
General Physiology and Biophysics
Revised manuscript #4

Title: Can the negative effects of ketamine abuse on female genital organs be prevented by 
nimesulide? – An experimental study
Running title: Nimesulide and Ketamine Induced Damage
Create date: 2019-07-12

Name Affiliations

Asist.Prof. Can TURKLER 1. Gynecology and Obstetrics, Faculty of Medicine, Erzincan 
Binali Yıldırım University, Erzincan, Turkey

Asist.Prof. Taylan ONAT 1. Department of Gynecology and Obstetrics, , Faculty of 
Medicine, , Bozok University , Yozgat, Turkey

Asist.Prof. Engin YILDIRIM 1. Department of Gynecology and Obstetrics, , Faculty of 
Medicine, , Hitit University , Corum, Turkey

Asist.Prof. Selcuk KAPLAN 1. Department of Gynecology and Obstetrics,, Faculty of 
Medicine, , Adıyaman University ,  Adıyaman, Turkey

Asist.Prof. Gulce Naz YAZICI 1.  Department of Histology and Embryology, , Faculty of 
Medicine,, Erzincan Binali Yıldırım University , Erzincan, 
Turkey

Asist.Prof. Renad MAMMADOV 1. Department of Pharmacology, Faculty of Medicine, Erzincan
Binali Yıldırım University  , Erzincan, Turkey

Asist.Prof. Mukadder SUNAR 1. Department of Anatomy, Faculty of Medicine, Erzincan 
Binali Yıldırım University , Erzincan, Turkey

Corresponding author: Asist.Prof. Can TURKLER <dr_canturkler@yahoo.com>

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 cyclooxygenase-2 
inhibitor, which has also been reported to exert a significant antioxidant effect. Wistar albino female
rats were randomly divided into three groups before experimention as follows: a 60 mg/kg ketamine
group, a 60 mg/kg ketamine+50 mg/kg nimesulide group, and a healthy control group. Then, the 
biochemical levels and histopathological findings in the ovaries and uteri of the rats were examined 
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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organs be prevented by nimesulide? 2 

 An experimental study 3 

ABSTRACT 4 

 The objective of this study is to investigate the effects of nimesulide on ketamine-5 

induced ovarian and uterine toxicity by biochemical and histopathological examinations. 6 

Ketamine is an anesthetic agent whose use leads to overproduction of catecholamines. 7 

Nimesulide is a cyclooxygenase-2 inhibitor, which has also been reported to exert a 8 

significant antioxidant effect. Wistar albino female rats were randomly divided into three 9 

groups before experimention as follows: a 60  mg/kg ketamine group, a 60  mg/kg 10 

ketamine+50  mg/kg nimesulide group, and a healthy control group. Then, the biochemical 11 

levels and histopathological findings in the ovaries and uteri of the rats were examined for 12 

malondialdehyde, myeloperoxidase, total glutathione and superoxide dismutase. The study 13 

demonstrated that, in the uterine and ovarian tissues of rats that have been administered 14 

ketamine, there was a decrease in the levels of total glutathione and superoxide dismutase, 15 

while malondialdehyde and myeloperoxidase was increased: however it was observed that 16 

these ratios were reversed in the ketamine+nimesulide group. It was also proved that the 17 

negative effects of ketamine can be corrected with nimesulide when the myometrial and 18 

endometrial thicknesses are compared. Antioxidants such as nimesulide may protect against 19 

the damage caused by ketamine to the genital organs in young women. 20 
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Introduction 26 

 Ketamine is a phencyclidine-derived intravenous anesthetic (Craven 2007). Ketamine 27 

has become a drug whose use has been abused in many countries (Weiner et al. 2000). 28 

Ketamine abuse and related deaths have increased in recent years. In the case of subanesthetic 29 

doses of ketamine, dissociative effects occur called ‘fall into K cavity’, ‘K-chamber’ or ‘K-30 

land’ (Dalgarno and Shewan 1996) and include waking dreams and illusions (Dong et al. 31 

2019). The acute effects of ketamine disappear within 15 to 45 minute after being 32 

administered. However, complications may occur days or weeks after taking ketamine (Freese 33 

et al. 2002; Lim 2003). As the tolerance to ketamine develops, the daily dose of ketamine can 34 

be increased up to 4  grams. This leads to further aggravation of ketamine complications 35 

(Lim 2003). In addition, the use of high doses of ketamine may cause complications such as 36 

tachycardia and elevated arterial blood pressure, which may adversely affect myocardial 37 

function (Craven 2007). It is argued that these toxic effects of ketamine result from 38 

sympathomimetic activity (White and Ryan 1996). Ketamine use leads to overproduction of 39 

catecholamines (Dalgarno and Shewan 1996; Aksoy et al. 2014). Excess production of 40 

catecholamines has been reported to cause oxidative tissue damage (Lim 2003; Hašková et al. 41 

2011).  42 

 Nimesulide selectively inhibits the enzyme cyclooxygenase-2 (COX-2) (Khan et al. 43 

2011). It has anti-inflammatory, antipyretic and analgesic effects (Suleyman et al. 2008). In 44 

published literature, nimesulide has been reported to inhibit endogenous adrenoreceptor 45 

(ADR) production (Suleyman et al. 2007). Nimesulide has also been reported to exert a 46 

significant antioxidant effect by suppressing oxidative stress, which plays an important role 47 

in the pathogenesis of tissue damage (Isaoglu et al. 2012; Demiryilmaz et al. 2014). 48 

 The release of reactive oxygen species (ROS) is the major factor in oxidative stress. 49 

ROS affect cellular membrane lipids with lipid peroxidation and lead to the formation of 50 
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malondialdehyde (MDA). MDA can damage both the membrane structure and cell functions. 51 

Myeloperoxidase (MPO) enzyme is a lysosomal enzyme secreted from leucocytes as a 52 

response to oxidative stress. MPO forms ROS and plays a role in oxidative stress reactions. 53 

Some antioxidant enzymes, such as superoxide dismutase (SOD), glutathione peroxidase 54 

(GPx) or nonezymatic compounds like glutathione (GSH), protect the tissue from oxidative 55 

damage. The balance between ROS and antioxidants determines the severity of oxidative 56 

stress (Velioglu et al. 2019). It has been reported that ketamine administration increased 57 

oxidant markers including MDA and MPO, whereas nimesulide application has been shown 58 

to increase antioxidant parameters including SOD and total glutathione (tGSH) (Arslan et. al. 59 

2016; Ahiskalioglu et al. 2018). 60 

 According to the above mentioned information, it was thought that the oxidative 61 

tissue damage caused by ketamine through catecholamine synthesis may be prevented by 62 

nimesulide by reducing the endogenous adrenoreceptor synthesis. There was no information 63 

about the effects of nimesulide on ketamine-induced ovarian and uterine toxicity in the 64 

literature reviewed. Therefore, the aim of this study was to investigate the effects of 65 

nimesulide on ketamine-induced ovarian and uterine toxicity by biochemical and 66 

histopathological investigations. 67 

 68 

 69 

 70 

 71 

 72 

 73 

 74 

 75 



4 
 

Materials and Methods 76 

Animals  77 

            The recommendations of the ‘National Institute of Health guide for the care and use of 78 

Laboratory animals (NIH Publications No. 8023, revised 1978)’ were taken into 79 

consideration. A total of 18 Wistar albino female rats weighing from 260 to 275  grams were 80 

randomly selected for use in the study. Animals were housed and fed at normal room 81 

temperature (22 to 24°C) prior to the experiment. This study was carried out in accordance 82 

with international guidelines on the ethical use of animals (Ethics Committee Date and 83 

Number: 22.11.2018-12/212). 84 

Experimental groups 85 

 Rats were randomly divided into three groups before experimention as follows: a 86 

60  mg/kg ketamine group (Ket group; n  =  6), a 60  mg/kg ketamine + 50  mg/kg 87 

nimesulide group (Ket+Nim group; n  =  6), and a healthy control group (Control group; 88 

n  =  6). Nimesulide has been shown to be effective in animals at doses ranging from 50 to 89 

100  mg/kg in the published literature (Demiryilmaz et al. 2014). Therefore, nimesulide was 90 

administered to the rats in the Ket+Nim group by oral gavage at a dose of 50  mg/kg. The rats 91 

were injected with ketamine at a dosage of 60 mg/kg intraperitoneally (i.p.), except for the 92 

control group. Because, this dose of ketamine was the maximum effective dose reported to 93 

create oxidative stress in rats (Aksoy et al. 2014). 94 

Chemical substances 95 

 The ketamine used in the study was provided by Pfizer (USA), and nimesulide was 96 

provided by Sanovel (Turkey). 97 

Experimental procedure 98 

 The rats in the Ket+Nim group were administered nimesulide by oral gavage at a dose 99 

of 50  mg/kg. At the same time, the same volume of distilled water was applied to the Ket 100 
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and control rat groups by an oral method. One hour after administration of the nimesulide and 101 

distilled water, the rats were injected with ketamine at a dosage of 60  mg/kg 102 

intraperitoneally (i.p.), except for the control group. Nimesulide, ketamine and distilled water 103 

were applied at the indicated dose and volume once a day for 30 days using the same method. 104 

At the end of  this period, six rats from each group were killed by decapitation. Their ovarian 105 

and uterine tissues were removed, and the levels of MDA, MPO, SOD and tGSH were 106 

measured. Oxidant and antioxidant parameters were measured to evaluate oxidative stress in 107 

both types of tissue. The tissues were also examined histopathologically. Biochemical and 108 

histopathologic results were compared between the groups. 109 

Biochemical analysis of ovarian and uterine tissues  110 

 All of the ovarian and uterine tissues were weighed and homogenized on ice with 111 

2  mL of suitable buffer. For the biochemical analysis, 0.5% hexadecyltrimethyl ammonium 112 

bromide (at a pH of 6), and phosphate buffered saline (at a pH of 7.5) were used. Then, they 113 

were centrifuged and the supernatant was used for analysis. 114 

Measurement of MDA  115 

 The measurement of tissue lipid peroxidation was determined by estimating the MDA 116 

using the thiobarbituric acid test involving measurement with a spectrophotometer at a 117 

wavelength of 532 nm as used by Ohkawa et al. (1979). The results were expressed as 118 

micromol/gram of protein. 119 

Measurement of MPO  120 

 The activity of MPO in the tissue homogenate was analyzed according to the method 121 

described by Wei and Frenkel, with some modifications (Bradley et al. 1982). The sample 122 

was homogenized with phosphate buffer. A 1.3  mL amount of 4-aminoantipyrine-2% phenol 123 

(25  mM) solution was added to the tissue homogenate and MPO activity was measured with 124 
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a spectrophotometer at a wavelength of 412  nm. The results were expressed as Unit/gram of 125 

protein. 126 

Measurement of tGSH 127 

 The concentration of  tGSH in the tissue was measured according to the process 128 

described by Sedlak J and Lindsay RH (1968). The tissue homogenate was used to determine 129 

GSH using DTNB (5,5’-dithiobis [2-nitrobenzoic acid]). The absorbance was measured with a 130 

spectrophotometer at a wavelength of 412  nm. The results were expressed as nanomol/gram 131 

of protein. 132 

Measurement of SOD activitiy 133 

 The measurement of the SOD activity was performed according to the method of Sun 134 

et al. (1988). SOD is a product of uric acid metabolism, which is controlled by xanthine 135 

oxidase. SOD reacts with nitro blue tetrazolium (NBT) and a purple-colored formazan dye 136 

occurs. The absorbance of the formazan was measured at a wavelength of 560  nm using a 137 

spectrophotometer. The results were expressed as Unit/gram of protein. 138 

Histopathological analysis 139 

 The samples of tissues were first treated with a 10% formaldehyde solution for 140 

microscopic evaluation. After that, the samples of tissue were washed under tap water in 141 

cassettes for one day. Alcohol at concentrations of 70%, 80%, 90% and 100% were applied to 142 

the samples, respectively. Tissues were then embedded in paraffin. Five micron sections were 143 

prepared and hematoxylin–eosin staining was applied. The histopathological photos were 144 

taken using the Olympus DP2-SAL firmware program (Olympus® Inc. Tokyo, Japan) for 145 

assessment. The myometrial thickness and the endometrial thickness were duly measured 146 

(Teixeira et al. 2014). The measurements were obtained from six different regions for each 147 

layer. The mean value of the measurements was taken and the results were expressed in 148 
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micrometers (μm). Histopathological examination was carried out by a blind reading of the 149 

histology. 150 

 151 

Statistical analysis 152 

 SPSS 22.0 software was employed for the statistical analysis (SPSS Inc., Chicago, IL). 153 

Mean and standard deviation descriptive statistical methods were obtained. Differences 154 

among the three groups were evaluated with Tukey analysis. A p< 0.05 level was considered 155 

to be statistically significant. 156 

 157 

 158 

 159 

 160 

 161 

 162 

 163 

 164 

 165 

 166 
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 169 

 170 

 171 

 172 
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Results 174 

 All rats completed the study without any fatalities. As seen in Figure 1 (for ovarian 175 

tissues), the MDA level in the ovarian tissue was measured to be 1.5   ±  0.3 μmol/g of 176 

protein in the control group and 4.6  ±  0.4  μmol/g of protein in the Ket group. When 177 

compared to the control group, the increase in MDA level in the Ket group was significant (p 178 

< 0.05). A 50  mg/kg dose of nimesulide reduced the level of MDA (2.1  ±  0.3 μmol/g of 179 

protein) significantly compared to the Ket group (p < 0.05).  180 

 When the other two groups were compared with the Ket group, MPO significantly 181 

increased in the Ket group (7.7  ±  0.4 U/g of protein), but the value in the Ket+Nim group 182 

(3.0  ±  0.4  U/g of protein) was close to the control group (2.4  ±  0.3 U/g of protein) (p < 183 

0.05). 184 

Ketamine application significantly decreased the tGSH level in the ovarian tissue of 185 

rats compared to the control group (p < 0.05). The tGSH levels were measured to be 186 

8.8  ±  0.4  nmol/g of protein in the control group and 3.5  ±  0.3 nmol/g of protein in the 187 

Ket group. It was found that 50  mg/kg of nimesulide, by comparison with the Ket group, 188 

significantly improved the tGSH level (8.1  ±  0.3 nmol/g of protein) in the Ket+Nim group 189 

(p  <  0.05). 190 

When the other two groups were compared with the Ket group, SOD significantly 191 

decreased in the Ket group (5.7  ±  0.5 U/g of protein), but the value in the Ket+Nim group 192 

(12.1  ±  1.4  U/g of protein) was close to the control group (13.3  ±  1.6 U/g of protein) (p 193 

< 0.05). 194 

 As seen in Figure 2 (for uterine tissues), the MDA level in the uterine tissue was 195 

measured to be 1.3  ±  1.1 μmol/g of protein in the control group and 3.6  ±  0.2  μmol/g of 196 

protein in the Ket group. When compared to the control group, the increase in MDA level in 197 
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the Ket group was significant (p < 0.05). A 50  mg/kg dose of nimesulide reduced the level of 198 

MDA (1.5  ±  0.2 μmol/g of protein) significantly compared to the Ket group (p < 0.05).  199 

 When the other two groups were compared with the Ket group, MPO significantly 200 

increased in the Ket group (6.9  ±  0.8 U/g of protein), but the value in the Ket+Nim group 201 

(2.9  ±  0.4  U/g of protein) was close to the control group (2.3  ±  0.3 U/g of protein) (p < 202 

0.05). 203 

Ketamine application significantly decreased the tGSH level in the uterine tissue of 204 

rats compared to the control group (p < 0.05). The tGSH levels were measured to be 205 

9.6  ±  0.2  nmol/g of protein in the control group and 4.1  ±  0.2 nmol/g of protein in the 206 

Ket group. It was found that 50  mg/kg of nimesulide, by comparison with the Ket group, 207 

significantly improved the tGSH level (8.9  ±  0.3 nmol/g of protein) in the Ket+Nim group 208 

(p  <  0.05). 209 

When the other two groups were compared with the Ket group, SOD significantly 210 

decreased in the Ket group (7.7  ±  0.4 U/g of protein), but the value in the Ket+Nim group 211 

(16.5  ±  1.3  U/g of protein) was close to the control group (18.5  ±  1.8 U/g of protein) (p 212 

< 0.05). 213 

 Histological examination of ovaries in the control group revealed that overall ovarian 214 

tissue appearence was normal in the cortex and medulla (Figure 3A). In the ketamine group, a 215 

microscopic examination showed vascular dilation and congestion, explicit 216 

polymorphonuclear cell infiltration in developing follicules, intensive edema in follicular 217 

cells,  especially in the intersititial area (Figure 3B, 3C). Rats’ ovaries treated with nimesulide 218 

prior to ketamine showed mild vascular congestion and a normal follicular structure. 219 

Intersititial and follicular edema were greatly decreased and polymorphonuclear cell 220 

infiltration was not observed in the developing follicules (Figure 3D). 221 
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 When the uterine tissue was examined, it was observed that all the structures of the 222 

uterine tissue were normal in the control group, and the luminal and glandular epithelium 223 

were characterized by simple columnar epithelium (Figure 4A). In the ketamine group, the 224 

luminal epithelium and glandular epithelium showed localized pericellular edema and 225 

degeneration. In addition, mild vascular congestion in the mucosa and inflammatory cell 226 

infiltration was observed around the uterine glands. Also vacuolized bodies were observed in 227 

the lumen of uterine glands as evidenced by epithelial denudation (Figure 4B, 4C). In rats’ 228 

uterine tissues treated with nimesulide prior to the ketamine dose, the uterine luminal and 229 

glandular epithelium showed diminished pericellular edema, infrequent vascular congestion in 230 

the mucosa and comparatively decreased inflammatory cell infiltration around the uterine 231 

glands. Vacuolised bodies were not detected in the lumen of the uterine glands (Figure 4D). 232 

 The endometrial thickness (ET) was higher in the control and Ket+Nim groups 233 

compared with the Ket group [Control group (304.3  ±  4.7  μm) > Ket+Nim group 234 

(269  ±  22.2  μm) > Ket group (174  ±  9.7  μm), p<0.05]; also the myometrial thickness 235 

(MT) was higher in the control and Ket+Nim groups compared to the Ket group [Control 236 

group (89.1  ±  7.9  μm) > Ket+Nim group (70.5  ±  8.7  μm) > Ket group 237 

(46.5  ±  3.2  μm), p<0.05] (Figure 5). 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 
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 247 

Discussion 248 

 Ketamine is an anesthetic agent which has been used for amusement by drug abusers 249 

in recent years. Abusers are mostly in the younger and fertile age group (Onaolapo et al. 250 

2018). Examining the published literature, numerous animal studies were carried out to prove 251 

the effects of ketamine on the organs and systems (Ozturk et al. 2014; Ahiskalioglu et al. 252 

2018; Onaolapo et al. 2018). However, there are no studies on the effects of ketamine on 253 

uterus and ovary. The aim of the present study was to demonstrate the ketamine-induced 254 

uterine and ovarian damage for the first time in the literature, and to examine the efficacy of 255 

nimesulide in preventing this damage. This study was designed to see how ketamine acts on 256 

uterine and ovarian tissues and how to eliminate its side effects. However, we know from 257 

previous animal studies that ketamine causes oxidative stress in the tissues and this can be 258 

prevented by nimesulide (Suleyman et al. 2008; Onaolapo et al. 2018). 259 

 Onaolapo et al. (2018) showed that subchronic ketamine use changes brain 260 

morphology and the behaviors of rats by increasing glutamate levels. Accordingly, oxidative 261 

stress and  caspase-3-mediated apoptosis increased in the brain tissue. They used different 262 

ketamine dosages (7.5, 15 or 30 mg/kg daily) for 8 weeks. MDA concentration increased in 263 

the groups where ketamine was used, compared to the control group, while SOD and GSH 264 

activity significantly decreased in those groups. In that study, neurodegenerative changes 265 

were seen histopathologically in the brain tissue of the group using ketamine, while 266 

morphological changes have shown brain damage in this study. 267 

 The effects of ketamine are dose-dependent. Intramuscular doses of 3–4 mg/kg are 268 

typically used by emergency physicians to induce sedation. A typical recreational dose of 269 

ketamine is 100–200 mg (Weiner et al. 2000). As the tolerance to ketamine develops, the 270 

daily dose of ketamine can be increased up to 4  grams (Lim 2003). For this study, ketamine 271 
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was applied at a dosage of 60 mg/kg intraperitoneally, once a day for 30 days. Two oxidant 272 

(MDA, MPO) and two antioxidant (tGSH, SOD) parameters were analyzed biochemically, 273 

and their levels were examined in terms of 3 experimental groups. It was determined that the 274 

oxidant parameters increased in the groups treated with ketamine, but antioxidant parameters 275 

increased when nimesulide was applied to the same group. Our biochemical findings support 276 

published literature. The histopathological findings of our experimental animals also support 277 

our biochemical results. Thus, the side effects of oxidative stress caused by ketamine were 278 

biochemically and histopathologically confirmed in uterine and ovarian tissue. 279 

 Previous studies showed that nimesulide had a major antioxidant effect by depressing 280 

oxidative stress. Demiryilmaz et al. (2014) showed nimesulide’s antioxidant effect at 281 

50  mg/kg and 100  mg/kg doses on liver tissue. In our study, we applied nimesulide at a 282 

dosage of 50  mg/kg daily for 30 days. The examination of the Ket+Nim group revealed that 283 

tGSH and SOD levels increased and the morphological tissue damage caused by ketamine 284 

was corrected. It has been shown in previous animal studies that oxidative stress in the uterus 285 

decreases myometrial and endometrial thickness. Teixeira et al. (2014) showed that 286 

myometrial and endometrial thickness in the uterus decreases due to the decrease of estrogen 287 

in ovariectomized rats, and this can be prevented by soybean extract, which is a potent 288 

antioxidant. Oxidative stress-induced tissue damage and cell death are the main factors in 289 

decreasing endometrial and myometrial thickness. Although the endometrial thickness varies 290 

according to the stages of the menstrual cycle, myometrial thickness decreases, which is the 291 

strongest evidence of tissue damage caused by oxidative stress. In our study, we proved that 292 

the negative effects of ketamine can be corrected with nimesulide by comparing the 293 

myometrial and endometrial thicknesses between the groups. This histological result in our 294 

study supported the published literature, and it was statistically significant. 295 



13 
 

 There were some restrictions of our experiment. Firstly, there is no data about the 296 

alleviating effect of nimesulide on ketamine-induced uterine and ovarian injury in the 297 

published literature. Secondly, the usual nimesulide dose is 100 mg, twice a day, for adults, 298 

and 5mg/kg of body weight in 2 or 3 divided doses for children. Nimesulide was administered 299 

to the rats between 10 and 200 mg/kg dosages at the previous experimental studies (Suleyman 300 

et al. 2007; Borkotoky et al. 2014). The present study adopted a single dose of nimesulide (50 301 

mg/kg) for the experiment. Different doses of nimesulide must be applied in the studies to 302 

examine the mean effective dose for rats and humans. Thirdly, ketamine-induced uterine and 303 

ovarian injury was demonstrated by the morphological modifications in both types of tissue. 304 

This damage must be evaluated in the other organs and systems by future studies. Fourthly, 305 

the results of experimental studies on animals should not be extrapolated to humans. 306 

 In conclusion, this study showed that nimesulide treatment was highly beneficial in 307 

preventing ketamine-induced inflammation and oxidative stress in uterine and ovarian tissues. 308 

Antioxidant molecules such as nimesulide may protect against the damage caused by 309 

ketamine to the genital organs in young women. Prospective clinical studies about the fertility 310 

capacity of female abusers using ketamine will provide more important data on the 311 

importance of this issue. 312 
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Figure legends 396 

Figure 1. Malondialdehyde (MDA), myeloperoxidase (MPO), total glutathione (tGSH), and 397 

superoxide dismutase (SOD) levels of ovarian tissues for 3 groups. (Control: healthy control 398 

group , Ket: ketamine group, Ket+Nim: ketamine + nimesulide group.) Datas are mean ± 2 399 

SD. 400 

Figure 2. Malondialdehyde (MDA), myeloperoxidase (MPO), total glutathione (tGSH), and 401 

superoxide dismutase (SOD) levels of uterine tissues for 3 groups. (Control: healthy control 402 

group , Ket: ketamine group, Ket+Nim: ketamine + nimesulide group.) Datas are mean ± 2 403 

SD. 404 

Figure 3. The histological findings of the ovarian tissue. A. Control group (DF: developing 405 

follicule, Int: intersititial area, CL: corpus luteum, : blood vessel, H&E, 100x 406 

magnification). B. Ketamine group (DF: developing follicule, EDF: edema in developing 407 

follicule, EInt: intersititial edema, CL: corpus luteum, : congested blood vessel, H&E, 408 

100x magnification). C. Ketamine group (DDF: degenerated developing follicule, PMN: 409 

polimorphonuclear cell infiltration, : congested blood vessel, H&E, 400x magnification). D. 410 

Ketamine + nimesulide group (DF: developing follicule, Int: intersititial area, CL: corpus 411 

luteum, : blood vessel, H&E, 100x magnification). 412 
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Figure 4. The histological findings of the uterine tissue. A. Control group (EP: epithelium, 413 

LP: lamina propria, GL: uterine gland, : blood vessel, H&E, 100x magnification). B. 414 

Ketamine group (DEP: pericellular edema and degeneration in epithelium, LP: lamina 415 

propria, GL: uterine gland, : vacuolised bodies, : inflamatuar cell infiltration, : 416 

congested blood vessel, H&E, 100x magnification). C. Ketamine group (DEP: pericellular 417 

edema and degeneration in epithelium, LP: lamina propria, GL: uterine gland, : vacuolised 418 

bodies, : congested blood vessel, H&E, 100x magnification). D. Ketamine + nimesulide 419 

group (EP: epithelium, LP: lamina propria, GL: uterine gland, : blood vessel, H&E, 200x 420 

magnification). 421 

Figure 5. The averages of endometrial (ET) and myometrial thickness (MT) in the study 422 

groups. (Control: healthy control group , Ket: ketamine group, Ket+Nim: ketamine + 423 

nimesulide group.) Datas are mean ± 2 SD. 424 

 425 
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