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Can the negative effects of ketamine abuse on  female genital organs 
be prevented by nimesulide? An experimental study
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Abstract. The objective of this study is to investigate the effects of nimesulide on ketamine-induced 
ovarian and uterine toxicity by biochemical and histopathological examinations. Ketamine is an 
anesthetic agent whose use leads to overproduction of catecholamines. Nimesulide is a cyclooxy-
genase-2 inhibitor, which has also been reported to exert a significant antioxidant effect. Wistar 
albino female rats were randomly divided into three groups as follows: ketamine group (60 mg/
kg), ketamine (60 mg/kg)+nimesulide (50 mg/kg) group, and a healthy control group. Then, the 
biochemical levels and histopathological findings in the ovaries and uteri of the rats were exam-
ined for malondialdehyde, myeloperoxidase, total glutathione and superoxide dismutase. The 
study demonstrated that, in the uterine and ovarian tissues of rats that have been administered 
ketamine, there was a decrease in the levels of total glutathione and superoxide dismutase, while 
malondialdehyde and myeloperoxidase was increased: however it was observed that these ratios 
were reversed in the ketamine+nimesulide group. It was also proved that the negative effects of 
ketamine can be corrected with nimesulide when the myometrial and endometrial thicknesses are 
compared. Antioxidants such as nimesulide may protect against the damage caused by ketamine 
to the genital organs in young women.
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Introduction

Ketamine is a phencyclidine-derived intravenous anesthetic 
(Craven 2007). Ketamine has become a drug whose use 
has been abused in many countries (Weiner et al. 2000). 
Ketamine abuse and related deaths have increased in recent 
years. In the case of subanesthetic doses of ketamine, disso-
ciative effects occur called ‘fall into K cavity’, ‘K-chamber’ or 
‘K-land’ (Dalgarno and Shewan 1996) and include waking 
dreams and illusions (Dong et al. 2019). The acute effects 

of ketamine disappear within 15 to 45 minute after being 
administered. However, complications may occur days 
or weeks after taking ketamine (Freese et al. 2002; Lim 
2003). As the tolerance to ketamine develops, the daily 
dose of ketamine can be increased up to 4 g. This leads to 
further aggravation of ketamine complications (Lim 2003). 
In addition, the use of high doses of ketamine may cause 
complications such as tachycardia and elevated arterial 
blood pressure, which may adversely affect myocardial 
function (Craven 2007). It is argued that these toxic effects 
of ketamine result from sympathomimetic activity (White 
and Ryan 1996). Ketamine use leads to overproduction 
of catecholamines (Dalgarno and Shewan 1996; Aksoy et 
al. 2014). Excess production of catecholamines has been 
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reported to cause oxidative tissue damage (Lim 2003; 
Hašková et al. 2011). 

Nimesulide selectively inhibits the enzyme cyclooxy-
genase-2 (COX-2) (Khan et al. 2011). It has anti-inflam-
matory, antipyretic and analgesic effects (Suleyman et 
al. 2008). In published literature, nimesulide has been 
reported to inhibit endogenous adrenoreceptor (ADR) 
production (Suleyman et al. 2007). Nimesulide has also 
been reported to exert a significant antioxidant effect by 
suppressing oxidative stress, which plays an important role 
in the pathogenesis of tissue damage (Isaoglu et al. 2012; 
Demiryilmaz et al. 2014).

The release of reactive oxygen species (ROS) is the major 
factor in oxidative stress. ROS affect cellular membrane 
lipids with lipid peroxidation and lead to the formation 
of malondialdehyde (MDA). MDA can damage both the 
membrane structure and cell functions. Myeloperoxidase 
(MPO) enzyme is a lysosomal enzyme secreted from leuco-
cytes as a response to oxidative stress. MPO forms ROS and 
plays a role in oxidative stress reactions. Some antioxidant 
enzymes, such as superoxide dismutase (SOD), glutathione 
peroxidase (GPx) or nonezymatic compounds like glu-
tathione (GSH), protect the tissue from oxidative damage. 
The balance between ROS and antioxidants determines the 
severity of oxidative stress (Velioglu et al. 2019). It has been 
reported that ketamine administration increased oxidant 
markers including MDA and MPO, whereas nimesulide ap-
plication has been shown to increase antioxidant parameters 
including SOD and total glutathione (tGSH) (Arslan et. al. 
2016; Ahiskalioglu et al. 2018).

According to the above mentioned information, it was 
thought that the oxidative tissue damage caused by keta-
mine through catecholamine synthesis may be prevented 
by nimesulide by reducing the endogenous adrenoreceptor 
synthesis. There was no information about the effects of ni-
mesulide on ketamine-induced ovarian and uterine toxicity 
in the literature reviewed. Therefore, the aim of this study 
was to investigate the effects of nimesulide on ketamine-
induced ovarian and uterine toxicity by biochemical and 
histopathological investigations.

Materials and Methods

Animals

The recommendations of the ‘National Institute of Health 
guide for the care and use of Laboratory animals (NIH Pub-
lications No. 8023, revised 1978) were taken into considera-
tion. A total of 18 Wistar albino female rats weighing from 
260 to 275 g were randomly selected for use in the study. 
Animals were housed and fed at normal room temperature 
(22 to 24°C) prior to the experiment. This study was car-

ried out in accordance with international guidelines on the 
ethical use of animals (Ethics Committee Date and Number: 
22.11.2018-12/212).

Experimental groups

Rats were randomly divided into three groups as follows: 
ketamine (60 mg/kg) group (Ket group, n = 6), ketamine 
(60 mg/kg)+nimesulide (50 mg/kg) group (Ket+Nim group; 
n = 6), and a healthy control group (Control group, n = 6). 
Nimesulide has been shown to be effective in animals at 
doses ranging from 50 to 100 mg/kg in the published litera-
ture (Demiryilmaz et al. 2014). Therefore, nimesulide was 
administered to the rats in the Ket+Nim group by oral gavage 
at a dose of 50 mg/kg. The rats were injected with ketamine 
at a dosage of 60 mg/kg intraperitoneally (i.p.), except for 
the Control group. Because, this dose of ketamine was the 
maximum effective dose reported to create oxidative stress 
in rats (Aksoy et al. 2014).

Chemical substances

The ketamine used in the study was provided by Pfizer 
(USA), and nimesulide was provided by Sanovel (Turkey).

Experimental procedure

The rats in the Ket+Nim group were administered nime-
sulide by oral gavage at a dose of 50 mg/kg. At the same 
time, the same volume of distilled water was applied to the 
Ket and Control groups by an oral method. One hour after 
administration of the nimesulide and distilled water, the 
rats were injected with ketamine at a dosage of 60 mg/kg 
i.p., except for the Control group. Nimesulide, ketamine 
and distilled water were applied at the indicated dose and 
volume once a day for 30 days using the same method. At 
the end of this period, six rats from each group were killed 
by decapitation. Their ovarian and uterine tissues were 
removed, and the levels of MDA, MPO, SOD and tGSH 
were measured. Oxidant and antioxidant parameters were 
measured to evaluate oxidative stress in both types of tis-
sue. The tissues were also examined histopathologically. 
Biochemical and histopathologic results were compared 
between the groups.

Biochemical analysis of ovarian and uterine tissues

All of the ovarian and uterine tissues were weighed and 
homogenized on ice with 2 ml of suitable buffer. For the 
biochemical analysis, 0.5% hexadecyltrimethyl ammonium 
bromide (at a  pH  6), and phosphate buffered saline (at 
a pH 7.5) were used. Then, they were centrifuged and the 
supernatant was used for analysis.
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Measurement of MDA 

The measurement of tissue lipid peroxidation was deter-
mined by estimating the MDA using the thiobarbituric 
acid test involving measurement with a spectrophotometer 
at a wavelength of 532 nm as used by Ohkawa et al. (1979). 
The results were expressed as micromol/gram of protein.

Measurement of MPO 

The activity of MPO in the tissue homogenate was analyzed 
according to the method described by Wei and Frenkel, with 
some modifications (Bradley et al. 1982). The sample was 
homogenized with phosphate buffer. A 1.3 ml amount of 
4-aminoantipyrine-2% phenol (25 mM) solution was added 
to the tissue homogenate and MPO activity was measured 
with a spectrophotometer at a wavelength of 412 nm. The 
results were expressed as Unit/gram of protein.

Measurement of tGSH

The concentration of tGSH in the tissue was measured 
according to the process described by Sedlak and Lindsay 
(1968). The tissue homogenate was used to determine 
GSH using DTNB (5,5’-dithiobis [2-nitrobenzoic acid]). 
The absorbance was measured with a  spectrophotometer 
at a wavelength of 412 nm. The results were expressed as 
nanomol/gram of protein.

Measurement of SOD activitiy

The measurement of the SOD activity was performed ac-
cording to the method of Sun et al. (1988). SOD is a product 
of uric acid metabolism, which is controlled by xanthine 
oxidase. SOD reacts with nitro blue tetrazolium (NBT) and 
a purple-colored formazan dye occurs. The absorbance of 
the formazan was measured at a wavelength of 560 nm using 
a  spectrophotometer. The results were expressed as Unit/
gram of protein.

Histopathological analysis

The samples of tissues were first treated with a 10% formal-
dehyde solution for microscopic evaluation. After that, the 
samples of tissue were washed under tap water in cassettes 
for one day. Alcohol at concentrations of 70, 80, 90 and 
100% were applied to the samples, respectively. Tissues 
were then embedded in paraffin. Five micron sections were 
prepared and hematoxylin–eosin staining was applied. The 
histopathological photos were taken using the Olympus 
DP2-SAL firmware program (Olympus® Inc. Tokyo, Japan) 
for assessment. The myometrial thickness and the endome-
trial thickness were duly measured (Teixeira et al. 2014). 

The measurements were obtained from six different regions 
for each layer. The mean value of the measurements was 
taken and the results were expressed in micrometers (μm). 
Histopathological examination was carried out by a blind 
reading of the histology.

Statistical analysis

SPSS 22.0 software was employed for the statistical analy-
sis (SPSS Inc, Chicago, IL). Mean and standard deviation 
descriptive statistical methods were obtained. Differ-
ences among the three groups were evaluated with Tukey 
analysis. A p < 0.05 level was considered to be statistically 
significant.

Results

All rats completed the study without any fatalities. As seen in 
Figure 1 (for ovarian tissues), the MDA level in the ovarian 
tissue was measured to be 1.5 ± 0.3 μmol/g of protein in the 
Control group and 4.6 ± 0.4 μmol/g of protein in the Ket 
group. When compared to the Control group, the increase 
in MDA level in the Ket group was significant (p < 0.05). 
A 50 mg/kg dose of nimesulide reduced the level of MDA 
(2.1 ± 0.3 μmol/g of protein) significantly compared to the 
Ket group (p < 0.05). 

Figure 1. Malondialdehyde (MDA), myeloperoxidase (MPO), 
total glutathione (tGSH), and superoxide dismutase (SOD) levels 
of ovarian tissues for 3 groups. Control, healthy control group; 
Ket, ketamine group; Ket+Nim, ketamine + nimesulide group. 
Data are mean ± SD.
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When the other two groups were compared with the Ket 
group, MPO significantly increased in the Ket group (7.7 ± 
0.4 U/g of protein), but the value in the Ket+Nim group (3.0 
± 0.4 U/g of protein) was close to the Control group (2.4 ± 
0.3 U/g of protein) (p < 0.05).

Ketamine application significantly decreased the tGSH 
level in the ovarian tissue of rats compared to the Control 
group (p  < 0.05). The tGSH levels were measured to be 
8.8 ± 0.4 nmol/g of protein in the Control group and 3.5 ± 
0.3 nmol/g of protein in the Ket group. It was found that 
50 mg/kg of nimesulide, by comparison with the Ket group, 
significantly improved the tGSH level (8.1 ± 0.3 nmol/g of 
protein) in the Ket+Nim group (p < 0.05).

When the other two groups were compared with the Ket 
group, SOD significantly decreased in the Ket group (5.7 
± 0.5 U/g of protein), but the value in the Ket+Nim group 
(12.1 ± 1.4 U/g of protein) was close to the Control group 
(13.3 ± 1.6 U/g of protein) (p < 0.05).

As seen in Figure 2 (for uterine tissues), the MDA level 
in the uterine tissue was measured to be 1.3 ± 1.1 μmol/g of 
protein in the Control group and 3.6 ± 0.2 μmol/g of protein 
in the Ket group. When compared to the Control group, the 
increase in MDA level in the Ket group was significant (p < 
0.05). A 50 mg/kg dose of nimesulide reduced the level of 
MDA (1.5 ± 0.2 μmol/g of protein) significantly compared 
to the Ket group (p < 0.05). 

When the other two groups were compared with the Ket 
group, MPO significantly increased in the Ket group (6.9 ± 

0.8 U/g of protein), but the value in the Ket+Nim group (2.9 
± 0.4 U/g of protein) was close to the Control group (2.3 ± 
0.3 U/g of protein) (p < 0.05).

Ketamine application significantly decreased the tGSH 
level in the uterine tissue of rats compared to the Control 
group (p  < 0.05). The tGSH levels were measured to be 
9.6 ± 0.2 nmol/g of protein in the Control group and 4.1 
± 0.2nmol/g of protein in the Ket group. It was found that 
50 mg/kg of nimesulide, by comparison with the Ket group, 
significantly improved the tGSH level (8.9 ± 0.3 nmol/g of 
protein) in the Ket+Nim group (p < 0.05).

When the other two groups were compared with the Ket 
group, SOD significantly decreased in the Ket group (7.7 
± 0.4 U/g of protein), but the value in the Ket+Nim group 
(16.5 ± 1.3 U/g of protein) was close to the Control group 
(18.5 ± 1.8 U/g of protein) (p < 0.05).

Histological examination of ovaries in the Control group 
revealed that overall ovarian tissue appearence was normal 
in the cortex and medulla (Figure 3A). In the Ket group, 
a  microscopic examination showed vascular dilation and 
congestion, explicit polymorphonuclear cell infiltration in 
developing follicules, intensive edema in follicular cells, 
especially in the intersititial area (Figure 3B,  C). Rats’ 
ovaries treated with nimesulide prior to ketamine showed 
mild vascular congestion and a normal follicular structure. 
Intersititial and follicular edema were greatly decreased and 
polymorphonuclear cell infiltration was not observed in the 
developing follicules (Figure 3D).

When the uterine tissue was examined, it was observed 
that all the structures of the uterine tissue were normal in 
the Control group, and the luminal and glandular epithe-
lium were characterized by simple columnar epithelium 
(Figure 4A). In the Ket group, the luminal epithelium and 
glandular epithelium showed localized pericellular edema 
and degeneration. In addition, mild vascular congestion in 
the mucosa and inflammatory cell infiltration was observed 
around the uterine glands. Also vacuolized bodies were 
observed in the lumen of uterine glands as evidenced by 
epithelial denudation (Figure 4B, C). In rats’ uterine tissues 
treated with nimesulide prior to the ketamine dose, the uter-
ine luminal and glandular epithelium showed diminished 
pericellular edema, infrequent vascular congestion in the 
mucosa and comparatively decreased inflammatory cell in-
filtration around the uterine glands. Vacuolised bodies were 
not detected in the lumen of the uterine glands (Figure 4D).

The endometrial thickness (ET) was higher in the Control 
and Ket+Nim groups compared with the Ket group [Control 
group (304.3 ± 4.7 μm) > Ket+Nim group (269 ± 22.2 μm) 
> Ket group (174 ± 9.7 μm), p < 0.05]; also the myometrial 
thickness (MT) was higher in the Control and Ket+Nim 
groups compared to the Ket group [Control group (89.1 ± 
7.9 μm) > Ket+Nim group (70.5 ± 8.7 μm) > Ket group (46.5 
± 3.2 μm), p < 0.05] (Figure 5).

Figure 2. Malondialdehyde (MDA), myeloperoxidase (MPO), total 
glutathione (tGSH), and superoxide dismutase (SOD) levels of uter-
ine tissues for 3 groups. Control, healthy control group; Ket, ketamine 
group; Ket+Nim, ketamine+nimesulide group. Data are mean ± SD.
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Figure 3. The histological 
findings of the ovarian tissue. 
A. Control group (H&E, 100× 
magnification). B. Ketamine 
group (H&E, 100× magnifi-
cation). C. Ketamine group 
(H&E, 400× magnification). 
D. Ketamine+nimesulide 
group (H&E, 100× magnifi-
cation). CL, corpus luteum; 
DF, developing follicule; 
DDF, degenerated develop-
ing follicule; EDF, edema in 
developing follicule; EInt, 
intersititial edema; Int, inter-
sititial area; PMN, polimor-
phonuclear cell infiltration; 
« congested blood vessel.

Figure 4. The histological 
findings of the uterine tissue. 
A. Control group (H&E, 100× 
magnification). B. Ketamine 
group (H&E, 100× magnifi-
cation). C. Ketamine group 
(H&E, 200× magnification). 
D. Ketamine+nimesulide 
group (H&E, 100× magni-
fication). DEP, pericellular 
edema and degeneration in 
epithelium; EP, epithelium; 
GL, uterine gland; LP, lamina 
propria; Ø  vacuolised bod-
ies; è  inflamatuar cell infil-
tration; «  congested blood 
vessel.

Discussion

Ketamine is an anesthetic agent which has been used for 
amusement by drug abusers in recent years. Abusers are 
mostly in the younger and fertile age group (Onaolapo et al. 

2018). Examining the published literature, numerous animal 
studies were carried out to prove the effects of ketamine on 
the organs and systems (Ozturk et al. 2014; Ahiskalioglu et 
al. 2018; Onaolapo et al. 2018). However, there are no studies 
on the effects of ketamine on uterus and ovary. The aim of 
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the present study was to demonstrate the ketamine-induced 
uterine and ovarian damage for the first time in the literature, 
and to examine the efficacy of nimesulide in preventing 
this damage. This study was designed to see how ketamine 
acts on uterine and ovarian tissues and how to eliminate its 
side effects. However, we know from previous animal stud-
ies that ketamine causes oxidative stress in the tissues and 
this can be prevented by nimesulide (Suleyman et al. 2008; 
Onaolapo et al. 2018).

Onaolapo et al. (2018) showed that subchronic ketamine 
use changes brain morphology and the behaviors of rats by 
increasing glutamate levels. Accordingly, oxidative stress and 
caspase-3-mediated apoptosis increased in the brain tissue. 
They used different ketamine dosages (7.5, 15 or 30 mg/
kg daily) for 8 weeks. MDA concentration increased in the 
groups where ketamine was used, compared to the control 
group, while SOD and GSH activity significantly decreased 
in those groups. In that study, neurodegenerative changes 
were seen histopathologically in the brain tissue of the group 
using ketamine, while morphological changes have shown 
brain damage in this study.

The effects of ketamine are dose-dependent. Intramus-
cular doses of 3–4 mg/kg are typically used by emergency 
physicians to induce sedation. A typical recreational dose of 
ketamine is 100–200 mg (Weiner et al. 2000). As the toler-
ance to ketamine develops, the daily dose of ketamine can 
be increased up to 4 g (Lim 2003). For this study, ketamine 

was applied at a dosage of 60 mg/kg i.p., once a day for 30 
days. Two oxidant (MDA, MPO) and two antioxidant (tGSH, 
SOD) parameters were analyzed biochemically, and their 
levels were examined in terms of 3 experimental groups. It 
was determined that the oxidant parameters increased in the 
groups treated with ketamine, but antioxidant parameters 
increased when nimesulide was applied to the same group. 
Our biochemical findings support published literature. The 
histopathological findings of our experimental animals also 
support our biochemical results. Thus, the side effects of 
oxidative stress caused by ketamine were biochemically and 
histopathologically confirmed in uterine and ovarian tissue.

Previous studies showed that nimesulide had a  major 
antioxidant effect by depressing oxidative stress. Demiry-
ilmaz et al. (2014) showed nimesulide’s antioxidant effect at 
50 mg/kg and 100 mg/kg doses on liver tissue. In our study, 
we applied nimesulide at a dosage of 50 mg/kg daily for 30 
days. The examination of the Ket+Nim group revealed that 
tGSH and SOD levels increased and the morphological tissue 
damage caused by ketamine was corrected. It has been shown 
in previous animal studies that oxidative stress in the uterus 
decreases myometrial and endometrial thickness. Teixeira et 
al. (2014) showed that myometrial and endometrial thick-
ness in the uterus decreases due to the decrease of estrogen 
in ovariectomized rats, and this can be prevented by soybean 
extract, which is a  potent antioxidant. Oxidative stress-
induced tissue damage and cell death are the main factors in 
decreasing endometrial and myometrial thickness. Although 
the endometrial thickness varies according to the stages of 
the menstrual cycle, myometrial thickness decreases, which 
is the strongest evidence of tissue damage caused by oxida-
tive stress. In our study, we proved that the negative effects 
of ketamine can be corrected with nimesulide by comparing 
the myometrial and endometrial thicknesses between the 
groups. This histological result in our study supported the 
published literature, and it was statistically significant.

There were some restrictions of our experiment. Firstly, 
there is no data about the alleviating effect of nimesulide on 
ketamine-induced uterine and ovarian injury in the pub-
lished literature. Secondly, the usual nimesulide dose is 100 
mg, twice a day, for adults, and 5 mg/kg of body weight in 2 
or 3 divided doses for children. Nimesulide was administered 
to the rats between 10 and 200 mg/kg dosages at the previous 
experimental studies (Suleyman et al. 2007; Borkotoky et al. 
2014). The present study adopted a single dose of nimesulide 
(50 mg/kg) for the experiment. Different doses of nimesulide 
must be applied in the studies to examine the mean effective 
dose for rats and humans. Thirdly, ketamine-induced uterine 
and ovarian injury was demonstrated by the morphological 
modifications in both types of tissue. This damage must be 
evaluated in the other organs and systems by future stud-
ies. Fourthly, the results of experimental studies on animals 
should not be extrapolated to humans.

Figure 5. The averages of endometrial (ET) and myometrial thick-
ness (MT) in the study groups. Control, healthy control group; Ket, 
ketamine group; Ket+Nim, ketamine+nimesulide group. Data are 
mean ± SD.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Borkotoky D%5BAuthor%5D&cauthor=true&cauthor_uid=24116684
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In conclusion, this study showed that nimesulide treat-
ment was highly beneficial in preventing ketamine-induced 
inflammation and oxidative stress in uterine and ovarian 
tissues. Antioxidant molecules such as nimesulide may 
protect against the damage caused by ketamine to the genital 
organs in young women. Prospective clinical studies about 
the fertility capacity of female abusers using ketamine will 
provide more important data on the importance of this issue.
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