
1

Vol.:(0123456789)

Scientific Reports |         (2021) 11:8863  | https://doi.org/10.1038/s41598-021-88346-w

www.nature.com/scientificreports

Glucose and fatty acid metabolism 
involved in the protective 
effect of metformin 
against ulipristal‑induced 
endometrial changes in rats
Marwa S. Hamza1,2*, Eman Ramadan2,3 & Salama A. Salama4

Ulipristal acetate (UPA) is effective in the treatment of uterine fibroids. However, its clinical use 
is hampered by the development of pathologic progesterone receptor modulator-associated 
endometrial changes (PAECs). The current study was designed to test the hypothesis that UPA-
induced PAECs are associated with deranged expression of some metabolic genes. In addition, 
metformin can mitigate UPA-induced PAECs through modulating the expression of these genes. 
In the present study, twenty-eight female non-pregnant, nulligravid Wistar rats were treated with 
UPA (0.1 mg/kg/day, intragastric) and/or metformin (50 mg/kg/day, intragastric) for 8 weeks. Our 
results demonstrated that co-treatment with metformin significantly reduced UPA-induced PAECs. 
In addition, co-treatment with metformin and UPA was associated with significant increase in the 
Bax and significant reduction in Bcl-2, PCNA, Cyclin-D1and ER-α as compared to treatment with 
UPA alone. Furthermore, treatment with UPA alone was associated with deranged expression of 
3-phosphoglycerate dehydrogenase (3-PHGDH), glucose-6-phosphate dehydrogenase (G6PD), 
transketolase (TKT), fatty acid synthase (FAS) and CD36. Most importantly, co-treatment with 
metformin markedly reduced UPA-induced altered expression of these metabolic genes in endometrial 
tissues. In conclusion, UPA-induced PAECs are associated with altered expression of genes involved 
in cell proliferation, apoptosis, estrogen receptor, glucose metabolism and lipid metabolism. 
Co-treatment with metformin abrogated UPA-induced PAECs most likely through the modulation of 
the expression of these genes.

Ulipristal acetate (UPA) is a selective progesterone receptor modulator (SPRM). It has tissue selective, mixed 
progesterone agonist and antagonist effects in myometrial and endometrial tissues1,2. By the virtue of its SPRM 
activity, UPA offers a unique potential for clinical application in gynecology3. It is used as a single dose contra-
ceptive to suppress or delay ovulation4,5. In addition, in women with symptomatic fibroids it reduces fibroid size 
due to its antiproliferative, antifibrotic and pro-apoptotic effects on the fibroid6,7.

The extended use of UPA is associated with non-physiological histopathological endometrial changes, col-
lectively known as progesterone receptor modulator-associated endometrial changes (PAECs)3. PAECs have 
similar appearance to tamoxifen-induced endometrial changes and are associated with endometrial thickening8. 
At the histological level, PAECs are characterized by a transient increase of endometrial thickness, cystically 
dilated glands, epithelial distortion, apoptosis and low mitotic activities in glands and stroma8. In addition, the 
unexplained proliferation of the endometrial epithelium leads to changes in the size and shape of the endometrial 
glands and increase in the ratio of endometrial glands and stroma leading to endometrial hyperplasia9,10. Sub-
stantial evidence indicates that PAECs rapidly regress on cessation of treatment, although the rate of regression 
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can be variable11. Whilst PAECs are now well described and appear reversible, the mechanisms by which they 
develop are poorly understood12.

Growing evidence suggest that the development and progression of some premalignant lesions is associated 
with metabolic reprogramming in the normal-appearing precancerous lesions13. Additionally, emerging evidence 
highlighted the important role of metabolic reprogramming of the microenvironment and macroenvironment in 
the development of pathophysiological changes in the endometrium14,15. Indeed, previous work from our group 
and others demonstrated that sex hormones and their cognate receptors regulate endometrial metabolism16,17.

Clinical and pre-clinical studies demonstrated that metformin, the cornerstone oral agent for the treat-
ment of type 2 diabetes, plays a role in modulating cell metabolism and therefor it inhibits the development 
and progression of cancerous and precancerous lesions. Metformin may have a beneficial therapeutic effect in 
endometrial cancer18, due to its indirect effects within the metabolic milieu and direct effect on endometrial 
cells through AMPK activation/mTOR inhibition and suppression of fatty acid/lipid biosynthesis19. Metformin 
decreases proliferation by lowering lipid synthesis used for membrane biosynthesis20. Metformin down-regulates 
the effects of various pro-oncogenic pathways including insulin/PI3K/Akt, and c-Myc signaling21,22. In addition, 
previous studies confirmed the insulin sensitizing effect of metformin on endometrial hyperplasia23,24, endo-
metrial carcinoma25 and atypical endometrial hyperplasia26. This effect is due to reducing endogenous insulin 
and activating the enzyme adenosine monophosphate-activated protein kinase (AMPK), which can inhibit the 
synthesis of cell proteins and ultimately cell growth27.

An increasing body of evidence suggests that obesity, diabetes and insulin resistance are strong risk factors for 
endometrial carcinoma. Insulin-like growth factors play a major role in carcinogenesis and cancer progression28. 
Furthermore, it has been shown that insulin has a role throughout the menstrual cycle of healthy women affecting 
the stromal cell decidualization29. The relationship between endometrial hyperplasia, insulin, insulin’s mediators 
and insulin’s sensitizers30 raises the prospect of targeting these metabolic changes as a viable target for preventing 
or treating these conditions. However, it remains largely unknown whether UPA rewires endogenous metabolic 
programs in endometrial tissues and whether this contributes to UPA-induced histopathological changes in the 
endometrium. Therefore, in this study, we assessed whether metformin can circumvent UPA-induced pathologi-
cal changes in rats endometrium through its pleiotropic effects of cellular metabolism.

Results
Effect of ulipristal or/and metformin on rats’ uterine weight.  Based on the well-established fact 
that progesterone affects the uterine weight, we began with the assessment of the effect of UPA or/and metformin 
treatment on the uterine weight. The UPA-treated group showed a significant increase in the average weight of 
uteri and the uteri weight/body weight ratio by 30% and 33% respectively as compared with the normal control 
group (P < 0.05, Fig.  1). Significantly, co-treatment with metformin markedly reduced the average weight of 
uteri and the uteri weight/body weight ratio by 32% and 35% as compared to animals treated with UPA alone 
(P < 0.05, Fig. 1).

Effect of ulipristal or/and metformin in histopathology of rats’ endometrium.  Then, we assessed 
the effects of UPA or/and metformin treatment on uterine histologic parameters. In the uteri from the control 
group or the group treated with metformin alone, the endometrium showed normal histological features. Thus, 
analysis of the uteri from the control group showed that the luminal epithelial cells remained cuboidal with 
similar thickness and showed normal glandular/stromal ratio with uniform rounded equally distributed endo-
metrial gland lined by single-cell layer with basally located nuclei in cellular stroma showing excess eosinophils. 

Figure 1.   Effect of ulipristal or/ and metformin treatment on the rats’ uteri weight (A), uterus weight/body 
weight (B). Data is represented by mean ± SD (n = 7). a or b, Statistically significant from control or ulipristal and 
metformin treated group respectively at P < 0.05 using one-way ANOVA followed by Tukey as a post hoc test. 
UPA ulipristal, MET metformin, UPA + MET co-treatment with ulipristal and metformin.
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(Fig. 2A). Similarly, in the uteri from metformin-treated rats, the uterine wall showed average glandular/stro-
mal ratio with equally distributed rounded endometrial glands with sub nuclear and supra-nuclear secretory 
vacuoles with excess stromal eosinophils, edematous stroma with average myometrium (Fig. 2C). In contrast, 
the uteri wall of rats treated with UPA alone showed hyperplasic changes, increased glandular/stromal ratio, 
variable-sized cystically dilated glands, compact cellular stroma with surface stromal edema, under developed 
spiral arterioles, excess eosinophils and average myometrium with congested blood vessels (Fig. 2B). In rats co-
treated with metformin and UPA, the uteri wall showed average glandular/stromal ratio with equally distributed 
rounded endometrial glands, edematous stroma (Fig. 2D).

Effect of ulipristal or/and metformin on rats endometrial thickness.  The thickness of endome-
trium, the vertical distance from the junction of endometrium and myometrium to uterine cavity, were deter-
mined in rats from different treatment groups. In the normal control group or the group treated with metformin 
alone, the average endometrial thicknesses were 1.09 mm and 1.2 mm, respectively. While in rats treated with 

Figure 2.   Representative images from each group of rats to demonstrate the histological examination of 
hematoxylin–eosin sections of rat uteri and the effect of ulipristal or/and metformin treatment on the rats’ 
endometrial thickness, glandular area. H&E × 400 magnification (scale bar = 20 μm). (A) Section taken from 
the uteri of the control group, the uterine wall showing average surface epithelium (green arrow) with uniform 
rounded endometrial gland (black arrow) in cellular stroma (blue arrow). (B) Section taken from the uteri wall 
of rats treated with UPA alone. It showed angulated and rounded glands (black arrow) with nuclear pseudo 
stratification (blue arrows) in compact cellular stroma showing excess eosinophils (red arrow). (C) Section 
taken from the uteri from metformin-treated rats, uterine wall showing variable-sized endometrial glands with 
sub nuclear (black arrows) and supra-nuclear secretory vacuoles (blue arrow) with excess stromal eosinophils 
(red arrow). (D) Section taken from rats co-treated with metformin and UPA, uterine wall showing uniform 
rounded endometrial glands lined by vacuolated cells (black arrows) in cellular stroma with excess eosinophils 
(blue arrow). (E) Effect of ulipristal or/and metformin treatment on the rats’ endometrial thickness. (F) Effect 
of ulipristal or/and metformin treatment on the rats’ glandular area. Data in figures (E) and (F) is represented 
by mean ± SD (n = 7). a or b, Statistically significant from the control or ulipristal & metformin treated group 
respectively at P < 0.05 using one-way ANOVA followed by Tukey as a post hoc test. UPA ulipristal, MET 
metformin, UPA + MET co-treatment with ulipristal and metformin.



4

Vol:.(1234567890)

Scientific Reports |         (2021) 11:8863  | https://doi.org/10.1038/s41598-021-88346-w

www.nature.com/scientificreports/

UPA alone, the endometrial thickness was 1.7 mm which represents an increase by 70% when compared with 
normal control group (P < 0.01). In the group co-treated with metformin and UPA, the endometrial thickness 
was 1.3 mm which represents a decrease by 25% when compared with rats treated with UPA alone (P < 0.01) 
(Fig. 2E).

Regarding the glandular area, in the normal control group and the group treated with metformin alone, the 
average glandular areas were 1.1 mm and 0.8 mm, respectively. While in rats treated with UPA alone, the glan-
dular area was 1.5 mm represents an increase by 33% when compared with normal control group (P < 0.05). In 
the group co-treated with metformin and UPA, the glandular area was 0.8 mm which represents a decrease by 
45% when compared with rats treated with UPA alone (P < 0.05) (Fig. 2F).

Effect of metformin or/and ulipristal on the expression of apoptosis in rats’ endome‑
trium.  Then, we studied the effect of UPA or/and metformin on the expression of apoptosis and antiapoptotic 
genes in endometrial tissues at the protein level by IHC staining and the mRNA level by RT-PCR. As shown in 
(Fig. 3A–D), uterine wall in the control group showed negative reactivity towards BAX in endometrial glands, 
and moderate cytoplasmic reactivity in stromal cells. While uterine wall in the UPA treated group showed nega-
tive reactivity towards BAX in endometrial glands and moderate cytoplasmic reactivity in stromal cells. Uterine 
wall in the metformin treated group showed marked cytoplasmic reactivity towards BAX in endometrial glands, 
and moderate reactivity in stromal cells while uterine wall in the UPA and metformin treated group showed 
marked cytoplasmic reactivity in endometrial glands, and weak reactivity in stromal cells.

Figure 3.   Effect of metformin or/and ulipristal on the expression of the apoptosis markers of rats’ uteri. (A–D) 
photomicrographs of uteri shows expression of apoptotic marker Bax. (A) Uterine wall in the control group. (B) 
Uterine wall in ulipristal treated group. (C) Uterine wall in metformin treated group. (D) Uterine wall in the 
ulipristal and metformin treated group. × 400 magnification (scale bar = 20 μm). (E) Expression quantification 
of the optical density reactivity of positive cells of Bax by the ImageJ analysis system. (F) Quantitative RT-PCR 
analysis of Bax mRNA expression. (G–J) photomicrographs of uteri shows expression of anti-apoptotic marker 
Bcl-2. (G) Uterine wall in the control group. (H) Uterine wall in ulipristal treated group. (I) Uterine wall in the 
metformin treated group. (J) Uterine wall in the ulipristal and metformin treated group. × 400 magnification 
(scale bar = 20 μm). (K) Expression quantification of the optical density reactivity of positive cells of Bcl-2 by 
the ImageJ analysis system. (L) Quantitative RT-PCR analysis of Bcl-2 mRNA expression. Black arrow refers to 
reactivity in endometrial glands, red arrows refers to reactivity in stromal cells. Data in figures (E) and (K) is 
represented by mean ± SD (n = 7). All value of RT-PCR is expressed as the change in cycle threshold (ΔCt). Each 
dot represents mean of each group (n = 7, triplicate for each rat). Negative control (DEPC-treated water) showed 
no detectable fluorescent signals. a or b, Statistically significant from the control or ulipristal and metformin 
treated group respectively at P < 0.05 using one-way ANOVA followed by Tukey as a post hoc test. UPA 
ulipristal, MET metformin, UPA + MET co-treatment with ulipristal and metformin.
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The immunoreactivity of Bax in the UPA treated group significantly decreased by one half- fold as compared 
to both the control group and the group treated with metformin alone (0.45 ± 0.13 vs. 0.7 ± 0.25 and 0.7 ± 0.17; 
respectively (P < 0.01). In the group co-treated with metformin and UPA, the Bax immunoreactivity was increased 
by one- third fold as compared to rats treated with UPA alone (0.71 ± 0.19 vs. 0.45 ± 0.13; respectively) (P < 0.01) 
(Fig. 3E).

With regard to the effect of treatment with UPA or/and metformin on anti-apoptotic gene Bcl-2 expres-
sion in the endometrial tissues, uterine wall in the control group showed negative reactivity towards Bcl-2 in 
endometrial glands, and negative reactivity in stromal cells. Uterine wall in the UPA treated group showed mild 
reactivity towards Bcl-2 in endometrial glands, and moderate reactivity in stromal cells while uterine wall in the 
metformin treated group showed negative reactivity in endometrial glands, and weak cytoplasmic reactivity in 
stromal cells. Uterine wall in the UPA and metformin treated group showed negative reactivity in endometrial 
glands, and moderate cytoplasmic reactivity in stromal cells) (Fig. 3G–J).

The immunoreactivity of Bcl-2 in the UPA treated group significantly increased by around one third-fold 
as compared to the control group (0.7 ± 0.19 vs. 0.5 ± 0.09) and by half- fold as compared with metformin alone 
and the group treated with metformin alone (0.7 ± 0.19 vs. 0.4 ± 0.15) respectively) (P < 0.01). In the metformin 
and UPA-treated group, the immunoreactivity of Bcl-2 was decreased by half-fold as compared to rats treated 
with UPA alone (0.4 ± 0.16 vs. 0.7 ± 0.19; respectively) (P < 0.01) (Fig. 3K).

Bax/Bcl-2 ratio was calculated as the percentage of positive Bax divided by the percentage of positive Bcl-2). 
The Bax/Bcl-2 ratio was > 1 in the UPA-treated group and after adding metformin to UPA the Bax/Bcl-2 ratio 
become < 1 (P < 0.05).

Consistent with the results of IHC, RT-PCR profiling of the mRNA expression of Bax and Bcl-2 revealed that 
UPA significantly decreased the level of BAX by around one third- fold and one half- fold respectively as com-
pared to both the control group and the group treated with metformin alone (P < 0.05). Addition of metformin 
to UPA significantly increased the level of Bax by onefold as compared to the UPA treated group (P < 0.05). UPA 
significantly increased expression of Bcl-2 by fourfold and sixfold respectively as compared to the control group 
and the group treated with metformin alone (P < 0.05). Addition of metformin to UPA showed significant down-
regulation of the levels of Bcl-2 by half- fold as compared to the UPA group (P < 0.05). (Fig. 3F, L).

Effect of ulipristal or/and metformin on rats’ endometrium proliferation.  In order to confirm 
the effect of metformin on inhibiting UPA-induced endometrial proliferation, IHC staining of the proliferation 
markers PCNA and cyclin D1 was performed in uterine tissue. Results of immunohistochemistry of PCNA 
showed that uterine wall in the control group showed weak nuclear reactivity in endometrial glands, and mod-
erate reactivity in stromal cells. While uterine wall in the UPA treated group showed marked nuclear reactivity 
in endometrial glands, and weak reactivity in stromal cells. Uterine wall in the metformin treated group showed 
moderate nuclear reactivity in endometrial glands, and marked reactivity in stromal cells. Uterine wall in the 
UPA and metformin treated group showed marked nuclear reactivity in endometrial glands, and marked reac-
tivity in stromal cells (Fig. 4A–D).

Treatment with UPA significantly increased the immunoreactivity of PCNA by one seventh- fold and one and 
half-fold as compared to the control group and the group treated with metformin alone (0.8 ± 0.22 vs. 0.7 ± 0.19 
and 0.3 ± 0.05; respectively (P < 0.05). In the group co-treated with metformin and UPA, the PCNA immuno-
reactivity decreased by a quarter-fold as compared to UPA group (0.6 ± 0.18 vs. 0.8 ± 0.22) (P < 0.05) (Fig. 4E).

Similarly, the IHC results showed that uterine wall in the control group showed negative reactivity towards 
Cyclin D1 in endometrial glands, and negative reactivity in stromal cells. Uterine wall in the UPA treated group 
showed marked nuclear reactivity in endometrial glands, and moderate reactivity in stromal cells. Uterine wall 
in the metformin treated group showed negative reactivity for Cyclin D1 in endometrial glands, and moderate 
nuclear reactivity in stromal cells. Uterine wall in the UPA and metformin treated group showed negative reac-
tivity in endometrial glands, and moderate nuclear reactivity in stromal cells (Fig. 4G–J). Treatment with UPA 
significantly increased immunoreactivity of cyclin-D1 by twofold and half-fold as compared to the control group 
and the group treated with metformin alone (0.9 ± 0.29 vs. 0.3 ± 0.09 and 0.6 ± 0.18; respectively) (P < 0.05). In the 
group co-treated with metformin and UPA, the cyclin-D1 immunoreactivity decreased by around one half- fold 
as compared to UPA group (0.5 ± 0.1 vs. 0.9 ± 0.29) (P < 0.05) (Fig. 4K).

The observations detected by IHC staining were confirmed by RT-PCR profiling of the mRNA expression of 
PCNA and cyclin D1. UPA significantly increased the level of PCNA by about 5-fold as compared to both control 
group and the group treated with metformin alone (P < 0.05). Addition of metformin significantly decreased the 
expression level of PCNA by half-fold as compared to UPA group (P < 0.05). UPA significantly increased expres-
sion of cyclin D1 mRNA by twofold and onefold respectively, as compared to the control group and the group 
treated with metformin alone (P < 0.05). Addition of metformin to UPA showed significant down-regulation of 
the levels of cyclin D1 mRNA by one third- fold as compared to the UPA group (P < 0.05) (Fig. 4F, L).

Effect of ulipristal or/and metformin on ERα and PR expression in rats’ endometrium.  Then, 
we investigated the effect of UPA or/and metformin on ERα and PR expression in endometrium by immuno-
histochemical staining. IHC results showed that uterine wall in the all the groups showed negative reactivity 
towards ERα in endometrial glands but only the control group showed negative reactivity in the stromal cells. 
The other 3 groups; UPA treated group, metformin treated group as well as UPA and metformin treated group 
showed weak nuclear reactivity in stromal cells (Fig. 5A–D). In conclusion, treatment with UPA significantly 
increased the immunoreactivity of ERα by 7.6-fold and threefold as compared to the control group and the 
group treated with metformin alone (0.26 ± 0.05 vs. 0.03 ± 0.01 and 0.06 ± 0.02; respectively) (P < 0.05). In the 
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group co-treated with metformin and UPA, the ERα immunoreactivity decreased by 1.6-fold as compared to 
UPA group (0.26 ± 0.05 vs. 0.1 ± 0.02) (P < 0.05) (Fig. 5E).

The IHC results of PR showed that uterine wall in the control group showed marked nuclear reactivity towards 
PR in endometrial glands and moderate reactivity in stromal cells. Also, uterine wall in the UPA treated group 
showed weak nuclear reactivity in endometrial glands, and weak reactivity in stromal cells. Uterine wall showed 
marked nuclear reactivity in endometrial glands, and moderate reactivity in stromal cells. Uterine wall in the 
UPA and metformin treated group showed weak nuclear reactivity for PR in endometrial glands, and moderate 
reactivity in stromal cells (Fig. 5F–I). Treatment with UPA insignificantly increased immunoreactivity of PR as 
compared to the control group and the group treated with metformin alone. Moreover, in the group co-treated 
with metformin and UPA, the PR immunoreactivity insignificantly decreased when compared to UPA group 
(Fig. 5J).

Effect of ulipristal and/or metformin on the expression of proteins involved in cellular metabo‑
lism.  To determine whether UPA-induced endometrial changes are accompanied by alteration in the endo-
metrial metabolism, we examined the expression of 3-Phosphoglycerate dehydrogenase (3-PHGDH), the first 
rate-limiting enzyme of serine synthesis which is frequently overexpressed in proliferating tissues. 3-PHGDH 
overexpression directs glucose metabolism towards serine synthesis to promote cell proliferation31. Because 
reprogramming of glucose metabolism is a cardinal feature of cell proliferation, we also assessed the effect of 
UPA or /and metformin on the expression of glucose-6-phosphate dehydrogenase (G6PD) and transketolase 
(TKT). It was observed that the uterine wall in the control group showed negative reactivity towards 3-PHGDH, 
G6PD and TKT in the endometrial glands and weak reactivity in the stromal cells. Uterine wall in the UPA 

Figure 4.   Effect of metformin or/and ulipristal on the expression of the proliferation markers of rats’ uteri. (A–
D) photomicrographs of uteri shows expression of PCNA (A) Uterine wall in the control group. (B) Uterine wall 
in ulipristal treated group. (C) Uterine wall in metformin treated group. (D) Uterine wall in the ulipristal and 
metformin treated group. × 400 magnification (scale bar = 20 μm). (E) Expression quantification of the optical 
density reactivity of positive cells of PCNA by the ImageJ analysis system. (F) Quantitative RT-PCR analysis 
of PCNA mRNA expression. (G–J) Photomicrographs of uteri shows expression of Cyclin-D. (G) Uterine wall 
in the control group. (H) Uterine wall in ulipristal treated group. (I) Uterine wall in metformin treated group. 
(J) Uterine wall in the ulipristal and metformin treated group. × 400 magnification (scale bar = 20 μm). (K) 
Expression quantification of the optical density reactivity of positive cells by the ImageJ analysis system. (L) 
Quantitative RT-PCR analysis of Cyclin D1 mRNA expression, Black arrow refers to reactivity in endometrial 
glands, red arrows refers to reactivity in stromal cells. Data in figures (E) and (K) is represented by mean ± SD 
(n = 7). All value of RT-PCR is expressed as the change in cycle threshold (ΔCt). Each dot represents mean 
of each group (n = 7, triplicate for each rat). Negative control (DEPC-treated water) showed no detectable 
fluorescent signals. a or b, Statistically significant from the control or ulipristal and metformin treated group 
respectively at P < 0.05 using one-way ANOVA followed by Tukey as a post hoc test. UPA ulipristal, MET 
metformin, UPA + MET co-treatment with ulipristal and metformin.
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treated group showed moderate reactivity towards 3-PHGDH but the metformin treated group and the UPA & 
metformin treated group showed weak reactivity in both the endometrial glands and stromal cells. In addition, 
uterine wall in the UPA treated group, the metformin treated group and the UPA & metformin treated group 
showed moderate, weak and mild reactivity respectively towards G6PD in both the endometrial glands and stro-
mal cells. Uterine wall in the UPA treated group, the metformin treated group and the UPA & metformin treated 
group showed moderate, negative and weak reactivity respectively towards TKT in the endometrial glands and it 
showed marked, moderate and negative reactivity towards TKT in the UPA treated group, the metformin treated 
group and the UPA & metformin treated group respectively in stromal cells (Fig. 6).

Collectively, the immunoreactivity of 3-PHGDH in endometria from rats treated with UPA was significantly 
increased by one third- fold and 20-fold as compared with the control group and the group treated with met-
formin alone (0.62 ± 0.18 vs. 0.48 ± 0.12 and 0.02 ± 0.005; respectively) (P < 0.05). On the other hand, the immu-
noreactivity of 3-PGDH significantly decreased by half-fold in the group treated with metformin and UPA as 
compared to the group treated with UPA alone (0.24 ± 0.9 vs. 0.62 ± 0.18; respectively) (P < 0.05) (Fig. 6A–E). Our 
data also revealed that the immunoreactivity of G6PD was significantly higher by 1.5-fold in response to UPA 
as compared with both the control group and the group treated with metformin alone (0.7 ± 0.17 vs. 0.27 ± 0.08 
and 0.25 ± 0.06; respectively, P < 0.05). The G6PD immunoreactivity was significantly reduced by half- fold after 
adding metformin to UPA when compared to UPA treated group (0.7 ± 0.17 vs. 0.37 ± 0.13; respectively, P < 0.05) 
(Fig. 6F–J). In addition, the immunoreactivity of TKT was significantly higher by half-fold and twofold in 
response to UPA as compared with the control group and the group treated with metformin alone (0.6 ± 0.05 
vs. 0.4 ± 0.03 ± , 0.2 ± 0.06; respectively, P < 0.005). Addition of metformin to UPA did not show any effect on the 
expression of TKT when compared to the UPA treated group (Fig. 6K–O).

Similarly, we examined the protein expression for both fatty acid synthase (FAS) and CD36, a scavenger 
receptor that is responsible for the uptake of long chain fatty acids. The uterine wall in the control group, the 
UPA treated group, the metformin treated group and the UPA & metformin treated group showed mild, marked, 
mild and weak reactivity respectively towards FAS in the endometrial glands. Also, it showed moderate reactivity 
in both the control and the UPA & metformin treated group towards FAS in the stromal cells while it showed 

Figure 5.   Effect of ulipristal or/and metformin on ERα and PR expression of rats’ uteri. (A–D) 
photomicrographs of uteri show expression of ERα. (A) Uterine wall in the control group. (B) Uterine wall in 
ulipristal treated group. (C) Uterine wall in metformin treated group. (D) Uterine wall in the ulipristal and 
metformin treated group. × 400 magnification (scale bar = 20 μm). (E) Expression quantification of the optical 
density reactivity of positive cells of ERα by the ImageJ analysis system. (F–I) photomicrographs of uteri shows 
expression of PR. (F) Uterine wall in the control group. (G) Uterine wall in ulipristal treated group. (H) Uterine 
wall in metformin treated group. (I) Uterine wall in ulipristal and metformin treated group. × 400 magnification 
(scale bar = 20 μm). (J) Expression quantification of the optical density reactivity of positive cells of PR by 
the ImageJ analysis system. Data in figures (E) and (J) is represented by mean ± SD (n = 7). a or b, Statistically 
significant from the control or ulipristal and metformin treated group respectively at P < 0.05 using one-way 
ANOVA followed by Tukey as a post hoc test. UPA ulipristal, MET metformin, UPA + MET co-treatment with 
ulipristal and metformin.
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marked and mild in the UPA treated group and the metformin group. Besides that, uterine wall in the control 
and metformin treated group showed weak and mild reactivity respectively towards CD36 in the endometrial 
glands and in the stromal cells. Although, it showed marked and moderate reactivity towards CD36 in the UPA 
treated group and the UPA & metformin treated in both the endometrial glands and in the stromal cells (Fig. 7).

Our data demonstrated that the expression of FAS was significantly higher by threefold and 12-fold in 
response to UPA treatment as compared with the control group and the group treated with metformin alone 
(0.8 ± 0.24 vs. 0.2 ± 0.07 and 0.06 ± 0.02; respectively, P < 0.01). The expression of FAS insignificantly decreased 
by 7% in the group treated with both UPA and metformin as compared to the UPA treated group (0.76 ± 0.3 
vs. 0.8 ± 0.24) (Fig. 7A–E). In addition, the immunoreactivity of CD36 was significantly higher by twofold and 
onefold, respectively, in the uteri from the group treated with UPA as compared with the control group and 
the group treated with metformin alone (0.9 ± 0.25 vs. 0.3 ± 0.08 ± , 0.4 ± 0.16; respectively, P < 0.05). Addition 
of metformin to UPA significantly reduced immunoreactivity of CD36 by one half-fold when compared to the 
UPA treated group (0.9 ± 0.25 vs. 0.4 ± 0.14; respectively, P < 0.05) (Fig. 7F–J).

Discussion
This study reported that the treatment of rats with Ulipristal acetate (UPA) for two consecutive months is asso-
ciated with the development of some histological changes in rats’ endometrium consistent with progesterone 
receptor modulator-associated endometrial changes (PAECs). These UPA- induced PAECs were associated with 
altered expression of genes involved in cell proliferation, apoptosis as well as glucose and lipid metabolizing genes 
in endometrial tissues. More significantly, co-treatment with metformin mitigated UPA-induced PAECs in rats.

UPA is a selective progesterone receptor modulator (SPRM) which is proposed for the treatment of several 
gynecological conditions including uterine fibroids and endometriosis4. Also, UPA is taken as an emergency 
contraceptive within 120 h after contraceptive failure or unprotected sexual intercourse32. The regimen of daily 
doses of 5 mg or 10 mg UPA for several weeks has been studied for treatment of uterine fibroids and appears to 
be safe6. It is currently undergoing trials in the U.S. to evaluate its use as a daily contraceptive.

UPA exerts strong antagonistic and partial agonistic effects at PR in progesterone-responsive tissues33 and its 
use is associated with non-physiological reversible histopathological endometrial pathologic changes, collectively 
known as pathologic progesterone receptor modulator-associated endometrial changes (PAECs) which represent 
a serious concern among gynecologists8. In this experimental study, we attempted to illustrate the molecular 
mechanism by which UPA induces endometrial PAECs and the potential protective effect of metformin in 
alleviating such unwarranted effects. Thus, we investigated the effect of treatment with UPA and/or metformin 
on the expression of genes involved in apoptosis, cell proliferation and cellular metabolism in rats. However, it 

Figure 6.   Effect of ulipristal and/or metformin on the expression of proteins involved in glucose metabolism 
in rats’ uteri. (A–D) photomicrographs of uteri shows expression of 3-PHGDH. (A) Uterine wall in the control 
group. (B) Uterine wall in ulipristal treated group. (C) Uterine wall in metformin treated group. (D) Uterine 
wall in the ulipristal and metformin treated group. × 400 magnification (scale bar = 20 μm). (E) Expression 
quantification of the optical density reactivity of positive cells of 3-PHGDH by the ImageJ analysis system. (F–I). 
Photomicrographs of uteri shows expression of G6PD. (F) Uterine wall in the control group. (G) Uterine wall 
in ulipristal treated group. (H) Uterine wall in metformin treated group. (I) Uterine wall in the ulipristal and 
metformin treated group. × 400 magnification (scale bar = 20 μm). (J) Expression quantification of the optical 
density reactivity of positive cells of G6PD by the ImageJ analysis system. (K–N) Photomicrographs of uteri 
shows expression of TKT. (K) Uterine wall in the control group. (L) Uterine wall in ulipristal treated group. 
(M) Uterine wall in metformin treated group. (N) Uterine wall in ulipristal and metformin treated group. × 400 
magnification (scale bar = 20 μm). (O) Expression quantification of the optical density reactivity of positive 
cells of TKT by the ImageJ analysis system. Data in figures (E & J & O) is represented by mean ± SD (n = 7). a 
or b, Statistically significant from the control or ulipristal & metformin treated group respectively at P < 0.05 
using one-way ANOVA followed by Tukey as a post hoc test. UPA ulipristal, MET metformin, UPA + MET 
co-treatment with ulipristal and metformin.
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would be interesting to reproduce these findings in animal models of uterine fibroid such as EKER rats or mice 
model of uterine fibroids.

To study the effect of UPA and metformin on proliferation in rats’ uteri, we measured the expression level 
of cyclin D1 and PCNA. Metformin decreased the expression of cyclin D1 and PCNA which are associated 
with cell cycle and tumor induction, respectively. In addition, the present study found that administration of 
metformin along with UPA is effective in resolving benign endometrial proliferative lesions. Our results were 
in line with previous preclinical studies that examined the anti-proliferative role of metformin in treatment of 
endometrial cell growth34–39. On the other hand, a previous study demonstrated that UPA did not increase the 
proliferation of human endometrium40, which is in contrast to our finding that UPA increased proliferation in 
rats’ endometrium. This apparent difference in our finding and the finding in human endometrium might be 
explained by the qualitative and quantitative physiological differences between rats and human endometrium. 
For instance, a recent study demonstrated that primary human and rat endometrial cells respond differently 
towards hormones and nuclear hormone receptor ligands and this should be considered in human risk assess-
ment based on rodent studies41.

Moreover, the results showed that UPA decreases apoptosis in rats’ endometrial tissues and metformin 
reverses this effect by downregulating the expression of antiapoptotic Bcl-2 and upregulating the pro-apoptotic 
Bax expression. These findings were in line with a previous study that demonstrated that metformin suppressed 
cell death by modulating the Bax pathway42.

Our results suggested that UPA-induced endometrial changes in rats are attributed, at least in part, to its 
effects on the cellular metabolism. In fact, progesterone/progesterone receptors play important roles in regulat-
ing cellular metabolism, including lipid metabolism, steroid biosynthesis and metabolism, glucose metabolism, 
regulation of cell cycle and proliferation, cell migration and invasion43. Thus, modulation of progesterone recep-
tors by UPA can cause dysregulation of the cellular metabolism and increase risk of PAECs. These findings can 
be explained in light of the well-established fact that sex hormones and their cognate receptors reprogram the 
metabolism in endometrial cells. Moreover, progesterone/PR regulates the expression of genes involved glycolysis 
and lipid metabolism in endometrium17,44,45. The regulatory effects of progesterone/PR on the expression of gly-
colytic and lipid-metabolizing genes could be direct or indirect. Progesterone/PR could regulate the expression 
of genes involved in cellular metabolism indirectly via activation of other transcription factors such as Hif1α and 
c-Myc, HAND2, FOXO1, FOXM1, or through activation of Pi3k-Akt signaling pathway46,47.

Figure 7.   Effect of ulipristal and/or metformin on the expression of proteins involved in lipid metabolism in 
rats’ uteri. (A–D) Photomicrographs of uteri shows expression of FAS. (A) Uterine wall in the control group. 
(B) Uterine wall in ulipristal treated group. (C) Uterine wall in metformin treated group. (D) Uterine wall in the 
ulipristal and metformin treated group. × 400 magnification (scale bar = 20 μm). (E) Expression quantification 
of the optical density reactivity of positive cells of FAS by the ImageJ analysis system. (F–I) Photomicrographs 
of uteri shows expression of CD 36. (F) Uterine wall in the control group. (G) Uterine wall in ulipristal treated 
group. (H) Uterine wall in metformin treated group. (I) Uterine wall in the ulipristal and metformin treated 
group. × 400 magnification (scale bar = 20 μm). (J) Expression quantification of the optical density reactivity 
of positive cells of CD 36 by the ImageJ analysis system. Data figures (E) and (J) is represented by mean ± SD 
(n = 7). a or b, Statistically significant from the control or ulipristal and metformin treated group respectively 
at P < 0.05 using one-way ANOVA followed by Tukey as a post hoc test. UPA ulipristal, MET metformin, 
UPA + MET co-treatment with ulipristal and metformin.
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Furthermore, previous finding showed that treatment with UPA increases the expression of ERα in endome-
trial tissues to the level comparable to a level in the proliferative phase of the endometrium48. Thus, it is likely 
that the effect of UPA on ERα expression may also contribute to the observed changes in the glycolytic genes 
and lipid-metabolizing genes expressions. In fact, the expression of many genes involved in glucose and lipid 
metabolism are regulated by sex steroid hormones and their cognate receptors17,49,50.

The biguanide metformin is used in the treatment of type 2 diabetes and concrete evidence indicates that 
metformin may have beneficial therapeutic effects in endometrial tissues. Indeed, our results demonstrated 
that metformin prevents UPA-induced endometrial pathological changes. It has been reported that the benefi-
cial therapeutic effects of metformin on the endometrial tissues are related to its effects within the metabolic 
milieu. Metformin can inhibit cell growth, proliferation and promote the apoptosis. That occurs by inhibiting 
glycolysis energy metabolism through targeting several signaling pathways including PI3K/Akt/mTOR51 and 
AMPK activation52. Similarly, emerging evidence demonstrated that metformin inhibits cell proliferation and 
decreases glycolytic flux through the HIF-1α/PFKFB3/PFK1 pathway53. It has been reported that metformin 
inhibits the expression of CD36 expression54, and the expression of FAS and HK-2 by targeting c-Myc in an 
AMPK-dependent manner55.

Our study also clearly demonstrated that treatment with UPA resulted in a significant increase in ERα expres-
sion in the endometrial tissues. This finding is consistent with the previous finding that, ERα expression in endo-
metrial tissues in patients treated with UPA is similar to the proliferative phase in the endometrium, although 
with a decrease in cell proliferation40,48. UPA-induced expression of ER α might play a role in UPA-induced 
PAECs. It has been reported that endometrial proliferation/hyperplasia usually develops in the presence of 
continuous estrogen stimulation unopposed by progesterone56.

Our study also revealed that metformin abrogated UPA-induced ERα expression in endometrial tissues. This 
observation is in harmony with an earlier study demonstrating that metformin significantly decreased ER α in 
endometrial cells57. The effect of metformin on the ER α expression might explain, in part, its beneficial thera-
peutic effects against UPA-induced endometrial changes which is associated with increased ER α expression.

Collectively, these findings have suggested the beneficial therapeutic effect of metformin against UPA-induced 
PAECs in rats. However, the clinical relevance of these findings is still uncertain and preclinical and clinical stud-
ies are warranted. In conclusion, UPA induced PAECs are associated with altered expression of genes involved in 
cell cycle, apoptosis and ERα. Most importantly, UPA alters the expression of genes involved in glucose and lipid 
metabolism, which significantly contribute to the development of PAECs. Metformin abrogates UPA-induced 
endometrial PAECs through modulating the expression of glycolytic and lipid-metabolizing genes. Thus, met-
formin might represent a clinically visible option to mitigate the unwanted effects of UPA in endometrial tissues.

A limitation of the study is that extrapolation of our finding in rats to women requires careful attention to 
potentially important differences between the physiological and pharmacological response of the two species 
to the treatment with UPA. Another limitation is that it would be optimal to study the effect of metformin on 
UPA-induced endometrial changes in animal model with uterine fibroids.

Materials and methods
Chemicals and reagents.  UPA was purchased from Henan FoTei Biological Technology Co., Ltd. (HeNan, 
China) with purity more than 98%. The following antibodies were obtained from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA): mouse anti-rat Transketolase (Cat# sc-390179), mouse anti-rat Bax (Cat# sc-20067), 
mouse anti-rat Bcl-2 (Cat# sc-7382), mouse anti-rat CD36 (Cat# sc-7309), mouse anti-rat Fatty Acid Synthase 
(Cat# sc-55580), mouse anti-rat G6PD (Cat# sc-373886), mouse anti-rat PCNA (Cat# sc-25280), mouse anti-rat 
cyclin D1 (Cat# sc-246), mouse anti-rat 3-PGDH (Cat# sc- 390610), mouse anti-rat ERα (Cat# sc-8005) and 
mouse anti-rat PR (Cat# sc-398898). Other chemicals were of the highest analytical grade available commer-
cially.

Animals and treatment protocol.  All animal procedures were ethically approved by the Research Ethics 
Committee, Faculty of Pharmacy, the British University in Egypt, Cairo, Egypt. In addition, all procedures were 
performed in accordance with US government guidelines for utilization and care of vertebrate animals used 
in testing, research, and training and the Animal Research: Reporting In Vivo Experiments (ARRIVE) guide-
lines. Twenty-eight female non-pregnant, nulligravid Wistar rats (8-week-old female weighing 180–200 g) were 
obtained from the animal house in Faculty of Pharmacy, the British University in Egypt. Rats were kept on a 
half-day light/dark cycle in air conditioning. Animals’ acclimatization was extended for 1 week before the study.

Experimental design.  After acclimatization, the animals were fed ad libitum. Rats were then randomized 
into four treatment groups (7 rats/each):

•	 The first group served as negative control and was treated with the vehicle used for UPA, (distilled water and 
ethyl alcohol; 4:1).

•	 The second group was treated with UPA (0.1 mg/kg/day, intragastric) for 8 weeks58.
•	 The third group was treated with metformin dissolved in distilled water and ethyl alcohol; 4:1 (50 mg/kg/

day, intragastric) for 8 weeks59.
•	 The forth group was treated with UPA (0.1 mg/kg/day; intragastric) + metformin 50 mg/kg/day, intragastric) 

for 8 weeks.

Rats were monitored daily, and no evidence of toxicity was recorded under the current treatment protocol.
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Isolation of endometrial tissues.  The rats were sacrificed by neck fracture, the uterus from each animal 
was completely separated and weighed at the end of the experiment. Uterine horns were split lengthwise and 
total endometrial tissues were scrapped with a fine scalpel. Part of the endometrial tissues were kept at − 80 °C. 
The other part of the uterus sections was collected in 10% buffered formalin, fixed overnight, and embedded in 
paraffin blocks for histological and immunohistochemical examinations. Paraffin blocks were cut at 4 mm thick-
ness and stained with hematoxylin and eosin (H&E) per standard protocol60.

Determination of uterus weight and uterus index.  Uteri were harvested and weighed instantly then 
uterus index was calculated as the ratio of the uterus weight to the total body weight.

Histopathological examination.  The H & E stained slides were visualized and the images were captured 
digitally using light microscopy (Nikon Eclipse TE2000-U, NIKON, Japan). An experienced pathologist who 
was blinded to the experimental design performed morphometric analysis on mid-horn uterine cross sections.

Determination of Uterine gland cross‑sections and endometrium thickness.  The images of the 
H&E stained slides were used to determine uterine gland cross-sections and endometrium thickness by ImageJ 
software (ImageJ, 1.46a, NIH, USA). Briefly, microscopic fields (3 for thickness, 6 for area) per rat were ran-
domly selected. Uterine gland cross-sections per uterine horn were calculated by determining the number of 
cross-sections in 1 µm and then multiplying by uterine horn length. All measurements were made blinded to 
treatment group.

Immunohistochemistry (IHC).  To examine the effect of UPA and/or metformin in endometrial tissues, 
we used immunohistochemical staining (IHC) of several proteins that are involved in, apoptosis (Bax and Bcl-
2), cell proliferation (PCNA and Cyclin D1), glucose metabolism (3-PGDH, G6PD and Transketolase), and fat 
metabolism (Fatty acid synthase and CD36). In addition, the expression of sex hormones receptors (ERα and 
PR) were also assessed.

For the immunohistochemical staining, the tissue sections were incubated with 1% BSA in PBS at room tem-
perature for 1 h., follow by incubating with the intended primary antibodies in 4 °C for 15 h. After incubation 
with the primary antibody, slides were flushed by TBS. Then the slides were incubated with the biotinylated sec-
ondary antibody using Cell and Tissue Staining Kit (R&D Systems, MN, USA). Negative controls were obtained 
by incubating sections with phosphate-buffered saline (PBS) instead of primary antibodies (Supplemental Fig. 1). 
Image analysis was performed by ImageJ analysis software (ImageJ, 1.46a, NIH, USA). Quantification of immu-
noscore of all the images was blinded and was done according to the standard recommended protocol61. The 
images were converted to grayscale, and the black level was set to reduce the level of overstaining on a stained 
image. We tested several threshold values to distinguish the areas with an immunostaied signal from the back-
ground. The threshold with the best outcomes was applied to all images, and the area of signal was measured. 
Twenty microscopic fields were examined for each slide, and the average positive area was determined. Validation 
of ImageJ analysis was performed by an experienced pathologist who was blinded to the experimental design.

Quantitative real time RT‑PCR analysis.  Real-time PCR experiments were carried out In agreement 
with the MIQE guidelines for qPCR62. Total RNA was extracted by GeneJET RNA Purification Kit (Thermo 
Fisher Scientific, Massachusetts, USA) according to manufacturer’s protocol. One microgram of RNA was 
reverse transcribed using High-Capacity cDNA Reverse Transcription Kit (Thermo Fisher Scientific, Massa-
chusetts, USA) with random primer according to the manufacturer’s instruction. From each treatment group, 
we used cDNA from all the rats to perform quantitative real time RT-PCR analysis. One-tenth of the result-
ing cDNA was used as a template for real-time PCR amplification using Maxima SYBR Green qPCR master 
mix (Thermo Fisher Scientific, Massachusetts, USA). For each sample, the quantitative Real-time PCR was per-
formed in triplicates in StepOne Real-Time PCR System (applied bio systems) using the SYBR Green method. 
Specific primers for Bax, Bcl-2, Cyclin d1, and PCNA. GAPDH was amplified and used as endogenous control 

Table 1.   Primers used for real-time PCR assays.

Name of the primer 5′-3’

Bax-F GGC​GAA​TTG​GAG​ATG​AAC​TG

Bax-R CCC​CAG​TTG​AAG​TTG​CCA​T

Bcl-2-F GAT​GAC​TGA​GTA​CCT​GAA​CCG​

Bcl-2-R CAG​AGA​CAG​CCA​GGA​GAA​ATC​

Cyclin D1-F CTA​CAC​TGA​CAA​CTC​TAT​CCGC​

Cyclin D1-R TCT​GGC​ATT​TTG​GAG​AGG​AAG​

GAPDH-F CAG​TGC​CAG​CCT​CGT​CTC​AT

GAPDH-R CAA​GAG​AAG​GCA​GCC​CTG​GT

PCNA-F TGG​TGA​TCT​CCT​GTG​CAA​AG

PCNA-R CAA​AAG​TTA​GCT​GAA​CTG​GCTC​



12

Vol:.(1234567890)

Scientific Reports |         (2021) 11:8863  | https://doi.org/10.1038/s41598-021-88346-w

www.nature.com/scientificreports/

to normalize for gene expression; it is confirmed that GAPDH does not change with experimental conditions. 
A no template control (NTC) was used as negative control using diethylpyrocarbonate (DEPC) treated water. 
The primers used for the amplification of the indicated genes were designed using the IDT Primer Quest Primer 
Design Tool and are listed in Table 1. Data were analyzed and plotted using the change in cycle threshold (ΔCt) 
method for the calculation of relative changes in gene expression. In addition, fold change in gene expression 
were determined using the 2−ΔΔCT method63.

Thermal cycle parameters were: 1. Cycle at 95 °C for 15 min followed by 35 cycles at 95 °C for 10 s, annealing 
at 61 °C for 20 s and at 72 °C for 20 s.

Statistical analysis.  Results are shown as mean ± SD. One-way ANOVA followed by Tukey as a post hoc 
test was used to conduct multiple comparisons to assess the statistical significance between different groups. 
Differences between means were considered significant at P value ≤ 0.05 . GraphPad Prism 6 was used for carry-
ing out statistical analysis. Data from RT-PCR were analyzed and plotted using the change in dCT values (ΔCt).
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