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Abstract. Progestins, though integral to various bodily functions as endogenous 
hormones, have been associated with adverse effects when administered exogenously in 
excessive amounts. This study investigates the impact of medroxyprogesterone (MePro) 
on kidney function, examining biochemical parameters, histology, and oxidative stress 
markers.

Methods. Twenty healthy adult female Albino rats were assigned to four groups: Group 
1 consisted of 10 rats before MePro treatment, Group 2 comprised the same rats 8 weeks 
after intramuscular MePro administration (3.5 mg/week), Group 3 served as the control 
group, and Group 4 represented the same rats as Group 3 at the conclusion of the study. 
Serological and histological markers of renal damage, as well as parameters of oxidative 
stress (malondialdehyde, MDA) and antioxidant status (total antioxidant status, TAS), 
were investigated in female albino rats following MePro administration.

Results. MePro administration resulted in notable increases in weight, urea, creatinine, 
and MDA levels, alongside a decrease in TAS compared to baseline levels (p < 0.001). 
Conversely, the control groups showed no significant changes in these parameters over 
time. Creatinine levels and oxidative stress markers in Group 2 were notably higher than 
those in Groups 3 and 4 (p < 0.001). Post-MePro administration, renal histopathology 
revealed significant deposition of hyaline casts in the tubular lumens, along with vascular 
lesions, hemorrhage, and inflammation.

Conclusions. The decline in kidney function, antioxidant status, and propensity for renal 
injury associated with MePro use underscore its potential renal toxicity.

Key words: kidney function, medroxyprogesterone, progestins, renal toxicity, oxidative 
stress.
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Introduction. Medroxyprogesterone (MePro), a 
17α-derivative of hydroxyprogesterone, is syntheti-
cally prepared as an analog of progesterone [1]. Both 
hormones play critical roles in controlling the immune 
system. MePro is the most extensively prescribed in-
jectable contraceptive since its introduction more than 
3 decades ago. It is a contraceptive with long-action 
used by more than 20 million women currently around 
the world [2, 3]. MePro can also be used to treat 
menopause symptoms in combination with estrogen 
as a part of hormone replacement therapy. MePro is 
frequently utilized in malignancies, both in the endo-
crine treatment of hormone-related tumors, such as 
cancers of the breast, ovaries, and endometrium, and 
also as an adjunctive treatment in patients suffering 
from anorexia/cachexia syndrome [4, 5]. Addition-
ally, to minimize the risk of uterine cancer, MePro is 
administered with estrogen as a replacement therapy 
[6]. When considering therapeutic decisions for post-
menopausal women, analyzing the impact of hormon-

al replacement therapy on the kidneys is regarded as 
a critical clinical consideration [7]. Furthermore, the 
therapeutic potential of MePro could be halted if an 
adverse impact occurs, necessitating a re-evaluation 
of the drug’s benefit/risk profile. Menstrual disorders, 
alterations in bleeding patterns, dizziness, headache, 
nervousness, weight fluctuations, abdominal discom-
fort, and exhaustion are among the most apparent side 
effects. In older women utilizing MePro with estrogen 
for postmenopausal hormone replacement therapy, a 
slight rise in relative risk of stroke and breast carci-
noma, as well as a deterioration in cognitive ability, 
have been noted. Back pain, myalgia, gradually re-
duced libido or sexual disfunction, sleeping problems, 
depression, nausea, debilitated bone mineral density 
throughout adolescence and facilitated bone loss in 
older age, leukorrhea, pelvic pain, breast pain, diges-
tive problems, acne, vaginitis, alopecia, hot flashes, 
rash, and edema are some of the other side effects [8]. 
Moreover, women using MePro have a greater risk of 
acquiring HIV-1 infection due to the deterioration 
of the integrity of cervicovaginal mucosa in response 
to MePro [9]. Despite knowing that progestins are 
natural hormones produced by the body, excessive 
amounts can have negative health consequences, as 
seen by the above-mentioned side effects. Therefore, 
it is still questionable if progestins as birth control sub-
stances are allies or foes. 

Mohammed N. Abed

m.n.abed@uomosul.edu.iq

© Абед М. Н., Каззаз М. Е., Аласаф Ф. А., 2024.

УДК: 616.61:577.152.1:615.357]:599.323.4

Мохаммед Н. Абед, Моханнад Е. Каззаз, Фаваз А. Аласаф

Дослідження нефротоксичних ефектів медроксипрогестерону 
у самок щурів-альбіносів

Фармацевтичний коледж Університету Мосула, Ірак

Резюме. Прогестини, синтетичні аналоги прогестерону, відіграють важливу роль у функціонуванні жі-
ночого організму, але їх застосування в екзогенній формі у великих дозах може призвести до негативних наслід-
ків. Це дослідження мало на меті визначити вплив медроксипрогестерону (MePro) на функцію нирок, гістоло-
гічний патерн ниркової тканини, та показники оксидативного стресу. 

Методи. Двадцять здорових дорослих самок щурів-альбіносів було розподілено на чотири групи: 
Група 1 складалась з 10 щурів до лікування MePro, Група 2 включала тих самих щурів через 8 тижнів після 
внутрішньом’язового введення MePro (3,5 мг/тиждень), Група 3 служила контролем. Група 4 представляла тих 
самих щурів, що й Група 3 на момент завершення дослідження. Досліджували серологічні та гістологічні  марке-
ри ураження нирок, а також  параметри оксидативного стресу (малоновий діальдегід, МДА) і антиоксидант-
ний статус (загальний антиоксидантний статус, ЗАС) у самок щурів-альбіносів після введення MePro.

Результати. Застосування MePro призвело до помітного збільшення ваги, концентрації сечовини, креа-
тиніну та МДА, а також зниження рівня ЗАС крові порівняно з вихідним рівнем (p <0,001). І навпаки, контроль-
ні групи не показали значних змін досліджуваних параметрів з часом. Рівні креатиніну та маркери оксидатив-
ного стресу в групі 2 були помітно вищими, ніж у групах 3 і 4 (p <0,001). За даними гістологічного дослідження, 
визначено значне відкладення гіалінових циліндрів у просвітах канальців та виражені судинні зміни нирок щурів 
після введення MePro.

Висновки. Зниження функції нирок, антиоксидантного статусу та пошкодження нирок за даними гіс-
тологічного дослідження ниркової тканини, асоційовані з використанням MePro, підкреслюють його потенційну 
токсичність для нирок.

Ключові слова: функція нирок, медроксипрогестерон, прогестини, нефротоксичність, оксидативний 
стрес.
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The study aimed to explore the possible impact of 
MePro on the kidney by investigating the parameters 
of kidney function and kidney histological pattern, in 
addition to studying the outcomes of MePro on the oxi-
dative stress markers and antioxidant status in female 
albino rats following the use of MePro.

Materials and methods. All experiments re-
ceived approval from the university’s animal welfare 

committee, and ethical clearance was obtained from 
the Medical Research Ethics Collegiate Committee 
(code: CCMRE-phA-23-9). Prior to commence-
ment, it was ensured that all animals were housed in 
suitable conditions and received appropriate care. 
The experimental design is depicted in Figure 1. 

Fig. 1. The experiment design.

Twenty adult female albino rats were randomly 
assigned to groups of ten rats each, aged between 4-5 
months and weighing between 175-275 g. The rats were 
sourced from the animal house at the College of Veteri-
nary Medicine, University of Mosul, and the study was 
conducted from August 2022 to January 2023. Group I 
comprised female albino rats before MePro administra-
tion, while Group II consisted of the same animals after 
MePro administration. Group III served as the control 
group at the trial’s onset, with Group IV representing 
the same animals as Group III at the trial’s conclusion. 
The rats were housed in metal cages and acclimatized 
for two weeks, during which they were exposed to a 
12/12-hour light/dark photoperiod, maintained at a 
humidity of approximately 45-50%, and kept at a tem-
perature of 25 ± 2°C, with free access to food and water. 
MePro was administered via intramuscular route at a 
dose of 3.5 mg/rat weekly for 8 weeks. Blood samples 
were collected from the lateral tail vein of all animals 

at the beginning and end of the 8-week period. Prior to 
collection, the blood collection site was cleaned with 
70% ethanol and locally anesthetized. The rat was re-
strained using a specific restrainer, and blood was with-
drawn using a 21-gauge syringe, following recommend-
ed procedures outlined in the literature [10]. 

Biochemical measurements. To evaluate the re-
nal function of rats, blood urea and serum creatinine 
levels were assessed. Urea levels were quantitatively de-
termined using a colorimetric method with a kit from 
Biolabo, France. The assay utilized specific reagents 
including salicylate, nitroprussiate, urease, sodium 
hypochlorite, sodium hydroxide, and a standard urea 
solution, with spectrophotometer readings taken at a 
wavelength of 600 nm. Creatinine levels were measured 
using a kinetic colorimetric method based on the Jaffé 
reaction, employing a kit from Roche/Hitachi cobas c 
systems, Germany, with reagents including potassium 
hydroxide, phosphate, and picric acid.
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Malondialdehyde (MDA) levels were quantified 
using a lipid peroxidation assay kit from Abcam, UK. 
The assay involved the addition of thiobarbituric acid 
(TBA) solution to standards and samples, followed by 
incubation, cooling, transfer to a 96-well plate, and 
analysis with a microplate reader at 532 nm. Total an-
tioxidant status (TAS) in plasma was estimated using 
Cayman’s Antioxidant Assay kit from Cayman Chemi-
cal, USA. The kit provided lyophilized powders for var-
ious reagents including antioxidant assay buffer, chro-
mogen, metmyoglobin, trolox, and hydrogen peroxide. 
Reagents were prepared according to the manufac-
turer’s instructions, and absorbance readings for each 
sample and standard were obtained at 750 nm or 405 
nm using a plate reader [11]. 

Animal euthanasia and kidney tissue collection. 
At the end of the experiment, rats were euthanized to 
collect kidney tissue samples for histological examina-
tion. Euthanasia was conducted following guidelines 

from the American Veterinary Medical Association 
(AVMA), using diethyl ether vapor inhalation in a glass 
desiccator.

Statistical analysis. The study data are presented 
as mean ± SD (standard deviation). Pre-drug and post-
drug administration effects within each group were 
compared using paired t-tests, as indicated in the text 
and figures. Results with p < 0.05 were considered sta-
tistically significant. Statistical differences between the 
groups were analyzed using one-way ANOVA, followed 
by Tukey’s post hoc test to determine significant dif-
ferences in means, as specified. A p-value < 0.05 was 
considered statistically significant. GraphPad Prism 8 
was used for all statistical analyses.

Results. Biochemical Data Analysis. A significant 
increase in urea, serum creatinine, and MDA, along 
with a significant decrease in TAS, was observed when 
comparing pre- and post-administration results on the 
studied parameters (p < 0.001), as indicated in Table 1. 

Table 1

Comparison of kidney function and oxidant/antioxidant status markers between medroxyprogesterone 
treated and control groups at baseline and end of study

Medroxyprogesterone treated group

Parameter Before After p.value

Urea (mg/dl) 29.6±4.4 33.5±4.3 <0.001

Creatinine (mg/dl) 0.32±0.05 1.05±0.12 <0.001

MDA (µmol/L) 13.2±0.8 16.2±1 <0.001

TAS (mM) 1.44±0.1 1.15±0.1 <0.001

Control (untreated) group

Urea (mg/dl) 30.7±2.9 30±3.4 NS

Creatinine (mg/dl) 0.33±0.04 0.34±0.03 NS

MDA (µmol/L) 13.1±0.6 13.4±0.8 NS

TAS (mM) 1.42±0.12 1.43±0.08 NS

MDA: malondialdehyde, TAS: total antioxidant status, NS: non-significant.

In contrast, no deviations were observed in the 
tested values of the control group at the end of the in-
vestigation, as illustrated in Table 1. 

Comparison of kidney function parameters 
among the four study groups revealed that blood 
urea levels in group 1 were significantly lower than in 
group 2 at p < 0.001. However, no other differences 
were observed between the other groups, as depicted 
in Figure 2A.

Serum creatinine levels exhibited significant 
changes after treatment (group 2) compared to before 
MePro administration (group 1), as well as control lev-
els before and after the study endpoint, with p < 0.001. 
The data for creatinine before MePro administration 
were comparable to the control group, showing no sig-
nificant difference, as illustrated in Fig. 2B.

Regarding oxidative stress parameters, the results 
indicated a statistically significant increase in serum 
MDA levels alongside a significant reduction in TAS 
in group 2 compared to the other groups included, at p 
< 0.001. No other noticeable differences were observed 
among the other studied groups, as outlined in Fig. 2C 
and D, respectively.

Observational results before dissection. Through-
out the study period, no loss of any evaluated rats oc-
curred in any of the groups. Overall, the rats exhibited 
normal physical activity and food consumption, with 
a significant increase in weight. Figure 3 compares the 
weights of rats before and after MePro administration 
across the studied groups, highlighting a notable differ-
ence, as depicted in the figure.
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Fig. 2. Comparison of blood urea, serum creatinine, MDA, and TAS results between the explored groups.

The results are stated as mean±SD for each bar in the figure and the studied groups are shown to be different statistically (wherever 
specified at ***p < 0.001) via using one-way ANOVA. Such differences in mean values were judged using Tukey’s post hoc test. (A) 

Comparison of blood urea between the studied groups shows a significant difference between G1 and G2. (B), (C) and (D)  
Comparison of serum creatinine, MDA and TAS, respectively, between the studied groups shows that G2 is significantly  

different from the other studied groups. G1: group 1. G2: group 2. G3: group 3. G4: group 4. 

Abbreviations: MDA, malondialdehyde. TAS, total antioxidant status.

Fig. 3. Comparison of weight between the studied groups.

The results are formatted as mean±SD for each bar. Comparison 
between groups is indicated to be significant  

at ***p < 0.001, using one-way ANOVA. Such differences in 
mean values were judged using Tukey’s post hoc test.  

G1: group 1. G2: group 2. G3: group 3. G4: group 4. gm: gram.

Kidney observations and histological findings. The 
kidney morphological observations revealed normal 
architecture of glomeruli and renal tubules among the 
control rats. The only exception was the presence of 
congestion in some blood vessels with mild hemorrhage 
(Fig. 4). 

Fig. 4. Photomicrograph of the control’s kidney at the end of 
the study period. The normal architecture of glomeruli and 

kidney tubules apart from the presence of mild congestion (C) 
and hemorrhage (H). H and E stain, 400X.
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In contrast, renal histopathology following me-
droxyprogesterone use (Group 2) showed extensive 
deposition of hyaline casts in the renal tubule lumens, 
indicating tubular and interstitial lesions. Additionally, 
vascular lesions, hemorrhage, and inflammatory cell 
infiltration were evident, indicating a detrimental effect 
of MePro on the rats’ kidneys (Fig. 5). This disparity in 
histological findings between the two groups clearly in-
dicates the damaging effect of MePro on kidney tissue, 
leading to subsequent impairment in renal function.

Fig. 5. Photomicrograph of kidney after 8 weeks of using 
medroxyprogesterone. Deposition of pretentious material 

(hyaline casts) in the lumen of renal tubules (HC), 
hemorrhage (H) with inflammatory cell infiltration (i).  

H and E stain, 400X.

Discussion. Progesterone, as a steroid sex hor-
mone,  has been proven to be crucial for a variety of 
bodily functions, including the stimulation and main-
tenance of pregnancy, reno-protection, in addition to 
regulation of the immune system. However, research 
revealed that such effects are not always true for exog-
enously administered sex hormones [12]. Oral estrogen 
therapy was shown to be associated with a decline in 
kidney function in postmenopausal females [13]. Simi-
larly, exogenous progesterone has also been proven to 
have deleterious effects on the kidneys when compared 
to endogenous progesterone, with some studies having 
reported that the stronger the androgenic and progesta-
tional effect of progesterone, used mostly in contracep-
tive pills, the greater the stimulation of the renin-an-
giotensin-aldosterone system (RAAS) and the negative 
kidney outcomes [14]. Also, estradiol protected against 
proteinuria and glomerulosclerosis in ovariectomized 
rats with 5 out of 6 renal ablation, whereas rats inject-
ed with estradiol and progesterone had similar kidney 
damage as control. Progesterone, in this scenario, is 
predisposed to kidney damage [15]. The current study 
is in agreement with the above findings by demonstrat-
ing that MePro may have deleterious effects on the 
kidney as revealed from biochemical and observational 
investigations. Such a consequence can probably be 
augmented due to the negative effects of MePro on oxi-
dative stress parameters. However, one study disagreed 
with this consequence by showing that acute progester-
one administration was associated with reduced urinary 

excretion of potassium in comparison to control with 
no other apparent changes in kidney function [16]. Ob-
viously, sex hormones are linked with the advancement 
of chronic kidney damage to end-stage kidney disease 
(ESKD). But, on the other hand, ESKD has a clear 
sexual dimorphism in terms of incidence and preva-
lence. The incidence of ESKD is much higher in males 
than in females across all age categories, according to 
the research records [17, 18]. This is presumably be-
cause male hormones have negative impacts on oxida-
tive stress, activation of the RAAS, and progressive fi-
brosis within the injured kidney [19]. Interestingly, the 
database of research also shows that the prevalence of 
chronic renal disease in males is substantially lower than 
in females [20]. In addition, the current research has 
revealed a negative impact of MePro on oxidative stress 
parameters, a case which could predispose to a wide 
range of adverse reactions if the drug is used chronical-
ly. Generally, the pathophysiology of several diseases 
and disorders including renal disorders has been linked 
to oxidative stress [21]. The high amount of reactive 
oxygen species (ROS) causes oxidative stress, which 
leads to either more ROS production or a reduction in 
antioxidant capacity. Oxidative stress occurs when cells 
produce more ROS than their intrinsic antioxidant ca-
pacity, resulting in damage to normal cells and tissues. 
ROS can attack basic organic substances such as pro-
teins, nucleic acids, fatty acids (especially polyunsatu-
rated), and, to a slightly lesser degree, carbohydrates 
[22]. This effect was noticed when MePro was adminis-
tered with 17β-estradiol for 8 weeks in ovariectomized 
rats, where increased cardiac-ROS production and 
myocardial over-expression of NADPH oxidase sub-
units were increased and potentially linked to impaired 
left ventricular function. These findings support the hy-
pothesis that adding MePro to a 17β-estradiol medica-
tion complicates post-myocardial infarction (MI) car-
diovascular injury and thus helps to explain the negative 
results of prospective clinical investigations due to the 
disturbance of oxidant/antioxidant status [23]. Also, 
ovarian oxidative stress was prominent in female Wistar 
rats receiving depot of MePro for 4 weeks, indicating a 
negative role for MePro on antioxidant status [24]. The 
proposed mechanism of renal pathophysiology due to 
progesterone derivatives use is still unclear. However, 
progesterone may be converted into testosterone and 
dihydrotestosterone in the kidney by the 5-alpha reduc-
tase enzyme. As a result, part of the proposed proges-
terone’s negative renal effects could be attributed to its 
androgenic actions [25]. Additionally, progesterone re-
ceptors have been detected in the medulla and cortex of 
both females and males, albeit they are mostly concen-
trated in distal tubule cells [26]. Progesterone occupies 
the mineralocorticoid receptor (MR) with an excessive 
affinity, where it can work as an MR antagonist [27]. 
Progesterone alone or in combination with estrogen at-
tenuated kidney damage in rats mediated by the MR, 
proposing that progesterone may have functioned as an 
MR antagonist. Progesterone, on the other hand, could 
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be processed in the kidneys to some metabolites with a 
decreased potential for MR [28]. 

Considering the clinical implications, MePro ad-
ministration in the present study was shown to harm 
the kidneys after 8 weeks of administration in female 
Albino rats. However, the use of this hormone in hu-
mans may extend extensively beyond such a period. 
Long-term exposure to MePro may subject the indi-
viduals to augmented deleterious consequences on the 
kidneys and is predicted to predispose them to further 
complications in the other organs and body systems. 
Commonly, prolonged usage of the slowly released 
depot of MePro acetate has been practiced in many 
clinical settings for controlling birth and as a replace-
ment hormone [29].  A series of complications have 
been linked to the overuse of MePro for long periods, 
which may be due to reduced circulating estrogen. 
This action could predispose to multiple disadvantag-
es including blood vessel problems, boosted mass of 
body fat, weight gain, amenorrhea, or irregular bleed-
ing [30]. The Long-term use of these contraceptives 
at a young age may be associated with cardiovascular 
complications in the future due to endothelial dys-
function [31]. Additionally, investigating the effect of 
prolonged use of MePro (more than 2 years) on lipid 
profile in healthy women revealed a significant in-
crease in LDL and cholesterol levels in comparison to 
the control [32]. Furthermore, lower extremities deep 
vein thrombosis, insulin resistance with abnormal 
high glucose levels, and increased fracture risk have 
been recently reported in a female who has received 
depot of MePro acetate for around 10 years [33]. All 
of these findings highlight the importance of following 
strict indications scenarios for this drug while paying 
more attention to the possible disadvantages on body 
organs. Moreover, monitoring the parameters of renal 
function, lipid profile, glycemic status and cardiovas-
cular health are also advised in long-term users. It is 
also important to inform the women about predicted 
risks of prolonged use, where off-periods are recom-
mended to avoid such complications.

While the present study used an animal mod-
el, translation of the observed nephrotoxic effects 
of MePro to real-world scenarios for women using 
this drug for contraception or hormone replacement 
therapy is essential. In general, there are many well-
documented instances of drugs’ effects in animals in 
which the revealed outcomes were applied to human 
models [34]. However, there is still little consensus on 
the impact of hormone replacement therapy on kidney 
function due to the limited and inconsistent clinical 
data in humans. Nonetheless, the revealed nephrotox-
ic potential of MePro in the present study may warn 
of the potential risk of using this hormone, especially 
for a long period. It has been shown in a survey of ne-
phrologists that more than 43% of women are unaware 
of the effect of menopausal hormone replacement or 
contraceptives,  indicating that increased awareness 
is needed in order to avoid the possible dangerous ef-

fects of exogenous hormones on the kidney and other 
organs in healthy women and in those with impaired 
renal function [35]. The present study used female rats 
at the age of fertility as a model to reveal that MePro 
administration has adverse outcomes on kidney func-
tion and histology. Such finding highlights that when 
MePro is administered to women may result in nega-
tive consequences on the kidneys, especially in those 
who are more susceptible to kidney damage or in pa-
tients with compromised renal function. Such find-
ings may help healthcare professionals to decide the 
optimal choice of hormone replacement therapy on a 
personalized basis or to suggest other methods of con-
traception. Future studies are recommended to reveal 
the exact molecular mechanism through which MePro 
impact the overall health of the kidney and whether 
the produced renal toxicity is augmented with pro-
longed use of this drug.

Limitations. The primary limitation of the study 
was the small sample size. To extrapolate the findings, 
larger sample sizes and human-based clinical trials, 
especially those involving long-term administration of 
progestins with long elimination half-lives like MePro, 
are necessary.

Conclusions. The exogenously administered 
progesterone in this study predisposed to renal dam-
age, reflected by a significant increase in urea and 
creatinine with kidney morphological changes and 
extensive deposition of hyaline casts in the lumen of 
renal tubules, vascular lesions, hemorrhage, and in-
filtration of inflammatory damage. Additionally, the 
oxidative stress status deteriorated, potentially exac-
erbating the negative impact on the kidneys and other 
organs. However, the specific underlying mechanisms 
behind the deleterious effects of exogenously admin-
istered progesterone on the kidney in premenopausal 
and postmenopausal females, as well as its impact on 
oxidative stress status, should be the focus of future in-
vestigations.
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