin 1 (ng/mL) 0.8±0.1a 0.9±0.1a 1.2±0.4a 1.3±0.5a

Note: a–cDifferences between the groups (P0.025, Mann–Whitney U-test). Data are shown as mean ± SD.
Abbreviation: CL, corpus luteum.

Figure 1 Masson’s trichrome staining of ovarian tissues examined under light microscopy.
Notes: (A) OFR elements in group 1. (B) Decreased OFR elements and increased fibrosis in group 3. (C) Reduced OFR and increased fibrosis in group 4. (D) Angiogenesis 
of CL in group 2. (E) Reduced angiogenesis of CL in group 3. (F) Reduced angiogenesis of CL and patchy areas of fibrosis in group 2. Red stars, different follicle types; black 
stars, areas of fibrosis; black arrows, angiogenesis; red arrows, primordial follicle.
Abbreviations: OFR, ovarian follicular reserve; CL, corpus luteum.
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of the ovaries causes the fluid collection observed in ovarian 

cysts.17 The higher VEGF levels in groups 3 and 4 compared 

to other study groups may not only have been associated 

with already existing hypoxia in OHSS but also with the 

antiangiogenic effects of tamoxifen.

Another parameter examined in our study was the OFR 

in OHSS. OFR was significantly reduced in groups 3 and 4.  

This observation is in line with a previous report, which 

suggested that OHSS triggers a cascade of hypoxic events 

and that the use of antiangiogenic medications may result 

in decreased OFR through further aggravation of hypoxia.24 

Ovulation-induction agents, such as hCG and luteinizing 

hormone (LH), have been shown to increase the numbers of 

VEGFR1 and -2, and gonadotropin-releasing hormone ana-

logs may alleviate OHSS through an inhibitory effect on this 

mechanism.25 In our study, increased levels of VEGF were 

observed in rats in which OHSS was induced by gonadotropin 

and hCG, with maximum concentrations of VEGF in groups 3  

and 4, which had more intense hypoxia. However, other 

authors have argued against the role of VEGF in hyperper-

meability, despite its presence in serum samples from OHSS 

patients as a result of ovarian production.26 This report is at 

odds with our results.

Angiogenesis in the ovaries occurs under the influence 

of both endocrine factors, such as hCG and progesterone, 

and paracrine factors.27 In our experimental model, angio-

genesis of the CL was significantly more marked in group 2  

and in rats experiencing deeper hypoxia due to tamoxifen 

compared to group 1. This both leads to reduced OFR and 

clearly demonstrates the association between VEGF, angio-

genesis, and hypoxia. Similarly, in their study with guinea 

pigs, McClure et al administered human-derived anti-VEGF 

sera to animals in which OHSS was induced, and observed 

70%–80% decreased vascular permeability.28 In addition to 

our results, these findings may also be considered as further 

evidence for the hypoxia-inducing role of VEGF in OHSS. 

In our study, all rats in the OHSS groups had increased levels 

of VEGF. McElhinney et al proposed that the reported vari-

ability of VEGF concentrations in different sets of OHSS 

patients may be due to the presence of serum proteins that 

inactivate or remove VEGF.29 This may explain the differ-

ence between our findings and other reports suggesting no 

effect for VEGF in OHSS.

Endothelin 1 is a potent vasoconstrictor that may lead 

to increased capillary permeability in a number of different 

tissues. High concentrations of endothelin 1 were observed 

in patients undergoing ovulation induction. Follicular fluid 

samples have been found to have 100- to 300-fold higher 

concentrations of endothelin 1 compared to plasma, with  

a positive correlation between endothelin and FSH, 

suggesting a potential role for endothelin 1 in OHSS.7 In our 

study, consistent with previous reports, OHSS rats had higher 

endothelin 1 levels compared to controls, despite the absence 

of statistical significance for the difference. This may suggest 

that in contrast with VEGF, endothelin 1 may not play a major 

role in the pathogenesis of OHSS. However endothelin 1 may 

represent a homeostatic response to maintain blood pressure 

rather than being an initiator of the syndrome.7

Tamoxifen, similarly to clomiphene citrate, has an anties-

trogenic effect, but does not result in FSH and LH elevations 

adequate for follicle formation. Although success rates close 

to that of clomiphene citrate have been reported for tamoxifen, 

it is generally not used, due to its negative effects on endo-

metrial tissues. While tamoxifen is antiestrogenic on breast 

tissue, it can cause endometrial stimulation and thus endome-

trial cancer on the endometrium.30 Our decision to administer 

different doses of tamoxifen (ie, 1 and 3 g) in this study was 

based on the differential effects of different tamoxifen doses 

previously reported.26 In our study, increased tamoxifen doses 

were associated with increased serum VEGF serum levels. In 

other words, in group 4, receiving higher doses of tamoxifen, 

there was significantly more marked hypoxia, probably due 

to the antiangiogenic properties of tamoxifen.

In patients at increased risk of OHSS and reduced OFR, 

caution should be exercised not to induce this condition by 

the use of agents that have a similar mechanism of action to 

tamoxifen. Another method of ovulation induction should be 

preferred in such patients, due to the increased risk of hypoxia 

and OHSS associated with decreased OFR.

In conclusion, 1 g and 3 g tamoxifen resulted in a dose-

dependent increase in VEGF and endothelin 1 levels, and 

OFR levels were significantly reduced in our experimental 

model.
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