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Abstract- Mitomycin-C (MMC) is a chemotherapeutic agent used in cancer treatment but has serious side effects. 

Pomegranate (Punica granatum L.) peel is rich in antioxidants, phytochemicals, and other bioactive compounds, suggesting 

potential health benefits. This study aims to evaluate the potential protective effects of pomegranate peel extract against 

MMC-induced toxicity using spectrophotometric, electrophoretic, histological and image processing methods. In the study, 

48 female albino mice (Mus musculus) were divided into six groups and the groups were determined as control, Mitomycin-C 

(MMC), 150 mg/kg pomegranate peel extract, 300 mg/kg pomegranate peel extract, MMC + 150 mg/kg pomegranate peel 

extract and MMC + 300 mg/kg pomegranate peel extract. Following the application, blood samples were collected from the 

mice to determine serum biochemical parameters using spectrophotometric methods and to analyze serum protein 

expressions via electrophoresis. Additionally, tissue samples from the small intestine and spleen were collected for 

histological examination. Significant increases in AST enzyme levels were observed in the MMC group, while lower AST 

enzyme levels were recorded in the MMC + pomegranate peel extract groups.In electrophoretic analyses, it was determined 

that protein expressions increased only in the MMC-treated group, whereas expressions decreased in the pomegranate peel 

extract-treated groups and the MMC + 150 mg/kg pomegranate peel extract-treated groups. Histological examinations 

demonstrated that pomegranate peel extract attenuated tissue damage in the small intestine and spleen caused by MMC. 

Moreover, Ourstudy has beenreinforcedbyexperimentalresultssupported in detailwithvisual data 

obtainedthroughgraphicalrepresentations of intensitydistributions of gel images, generatedusingimageprocessingmethods in 

the MATLAB environment.This study indicates that pomegranate peel extract may have protective effects against MMC 

toxicity. It is proposed that pomegranate peel extract could be utilized to mitigate the side effects of Mitomycin-C during 

cancer treatment; however, additional research is required to validate these findings.  

Keywords: Punica granatum L., Mitomycin-C, biochemical parameters, electrophoresis, histological examination, 

image processing 
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I. INTRODUCTION 

In modern medicine, continuous research is conducted to develop effective treatment methods 

for combating cancer [1, 2].Cancer remains a significant global health issue, with treatment 

options often being limited in the advanced stages of the disease. Therefore, the development 

of new and effective therapeutic agents for cancer treatment has become one of the primary 

objectives of the scientific community [3]. Mitomycin-C (MMC) is an antineoplastic agent 

that inhibits the growth and proliferation of cancer cells [4]. However, the use of MMC can 

result in various adverse effects, including chemotherapy-induced side effects and long-term 

toxicity risks [5, 6]. Therefore, the potential use of naturally derived compounds to reduce or 

prevent MMC toxicity has become an active area of research [7]. Pomegranate (Punica 

granatum L.) peel is an extract commonly used in traditional medicine and is associated with 

various health benefits [8, 9]. It is stated that various components of this plant possess 

antioxidant, anti-inflammatory, and anticancer properties [10, 11, 12]. The objective of this 

study is to assess the potential protective effects of pomegranate peel extract against 

Mitomycin-C (MMC) toxicity using spectrophotometric, electrophoretic, and histological 

techniques. The findings of this research may help us understand the potential of compounds 

derived from natural sources to reduce the toxicity of MMC.Therefore, evaluating the 

protective effects of pomegranate peel extract against MMC toxicity could be an important 

step in supporting efforts to develop new strategies for cancer treatment. 
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II. MATERIALS AND METHODS 

2.1 Plant Material and Preparation of Extract 

Pomegranate (Punica granatum L.) was obtained from the Antalya region.The peel sections 

of the fruit were separated and dried in a well-ventilated, shaded area.It was ground using an 

IKA A11 (Staufen, Germany) basic laboratory mill.Fifty grams of the ground plant material 

was placed in a Soxhlet apparatus cartridge, washed with ethanol as the extraction solvent, 

and subsequently transferred into a 500 mL Soxhlet extractor.The solvent was extracted for 

approximately 10 hours (10–15 siphon cycles) until it became clear. Following this, the liquid 

extracts were filtered using filter papers with a pore size of <2 µm and a diameter of 110 mm 

(Grade 589/3, Whatman, UK) to eliminate particles.The filtered extract was evaporated at 35–

45 °C using a rotary evaporator. The remaining pomegranate peel extract in the flask was kept 

in a desiccator for 12 hours.The extract was transferred to an extract container and stored at 4 

°C for use in the study [13].  

2.2 Animal Material 

The study utilized 48 female mice (Mus musculus var. albinos), aged 3–4 months. Ethical 

approval for the research was obtained from the Kafkas University Local Ethics Committee 

(2019/03).The animals were housed at a room temperature of 20 ± 2°C, with a 12-hour 

light/dark cycle and 50% humidity, and were given ad libitum access to food.The mice were 

divided into the following groups, with eight mice in each group: 

Group 1: Control group (mice were orally administered a saline solution for 15 days). 

Group 2: Mitomycin-C (MMC) group. Mice in this group were administered 2 mg/kg 

Mitomycin-C (Sigma cat. No: M0440) intraperitoneally on day 15. On day 16, cervical 

dislocation was performed under ether anesthesia. 

Group 3: 150 mg/kg Pomegranate (Punica granatum L.) Peel Extract. Mice in this group were 

orally administered 150 mg/kg pomegranate peel extract via gavage for 15 days. 

Group 4: 300 mg/kg Pomegranate (Punica granatum L.) Peel Extract. Mice in this group were 

administered 300 mg/kg pomegranate peel extract orally via gavage for 15 days. 
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Group 5: 150 mg/kg Pomegranate (Punica granatum L.) Peel Extract + Mitomycin-C. Mice 

in this group were orally administered 150 mg/kg pomegranate peel extract via gavage for 15 

days, followed by an intraperitoneal injection of 2 mg/kg Mitomycin-C at the end of day 15. 

Group 6: 300 mg/kg Pomegranate (Punica granatum L.) Peel Extract + Mitomycin-C. In this 

group, mice were orally administered 300 mg/kg pomegranate peel extract via gavage for 15 

days, and at the end of day 15, 2 mg/kg Mitomycin-C was administered intraperitoneally. 

At the end of the experimental period, cervical dislocation was performed on all animals 

under ether anesthesia, and blood and tissue samples were collected. 

2.3Biochemical Analyses  

Blood samples collected from the control and experimental groups were analyzed 

spectrophotometrically using commercial kits to determine serum aspartate aminotransferase 

(AST) levels (SEB214Ra Enzyme-Linked Immunosorbent Assay Kit) and alanine 

aminotransferase (ALT) levels (SEA207Ra Enzyme-Linked Immunosorbent Assay Kit).   

2.4 Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

Protein concentrations of the samples were measured by the biuret method and SDS-PAGE 

was performed according to the methods of Laemmli (1970) and O'Farrell (1975) [14, 15]. 

Proteins were separated on slab gel measuring 10 × 10 cm with a thickness of 1 mm. Each 

sample was mixed with a standard sample buffer, and after the protein concentration was 

adjusted to 2 µg/µL, the sample was denatured by boiling in water for 3 minutes.Each well 

was loaded with 15 µL of serum sample and 10 µL of standard protein, and a voltage of 200 

volts was applied until the bromophenol blue dye reached the bottom of the gel.After 

electrophoresis, the gels were stained for 20-30 minutes in a staining solution containing 

0.125% Coomassie Blue R-250, 40% methanol, and 7% acetic acid in a water bath at 

56°C.Excess stain was removed for 1 hour using a de-staining solution containing 5% 

methanol and 7.5% acetic acid, with the solution being changed every 20 minutes in a water 

bath at 56°C.In electrophoresis, Prestained Molecular Weight Marker (M.W. 26,600-180,000 

Da) (Sigma-Aldrich, Cat no: SDS7B2, St. Louis, USA) was used as the protein standard. 
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2.5 Analysis of Gel Electrophoresis by Algorithm  

For image analysis, the multiple minima found in the new image profile are related to the 

separation between each lane of the gel image.In this region, the number of white pixel values 

in the resulting array is seen to decrease, which helps in determining the number of stripes in 

the image.On the other hand, when the analysis is performed for each lane, the multiple 

maxima in the new image profile are associated with the position of the proteins, as they are 

represented by white.The locations of maximum intensity represent the presence of proteins, 

while locations of lower intensity indicate the absence of proteins. 

Several parameters were selected and used in this procedure.These parameters, however, were 

algorithmically designed and implemented in MATLAB 2024a software, and the relevant 

flowchart is shown in Figure 1.Additionally, MATLAB software codes are given in detail in 

the Appendix section. 

MATLAB 2024a Code Flowchart : 

1. Image Acquisition 

2. Image Resizing Process 

3. Grayscale Image Acquisition   

4. Conversion to Binary Image and Otsu Segmentation 

5. Dilation-Erosion Process with a 5-pixel Mask in the Image   

6. Image Inversion Process 

7. Area Determination Process 

 7.1. The process of automatically drawing the size of the image as rows and columns 

7.2. The process of determining the x and y coordinates of the exact center of the 

image when the image is in a vertical position and drawing a vertical line 

7.3. Drawing the intensity distribution graph obtained from this area using the 

Improfile code 
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2.6 Histological Analyses 

The tissue samples obtained for histopathological examination were fixed with formalin for 

24 hours, processed through increasing alcohol series, cleared, and embedded in paraffin. The 

5 μm thick sections obtained using a microtome were stained with Hematoxylin-Eosin (H&E) 

method, examined under a light microscope, and photographed. 

2.7 Statistical Analyses  

The Kolmogorov-Smirnov test was used to determine the normality of the data obtained from 

biochemical analyses. The statistical significance of the differences between groups for data 

which were showing normal distribution was determined using One-Way ANOVA followed 

by the post-hoc Tukey test.  

All analyses were performed using SPSS 22 software. 

 

III. RESULTS 

3.1 Biochemical Results 

The AST levels in the MMC group showed a statistically significant increase compared to the 

other groups (P<0.001). In the MMC + 150 mg/kg PG group and the MMC + 300 mg/kg PG 

group, it was observed that pomegranate peel extract prevented the MMC-induced increase in 

AST levels (P<0.001).No statistical difference was found between the groups in the levels of 

ALT, another liver enzyme, and total protein levels (P>0.5). 

Table 1: Liver enzyme levels and total protein levels of the experimental and control groups. 

 

Control MMC 

150 

mg/kg  

PG 

300 

mg/kg  

PG 

MMC + 150 

mg/kg PG 

MMC + 300 

mg/kg PG 

AST (U/L) 
77.33 ± 

5.05 c 

124.00 

± 6.63 a 

74.33 ± 

8.21 c 

78.50 ± 

7.99 c 

109.17 ± 

10.78 b 
110.00 ± 5.48 b 
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ALT (U/L) 
15.67 ± 

1.75 

17.50 ± 

3.27 

17.83 ± 

2.40 

18.50 ± 

4.51 
18.67 ± 2.07 17.67 ± 5.72 

Total Protein 

(g/L)    

4.40 ± 

0.43 

4.72 ± 

0.36 

4.58 ± 

0.29 

4.43 ± 

0.35 
4.45 ± 0.10 4.73 ± 0.85 

 

* Different letters on the same row indicate statistical significance (P<0.001). 

3.2 Electrophoretic Results  

The configuration element value for erosion and dilation were set to 20 for lanes and 5 for 

bands, which enabled the determination of the total number of samples and bands per protein 

in the respective gel. 

The lanes used in the image represent 

protein concentrations at different levels. 

The images of the gel lanes were analyzed 

using the density profile shown in 

Figure.The gel image in Figure 1 below 

contains samples of serum protein at 

different concentrations. 

Preliminary analyses were conducted on 

the image to verify whether the density 

profile plots could detect the presence and 

overexpression of proteins.Figure 2 shows 

the density profile of the molecular weight 

control or ladder (for lanes).In the gel 

image of Figure 1, columns A-G are 

sequentially related to the graphs a-g in 

Figure 2. 

 

 

Figure 1) The gel image obtained from SDS-

PAGE.A. Control, B. MMC, C. 150 

mg/kgPG, D. 300 mg/kgPG, E. MMC + 150 

mg/kg PG, F. MMC + 300 mg/kgPGG. 

Standart proteins 
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The minimum values in the graph coincide to the positions of the protein bands of the sample 

lanes or the standard sample, which are used to determine the molecular weight of the 

analyzed samples in the rest of the gel. 

The visible sharp and abrupt minimum regions in the lane intensity plots indicate the presence 

of the protein with the highest expression or concentration in the lanes.The background image 

formed by proteins in the total extract and varying serum protein concentrations in the 

samples can also be observed.In general, the regions corresponding to the multiple maxima in 

the graph cannot be directly associated with each distinct expression of serum proteins. 

Considering the 7 standard protein lanes, it was observed that the maximum intensity value 

was obtained in the second lane, indicating the overexpression of serum protein in that 

specific sample.The lowest expressions were detected in lanes 3, 4, and 5, and maximum 

values of 153, 155, and 158 were obtained, respectively. 

 

Figure 2) a. Control, b. MMC, c. 150 mg/kgPG, d. 300 mg/kgPG, e. MMC + 150 mg/kg 

PG, f. MMC + 300 mg/kgPGg. Standart proteins 
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3.3 Histological Findings 

Jejunum: 

As observed in the control group samples, the jejunum, a section of the small intestine that 

constitutes the extensive absorption surface of the gastrointestinal tract in M. musculus, is 

organized into mucosa, submucosa, muscularis externa and serosa layers, progressing outward 

from the lumen.In the mucosa layer where there is loose fibrous connective tissue (lamina 

propria) covered with cylindrical epithelial cells and Lieberkühn glands, known as the 

digestive structure specific to the jejunum the epithelial cell membranes are not apparent, but 

the presence of nuclei can be observed and goblet cells can be easily 

distinguished.Underneath the muscularis mucosae layer, which appears as a thin smooth 

muscle layer, there is a submucosa layer consisting of loose fibrous connective tissue.At the 

bottom, there is the muscularis externa, a layer of muscle arranged in transverse and 

longitudinal muscle layers, and the serosa layer, which surrounds the outermost part as 

connective tissue (Figure 3a-b).Only the groups that treated pomegranate extract showed no 

changes in jejunal histology (Figure 3c-d).In the jejunal histology of the MMC-treated group, 

there is significant edema and necrosis in the Lieberkühn glands accompanied by prominent 

ruptures on the lumen-facing side of the mucosa, seen as the presence and absence of brush 

borders and even villi.Prominent lymphocyte infiltration is observed in the lamina propria and 

muscularis externa layers.Necrosis has reached striking levels between the submucosa and 

muscularis mucosa layers.Desquamation and necrosis are evident in the serosa layer (Figure 

3e).In the jejunum histology of the MMC+150 mg/kg treated group, there was mild necrosis 

observed in the form of occasional separations in the mucosal epithelium.The lamina propria 

and Lieberkühn glands have a similar appearance to the control group.There is a very mild 

lymphocytic infiltration in the muscularis externa layer.The serosa layer has a normal 

appearance (Figure 3a).In the MMC+300 mg/kg pomegranate extract-treated group, unlike 

the MMC+150 mg/kg applied group, mild edema was observed around the Lieberkühn glands 

in the mucosa layer, with lymphocyte infiltration being slightly more pronounced in the 

muscularis externa layer. No necrosis was observed in the overall appearance (Figure 3f-g). 
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Figure 3) a. General structure of jejunum in control group, Mucosal epithelium (E), lamina 

propria (L), Lieberkühn (LB) glands, muscularis externa (ME) and serosa (S), b. General 

structure of jejunum in control group, Enterocytes with cylindrical nuclei (N), brush border 

(B), goblet cells (G), lymphocytes (LN), goblet (G) cells, muscularis mucosa (MM), c. 150 

mg/kg pomegranate extract, d) 300 mg/kg pomegranate extract. Mucosal epithelium (E), 

lamina propria (L), Lieberkühn (LB) glands, muscularis externa (ME) and serosa (S), e. 

General structure of jejunum in MMC group. Ruptures (R), edema (E), intense desquamation 

(D) in apical epithelial cells and lymphocyte infiltration (LI) into lamina propria and 

muscularis mucosa, necrosis (N), f. MMC+150 mg/kg pomegranate extract group,g. 

MMC+300 mg/kg pomegranate extract group. Mucosal epithelium (MuE), lamina propria 

(L), Lieberkühn (LB) glands, edema (E), muscularis externa (ME) and serosa (S), lymphocyte 

infiltration (LI) into muscularis mucosa and necrosis (N), H&E. 

Spleen: 

In the control group samples, the spleen tissue of Mus musculus, which is one of the essential 

organs of the hematopoietic and immune systems, consists of red pulp and darker-colored 

white pulp, surrounded by a thin capsule.The white pulp contains a central blood vessel, 

known as the central arteriole, which is surrounded by a cluster of lymphocytes. The red pulp 

consists of sinusoidal spaces and a light lymphocyte aggregation with red blood cells (Figure 

4a). No alterations were observed in the spleen histology of the groups treated only with 

pomegranate extract (Figure 4b-c).In the spleen histology of the MMC-treated group, 
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deformations were observed as significant separations in the areas separating the white pulp 

and red pulp, and distinct separations were also present within the red pulp. There are 

hemorrhagic foci in places within the white pulp. In the red pulp, findings of focal 

vasodilation and significant tissue damage (necrosis) are observed in some areas (Figure 

4d).No differences were observed in the histology of the spleen between the MMC+150 

mg/kg (Figure 4e) and MMC+300 mg/kg (Figure 4f) pomegranate extract-treated groups, and 

vacuolization was present in places in both groups. 

 

Figure 4)a. General structure of the spleen in the control group,b. 150 mg/kg pomegranate 

extract,c. 300 mg/kg pomegranate extract,d. General structure of the spleen in the MMC 

group, e. MMC+150 mg/kg pomegranate extract, f. MMC+300 mg/kg pomegranate extract. 

Capsule (C), white pulp (WP), red pulp (RP), central arteriole (CA), vacuolization (V), 

hemorrhage (H), separation (S), necrosis (N), H&E. 
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IV. DISCUSSION AND CONCLUSION 

This study contains important results regarding the protective effects of pomegranate peel 

extract against the toxicity induced by MMC. The extract emphasizes the protective potential 

of pomegranate peel extract against Mitomycin-C (MMC)-induced toxicity, specifically 

focusing on enzyme levels, protein expressions, and tissue damage.These findings suggest 

that pomegranate peel extract may play a significant role in the chemotherapy process by 

reducing the side effects associated with chemotherapeutic agents such as MMC.However, 

further research is needed to determine the mechanism of action of this substance and optimal 

dosages for clinical applications.The protective effects of pomegranate peel extract against 

MMC-induced toxicity may be attributed to its antioxidant properties as evidenced by its 

ability to scavenge free radicals and reduce oxidative stress in various models [16, 17].A 

study conducted by Nameni and Alavi (2021) [18] demonstrated a significant increase in 

superoxide dismutase and catalase levels, as well as a reduction in C-reactive protein levels, 

in response to pomegranate peel extract [18]; this is consistent with the lower AST enzyme 

levels observed in the MMC + pomegranate peel extract groups compared to the MMC 

group.Similarly, other studies have demonstrated that pomegranate peel extract may 

ameliorate liver damage by reducing AST and ALT levels [19].It is stated that AST levels 

elevation due to liver damage may be caused by increased hepatocyte enlargement and 

enzyme production [20].In the current study, significant increases in aspartate 

aminotransferase (AST) enzyme levels were observed in the MMC-treated group.Elevated 

AST levels are commonly indicative of liver damage or systemic stress, suggesting that MMC 

administration could potentially result in hepatotoxicity or widespread physiological 

distress.Conversely, lower AST levels were observed in the groups treated with the 

combination of MMC and pomegranate peel extract, suggesting that the harmful effects 

induced by MMC may be mitigated through the antioxidant or anti-inflammatory properties 

of pomegranate peel extract, providing protective effects on liver function and against 

systemic damage.This finding aligns with previous research, which demonstrates the ability of 

pomegranate peel extract to mitigate the toxic effects induced by various agents, as shown in 

studies conducted on rats and obese individuals [11, 22]. 

The potential effects of MMC and pomegranate peel extract treatments on serum protein 

electrophoresis profiles were evaluated.Serum protein electrophoresis is an important method 

for determining biochemical changes by analyzing the fractional distribution of 

proteins.When SDS-PAGE images were analyzed using the MATLAB software program, an 
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increase in protein expression was observed, especially in the MMC-treated group. In 

contrast, a decrease in protein expression was noted in the groups treated with pomegranate 

peel extract and the group treated with 150 mg/kg pomegranate peel extract in combination 

with MMC.This suggests that MMC may potentially have an enhancing effect on cellular 

responses and that the expression levels of proteins increase in association with this 

situation.MMC is a chemotherapeutic agent that triggers DNA damage and affects the cell 

cycle by targeting cancer cells.An increase in protein expression may indicate that MMC is 

associated with cellular stress responses and DNA repair mechanisms.In this context, it can be 

suggested that the increased protein levels represent an adaptive response aimed at regulating 

the cellular damage repair processes.Pomegranate peel extract, known for its antioxidant 

properties, has the potential to mitigate cellular damage and oxidative stress.The effect of 

pomegranate peel on reducing protein expressions may indicate that this extract initiates a 

mechanism to repair pre-existing cellular damage or modulates cellular stress 

responses.Particularly when applied in combination with MMC, it is possible that 

pomegranate peel extract may more effectively reduce this damage and preserve cellular 

homeostasis.While the increase in protein expression observed with MMC treatment may 

indicate a cellular stress response or repair process, the reduction in protein expression seen 

with the combination of pomegranate peel extract and MMC reveals that this extract has a 

balancing and protective effect on cellular responses.This type of interaction may suggest that 

pomegranate peel extract could be used as a potential adjuvant in cancer treatment; however, 

these findings need to be validated in larger studies. 

Histological examinations provided further confirmation of the biochemical and 

electrophoretic findings.It was found that pomegranate peel extract alleviated tissue damage 

caused by MMC in both the small intestine and spleen.It is suggested that pomegranate peel 

extract provides protection against MMC-induced histopathological changes, potentially by 

reducing oxidative stress or inflammation in these tissues.This protective effect is consistent 

with previous studies suggesting that pomegranate peel extract possesses significant 

antioxidant and anti-inflammatory properties. 

According to the literature, some plant extracts have been reported to possess immune 

system-boosting and antioxidant properties, and these extracts have been informed to protect 

the structure of the small intestine from damage caused by certain harmful chemicals [22, 23, 

24, 25, 26, 27].It is believed that plant extracts may be utilized in clinical applications to 

reduce tissue damage in the small intestine. The antioxidant activity of pomegranate peel 
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extract may play a significant role in alleviating tissue damage caused by MMC, as 

demonstrated through histological examinations in a study conducted on female albino rats 

[28]. Even in the present study, in animals treated with MMC, significant epithelial losses in 

the mucosal epithelium, degeneration progressing to necrosis within the digestive glands, and 

marked separations between the submucosal and muscularis mucosal layers, indicative of 

necrosis, were observed as signs of cellular death in the jejunum.Lymphocyte infiltration into 

the lamina propria and muscularis mucosa suggests that immune mechanisms are actively 

engaged in efforts to facilitate tissue repair. The absence of the epithelial layer and brush 

border indicates a potential disruption in the absorptive function of the jejunum in this group 

of mice.  

On the other hand, as is known, the spleen is one of the central organ for initiating primary 

immune responses, particularly in the activation of B lymphocytes and the production of 

antibodies [29].Observed findings, including vacuolization, hemorrhage, separations within 

and between the pulps, and necrosis, are reported to result as secondary effects of vascular 

damage in the spleen [30, 31] and serve as indicators of cell and tissue death. The reduction in 

severe findings observed in the spleen structure after pomegranate extract administration, with 

only minimal vacuolization noted, suggests that the treated pomegranate extract supports the 

tissue's self-repair mechanisms and, in this regard, promotes the renewal of 

immune/hematopoietic systems.  

It has been documented that certain plant extracts suppress immune responses and reduce the 

effects of diseases [32]. Besides, it has been shown that plant extracts protect the body against 

the harmful effects of xenobiotics, which are defined as cancer-causing agents [33, 34]. Even 

in another study, it was thought that all these effects may be due to phytochemicals found in 

plants. The results have shown that the use of certain plant extracts at specific doses leads to 

an increase in antibody response [29]. 

In conclusion, the observed protective effects of pomegranate peel extract can be 

characterized as a complementary therapeutic agent in alleviating the side effects of 

MMC.Due to findings such as the decrease in AST levels and the preservation of tissue 

integrity, it has been concluded that pomegranate peel extract aids in reducing the systemic 

toxicity of MMC. 
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