
 
* Correspondence: mesane@gmail.com 

J Exp Clin Med  
2021; 38(4): 622-628 
doi: 10.52142/omujecm.38.4.40 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 
Cisplatin (CP; cis-diamminedichloroplatinum (II)) is an 
effective agent widely used in the treatment of numerous 
solid tumors (testis, bladder, breast, or ovarian cancer, etc.). 
After entering the cell, CP interacts with DNA, thereby 
leading to local denaturation of the DNA chain, inhibiting 
ATPase activity, modifying the cellular transport system, and 
ultimately causing apoptosis, inflammation, necrosis, and 
death in cells (1, 2). High CP concentrations lead to necrosis 
in the proximal tubular cells and low concentrations lead to 
apoptosis (3). Moreover, despite its clinical benefits, CP 
therapy has been shown to have several adverse effects 
including nephrotoxicity, neurotoxicity, and ototoxicity (4). 

It is commonly known that many plants protect their 
leaves, flowers, fruits, and buds from frost and bacterial 
invasion by producing a potent antimicrobial, waterproof, and 
heat-resistant resinous substance. This substance, termed 
‘propolis’, is collected by honeybees (Apis mellifera L.) with 
the aid of their mandibular glands and mixed with secretions 
from the mandibular and wax glands to form pellets and are 
then carried to the hive. Raw propolis cannot be used in food 

and pharmacology industries; therefore, it is subjected to 
extraction with ethyl alcohol, propylene glycol, glycerol, and 
water. However, because of the limited use of alcohol due to 
religious beliefs and in children and patients with alcohol 
intolerance and metabolic diseases, researchers have recently 
tested water and oil extracts of propolis (OEP) (5). Propolis 
typically has numerous biological and pharmacological 
properties such as immunomodulatory, antitumoral, anti-
inflammatory, antioxidant, antibacterial, antiviral, antifungal, 
and antiparasitic activities (6-8). Additionally, OEP have been 
shown to have antimicrobial, antitumoral, antioxidant, and 
antidepressant properties (9, 10). 

In the present study, we aimed to investigate the potential 
protective role of olive oil-propolis (poplar-type) extract 
(OEP) against CP-induced toxicity. 

2. Materials and methods 
2.1. High-performance liquid chromatography (HPLC) 

analysis of propolis 
Detection of phenolic acids was performed using High-
Performance Liquid Chromatography (HPLC). The analysis 
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of samples was performed with an Agilent 1100 HPLC 
system equipped with a photodiode array detector and an ion-
trap mass spectrometer detector (Agilent Technologies, 
Waldbronn, Germany). The mobile phase of the method 
consisted of Solvent A (methanol) and Solvent B (0.5% (v/v) 
acetic acid in water). The elution profile was 10% A in B, 0 
min; 60% A in B, 28 min; and 10% A in B, 30 min. All the 
gradients were linear. A volume of 10 μL of sample was 
injected onto the column operating at room temperature at a 
flow rate of 1 mL/min. Ultraviolet (UV) detection was 
performed at 290 nm and UV chromatograms were recorded 
at 280 and 360 nm with a bandwidth of 8 nm. The eluted 
components were identified based on the retention time by 
comparison with the retention time of the reference standard. 

2.2. Administrations of propolis and cisplatin 
The olive oil-propolis (poplar type) extract used in the study 
(25% propolis) was manufactured by Nutral Therapy Ltd., 
Kayseri, Turkey. Propolis was administered orally at doses of 
100 and 200 mg using an oral cannula. Cisplatin (Sigma-
Aldrich, USA) injection was administered intraperitoneally 
according to the body weight of the rats in a single dose of 7 
mg/kg. 

2.3. Animals and experimental design  
A total of 64 adult male Wistar albino rats weighing 250-260 
g were used in the study. The animals were kept in a special 
room at a constant temperature of 22°C±1°C with 12-hour 
light/dark cycles and had free access to food and tap water. 
The study protocol was approved by the Animal Care and Use 
Committee at Erciyes University School of Medicine. All the 
experimental procedures were conducted in accordance with 
the Guide to the Care and Use of Laboratory Animals. The 64 
rats were randomly divided into 8 groups with 8 rats each: (I) 
Control group; 0.9% saline (10 mg/kg) was injected i.p 
through the tail vein of the rats, (II) CP group (CP); a single 
dose of CP (7 mg/kg) was injected i.p., (III) OEP 1 group 
(OEP1); OEP was given orally once a day at a dose of 100 
mg/kg for 10 days, (IV) OEP 2 group (OEP2); OEP was 
given orally once a day at a dose of 200 mg/kg for 10 days, 
(V) CP + OEP 1 group (CP+OEP1): a single dose of CP was 
injected i.p. and OEP was given orally once a day at a dose of 
100 mg/kg for 10 days, (VI) CP + OEP 2 group (CP+OEP2): 
a single dose of CP was injected i.p and OEP was given orally 
once a day at a dose of 200 mg/kg for 10 days, (VII) OEP 1 + 
CP group (OEP1+CP); OEP was given orally once a day at a 
dose of 100 mg/kg for 10 days and then a single dose of CP (7 
mg/kg) was injected, and (VIII) OEP 2 + CP group 
(OEP2+CP); OEP was given orally once a day at a dose of 
200 mg/kg for 10 days and then a single dose of CP (7 mg/kg) 
was injected. 

2.4. Sample collection  
The animals were fasted for 6 h before the collection of testis 
tissue and blood samples. The animals were maintained under 
light ether anesthesia which was induced immediately before 
the collection of blood samples, and samples were collected 

from each animal by insertion of a cannula in the heart and 
then transferred into tubes both with and without 
anticoagulants. Blood samples were obtained from all 8 
animals in each group and were centrifuged at 3.000 g for 10 
min. Testis samples were cleared from adhering connective 
tissue and weighed. One testis was fixed in 10% formalin for 
histopathologic examination. Plasma and other testis samples 
were stored at -20°C until biochemical analysis. The blood 
parameters analyzed included white blood cells (WBC), red 
blood cells (RBC), hemoglobin (HGB), hematocrit (HCT), 
nucleated red blood cells (NRBC), mean platelet volume 
(MPV), mean corpuscular volume (MCV), mean corpuscular 
hemoglobin (MCH), mean corpuscular hemoglobin 
concentration (MCHC), and lymphocyte (LYM) and 
neutrophil (NEU) counts. Serum was separated and used for 
the analysis of certain biochemical parameters. A Konelab 60i 
auto-analyzer (Thermo Clinical Labsystems, Finland) and a 
Konelab label kit (Thermo Clinical Labsystems, Finland) 
were used for the determination of serum glucose (GLU), 
creatinine (CRE), uric acid, triglyceride (TRIG), total 
cholesterol (CHOL), LDL-cholesterol (LDL-CHOL), and 
HDL-Cholesterol (HDL-CHOL) levels. 

2.5. Epididymal sperm concentration and motility  
The epididymis was finely minced with anatomic scissors in 5 
mL of physiological saline, placed in a rocker for 10 min, and 
incubated at room temperature for 2 min. After incubation, 
the supernatant fluid was diluted at a ratio of 1:100 with a 
solution containing 5 g sodium bicarbonate, 1 mL formalin 
(35%), and 25 mg eosin per 100 mL of distilled water. Total 
number of sperms was determined with a hemocytometer. 
Approximately 10 mL of the diluted sperm suspension was 
transferred to each counting chamber and could stand for five 
min for counting under a light microscope at 200x 
magnification. Sperm progressive motility was evaluated by a 
method described earlier (11). For this purpose, fluid was 
obtained from the caudal epididymis with a pipette and 
diluted to 2 mL with Tris’s buffer solution. The system was 
prewarmed (35°C) and the percentage of motility was 
evaluated visually at 400x magnification. Motility estimations 
were performed from 3 different fields in each sample. The 
mean value was used as the final motility score. 

2.6. Histopathologic examination  
Testis samples were fixed in 10% formaldehyde solution and 
then embedded in paraffin blocks after being subjected to 
routine tissue processing sequences. Sections of 5-6 µm 
thickness were prepared from the paraffin blocks and 
mounted on glass slides. The slides were incubated for a 
certain period using histological techniques, deparaffinized 
through xylene, and hydrated with a graded series of alcohol. 
The sections were stained with hematoxylin-eosin (H&E) 
staining for general histologic features. Histopathological 
examination of the testis samples was achieved in 50 areas 
using Johnsen's mean testicular biopsy score (MTBS) 
criterion under an Olympus BX51 microscope (12). 
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Data were analyzed using SPSS for Windows version 22.0 
(IBM SPSS Statistics for Windows, Armonk, NY: IBM 
Corp.). Descriptive were expressed as mean ± standard 
deviation (SD). Groups were compared using One-Way 
ANOVA followed by post-hoc Tukey test. A p value of <0.05 
was considered significant. All procedures performed in 
studies involving animals were in accordance with the ethical 
standards of the institution or practice at which the studies 
were conducted (Approval number: 17/029) 

3. Results 
Fig. 1 presents the chemical composition of OEP. Caffeic 
acid phenethyl ester (CAPE; an active component of 
honeybee propolis) had the highest concentration, followed 
by dimethoxycinnamic acid, caffeic acid, ferulic acid, p-
coumaric acid, and vanillin. 

 
Fig.1. Chemical composition of OEP 

3.1. Changes in Hematological Parameters 
In terms of WBC, significant difference was observed in the 
group administered CP compared to the control group. While 
WBC levels were decreased in the groups that received CP, 
OEP1+ CP and CP+OEP1, an increase was found in the other 
groups near the control group (p<0.01). In terms of RBC, the 
highest RBC levels were observed in the CP group and the 
lowest in the control group and a significant difference was 
found among the experimental groups (p<0.01). In particular, 
the improvement in the groups that were administered OEP 
prior to CP was highly remarkable and a significant 
difference was found among the groups (p<0.05). 

In terms of MPV, no significant difference was found 
among the groups and the CP group had the lowest MPV 
level. Additionally, a remarkable improvement was observed 
in all the OEP groups, although no significant difference was 
found among the OEP groups (p>0.05). On the other hand, 
the administration of CP decreased the HGB levels while the 
administration of OEP increased the HGB levels; however, no 
significant difference was found among the CP groups 
(p<0.01). The administration of OEP resulted in similar HCT 
levels to those of the control group and this improvement was 
statistically significant (p<0.05). No significant difference 
was found among the groups about MCH levels although a 
numerical improvement was observed in the OEP2 groups. A 

significant difference was found among the groups about 
MCV levels, with the lowest MCV levels found in the CP 
group and no significant improvement observed among the 
OEP2 groups. In the groups administered a combination of 
CP and OEP, the results were similar to those of the control 
group although this improvement was not statistically 
significant (p>0.05). MCHC levels were higher in the OEP2 
groups compared to the control group and this improvement 
was particularly more noticeable in the OEP2+CP group. The 
LYM counts in the OEP groups were similar to those of the 
control group when compared to the CP group and the 
neutrophil counts were significantly improved in all groups 
except for the OEP1+CP group (p<0.05). Table 1 presents the 
changes in hematological parameters in the groups 
administered with a combination of CP and OEP. 

3.2. Changes in biochemical parameters 
Administration of CP led to increased triglyceride and LDL-
cholesterol levels and decreased HDL-Cholesterol levels, 
although no significant difference was established among the 
groups (p>0.05). However, a significant difference was found 
among the groups about cholesterol levels, with the highest 
cholesterol levels found in the CP group. Additionally, the 
cholesterol levels in the groups administered a combination of 
OEP and CP were decreased to those of the control group. In 
terms of glucose levels, a remarkable decrease was found in 
the OEP groups compared to the control group and the 
improvement in the glucose levels in the groups administered 
a combination of OEP and CP was statistically significant 
(p<0.05). On the other hand, no significant difference was 
found among the OEP groups with regard to blood urea 
nitrogen (BUN) levels, whereas the BUN levels in the OEP2 
group implicated that the administration of OEP reduced the 
CP-induced increase in BUN levels (p<0.05). The uric acid 
levels in the CP group were significantly higher than those of 
other groups and a significant decrease was observed in the 
uric acid levels in the OEP2+CP group. The testosterone 
levels in the OEP groups were higher than those of the control 
group, although no significant difference was established. 
However, it was revealed that the administration of OEP prior 
to CP had a normalizing effect on the decreased testosterone 
levels induced by CP. Table 2 presents the changes in 
biochemical parameters in the groups administered with a 
combination of CP and OEP. 

3.3. Comparison of sperm parameters 
Although no significant difference was observed among the 
groups about epididymal sperm concentration, a significant 
difference was found about sperm motility. A remarkable 
improvement was found in sperm motility in the groups 
administered OEP prior to CP (Fig. 2).  

3.4. Histopathological evaluation results 
Normal histological structure was observed in the control 
group. The OEP2 group and the groups administered a 
combination of CP and OEP showed nearly normal 
histological structure, whereas the CP group showed 
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significantly decreased MTBS compared to the control group. 

  Table 1. Hematological parameters measured before and after the administration of CP 
Groups WBC (103/mm3) RBC (106/mm3) MPV HGB 

(g/dL) 
HCT 
(%) 

Control 11.33±1.3b 9.31±0.4d 7.44±0.3c 16.23±04b 53.15±1.1c 
OEP1 9.88±1.2b 8.65±0.4bcd 7.32±0.2bc 15.50±0.7ab 47.62±4.2ab 
OEP1+CP 6.34±1.3a 8.56±0.6bcd 7.10±0.4abc 15.35±1.3ab 46.46±2.1ab 
CP+OEP1 6.37±2.2a 8.34±0.4ab 6.95±0.3ab 15.02±0.6ab 45.58±2.3ab 
OEP2 10.62±1.2b 9.18±0.3cd 7.38±0.2bc 16.23±0.4b 53.33±2.13c 
OEP2+CP 9.66±1.4b 8.42±0.2abc 7.20±0.1abc 15.27±0.7ab 49.68±2.5bc 
CP+OEP2 9.79±1.4b 8.09±0.6ab 7.15±0.4abc 14.23±0.8a 46.07±1.3ab 
CP 4.88±1.3a 7.64±0.9a 6.78±0.2a 14.18±1.4a 44.34±4.8a 
Control 58.10±1.13c 18.58±0.4b 32.23±0.3c 65.48±1.3a 16.0±4.8a 
OEP1 57.40±1.02bc 18.12±0.7ab 32.32±0.1c 79.48±5.3b 15.95±3.9a 
OEP1+CP 55.72±1.09ab 17.68±0.5a 31.23±0.8ab 82.97±3.7bc 15.56±2.7a 
CP+OEP1 55.60±1.92ab 17.58±0.4a 30.53±0.6a 83.43±2.7bc 22.96±1.7ab 
OEP2 57.95±1.20c 18.22±0.5ab 33.15±0.9d 74.44±9.3b 15.13±4.8a 
OEP2+CP 57.30±0.60bc 17.92±0.5ab 31.98±0.3bc 81.60±3.9bc 15.38±2.7a 
CP+OEP2 56.45±2.08abc 17.93±0.3ab 31.22±0.8ab 83.44±2.3bc 16.93±2.7a 
CP 54.70±0.84a 17.45±0.3a 30.43±0.6a 84.73±4.4c 30.23±1.9b 

Values are expressed as mean, SD; p<0.05; CP: Cisplatin, OEP: Olive oil extract of propolis. a, b, c, d. The groups in the same column with 
different letters are statistically different 

On the other hand, seminiferous tubule diameter was 
significantly decreased in the CP, OEP1, OE2, and CS+OEP2 
groups and was insignificantly decreased in the OEP1+CP, 
OEP2+CP, and CP+OEP1 groups compared to the control 
group (p<0.001). The histopathological results were shown in 
Table 3 and Fig. 3.  

4. Discussion 
The present study was designed to investigate the effect of CP 
supplementation with propolis on hematological parameters 
such as WBC and anemia indices in Wistar albino rats. The 
results revealed significant differences in various 
hematological parameters in the experimental groups 
compared to the control and the CP group. The results also 

implicated that hemolytic anemia could result from CP and 
this is likely to be associated with the reaction of an antibody 
directed against red cell membrane-bound CP. Anemia has 
been shown to be a common side effect of CP, with its 
primary mechanism to be a myelosuppression resulting from 
CP’s interference with iron metabolism, thereby leading to a 
lower count of red cell precursors (13). The examination of 
hematological parameters in our study indicated a significant 
difference among the groups in terms of RBC and MCHC 
(p<0.05). Moreover, WBC counts were significantly 
increased in the CP group compared to the control group 
(p<0.05) and were like those of the control group in the OEP 
groups. 

Table 2. Biochemical parameters measured before and after the administration of CP 
Groups Triglyceride (mg/dL) Total Cholesterol (mg/dL) HDL Cholesterol (mg/dL) LDL Cholesterol (mg/dL) 
Control 95.5±20.5 51.33±7.6a 40.46±5.23 4.7±0.6 
OEP1 95.0±34.2 52.75±4.2a 53.39±5.4 4.4±1.3 
OEP1+CP 108.75±24.3 55.33±9.6a 34.97±3.1 7.5±1.2 
CP+OEP1 123.20±37.2 58.8±8.9a 36.25±4.3 7.4±1.3 
OEP2 93.83±34.5 51.0±4.8a 54.88±1.7 4.2±0.7 
OEP2+CP 106.17±32.0 53.75±5.2a 38.23±3.3 7.0±1.0 
CP+OEP2 106.75±23.2 57.33±4.4a 36.17±6.1 7.13±0.9 
CP 132.33±31.1 69.75±6.6b 32.19±4.81 8.0±0.8 
Control 239.4±25.5ab 15.50+0.20d 19.0+2.82bc 227.67±38.8b 
OEP1 214.83±30.0a 17.38 +0.29cd 21.63+5.32abc 282.0±12.7b 
OEP1+CP 251.25±45.7ab 24.33+1.08ab 27.50+4.01abc 198.83±14.2b 
CP+OEP1 282.25±32.6b 26.20+1.83a 29.50+2.90ab 188.13±12.8a 
OEP2 213.5±26.9a 13.14+0.42d 16.25+1.32c 288.17±14.1b 
OEP2+CP 242±28.40ab 17.32+0.84cd 20.0+2.12bc 215.47±15.4ab 
CP+OEP2 252.00±46.8ab 20.50+1.47bc 23.83+4.82abc 186.25±07.9a 
CP 280.25±30.65b 26.40+1.72a 32.14+1.52a 69.88±06.4a 

Values are expressed as mean ± SD; p<0.05; CP: Cisplatin, OEP: Olive oil extract of propolis BUN: Blood urea nitrogen. a,b,c,d The groups in the 
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same column with different letters are statistically different 

Table 3. Histopathological results of rat testis tissues 
Groups Control OEP1 OEP2 CP OEP1+CP OEP2+CP CP+OEP1 CP+OEP2 p 

MTBS 9.60±0.49a 8.86±1.02bd 9.20±0.67ad 6.73±0.82f 9.33±0.66ad 8.30±0.87bce 8.93±0.94abde 7.96±1.42c 0.001 

Seminifero
us tubular 
diameter 

(µm) 

310.22±35.58a 272.60±39.76b 272.72±52.71b 258.84±23.33c 284.62±33.8ab 277.39±59.7ab 278.2±41.1ab 236.27±30.3c 0.001 

Values are expressed as mean ± SD; p<0.05; CP: Cisplatin, OEP: Olive oil extract of propolis; MTBS: Johnsen's mean testicular biopsy score; 
a,b,c,d The groups with the same letter are statistically different 

Additionally, although the administration of OEP both 
before and after CP administration resulted in similar levels to 
those of the control group, no significant difference was 
established. Lymphocyte levels were significantly increased 
in the CP groups compared to the control group. On the other 
hand, the analysis of anemia indices revealed that the HGB 
levels in the OEP groups were similar to those of the control 
group (p>0.05). However, the CP group had decreased HGB 
levels compared to the control group. Hematocrit (HCT) 
indicates the volume of RBC compared to total blood volume. 
In other words, HCT is the percentage of cellular portion of 
blood to the liquid portion of blood. A low HCT level 
indicates anemia. MCV indicates the average size of RBC, 
whereas MCH indicates the weight of HGB in an average red 
cell. HGB indicates the amount of HGB present in blood 
while MCH indicates the amount of HGB in RBC alone. 
MCHC is the proportion of MCH to total amount of RBC 
independent of red cell count and size. In our study, CP had 
an adverse effect on blood parameters and the administration 
of OEP2 normalized the HCT, MCV, and MCHC levels. 
Meaningfully, since the administration of CP led to adverse 
effects on anemia indices, all the CP groups suffered anemia. 
This finding agrees with previous research results by Dufour 
et al (14). Similarly, CP causes oxidative stress in human 
platelets and lymphocytes, which might reflect on their life 
expectancy, induction of apoptosis, and ultimately reduce the 
number of these cells in the blood (15). 

 
Fig. 2. (A) Epididymal sperm concentration of experimental groups, 
(B) Sperm motility of experimental groups 

The biochemical analysis performed in our study indicated 
that both doses of OEP normalized the increased cholesterol 
levels induced by CP. Moreover, the administration of OEP 
prior to CP normalized the increased BUN and uric acid 
levels induced by CP. Interestingly; however, it was also 
revealed that the testosterone levels increased in the OEP 

groups compared to the control group. Additionally, the 
combined administration of CP with OEP normalized the 
decreased testosterone levels induced by CP, particularly in 
the groups administered OEP prior to CP. Propolis and its 
primary component, CAPE, have been shown to have 
antitumoral effects and to be effective on CP-induced 
toxicity. A previous study investigated the cytotoxic effects of 
ethanol extracts of Turkish propolis on human tumoral cell 
lines and reported that propolis showed high cytotoxic effect 
on five tumoral cell lines (16). Ibrahim administered CP both 
before and in combination with propolis in rats and reported 
that CP led to significantly decreased testicular weight, 
induced distorted seminiferous tubules, cellular 
disorganization, wide separation of intertubular space, 
cytoplasmic vacuolation, and pyknotic nuclei (17). 
Additionally, CP also increased the area of collagen fibers, 
increased optical density of nuclear factor-KB (NF-KB) 
immunoreactivity, and decreased the area of claudin 11 
immuno-expression in the spermatogenic cells. The authors 
concluded that the blockade of NF-KB activation was 
achieved by propolis, and this activation could be an effective 
strategy for protection against CP-induced testicular damage 
if propolis is administered prior to the administration of CP.  

CAPE is an active component of poplar-type propolis with 
antioxidant, anti-inflammatory, antiviral, immunomodulatory 
and wound-healing acceleration properties (18). CAPE has 
been shown to completely block the production of reactive 
oxygen species (ROS) in human neutrophils at a 
concentration of 10 μmol, to protect liver against diabetic 
oxidative damage, to provide protection against CP-induced 
hepatic and renal damage (19-22). Yılmaz et al. investigated 
the anticlastogenic effect of CAPE on CP-induced 
chromosome aberrations in rat bone marrow cells and 
reported that the administration of a single dose of CAPE led 
to a significant reduction in the total number of chromosomal 
aberrations and abnormal metaphases induced by CP (23). In 
addition, the total number of aberrations and abnormal 
metaphases was lower in the CAPE+CP group compared to 
the CP group, although no significant difference was 
established. In another study, Tohamy et al. examined the 
anti-histopathologic, antioxidant, and anti-mutagenic effects 
of water extracts of bee pollen (140 mg/kg bw per day) and 
water-soluble derivative of propolis (2.8 mg/kg bw per day) 
on CP-induced hepatic, renal, testicular toxicity, and 
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genotoxicity in mice and on the oxidant/antioxidant status in the tested organs (24). 

 
Fig. 3. (A) Normal seminiferous tubule in the control group (star). Seminiferous tubule degeneration and epididymis tissues in the (B) OEP1, 
(C) OEP2, (D) OEP1+CP, (E) CP, (F) OEP2+CP, (G) CP+OEP1, and (H) CP+OEP2 groups (arrows) (H&E X200) 

The authors reported that both bee pollen and propolis 
provided significant protection against CP, leading to a 
significant decrease in the lipid peroxidation level and a 
significant increase in both glutathione content and catalase 
activity. Propolis and its compounds such as caffeic acid, 
galangin, quercetin, and chrysin have been extensively shown 
to have a protective role against ROS (25). For instance, Kart 
et al. reported that CAPE, an active component of propolis, 
exerted a protective effect against CP-induced hepatotoxicity 
and normalized the tissue glutathione (GSH) level and 
xanthine oxidase (XO) activity (26). Moreover, although 
histopathological alterations such as necrosis in hepatocytes, 
mononuclear cell infiltration, Kupffer cell proliferation, 
sinusoidal congestion, and hydropic degenerations were 
observed in the CP group, these alterations were less frequent 
in the CP+CAPE group. The increased XO activity induced 
by CP leads to increased production of superoxide and 
hydrogen peroxide, both of which are responsible for the 
toxic effects of CP. A previous study demonstrated that 
CAPE decreased XO activity and ameliorated CP-induced 
ototoxicity (27). In our study, combined administration of CP 
and OEP resulted in a histological structure like that of 
control group in the OEP1+CP, OEP2+CP, CP+OEP1, and 
CP +OEP2 groups. The adverse effects of CP on the 
histological structure of kidney, liver, and testis have been 
extensively documented. Shirwaikar et al. reported that the 
administration of CP (5 mg/kg bw) in rats resulted in 
interstitial edema, inflammatory cell infiltration, epithelial 
degeneration, blood vessel congestion, tubular casts, and 
glomerular congestion (28). Ozen et al. revealed that CP led 
to extensive epithelial vacuolization, proximal tubular 
necrosis, swelling, and tubular dilatation in rat kidney (21). 
Sawhney et al. showed that CP led to a significant decrease in 
seminiferous tubular diameter and a severe disruption of 
seminiferous epithelium and decreased the populations of 

specific cells and spermatids (29). Nephrotoxicity induced by 
CP morphologically involves necrosis and apoptosis in 
proximal tubules of distal nephron (30). Additionally, a 
previous study reported that CP led to multiple 
histopathological alterations including fibrosis necrosis, and 
hydropic degenerative changes in liver, tubular, and 
glomerular degeneration with albuminous cast deposition in 
the kidney as well as a disruption of seminiferous tubular 
cells with germ cell loss, particularly spermatids and sperms, 
and congestion of blood vessels in the interstitial tissue of 
testes (26). Finally, Ceylan et al. argued that CP has a 
negative effect on the testicles and that these negative effects 
can be prevented with CAPE (31). 

As a conclusion, in addition to its therapeutic effects, 
CP was shown to induce toxicity in numerous organs and 
systems due to its side effects. The presence of these side 
effects can be confirmed by the aberrations in blood and 
biochemical parameters. Propolis, a natural product with 
numerous useful biological effects, was shown to a have 
protective as well as amelioration and normalizing effect on 
CP-induced damage. Therefore, future studies conducted with 
higher doses and a mechanism of action are needed to 
substantiate our findings. 
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