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Abstract: In the current work, the effects of curcumin on testicular 

tissues in Ehrlich Ascites Tumor (EAT) model developed in Balb/C 

mice. EAT cells (1x106) received from stock of animals were 

injected intraperitoneally to animals. 25 mg/kg and 50 mg/kg of 

curcumin were administered intraperitoneally. Testicular tissues 

obtained after all the experiment were evaluated for 

histopathological and biochemical parameters. Histopathological 

results showed that 50 mg/kg curcumin group had less EAT cells 

around testicular tissues than tumor control group. Superoxide 

dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) 

activities and reduced glutathione (GSH), oxide glutathione (GSSG), 

total antioxidant status (TAS), total oxidant status (TOS), 

interleukin-1beta (IL-1β), interleukin-6, interleukin-17, tumor 

necrosis factor-alpha (TNF-α) levels were measured in testis tissues. 

Oxidative stress index (OSI) and GSH/GSSG ratio were calculated. 

Findings clearly suggested that antioxidant parameters (except CAT 

and GPx) had higher value in animal models treated with 25 and 50 

mg/kg curcumin groups associated to tumor control group. There 

was a statistically noteworthy variance between the groups in all 

parameters. Antitumor effect of curcumin on ascites tumor cells 

produced by EAT cells evidenced with histopathological while 

antioxidant and anti-inflammatory biochemical parameters 

evidenced with biochemical parameters. © 2020 NTMS. 

Keywords: Testis, EAT, Mice, Curcumin, Antioxidant. 

 
1. Introduction 

Testicular cancer is a common case in young people 

and is increasing day by day. As a common tumor, 

testis cancer is influenced by genetic and epigenetic 

factors. Additionally, oxidative stress played central 

role in development and progression of cancer.  In 

addition to chemotherapy and radiotherapy, 

complementary medicine is also used in cancer 

treatment and the use of plant extracts is increasing 

gradually (1, 2).  

 

One of these plant extracts is curcumin. It is a yellow 

herbal product with anti-inflammatory, anti-

carcinogenic and anti-oxidant properties, used as spice, 

food coloring and preservative among the public. 

Curcumin, also called Curcuma longa, is a perennial 

plant native to South Asia (3, 4). There are many 

articles in the literature that demonstrate the 

antineoplastic mechanism of curcumin. It is stated that  
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curcumin has anticarcinogenic effects on various 

tumors with a variety of mechanisms.  

Many studies show that curcumin suppresses many 

tumor genesis types including skin, mammary gland, 

mouth, esophagus, stomach, intestine, colon, lung and 

liver (5). Curcumin has captured appreciation because 

of its extra-ordinary pharmacological properties and 

experimentally verified ability to inhibit and/or prevent 

cancer. Wealth of information has highlighted potential 

of curcumin as an effective antioxidant, anti-

inflammatory and an antidiabetic agent. Curcumin has 

been reported to exert inhibitory effects on interleukin-

1β, TNF-α, superoxide ion and hydrogen peroxide 

production (6). It has been reported that curcumin 

significantly enhanced apoptosis in drug-resistant 

cancer types (7). Plant extracts have been tested on 

many cancer models while, one of which is the EAT 

model. EAT first appeared as a spontaneous breast 

adenocarcinoma in a female mouse, and tumor 

fragments were transplanted subcutaneously from 

mouse to mouse into an experimental tumor. After 

obtaining the liquid growing form in the peritoneum of 

mice, ascitic fluid was formed in addition to cells in the 

peritoneum, therefore the tumor was named as EAT (8, 

9). In the current literature, the efficacy of curcumin on 

EAT tumor model was examined histologically but not 

in terms of biochemical parameters. 

Copper, zinc-superoxide dismutase (Cu, Zn-SOD), 

Catalase (CAT) and Selenium-dependent glutathione 

peroxidase (Se-GSH-Px) are the main antioxidant 

enzymes of all aerobic cells (10).  Cu, Zn-SOD (EC 

1.15.1.1) catalyzes the dismutation of superoxide 

anions to hydrogen peroxide (11). CAT (EC 1.11.1.6) 

catalyzes the degradation of H2O2 to H2O and O2 (11). 

Se-GSH-Px (EC 1.11.1.9) is a biocatalyst that 

metabolizes H2O2 and lipid hydroperoxides (12). 

During this reaction, glutathione (GSH) is used as 

hydrogen donor and GSH is oxidized (GSSG) (13). 

Glutathione is the most important nonenzymatic 

antioxidant molecule inside the cell (14). GSH is also a 

hydroxyl radical and singlet oxygen scrounger (15). 

GSH (reduced glutathione)/GSSG (oxidized 

glutathione) ratio is one of the important determinants 

of oxidative stress in the body (10). The amounts of 

total antioxidant status (TAS) and total oxidant status 

(TOS) were useful for calculation of oxidative status 

(16).  IL-1β, IL-6, IL-17 and TNF-α are among the pro-

inflammatory cytokines (17, 18).  

In this study we hypothesized that curcumin could play 

critical role on normalizing oxidative and inflammatory 

parameters which upregulated by EAT cells. Therefore, 

we aimed to evaluate the effect of low and high dosages 

of curcumin on testis tissue after investigated with EAT 

cells. 

 

2. Material and Methods  
2.1. Animals, management and experimental design 

Studies with experimental animals were carried out in 

accordance with the decision of Ethics Committee of 

Animal Ethics Local in Erciyes University (2014 

HADYEK-29). 25-30 grams and 8-10 weeks old Male 

Balb/C type mice were used for each group. The 

number of groups was 4, with 7 mice in each group. 4 

animals were also used to create stock animals outside 

the groups. Mice were maintained in specially 

prepared, automatically air-conditioned rooms with 

constant temperatures of 21 °C and 12 hours of 

light/dark periods during the study. Before the groups 

were formed in the study, we first created the stock 

mouse to obtain enough EAT cells. The ascitic fluid 

from the stock animal was suspended in 0.1 ml PBS and 

counted on the thoma slide and 1x106 EAT cells were 

injected intraperitoneally to form a liquid tumor in 

mice. 

 

2.2. Dissolution and sterilization of curcumin extract 

Curcumin was supplied as powder from Sigma Aldrich 

and curcumin was dissolved in different volumes to 

provide the desired concentrations for the experimental 

groups and sterilized by filtration. Curcumin was 

freshly prepared on each injection day to being 

dissolved completely. 

 

2.3. Formation of Experimental Groups 

Group 1/Negative control group: Cancer formation and 

animals were fed with normal diet for 10 days. 0.1 ml 

of physiological saline solution (PSS) was administered 

intraperitoneally for 10 days. 

Group 2/Positive control group: In this group, 0.1 ml of 

ascitic fluid containing 1x106 EAT cells was 

administered intraperitoneally to the abdomen on day 

0. Mice were injected intraperitoneally with 0.5 ml of 

physiological saline solution (PSS) for 10 days from 

day 0. 

Group 3/Treatment group (25 mg/kg curcumin): In this 

group, 0.1 ml ascitic fluid containing 1x106 EAT cells 

was administered intraperitoneally to the abdomen on 

day 0. Mice were injected with curcumin 25 mg/kg; day 

intraperitoneally for 10 days from day 0 

Group 4/Treatment group (50 mg/kg curcumin): In this 

group, 0.1 ml ascitic fluid containing 1x106 EAT cells 

was administered intraperitoneally to the abdomen on 

day 0. From day 0, the mice were injected with 

Curcumin 50 mg/kg per each day intraperitoneally 

during 10 days. 

 

2.4. Sample collection and preparations 

All animals were sacrificed on day 10 under general 

anesthesia by ketamine and xylazine with 

concentrations of 75 mg/kg and 15 mg/kg respectively. 

One testis from each subject was fixed in 10% cold 

formaldehyde for routine histopathological 

examination, the other was transferred to sterile plastic 

bags and immediately transferred to the laboratory in 

cold conditions and stored at -80 °C temperature until 

biochemical experiments. 

 

2.5. Preparation of testis homogenates 

Testis tissue of each mouse were arranged and studied 

distinctly. Tissues were homogenized in 2 mL +4 °C 
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temperature phosphate-buffer saline in ice. At the end 

of the homogenization process, the mixture was 

centrifuged at 3000 g for 10 min and the supernatant 

was composed. Supernatant was deposited at -80 oC 

until analysis. 

 

2.6. Biochemical Analysis 

The protein content of each tissue was determined in 

each sample with Bio-Rad reagents (Bio-Rad 

laboratories GmbH, München, Germany) using bovine 

serum albumin as the standard. Activities of CAT and 

Se-GSH-Px and the levels of GSH and GSSG were 

measured in tissues by the modified methods of Ozturk 

et al.” (18). TOS, TAS levels and SOD activity were 

measured using commercially available kits (Relassay, 

Turkey). OSI was defined as TOS to TAS ratio was 

calculated as follows: OSI (arbitrary unit) = [(TOS, 

μmol H2O2 equivalent/mg protein)/(TAS, μmol Trolox 

equivalent/mg protein] × 100). The levels of IL-1β, IL-

6, IL-17, TNF-α were studied from the blood samples 

collected with enzyme linked immunosorbent assays 

(ELISA) method (Elabscience, Wuhan, China) as 

specified in the protocol by the manufacturer. 

 

2.7. Statistical analysis 

Data were analyzed using the statistical package 

program SPSS for Windows® 23.0 (SPSS, Chicago, 

IL, USA). Normality of the all data was analyzed with 

Kolmogorov-Smirnov D test to determine a test type 

from both the parametric and non-parametric tests. 

Distribution of OSI, GPx and IL-1β were non-

parametric. Data have a normal distribution 

(Kolmogorov–Smirnov D test, p≥0.05), parametric test 

ANOVA (post-hoc: Tukey’s HSD and Tamhane) was 

used for multiple comparisons. Kruskall-Wallis test 

was used for non-parametric distribution data and 

pairwise comparisons of groups were made. 

Experimental data were expressed as the Mean±SD. 

The P <0.05 were considered statistically significant. 

 

3. Results 
3.1. Histopathological Findings 

According to histopathological experiments, control 

groups' tissues showed normal histological properties. 

In the EAT cell groups positive control groups which 

has no treatment has more EAT cells as compared to 

the 25 and 50 mg/kg curcumin treated groups (Figure 

1). Around the testicular capsule dispersed EAT cell 

assemblies were observed. 

 

3.2. Biochemical Results  

The results of oxidative stress parameters of all groups 

are represented in figure 2-4. SOD activity, GSH level, 

GSH/GSSG ratio and TAS levels, which are among the 

antioxidant markers, were meaningfully lower in the 

tumor group compared to group 1 (p<0.05). In groups 

3 and 4 there was a significant dose-dependent increase 

compared to the tumor group. However, the increase in 

antioxidant activity in groups 3 and 4 did not reach the 

control group (p<0.05). GPx activity was expressively 

higher in group 2 and 3 compared to group 1 and 

pointedly lower in group 4 than group 2 (p<0.05). CAT 

activity and GSSG and TOS levels were significantly 

higher in the tumor group compared to group 1, and 

dose-dependent significantly lower in group 3 and 4 

compared to the tumor group (p <0.05). While the same 

parameters were found to be significantly higher in 

group 3 than in group 1, CAT activity was lower in 

group 4 and GSSG and TOS levels were higher in 

group 4 (p<0.05). OSI values were significantly higher 

in group 2 and 3 than in group 1 and meaningfully 

lower in group 4 than in tumor group (p<0.05) (Figure 

2,3). 

IL-17 and TNF-α levels were suggestively lower in the 

treatment groups compared to the tumor group (p<0.05) 

The values of group 3 were lower than group 4 

(p<0.05). IL-6 and IL-1β levels were lower in the 

treatment groups than in the tumor group (p<0.05). 

There was no statistically significant difference 

between the treatment groups (Figure 4). 

 

 
 

Figure 1: Histopathological findings (H&E, 20X) of 

the negative control, treatment and positive control 

groups in testicular tissue. A) Healthy control group. B) 

Tumor control group C) Tumor and 25 mg/kg curcumin 

treated group D) Tumor and 50 mg/kg curcumin treated 

group.

 
Figure 2: Measurements of oxidative stress and 

inflammatory markers in the testis. 



56  Effect of Curcumin on Testis 

 

 

 
Figure 3: The results of oxidative stress parameters of 

all groups. 

 

 
 

Figure 4: Assessment of IL-6, IL-17, IL1β and TNF-α 

levels of three groups.  
 

4. Discussion 

The prevalence of cancer types causing deaths in men 

and women varies. Testicular cancer has an increasing 

rate in young men aged 15-35 years. Drug resistance 

and metastatic spread have been recognized as major 

stumbling blocks in decreasing the quality of clinical 

outcome of wide ranging therapeutics. The presence of 

frequent metastases in other organs has accelerated the 

search for treatment in testicular cancer. In recent years, 

complementary medicine has been used in addition to 

medical treatments for cancer treatment. Some plants 

have been shown to be useful in cancer treatment. 

Bioactive molecules present in different Plants and 

vegetables used by the people in various countries have 

documented health promoting effects. More 

importantly, certain high-quality bioactive constituents  

have been shown to induce regression of tumors in 

xenografted mice (19, 20). It has been shown that the 

natural chemicals contained in some of these plants 

(resveratrol in red grapes, genistein in soybean and 

curcumin in turmeric) have anti-cancer properties (21). 

Curcumin has been reported to reduce toxicity caused 

by anti-cancer agents, sensitize resistant cancer cells, 

suppress proliferation, and induce apoptosis in tumor 

cells (22-24). In the current study, anti-inflammatory 

and antioxidant effects of curcumin in EAT model mice 

were investigated histopathological and biochemically 

on testicular tissue. Kanter et al. (25) investigated the 

protecting properties of curcumin and amifostine 

against gamma radiation-induced jejunal mucosal 

damage and reported that curcumin's efficacy 

diminished in high-dose radiation. Lopez (26) showed 

that curcumin at a dose of 20 μg / mL stopped growth 

of 50% in human chronic myelogenous leukemia cells. 

Pan et al. (27) examined the therapeutic effect of 

curcumin by forming an Alzheimer's model in mice. 

They reported that Bax levels did not change in 

hippocampal mice. Facchini et al. investigated the 

effects of Pleurotus ostreatus (fungus) polysaccharide 

fractions intraperitoneally in 5x106 EAT cells and gave 

high tumor inhibition (28). Yilmaz et. al. (2019) studied 

the antioxidant properties of curcumin and Cornus mas 

L in mice forming EAT model and showed antioxidant 

properties in tissues such as kidney and liver in vivo 

and in vitro (29,30).  

Activated monocytes/macrophages allow pro-

inflammatory cytokines, such as TNF-α, IL-1, and IL-6 

that play an important role in inflammatory reaction. 

Ketanserin has been shown BY Yank et al. (2019) in 

literature to inhibit TNF-α and IL-1 production in 

endotoxic shock (31). Ueki et al. examined the 

therapeutic effect of curcumin in mice with cisplatin-

induced renal inflammation (32). They indicated that 

serum TNF-α concentration decreased by 30% in the 

group which has been given cisplatin (100 mg/kg) and 

curcumin (100 mg/kg); decreased as well as healed 

renal dysfunction. Cho (2007) found that curcumin 

inhibited the expression of TNF-α-induced IL-1β, IL-6, 

and TNF-α in TNF-α treated keratinocytes (33).  

In this study, IL-1β, IL-6, TNF-α and as a pro-

inflammatory cytokine IL-17 decreased in curcumin 

treated groups compared to tumor control group. The 

decrease in IL-17 and TNF-α was found to be lower in 

the dose-dependent group compared to the 25 mg 

administered group. IL-6 and IL-1β levels have been 

found lower independent of dose. These findings 

suggest that curcumin may have dose-dependent anti-

inflammatory effects in mouse testes with EAT. 

Additionally, curcumin has been exposed to prevent the 

production of superoxide and nitric oxide by 

inflammatory cells, which could also donate to its anti-

inflammatory motion because of the significant role of 

free radicals in inflammatory processes (34, 35). In 

literature, we could not confirm a detailed study 

investigating the effect of curcumin on oxidant and 

antioxidant system in testicular tissues with EAT 
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tumor. Khopde et al. (1999) showed that curcumin is a 

more effective antioxidant than α-tocopherol and 

inhibits lipid peroxidation (36). While Venkatesan et 

al. (1997) investigated the effects of curcumin on 

bleomycin-induced lung injury (BILI) in rats, they 

showed that curcumin had anti-inflammatory and 

antioxidant effects in BILI in the curcumin treated 

group (37). Kuhad et al. (2008) found that curcumin 

antioxidant parameters such as SOD, GSH and CAT 

increased compared to diabetic rats in their study (38). 

 

5. Conclusions 
In this study, TAS and GSH levels, which are 

antioxidant parameters, decreased in the testicular 

tissues of the mice, while dose-dependent increase was 

detected in the curcumin-treated groups likened to the 

tumor group. Likewise, the oxidant parameters TOS 

and GSSG levels increased in the testicular tissues of 

the mice, while dose dependent decrease was detected 

in the curcumin groups in proportion to the tumor 

group. When the enzyme activities responsible for 

oxidant defense were evaluated, it was evaluated that as 

the cancer was formed, SOD enzyme activity, which 

removes superoxide in the environment, decreased. We 

observed that CAT and GPx activities, which are 

responsible for the neutralization of H2O2 to water and 

oxygen, were increased in the next step. Dose-

dependent SOD activity increased while CAT and GPX 

activity decreased with curcumin effect. The resulting 

high amount of H2O2 inhibits product inhibition on 

SOD, while CAT and GPx may have shown more 

activity to remove accumulated H2O2. Each tissue has 

diverse volume against stress response for each oxidant 

or antioxidant parameter (38). As a result of increased 

GPx activity in cancer, GSH reserve in the environment 

decreased and GSSG amount increased. In the 

curcumin group, this was vice versa. These findings 

support the antioxidant effects of curcumin in mouse 

testicular tumor tissue in accordance with the literature. 
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Abstract: Here, Chlorogenic acid (CA) was examined in intestinal 

ischemia reperfusion (I/R)-induced lung injury. 4 experimental rat 

groups were created (n=8): sham, I/R, I/R+CA 5 mg/kg and I/R+10 

mg/kg groups. At the end of the experimental process, rats were 

immolated and lung tissues were excised. Oxidant parameters 

increased and antioxidant activity declined in I/R group compared to 

sham group. CA treatments reversed these parameters. Different 

doses of the CA prevented intestinal I/R-induced lung injury in 

experimental animals. © 2020 NTMS. 
Keywords: Intestinal Ischemia/Reperfusion, Lung, Chlorogenic 

Acid, Oxidative Stress, Inflammation, Rat. 

 
1. Introduction 

Ischemia is based on the disruption in tissue blood flow 

which results in cell injury (1). Even though the 

recovery of blood flow ameliorates the ischemic 

tissues, reperfusion damages cells through reactive 

oxygen species (ROS) (2). Ischemia reperfusion (I/R)-

induced intestinal injury is a life-threatening health 

condition which occurs in case of various situations (3). 

Intestinal I/R injury causes proinflammatory cytokine 

release, ROS production and oxidative stress (4, 5). 

Intestinal I/R plays role in distal organ dysfunction 

development, especially in lungs. Acute lung injury 

(ALI) is the wide inflammation of lungs and it is a 

several intestinal I/R injury complication (6-9). ROS 

induce inflammatory response and inflammation 

causes more ROS and inflammatory cytokine 

generation which enhance intestinal injury (10-12). 

 

 

 

 

 

 

Neutrophils are the main sources for ROS and they play 

role in reperfusion injury. ROS lead to release of 

inflammatory cytokines (13, 14) including tumor 

necrosis factor-alpha (TNF-α) and interleukin-1 beta 

(IL-1β) (15). IL-1β enhances the production of other 

inflammatory cytokines and the neutrophil infiltration 

(16). Total oxidant status (TOS) and total antioxidant 

status (TAS) act on evaluation of oxidative stress. TAS 

is the potential of suppressing free radicals (17). 

Different agents have been examined to alleviate or 

eliminate I/R-induced oxidative injuries in various 

organs (18-22). But the role of Chlorogenic acid (CA) 

against intestinal I/R injury has not been investigated 

yet. CA, isolated from Coffea arabica L., performs 

antioxidant (23) and anti-inflammatory activities (24). 

CA also demonstrates neuroprotective activity (25, 26).   
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Here, it was aimed to find out the effects of CA against 

intestinal I/R-induced lung injury. 

2. Material and Methods  
2.1. Ethical Approval, Animals, and Drugs 

Atatürk University Experimental Animal Ethics 

Committee confirmed the study (Protocol 

No:27.04.2018/102). It was carried out at Experimental 

Animals Research and Application Center of Atatürk 

University. The animals were acquired from same 

center. They were caged with appropriate laboratory 

conditions and subjected to standard rat feed with tap 

water. They were deprived of food 12 hours before the 

experiment, but were free to reach water. Thiopental 

sodium (Ulagay, İstanbul, Turkey) was preferred for 

anesthesia. 10% povidone-iodine was used for 

disinfection and CA was provided by Sigma-Aldrich 

Co.  

2.2. Surgical Procedures and Treatment Groups 

32 Wistar Albino male rats, each weighing 230-250 g 

were used for experimental process. They were held in 

supine position, shaved, cleaned and applied anesthesia 

prior to surgical process. They were weighed and 

divided into 4 groups, including 8 rats in each group 

(n=8). 

Sham group: 1-2 cm size of incision was performed as 

median laparotomy to abdominal region and then, 

repaired via 3/0 silk suture.  

I/R group: Same steps with sham group were followed. 

Before suturation, 1-hour ischemia to superior 

mesenteric artery was carried out through clamping and 

then, 2 hours reperfusion was carried out as described 

before (27). 

CA 5 mg/kg group: Procedures were done as described 

in I/R group. 5 mg/kg CA was administered 

intraperitoneally (i.p.) 30 minutes before the 

reperfusion. 

CA 10 mg/kg group: All steps of CA 5 mg/kg group 

were carried out but 10 mg/kg CA was administered. 

CA doses were determined due to a previous I/R study 

(28). Following the experiment, rats were sacrificed, 

lung tissue samples were excised and cleaned with 

normal cold saline. 

2.3. Biochemical Examination 

Lung tissue samples were homogenized and 

centrifuged to obtain the supernatants. They were 

analyzed to determine malondialdehyde (MDA), 

superoxide dismutase (SOD), myeloperoxidase 

(MPO), TAS, TOS, TNF-α and IL-1β levels. MDA 

value was gauged as described previously (29). TAS 

and TOS levels were determined with appropriate kits 

(Rel Assay Diagnostics).  

 

 

 

Oxidative stress index (OSI) is the ratio of TOS to TAS 

and measurement MPO activity was measured due to 

kinetic absorbance as in a former research (31). SOD 

measurement depends on formazan dye level (32). 

TNF-α and IL-1β levels were analyzed via appropriate 

kits (Elabscience, Wuhan, China). 

2.4. Statistical Analyses 

All data were evaluated through SPSS (version 20.0, 

for windows). One-way ANOVA test was chosen for 

data and Tukey HSD test was used for multiple 

comparisons. Biochemical data results were presented 

as Mean±Standard Deviation (SD). Statistical 

significance level was considered when p value below 

0.05. 

 

3. Results 
Table 1 represents the oxidant and antioxidant 

biochemical parameters. TAS, SOD values declined 

significantly in I/R group when compared to sham 

group, besides TOS, OSI, MDA, MPO levels elevated 

significantly. CA 5 mg/kg group did not perform a 

significant change in TAS and SOD values while TOS, 

OSI, MDA and MPO levels increased. CA 10 mg/kg 

group was compared with I/R group, all parameters had 

significant changes except SOD. 

 

Figure 1:  The results of TNF-α and IL-1β levels in 

intestinal I/R-induced lung injury. 

Pro-inflammatory cytokine levels were shown in figure 

1a, b. TNF-α and IL-1β levels were found to increase 

in I/R group compared to sham group. However, it was 

determined that these levels decreased significantly in 

CA 5 mg/kg and CA 10 mg/kg groups. In addition, 

when CA 5 mg/kg and CA 10 mg/kg groups were 

compared between themselves, TNF-α and IL-1β levels 

more decreased in CA 10 mg/kg group, but this 

difference was not statistically significant. 
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Table 1. The Mean±SD results of biochemical parameters in intestinal I/R-induced lung injury. 

Groups  

(n=8) 

TAS 

(mmol/L) 

TOS 

(µmol/L) 

OSI 

 

SOD 

(U/mg 

protein) 

MPO 

(U/g protein) 

MDA 

(µmol/g 

tissue) 

 

Sham 

 

1.16±0.21 

 

8.56±1.28 

 

0.76±0.22 

 

180.66±31.56 

 

326543.23±37695.22 

 

69.27±2.71 

 

I/R  

 

0.79±0.07a 

 

12.10±1.62a 

 

1.51±0.18a 

 

125.88±32.84c 

 

475788.57±62770.03a 

 

108.46±30.99a 

 

CA 5 mg/kg 

 

0.95±0.17 

 

9.30±0.85b 

 

1.00±0.24b 

 

163.09±27.16 

 

335486.44±23297.06b 

 

77.81±13.37b 

 

CA10 mg/kg  

 

1.19±0.21b 

 

8.70±0.65b 

 

0.74±0.08b 

 

176.53±54.17 

 

331418.75±68529.04b 

 

75.26±8.90b 
ap<0.001, cp<0.05 compared to sham group. bp<0.05 compared to I/R group. 

 

4. Discussion 

I/R is typically composed of blockage in blood flow and 

following a recovery phase (33). Intestinal mucosa is a 

vulnerable structure against I/R injury (34). Mesenteric 

ischemia is an emergency situation characterized with 

insufficient blood flow resulting from various 

conditions such as septic shock and surgical 

interventions (35). Reperfusion is the recovery of blood 

supply following ischemia. It is required to avoid cell 

injury and maintain organ functions. Despite all, 

reperfusion may lead to more damage than ischemia (2, 

36). Several health conditions including thrombosis, 

sepsis, embolism and vasospasm lead to I/R and 

oxidative stress  (37). High morbidity and mortality 

rates accompany to I/R because it is hard to diagnose 

and treat (38, 39). I/R may lead to lung injury which 

enhances morbidity and mortality (40). I/R may lead to 

ALI in which neutrophil infiltration and 

proinflammatory cytokine production are typically 

observed. Even more, ALI may result in acute 

respiratory distress syndrome (ARDS) and even death. 

ARDS treatment achieves important improvements but 

the mortality rate still remains at high levels which 

creates need to a profound research for underlying 

mechanisms (41, 42). Ischemia is characterized via 

decrease or block in blood flow and thus tissues are lack 

of oxygen and other nutrients. This condition 

complicates detrimental substance scavenging, 

particularly ROS  (43, 44). ROS proceed from xanthine 

oxidase activation and play a crucial role in acute 

intestinal I/R injury (45, 46). ROS production raises in 

damaged tissues. ROS activate several signaling 

pathways,  induce inflammatory response and injure 

intestinal during intestinal I/R injury  (47, 48). 

Intestinal I/R injury is strongly related with oxidative 

stress. An unbalance between oxygen input and output 

enhances ROS generation (49) and lipid peroxidation  

(50). MDA reacts with DNA and proteins resulting 

damage in intestinal tissues (51). Increase in TNF-α 

level and neutrophil adhesion capacity accompany I/R 

injury  (52). Proinflammatory mediators including 

TNF-α and IL-1β play role in neutrophil activation. 

They also act on enhancing vascular permeability and 

interstitial edema during I/R injury (53). Active 

neutrophils secrete MPO which generate free radicals 

and thus trigger lipid peroxidation (54). 

TOS, OSI and TAS values act as oxidative stress 

indicators and have been used for this purpose in 

various studies (42, 43). TAS and TOS demonstrate 

oxidant and antioxidant equilibrium. TAS is an 

indicator for all antioxidant activity while TOS is 

limited with ROS  (44, 45). SOD catalyzes superoxide 

free radical conversion into molecular oxygen and 

superoxide free radical. SOD protects tissues through 

neutralizing free radicals (46).  

Different agents with anti-inflammatory, antioxidant 

feature and also radical scavengers with beneficial 

effects have been reported in alleviation or elimination 

of I/R injuries in various tissues (55-60). In the current 

study, CA was used for this purpose. CA is a phenol 

molecule and obtained from various herbs. It performs 

several properties including antimicrobial activity (61). 

It is found abundantly in human diet, especially in 

coffee   (62, 63). CA includes R-OH radicals which can 

inhibit free radical activity through antioxidant activity 

and thus prevent oxidative cell damage (64). Here, 

antioxidant and anti-inflammatory effects of CA have 

been demonstrated in intestinal I/R rat model. SOD 

activity and TAS value declined while MPO activity, 

MDA, IL-1β, OSI, TNF-α and TOS levels were 

elevated in I/R group compared to sham group. CA 

administration raised antioxidant capacity and 

diminished oxidant activity by reversing these 

parameters. Current results enrich the potential CA as 

to be used in the treatment of I/R related pathologies. 

It is necessary to investigate the cellular injury 

mechanisms to able to improve I/R treatment. Coping 

with inflammation and oxidative stress contribute to 

I/R treatment. In this study, oxidative stress and 

inflammation were diminished via CA. 

5. Conclusions 
In current research, it has been demonstrated that CA 

administration declined lung injury caused by intestinal 

I/R model in experimental rats. Therefore, CA may be 

a new agent as to be examined against diseases 

associated with I/R.  
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Abstract: An ethnomedicinal profile of 112 species of remedial 

herbs, shrubs, and trees of 61 families with significant 

gastrointestinal, antimicrobial, cardiovascular, herpetological, renal, 

dermatological, hormonal, analgesic and antipyretic applications 

have been explored systematically by circulating semi-structured 

and unstructured questionnaires and open ended interviews from 40-

74 years old mature local medicine men having considerable 

professional experience of 10-50 years in all the four geographically 

diversified subdivisions i.e. Sialkot, Daska, Sambrial and Pasrur of 

district Sialkot with a total  area of 3106 square kilometres with 

population density of 1259/km2, in order to unveil botanical flora for 

world. Family Fabaceae is found to be the most frequent and 

dominant family of the region. © 2020 NTMS. 

Keywords: Analgesic, Antipyretic, Renal, Gastrointestinal, 

Dermatological. 

 
1. Introduction 

Study of green extracts as therapeutic agencies have 

emerged as a major field of science. Plants are effective 

less cost biological repositories of medicinal 

compounds witnessed for a large series of ailments by 

traditional medicine men in geographically diversified 

District, Sialkot in province of Punjab in Pakistan (1). 

About 50% of plants of worldwide flora (2), is 

presenting valuable potentials, prior to high-throughput 

screening and the post-genomic era of scientific 

research for curing a list of acute and chronic disorders 

since times of ancient civilizations (3), with technically 

nil drawbacks (4), both for human and animals entitled 

as unani, folk, eastern, or indigenous medicine (5). 

Despite of a rapid economic race riding over the horse 

of science and technology, almost over three-fourth of 

the total world population is facing a drastic rundown 

of allopathic medicines.  

 

 

 

Herbal medicines are reported as curative agents for 

80% of this population by World Health Organization 

(WHO) (6). WHO has ultimately reiterated the usage of 

traditional herbal medicines for primary health care for 

these parts of world (7). Pakistan being the 10th most 

populated country (8) is categorized under low income 

countries (9). Poor sanitary system of rural area is 

triggering the pathogenic bacteria for causing serious 

infectious diseases like gastro-intestinal, pneumonia, 

pulmonary, renal, antimicrobial, and dermatological 

disorders at rapid pace (10). About 61.6% of the total 

of rural population of Pakistan is supposed to rely on 

readily available herbal bank (11).  

About 6000 medicinal plants are reported in Pakistan 

under various surveys (12), with 600/6000 flowering 

plants which are executing medicinal properties. 

Pharmaceutical industry is indulged with more than  
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half from natural origin even in this modern world of 

pharmaceutical drug development.  

It has been identified that more than 88/119 plant based 

drugs were discovered as a result of research on 

medicinal plants. Pakistan is trading about 2500 species 

in the international market of organic medicine (13). 

Although Pakistan is an agricultural country chiefly 

(14), but unluckily with less emphasis to systematic 

cultivation of medicinal plants like Russia, Lucknow, 

European Union (EU) and China, where the total output 

earning of pharmaceutical industry largely depends 

upon the cultivation of such medicinal plant (15). For 

promotion of this hidden and less studied green bank of 

Pakistan, various areas have been searched out, but 

some are still hidden and demanding attention for their 

discovery. A well-planned systemization of botanical 

knowledge of the regions with higher consumption of 

these natural green agents can open a new market raise 

it not only for population of Pakistan, but also for 

international market at reasonable prices. Following 

this source of inspiration, we have selected District 

Sialkot as our test city to recover a new word of natural 

medicines. Sialkot is in the north-east of the Punjab 

province running along the Chenab River, in the north. 

It is a climatic heaven which dramatically lies partly in 

Forest (less humid) zone, while remaining large part of 

country is lying in Arid (dry) zone (16). The mentioned 

area is characterized by its humid subtropical climate. 

From one side it resides at the foothills of the snow-

covered peaks of Kashmir, at an elevation of 256 

meters above the sea level between 32°30' North 

latitude and 74°31' East longitude. Sialkot is just a few 

kilometers from Indian-occupied Jammu Kashmir in 

north, Gujrat by the North-West, Gujranwala by the 

West and Narowal by the south shown in Figure 1. 

 

 
Figure 1: Satellite Location Map of Sialkot. 

Three small seasonal streams viz. Aik, Behr and Palkhu 

are also provoking hands of natural growth of 

biodiversity of plants. The total area of the district is 

approximately 3.106 sq. kilometers comprising of four 

subdivisions with green ethnomedicinal floor. Average 

temperature of 23.64 oC has been recorded, minimum 

of 5.7oC in January that rises up to a maximum value of 

40.7 oC in June. Sialkot is among the regions with 

highest rainfall in Pakistan. Highest precipitation rate 

of 252 mm is recorded in August, and minimum in 

November. It is spitting, drizzling and heaven opening 

weather here often.  

Previously an ethnomedicinal study of District Sialkot 

has been conducted by Zareen et. al. Medicinal package 

of about 48 plant species with 35 shrubs species 

belonging to 22 angiosperm families was documented. 

Indigenous people reported the use of medicinal shrubs 

for the treatment of human ailments of digestive tract, 

rheumatic pains, dermatological, cardiac and 

pulmonary problems etc. from a long period for 

generations to generations, with positive results (17). 

An extended survey of Sialkot including all its sub-

divisions has been carried out in order to explore hidden 

ethnomedicinal significance (18) of area in front of the 

world, which can provide a social and economic back 

to the inhabitants in the regard of their natural raw 

factories and establishment of an international market 

for the almost all countries of all sub continents existing 

at this time and space. 
 

 
Figure 2: Plantation along famous Nala Aik of Sialkot 

 

2. Material and Methods  
Methodology was conducted in following rounds: 

Round 1: To collect systemic facts and figures of 

ethnomedicinal flora of four subdivisions of District 

Sialkot, Punjab, Pakistan, four teams of well-trained 

members were designed to conduct a survey of all 

subdivisions. Random sampling of major medicinal 

plants used by all mature and experienced medicine 

men and individuals availing herbal medicines for 

health care in the selected regions is made. The 

conduction of the task was made by a survey through 

interview method. The interview consisted of 

unstructured open-ended questions to collect almost all 

possible basic information regarding following major 

questions. 
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1.Names of medicine men, along with their age and 

institute of training. 

2. From how many years you are working in this field? 

3.What are the local names of plants used as herbal 

remedies? 

4.Which part (roots, shoots, stems, leaves, fruits or 

whole plant) is used for particular disease? 

5.For which medical issue the mentioned plant is used? 

Details of reporting individuals are given in Table 1: 

Round 2: After collection of detailed raw information 

regarding above mentioned seven questions, a feedback 

of patients availing mentioned herbal medicines of the 

medicine men was recorded by circulating another 

questionnaire among sample of population consisting 

of ten questions and consequences regarding various 

herbal medicines 

Based on statistical results of above feedback, a list of 

plants of with the most positive feedback was prepared.  

Short listed data of plants was searched out for the 

English names through search engine named under 

Google Urdu, because the raw data collected from local 

medicine men was in local national language Urdu and 

regional language Punjabi. English and Punjabi names 

were searched for their characteristic botanical 

information regarding habitats. A systematic table was 

designed containing botanical names of plants, local 

names, English names and families, parts of plants that 

are under use and mode of administration. The 

chemical constituents and medical significance of 

enlisted highest rated plants was investigated following 

literature review of those plants, that is get verified by 

a Doctor of Botany named Sadaf Honey Ghauri 

affiliated with Govt. Postgraduate College for Women 

at Mandi Bahauddin in Province Punjab of Pakistan.  

The data was correlated with the statements of 

medicine men for creating a valid report of credibility 

of plants and medicine men of four subdivisions of 

District. Sialkot, Punjab, Pakistan. 
Round 3: Markets of whole District Sialkot was visited 

for collecting data regarding presence or cultivation of 

those plants in test city to check their market value. 

Then a complete result was drawn to attract the world 

towards ethnomedicinal flora, its medical significance 

supported with modern literature and a market of green 

medicinal chemicals in District Sialkot. 

 

3. Results 
In response of steps after first round, conduction of 

study tours, surveys, structured, semi-structured and 

unstructured interviews data of 112 plants of 61 

families have collected and systematically arranged is 

given in following Table 2. 
Data of Table exhibits wider variety of fertile 

ethnomedicinal flora of four subdivisions of District 

Sialkot. An overall contribution of four subdivisions 

fertile ethnomedical in total division flora of Sialkot 

district among its four subdivisions is given as followed 

in Figure 3. 

 

 

 

 

Figure 3: Comparative fraction of ethnomedicinal 

species of four subdivisions of Sialkot District.  

 

Figure 3 depicts a relative ratio of ethno botanical 

species in Sialkot District with highest of 31% 

contribution with herbarium of 51 species constituting 

26 herbs, 8 shrubs and 17 trees of Sialkot Subdivision 

itself, including Achyranthesaspera L., 

Adhatodavasica, Aegle marmelos L., Aloe Indica L., 

Asteracantha Longifolia, Azadirachtaindica, Cannabis 

Sativa, Centaureabehen. L, Citrus tangerina, 

Cercissiliquastrum, Convulvulusarvense, 

Cucumismelo var. agrestis Naudin, Cuscutareflexa 

Roxb, Cydonia oblonga, Cyperusrotundus L., 

Embeliaribes, Euphorbia hirta L., Euphorbia 

hypericifolia, Glycyrrhizaglabra L., Hibiscus 

rosasinensis L., Hyoscyamusniger, Ipomoea Eriocarpa, 

Indigoferatinctoria, Lavandula Officinalis Chaix, 

Leucasaspera (Jacq.) Ait., Malva sylvestris L., Melia 

azedarach L., Menthaviridis L., Mesua ferrea L., 

Murdanniapauciflora, Murraya exotica, 

Myristicafragrans Houtt, Myristicafragrans , Papaver 

somniferumL., Pipernigrum L., Pistacia Lentiscus, 

Phyllanthusemblica L., Plantago Ovata L., Polygonum 

Viviparum, Psoraleacorylifolia L., Pyrus communis, 

Rhyncosia minima, Ricinuscommunis L., Solanum 

nigrum L., Sphaeranthusindicus, Strychnos Nux-

vomica L., Terminalia arjuna, Terminalia chebula, 

Terminalia Reticulata, Trigonellafoenum-graecum, 

Withaniacoagulans Dunal and Ziziphus jujuba Mill are 

the major medicinal species of Sialkot subdivision 

belonging to 26 families majorly Fabaceae, Lamiaceae, 

Euphorbiaceae, Malvaceae, Solanaceae and  Rutaceae 

under higher frequencies but Amranthaceae, Liliaceae, 

Meliaceae, Calophyllaceae, Commelinaceae, 

Papaveraceae, Piperaceae, Cactaceae, Phyllanthaceae, 

Plantaginaceae, Polygonaceae, Convulvulaceae, 

Cucurbitaceae, Cuscutaceae, Cyperaceae, Myrsinaceae 

and Rhamnaceae, found with useful applications for  

gastric, hepatic, nerves, cardiovascular problems, 

gastrointestinal problems and viral infections and have 

earned confidence of people in these treatments while 

introduced in body as analgesic, antipyretic and 

nervonic tonics in particular. 

 

 

 

Sialkot Sambarial Daska Pasrur

http://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:496941-1
https://indiabiodiversity.org/species/show/264279
https://en.wikipedia.org/wiki/Fabaceae
http://www.theplantlist.org/1.1/browse/A/Calophyllaceae/
https://www.britannica.com/plant/Piperaceae
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Sambrial is second highly populated sub-division in 

this race with total of 38 botanical species including 22 

herbs, 4 shrubs and 12 trees. Acacianilotica (L.) Delile, 

Achyranthusaspera Linn, Alliumcepa, Allium sativum, 

Aloe vera L, Bacopamonnieri (L.) Penn. Syn., 

Bambuseae, Calotropisprocera, Cassia Fistula, 

Catharanthusroseus, Cichoriumintybus, Cinnamomum 

Tamala, Cupressussempervirens L., 

Cinnamomumzeylanicum , Cymbopogoncitratus, 

Cyrillaracemiflora,  Ficus Benghalensis L., Foeniculum 

vulgare, Fumariaofficinail L., Loliumperenne L., 

Malva sylvestris L., Menthapulegium, Nymphaea L., 

Onosmabracteatum, Piper nigrum L. , Plantago ovata, 

Santalum album L., Senna Alexandria,  

ShpaerathusIndicus, Solanum Nigrum, 

Solanum  Pseudocapsicum, Sphaeranthusindicus, 

Syzygium Aromaticum,  Syzygiumcumini, Terminalia 

arjuna, Tribulusterrestris, Xanthium strumarium L., 

Ziziphus jujuba, Zingiber officinale are the major 

ethnomedicinal species in sambrial subdivision under 

the umbrella of botanical families  Amaranthaceae, 

Apiaceae, Apocynaceae, Asciepiadaceae, Asteraceae, 

Boraginaaceae, Caesalpiniaceae, Combretaceae, 

Cupressaceae, Cyrillaceae, Fabaceae, Fumariaceae, 

Liliaceae, Lamiaceae, Lauraceae, Malvaceae, 

Moraceae, Myrtaceae, Nymphaeaceae, Piperaceae, 

Plantaginaceae, Poaceae, Rhamnaceae, Santalaceae, 

Scrophulariaceae, Solanaceae, Zingiberaceae, and  

Zygophyllaceae, with frequent results as effective 

analgesics, antipyretics, anti-diabetic, purgative, gastric 

diseases, cardiovascular diseases, blood purifying 

agents, constituting 29% of total pie , with Asteraceae 

as the most dominent family of the mentioned 

subdivision.  However, Daska and Pasrur contributes 

almost equally with 29 and 25 herbaceous species.  

20 major botanical families Apiaceae,  Apocynaceae, 

Araceae, Berberidaceae, Brassicaceae, Burseraceae, 

Combretaceae, Fabaceae, Liliaceae, Mimosaceae, 

Myristica, Myrtaceae, Nitrariaceae, Phyllanthaceae, 

Piperaceae, Rutaceae, Scrophulariaceae, Solanaceae, 

Zingiberaceaen and  Zygophyllaceae consists of  31 

species named Albizialebbeck, AllumSativum L, 

Amorphophalluspaeoniifolius, Anethumgraveolens, 

Berberisaristata, Brassica Compestris L., Butea 

monosperma, Phyllanthus Emblica., Piper longum L., 

Piper Nigrum L. Holarrhena Pubescens, Ciclospermum 

leptophyllum, Curcuma Longa L., Commiphora, 

Zingiber officinale, Datusa Metel L., Elettaria 

Cardamon,  Foeniculum vulgare, Glycyrrhiza glabra, 

Myristica fragrans, Peganum harmala, 

Picrorhizakurrooa, Syzygium aromaticum, Terminalia 

chebula, Trachyspermumammi, Tribulusterristia, 

Trigonella foenum-graecum, Withaniasomnifera and 

Zingibir Officinale are recorded in flora of Daska 

subdivision. 

Major botanical families of pasrur are Apiaceae, 

Asparagaceae, Asteraceae, Boraginaceae, 

Caesalpiniaceae, Caprifoliaceae, Cucurbitaceae,  

Curculigoorchioides Gaertn, Cyperaceae, Fabaceae, 

Fagaceae, Grossulariaceae, Lamiaceae, Lauraceae , 

Lythraceae, Malvaceae, Polygonaceae, Ranunculaceae 

and Tiliaceae  constituting Aconitum napellus L., 

Adiantumcapillus-veneris L., Alkannatinctoria L., 

Asparagus racemosus, Caesalpinia crista, 

Chlorophytum borivilianum, Cichoriumintybus,  

Cinnamomumtamala,  Citrulluscolocynthis, Cordia 

obliqua, Corchorusolitorius , Curculigo Orchioides, 

Daucuscarota L., Eleocharisdulcis, Heliotropium 

strigosum, Nagar Bail, Nigella sativa L., 

Ochromapyramidale, Persicariabistorta L., 

Polygonumbistorta L., Punicagranatum L., Quercusin 

fectoria, Ribesnigrum, Senna alexandrina and 

Vachellianiloticare the strengthiningpillers of the 

district. 

3.1. Statistical Evaluation of Results: 

Data shows that more than half of flora of Sialkot 

consists of herbs, then trees at the second peak, and 

finally the shrubs are in least quantity. In order to check 

the association of soil’s fertility and growth of habits of 

plant chi-square test is applied. Results were found to 

be significant with P-value of 0.000 (P<alpha) hence 

concluding that soil of district of Sialkot whether from 

any subdivision is found to be highly fertile w.r.t the 

growth of different habits of plant. 

 

http://eol.org/pages/2508660/overview/
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Nymphaeaceae
https://www.mdidea.com/spectrum/order/zygophyllales/zygophyllaceae/index.html
https://www.google.com/search?q=Myristica&stick=H4sIAAAAAAAAAOPgE-LWz9U3MDQoMjMuKlOCcUzzCrK1LLOTrfSTMvNz8tMr9fOL0hPzMotz45NzEouLM9MykxNLMvPzrDIy0zNSixRQRQHGsAfRVwAAAA&sa=X&ved=2ahUKEwjw6Yem5_vcAhVjxIsKHV9DCMwQmxMoATAaegQICxAZ
https://easyayurveda.com/2012/08/30/daruharidra-berberis-aristata-qualities-benefits-dose-ayurvedic-details/
https://www.google.com/search?q=Fabaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3SK8sNwEAPnK8NQwAAAA&sa=X&ved=2ahUKEwju8sbS3abdAhUMzhoKHVJ3AZ0QmxMoATARegQIBxAW
https://en.wikipedia.org/wiki/Ribes
https://simple.wikipedia.org/wiki/Lamiaceae
https://simple.wikipedia.org/wiki/Lythraceae
https://en.wikipedia.org/wiki/Malvaceae
http://www.planetayurveda.com/kasani.htm
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=DACA6
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Table 1:  Details of local medicine men providing information. 

 
Subdivision Name of Medicine Men Age  

 

 

Area Work 

Experience 

Mother  

Institute 

Sialkot 1 Hakim Nadar Khan 

Lodhi 

45 Years Chawinda 

Bazar 

Hakiman 

20 Years Tibia 

College Lahore 

2 Muhammad Razzaq 42 Years  Chawinda 20 Years  Tibia 

College Gujranwala 

Sambrial 1 Muhammad Saleh 44 Years Sambrial 

City 

20 Years Family occupation 

2 Akbar Ali 74 Years -do- 50 Years Private Source 

3 Manzoor 55 Years -do- 10 Years -do- 

Daska 1 Hakim Khalil 
urRehman 

40 Years  10 Years Occupation of 
forefathers. 

Pasrur 1 Hakim Muhammad 

Afzal 

47 Years Pasrur, 

Charwinda 

Phatak 

18 Years Tibia 

College Lahore 

2 Hakim Rana Saleem Ul 

Allah 

72 Years Pasrur City 37 Years Tibiya College,  

Tib-e-Nabvi, 

Faisalabad 

 

Table 1 depicts that data was collected by experienced and mature people in their fields from a mature age of minimum 42 

to maximum 72 years, with experience of 10-50 years and 25 years on average.  
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Table 2: Systematic arrangement of data of ethnomedicinal flora of four subdivisions of District Sialkot Punjab Pakistan. 

S. 

No 

Botanical Name Family 

Name 

Habit Local 

Name of 

Plant 

Common 

Name of 

Plant 

Part 

used 

Application Habitat 

1 Acacia nilotica (L.) Delile Fabaceae 

 

Tree Kekar Babool,  

Thorn mimosa 

Whole 

plant 

For Semen Leakage, 

Nocturnal Ejaculation, 

Leucorrhea 

Sambrial 

 

 

2 Aconitum napellus L. Ranunculaceae Herb Meeth Talia Monk's-hood Tuber As Antibiotic Pasrur 

3 Achyranthes aspera Linn 

 

Amranthaceae Herb Puth Kanda Prickly Chaff Powder For Gastric Disorders, 

Pruritus, Asthma. 

Sialkot, Sambrial 

4 Adiantum capillus-veneris L. Pteridaceae Herb Partoshan Southern 

Maidenhair 

Leaves Control of Hormonal 

Secretions 

Pasrur 

5 Adhatoda vasica Acanthaceae Shrub Arosa Vasaka Whole 

plant 

For Jaundice, nausea. Sialkot 

6 Aegle marmelos L Rutaceae Tree Belgiri Bael Fruit For Viral Infections, 

Diarrhea, Flu, 

Purgation, Rheum, 

Diabetes. 

Sialkot 

7 Alkanna tinctoria L. Boraginaceae Herb Rattan Jot Alkanet Leaves Treatment of burned 

body 

Pasrur 

8 Allium cepa Liliaceae/Amaryllidaceae Herb Pyaz Onion Stem For treatment of 

Blood Pressure 

Sialkot 

9 Allium sativum Liliaceae Herb 

 

Lehsan Garlic Stem For treatment of 

Blood Pressure 

Sambrial 

10 Aloe Indica L. Liliaceae/ Xanthorrhoeaceae 

Liliaceae 

Herb Kanwar 

Gandal, 

Aluva 

Aloe vera 

 

Leaves 

 

As Analgesic, 

Antipyretic, 

Appetitive, for removal 

of Intestinal Parasites, 

Relieve from 

Sialkot, Sambrial 

 

https://www.healthline.com/health/mens-health/semen-leakage
http://sexualservicehealthclinic.blogspot.com/2012/07/ehtelamnocturnal-ejaculation.html
https://medlineplus.gov/stomachdisorders.html
http://hamariweb.com/dictionaries/rheum_urdu-meanings.aspx
https://www.google.com/search?hl=en-PK&q=Amaryllidaceae&stick=H4sIAAAAAAAAAOPgE-LQz9U3SMkyN1XiBLGMyozLTbS0spOt9JMy83Py0yv184vSE_Myi3Pjk3MSi4sz0zKTE0sy8_Os0hJzM3MqAboilVBDAAAA&sa=X&ved=2ahUKEwi5w7O3nPHcAhVEQI8KHaz8AQMQmxMoATADegQIChAR
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Dysmenorrhea pain. 

11 Amorphophallus paeoniifolius Araceae Herb Surana Elephant 

Foot 

Corn of 

Rhizome 

For Haemorrhoids Daska 

12 Anethum graveolens Apiaceae Herb Shatpushpa Dill Dried 

Rippen 

Fruits 

For relieve of 

Menstrual Pains 

Daska 

13 Asparagus racemosus Asparagaceae Herb Satawar Buttermilk 

root 

Tubers As male sexual tonic Pasrur 

14 Asteracantha Longifolia Acanthaceae Weed Talmakhana Hygrophila 

 

Seed As Nutritional Tonic, 

Exhilarant, for weight 

gain, 

 a male sexual tonic, 

Hyper coagulability. 

Sialkot 

15 Azadirachta indica Meliaceae Tree Neem Nimba Seed, 

Fruit,Flow

er,Bark 

As Blood Purifier, 

Antipyretic, Sedative, 

Laxative, Resolvent and 

for Dermatological 

problems. 

Sialkot 

16 Bacopa monnieri (L.) Penn. 

syn. 

Scrophulariaceae Herb Jal Neem Brahmi Whole 

plant 

For Blood filtration Sambarial 

17 Bambuseae Poaceae Tree Tabashir 

Naqda 

Bamboo Silica Stem, 

Pulp of 

fruit 

As heart relaxant Sambarial 

18 Berberis aristata 

 

Berberidaceae Shrub Drauharidra 

decoction 

Indian 

berry 

Roots, 

Stem 

For Conjunctivitis Daska 

19 Brassica Compestris L. Brassicaceae Herb Lahuna oil Mustard Seed 

oil 

For earache Daska 

20 Butea monosperma Fabaceae/Papilionaceae Tree Plasha Flame of 

Forest 

Seed For Parasitic Infections Daska 

21 Calotropis procera Asciepiadaceae Weed Aak Milk Weeds/ 

Madar tree 

Leaves, 

Roots, 

Latex 

 

As Analgesic, 

Antipyretic effect 

Sambrial 

22 Cassia Fistula Fabaceae Tree Amal Tas Golden 

Shower 

Fruit As Purgative Sambrial 

https://easyayurveda.com/2012/08/30/daruharidra-berberis-aristata-qualities-benefits-dose-ayurvedic-details/
http://www.efloraofgandhinagar.in/plant-families/papilionaceae
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23 Catharanthus roseus Apocynaceae  Sada Bahar  Leaves As Anti-diabetic Sambrial 

24 Centaurea behen. L Asteraceae Herb Bahiman White 

Behmen 

Seed For Leucoderma. Pasrur 

25 Cercis siliquastrum Fabaceae Tree Arghawan Judas-tree Seed For treatment 

of hemoptysis, 

component of 

ophthalmic medicines. 

Sialkot 

26 Cichorium intybus  Asteraceae Herb Kasani Chicory 

 

Seed Gastric and Hepatic 

Tonic 

Pasrur 

27 Cinnamomum tamala Lauraceae Tree Kanwal Patta Bay Leaf Fruit  Pasrur 

28 Cinnamomum zeylanicum Lauraceae Tree Dar Cheeni Cinnamon Bark For stomach Treatment Sambrial 

29 Citrullus colocynthis Cucurbitaceae Herb Tuma Bitter Apple. Tubers As Anti-diabetic. Pasrur 

30 Citrus tangerina Rutaceae Tree Barhij Dandi Citrus Dry leaves For Febrifuge, Pruritus, 

Skin abscess, 

Ringworms. 

Sialkot 

31 Commiphora Burseraceae Tree Googgle Indian 

Badellium 

Leaves For Thyroid stimulation Daska 

32 Corchorus olitorius Tiliaceae Herb Jute Jew's Mallow Seed For Renal Disorders Pasrur 

33 Cucumis melo var. agrestis 

Naudin 

Cucurbitaceae Weed Chibbar Wild Water 

Melon 

Seed, Fruit For Dermatological and 

Gastric Problems 

Sialkot 

34 Cupressus sempervirens L. Cupressaceae Tree Jeriena Mediterranean 

Cypress 

Whole 

plant 

For Blood Purification Sambarial 

35 Curculigo Orchioides Curculigo orchioides Gaertn Herb Siyah Mosli Golden Eye 

Grass 

Roots As Muscular Tonics Pasrur 

36 Curcuma Longa L. Zingiberaceae Herb Haridra Turmeric Rhizome For Sprain, Wound 

Care 

Daska 

37 Cuscuta reflexa Roxb Cuscutaceae Tree Akash Bail Dodder Stem For Paralysis Sialkot 

38 Cydonia oblonga Rosaceae Tree Bahi 

Dana 

Quince Seed For Weight gain, 

Increase in Lactation. 

Sialkot 

http://www.planetayurveda.com/kasani.htm
http://www.planetayurveda.com/kasani.htm
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39 Cymbopogon citratus Poaceae Shrub Lemon Grass Lemon Grass Whole 

plant 

For Viral Fever Sambarial 

40 Cyperus rotundus L. Cyperaceae Herb Deela Nut Grass Rhizome For Diarrhea, dysentery 

and Febrifuge 

Sialkot 

41 Cyrilla racemiflora Cyrillaceae Shrub Teeti Leather 

wood 

Whole 

plant 

For Jaundice 

 

Sambarial 

42 Daucus carota L. 

 

Apiaceae Herb Gajar Carrot Seeds As male sexual tonic Pasrur 

43 Datusa Metel L. Solanaceae Herb Dhattora Thorn Apple Leaves, 

Seed 

For Lice Infestation Daska 

44 Elettaria Cardamon Zingiberaceae Herb Ela 

Powder 

Cardamon Seed For Anti-peristaltic 

movements 

Daska 

45 Eleocharis dulcis Cyperaceae Herb Khushk 

Sangara 

Water 

chestnut 

Leaves For Stomach acidity 

and sexual dysfunction 

Sialkot 

46 Embelia ribes Myrsinaceae Shrub Bao Paring False Black 

Pepper 

 

Seed For removal of 

Intestinal Parasites, 

Herpetological 

problems. 

Sialkot 

47 Euphorbia hirta L. Euphorbiaceae Herb Aam dodak Doddak Whole 

plant 

As Expectorant, for 

Asthma and Cough 

Sialkot 

48 Euphorbia hypericifolia Euphorbiaceae Herb Pui Booti Graceful 

 Spurge 

Whole 

plant 

To relieve warts Sialkot 

49 Ficus Benghalensis L. 

 

Moraceae Tree Borh Bayan Latex, 

Stem, 

Fruit 

For Muscular 

Strength 

Sambarial 

50 Foeniculum vulgare Apiaceae /Umbelliferae Herb Kamon-e-

Aswad, Sonf 

Fennel 

 

Seed As Carminative, for 

Constipation and  

Stomach Disorders 

Sambarial, Daska 

51 Fumaria officinail L. Fumariaceae Shrub Shahtara Earth-Smoke Whole 

plant 

For Blood filtration Sambarial 

52 Glycyrrhiza glabra Fabaceae Shrub Mulathy Liquorice Root For Stomach ulcers, 

heartburn 

Sialkot, 

Daska 

53 Holarrhena Pubescens 

 

Apocynaceae Tree Kutaja Tellicherry 

Bark /Kurchi 

Stem For Diarrhea Daska 

http://hamariweb.com/dictionaries/%DB%8C%D8%B1%D9%82%D8%A7%D9%86_urdu-english-meanings.aspx
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=DACA6
https://www.lybrate.com/topic/fennel-saunf-benefits-and-side-effects
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54 Heliotropium strigosum Boraginaceae Herb Gorakh Pan 

Booti 

Bristly 

Heliotrope. 

Leaves As Anti-allergic and 

Blood Purifier 

Sialkot 

55 Hyoscyamus niger Solanaceae Herb Ajwaien 

Kharasani 

Black 

Henbane 

Seed For Insomnia, Hysteria, 

Belly Ache,  Chesty 

Coughs Treatment 

Sialkot 

56 Ipomoea Eriocarpa Convolvulaceae Herb Lagaco 

cozinho 

Morning glory Root, 

Leaves 

For Headache, ulcers, 

fevers 

Sialkot 

57 Indigofera tinctoria Fabaceae Shrub Neel Kubthe True Indigo Flower, 

Leaves 

As Blood purifier, 

syphilis, 

Mosaic disease, 

Typhoid fever. 

Sialkot 

58 Lavandula 

Officinalis Chaix 

Lamiaceae Shrub Asto Khodos French 

Lavender 

Leaves,  

Flower 

For Hemicranias, 

Psychiatric issues, 

Asthma, Digestion, Flu 

Sialkot 

59 Leucas aspera (Jacq.) Ait. Lamiaceae Herb Jhumka booti Tunble weed Leaves For Gastritis Sialkot 

60 Lolium perenne L. Poaceae Weed Gaus Vail Reygrass Stem For Paralysis, Pain Sambrial 

61 Malva sylvestris L. 

 

Malvaceae  Khabazi, 

Khatm-e-

khapazi 

Mallow Seed For Inflammatory 

diseases of mucous, 

Flu, Rheum, Cough, 

Urinary 

tract infection and 

Intestinal inflammation 

Sialkot, Sambrial 

62 Mentha pulegium Lamiaceae Herb Podeena Mint Leaves For stomach disorders 

and healthy digestion 

Sialkot 

63 Mentha viridis L. Lamiaceae Herb Podeena Mint Leaves For Stomach ache and  

Heartburn. 

Sialkot 

64 Mesua ferrea L. 

 

Calophyllaceae  Tree Nagseer Medusa Flower As Astringent, Cardiac,  

Hepatic and Gastric 

Tonics and for 

Hemorrhoids. 

Sialkot 

http://hamariweb.com/dictionaries/rheum_urdu-meanings.aspx
https://medical-dictionary.thefreedictionary.com/intestinal+inflammation
http://www.theplantlist.org/1.1/browse/A/Calophyllaceae/
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65 Murdannia pauciflora Commelinaceae Herb Khosli Few Flowered 

Dewflower 

Roots For Sexual 

Dysfunction. 

Sialkot 

66 Murraya exotica Rutaceae Shrub Jasmine 

orange 

Jasmine 

orange 

Leaves As Analgesic Sialkot 

67 Myristica fragrans Houtt Myristicaceae Tree Jawatri Mace Peels As Cardiac and Gastric 

Tonic, Carminative. 

Sialkot 

68 Myristica fragrans Myristica  Tree Javatri, Jaifal Nutmeg Fruit, Seed For Dyspepsia, 

Numbness of skin, 

Headache, Luxation , 

Premature Ejaculation 

Treatment, ,Stomach 

spasms and pain 

Sialkot, Daska 

69 Nagar Bail 

 

Caprifoliaceae Shrub Tunj  Seed For Male sexual tonic. Pasrur 

70 Nigella sativa L. Ranunculaceae Herb Kalvanji Klotrgi Seed For Gastric Tonic Pasrur 

71 Nigella sativa L. Ranunculaceae Herb Kalvanji Klotrgi Seed For Gastric Tonic Pasrur 

72 Nymphaea L. Nymphaeaceae  Herb Nelofar water lily Flower For Cardiovascular and 

nervous system 

Sambrial 

73 Onosma bracteatum Boraginaaceae Herb Gao Zuban Bee Plant Leaves For relieve of 

functional palpitation of 

heart 

Sambrial 

74 Ochroma pyramidale Malvaceae 

 

Tree Beera Balsa Tree Fruit For Gastric Tonic Pasrur 

75 Ocimum basilicum  

 

Lamiaceae Tree Rehan Basil Seeds Seed For male sexual tonic Pasrur 

76 Papaver somniferum L. Papaveraceae Tree Koknar Opium poppy Seed, Fruit For Conjunctivitis, 

Headache, Brain Tonic, 

Flu and  Rheum 

Sialkot 

77 Persicaria bistorta L. Polygonaceae  Tree Inj Bar Marsh pepper Root  Pasrur 

78 Peganum harmala Nitrariaceae Tree Harmel Aspand Seed As Carminative and 

diuretic 

Daska 

79 Phyllanthus emblica L. Phyllanthaceae Herb Amla Indian goose 

berry 

Fruit As Gastric Tonic Sialkot 

https://r.search.yahoo.com/_ylt=AwrC1FNpb4ZbyFIAFApXNyoA;_ylu=X3oDMTExYW02cmRnBGNvbG8DYmYxBHBvcwM3BHZ0aWQDVUlDMV8xBHNlYwNzcg--/RV=2/RE=1535565801/RO=10/RU=https%3a%2f%2fmy.clevelandclinic.org%2fhealth%2fdiseases%2f9122-sexual-dysfunction-in-males/RK=2/RS=tV9Ezz2W9VSiqDzWbPinC0L1Nas-
https://r.search.yahoo.com/_ylt=AwrC1FNpb4ZbyFIAFApXNyoA;_ylu=X3oDMTExYW02cmRnBGNvbG8DYmYxBHBvcwM3BHZ0aWQDVUlDMV8xBHNlYwNzcg--/RV=2/RE=1535565801/RO=10/RU=https%3a%2f%2fmy.clevelandclinic.org%2fhealth%2fdiseases%2f9122-sexual-dysfunction-in-males/RK=2/RS=tV9Ezz2W9VSiqDzWbPinC0L1Nas-
https://www.google.com/search?q=Myristica&stick=H4sIAAAAAAAAAOPgE-LWz9U3MDQoMjMuKlOCcUzzCrK1LLOTrfSTMvNz8tMr9fOL0hPzMotz45NzEouLM9MykxNLMvPzrDIy0zNSixRQRQHGsAfRVwAAAA&sa=X&ved=2ahUKEwjw6Yem5_vcAhVjxIsKHV9DCMwQmxMoATAaegQICxAZ
http://hamariweb.com/dictionaries/%D8%A8%D8%AF+%DB%81%D8%B6%D9%85%DB%8C_urdu-english-meanings.aspx
http://hamariweb.com/dictionaries/luxations_urdu-meanings.aspx
https://plants.usda.gov/java/ClassificationServlet?source=display&classid=Nymphaeaceae
https://en.wikipedia.org/wiki/Malvaceae
https://sheffields.com/seeds-for-sale/Ocimum/basilicum/6120/Sweet-Basil
https://simple.wikipedia.org/wiki/Lamiaceae
http://hamariweb.com/dictionaries/rheum_urdu-meanings.aspx
https://www.google.com/search?hl=en-RO&q=Polygonaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3MC3JzQAAQMGQjgwAAAA&sa=X&ved=2ahUKEwjx7-epxajdAhVGyKQKHVQsC_MQmxMoATASegQIDBAZ
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80 Picrorhiza kurrooa Scrophulariaceae Herb Kutaka Picrohiza Rhizomes  

with 

Roots 

For Jaundice Daska 

81 Piper nigrum L. Piperaceae Herb Mirch Siyah Black Pepper Seed For Gastrointestinal  

Improvements, As 

Gastric and Hepatic 

Tonics, Expectorant. 

Sialkot, Sambrial, 

Daska 

82 Pistacia Lentiscus Cactaceae Tree Mustalgi Lentisk  Gum As Gastric and Hepatic 

Tonics, as solvent for 

drug, for Relieve of 

Menstrual Pains 

Sialkot 

83 Plantago Ovata L. Plantaginaceae Herb Isbaghol Ispaghula 

Husk 

Seed For Spermatorrhoea, 

Belly Ache, sore throat, 

Urinary 

tract infection 

Sialkot 

84 Polygonum bistorta L. Polygonaceae Herb Anj Bar Meadow 

Bistort. 

Shoot As Anti-allergic Pasrur 

85 Polygonum Viviparum Polygonaceae Herb Anjbar Bird Weed Root For Hemorrhage healer, 

Purgation treatment 

Sialkot 

86 Psoralea corylifolia L. Fabaceae Herb Babchi Bavanchi 

Seeds 

Seed For Leucoderma. Sialkot 

87 Punica granatum L. Lythraceae Small 

Tree 

Anar Dana Pomegranate Seed As Gastric Tonic Sialkot 

88 Pyrus  communis Rosaceae Tree Nashpati Pear Fruit As Laxative, For 

obesity, Biliary 

obstruction 

Sialkot 

89 Quercus infectoria Fagaceae Shrub Maju Gallnut Fruit As Gastric Tonic Pasrur 

90 Rhyncosia minima Fabaceae Herb Jungli moath Jumby-bean Whole 

plant 

For Gyne care. Sialkot 

87 Ribes nigrum Grossulariaceae Shrub Manka Currant Fruit For Common Cold and 

as Pain killer 

Pasrur 

https://www.britannica.com/plant/Piperaceae
https://www.wisegeek.com/what-is-the-gastrointestinal-tract.htm
https://r.search.yahoo.com/_ylt=AwrVox6nfIZb1xEAPRBXNyoA;_ylu=X3oDMTExa2MyY3N1BGNvbG8DZ3ExBHBvcwMxBHZ0aWQDVUlDMV8xBHNlYwNzcg--/RV=2/RE=1535569191/RO=10/RU=https%3a%2f%2fwww.englishintourdudictionary.com%2flentisk.html/RK=2/RS=gD6VirLB.KgkLmVv5pySxP4aVXI-
https://en.wikipedia.org/wiki/Fabaceae
https://simple.wikipedia.org/wiki/Lythraceae
https://en.wikipedia.org/wiki/Ribes
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88 Ricinus communis L. Euphorbiaceae Small 

Tree 

Hernoli 

 

Castor oil Seed For Gastric problem 

and Constipation. 

Sialkot 

89 Senna alexandrina Fabaceae  Herb Tanamki Senna Leaves As Purgative Pasrur 

90 Santalum album L. Santalaceae Tree Sandal Sandal 

wood 

Stem As Heart relaxant Sambrial 

91 Senna Alexandria Caesalpiniaceae Tree Barg-e-sarna Seena Plant Leaves Used for Gastric 

Problems 

Sambrial 

92 Shpaerathus Indicus Asteraceae Herb Mundi Booti, 

Gorak 

Mundi 

Sphaerathus Flower, 

Fruit 

For Somatic Pain Sambrial 

93 Solanum Nigrum Solanaceae Herb Makoh European blac

k nightshade 

Whole 

plant 

For Internal Injury Sambrial 

94 Solanum 

Pseudocapsicum 

Solanaceae Shrub Aksan/ 

Asgandh 

Winter Cherry Roots As Brain tonic, for pain 

relieving 

Sambrial 

95 Syzygium Aromaticum 

 

Myrtaceae Tree Long Clove Fruit, 

Flower, 

buds 

For Hypertension and 

Toothache 

Sambrial, Daska 

96 Strychnos Nux-vomica L. Loganiaceae 

 

Tree Azraki Kuchla Seed As poison, Brain Tonic 

and Pain killer 

Sialkot 

97 Syzygium cumini  Myrtaceae Tree Jaman Black plum Fruit As Anti-diabetic, 

Anti- jubilance 

Sambrial 

98 Terminalia arjuna Combretaceae Tree Arjan Arjun Tree Leaves For Cough, 

Cardiovascular 

disorders and mucus 

Sambrial 

99 Terminalia chebula Combretaceae Tree Har Har Black 

Myrobalan 

Fruit For Antibacterial and 

anti-inflammatory 

applications 

Daska 

100 Trachyspermum ammi Apiaceae Herb Ajwaien Desi Ajwaien Fruit For Atonic dyspepsia, 

diarrhea, abdominal 

tumors 

Daska 

101 Tribulus terristia Zygophyllaceae Shrub Gokshura Land Caltrops Fruit For Sexual disorders Daska 

102 Trigonella foenumgraecum Fabxaceae Tree Maithray Fenugreek Seed For Anorexia nervosa 

 

Daska 

https://www.google.com/search?q=Fabaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3SK8sNwEAPnK8NQwAAAA&sa=X&ved=2ahUKEwju8sbS3abdAhUMzhoKHVJ3AZ0QmxMoATARegQIBxAW
http://eol.org/pages/2508660/overview/
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103 Vachellia nilotica Fabaceae  Tree Gond Babol Kekar Gum As Gastric Tonic Daska, Sialkot, 

Sambrial 

104 Withania somnifera Solanaceae Herb Ashvagandha Winter 

Cherry 

Root For Malaise Daska 

105 Xanthium strumarium L. Asteraceae Herb Chhota 

Dhatura 

Cocklebur Seed, 

Fruit, 

Leaves 

As Gastric Tonics Sambrial 

106 Zingiber officinale Zingiberaceae Herb Adrak Ginger Stem For Hypertension Sambrial 

107 Ziziphus jujuba Rhamnaceae Tree Anab Jujubes  

Fruit 

For Hyperthermia, 

Blood Clarification, 

Neuron Tonic. 

Sambrial 

108 Zingibir Officinale Zingiberaceae Herb Sunth Dry Ginger Rhizomes As Stomach settler Daska 

109    Taram Hindi  Seed  Pasrur 

110    Indian Mosli  Stem For male sexual tonic Pasrur 

111    Sundash  Leaves, 

Stem,  

Flower 

As Brain Tonic Pasrur 

112    Sumandri Suk  Seed For Leucorrhea and Sun 

Stroke. 

Pasrur 

https://www.google.com/search?q=Fabaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3SK8sNwEAPnK8NQwAAAA&sa=X&ved=2ahUKEwju8sbS3abdAhUMzhoKHVJ3AZ0QmxMoATARegQIBxAW
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Figure 4: Comparison of various parts of Plants used for preparation of local herbal medicines. 

 

Figure 4 shows that Seeds, roots, stems, latex, leaves, 

flowers, fruits, peels, pulp, bark, rhizomes, bulbs, 

gums, dried fruits, flower buds, shoots, tubers and 

whole plants of all these species are effective in gastric, 

hepatic, cardiovascular, respiratory, inflammatory, 

dermatological, neurological, sexual dysfunctions and 

water borne diseases.  

 

 

 

 

Statistical data of frequencies of all the 61 botanical 

families in all the subdivisions of district represents  

Fabaceae familyas the  most abundant family with a 

frequency of 12 in whole data, alongwith Solanaceae, 

Lythraceae, Lamiaceae, Apiaceae, Asteraceae and 

Rutaceaein considerable fraction. 

Individual dominance of various families in individual 

subdivision is given in Figure 5(a-d). 

 

 

 
Figure 5(a): Population of botanical families in Sialkot Subdivision. 
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https://simple.wikipedia.org/wiki/Lythraceae
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Figure 5(b): Population of botanical families in Sambrial Subdivision. 

 

 
Figure 5(c): Population of botanical families in Daska Subdivision. 
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Figure 5(d): Population of botanical families in Pasrur Subdivision. Population density of different botanical 

species and families is shown in Table 2. 

 
Figure 6: Comparative ethnomedicinal data of district Sialkot. 

Figure 6 shows highest botanical density of specie as well as family in subdivision Sambrial in comparison with 

all others. 

 

Table 3: Relative average density of various botanical species and and families in Dist. Sialkot 

S. 

No 

Name of 

Subdivision 

Area 

(sq.acres2) 

Species  

density/ sq.acres2 

Family  

density/ sq.acres2 

1  Sialkot 213.255 2.39×10-4 1.21×10-4 

2 Sambrial 120.791 3.24×10-4 2.31×10-4 

3 Daska 167.288 1.73×10-4 1.19×10-4 

4 Pasrur 241.531 1.03×10-4 8.28051×10-5 

5 Sialkot District 742.885 1.57×10-4 8.21123×10-5 

 

4. Discussion 

A wider survey of medicinal men and local flora in 

order to construct a systematic data sheet of district 

Sialkot exploded the treasures of highly dense racks of 

natural resources hidden from the world eye. Now 

world can have a look at this ethnomedicinal heaven to 

diversify their market with green medicines to highlight 

the fertility of green pharmaceutical industry. The 

leaves, stem, bark and fruits of Aegle marmelos (L.) 

Correa (A. marmelos) has medicinal value accepted by 

researchers (19). These leaves are widely used to treat 

diarrhoea, dysentery, skin and eye diseases (20). They 

contain terpenoids which act as antifungal agent. 

Allium cepa has been used as an efficient model 

organism in genetic tests for chromosome aberration 

assays. Genotoxicity of many food dyes have been 

evaluated using Allum cepa as indicator. Aloe Vera is 

found primarily in the arid regions of Americas, Africa, 
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Europe, and Asia that is used for medicinal purposes 

(21). In India, Andhra Pradesh, Rajasthan, 

Maharashtra, Gujarat, and Tamil Nadu are the main 

Aloe vera cultivating states. For centuries, the gel of 

Aloe vera has been used for healing and therapeutic 

purposes, and more than 75 biologically active 

constituents have been discovered in the inner gel. Aloe 

vera is a rich source of bioactive compounds (22). It has 

been widely used in alternative medicine as health and 

nutritional supplements in addition to its cosmetic 

applications. Polyphenol-rich A. vera extracts possess 

various pharmacological activities. The plant has about 

99-99.5% water and only 0.5-1.0% solid matter which 

contains more than 75 diverse compounds. Cassia 

fistula seeds are well defined for producing activated 

carbon through physical and chemical treatment for the 

extrusion of Ni(II) ion contaminated aqueous solution 

(23). The readily prepared sorbents were characterized 

using SEM-EDX and FTIR and explored for further 

studies. Solanum nigrum is a species in Solanum genus, 

characterized by its white flowers and purple-black 

berries. It contains many steroidal glycosides, steroidal 

alkaloids, steroidal oligoglycosides, including 

solamargine, solasonine, solavilline, solasdamine and 

solanine, steroidal saponins and glycoprotein, many 

polyphenolic compounds such as gallic acid, 

protocatechuic acid, catechin, caffeic acid, epicatechin, 

rutin, and naringenin (24), which possess strong 

anticancer and antioxidant activity with IC50 value of 

isolated compounds ranging from 0.25-4.49 micro 

metre. Each part of Terminalia arjuna, i.e. stem bark, 

fruit, leaves and roots is bestowed with healing 

properties. Particularly, Terminalia arjuna bark extract 

has a long antiquity of its role as a cardiac stimulant for 

its beneficial effects in angina. 

It was identified that 74% of the 119 plant derived 

drugs were discovered as a result of isolation of active 

substances from medicinal plants (25).  

 

5. Conclusions 
Sialkot is found a densely loaded area with heave 

population density of ethnomedicinal herbarium. About 

112 species of 61 families are found to be 

accommodated in fertile land of the all of the four 

subdivisions on behalf of its surrounding and 

geographical location. These species are found 

effective in herbal medicines of about 170 categories of 

gastric, hepatic, sexual, urinary, respiratory, and 

inflammatory and water borne diseases including 

analgesic and anti-pyretic activities. This data explores 

the unique and fertile territory of District Sialkot, 

executing its dynamic biological resources and 

promoting its pharmaceutical market in international 

grounds. Sialkot can be an economic company of raw 

materials of each and every type of pharmaceutical 

stuff. Any proposal of setup of safe and healthy herbal 

resource center would be appreciably successful here to 

harvest big deals of national and international business 

shares. It could be a ready source of green medicines 

introduced at least cost pharmaceutical open ground 

worldwide. 
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Abstract: Sepsis, triggered by highly bacterial lipopolysaccharide 

(LPS) endotoxins, exhibits high morbidity and mortality despite 

medical advances. Damage to the liver occurs due to the production 

of highly reactive oxygen species (ROS) and the release of various 

proinflammatory cytokines. It is suggested that autophagy, which 

regulates inflammation and selectively destroys damaged 

mitochondria, suppresses apoptosis and provides a possible 

protective mechanism in the endotoxic liver. However, apilarnil, a 

bee product, is known to have high antioxidant activity and positive 

effects against various diseases thanks to its polyphenols. In this 

study, it is aimed to reveal the potential protective effect of apilarnil 

on the autophagy mechanism in the endotoxic liver model LPS-

induced. 64 male Sprague Dawley rats weighing 200-250 g; control, 

apilarnil treated groups (0.2, 0.4 and 0.8 g/kg), LPS (30 mg/kg) 

group and LPS+apilarnil treated groups (LPS+0.2 g/kg, LPS+0.4 

g/kg and LPS+0.8 g/kg) are randomly divided into eight groups. 

Beclin-1, LC3 and P62 proteins were analyzed 

immunohistochemically in order to determine the activity level of 

autophagy pathway in the liver tissues taken after the completion of 

the experiment protocol. The data obtained showed that Beclin-1 

immunoreactivity decreased while LC3 and P62 expression 

increased in the tissues of the LPS group compared to the control 

group. When apilarnil was applied with LPS, it was determined that 

there was an increase in Beclin-1 level (p>0.05) and a decrease in 

P62 levels (p<0.05) depending on the dose increase. Apilarnil 

increases the activity of the autophagy pathway and shows potential 

positive effects by providing a significant decrease on LC3 and P62 

protein expression increased by LPS. However, the role of apilarnil 

in the autophagy pathway, which is a possible protector against LPS-

induced sepsis, should be further investigated. ©2020 NTMS. 

Keywords: Beclin-1, LC3, P62, Apilarnil, LPS, Liver. 

1. Introduction 

Sepsis; an uncontrolled immune response that is 

triggered by infection, trauma, or toxins and occurs 

systemically. In the following process, it can lead to 

death by causing septic shock and multiple organ 

 

 

failure (1, 2). Lipopolysaccharide (LPS) is the main 

structural component of the outer cell membrane of 

gram-negative bacteria (3). Bacterial LPS, an 

endotoxin, is involved as a powerful microbial agent in  
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the pathogenesis of sepsis and septic shock. LPS 

delivered to the blood initiates a potentially fatal series 

of inflammation mediators and procoagulant factor 

release. 

Widespread endothelial damage in tissues leads to 

hypoperfusion and intravascular coagulation (4). 

During sepsis, pro-inflammatory responses occur with 

activation of the complement system, coagulation 

system, vascular endothelium, neutrophils and 

platelets. However, the immune system is suppressed 

due to the reprogramming of antigen presenting cells 

and apoptosis and depletion of lymphocytes (5).  

Despite the constant advances in medicine, sepsis 

continues to be a global problem with high morbidity 

and mortality rates (6, 7). However, it is known that 

liver dysfunction accompanying sepsis has a significant 

effect on mortality rates. However, the pathological 

mechanism of sepsis-related liver dysfunction is very 

complex and has not been fully elucidated yet (8). 

The liver plays a key role in the regulation of a wide 

range of metabolic, homeostatic and host defense 

activities under septic conditions (9). The liver provides 

both the clearance of circulating pathogenic 

microorganisms and toxins and the release of 

components of the liver-induced cytokines, 

inflammatory mediators, and coagulation cascade (10). 

The irregular inflammatory response that occurs 

following excessive LPS stimulation can kill bacteria 

as well as damage the liver, which has an effective 

function in defense responses (11). 

LPS increases hepatocyte damage and leukocyte 

infiltration by interacting with TLR-4, a sub-member of 

the Toll-like receptor (TLR) family, which is highly 

expressed in Kupffer cells in the liver (12). Following 

increased TLR-4 stimulation, chemokine from Kupffer 

cells, various cytokines (tumor necrosis factor-alpha 

(TNF-α), interleukin (IL) -1β, IL-6, IL-12 and IL-18), 

reactive oxygen species (ROS) and nitric oxide (NO) is 

secreted (13, 14). However, activation of the TLR-4 

signal can interestingly contribute to the destruction of 

pathogens by inducing autophagy in immune cells (15, 

16).  

Autophagy is one of the innate and well-protected 

defense mechanisms against microbial attack. It 

controls the destruction of damaged organelles and 

various macro molecules, such as protein, through the 

formation of double membrane autophagosomes to 

provide cellular homeostasis (17, 18). It also plays an 

active role in the elimination of bacteria and pathogens 

in the cytoplasm (19). 

Current studies in the literature reveal that in the case 

of sepsis, autophagy suppresses immune reactions and 

inhibits apoptosis by regulating inflammation and 

metabolism (20, 21). It also reduces cellular stress by 

preventing high ROS-induced LPS production and 

accumulation of damaged mitochondria (22). 

Autophagy can eliminate damaged mitochondria by 

selectively (23, 24). It also promotes regeneration of 

damaged proteins and organelles through lysosomal 

dependent degradation to deal with oxidative stress 

damage caused by ROS excess (25). Thus, autophagy 

has been shown to have a protective role against 

multiple organ failure, including liver damage (26). 

Various regulatory proteins such as Beclin-1, LC3 and 

P62, located in the autophagy pathway, allow 

examination of the autophagy activity in tissues.  

Apilarnil is a poorly studied and little known 

biologically active bee product (27). It is obtained by 

freezing and breaking the 3-7-day old bee larvae with 

the nutrients they contain (28). In the analysis of the 

chemical composition of drones, it was observed that it 

contains a high rate of water, carbohydrates and lipids 

(29). In another analysis study conducted in 2019, 

similarly high protein content was determined, and 16 

kinds of amino acids were detected. It has also been 

shown to be rich in phenolic compounds. It is suggested 

that it can perform its biologically beneficial activity 

through its antioxidant and radical inhibitory activity 

(30). In addition, current studies reveal that apilarnil 

has positive effects against gastrointestinal diseases, 

toothache, muscle fatigue, respiratory problems and 

male infertility (31).  

In this study, the potential protective effect of apilarnil 

against LPS-induced liver sepsis will be examined. It 

was aimed to reveal the effect of apilarnil on the 

autophagy mechanism by performing 

immunohistochemical staining of Beclin-1, LC3 and 

P62 proteins in the liver tissue of the rats with sepsis 

model. 

 

2. Material and Methods  
2.1. Chemicals 

Lipopolysaccharide was provided from Sigma Aldrich 

(Escherichia coli LPS, serotype 0127: B8) and 

Lyophilized Apilarnil was provided from Nutral 

Therapy Co Ltd (Erciyes University Technopark, 

Kayseri). 

 

2.2. Experiment groups 

Ethics committee approval was received from Erciyes 

University Animal Experiments Local Ethics 

Committee (HADYEK) for this study (Protokol No: 

18/063). Animals were housed under controlled 

conditioning (on a 12-h light/12-h dark cycle at a 

temperature of 22-25 °C and air humidity of 55 %). 

Throughout the study, the animals were provided with 

ad libitum rat feed and drinking water. Lyophilized 

apilarnil distilled water was also dissolved and 

administered to animals by oral gavage. Sixty-four 

adult male Sprague Dawley rats (200-250 g weighing) 

were randomly divided into 8 groups: 

- Control group: 1 ml saline (SF) (0.9% NaCl) i.p. 

- LPS group: 30 mg/kg/body weight (bw) LPS single 

dose i.p. (32). 

- 0.2 g/kg API group: 0.2 g/kg/bw oral gavage for 10 

days (33), 

- 0.4 g/kg API group: 0.4 g/kg/bw oral gavage for 10 

days, 

- 0.8 g/kg API group: 0.8 g/kg/bw gavage for 10 days, 
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- 0.2 g/kg API+LPS: 0.2 g/kg API for 10 days, after 60 

min LPS (single-dose i.p., 30 mg/kg) 

- 0.4 g/kg API+LPS: 0.4 g/kg API for 10 days, after 60 

min LPS (single-dose i.p., 30 mg/kg) 

- 0.8 g/kg API+LPS: 0.8 g/kg API for 10 days, after 60 

min LPS (single-dose i.p., 30 mg/kg) 

Experimental animals were anesthetized with 

Ketamine (70 mg/kg/bw) and Xylazine (10 mg/kg/bw) 

six hours after administration and liver tissues were 

removed.  

 

2.3. Immunohistochemical analysis 

Immunoreactivity of Beclin-1, LC3A/B and 

P62/SQSTM1 in liver tissues of the LPS-induced rat 

sepsis model was determined using the Avidin-Biotin 

peroxidase method (34). Briefly, after deparaffinization 

of sections taken at 5m thickness, citrate buffer was 

used to open the epitopes (pH: 6.0). The slides were 

then taken into a 3% hydrogen peroxide solution in 

methanol to prevent endogenous peroxidase activity. 

Ultra V block solution was applied to prevent non-

specific staining. Sections were then incubated 

overnight at 4°C with primary antibodies. Biotinylated 

secondary streptavidin-HRP and DAB chromogens 

were applied, respectively. And then sections were 

counterstained with Gill Hematoxylin. It was 

dehydrated by passing through increasing alcohol 

series and closed with a concealer called entellan. 

Sections were examined with Olympus BX53 light 

microscope. The evaluation of the immunoreactivity 

levels was done with Image J program. 10 different 

areas were evaluated for each slide.  

 

2.4. Statistical analysis   

Experimental data were statistically analyzed in 

GraphPad Prism (version 6.0, GraphPad Software Inc., 

San Diego, California) and presented as Mean±SEM. 

Data were analyzed using one-way ANOVA with 

Tukey’s post hoc tests for multiple comparisons. 

P<0.05 was considered significant. 

 

3. Results 
As shown in Figure 1, it was observed that Beclin-1 

decreased while LC3A/B and P62/SQSTM1 were 

increased in liver samples belonging to LPS group. In 

groups where LPS and apilarnil were applied together, 

while Beclin-1 increased with the increase of apilarnil 

dose (P>0.05), LC3A/B and P62/SQSTM1 decreased 

with the increase of apilarnil dose (P<0.05). 

4. Discussion 

During sepsis, cells are exposed to increased oxidative 

stress and metabolic demands. All of these processes 

can lead to cell damage and cell death (35). However, 

cells and tissues try to protect themselves from such 

stresses by activating autophagy and autophagy-like 

mechanisms (36).  

Autophagy is critical for maintaining normal human 

physiology, such as cellular homeostasis, energy 

balance, development, and cellular defense (37). 

Autophagy can also play a role in the pathogenesis of 

cancer, neurodegenerative diseases, aging, muscle 

diseases, infectious diseases and immune system 

diseases (38, 39). In addition, the presence of 

autophagy in liver tissue in the case of sepsis has been 

reported in studies (35, 40). In this study, we aimed to 

determine the effects of apilarnil, a natural bee product, 

on the autophagy mechanism that may occur as a result 

of endotoxic shock caused by LPS. 

In lysosomal activity during autophagy, the P62 protein 

is considered a biomarker of autophagy and an 

indicator of autophagic flow. It is also characterized as 

an indicator of autophagic flow prevention of P62 

reduction (41). Immunohistochemical analysis of 

LC3A or LC3B has also been used to investigate the 

level of autophagy occurring in the tissue (42). In 

addition, in clinical and experimental studies, Beclin-1, 

which is one of the main proteins of autophagy, is 

examined as a target for the determination of the 

presence of autophagy (43).  Accordingly, in the sepsis 

model created with LPS, we performed the 

immunohistochemical analysis of Beclin-1, LC3A/B 

and P62 parameters as autophagy markers in liver 

tissue. According to the results obtained, LC3A/B 

expression was significantly increased only in the 

groups injected with LPS compared to the control. 

These results confirmed the presence of autophagy in 

liver tissue as a result of sepsis caused by LPS 

endotoxicity (Figure 1C). However, it was determined 

that Beclin-1 expression decreased significantly and 

P62 expression increased as a result of LPS injection 

(Figure 1B and 1D). 

In the study performed by Chen et al. (44), LC3A/B, 

Beclin-1 and P62 proteins were examined to evaluate 

autophagy in hepatocytes in the sepsis model created 

by LPS injection in C57BL/6 mice. As a result of the 

study, significant changes were observed in LC3 and 

P62, while no increase was observed in Beclin-1 (44).  

According to these results, it can be said that autophagy 

associated with LPS in liver tissue is not related to 

Beclin-1 and P62 molecules. Since LPS provides its 

effect with the TLR-4 receptor (45), more detailed 

studies are needed to clarify the mechanism underlying 

the relationship between the TLR-4 receptor and the 

LPS-induced autophagic pathways. 
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Figure 1. A. Beclin-1, LC3A/B and P62/SQSTM1 images of immunostaining in rat livers belonging to experiment 

groups. Histogram graphics of Beclin-1 (B), LC3A/B (C) and P62/SQSTM1 (D) represent the intensity values in 

percent of immunostaining obtained using Image J software. T bar graph data are expressed as mean ± SEM, and 

compared by one-way ANOVA and TUKEY’s multiple comparisons test (a P<0.05 vs. control group; b P<0.05 

vs. LPS group; c P<0.05 vs. 0,2 g/kg API group; d P<0.05 vs. 0,4 g/kg API group; e P<0.05 vs 0,8 g/kg API group; 

f P<0.05 vs. LPS+0,2 g/kg API group; g P<0.05 vs LPS+0,4 g/kg API group; * P<0.05 statistically different from 

all other groups). 

 

In sepsis, organ damage initially progresses to 

dysfunction without cell death and structural damage. 

Therefore, it is possible to restore organ function (45). 

Therefore, in another study we conducted, we 

investigated the protective role of apilarnil in the LPS-

induced sepsis model in liver tissue and observed its 

positive effects on TLR-4 receptor-associated 

inflammatory response (34). In the results obtained 

from the current study, P62 expression increased in the 

LPS group compared to the control and only apilarnil-

treated groups. However, in groups in which apilarnil 

was administered with LPS, it showed decrease 

compared to the LPS group. Similarly, LC3A/B 

expression levels increased statistically in the LPS 

group compared to the control group and apilarnil-only 

groups (0.2, 0.4, 0.8 g/kg API). The expression amount 

of LC3A/B decreased in groups where apilarnil was 

administered with LPS, although it was not significant. 

No significant change was observed in Beclin-1 

activity. With this result, it can be thought that apilarnil 

plays a role in the adaptation mechanism by acting on 

autophagy, LC3A/B and P62 pathways, which occur as 

a metabolic response to sepsis. Further research is 

needed to clarify the effects of this role on survival and 

immune response. 

In another study conducted by Carchman et al. (46), 

adaptation metabolic responses of liver tissue to LPS 

sepsis model were investigated. Mitochondrial 

homeostasis and mitophagic pathways have been 

investigated in relation to the TLR-9 receptor. In the 

results obtained, it has been reported that TLR-9 

receptor and mitophagia play an important role in the 

adaptation of hepatocytes to sepsis (46). Accordingly, 

it may be important for future studies to investigate the 
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effects of apilarnil on mitophagia, which is a more 

featured pathway of TLR-9 and autophagy, and also on 

mitochondrial homeostasis, one of the key players of 

oxidative stress. 

In the literature review, there was no study evaluating 

the effect of apilarnil on autophagy in the LPS-induced 

sepsis model, and the studies evaluating the effects on 

autophagy in other bee products are quite limited. We 

believe that this study will contribute to the literature 

on this subject. 

 

5. Conclusions 
In the light of all this information, it is important to 

develop alternative therapeutic agents targeting the 

autophagy pathway against sepsis, which results in high 

mortality. In this study, we investigated the effect of 

apilarnil on sepsis-induced autophagy in liver tissue 

through Beclin-1, LC3A/B and P62 molecules. As a 

result, apilarnil exhibited different effects in terms of 

different markers on the autophagy pathway. Apilarnil 

increases the activity of the autophagy pathway and 

shows potential positive effects by providing a 

significant decrease on P62 protein. However, an 

increase in its effect was observed due to the increased 

dose. In the light of the findings, apilarnil, which is a 

natural bee product, can be targeted in further studies 

as an alternative treatment method by playing a which 

is a natural bee product, can be targeted in further 

studies as an alternative treatment method by playing a 

protective role against sepsis, especially through the 

LC3A/B and P62 pathways. 
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Abstract: Since 1988, when cord blood was used for the first time 

in bone marrow transplant, over 35,000 units of cord blood have 

been used successfully. The collection, transfer, processing, and 

cryopreservation of cord blood and cord tissues have been defined 

by standardized protocols. There is limited data on autologous cord 

blood and cord tissue banking in extraordinary cases such as 

pandemics. Apart from the measures adopted at the global level in 

the fight against a pandemic, there may be varying practices at the 

national level. These differences are due to factors such as human 

behaviors, opportunities to access medical care, number of 

healthcare professionals, infrastructure of the healthcare institutions, 

and timing of the measures in different societies. The aim of this 

study was to retrospectively evaluate the effects of the measures 

adopted to fight COVID-19 pandemic on autologous cord blood and 

cord tissue banking in the three-month period following the first case 

in Turkey. The study was planned as a cross-sectional and 

retrospective study. The information about the cord blood collected 

was retrieved from the data recording software called KORDDATA 

and analyzed at our center. SPSS 21 software was used for statistical 

analysis. P<0.05 was considered statistically significant for the 

Mann–Whitney U test result. Quantities, transfer times, viability 

rates, and microbiological contamination rates of cord tissues and 

cord blood delivered to our center for storage purposes were 

evaluated and compared with the data from the period of 3 months 

during which there were no cases. Due to the measures adopted and 

the restrictions imposed, transfer times were prolonged, but no 

negative effects were observed on viability and microbiological 

contamination rates. This result shows that autologous cord blood 

and cord tissue banking can continue smoothly in Turkey during the 

pandemic. © 2020 NTMS. 
Keywords: Cord Blood, COVID-19, Cord Tissue. 

 
1. Introduction 

Cord blood is the blood contained in the umbilical cord 

tissue, which is 10 to 50 cm long and located after the 

placenta, which ensures the exchange of gas and 

nutrients between the mother and the baby until the  

 

 

time of delivery (1). It can be collected from the 

umbilical vein in volumes of 20 to 200 ml varying from 

individual to individual (2). Cord blood has been a 

preferred source of stem cells as well as due to its other  
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uses, especially in hematopoietic stem cell 

transplantation and in regenerative medicine 

applications (3-4). Collection, transfer, processing, and 

cryopreservation of cord blood have been defined by 

standardized protocols (5). There are over 100 banks in 

the world. Approximately 5 million units of cord blood 

are preserved in these centers (6). The situation in our 

country has been structured such that there is one center 

for every 10 million people, and while one of the banks 

is engaged in public type banking, the others are 

predominantly engaged in autologous banking. In the 

literature, banking models have been classified into 

three types: public type, autologous or family-type 

banking model, and hybrid model (7). In the hybrid 

model, autologous banks also store products for 

allogeneic use free of charge (as in the public type). 

This type of banking model has been cited in the 

literature as the “Turkish model” (8). 

 Coronaviruses are enveloped RNA viruses. In general, 

they cause respiratory, enteric, hepatic, and 

neurological diseases in humans, other species of 

mammals, and birds. There are several members of the 

Coronavirus family (9). The latest type, which was first 

seen in China, has spread around the world and caused 

the pandemic and has been named as COVID-19. As 

per clinical presentation, COVID-19 can be 

asymptomatic and can also cause severe fatal 

manifestations in the form of septic shock and multiple 

organ dysfunction (10).  

The measures adopted by the countries and consequent 

human behaviors, opportunities to access medical care, 

number of healthcare professionals, infrastructure of 

the healthcare institutions, and timing of the measures 

have been the key determining factors in the fight 

against the pandemic. The aim of this study is to 

retrospectively evaluate the efficacy of the measures 

adopted to control the COVID-19 pandemic on 

autologous cord blood and cord tissue banking in the 

period of three months following the first case in 

Turkey. For this purpose, quantities, transfer times, 

viability rates, and microbiological contamination rates 

of cord tissues and cord blood delivered to our center 

for storage purposes were evaluated and compared with 

the data from the period of three months during which 

there were no cases. 

 

2. Material and Methods  
The study was planned as a cross-sectional and 

retrospective study. The information about the cord 

blood collected was retrieved from the data recording 

software called KORDDATA and analyzed. Approval 

for the study was obtained from the Ethics Committee 

of Akdeniz University Faculty of Medicine (decision 

number: 147-date: 21.02.2018). SPSS 21 software was 

used for statistical analyses. P<0.05 was considered 

statistically significant for the Mann-Whitney U test 

result. 

 

 

3. Results 
There were 179 applications for cord blood and 83 

applications for cord tissue to our center for autologous 

banking services before the pandemic and 159 

applications for cord blood and 67 applications for cord 

tissue after the pandemic. The applications were made 

for 95 baby boys and 84 baby girls before the pandemic 

and for 78 baby boys and 81 baby girls after the 

pandemic. Considering the method of delivery, 40 

physiological births and 139 cesarean births were found 

in the applications before the pandemic and 29 

physiological births and 130 cesarean deliveries after 

the pandemic.  

The transfer times of blood and tissues to the laboratory 

after they were collected are provided in Figure 1. After 

the pandemic (3-month period after the first case), the 

transfer time significantly increased compared to the 3-

month period before the first case (before the 

pandemic) due to measures adopted throughout the 

country (mean transfer times are 23.8 hours and 31.3 

hours, respectively). 

It was investigated whether the increase in transfer 

times of blood and tissues after the pandemic had an 

effect on bacterial contamination rate. There was no 

increase in contamination rates in the period after the 

pandemic, as shown in Figure 2. On the contrary, even 

though the transfer time was prolonged, a significant 

decline was found in the contamination rate (1.6% and 

0.6%, respectively). 

Finally, when it was examined whether the increase in 

transfer times of blood samples had a negative effect on 

viability; no significant decline was detected as shown 

in Figure 3 (Viability: 98.2% and 97.5%, respectively). 

 

 

Figure 1:  Transfer times of blood and tissue samples 

to the laboratory in the 3-month periods before and after 

the pandemic (cord blood n=179, cord tissue n=83 

before the pandemic, cord blood n=159, cord tissue 

n=67 after the pandemic) (*P<0.05 value according to 

the Mann-Whitney U test). 
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Figure 2: Microbiological contamination rates of blood 

and tissue samples in the 3-month periods before and 

after the pandemic (cord blood n=179, cord tissue n=83 

before the pandemic, cord blood n=159, cord tissue 

n=67 after the pandemic) (*P<0.05 value according to 

the Mann–Whitney U test). 

 

 

 

 

 

 

 

Figure 3: Viability rates of blood samples in the 3-

month periods before and after the pandemic (cord 

blood n=179 before the pandemic, cord blood n=159 

after the pandemic) (#P>0.05 value according to the 

Mann-Whitney U test). 

 

 

 

4. Discussion 

Although they are usually in the background, biobanks 

play a crucial role in the diagnosis and treatment of both 

infectious diseases and other diseases. The collection, 

transfer, and storage of biological materials are among 

the determining steps in the fight against important 

public health problems such as pandemics (11). Cord 

blood banks are biobanks that are particularly involved 

in hematopoietic stem cell transplantation. In patients 

infected with the COVID-19 virus, mesenchymal stem 

cell applications were performed at the clinical trial 

level. In addition, studies that accept new patients are 

ongoing. The aim is to ensure that especially patients 

who are treated with a clinical presentation of severe 

pneumonia benefit from the immunomodulatory 

effects. Data on cellular therapy in the pandemic, which 

began in November 2019 in China, are extremely 

limited. It is believed that both the number of patients 

and the number of clinical trials will tend to increase in 

the following days. In the initial mesenchymal stem cell 

studies, cells derived from the human umbilical cord 

were used (10). The important reason why 

mesenchymal stem cells are preferred here is that they 

are cryopreserved and ready to be used in case of need 

and the tissues are easy to reach. The measures adopted 

in Turkey included closure of schools, travel 

restrictions between cities, early initiation of treatment, 

contact tracing, and partial curfews (12). Transfer time 

is an important step in cord blood and cord tissue 

banking; revealing the impact of the restrictions and 

stringent controls imposed on land and air travel due to 

the pandemic can contribute to the creation of new 

knowledge and ideas in the field of bio banking. In the 

present study, transfer time was determined as an 

important parameter in the findings. Air transport was 

restricted due to the pandemic. Accordingly, the burden 

on the cargo companies in the supply chain and 

extremely restricted land transfers have been identified 

as important variables. The cord blood banking 

regulation states that the blood collected must reach the 

laboratory and start to be processed within 48 hours of 

collection (13). There are studies, although limited, 

related to the collection of cord blood and the time 

elapsed during the processing stages. The relationships 

between 72-hours, 96-hours cold chain, room 

temperature, and viability values were examined (14). 

However, these studies were not conducted under any 

pandemic conditions but during an ordinary period. In 

the present study, only samples that reached the 

laboratory within a period in accordance with the 

regulations were processed and those with cellular and 

microbiological quality control tests within limits were 

placed in permanent storage. Although the transfer 

times of the samples were prolonged, no increase was 

found in the microbiological contamination rate; on the 

contrary, a significant decrease was observed. This 

result may be a reflection of the emphasis placed on 

hand hygiene, which is an important factor in the fight 

against the pandemic. Apart from this, although the 

transfer time was prolonged, there was no significant 

decline in the viability values, which indicates that 

although there are certain limitations, these limitations 
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do not have a negative impact on autologous cord blood 

banking.  

 

5. Conclusions 
In extraordinary periods such as pandemics, autologous 

tissue and cell banking can be maintained smoothly in 

Turkey. 
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Abstract: Nicotine plays an important role in oxidative stress 

formation. For this purpose, to reveal the antioxidant effect of 

cornelian cherry plant, the effects of nicotine-induced oxidative 

stress. 28 adult Wistar Albino (180-220 g) male rats were used in the 

study. Rats were divided into four groups as control group (n=6), 

cornelian cherry group (n=7), nicotine group (n=7) and 

nicotine+cornelian cherry group (n=8). While nicotine extract was 

applied to the experimental group, cornelian cherry extract was 

applied to the treatment group as well as nicotine. TBARS, SOD, 

GSH, GSSG, TOS, TAS, Redox potential values were measured by 

spectrophotometric analysis in lung, brain, kidney, heart and liver 

tissues. OSI and GSH/GSSG values were calculated as TOS/TAS 

and GSH/GSSG rates, respectively. When the experimental groups 

are examined, it is seen that there is a significant difference between 

the nicotine-treated group and the other groups (p<0.05). Its effects 

on lung, brain, kidney, heart and liver tissues are seen biochemically. 

Especially when the TAS value is examined, a significant difference 

is observed in the Nicotine group compared to other groups (p<0.05). 

Cornelian cherry is understood to be an important plant with 

antioxidant properties against nicotine by increasing TAS level 

against oxidative stress formation. ©2020 NTMS. 
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Stress. 
 

 
1. Introduction 

Smoking is one of the biggest risk factors for the 

development of cancer, lung and cardiovascular 

diseases (1). Epidemiological studies have shown that 

smoking across the community is the most important 

risk factor for coronary heart disease and 

cardiovascular diseases (2). Smoking causes serious 

health problems by increasing the risk of thrombosis, 

atherosclerosis and death (3). In addition, the loss of 

productivity caused by it is considered as a public 

health problem (4).  

 

 

 

There is usually 0.6-2 mg of nicotine in a single 

cigarette (5). Nicotine is one of the important chemicals 

in tobacco addiction (6). Tobacco consumption through 

smoking is known to promote a high level of free 

radical production in individuals. Free radicals oxidize 

proteins, lipids and DNA, leading to tissue damage (8). 

Exposure to cigarette smoke causes interleukins (IL-6) 

and myocardial inflammation in diabetes models 

through fibrosis, lipid peroxide and nitrite formation 

(9).  
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Herbal extracts are widely used in complementary 

medicine (16). Cornelian cherry fruits are grown in 

some countries of Europe and West Asia (11). Fruits 

are usually dark or reddish, and sometimes pink and 

yellow. It is very beneficial nutritionally and is 

consumed as jam, liqueur and wine (10). Cornus Mas 

L. is rich in natural flavonoids, vitamins, phenolic acids 

and carotenes and is considered an antioxidant plant. It 

is also used in modern medicine as antimicrobial, anti-

inflammatory, cardioprotective (12). Previous studies 

have shown that cornelian cherry plants have 

antioxidant and anti-carcinogenic effects (13). 

Oxidative stress is one of the main causes of embryonal 

development disorders (15). Factors such as oxidative 

stress and inflammation are held responsible for the 

development of cardiovascular diseases (7). Oxidative 

stress is defined as an increase in oxidants or a decrease 

in functionally antioxidants. Therefore, antioxidant 

levels are important. In addition, oxidative stress plays 

an important role in cancer diseases and cancer's 

pathogenesis (13). 

Total antioxidant status (TAS) is measured to 

determine overall antioxidant status. Total oxidant 

status is also measured (TOS). To assess the net 

oxidative stress in the organism, the oxidative stress 

index (OSI) is measured. OSI value is calculated by the 

ratio of TOS to TAS (13, 14). 

Cornelian cherry (Cornus mas L.) belongs to the 

Umbelliferae Cornaceae family, is a type of fruit that 

sheds leaves in winter and can grow up to 7-8 meters 

(10). Turkey, many fruit species and different 

genotypes of these species has extremely important in 

terms of hosting ecology. Cornus mas L. is known as 

an herb with an effective antioxidant, antidiabetic and 

anti-inflammatory effects. Other studies have shown 

that Cornus mas L. is a powerful antioxidant and has an 

anti-carcinogenic effect (13). 
 

2. Material and Methods  
2.1. Experimental Design and Laboratory Animals 

Groups 

28 adult Wistar Albino (180-220 g) male rats were 

included in the study. Rats were handled according to 

institutional guidelines and the Guide for Care and Use 

of Laboratory Animals of the National Research 

Council. The entire study was carried out according to 

1986 Strasbourg Universal Declaration on Animal 

Welfare and was done with the approval of the ethics 

committee (2019 HADYEK-31). Free access to food 

and drinking water was provided for the compatibility 

of the animals to the laboratory 1 week before the 

experiment. Cages for animals' welfare were regularly 

ventilated and cleaned routinely. The animals were 

housed in a temperature control room (20-23 ºC) with 

a light/dark cycle of 12 hours throughout the 

experiment. 

 

 

 

 

2.2. Experimental Groups 

Control group (C) (n=6): During the experiment, 0.9% 

saline was applied once daily by subcutaneous (sc) 

injection. 

Cornus Mas L. Group (CML) (n=7): 800 mg/kg Cornus 

Mas L. extract was given with gavage. 

Nicotine group (N) (n=7): 4 mg/kg nicotine was given 

(sc). 

Nicotine+Cornus Mas L. group (N+CML) (n=8): 4 

mg/kg nicotine+800 mg/kg Cornus Mas L. extract was 

given. 

These practices were carried out to all groups for 35 

days. 

 

2.3. Antioxidant indices and cytokines measurements 

Activities of superoxide dismutase (SOD), catalase 

(CAT) and glutathione peroxidase (GPx) and the levels 

of glutathione (GSH) and glutathione disulfide (GSSG) 

were measured in blood and tissue samples by the 

modified methods (20). Colorimetric kits were used to 

measure the levels of total anti-oxidative status (TAS), 

total oxidative status (TOS) and Thiobarbituric Acid 

Reactive Substances/malondialdehyde 

(TBARS/MDA). Each sample was analyzed in 

duplicate. Glutathione content was calculated using the 

formula GSH=T-GSH-(2×GSSG).The levels of GSH 

was calculated by the formula: GSH=GSHt-2×GSSG. 

The results of GSHt, GSH, and GSSG were normalized 

to the total protein content and were expressed as nmol 

of GSH or GSSG per mg of protein (nmol GSH/mg 

protein or nmol GSSG/mg protein). Oxidative stress 

index (OSI) value was calculated using the formula: 

OSI=[TOS (μmol H2O2 equiv./l)/TAS (μmol trolox 

equiv./l)×100]. Commercial enzyme-linked 

immunosorbent (ELISA) assay kits were used to 

measure the serum levels of cytokines (IL-6, TNF-α 

(Elabscience, MD, USA)). 

 

2.4. Statistical Analysis 

The statistical analysis on the obtained data was carried 

out on the computer using IBM SPSS 22.0 program. In 

the data obtained, 5 parameters were evaluated 

(kurtosis, skewness, mean-standard deviation ratio, 

Gauss curve, Shapiro-Wilko test and normal 

distribution analysis). Since all 5 parameters scored 3.5 

and above, it was accepted that our data was normally 

distributed and parametric tests were applied. In 

statistical analysis, α=0.05 was taken and p<α was 

considered statistically significant, while p>α was 

considered statistically insignificant. 

 

3. Results 
The results of biochemical analysis on oxidative stress 

parameters and antioxidant enzymes according to 

groups in lung, brain, kidney, heart, liver tissues taken 

from rats are given in the tables below. 
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When we examine the biochemical values, there is a 

significant difference in SOD, GPx, TAS, OSI, 

GSH/GSSG, Redox potential values between 

Nicotine+Cornus Mas L. group and other groups.  

There is also a significant difference between the 

Nicotine group and other groups when looking at 

TBAS, SOD, GPx, TAS, OSI, GSH, GSSG, 

GSH/GSSG and Redox potential values. It is observed 

that lung tissue is biochemically affected in groups 

given nicotine (Table 1).  

According to the results of biochemical analysis on 

brain tissue, TBARS, CAT, GPx, TAS, TOS, OSI and 

GSSG values of the Nicotine group had a statistically 

significant difference from other groups. TBARS 

values of Control, Cornus Mas L. and Nicotine+Cornus 

Mas L. groups were statistically similar, while TBARS 

of Nicotine group was significantly different from other 

groups. 

 

 

 

Table 1. Cornelian cherry effect on lung tissue in groups given nicotine. 

Parameters/Groups C CML N N+CML 

TBARS 4.03±0.19a 3.84±0.12a 5.02±0.58b 3.86±0.34a 

SOD 9.08±0.39a 9±0.28a 13.43±0.34b 12.6±0.3c 

CAT 52.9±3.47a 44.97±1.37b 52.15±1.6a 47±1.26b 

GPx  6.55±0.16a 6.25±0.11a 10.11±0.43b 8.03±0.26c 

TAS 0.95±0.03a 0.97±0.07a 0.57±0.02b 0.7±0.03c 

TOS 3.82±0.09a 4.25±0.07a 5.27±0.96b 4.47±0.28a 

OSI 0.4±0.01a 0.44±0.02a 0.92±0.18b 0.63±0.05c 

GSH 5.68±0.13a 5.72±0.09a 4.48±0.49b 5.36±0.24a 

GSSG 0.87±0.05a 0.85±0.01a 1.52±0.24b 0.99±0.13a 

GSH/GSSG 4.5±0.26a 4.71±0.05a 1.02±0.72b 3.5±0.77c 

Redox potential -71.01±0.28ac -71.53±0.22a -57.66±3.76b -67.95±2.34c 

P<0.05 was considered statistically significant. Data are expressed as Mean±Standard Deviation.The same letter 

indicates similarity between groups, different letters indicate differences between groups (C: Control group, CML: 

Cornus Mas L. group, N: Nicotin group, N+CML: Nicotine+Cornus Mas L. group). 

Table 2. Cornelian cherry effect on brain tissue in groups given nicotine. 

Parameters/Groups C CML N N+CML 

TBARS 3.36±0.17a 3.25±0.26a 3.88±0.11b 3.24±0.16a 

SOD 13.84±0.83a 12.4±0.46b 12.61±0.86b 14.4±0.98a 

CAT 7.88±0.87a 6.5±0.33b 3.79±0.86c 6.14±0.89b 

GPx  25.34±1.73ac 24.38±0.32a 31.45±1.34b 26.07±1.4c 

TAS 1.02±0.05a 1.05±0.07a 0.49±0.03b 0.96±0.06a 

TOS 7.19±0.92a 7.19±0.33a 11.49±1b 9.08±0.24c 

OSI 0.7±0.11ac 0.68±0.04a 2.34±0.3b 0.94±0.05c 

GSH 6.68±1.59a 4.93±0.56b 4.01±0.72b 4.71±0.2b 

GSSG 0.4±0.04a 0.4±0.01a 0.61±0.03b 0.53±0.06c 

GSH/GSSG 14.64±4.71a 10.26±1.65b 4.57±1.29b 6.9±1.12b 

Redox potential -84.56±7.31a -77.29±3.06b -66.27±4.78c -72.6±1.63bc 

P<0.05 was considered statistically significant. Data are expressed as Mean±Standard Deviation.The same letter 

indicates similarity between groups, different letters indicate differences between groups. 

Table 3. Cornelian cherry effect on kidney tissue in groups given nicotine. 

Parameters/Groups C CML N N+CML 

TBARS 2.91±0.26a 3.21±0.27a 3.62±0.25b 3.03±0.28a 

SOD 22.26±0.2a 20.06±0.73b 21.87±1.58ac 20.44±1.27bc 

CAT 23.82±0.46a 20.3±0.78a 33.91±5.31b 33.55±5.02b 

GPx  70.26±2.53a 66.87±1.4a 87.91±9.72b 73±2.96a 

TAS 1.38±0.05a 1.41±0.12a 1.1±0.15b 1.08±0.06b 

TOS 0.57±0.06a 0.6±0.06ab 0.69±0.11b 0.7±0.05b 

OSI 0.04±0a 0.04±0a 0.06±0.01b 0.06±0b 

GSH 5.14±0.99a 3.88±0.19b 4.36±0.74ab 4.38±0.3ab 

GSSG 1.64±0.15a 1.48±0.32a 1.79±0.29a 1.71±0.22a 

GSH/GSSG 1.15±0.78a 0.71±0.48a 0.45±0.38a 0.57±0.23a 

Redox potential -59.77±5.88a -54.46±2.20b -54.58±3.44ab -55.47±1.51ab 

P<0.05 was considered statistically significant. Data are expressed as Mean±Standard Deviation.The same letter 

indicates similarity between groups, different letters indicate differences between groups. 
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Table 4. Cornelian cherry effect on heart tissue in groups given nicotine. 

Parameters/Groups C CML N N+CML 

TBARS 2.89±0.19a 3.09±0.25a 3.63±0.24b 31±0.24a 

SOD 15.5±0.49a 14.34±0.48b 17.13±0.84c 16.2±0.87ac 

CAT 12.6±0.66a 10.8±0.36a 18.1±2.86b 16.12±3.11b 

GPx  31.36±0.98a 30.07±0.54a 39.29±4.38b 32.78±1.34a 

TAS 1.53±0.03a 1.57±0.12a 1.22±0.17b 1.2±0.07b 

TOS 7.35±0.46a 9.08±0.68b 10.69±1.02c 9.19±0.9b 

OSI 0.48±0.03a 0.57±0.04b 0.88±0.07c 0.76±0.06d 

GSH 3.81±0.13a 3.21±0.53ab 2.49±0.8b 3.59±0.19a 

GSSG 0.56±0.05a 0.5±0.1a 0.69±0.05b 0.58±0.08ab 

GSH/GSSG 4.79±0.44a 4.73±1.96a 1.68±1.51b 4.28±0.9a 

Redox potential -66.38±0.47a -63.3±6.24a -51.66±8.32b -64.48±2.58a 

P<0.05 was considered statistically significant. Data are expressed as Mean±Standard Deviation.The same letter 

indicates similarity between groups, different letters indicate differences between groups. 

Table 5. Cornelian cherry effect on liver tissue in groups given nicotine. 

Parameters/Groups C CML N N+CML 

TBARS 3.07±0.13a 3.62±0.25b 4.2±0.2c 3.73±0.18b 

SOD 20.77±0.15a 18.32±0.68b 14.78±0.72c 19.95±0.55a 

CAT 25.19±0.29a 21.49±0.83b 11.34±0.99c 21.53±0.85b 

GPx  21.06±0.65a 20.15±0.46a 20.1±1.69 a 19.64±0.8 a 

TAS 1.46±0.01a 1.5±0.12a 0.51±0.07b 0.94±0.18c 

TOS 8.79±0.67a 8.12±1.51a 14.84±2.46b 13.22±0.54b 

OSI 0.59±0.05a 0.54±0.1a 2.94±0.7b 1.43±0.21c 

GSH 10.33±0.53a 8.95±1.53a 7.02±1.04b 9±0.33a 

GSSG 2.51±0.13a 2.29±0.5a 3.13±0.33b 2.41±0.15a 

GSH/GSSG 2.11±0.31a 2.1±1.19a 0.29±0.6b 1.74±0.37a 

Redox potential -72.82±1.6a -70.21±6.27a -59.73±5.14b -69.76±1.68a 

P<0.05 was considered statistically significant. Data are expressed as Mean±Standard Deviation.The same letter 

indicates similarity between groups, different letters indicate differences between groups. 

 

There was no significant difference in GSH, 

GSH/GSSG and Redox potential biochemical values in 

the brain dox between the Nicotine group and the 

Nicotine+Cornus Mas L. group (Table 2). 

When kidney tissue was examined, there was a 

significant difference between the Nicotine group and 

other groups in terms of TBARS and GPx values. There 

was no statistically significant difference in SOD, 

CAT, TAS, TOS, OSI, GSH, GSSG, GSH/GSSG and 

Redox potential values between the Nicotine group and 

the Nicotine+Cornus Mas L group. The effect of 

cornelian cherry plant on the specified biochemical 

values in kidney tissue has not been observed (Table 3). 

In heart tissue biochemical analysis, the TBARS, GPx, 

TOS, OSI, GSH/GSSG and Redox potential values of 

the Nicotine group were statistically different 

compared to the other groups. There is a significant 

difference between the Nicotine group and the 

Nicotine+Cornus Mas L group in TBARS, GPx, TOS, 

OSI, GSH, GSH/GSSG and Redox potential values 

(Table 4). 

Except for the GPx and TOS values of the nicotine 

group, all values have a statistically significant 

difference from those of the other groups. As a result of 

the data obtained, the negative effect of nicotine on 

liver tissue is clearly seen (Table 5). 

GPx (Glutathione peroxidase) is an antioxidant enzyme 

localized in the cytosol and mitochondria matrix. In our 

study, GPx level in kidney, lung, brain and heart had a 

significant difference between nicotine group and other 

groups. 

 

4. Discussion 

Nicotine is an important toxic component of cigarette 

smoke, has devastating and malignant consequences 

(19). Smoking is among the most important risk factors 

for diseases such as coronary diseases, chronic 

obstructive pulmonary disease and lung cancer. 

Since the lung is the main organ exposed to cigarette 

smoke and is the main region of nicotine absorption, it 

has been accepted as a highly sensitive organ against 

the toxic effect and free radical formation of nicotine 

(20). 

It is known that antioxidants taken from plants 

contribute to the defense system against oxidative 

stress. Thus, they can protect cells against oxidative 

damage and prevent chronic diseases (22). 

The decrease in antioxidant enzyme activities (SOD, 

CAT and GPx) and increase in peroxidation reactions 

in the liver show oxidative stress in animals exposed to 

nicotine (23). To reduce the toxicity of nicotine, 

cellular antioxidant enzymes are produced for defense 

purposes. Thus, inhibition of enzymes, lipid 

peroxidation and gene expression in rats exposed to 

nicotine changes and leads to cell death (25). 
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In our study, it was investigated whether nicotine in rats 

caused biochemical changes on heart, brain, liver, 

kidney and lung tissue and whether cornelian cherry 

plant had any role in response to this effect. Seher et al., 

in their study, they investigated the effect of cornelian 

cherry plant in mice with ehrlich solid tumor and 

reached the conclusion that TAS, GSH and SOD values 

were lower in all tissues of the tumor group compared 

to the control group (13). The plant extract (curcumin 

50 mg/kg) used in the study by Mustafa et al., appears 

to increase CAT activity in the kidney (17). 

The SOD enzyme is found in excessive amounts in the 

liver, adrenal gland, kidney, spleen and erythrocytes, 

where oxygen pressure is high (18). Therefore, in our 

study, we examined SOD values in kidney and liver. 

SOD value in liver was lower in nicotine group 

compared to other groups and there was a significant 

difference between other groups. In kidney, SOD value 

was significantly lower in nicotine group compared to 

control group. In study by Dhouib et al. there is an 

increase in CAT and SOD values in the lung tissue in 

the group given nicotine (21). It shows similar results 

with our study. 

In another study, Karafakioğlu et al. stated that there 

was a significant decrease in erythrocyte levels 

compared to the control group and that erythrocytes 

were vulnerable to oxidative stress (26). In their study 

on diabetic rats, Karabulut et al. stated that myocardial 

damage due to oxidative stress was caused by 

insufficient reactive oxygen production (27). In our 

study, the TBARS level in the heart tissue of the group 

given nicotine was calculated as 3.63±0.24. 

Accordingly, nicotine appears to cause oxidative stress 

in the heart. In another study, it was observed that 

oxidative stress decreased antioxidant enzyme 

activities in liver damage caused by 

Lipopolysaccharide (LPS) (28). In our study, it is seen 

that SOD and CAT decreased in nicotine group 

compared to other groups, and increased TBARS value. 

Thus, nicotine appears to increase oxidative stress in 

the liver. 

Oxidative stress is an important phenomenon expressed 

by excessive accumulation of TBARS (24). In our 

study, 5.02±0.58 in TBARS lung tissue in nicotine 

group; 4.2±0.2 in liver tissue; 3.63±0.24 in the heart; 

3.62±0.25 in kidney; and it was found to be 3.88±0.11 

in the brain. Thus, the high TBARS values of nicotine 

groups indicate that nicotine causes oxidative stress in 

the organs we specify. 

 

5. Conclusions 
Oxidative stress caused by nicotine was created in rats 

and antioxidant properties of cornelian cherry extract 

were evaluated. According to the results, cornelian 

cherry plant has an antioxidant feature against nicotine. 

Based on these data, cranberries can be considered as 

an alternative medicinal plant for tobacco users and 

other conditions that cause oxidative stress. 
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Abstract: Electroneuromyography (ENMG) is an examination used 

by clinicians to confirm the diagnosis of patients with suspicion of 

entrapment neuropathy. The correlation between the ENMG results 

and requests increases when the clinical examination and anamnesis 

are well evaluated. This study aims to determine the compatibility of 

the electroneurophysiological examinations made due to the 

prediagnosis of entrapment neuropathy at the ENMG Laboratory in 

the Neurology Clinic and determine whether there is a difference 

between the clinics that made the requests. The study complied with 

the examinations made in Çanakkale Onsekiz Mart University 

neurology clinic ENMG laboratory between 01/07/2019 and 

21/07/2020, and these examinations were retrospectively scanned.In 

total, 1464 results were scanned and those who underwent ENMG 

examination on the entrapment neuropathy protocol (SUT code 

703220) were included in the study. Patients for whom requests were 

made lower extremity entrapment neuropathy and those who were 

younger than 18 were not included. Information regarding 445 (313 

women, 132 men) patients with upper extremity entrapment 

neuropathy were obtained. The mean age of the patients was 

49.5±14.2 (18-89). The study found that among 

electroneurophysiological examinations made due to the 

prediagnosis of entrapment neuropathy, 155 (34.8%) were diagnosed 

with carpal tunnel syndrome, 18 (4.0%) were diagnosed with ulnar 

nerve entrapment neuropathy, 3 (0.7%) were diagnosed with radial 

nerve entrapment neuropathy and 253 (56.9%) had normal results. 

But there were no significant differences between the rates of normal 

results in terms of clinics that made the requests. While normal 

results were obtained on the majority of the 

electroneurophysiological requests due to the pre-diagnosis of upper 

extremity entrapment neuropathy, there were no significant 

differences between the clinics. © 2020 NTMS. 
Keywords: Electroneuromyography, Upper Extremity Entrapment 

Neuropathy, Clinical Compatibility. 
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1. Introduction 

Entrapment neuropathies (compression neuropathies) 

are a type of mononeuropathy characterized with 

sensory, motor and autonomous symptoms that occur 

as a result of entrapment of peripheral nerves at certain 

points during their course for different reasons. While 

entrapment neuropathies are commonly observed 

between the ages of 25-40 due to professional reasons, 

it can be observed between the ages of 40-60 due to 

metabolic and hormonal reasons (1-2). 

Although entrapment neuropathies can be observed 

both in lower and upper extremities, it is more common 

in upper extremities.  

Upper extremity entrapment neuropathies include 

cervical rib syndrome, thoracic outlet syndrome, carpal 

tunnel syndrome (CTS), anterior interosseous 

syndrome, pronator teres syndrome, cubital tunnel 

syndrome, guyon canal syndrome, posterior 

interosseous nerve (PIN) syndrome, and superficial 

cutaneous radial nerve entrapment (keralgia 

paresthetica- wartenberg syndrome), and entrapment of 

the radial nerve in the axillary area. The most common 

upper extremity entrapment neuropathy is carpal tunnel 

syndrome. Carpal tunnel syndrome develops due to the 

compression of the median nerve in the carpal tunnel. 

Clinically, numbness, pain and tingling are observed in 

the first three fingers of the hand. The patients complain 

of numbness that increases at night (3).  

Anterior interosseous syndrome is based on the 

compression of the anterior interosseous which is the 

motor branch of the median nerve while PIS is the 

compression of the median nerve between two ends of 

the pronator teres muscle. Cubital tunnel syndrome 

develops due to the entrapment of the ulnar nerve in 

elbow while guyon canal syndrome develops due to the 

entrapment of the ulnar nerve inside the guyon canal. 

PIN is induced by the entrapment of radial nerve due to 

various reasons such as radius head fractures at the 

level of radial head, tumors, etc. Superficial cutaneous 

radial nerve entrapment (keralgia paresthetica- 

wartenberg syndrome) develops when the superficial 

sensory branch of the radial nerve is exposed to 

compression during its course in the forearm. Clinical 

symptoms are pain and numbness on the dorsum of the 

hand and radial region. Compression of the radial nerve 

on the axillary region may develop due to using 

crutches, tumor or trauma. Clinically, weakness in 

triceps and distal muscle with radial nerve innervation 

are observed (4). Diagnosis is based on anamnesis and 

clinically in entrapment neuropathy and confirmed with 

ENMG. Nerve conduction is checked in 

electroneurophysiological studies and needle 

electromyography is performed. It can be detected 

whether the affected nerve is affected demyelination or 

axonal (5). 

Epineural blood stream decreases in acute period after 

the entrapment of the nerve, and as a result, 

malfunctions occur in axonal transport. The severity of  

 

 

 

the pressure increases, and intraneural blood stream is 

affected in time and fibrosis starts. This period is the 

mid phase and edema starts both as epineural and 

intrafascicular. If the pressure continues, endoneural 

edema and fibrosis develop in addition to edema. 

Lastly, segmental demyelinating and Wallerian 

degeneration occur (2-6). Remyelination and 

demyelination develop due to chronic pressure on the 

nerve. No axon loss is observed for a long time. Axon 

loss and muscle atrophy occur in the last phases of the 

chronic period (7). Diabetes, obesity, thyroid diseases, 

excessive alcohol intake, pregnancy, systemic 

inflammatory diseases, chronic renal failure and 

diseases that cause edema in the body are reasons that 

catalyze the occurrence of entrapment neuropathy. The 

frequency of entrapment neuropathy is also increased 

in professions with excessive repetitive movements 

such as playing a musical instrument. Patients with 

entrapment neuropathy consult to many branch clinics. 

ENGM examination is requested in polyclinics to 

confirm the prediagnosis without making sufficient 

physical examination and requesting radiological 

imaging. Thus, there is overcrowding in laboratories 

and patients have to wait for a long time (9-10). 

The aim of this study was to determine how compatible 

the patients are with their pre-diagnosis by reviewing 

the electroneurophysiological results of the patients 

who were directed to ENGM unit of our hospital with 

the prediagnosis of upper extremity entrapment 

neuropathy and whether there is a difference in terms 

of compatibility between the clinics that make the 

request. 

 
2. Material and Methods  
The patients who consulted to Çanakkale Onsekiz Mart 

University neurology clinic ENMG laboratory between 

01/07/2019-21/07/2020 and whose examinations were 

made were retrospectively scanned. 

In total, 1464 patients were scanned and those on whom 

ENMG examination was made on the entrapment 

neuropathy protocol (SUT code 703220) were included 

in the study. Patients for whom requests were made 

lower extremity entrapment neuropathy and those who 

were younger than 18 were not included. Information 

regarding 445 (313 women, 132 men) patients who 

consulted with the prediagnosis of upper extremity 

entrapment neuropathy were obtained. The mean age of 

the patients was 49-50 (18-89). The compatibility 

between the prediagnosis of entrapment neuropathy 

and electroneurophysiological diagnosis was 

retrospectively investigated. All ENMGs were 

performed using the NihonKohden ENGM device in 

the ENMG unit of the Neurology clinic. ENMG results 

were categorized as normal, carpal tunnel syndrome 

(CTS), ulnar entrapment neuropathy, radial nerve 

entrapment neuropathy, radiculopathy and 

polyneuropathy (PNP). 
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Data were transferred to digital environment and were 

controlled. Frequency and percentage were calculated 

and presented for discrete variables while mean and 

standard deviation were calculated and presented for 

continuous variables. A very small number of 

departments that made the requests were combined as 

the “other” group (Infection Diseases and Clinical 

Microbiology: 1, Internal Diseases: 3, Cardiology: 1, 

Plastic, Reconstructive and Aesthetic Surgery: 1, 

Medical Oncology: 1). Analyses between the 

departments that made the requests and ENMG results 

were carried out by calculating with Exact test in a 

multi-mesh table. Test constant and absolute p value 

were given for the analysis, and the general significance 

limit was accepted as p<0.05. 

 

3. Results 
Demographic characteristics of the participants were 

evaluated as age and sex. Of 445 patients included in 

the study, 313 (70.3%) were female and 132 (29.7%) 

were male (Figure 1). The mean age of the patients was 

49.5±14.2 (youngest 18-eldest 89). 

Figure 1:  Gender ratio of the patients included in the 

study. 

Considering the ENMG results, the highest number of 

requests were made from the neurology polyclinic 

(200, 44.9%).  

The departments that made requests for 

electroneurophysiological examination and the number 

of requests are as follows; Neurology Clinic: 200, 

Orthopedics: 90, Physical Treatment and Rehabilitation 

(PTR) Clinic: 80, Neurosurgery Clinic: 68, other: 7 

(Infection Diseases and Clinical Microbiology: 1, 

Internal Diseases: 3, Cardiology: 1, Plastic, 

Reconstructive and Aesthetic Surgery: 1, Medical 

Oncology: 1). 

Most of the ENGMs (253, 56.9%) requested due to the 

prediagnosis of upper extremity entrapment neuropathy 

were observed to be normal. Abnormal results obtained 

from the ENMG results were as follows based on the 

frequency order; CTS (155, 34.8%), ulnar nerve 

entrapment neuropathy (18, 4.0%), polyneuropathy 

(15, 3.4%), radial nerve neuropathy (3, 0.7%) and 

radiculopathy (1, 0.2%). 

According to the ENMG results in terms of gender, 

while the rates of normal results were similar between 

female (56.5%) and male (57.6%) patients, CTS 

diagnosis and other diagnoses were significantly higher 

in women (CTS: 37.4%, other: 13.6%) than men (CTS: 

28.8%, other: 6.1%) (X2=8.377; p=0.015). 
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Figure 2: Distribution of diagnosis in terms of clinics. 

 

Table 1: Distribution of diagnosis in terms of clinics (Exact X2=32.206; p=0.023). 

 
Neurology 

Orthopedic

s 
PTR Neurosurgery Other Total 

Normal 
115a 

(57.5%) 

57a 

(63.3%) 

39a 

(48.8%) 

38a 

(55.9%) 

4a 

(57.1%) 
253 

CTS 
68 a,b,c 

(34.0%) 

27c 

(30%) 

37b 

(46.2%) 

23 a,b,c 

(33.8%) 
0 a,c 155 

PNP 
9a 

(4.5%) 

1a 

(1.1%) 
0a 

3a 

(4.4%) 

2b 

(28.6%) 
15 

Radial Nerve 

Entrapment 

Neuropathy 

 

2 

(1.0%) 

1 

(1.1%) 
0 0 0 3 

Ulnar Nerve 

Entrapment 

Neuropathy 

6a 

(3%) 

3a 

(3.3%) 

4a 

(5%) 

4a 

(5.9%) 

1a 

(14.3%) 
18 

Radiculopathy 0a 
1 a 

(1.1%) 
0a 0a 0a 1 

Total  200 90 80 68 7 445 

*a,b,c: It defines the different subgroups that form in each row as a result of post-hoc analysis. Those who were 

included in more than one group were not significantly different from the groups they were included. ** Infection 

Diseases and Clinical Microbiology: 1, Internal Diseases: 3, Cardiology: 1, Plastic, Reconstructive and Aesthetic 

Surgery: 1, Medical Oncology: 1. 
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Table 2: Carpal tunnel syndrome results between clinics. 
 Neurology Orthopedics PTR Neurosurgery Other Total 

Normal  
115a 

57.5% 

57a 

63.3% 

39a 

48.8% 

38a 

55.9% 

4a 

57.1% 

253 

56.9% 

CTS  
68a, b, c 

34.0% 

27c 

30.0% 

37b 

46.2% 

23a, b, c 

33.8% 

0a, c 

0.0% 

155 

34.8% 

Other  
17a 

8.5% 

6a 

6.7% 

4a 

5.0% 

7a 

10.3% 

3b 

42.9% 

37 

8.3% 

Total  
200 

100.0% 

90 

100.0% 

80 

100.0% 

68 

100.0% 

7 

100.0% 

445 

100.0% 

*a,b,c: It defines the different subgroups that form in each row as a results of post-hoc analysis. Those who were 

included in more than one group were not significantly different from the groups they were included. 

 

ENMG results in terms of clinics are presented in Table 

1. There were significant differences between ENMG 

results in terms of clinics (Exact X2=32.206; p=0.023). 

While the most frequently obtained normal results rates 

were not significantly different between the clinics, 

CTS diagnoses were higher in PTR clinic and there 

were significant differences in Orthopedics and 

Traumatology. Observed values regarding all 

diagnoses are presented in Table 1 and Figure 2. The 

clinic whose prediagnosis of entrapment neuropathy 

was confirmed with ENMG results the most (41, 

51.3%) was PTR, and the clinic with highest number of 

normal results were Orthopedics and Traumatology 

(57, 63.3%). While 4 out of 7 examinations were 

normal in other clinics, obtained 3 results were CTS 

diagnosis. 

 

4. Discussion 

Electrophysiological examinations are useful for 

diagnosing entrapment neuropathies and deciding on 

the treatment. To confirm the clinical diagnosis, other 

possible problems must be excluded first. False 

negative results can be observed in the early period of 

entrapment neuropathies. Various studies have shown 

that the number of requests for ENMG examinations 

has increased in recent years. The most important 

reason for this increase is requesting an ENMG 

examination to confirm the prediagnosis of entrapment 

neuropathy without making detailed physical 

examination on patients who consulted to the 

polyclinics (9-11).  

The workload of ENMG laboratories increases due to 

unnecessary requests; thus, the patients have to wait a 

long time for the examination (12). The normal result 

rates of the ENMG requests were reported between 16-

38% in numerous studies. The most important reason 

that the results turn out normal was reported to be 

insufficiency of neurological examination. Nikolic et 

al. found that there are differences even among the 

neurologists in terms of the compatibility between the 

prediagnosis and electrodiagnostic diagnosis (13). 

In this study, 56.8% of the ENMG results that were 

performed with the prediagnosis of entrapment 

neuropathy were normal. This result was found to have 

a higher rate of normal ENMG results compared with 

the studies in the literature. The study compared the 

examinations requested for carpal tunnel syndrome 

between clinics and found that the clinic with the 

highest compatibility between pre-diagnosis and 

ENMG results was PTR (46.2%) (Table 2). 

All requests for ENMG examination were made by 

specialist physicians in this study. There were no 

significant differences between the clinics that made 

requests in terms of normal results. This shows that 

clinics that made requests have approximately the same 

knowledge and clinical experience about entrapment 

neuropathy. ENMG requests of general practitioners 

and specialist physicians were compared in numerous 

studies in the literature, and the 

electroneurophysiological diagnosis compatibility was 

lower among general practitioners. The compatibility 

rate in the requests made by general practitioners was 

36.5% while this rate was higher among specialist 

physicians. The compatibility rate in the requests made 

by neurology specialists was 42% (14-16). 

 

5. Conclusions 
The fact that 56.8% of the ENMG results were normal 

in this study and it indicates that the requests for ENMG 

examinations are made without performing sufficient 

physical examination and taking anamnesis. The fact 

that the results of the requests are normal more than 

expected can be interpreted as that the number of 

unnecessary requests is high, and this situation may 

cause additional costs for the health system, patients 

undergo unnecessarily painful examinations and loss of 

workforce among medical staff. Therefore, physicians 

should spare more time while examining patients with 

the prediagnosis of entrapment neuropathy and should 

perform more detailed physical examination. 
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Abstract: Developmental dysplasia of the hip (DDH) is a 

preventable disorder. Hip ultrasound is the best choice for the early 

detection of hip deformity. But, because of the multitude of out-

patient clinics, sometimes mixing may be occurred. We organize a 

study to determine the usable capability of Artificial Neural 

Networks (ANN) for follow up of hip ultrasonography according to 

the Graf’s US method. 135 cases with hip ultrasonography 

evaluation have been obtained from the study group. Alpha and beta 

angles were measured according to the Graf’s US method. Two 

groups were determined according to alpha and beta angles, gender, 

and the Graf’s US classification. Measurements were done by a 

radiologist that 25-year experienced. The databases were loaded to 

the software. 18 samples for the input data and target data were 

selected among 135 cases. The samples were used for training the 

neural network. The target date was arranged for 3 types (Type I, II, 

and III). Resilient Backpropagation” training function as 87.4%. The 

coefficient of determination (R-Squared) and accuracy values were 

100% in most cases. And Polak-Ribiére Conjugate Gradient training 

function as 83.0%. We consider that using artificial intelligence to 

follow these USG records may provide easier follow-up. Thus, 

possible mixing problems can be avoided. © 2020 NTMS. 
Keywords: Developmental Dysplasia of the Hip, Graf’s US Method, 

Artificial Neural Networks. 

 
1. Introduction 

Developmental dysplasia of the hip (DDH) is one of the 

common orthopedic diseases. It is seen nearly in 1/1000 

born, the female/male ratio is 6/1. The DDH is a 

dynamic musculoskeletal disease, and the treatment is 

easier in the earlier months. Some musculoskeletal 

diseases may be risks factor for the DDH as torticollis, 

congenital club foot, metatarsus adductus.  

 

 

 

 

Pregnancy period, type of birth, first birth, prematurity, 

family history, gender is etiologic factors for DDH.  

Ultrasound (US) viewing according to Graf's method is 

the one of used tool for diagnosis of the DDH because 

of its advantages as absent of radiation risks and early 

diagnosis (1-3). 

The Graf’s classification includes several major types  
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that have subdivided. The types are classified by angle 

measurements and morphological aspects (Table 1) (4). 

Neural networks can be used as a classification system 

to determine malformed classes where the definition of 

an undesirable characteristic would not change. The 

network would be expected to perform the same 

classification repeatedly (5). Receiver Operating 

Characteristics (ROC) graphs are useful for organizing 

classifiers and visualizing performance. ROC graphs 

are used in medical decision making commonly. In 

recent years it has been used increasingly in machine 

learning and data mining research. Although ROC 

graphs are considered as simple, some common 

misconceptions and pitfalls occur in some studies (6). 

This research aims to determine the best Artificial 

Neural Networks (ANN) structure for classification to 

be used in the diagnosis of developmental dysplasia of 

the hip classes using alpha and beta angles obtained 

from US and to test the most successful network on the 

cases of the orthopedic clinic.  

 
2. Material and Methods  
This research has been approved by the IRB of the 

authors’ affiliated institutions. Ethics approval was 

obtained for this study. The data of 135 cases have been 

obtained from the orthopedic clinic of our hospital by 

using ultrasonography. Measurement of alpha and beta 

angles was done according to the Graf’s US method. 

The data were divided into 2 groups according to which 

side (left or right) that have developmental dysplasia of 

the hip. Each group has been treated separately and has 

its information about alpha and beta angles, gender, and 

the Graf’s US classification.  

In the general primer care of a newborn, hip ultrasounds 

according to the Graf’s classification were assessed. 

The alpha and beta angle measurements were made by 

a radiologist that has worked in our university hospital. 

The alpha angle is drawn between the acetabular roof 

and the vertical cortex of the ilium. It reflects the 

development of the bony acetabular roof. The beta 

angle is drawn between the vertical cortex of the ilium 

and the triangular labral fibrocartilage. It measures the 

cartilaginous coverage over the femoral head. Alpha 

and beta angles are continuous measurements that are 

determined during ultrasound hip imaging. The angles 

are classified for hip type (Ia, Ib, IIa, IIb, IIc, III, IV, or 

D) (7). 

The data was organized using tabulation software. 18 

samples for the input data and target data were selected 

among 135 cases. The samples were regarded to be 

determinant for training the neural network. There were 

not any cases in some hip dislocation classes. In some 

classes, there were a few cases. For this reason, the 

target data was arranged for 3 types (Type I, II, and III). 

The artificial neural network (ANN) for the 

classification of hip dislocation was established, 

trained, and tested in Mathworks Matlab R2015a 

software. For these purposes, a script was coded, 

following the steps shown in Listing 1.  

The script runs 27 combinations of 3 different neuron 

numbers (3, 6, 10) in the hidden layer and 9 different 

training functions. The training functions are listed in 

Table 2. Half of the input values were used for training, 

a quarter for validation, and the rest for testing. For 

each combination, the script loops at most 20 times to 

reach the desired performance values. Among those 

networks, the network with the best performance value 

was saved to get the outputs. The coefficient of 

determination (R-Squared) of the network was 

calculated using targets across outputs. 

The best network out of 27 combinations was compared 

to the others and the network with the highest R-

Squared value was used on all of 135 cases. The 

confusion matrix of the network was conducted using 

outputs and targets using the 0.5 thresholds.  

The accuracy of the networks was calculated with the 

formula: 

  [1]. 

where TP is true positives, TN is true negatives, P is 

several positives and N is the number of negatives. 

ANN diagram for classification with 10 neurons in the 

hidden layer is shown in Figure 1. 

 

Figure 1: Demonstration of pattern recognition neural 

network. 

 

3. Results 
The script firstly was run for the right hip. Networks 

with 10 neurons in the hidden layer had the highest 

coefficient of determination (R-Squared) values and 

most of them had 100% accuracy while training.  The 

highest R-Squared value was measured for the network 

with 10 neurons in the hidden layer, “One Step Secant” 

and “Variable Learning Rate Backpropagation” 

training functions. However, when the networks were 

tested for all the samples, the highest accuracy was 

found with the network with 3 neurons in the hidden 

layer, and the “Resilient Backpropagation” training 

function as 87.4% (Listing 2, Figures 2). 

Lastly, the script was run for hip dislocation on the left. 

Most of the networks had 100% of the coefficient of 
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determination (R-Squared) values and most of them 

had 100% accuracy while training.   

However, when the networks were tested for all the 

samples, the highest accuracy was found with the 

network with 10 neurons in the hidden layer and 

“Polak-Ribiére Conjugate Gradient” training function 

as 83.0% (Listing 3 and Figures 3). 
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Figure 2:  RHD Network Confusion Matrix (Network 

confusion matrix for right hip dysplasia disease. 
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Figures 3: LHD Network Confusion Matrix (Network 

confusion matrix for left hip dysplasia disease. 

 

4. Discussion 

Developmental dysplasia of the hip (DDH) is a 

pediatric musculoskeletal disorder (8). The reported 

incidence of DDH is between 1 and 34 per 1000 

newborns (9, 10). In Europe, it is between 3% and 13%, 

real dysplasia as between 1% and 3% (11, 12). In 1988, 

Huang reported the incidence of DDH was 2,7/1000 in 

Taiwan. The incidence of a one-year follow-up was 

1.2/1000 (13). In our country, the rate is between 

0.4/1000 and 1.7/1000 as a wide range (14-24).  

Ultrasonography was introduced to orthopedic trials in 

the 1980s. This method has been assured to evaluate the 

infant’s hip structure. The Graf’s classification has 

gained popularity due to its early detection and 

accuracy features (7,25). Ultrasound screening for 

DDH is has become more effective at detecting the 

disease. National Health Services (NHS) from the 

United Kingdom’s Newborn and Infant Physical 

Examination (NIPE) Programme advises hip 

ultrasound screening within 2-6 weeks. 

Lusier screened 1683 newborns during their study 

period (25). They declared that later than 28 days after 

birth does not increase surgery rates and it might reduce 

clinical visits counts. They recommended a cut-off day 

like 28 days. Also, they predicted decreasing of 

parental stress, lesser the number of ultrasound studies, 

cost-sensitive screening programs. Also, this condition 

reduces the multitude of pediatric and orthopedic 

clinics, the beneficial use of medical resources. 

Ultrasonographic early detection of DDH by the Graf’s 

US method is recommended for reducing the need for 

surgery and comorbidities due to operations (25). 

Roovers found that earlier screenings could provide an 

early diagnosis of abnormal hips (26). However, 

follow-up of frequent US scans can be a problem for 

orthopedic surgeons and radiologists during intensive 

policlinic service. Especially during serial and personal 

follow-up of the patients for the Graf’s US scans, 

mixing and non-tracking problems may arise. In our 

country, almost 100 patients are examined daily in 

orthopedic policlinics.  

 

5. Conclusions 
In the outpatient clinics, we emphasize that using 

artificial intelligence to follow these US records may 

provide more correct follow-up. The mixing can be 

avoided in this way. 
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Abstract: Restlessness is one of the most frequent causes to bring a 

baby to a medical facility by parents. Most of the restless infants are 

diagnosed with infantile colic. We aimed to evaluate hypercalciuria 

and urinary system in 0-2 month old infants who were brought to the 

pediatric outpatient clinic due to restlessness. Only the 0-2 month old 

infants who were evaluated only for restlessness between January 1 

and December 31, 2018 were included in the study. The data were 

obtained as retrospective evaluation of medical records. Complete 

urine analysis, urine culture, abdominal ultrasonography, calcium to 

creatinine ratio in spot urine and blood calcium examination was 

performed. The 95th percentile of the urinary calcium/creatinine ratio 

was accepted as the upper limit of normal. Blood calcium level above 

10.8 mg/dl was considered as hypercalcemia. Of the 240 infants 

included in the study. The number of infants receiving breast milk 

alone was 146 (73.3%). Leukocyturia was detected in 24 infants. 

Urine culture was evaluated as positive for 59 infants. Spot urine 

calcium/creatinine ratio was evaluated in 201 infants. Of these, 10 

patients had a high calcium/creatinine ratio. In infants receiving 

breast milk alone had a lower calcium/creatinine ratio. Urinary 

calcium/creatinine ratio was found to be significantly higher in 

infants with urinary tract stones and hypercalcemia. Not all infants 

brought to a medical facility due to restlessness should be considered 

to have infantile colic. Urine analysis should be performed and 

urinary tract infection and hypercalcuria should be investigated. 

Positive urine cultures obtained using a bladder bag should be 

considered hesitantly and should always be repeated. © 2020 NTMS. 

Keywords: Baby, Restlessness, Hypercalciuria, Urinary Tract 

Infection. 

 
1. Introduction

Crying is a way for babies to communicate with the 

environment. In most babies, crying and restlessness 

begin spontaneously during the first weeks of birth and 

spontaneously diminish towards the 3rd to 4th months 

(1). Babies cry to express their physiological needs 

such as hunger, sweating, chills and irritation from 

fecal soiling.  

If their needs are met, they stop crying and calm down 

in a short time. Although crying is a physiological event 

in infants, excessive crying and restlessness may also 

occur in pathological conditions such as infantile colic, 

otitis and urinary tract infection (UTI). Crying and 

restlessness are among the most common reasons to 

bring a healthy baby to a doctor’s office in the first four  
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months of life. Infantile colic is the most common 

condition for those infants who present to hospitals 

with crying (2). Infantile colic is episodes of crying 

lasting more than three hours a day and more than three 

days a week and that lasts at least three weeks (3). It has 

been reported to occur in 5-30% of babies during 

infancy (4). 

There may be an underlying organic cause in 10% of 

infants brought to a medical facility due to crying. 

Organic causes include cow and/or soy milk protein 

allergy, gastroesophageal reflux or lactose intolerance. 

All etiological causes should be evaluated in infants 

who present with crying. Medical reasons can often be 

ruled out by careful history taking and physical 

examination (1). 

In this study, we aimed to evaluate hypercalciuria and 

urinary system in children with 0-2 months admitted to 

outpatient clinics with restlessness. 

 

2. Material and Methods  
Only the 0-2 month old babies admitted to our 

outpatient clinic between January 1, 2018 and 

December 31, 2018 due to restlessness were included 

in the study. Data were obtained retrospectively from 

patient files. Physical examinations were recorded in 

detail. Infants who were diagnosed with otitis media, 

upper respiratory tract infection, lower respiratory tract 

infection or infantile colic were excluded from the 

study. The age, gender, weight, type of feeding and the 

use of formula of the infants were recorded. The data 

of complete urine analysis, urine culture (using a sterile 

urinary bag), abdominal ultrasonography (USG), 

calcium to creatinine ratio in spot urine (Ca/Cr) and 

blood calcium levels were also recorded. 

A 24-hours urinary Ca excretion level above 4 mg/kg 

or 95th percentile values of urinary Ca/Cr ratio in 

children was accepted to be the upper limits of normal 

(5,6). The 5th, 10th, 25th, 50th, 75th and 95th percentile 

values were calculated for the Ca/Cr ratio. The 95th 

percentile value of the Ca/Cr ratio was accepted as the 

upper limit of normal. Blood calcium levels above 10.8 

mg/dl were considered as hypercalcemia. (7) 

The present study was approved by the clinical ethics 

committee of Erzincan University Faculty of Medicine 

(accession number: 604.01.02-E.43283) 

2.1. Statistical Analysis 

Data were interpreted using SPSS statistical package 

program (SPSS Inc, v22.0, USA). All results were 

expressed as Mean±Standard Deviation (SD). Using 

the Kolmogorov Smirnov test, the data was determined 

to have a non-normal distribution. For this reason, non-

parametric tests were used. Spearman correlation test 

and Mann Whitney U test were applied to analyse the 

association between variables.  P<0.05 was considered 

statistically significant.  

 

3. Results 
Of the 240 babies included in the study, 114 were 

female (47.5%) and 126 were male (52.5%). The mean 

age of the infants was 29.9±15.4 days. When breast 

milk feeding was questioned, 180 (75%) infants were 

found to receive breast milk alone, 13 (5.5%) infants 

received formula alone and 47 (19.6%) infants received 

breast milk+formula. Demographic characteristics of 

the babies participating in the study were shown in 

Table 1. 

 

 

Table 1: Demographic characteristics of infants. 

Age Male 31.4±15.2 days (Min-Max: 7-59)  

 Female 28.2±15.6 days (Min-Max: 6-59)  

 Total 29.9±15.4 days (Min-Max: 6-59)  

 

Gender 

 

Male 

 

126 (n) 

 

52.5% 

 Female 114 47.5% 

 

Height 

  

53.67±2.4 cm 

 

Min-Max: 46-61 

 

Weight 

  

3917±695 g 

 

Min-Max: 2800-6200 

 

Head 

circumference 

  

35.8±1.35 cm 

 

Min-Max: 32-39 

 

Nutritional 

status 

 

Breast milk 

 

180(n) 

 

75% 

 Formula 13 5.4 

 Breast 

milk+Formula 

47 19.6 
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Urinalysis and urine culture were requested in a total of 

240 infants. Leukocyturia was detected in 24 (10%) 

infants. Urine microscopy was normal in 216 infants 

(90%). E.coli (76%) and Klebsiella (24%) was isolated 

in the urine of 59 infants with positive urine culture. 

Positive urine culture samples were repeated using a 

urinary catheter and 27 (45%) of them revealed to be 

positive for growth (Table 2).  

 

Table 2: Results of urinalysis and incidences. 

Finding Number Percentage 

Normal 175 73 

Leukocyturia 24 10 

Hematuria 6 2.5 

Crystals   35 14.5 

Growing 

microorganism 

  

E.coli 45 76 

Klebsiella spp 14 24 

 

Spot urine calcium/creatinine (UCA/Cr) was analysed 

in 201 infants. Mean spot urine Ca/Cr was found to be 

0.30±0.19. Hypercalciuria was found in 111 cases with 

an accepted cut-off of hypercalciuria as 0.21. Urinary 

hypercalciuria was found to be 0.77 in the 95th 

percentile and the UCa/Cr ratio was found to be high in 

10 cases (Table 3). 

 

Table 3: UCa/Cr value and percentile.        

UCa/Cr Number Percentage 

Over 0.21 111 55.2 

Over 95 p 10 4.9 

 

The mean spot UCa/Cr was compared between the 

genders. There was no significant difference in mean 

UCa/Cr between the males (0.29±0.17) and the females 

(0.31±0.21), (p=0.66). Spot UCa/Cr averages were 

compared between those who were breastfed alone and 

who received breastfeeding and formula or formula 

alone. Urine UCa/Cr averages were significantly lower 

in those who were breastfed alone (p=0.005). 

No statistically significant difference was found 

between the mean UCa/Cr spot urine in infants with and 

without UTI  (p=0.53). Urinary USG was performed in 

108 of the infants in the study group. Vesicoureteral 

reflux (VUR), ureteropelvic stenosis, hydronephrosis, 

cystitis and calcium stones were observed in 2, 2, 1, 6 

and 9 infants, respectively. Mean urine calcium to 

creatinine ratio was significantly higher in patients who 

had positive findings revealed by an imaging method 

compared to patients with negative findings by an 

imaging method (p=0.01). 

Blood calcium and creatinine levels were measured in 

70 of the infants. Creatinine level was normal in all 

infants. Blood calcium levels were elevated in 11 

infants. Mean urinary UCa/Cr was found to be 

significantly higher in babies with hypercalcemia 

compared to babies with a normal blood calcium level 

(p<0.01). Correlation analysis showed a significant 

correlation between urinary calcium and blood calcium 

(r:0.38, p<0.001). 

 

4. Discussion 

As restlessness and crying are common symptoms in 

infancy, obtaining a good anamnesis from the parents 

is the first and most important step in the diagnosis and 

approach to the infant. Another important step in 

diagnosis is a detailed physical examination of the 

infant and evaluation of his/her growth and 

development. In addition, laboratory and radiological 

examinations are needed in infants with a good weight 

gain and normal physical examination. There are 

studies suggesting that urine analysis might be the only 

useful laboratory test especially in a baby crying a lot 

with a normal history and physical examination. (8) 

In our study, only infants with the complaint of 

restlessness were included in the study. Babies with any 

findings in their examinations or interpreted in favor of 

infantile colic were excluded from the study, and 240 

asymptomatic babies were examined. As indicated by 

Freedman et al. (8), complete urine analysis and urine 

culture were requested from all infants. Although 

leukocyturia was observed in 24 babies, Urine culture 

of about 1 in 4 babies were positive. Positive urine 

culture samples were repeated using a urinary catheter 

and half of them were found to have a positive growth. 

The rate of false positivity of the urine culture obtained 

using a bag in the neonatal period was demonstrated to 

be high (9).  In this present we also found this false 

positive rate to be high. This shows that the urine 

cultures obtained using a bag should be considered 

hesitantly and if necessary, urine cultures should be 

repeated with urinary catheters or suprapubic 

aspiration. 

Urinary infection is more common in males in the 

newborn period compared to females (10, 11). In our 

study, 24.6% of the infants had a positive urine culture 

and urine culture positivity was found to be higher in 

males compared to females. The urine of the infants 

with positive urine cultures was positive mostly for 

E.coli.  E. coli has been reported to be the most 

frequently isolated pathogen in UTI in many studies 

(12-14).   

Hypercalciuria is one of the most important risk factors 

for stone disease in children and adults. Most patients, 

especially younger children, are asymptomatic (15). 

Young patients present with complaints of restlessness, 

UTI, vomiting or fever rather than abdominal and flank 

pain. In this present study, urinary stone and 

hypercalciuria were found in 8.3% and 4.9%, 

respectively of infants presenting with restlessness. In 

the study conducted by Melek et al., the most common 

reason for presentation in children less than 5 years of 

age with urinary system stones was reported as 

restlessness (16). Also, in a similar study by Baysal et 
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al. 29 patients diagnosed at the first two years of age 

were reported to be presenting with restlessness as the 

most common cause (17).  In the study of Altincik (18), 

the mean UCa/Cr of the patients with complaints of 

restlessness was significantly higher compared to those 

without complaints. 

In this present study, no difference was found between 

the mean urinary Ca/Cr between male and female 

infants. Similarly, in the studies of Sonmez et al. (19) 

and Donmez et al. (6), no association was found 

between gender and mean urinary Ca/Cr. 

In the literature, there are some studies showing that 

feeding with formula has an effect on urinary stone and 

hypercalciuria formation (20, 21). Similar to our study, 

in the study of Erol et al. it was reported that the mean 

urine Ca/Cr was significantly lower in breastfed infants 

(22). 

In our study, no statistically significant difference was 

found between the mean spot urine UCa/Cr in infants 

with and without UTI. It is stated that there is no 

significant relationship between UTI and urinary 

calcium excretion (18). Vachvanichsanong et al. 

reported that the quantitative urinary calcium excretion 

in children with UTI is not different from those without 

UTI (23). 

In many studies (24-26), urinary calcium excretion was 

found to be higher in patients with urinary stone 

detected on USG. Similarly, in our study, it was found 

that infants with urinary stones had a significantly 

higher rate of hypercalciuria. 

The amount of calcium filtered from the glomeruli 

varies directly with the concentration of calcium in the 

serum and glomerular filtrate. The serum concentration 

of calcium and filtered calcium increase, the amount of 

calcium excreted in the urine also increases (27). In this 

present study, it was observed that there was a 

significant increase in urinary calcium as the blood 

calcium level of infants increased. 

 

5. Conclusions 
As a result, although no definite cause could be found 

in most of the babies brought for restlessness or they 

are considered to have infantile colic, urine analysis 

should be performed and urolithiasis should be 

excluded in infants who have complaints of 

restlessness. In patients with hypercalciuria, imaging 

methods should be used for urinary system stone 

disease. 
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Abstract: This study investigated that the beneficial effects of 18ß-

Glycyrrhetinic acid (GA) on cerebral vasospasm in subarachnoid 

hemorrhage (SAH). A total of 28 Spraque-Dawley adult rats were 

used.  Group 1 (Control) (n=7), Group 2 (SAH) (n=7), Group 3 

(SAH+GA 50) (n=7), and Group 4 (SAH+GA 100) (n=7). GA 

performed through gavages in the 30th minute, 12th hour and 24th 

hour starting from SAH process. The animals sacrificed under 

intraperitoneal injection anesthesia by taking biochemical and 

histopathologic samples at the end of 48th hour. TBARS, SOD, CAT, 

GSH and GPx values were examined in biochemical studies. Brain 

tissue and basilar arteries were evaluated in histopathological 

examination. The averages of lumen cross section in histopathologic, 

morphometric terms and the biochemical values in both groups 

receiving GA were found different at meaningful levels compare, the 

biochemical values were found different meaningfully especially in 

high dose GA group compared to those groups not receiving GA 

statistically. The results were defined as Mean±Standard Deviation, 

and p<0.05 values were accepted as meaningful statistically. Based 

on our results, high dose GA found useful in experimental medical 

treatment of cerebral vasospasm due to SAH. ©2020 NTMS. 

Keywords: Subarachnoid Hemorrhage (SAH), Serebral Vasospasm, 

18ß Glycyrrhetinic Acid. 

 
1. Introduction 

In cranial or spinal region, in the subarachnoid space 

containing the cerebrospinal fluid between piamater 

and arachnoid membrane, hemorrhage that occur due to 

various reasons are called subarachnoid hemorrhage 

(SAH) (1-3). 

Most frequent cause of SAH is traumas. Any SAH with 

etiologies other than trauma are called primer SAH or  

 

 

spontaneous SAH; and spontaneous SAH may occur 

because of many different etiologies. Most frequent 

cause of spontaneous SAH is aneurism ruptures (4). 

Consensus is not available about its incidence because 

of different life style, genetic structure, and various risk 

factors in different populations. Rebleeding and 

vasospasm in patients with SAH form most significant  
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reasons for high mortality and morbidity. Recently, 

there has been a decrease in the rates of mortality and 

morbidity based on rebleeding due to early surgical 

treatment to SAH patients by neurosurgery clinics. In 

line with such developments, protection, and treatment 

of vasospasm, being the other most significant cause of 

mortality and morbidity in SAH patients, gained 

importance. 

Cerebral vasospasm is pathologic stenosis that occurs 

in cerebral arteries following SAH. Cerebral 

vasospasm may be diagnosed by the observation of 

ischemia that occurs in some part of brain following 

SAH clinically, neurological deterioration that 

develops in connection with infarcts and stenosis in 

cerebral artery lumen by radiological means. Cerebral 

vasospasm is a clinic diagnosis and radiological 

observation does not make diagnosis alone. It only 

supports the clinical diagnosis. 

Although physiopathology of cerebral vasospasm has 

been the subject of many studies, it could not been 

clarified fully. There have been different hypotheses 

about physiopathology. One of those hypotheses 

suggested and accepted is the formation of 

oxyhaemoglobin with deterioration of erythrocytes at 

subarachnoid distance and that such oxyhaemoglobin is 

the main spasmogenic responsible in cerebral 

vasospasm (5-7). Furthermore, it is known that, in 

cerebral vasospasm, there is reduction in brain 

perfusion in the distal of artery narrowing in connection 

with pathologic vasoconstriction and that, as a result, 

there is oxidative stress in brain tissue due to 

ischemia/reperfusion. Free oxygen radicals that occur 

on hypoxic ground are considered as the primary 

responsible for brain tissue damage during oxidative 

stress. Antioxidants prevent vasoconstriction making 

effect of free oxygen radicals that occur during the 

transition of oxyhaemoglobin into methaemoglobin, 

which is one of the accepted pathophysiology 

hypotheses of cerebral vasospasm (5-8). 

18β-Glycrrhetinic acid (GA) as we use in our study is a 

hydrolyzed metabolite of glycyrrhizin. GA is a material 

known as licorice root extract contained in Glycyrrhiza 

glabra (licorice) plant that has a wide area of use in 

traditional Chinese and Japanese alternative medicine 

(9). Recent studies have shown that GA has strong 

anticancer, anti-inflammatory, and antioxidant 

properties (10, 11). 

We aimed in this study to determine that GA, having 

the property of inducing antioxidant defense 

mechanisms, may prevent cerebral vasospasm in SAH 

patients and determine how the dose dependent results 

of its effect reducing the brain tissue damage in 

connection with ischemia/reperfusion in cerebral 

vasospasm may be. 

 

2. Material and Methods  
2.1. Animals and experimental protocol 

The present study was approved by the Ethics 

Committee on Animal Research of İnönü University 

and carried out in accordance with The Guidelines for 

Animal Research from the National Institutes of Health 

(NIH). Spraque-Dawley male rats weighing 230-250 g 

were supplied by the İnönü University Laboratory 

Animals Research Center (Malatya, Turkey), housed in 

sterilized polypropylene cages, and given an ad libitum 

diet of standard commercial food pellets and water. All 

rats were kept under a 12:12 hours light: dark cycle at 

22±1 °C ambient temperature and 55±5% humidity. 

In this study, the groups were arranged as Group 1 

(Control) (n=7) was the one without any processes, 

Group 2 (SAH) (n=7) that did not receive any treatment 

following SAH process, Group 3 (SAH+GA 50 ) (n=7) 

that received GA, dissolved in corn oil at an amount of 

0.5 ml/12.5 mg on the 30th minute, 12th hour and 24th 

hour starting from SAH process through gavages, and 

Group 4 (SAH+GA 100) (n=7) that received 1 ml/25 

mg GA dissolved in corn oil through gavages in the 30th 

minute, 12th hour and 24th our starting from SAH 

process. Totally 28 Spraque-Dawley adult rats were 

used. The animals in all groups were sacrificed under 

intraperitoneal injection anesthesia by taking 

biochemical and histopathologic samples at the end of 

48th hour. GA (Sigma-Aldrich, Product No: G10105) 

was used in our study. GA was prepared by dissolving 

in corn oil as 25 mg in 1 ml. 

 

2.2. Subarachnoidal hemorrhage model 

Following anesthesia, all the rats were shaved between 

inion and atlas. After cleaning the field with Batticon, 

approximately 2 cm of skin region was prepared 

between inion and atlas. Afterwards, the rats in all 

groups other than the control group were brought to 

supine position. Abdominal region was cleaned with 

Batticon; and following skin incision, abdominal aorta 

was revealed. Abdominal aorta was catheterized and 

0.3 ml nonheparinized arterial blood was taken. Then 

the rats were brought back to prone position. Head was 

brought to hyperflexion and cisterna magna was 

entered using PPD injection at the distance of atlanto-

occipinal. Cerebrospinal fluid (CSF) of all the rats other 

than the control group was drained at equal amounts 

(0.2 ml). Then with the same rats, non-heparinized 

blood taken from abdominal aorta was injected slowly 

at equal amounts (0.2 ml). Following this, the rats were 

kept in trendelenburg position for 15 minutes on the 

table prepared before to ensure distribution of blood to 

prepontine cistern. The rats were taken to their cages 

after waking up. 

 

2.3. Sacrification 

Anesthesia was performed on all rats at the end of 48 

hours through intraperitoneal injection of the mixture 

of Ketamine Hydrochloride (60 mg/kg) (Ketalar, Parke 

Davis) and Xylazine Hydrochloride (10 mg/kg) 

(Rompun 2% Bayer) by spontaneous respiration. 

Thoracotomy was applied to all rats following 

anesthesia. Following thoracotomy, blood drawing 

started. Left ventricle was entered and 6 cc of blood in 
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average was drawn from all subjects. Following blood 

drawing, intracardiac serum physiologic was applied 

for 5 minutes and tissue perfusion was performed. 

Thus, brain tissue was mad free of blood elements. 

Then all subjects were subjected to bilateral 

frontoparietooccipital craniectomy. The cerebrum, 

cerebellum and brain stem remaining on the foramen 

magnum were removed totally by protecting the 

anatomic integrity. 

Macroscopically, subarachnoid hemorrhage was 

observed prevalently around the vertebral artery and 

basilar artery on the basal surface of brain stem in all 

subjects subjected to SAH. Cross sections of brain 

tissue involving the basilar artery were taken. Those 

cross sections were fixed by placing in 10% 

formaldehyde. The samples taken for the purpose of 

preparing tissue homogenates were stored inside 

aluminum foil at -30 °C. 

The tissues were weighted and placed in glass tubes. 

1.15% of potassium chloride was added thereon as 

dilution at a rate of 1/10 (g/h) and then they were 

homogenized for 3 minutes at 16.000 cycles/minute in 

homogenizers of glass-teflon deepfreeze by 

maintaining their coolness. Tissue protein 

determinations were performed on such homogenates 

prepared. The remaining homogenate was centrifuged 

at 3500 rpm for 45 minutes at +4 °C and supernatant 

was obtained. 

Glutathione (GSH) and protein levels as well as 

glutation peroxidase (GSH-Px) and catalase (CAT) 

enzyme activities were measured in those supernatants. 

The reagent formed of the mixture of 

chloroform/ethanol (3/5, h/h) was added to the 

remaining supernatant at a rate of 1/1 (h/h) and was 

mixed using vortex. Then, it was centrifuged at 3500 

rpm for 45 minutes. Tissue superoxide dismutase 

(SOD) enzyme activity and protein measurements were 

performed again at the chloroform/ethanol phase on 

top. 

 

2.4. Biochemical examinations 

SOD activity measurement was done based on the 

method specified by Sun et al. (12).  GSH-Px activity 

determination was done based on the method specified 

by Beutler (13). CAT enzyme activity determination 

was done based on the method specified by Aebi. (14). 

In reduced GSH measurement, the activity was 

determined based on the method identified by Ellman 

as dithionitrobenzoic acid recycling method (15). In 

Tissue Protein Measurement (TBARS), the 

determination of protein quantity in homogenate and 

supernatants were done based on the method defined by 

Lowry at al. (16). 

 

2.5. Histological examinations 

The tissue samples were determined for 48 hours inside 

10% formaldehyde. Following the determination, 

histological tissue tracking procedure was applied on 

the tissue samples and embeded in paraffin blocks. 

Cross sections of 5µm thickness were taken from 

paraffin blocks with the help of microtome. Those cross 

sections were dyed by using Hematoxylin-Eosin dyeing 

method and were examined and photographed by using 

Leica DFC 280 light microscope and Leica Q Win 

Image Analysis System (Leica Microsystems Imaging 

Solutions, Cambridge, UK). 

Transverse sections of basilar arteries in the 

histological cross sections dyed with Hematoxylin-

Eosin were evaluated in histopathologic terms by light 

microscope. The diameter of basilar arteries, lumen 

diameter of basilar arteries, and vein wall thickness 

were measured by using Leica Q Win Image Analysis 

System. 

 

2.6. Statistical Analysis 

Statistical evaluations were performed by using “SPSS 

for Windows 12.0” package program. Since the data 

following normality test were in conformity with non-

parametric test assumptions, Kruskal-Wallis H 

variance analysis was used in the comparison of 

groups. Significances were evaluated by making paired 

comparisons through Mann-Whitney U test. The results 

were defined as Mean±Standard Deviation and p<0.05 

values were accepted as meaningful statistically. 

 

3. Results 
3.1. Biochemical findings 

The values of TBARS, SOD, CAT, GSH and GPx 

levels are shown in Table I. As a result of the 

evaluations, it was determined that the TBARS level, 

being the indicator of oxidative damage in rats with 

SAH, increased meaningfully in statistical terms 

compared to the control and all other groups. 

Furthermore, it was determined that it caused 

significant degree of decrease statistically in GSH, 

SOD, GPx and CAT levels being antioxidant defense 

system elements in connection with the formation of 

SAH in the same trial group. 

Furthermore, it was determined that there was 

meaningful level of decrease statistically in the increase 

of TBARS caused by SAH in GA treatment and that 

such decrease was shaped in connection with the 

dosage to the extent that the decrease in TBARS level 

and the reversal of effects of SAH were more apparent 

in the group treated with a dosage of 100 mg/kg 

compared to the group treated with a dosage of 50 

mg/kg. It was observed that the TBARS value in the 

group of high GA dose approached the value of control 

group and that there was no more a difference between 

the two groups statistically. In addition, it was 

determined that GA treatment partially reversed the 

changes caused by SAH in antioxidant defense systems 

again in connection with the dosage. It was determined 

that low dose GA treatment caused meaningful levels 

of parameters approach normal in GSH, SOD and GPx 

levels compared to SAH group; however, that there was 

not any improvement with low dose GA at only CAT 

level. It was observed that in high dose GA treatment, 

there were meaningful statistical increases in all 

parameters compared to SAH group and the values ap- 
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proached the control group as a result of such increases. 

It was determined that the changes that occurred when 

high dose and low dose GA groups were compared 

changed in all parameters in connection with the dose; 

and that there were meaningful differences statistically 

in the groups of high treatment compared to the groups 

with low dose GA. 

 

3.2. Histopathologic findings: 

Brain tissue in the control group was observed with 

normal histological appearance. In the brain tissue 

samples of SAH group dyed with Hematoxylin-Eosin, 

the congestion and cell infiltration (Figure 1A), 

vascular congestion (Figure 1B), cell infiltration 

(Figure 1B, 1C, 1D, 1F) and hemorrhage (Figure 1E, 

1F) were observed in piamater layer. However, it was 

determined that 18β-GA application reduced the 

histopathologic damage in the group of SAH model and 

remedied such negative effects at meaningful levels. 

Namely, it was determined that high dose (100 mg/kg) 

GA application changed the histological damage 

positively at meaningful level compared to low dose 

(50 mg/kg) GA application. It was observed that the 

neurons in brain cortex in the control group had normal 

histological appearance (Figure 2A). It was determined 

that, in SAH group (Figure 2B), there were quite a lot 

degeneration in such neurons; however, 50 mg/kg 

(Figure 2C) and 100 mg (Figure 2D) GA application 

caused significant level of decrease in the neuron 

damage in connection with the dose. In addition to this, 

it was determined that purkinje cells had normal 

histological appearance in control group (Figure 3A) 

when the cerebellum region was examined, and in the  

 

group of SAH model (Figure 3B), there were apparent 

degeneration in purkinje cells. 

Again, it was determined that GA meaningfully 

reversed the cell damage that occurred in 50 mg/kg 

(Figure 3C) and 100 mg/kg (Figure 3D) doses in 

connection with the dose. 

Basilar artery examination: 

It was observed through light microscope examination 

in control group that basilar artery structure had normal 

histological appearance. It was observed that intima, 

media and adventitia layers from the inside out were of 

normal histological structure. Single layer of flat 

endothelial cells, circular course smooth muscle cells, 

and the connective tissue surrounding such formations 

had normal histological appearance. It was determined 

that there was meaningful decrease in basilar artery and 

lumen diameter of basilar artery in SAH group; on the 

other hand, there was increase in vein wall thicknesses. 

Decrease in the folds of lamina elastica interna and 

increase in the contraction of smooth muscle cells of 

media layer was determined. Furthermore, cytoplasmic 

vacuolization in smooth muscle cells was distinctive. 

Moreover, it was determined that GA applications 

reversed the changes that occurred in basilar artery and 

caused by SAH meaningfully in connection with the 

dose (Figure 4). 

It was observed through light microscope that the 

increase in vein wall thicknesses regressed and there 

was increase in basilar artery diameter and lumen 

diameter (Table 2). Furthermore, GA application 

caused minimal contraction in smooth muscle cells and 

significant decrease in cytoplasmic vacuolization.  

Table 1: The values of TBARS, SOD, CAT, GSH and GPx levels in the brain tissue of rats(n=7), (Mean±Standard 

Deviation).  

  

  
Group 1 Group 2 Group 3 Group 4 

TBARS nmol/g tissue 8.62±0.46a 18.2±0.93b 14.1±1.21c 9.3±0.96d 

GSH nmol/ml 219.8±6.7a 113.9±8.1b 158.8±11c 201.1±9.1d 

CAT k/mg protein 0.024±0.001a 0.011±0.001b 0.012±0.001c 0.018±0.001d 

SOD U/mg protein 32.60±1.23a 17.16±1.91b 23.81±1.86c 28.15±2.19d 

GPx U/mg protein 280.6±12a 165.4±11b 203.6±19c 255.4±17d 

Letters a,b,c, and d on the same column show the statistical difference between the groups (p≤0.01). 
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Table 2: Basilar artery dimension, basilar artery lumen diameter and basilar artery wall thickness values in groups 

applied with SAH and GA (n=7), (Mean±Standard Deviation). 

  

  
Group 1 Group 2 Group 3 Group 4 

Diameter of basilar artery 172.98±35.00a 106.57±11.66b 120.57±10.91c 143.48±3.81d 

Lumen diameter of basilar 

artery 
102.32±23.45a 57.65±7.76b 65.69±2.08c 71.10±9.84d 

Wall thickness of basilar artery 25.01±1.50a 39.95±9.67b 38.40±4.34c 36.84±3.87d 

Letters a,b,c, and d on the same column show the statistical difference between the groups (p≤0.01). 

Figure 1: Group 1; In piamater layer, cell infiltration and congestion (arrows) (A), in brain tissue, vascular 

congestion (B) and cell infiltration (B, C, D, F), hemorrhage (E, F). A, B, C, E, F: H- E; x20, D: Hematoxylin 

Eosin; x40. 
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Figure 2: Group 1; (A) Purkinje cells with normal histological appearance. Group 2; (B) degenerated purkinje 

cells, group 3 (C) and group 4 (D); decrease in degenerated cells. A, B, C, D: H-E; x40. 

 

 
Figure 3: Basilar artery cross sections in group 1 (A), group 2 (B), group 3 (C), group 4 (D) groups. H-E; x20. 
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Figure 4: Basilar artery cross sections in group 1(A), group 2  (B), group 3 (C), group 4  (D) groups. Hematoxylin-

Eosin; x40. 

 

In addition, it was determined that there was 

endothelial structure of normal appearance and 

minimal vacuolization in smooth muscle cells in the 

group provided with 100 mg/kg GA. 

 

4. Discussion 

Cerebral vasospasm is late term recyclable pathological 

stenosis of large diameter arteries in brain basis. Such 

pathologic stenosis causes perfusion decrease in brain 

tissue in the distal of artery of stenosis and 

consequently ischemic brain damage. Cerebral 

vasospasm that develops following the subarachnoid 

hemorrhage in connection with the aneurism rupture is 

responsible at first degree of late ischemic neurological 

deficit in aneurism patients and it is the most 

importance cause of mortality and morbidity (17-19). 

The existence of cerebral vasospasm in the first two 

week following SAH increases mortality from 1.5 

times up to 3 times (20). Vasospasm is observed in 70% 

of aneurismal subarachnoid hemorrhage patients and 

symptomatic cerebral vasospasm and ischemia is seen 

in 30-40% of the same. It was notified in joint aneurism 

study that angiographic vasospasm incidence was in 

more than 50% of patients and symptomatic vasospasm 

was in 32% of the patients (17, 20, 21). 

Since cerebral vasospasm is considered as the primary 

responsible of mortality and morbidity in SAH patients 

that develop in connection with the aneurism rupture, 

the pathophysiology and treatment of cerebral 

vasospasm has been the subject of many researches 

from the description of angiographic vasospasm until 

today. 

Although many studies were performed, the 

physiopathology and medical treatment of cerebral 

vasospasm has not been revealed fully yet because of 

being multifactorial etiology. Clinical and experimental 

studies are still continued because it can not be 

revealed. This experimental study was planned for the 

purpose of developing a pharmacological treatment 

alternative for vasospasm. 

The studies are performed on animal models because of 

the impossibility to make experimental study on 

cerebral arteries in human. Ideal subject should be 

resistant against the efficiency and toxicity of the 

treatment applied. The applied SAH model should be 

realized close to the subarachnoid hemorrhage that 

develops following the aneurism rupture in human. 

Rats are ideal choice for SAH models that are 

inexpensive and much easy to use compared to large 

laboratory animals. 

Solomon et al. compared cerebral blood flow before 

and after SAH in rats and they noted that rates are a 

potential experimental model for SAH studies. Again 

according to the same study, they informed that the 

vasospasm in basilar artery following SAH showed 

same characteristics with the vasospasm in humans 

(22). Rats were preferred in this study because of 

finding them easily, because they are inexpensive, they 

are easy to maintain, and they are still a current model. 

Acute vasospasm in rats reach maximum in hour 48. 

Therefore, the rats were sacrificed in 48th hour in our 

study. It is reached in 7th day maximum in humans. The 

rate of neurological deficit in connection with 

vasospasm is low in rats compared to humans. This is 

because of the collateral circulation in rat brains. 

There are three main methods as experimental SAH 
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development technique. The technique in which 

congestion is enabled around by perforating a basilar 

artery or a large artery; the technique in which the 

artery is dissected surgically and autologous blood 

taken from another artery is placed around the artery; 

the technique in which autologous arterial blood is 

injected to the subarachnoid space form the three main 

techniques (23). On the basis of these techniques, many 

different methods were developed. The SAH formation 

technique in which the autologous blood is injected to 

subarachnoid space is the most frequently used 

techniques in the studies. Our study also developed 

SAH using this technique. 

Previously in our study, the method used by Yu-shu 

Dong et al., in which medication was performed in 30th 

minute, 12th hour, 24th hour and sacrification was 

performed on 48th hour following the development of 

SAH, was used (24). 

It was determined in our experimental examination that 

GA application reduced the histopathologic damage in 

the group of SAH model and that remedied the negative 

effects meaningfully. It was determined that high dose 

(100 mg/kg) GA application changed the histological 

damage at more meaningful level and positively 

compared to low dose (50 mg/kg) GA application. In 

our study, it was determined through the light 

microscopic examination that GA application reversed 

the changes, which occurred in basilar artery and 

caused by SAH, meaningfully in connection with the 

dose. 

Free oxygen radicals are developed in connection with 

oxidative stress in brain tissue in biochemical terms in 

cerebral vasospasm. It is known that, with those free 

oxygen radicals, lipid peroxidation developed and 

tissue TBARS level increased, causing decrease in 

antioxidant defense system elements such as SOD, 

CAT, GPx and GSH (25). 

Based on the results obtained in our study, TBARS 

level, being the indication of oxidative damage in rats 

with SAH, was increased meaningfully in statistical 

terms compared to control and all other groups. 

Furthermore, it caused significant level of decrease 

statistically in levels of GSH, SOD, GPx and CAT, 

being antioxidant defense system elements, in 

connection with the development of SAH in the same 

test group. It was determined that GA treatment 

decreased meaningfully in statistical terms in the 

increase of TBARS caused by SAH and that such 

decrease was shaped in connection with the dose. The 

decrease in TBARS level and the reversal of effects of 

SAH were more apparent in the group treated with a 

dosage of 100 mg/kg compared to the group treated 

with a dosage of 50 mg/kg. It was observed that the 

TBARS value in the group of high GA dose ap- 

proached the value of control group and that there was 

no more a difference between the two groups 

statistically. In addition, it was determined that GA 

treatment partially reversed the changes caused by 

SAH in antioxidant defense systems again in 

connection with the dosage. It was determined that low 

dose GA treatment caused meaningful levels of 

parameters approach normal in GSH, SOD and GPx 

levels compared to SAH group; however, that there was 

not any improvement with low dose GA at only CAT 

level. It was observed that in high dose GA treatment, 

there were meaningful statistical increases in all 

parameters compared to SAH group and the values 

approached the control group as a result of such 

increases. 

Moreover, it was determined that the changes that 

occurred when high dose and low dose GA groups were 

compared changed in all parameters in connection with 

the dose; and that there were meaningful differences 

statistically in the groups of high treatment compared 

to the groups with low dose GA. 

In our study, we wished to examine whether GA, being 

an antioxidant, had an effect to settle vasospasm and to 

reduce brain tissue damage in connection with 

vasospasm. The averages of lumen cross section in 

histopathologic and morphometric terms in both groups 

receiving GA were found different at meaningful levels 

compared to other groups. Likewise, the biochemical 

values were found different meaningfully especially in 

high dose GA group compared to those groups not 

receiving GA statistically. Based on our results, GA 

was found beneficial in the experimental medical 

treatment of cerebral vasospasm. 

 

5. Conclusions 
Although there have been many studies performed on 

this issue, medical treatment of cerebral vasospasm has 

not been revealed fully yet because of having 

multifactorial etiology. GA has an effect to reduce brain 

tissue damage in connection with the 

ischemia/reperfusion that develops in cerebral 

vasospasm through the induction of antioxidant defense 

system and to prevent the development of 

vasoconstriction. Therefore, we consider that GA may 

be tried as an alternative agent against a situation of 

high mortality and morbidity such as vasospasm. 
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Abstract: Coronavirus disease 2019 (COVID-19) first emerged in 

Wuhan, China in December 2019. Headache, dizziness, attenuated 

taste/smell, stroke, acute disseminated encephalomyelitis, 

encephalitis, Guillain-Barré syndrome, and myelitis are rare 

neurological symptoms and complications reported in adults. A 14-

year-old girl presented with sudden-onset loss of strength in her right 

arm and leg. A nasopharyngeal swab was collected because the 

patient had a history of suspicious contact with a confirmed COVID-

19 patient. SARS-CoV-2 nucleic acid testing of the patient’s 

nasopharyngeal swab was positive. Her clinical presentation 

suggested transverse myelitis. On spinal MRI, a contrast-enhancing 

lesion causing expansion at the C2-C5 level was observed. On day 5 

of pulse methylprednisolone treatment, the patient had 3/5 muscle 

strength in her right upper extremity and 5/5 muscle strength in her 

right lower extremity. This case emphasizes that during the 

pandemic, SARS-CoV-2 must be considered as the etiology in 

children presenting with neurological involvement if there is a 

history of contact. © 2020 NTMS. 
Keywords: Acute Myelitis, COVID-19, Child. 

 
1. Introduction 

In December 2019, a large outbreak of pneumonia was 

reported in Wuhan, China (1). The disease, caused by 

the novel coronavirus SARS-CoV-2, was named 

Coronavirus disease 2019 (COVID-19) by the World 

Health Organization (WHO). On March 11, 2020, after 

the disease spread to dozens of countries, WHO 

declared COVID-19 a pandemic (2). The first case in 

Turkey was detected on March 10, 2020 (3).  

COVID-19 is highly contagious and its clinical 

spectrum varies from asymptomatic infection to deadly 

pneumonia (2).  

However, in series of suspected or confirmed COVID-

19 pediatric patients, it has been reported that 13 to 27% 

of children positive for the virus had asymptomatic 

infection (4). 

 

 

Coronaviruses damage the central nervous system 

(CNS) by directly infecting the CNS via the olfactory 

nerve, peripheral nervous system, and circulation or via 

the immune response they induce (5). 

In such cases, COVID-19 patients exhibit neurological 

symptoms such as dizziness, headache, altered 

consciousness, ataxia, epilepsy, muscle involvement, 

loss of smell and taste, nausea, and vomiting (6,7). 

Although cases of encephalopathy, viral 

encephalitis/meningitis, peripheral neuropathies, and 

Guillain-Barré syndrome have been reported in adult 

COVID-19 patients (6-9) there are few studies 

reporting the neurological involvement of COVID-19 

in pediatric patients. 
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In this report, we present the case of an adolescent who 

developed transverse myelitis presumably caused by 

SARS-CoV-2. 

 
2. Material and Methods  
2.1. Case 

A 14-year-old girl presented to Atatürk University 

Faculty of Medicine on April 12, 2020 with sudden-

onset loss of strength in her right arm and leg. Her vital 

signs were as follows: pulse: 82 beats/min, respiratory 

rate: 21 breaths/min, blood pressure: 115/83 mmHg, 

oxygen saturation: >97%, and body temperature: 

36.9°C.  

Other than right hemiplegia, the results of detailed 

physical and neurological examination were normal.  

A nasopharyngeal swab was collected because the 

patient had a history of suspicious contact with a 

confirmed COVID-19 patient. SARS-CoV-2 nucleic 

acid testing of the patient’s nasopharyngeal swab was 

positive. The patient was admitted to the isolation ward. 

Her clinical presentation suggested transverse myelitis. 

Cranial magnetic resonance imaging (MRI) was 

normal. On spinal MRI, a contrast-enhancing lesion 

causing expansion at the C2-C5 level was observed 

(shown in Fig 1, A-D). MR spectroscopy was normal. 

Routine hematological tests, biochemical tests, acute 

phase reactants, prothrombin time (PT), partial 

thromboplastin time (PTT), and international 

normalized ratio (INR) were normal. The patient’s test 

results are presented in Table 1.  

Lumbar puncture was performed. Cerebrospinal fluid 

(CSF) pressure was 170 mm/H20, protein: 262 mg/dl, 

chlorine: 127 mmol/L, glucose: 81 mg/dL 

(simultaneous blood glucose: 105 mg/dL), and no cells 

were detected. COVID-19 PCR and COVID-IgM/IgG 

test of the CSF could not be performed. 

Chest X-ray was normal. Venous blood IgM tests were 

negative for Chlamydia pneumoniae, Epstein–Barr 

virus (EBV) viral capsid antigen (VCA), Mycoplasma 

pneumoniae, cytomegalovirus (CMV), rubella, 

toxoplasma, herpes simplex virus 1 and 2, measles, 

mumps, parvovirus B19, varicella zoster virus.  

Nasopharyngeal swab samples were also negative for 

influenza A virus, influenza A H1N1, influenza A 

H3N3, Bordetella pertussis, Bordetella parabronchi, 

Bordetella holmesii, influenza B virus, adenovirus, 

parainfluenza virus 1, 2, 3, and 4, rhinovirus, human 

metapneumonovirus (hMPV), and respiratory syncytial 

virus A and B. Acid-fast bacilli (AFB) staining of CSF 

was negative and tuberculosis PCR was also negative. 

Moreover, tests for Sm/RNP, SS-A, SS-B, dsDNA, 

ANA, pANCA, and cANCA were negative. 

 

Table 1: Results of Routine Blood and Biochemical Tests. 

Indicators 

(normal range) 

Results Indicators 

(normal range) 

Results 

White blood cell (4.5-13.5x103 μL) 5.36 Calcium (8.8-10.8 mg/dl) 8.5 

Hemoglobin (12-16 g/dl) 14.3 Creatine kinase (50-240 U/L) 92 

Platelet count (150-450x103 μL) 369 Ferritin (11-306 ng/ml) 20.6 

Sedimentation (<20 mm/h)    11 Fibrinogen (220-440 mg/dL) 325 

Procalcitonin (0.5-2 ng/mL) 0.02 Albumin (3.5-5.6 g/dL) 3.8 

D-dimer (0-500 ng/mL) 356 Lactic dehydrogenase (0-248 U/L) 225 

Alanine aminotransferase (5-45 U/L) 55 Glucose (60-100 mg/dL) 81 

Aspartate aminotransferase (10-40 U/L) 36 Creatinine (0.5-1 mg/dL) 0.53 

Troponin I (0-11.6 ng/L) 4.3 Uric acid (2.6-6 mg/dl) 3.6 

C-Reactive Protein (0-5 mg/L) 5.07 Prothrombin time (12-16 s) 14.1 

Phosphorus (2.9-5.4 mg/dL) 3.5 International normalized ratio INR (0.9-1.3) 1.04 

B12 (180-505 pg/mL) 214 Folate (3.1-19.9 ng/ml) 13.3 
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Figure 1: Images of the lesion causing expansion in the medulla spinalis at the C2-C5 level: A) Sagittal T2-

weighted image showing hyperintense lesion, B) Sagittal T1-weighted image showing heterogeneous, iso-

hypointense lesion causing medulla spinalis expansion, C) Sagittal and D) Axial T1-weighted fat-suppressed 

contrast-enhanced images showing marked irregular contrast enhancement surrounding the lesions.

  

Transverse myelitis associated with SARS-CoV-2 

infection was suspected. Intravenous immunoglobulin 

(IVIg) was administered at 400 mg/kg/day for 5 days. 

Fentanyl and gabapentin were initiated for neuropathic 

pain in the patient’s right arm and leg. The patient 

showed no clinical response to IVIg therapy. Pulse 

methylprednisolone therapy was given at 30 mg/kg/day 

for 7 days. On day 5 of steroid treatment, the patient 

had 3/5 muscle strength in her right upper extremity and 

5/5 muscle strength in her right lower extremity.  

She exhibited right foot drop, but started to walk 

unsupported. CSF culture was negative. Serum anti-

NMO IgG and CSF oligoclonal band were negative. 

Serum COVID-19 IgM/IgG test was negative. The 

patient was recommended home isolation and physical 

therapy upon discharge 16 days after hospital 

admission. 

3. Discussion 

In this report, we present the first pediatric patient with 

acute transverse myelitis associated with COVID-19. 

The patient underwent SARS-CoV-2 nucleic acid test 

due to her history of contact with a confirmed COVID-

19 patient and was found to be positive. Moreover, tests 

for other potential etiologies of acute myelitis were 

negative. Acute myelitis in this case was either caused 

by SARS-CoV-2 or occurred coincidentally. However, 

we believe that the former is more likely.  

SARS-CoV-2 enters the human body by binding to 

ACE2 receptors on cells (10). ACE2 receptors have 

also been detected on the surfaces of spinal cord 

neurons (11). Although molecular mimicry is 

implicated in the pathogenesis of acute myelitis, there 

may be a relationship between acute myelitis and spinal 

cord ACE2 receptors. Furthermore, as the liver, bile 



Guler MA et al.   135 

 

ducts, and proximal renal tubules are sites with high 

ACE2 receptor density like the lungs, COVID-19 can 

manifest with multiorgan failure in addition to 

respiratory system signs and symptoms (10). 

Many factors play a role in the etiology of 

postinfectious acute myelitis. The probable 

pathogenesis of acute myelitis induced by infectious or 

parainfectious diseases can be explained by the 

molecular mimicry theory. According to this theory, 

antigenic structures in the cell walls of pathogenetic 

microorganisms show antigenic similarity to the 

surface structures of host neurons. As a result, immune 

activation against these microorganismic antigens 

causes cross-reactivity with the antigenic structures on 

the neuronal surface. This reaction leads to neuronal 

damage. However, it is not clear why the activated 

immune system is unable to recognize the host’s own 

cells and tissues (12). Molecular mimic can induce the 

formation of antibodies that cross-react with self-

antigens, leading to immune complex formation and 

complement-mediated or cell-mediated damage in self 

tissue (13,14). These autoantibodies may function as an 

agonist to cellular receptors, altering cellular signaling, 

metabolism or activity (14). Inflammatory changes 

were detected in the tissue samples of all patients with 

a diagnosis of transverse myelitis. These pathologic 

abnormalities included focal infiltration by monocytes 

and lymphocytes into segments of the spinal cord and 

perivascular spaces. Superantigens are peptides capable 

of stimulating lymphocytes more effectively than 

conventional antigens. Transverse myelitis may be the 

fulminant activation of lymphocytes by microbial 

superantigens. Stimulation of large numbers of 

lymphocytes can trigger autoimmune disease. 

Additionally, patients with a diagnosis of transverse 

myelitis have significantly higher levels of interleukin 

-6 and nitric oxide in the spinal fluid (15). M. 

pneumoniae, EBV, CMV, rhinoviruses, and measles 

are the microorganisms most commonly reported in the 

etiology (10-12,16). 

COVID-19 typically leads to pneumonia characterized 

by cough, fever, and respiratory distress (1). 

Neurological involvement in COVID-19 patients is 

usually reported in adult case studies and manifests 

with headache, dizziness, and hypogeusia, stroke, 

coma, and muscle injury (5,6).  

Microbiological diagnosis of viral encephalitis is made 

based on virus isolation, specific IgM positivity, and 

PCR analysis of the CSF. However, since SARS-CoV-

2 titers are very low in the CSF of COVID-19 patients, 

virus isolation is difficult (17). If we had been able to 

demonstrate the presence of SARS-CoV-2 in CSF 

using PCR or specific IgM assay, we could say with 

more confidence that this case was associated with 

COVID-19. However, we were unable to perform these 

tests. Yeh et al. reported a 15-year-old boy with acute 

disseminated encephalomyelitis in whom human 

coronavirus (hCoV) was detected in both CSF and 

nasopharyngeal samples by PCR (18).  

Kang Zhao et al. recently reported an adult patient with 

acute myelitis associated with COVID-19. In their case, 

acute myelitis was observed together with the typical 

clinical signs of COVID-19 such as fever, cough, and 

respiratory distress (10). Moriguchi et al. reported a 

case of viral encephalitis caused by SARS-CoV-2 in a 

24-year-old man. In this case, presence of SARS-CoV-

2 in CSF was confirmed via genome sequencing, thus 

demonstrating that COVID-19 can cause nervous 

system damage (7). Similarly, among adult COVID-19 

patients there are reported cases of Miller Fisher 

syndrome, polyneuritis cranialis (ageusia, bilateral 

abducens palsy, areflexia), Guillain-Barré syndrome, 

encephalopathy, encephalitis, anosmia, acute 

cerebrovascular disease and stroke (8-10,19). 

 

4. Conclusions 
In this report we present the first case of a pediatric 

patient developing transverse myelitis following 

SARS-CoV-2 infection and asymptomatic COVID-19. 

Especially during the pandemic, SARS-CoV-2 should 

be considered as the etiology in children presenting 

with neurological involvement if they have a history of 

risky contact. 
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Abstract: End stage kidney disease is one of the most common 

diseases seen worldwide with high morbidity and mortality rate. 

Given current renal replacement therapies, the most effective method 

is renal transplantation compared to dialysis. Renal transplantation 

improves the patient's quality of life and complications related to 

dialysis are minimized. Long-term immunosuppressant therapy is 

applied to transplantation patients to ensure organ continuity by 

reducing the risk of acute rejection. Survival time after renal 

transplantation and increased use of immunosuppressive drugs 

increase the risk of developing metastatic tumors in these patients. It 

is predicted that immune checkpoint inhibitors applied to cancer 

patients can be used in patients with cancer development after 

transplantation. Ipilimumab is a cytotoxic T-lymhocyte-associated 

antigen 4 (CTLA-4) inhibitor developed specifically for use in 

metastatic melanoma patients and approved by the FDA in 2011. The 

effect of ipilimumab on allograft survival has been reported 

compared to other immune checkpoint inhibitors. Based on these 

data, we examined the renal case reports available in the literature to 

evaluate the relationship between cancer outcome and graft 

rejection. © 2020 NTMS. 
Keywords: CTLA-4, ipilimumab, melanoma, PD-1, rejection, 

transplantation. 

 
1. Introduction 

Renal transplantation is an effective treatment method 

for late kidney patients. With transplantation, the 

patient's quality of life improves and the risk of 

mortality due to complications caused by dialysis is 

reduced. Renal transplantation is alive or cadaveric 

depending on the source of the donor organ. These 

patients use long-term immunosuppressants to reduce 

the risk of acute rejection, maintain the transplanted 

organ and increase renal function. Survival time after 

renal transplantation and increased use of 

immunosuppressive drugs increase the risk of 

developing metastatic tumors in these patients (1, 2). 

Although the effect of immune checkpoint inhibitors 

has been shown in more than 20 types of cancer (3) this  

 

 

treatment protocol has not been applied to organ 

transplant patients (4). However, the critical effect of 

CTLA-4 antibody preventing solid organ rejection (5) 

and maintaining allograft tolerance of PD-1/PD-L1 

interaction in peripheral tissues has been reported (6, 

7). Therefore, available data have suggested the idea 

that immune checkpoint inhibitors can be used in 

patients with cancer development after transplantation. 

Ipilimumab is a CTLA-4 inhibitor developed 

specifically for use in metastatic melanoma patients 

and approved by the FDA in 2011. It has been reported 

in the literature that ipilimumab use is more effective 

on allograft survival compared to other immune 

checkpoint inhibitors (8). 
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Although the alternatives used for the treatment of 

cancers in renal transplant patients are limited, we 

examined the renal case reports available in the 

literature to evaluate the relationship between cancer 

outcome and graft rejection. 

 

1.1. Renal Transplant Rejection 

The definition of rejection was first described as 

“biocompatibility” by Alexis Carrell in the early 1900s  

(9). Rejection is an immunological reaction to donor 

antigens recognized by the recipient's immune system. 

Renal transplantation is an effective remedy for 

patients with end-stage renal disease. The first 

successful renal transplantation was carried out 

between identical twins in the United States in 1954 (9). 

Regression risk is one of the most important problems 

in long-term allograft survival despite developing 

surgical techniques and immunosuppressive drugs (10). 

Pathological changes detected in the late 1960s have 

been reported to be associated with acute and chronic 

renal allograft rejection (11, 12). Rejection pathology 

can be seen in 4 different components of the kidney-

glomeruli, tubules, interstitium and vessels either 

separately or with a combination of these regions (13). 

In the most common rejection cases, renal allograft 

biopsies show morphological damage resulting in 

cellular or antibody-related mechanisms. This damage 

is classified as acute or chronic due to graft survival and 

rejection activity after transplantation (13).  

 

1.2. Rejection Types 

Rejection is the adaptive immune response seen 

through T cell and humoral immune mechanisms. It is 

characterized by delay and disruption in early graft 

function. There are 3 major rejection forms: 

hyperacute, acute and chronic. Biochemical changes 

such as fever, malaise, tenderness on graft, graft 

enlargement, low urine, and increased serum creatinine 

and decreased glomerular filtration rate are associated 

with acute rejection. Acute rejection usually develops 

in the first month after transplantation, but it can be 

seen later. Chronic rejection, also known as chronic 

allograft nephropathy, is characterized by slow decline 

in graft function, often associated with hypertension 

and proteinuria. Biopsies performed on the first day 

following the transplantation to patients whose 

previous graft functions were delayed and then 

repeated at regular intervals were the diagnostic 

procedure for rejection. However, the expansion 

(enlargement) of histological lesions and subjectivity in 

interpretation of their severity was insufficient in 

establishing the diagnosis of rejection. For this reason, 

Banff Scheme was created to standardize renal biopsy 

interpretations. With this scheme, the lesions were 

classified for the diagnosis of acute and chronic 

rejection, and the types of histological findings were 

classified and the lesions were exacerbated (14-17).  

When acute and chronic rejection is evaluated from an 

etiopathogenic point of view, it is seen that it is 

mediated by T cells and antibodies (14, 16). T cell 

mediated rejection is the most common early rejection 

type with its major features such as tubulitis and 

vasculitis (15). In chronic active T cell-mediated 

rejection, inflammatory cells in fibrotic intima and 

elasticity are impaired (15, 16). Alloantibodies against 

HLA class I, II and other antigens can be caused by 

both acute and chronic humoral rejection (18, 19). 

Although acute and chronic rejection is characterized 

by Cd4 accumulation in peritubular capillaries, at least 

3 of 4 findings must be present for diagnosis: arterial 

intimal fibrosis, interstitial fibrosis / tubular atrophy, 

duplication of the glomerular basement membrane and 

lamination of peritubular capillary basement 

membranes (20-23). 

 

1.3. Immun Checkpoınt Inhibitors 

The life of the T cell begins in the thymus, where a large 

TCR repertoire is created and the immature cells 

undergo proliferation through the combination of T cell 

receptor (TCR) gene segments. T cells that bind 

strongly to their own peptides are eliminated in the 

thymus to prevent autoimmunity (24). While T cells 

that are insufficient to bind to MHC undergo apoptosis, 

T cells that are poorly attached to MHC and their 

peptides are released into the spleen, blood and 

lymphatic organs as naive cells. Some T cell receptors 

(TCR) may have cross-reactive specificity with their 

antigens. To prevent autoimmunity, many immune 

checkpoint pathways regulate the activation of T cells 

throughout the immune response called peripheral 

tolerance (24, 25). These pathways are cytotoxic T 

lymphocyte-associated antigen 4 (CTLA-4) pathway 

and programmed cell death protein-1 (PD-1) pathway 

(25). Immune checkpoint therapies targeting these 

pathways provide clinical advantage for patients with 

malignant diseases (26).  

 

1.4. CTLA-4 Pathway  

T cell activation is a complex process that requires 

multiple stimulating signals. A T cell receptor (TCR) 

that binds to MHC provides specificity for T cell 

activation. However, activation mostly requires the 

presence of co-stimulatory signals. CD28 molecules in 

T cells cause the signal in T cells together with B7-1 

and B7-2 molecules on antigen presenting cells (APC). 

Adequate level of CD28: B7-1/2 binding causes 

proliferation in T cells, increasing survival and 

differentiation of T cells through the production of 

cytokines such as IL-2 (27). CTLA-4 is a CD28 

homologue with a high binding affinity to B7 (28). 

However, unlike CD28, CTLA-4 connected to B7 does 

not generate a stimulating signal. Competition between 

CD28 and CTLA-4 binding to B7 determines whether 

T cell will undergo activation or anergia (29).  
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Some findings show that CTL4-A, which binds to B7, 

produces inhibitory signals that inactivate stimulating 

signals in relation to TCR: MHC and CD28: B7 binding 

(30). Mechanisms associated with inhibitory signals are 

associated with these reasons, which are seen as a result 

of a decrease in the ability to interact with APCs due to 

direct inhibition of the TCR immune synapse, CD28 or 

inhibition of the associated signal pathway or increased 

mobility of T cells (31, 32). CTLA-4 is localized in 

intracellular space in naive T cells at rest (33). With the 

stimulating signals that result in both TCR and CD28: 

B7 binding, an increase in the regulation of CTLA-4 is 

observed on the cell surface with exocytosis of vesicles 

containing CTLA-4 (33). Activation of T cells is 

prevented by negative signal that occurs by CTLA-

4:B7 binding (34). Regulatory T cells (Treg) control the 

functions of effector T cells. For this reason, Treg cells 

play a key role in maintaining peripheral tolerance. 

Unlike effector cells, Treg cells express CTLA-4, 

which explains the suppressive functions of Treg cells 

(35). In animal models, genetic CTLA-4 deficiency in 

Treg cells has been reported to impair suppressive 

functions (35, 36). The mechanism that suggests that 

Tregs control effector cells is associated with a 

decrease in the regulation of B7 ligands on APCs, 

which causes decreased CD28 co-stimulation (36, 37). 

 

1.5. PD-1 Pathway 

Programmed cell death protein-1 (PD-1) is a member 

of the B7/CD28 family. It regulates T cell activation by 

binding to programmed cell death ligands 1 and 2 (PD-

L1/2) (38). Similar to the CTLA-4 signal, activation of 

the PD-1 signal pathway reduces T cell proliferation 

and T cell survival. In addition, it inhibits interferon 

gamma (IFN-γ), tumor necrosis factor-alpha (TNF-α) 

and IL-2 production (38). When TCR and PD-1 binding 

is seen in a T cell, the signals produced by PD-1 cause 

a decrease in the activation of T cells (39, 40). PD-1 

expression is one of the most important distinguishing 

features of exhausted T cells (41). This fatigue seen 

during chronic infection and cancer is characterized by 

T cell dysfunction resulting in inadequate control of 

infection and tumor. Both CTLA-4 and PD-1 binding 

have a negative effect on T cell activation. However, 

the timing of downregulation, responsible signaling 

mechanisms, and anatomical locations distinguish 

these two immune checkpoint inhibitors. Unlike 

CTLA-4, PD-1 is mostly expressed in active T cells, B 

cells and myeloid cells (25, 38). While CTLA-4 

functions in the priming phase of T cell activation, PD-

1 functions in the effector phase (38). ). B7 ligands for 

CTLA-4 are typically expressed by lymph nodes or 

professional APCs located in the spleen (25). However, 

PD-L1 is expressed in leukocytes, non-hematopoietic 

cells, non-lymphoid tissues. PD-L1 can also be induced 

in parenchymal cells by IFN-γ or tumorigenic signal 

pathways (42). PD-L1 expression has been found in 

many different types of tumors and is associated with 

an increased amount of tumor-infiltrating lymphocytes 

(TILs) (43-45). PD-L2 is expressed in dentritic cells 

and monocytes, but can be induced in other immune 

and non-immune cells depending on the local 

microenvironment (46). Inhibition of PD-L2 binding 

causes increased TH2 activation (47) but binding of 

PD-L1 to CD80 has been shown to inhibit the T cell 

response (48). It has been reported that PD-L1 helps 

transformation of naive CD4+T cells into Treg cells 

and inhibits T cell response by stimulating the 

maintenance of Treg cells (49).  

 

1.6. Solid Organ Transplant Rejection Associated with 

Immune-Checkpoint Inhibitors 

In solid organ transplantations, the survival rate of graft 

has increased recently. Patients undergoing organ 

transplantation should use long-term 

immunosuppressants to balance side effects such as the 

risk of allograft rejection and infection. Acute rejection 

risk generally decreases with the time elapsed after 

transplantation. In this process, transplant patients need 

less immunosuppressor than the dose they originally 

used. The required level of immunosuppressant varies 

according to the different type of organ transplant. The 

general procedure applied is the combination of 2 or 3 

drugs. Thus, dose-dependent side effects are minimized 

(50).  

In the post-operative process, many patients are treated 

with corticosteroids. Due to the side effects of chronic 

steroid use, it is either gradually reduced in the first 

months or a permanent low (maintenance) dose is 

administered. Calcineurin inhibitors (CNI) such as 

cyclosporine and tacrolimus block T cell activation 

signal-2. These agents form the basis of 

immunosuppressants in almost all protocols. Agents 

affecting the cell cycle, such as mycophenolate mofetil, 

are often added to the treatment protocol. Because of 

the nephrotoxicity associated with calcineurin 

inhibitors, agents that interact with the mTOR pathway 

such as sirolimus and everolimus are used (51). 

However, chronic immunosuppressive treatments 

applied to organ transplant patients have been reported 

to be associated with malignancies which involve 

increased de novo non-melanoma skin cancer, 

malignant melanoma, lymphoma, kidney, head and 

neck cancer, choleratal cancer and lung cancer (52-55). 

The use of immune checkpoint inhibitor antibodies 

such as CTLA-4 and PD-1 in small cell lung cancer, 

melanoma and renal cell cancer has been reported to 

provide long-term stabilization and tumor regression 

effects (56, 57). However, it is thought that the use of 

these inhibitors may be associated with increased graft 

rejection. Blocking CTLA-4 and PD-1 increases the 

activation of T cells. Activation of T cells is not only 

against malignant cells but also against other cells 

expressing foreign antigens such as kidney allograft 

donor antigens. This T cell activation can cause acute 

cellular rejection, and active CD4+T cells can stimulate 

the proliferation and activation of B cells through co-

stimulatory ligands such as CD40 and cytokines such 

as IL-4, IL-21, and IFN-γ that cause antibody-mediated 

rejection (58). If there is a decrease in 
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immunosuppressive drugs or transplanted organ 

sensitization, B cells can act directly on memory B cells 

expressing PD-1. Management of melanoma in kidney 

transplant patients includes aggressive reduction in 

immunosuppressant medications, which are tailored 

based on the patient's age, HLA compliance, time after 

transplantation, and a history of rejection (53). In 

studies, it has been reported that the time to start 

applying the immune checkpoint inhibitor therapy for 

cancers seen after transplantation is average 12.5 years 

(51). While melanoma patients with a history of 

allograft rejection take prednisone only, patients 

without a history of rejection complete their treatment 

with immunosuppressants such as tacrolimus, 

mycophenolate mofetil or cyclosporine (59-62).  

 

1.7. Use of Ipilimumab for Renal Transplant Patients 

with Advanced Cancer 

Ipilimumab: It is a fully humanized monoclonal 

antibody that acts directly against CTLA-4, a member 

of the CD28-B7 superfamily. CTLA-4 activation 

reduces CD4+T helper cell activity and induces 

immune tolerance by increasing the function of CD4+T 

regulatory cells (Treg) (63). Ipilimumab blocks the 

inhibitory T cell signal by binding to CTLA-4. It was 

approved by the FDA in 2011 for use in the treatment 

of patients with metastatic melanoma that cannot be 

surgically removed. It resulted in durable clinical 

response in patients with metastatic malignant 

melanoma (64). Phase III studies have reported that 

ipilimumab increases the survival rate compared to 

dacarbazine or peptide vaccine control (64, 65). Since 

Ipilimumab blocks CTLA-4, the activity of T cells 

against donor antigens expressed by cancer cells and 

allografts of solid organ transplantation patients 

increases. The primary event in acute kidney 

transplantation rejection is the recognition of donor 

antigens by T cells. Full activation of T cells is 

completed by the interaction of co-stimulator 

molecules that bind to CD28 and its ligands (33). The 

risk/benefit ratio of ipilimumab in transplant patients 

makes the use of immune checkpoint inhibitors in 

transplant patients therapeutic dilemma. 

Ipilimumab+PD-1 inhibitors: While CTLA-4, 

predominantly found in lymphoid tissues, plays a 

critical role in early immune response, PD-1 regulated 

after T cell activation in peripheral tissues plays a role 

in late immune response (66). The positive effect of 

PD-1 and ligand PD-L1 on survival with its anti-cancer 

activity and regulatory effect has been shown in 

metastatic melanoma, non-small cell lung cancer and 

renal cell carcinoma (56, 57). Blocking these pathways 

with anti-CTLA-4, anti-PD-1 and anti-PD-L1 

antibodies help maintain the anti-tumor properties of T 

cells (57, 64, 66). PD-1 inhibitors such as nivolumab 

and pembrozulimab have been shown to have a far 

greater effect than ipilimumab in metastatic melanoma. 

However, due to similar therapeutic mechanisms, both 

nivolumab and pembrolizumab applications can result 

in allograft rejection. It has been reported that the risk 

of rejection posed by PD-1 inhibitors after 

transplantation is higher than CTLA-4 antagonists (67). 

Blocking PD-1-PD-L1 interaction in kidney tubular 

cells may impair FoxP3+regulatory T cell-mediated 

graft tolerance (68). In some studies, it has been 

reported that glucocorticosteroid administration may 

impair the anti-tumor response of immune checkpoint 

inhibitors (69). It is recommended to use anti-CTLA-4 

agents in solid organ transplantation patients compared 

to PD-1 because CTLA-4 receptors are non-peripheral 

tissue-specific mechanism and the risk of acute 

rejection of allograft is lower. Ong et al. (60) suggested 

that patients with high rejection risk can be classified 

by characterizing PD-L1 expression on the renal 

allograft before applying the anti-PD-1 agent. Although 

there is no study on this subject, it has been reported 

that T cells expressing PD-1 may be a marker for the 

risk of renal transplant rejection (70). There are ideas 

that PD-1 inhibitors are beginning to replace 

ipilimumab monotherapy due to the increased 

risk/benefit ratio. Therefore, the combination of both is 

considered as an alternative treatment method (71). 

 

2. Discussion 

Allogeneic kidney transplantation is a good option for 

end-stage kidney patients in relation to increased 

quality of life and survival. These patients use long-

term immunesuppressants to reduce the risk of acute 

rejection, maintain the transplanted organ and increase 

renal function. The development of 

immunosuppressive drugs plays a key role in 

suppressing allograft rejection. With its increasing 

immunosuppressive activity, acute rejection incidence 

decreases significantly. However, increased 

immunosuppressive effect brings with it increased 

infection and malignancies after transplantation. The 

risk of cancer developing after transplantation is 3-5 

times higher when compared to the general population 

(72).  

Developments in cancer therapy are increasing day by 

day. One of them is immunotherapy. The use of 

immunotherapy in cancer treatment brings different 

side effects. Immune checkpoint inhibitors act by 

modulating the co-inhibitor T cell signal (73). Immune 

checkpoint inhibitors targeting CTLA-4 and PD-1 have 

been used in many types of cancer. The CTLA-4 

pathway plays a key role in suppressing the immune 

response and tolerating itself (74). CTLA-4 blockade 

has been reported to increase the anti-tumor response 

with the study in the mouse model (75). Tivol ve ark 

(76) reported that CTLA-4 deficient mice are 

susceptible to autoimmune infiltration and organ 

damage. In addition, antibodies used against CTLA-4 

receptors in mouse cardiac transplant patients have 

been reported to accelerate acute cellular rejection and 

graft loss (77, 78). CTLA-4 antagonists have the 
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potential to trigger rejection events in transplant 

patients (79). Based on all these data, the high risk of 

graft rejection due to chronically used 

immunosuppressors in organ transplant patients limits 

the use of immune checkpoint inhibitors. 

Ipilimumab is a fully humanized monoclonal antibody 

that acts directly against CTLA-4. Ipilimumab blocks 

the inhibitory T cell signal by binding to CTLA-4. It 

was approved by the FDA in 2011 for use in the 

treatment of patients with metastatic melanoma that 

cannot be surgically removed. CTLA-4 activation 

reduces CD4+T helper cell activity and induces 

immune tolerance by enhancing the function of CD4+T 

regulatory cells (Treg) (63). CD28-B7 (CD80) 

interaction which is blocked by using CTLA-4-Ig in 

mice has been reported to reduce IgA accumulation, 

mesengial proliferation and proteinuria level. These 

studies provide evidence that the reduction or 

exacerbation of IgA nephropathy is a potential 

complication of ipilimumab therapy (80). 

In the literature, it has been reported that the ratio 

between ipilimumab monotherapy applied to organ 

transplant patients and organ rejection is low (23%, 

3/13 patients) but not insignificant (8, 81-84). The 

risk/benefit ratio of ipilimumab during treatment in 

these patients is controversial.  

Since it has little effect on the control of oncological 

diseases, it is believed that the dose of 

immunosuppressant should not be reduced before the 

use of an immuno-checkpoint inhibitor to minimize the 

risk of renal transplant rejection (85). Immune 

checkpoint inhibitor deficiency is thought to be 

effective rather than immunosuppressant deficiency in 

the progression of melanoma (85). However, it is 

believed that the effect of ipilimumab used with an 

immunosuppressive agent such as rapamycin to prevent 

graft rejection during treatment may vary depending on 

the immunosuppressive and dose used (81). Similarly, 

Alhamad et al. (61) reported that ipilimumab, which 

was applied for the treatment of metastatic melanoma 

seen in the renal transplant patient after transplantation, 

improved kidney function, but the patient resulted in 

hemodialysis. Conversion of tacrolimus's rapamycin 

inhibitors to mammalian target and increased dose of 

prednisone are thought to be an alternative solution for 

preventing rejection.  

Lipson et al. (8) reported that ipilimumab treatment 

which is used for post-transplant melanoma in renal 

transplant patients treated with ipilimumab did not 

cause graft rejection and graft functions continue 

normally. It is thought that rejection is not seen due to 

the fact that the treatment is performed many years after 

the transplant, these patients need low dose prednisone 

to maintain their renal function and the body accepts 

graft after all. The activation and expression of donor 

antigens may vary in patients. The balance between 

Treg and effector T cells may differ between different 

anatomical compartments such as peripheral blood, 

tumor and allograft. This variation is another way of 

explaining that allograft function is not impaired 

despite the use of ipilimumab in 2 patients (86). Based 

on all this, Lipson et al. (8) suggested that ipilimumab 

can be a safe option for the treatment of post-transplant 

melanoma in patients who had solid organ 

transplantation. Similarly, Ranganath et al. (83) 

reported that graft rejection was not observed in the 

patient who underwent liver transplantation with 

ipilimumab treatment for malignant melanoma seen 

after transplantation. 

In the case reports, Zehou et al. (85) reported that only 

one of the patients had acute graft rejection after the 

first ipilimumab injection in the case of reduced 

immunosuppressants. Therefore, each factor causing 

rejection could not be clearly defined. Current immune 

checkpoint inhibitor strategies are based on anti-PD-1 

alone or in combination with ipilimumab. Considering 

the risk of organ rejection, ipilimumab has been 

reported to be safer than anti-PD-1. However, the 

immune checkpoint inhibitor combinations planned to 

be applied in the evaluation of the tolerance to the 

transplanted organ need to be well documented (85). 

Spain et al. (59) reported that the PD-1 inhibitor 

nivolumab used in the treatment of malignancy 

developed after transplantation in renal transplant 

patients, besides ipilimumab, showed graft loss due to 

secondary acute rejection in the patient. It is believed 

that these agents are applied consecutively in a short 

time leads to an increase in T cell activation beyond 

induced by ipilimumab alone, and the risk of toxicity 

associated with immunity may be increased. 

PD-1 inhibitor nivolumab, used for the treatment of 

invasive melanoma after renal transplantation, has been 

reported to cause impaired renal allograft functions and 

results in hemodialysis. The immune checkpoint 

blockade applied to solid organ transplant patients is 

considered to be more dangerous than non-renal 

transplant patients (60). 

The use of mTOR inhibitors for immunosuppression 

has been shown to further reduce the risk of malignancy 

compared to calcineurin inhibitor-based regimens (87). 

However, most renal transplant patients with intact 

graft integrity are applied treatments combined with 

immunosuppressive drugs or mTOR inhibitors. It is 

thought that low dose steroids and mTOR inhibitors 

given during anti-PD-1 inhibitors, which are used for 

anti-tumor treatment in renal transplant patients, 

prevent graft rejection (88). Barnett et al. (89) 

administered PD-1 inhibitor nivolumab for use in the 

treatment of metastatic adenocarcinoma after 

transplantation in a renal transplant patient. It is thought 

that glucocorticoid and sirolimus (a mammalian target 

of rapamycin [mTOR] inhibitor) applied to the patient 

during the treatment prevent the adverse effect of 

nivolumab and sirolimus may have synergistic 

antitumor effect in addition to being an 

immunosuppressive agent. 

Local immunomodulatory strategies theoretically 

increase the anticancer response without affecting the 

risk of rejection. The immune-modulating effect of 

radiotherapy as well as the use of immune checkpoint 
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inhibitors has been demonstrated in many preclinical 

and clinical studies. Radiation can trigger the release of 

antigens from the tumor by inducing antitumor immune 

response (90). Many studies have shown that 

immunotherapy can increase this effect (91-93), and 

recent phase I studies have reported that the 

combination of radiotherapy and immunomodulator 

has different clinical outcomes (94). If synergy between 

radiotherapy and checkpoint inhibitors is approved for 

many malignancies, it may be an alternative option for 

use in transplant patients with cancer development.   

Although allograft kidney transplantation is a good 

option for end-stage kidney patients, 

immunosuppressants, which are used chronically to 

prevent graft rejection, can cause various malignancies 

in the long term. Today, different protocols are applied 

to these patients with many alternative treatment 

methods. Although the use of immune checkpoint 

inhibitor is one of these methods, the risk/benefit ratio 

is controversial.  

 

3. Conclusion 

The immune checkpoint inhibitor treatment protocol 

applied according to the duration after the transplant in 

the treatment process, the improvement in kidney 

functions, the level of donor antigens' expression, the 

immunosuppressants used and malignancy, affects the 

renal survival rate. Although the exact solution cannot 

be fully provided, new treatment protocols and 

combinations need to be developed.       
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