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			Abstract | Background: Cancer is one of the leading causes of death and morbidity worldwide, and it is linked to a variety of genetic and hormonal factors. Patients frequently experience cancer metastasis, relapse, and therapeutic failure despite the use of advanced therapeutic strategies for cancer treatment. As a result, many scientists are currently looking for newly repositioned drugs that can either inhibit cancer proliferation or promote cancer cell apoptosis. Methods: This study examined the effectiveness of pioglitazone (Pio) against mice bearing Ehrlich solid carcinoma in terms of its ability to inhibit cell proliferation and angiogenesis. Six groups were created using sixty male mice after the Ehrlich inoculation tumor growth was confirmed: control, Cis (5 ml/kg), Pio low dose (LD) (17.5 mg/kg), Pio high dose (HD) (30 mg/kg), Cis+Pio LD, and Cis+Pio HD. Different parameters, including behavioral, biochemical such as malondialdehyde (MDA), reduced glutathione, superoxide dismutase (SOD), tumor growth factors, and apoptotic TUNEL assay, were evaluated after three weeks in addition to Immunohistochemical analysis was done on the proliferating cell nuclear antigen (PCNA), hypoxia-inducible factor 1-alpha (HIF-1), PPAR, and cyclin D1. Results: Mice treated with Cis+Pio HD showed higher levels of SOD, GSH, p-ERK1/2 and p38-MAPK, as well as lower levels of MDA and tumor growth factor beside the higher apoptotic activity. Furthermore, Cis+Pio HD reduced the expression of PCNA and HIF-1 and increased the expression of PPARγ, which improved the histopathological changes. Conclusion: Pio possesses ESC-specific anticancer abilities. However, more research is needed before it can be used as an adjuvant agent to boost the therapeutic efficacy of chemotherapy in the treatment of many types of cancer.
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			Introduction

			 

			Cancer is the second prominent cause of death globally, also prevalence is expected to increase by 2040 due to the increase in the new cases of malignancy annually (Bray et al., 2018). Chemotherapeutic medications are extensively used in cancer treatment either alone or with radiotherapy and surgical interventions. Cisplatin, one of the antineoplastic alkylating agents, has a significant proven efficacy against many types of malignancies, such as the neck, ovaries, testes, and lung cancers (Al-Eitan et al., 2020). However, despite its substantial antineoplastic effectiveness, cisplatin often causes toxicity to several body organs, such as the kidney, liver, stomach, bone marrow, and hair (Ekinci et al., 2017). Moreover, cancer drug resistance is observed in many patients treated with cisplatin and then relapsed after the treatment regime.

			 

			Furthermore, some pharmaceutical agents’ antineoplastic activity, primarily prescribed for other treatment purposes, are currently been researched. (Pantziarka et al., 2018). The main advantages of these agents are that: first of all, they have well-known pharmacokinetic properties. Secondly, they have a known toxicological profile and are available in the market (approved by the FDA) (Elkhawaga et al., 2019).

			 

			Recent evidence suggests that anti-diabetic drugs, such as metformin and thiazolidinediones (TZDs) compounds have a proven efficacy in combating carcinogenesis (Choi and Roberts, 2016). One of the TZDs, pioglitazone is an oral insulin-sensitizing agent prescribed primarily to treat diabetes mellitus type 2. It acts as an agonist of the peroxisome proliferator-activated receptor (PPARγ), which is highly expressed in human adipose tissue. In addition, PPAR-γ has a crucial role in cellular proliferation, apoptosis, and tumorigenesis (Higuchi et al., 2019). Extensive research has shown that pioglitazone, a PPARγ agonist, possesses anti-cancer activity against many cancer models (Ciaramella et al., 2019,Dana et al., 2019). Also, it reduces drug resistance when combined with chemotherapeutic drugs like doxorubicin and cisplatin (Higuchi et al., 2019, Higuchi et al., 2020). However, many studies argued that pioglitazone might increase cancer incidence in human body organs, such as the urinary bladder, pancreas, and prostate (Tang et al., 2018, Wen et al., 2018).

			 

			These studies’ results are somewhat controversial, and there is no general agreement about pioglitazone’s safety as a chemo-adjuvant agent. Besides, the debatable results regarding pioglitazone, and their impacts on the sickness behavior usually associated with chemotherapy- and radiotherapy-treated patients have not been elucidated. Sickness behavior includes various symptoms ranging from anorexia, lethargy, and locomotion disturbance to depression and cognitive impairment. It was confirmed in many rodent cancer models like mammary tumors and oral cancer (Bever et al., 2017).

			 

			Primary endpoint

			This research was performed to investigate the actual effect of pioglitazone on tumor angiogenesis and proliferation associated with the possible molecular pathways and histopathological changes during pioglitazone treatment alone or combined with cisplatin in ESC-bearing mice. 

			 

			Materials and Methods

			 

			The impact of pioglitazone on sickness behavior of ESC- bearing mice was assessed, including feed intake, body weight, tumor volume, locomotion, and anxiety-like behavior.  In our study, we used the ESC model, a form of spontaneous murine adenocarcinoma in all mice strains. This model is characterized by rapid proliferation in any mouse and is easily available, making it useful in chemotherapy research.

			 

			Animal housing and ethical statement

			Sixty male Swiss mice (25–30 g) were selected as the animal model to induce solid Ehrlich tumors. Mice were purchased from the National Cancer Institute (Cairo, Egypt) and acclimatized for one week before starting the study. They  were kept in a standard laboratory setting (25°C; 50% humidity; light/dark; 12/12 h cycle), Mice were administrated a calculated amount of balanced commercial diet (50 g) and water was readily available. All experimental procedures were following NIH Guidelines for the Care and Use of Laboratory Animals and approved by the Institutional Animal Care and Use Committee (Vet-IACUC, Approval No: CUIIF1021) of Cairo University, date of approval April, 2021.

			 

			Ehrlich Solid carcinoma model

			The Ehrlich ascites carcinoma (EAC) cell line was obtained from a stock female mouse bearing ascitic fluid and then diluted with normal saline (1:10). ESC was induced by intramuscular injection of 0.2-ml ascitic fluid in the right thigh of each mouse’s hind limb. The number of cells was 2.5 × 106 EAC cells per 0.2-ml ascitic fluid (Noaman et al., 2008).

			 

			Experimental study

			On day eight post-inoculation of ESC, tumor growth was confirmed by visualizing a solid mass growth in each mouse’s right thigh. Then six groups of ten mice were randomly selected as follows: Group (1) (untreated control): mice were gavaged water (5 ml/kg), group (2) (Cis group): mice were injected i.p with cisplatin (5 mg/kg every six days), (Zhao et al., 2015), group (3) (Pio LD): mice were gavaged with a low dose of pioglitazone (17.5 mg/kg/day), group (4) (Pio HD): mice were gavaged with a high dose of pioglitazone (30 mg/kg/day), group (5) (Cis+Pio LD): mice treated with a combination of cisplatin (5 mg/kg every six days, I.p), and pioglitazone (17.5 mg/kg/day, p.o.), (Al-Muzafar and Amin, 2018), group (6) (Cis+Pio HD): mice treated with a combination of cisplatin (5 mg/kg every six days, I.p) and pioglitazone (30 mg/kg/day, p.o.) (Kubota et al., 2006). All treatments were launched on day eight and continued for 21 days (a three-week therapeutic period). 

			Justification of pioglitazone doses

			The low and high doses of pioglitazone were previously used in studies. (Kubota et al., 2006; Lamontagne et al., 2013; Al-Muzafar and Amin, 2018). Two different doses were used to clarify whether the expected antiangiogenic and antiproliferative effects of pioglitazone are dose-dependent or not.

			 

			The maximal human treatment dose of pioglitazone for the treatment of hyperglycemia is 45 mg, usually given once daily. In this study, two different doses of pioglitazone (17.5 and 30 mg/kg) was used, and the Reagan–Shaw method can be used to calculate the human equivalent dose (Reagan-Shaw et al., 2008). Human equivalent dose (mg/kg) = animal dose (mg/kg) x animal (km)/human (km). Km is equal to 37 for a 60 kg adult human and 3 for a 20 g mouse. As a result, for a 60-kg adult, the human dose equivalents of 17.5 mg/kg and 30 mg/kg are 84 mg and 144 mg, respectively. This study’s doses are therefore higher than the highest antihyperglycemic dose already recorded for humans.

			 

			Feed intake, body weight, tumor volume, and mortality rate

			Feed intake of ESC-bearing mice was calculated daily by administering a weighted food in the feed hopper and then measuring the leftover on the next day. Body weights were also measured weekly. The tumor volume was taken every eight days using a digital caliper and calculated from the following equation tumor volume (mm3) = 0.52 AB2,  A and B are the minor and major axis, as reported previously (Ali et al., 2022). Also, the mortality rate was recorded throughout the experimental period.

			 

			Behavioral testing

			After the last dose of drugs, mice were submitted for behavioral assessment as follows:

			 

			Open field test: The open field test was used to investigate the locomotor activity of mice as described by Khalil and colleagues (Khalil et al., 2021). Briefly, the mouse was positioned in the corner of a wooden box (70 × 70 ×35 cm) with the floor divided into 16 equal squares. The mouse was allowed to explore for 3 min, and the number of squares crossed by all mouse paws as well as the rearing frequency were recorded.

			 

			Elevated plus-maze: After the open field test, mice were subjected to the elevated plus-maze test to measure the anxiety-like behavior as illustrated by Hamdan and colleagues (Hamdan et al., 2020). Briefly, the mouse was positioned in the center of the elevated plus-maze facing the open arm. The maze was wooden and composed of two open and two closed arms (50 × 10 × 30 cm) and was elevated 60 cm above the floor. The mouse was allowed to explore the maze for 5 min, and the numbers of open and closed arm entries were counted. Also, the time spent by the mouse in the open and closed arms was recorded. Finally, the devices were cleaned with diluted alcohol between each session to remove any olfactory cues.

			 

			Euthanasia and tissue sampling: Twenty-four h after the last behavioral test, blood was collected from the mice’s orbital canthus of the eye, and serum was separated. Then mice were euthanized by anesthesia with a mixture of ketamine (Dopalen 300 mg/kg, i.p.) and xylazine (Anasedan 30mg/kg, i.p.) followed by cervical dislocation. The right thigh was excised and divided into two halves. Half was preserved in neutral buffer formalin, and the second half was stored in –80°C for further biochemical analyses.

			 

			Biochemical analysis

			Redox status assay

			Estimation of Glutathione levels: Determination of GSH levels was done according to the method described by Hissin and collegues. (Hissin and Hilf, 1976). Because o-phthalaldehyde reacts with GSH in the assay to produce fluorescence, it’s able to quantify GSH accurately. The test was done using Glutathione Fluorometric Assay Kit (Catalog #K264-100, BioVision, USA). The procedure was done according to the instruction of the manufacturer using a fluorescence plate reader equipped with Ex/Em = 340/420 nm.

			 

			Estimation of Lipid peroxidation (MDA): the amount of malondialdehyde (MDA) formed during the thiobarbituric acid reaction method was used to determine lipid peroxidation (LPO) levels in the samples according to Ohkawa and colleagues (Ohkawa et al., 1979). The assay was done using lipid peroxidation colorimetric assay kit (Catalog #K739-100, Biovision, USA) according to the manufacturer instructions. Thiobarbituric Acid reacts with MDA in the sample to form the MDA-TBA adduct, which can be measured colorimetrically. Absorbance was read at wave length 532 nm. 

			 

			Estimation of Superoxide Dismutase (SOD) activity: Method used for measuring SOD activity according to Nishikimi and colleagues (Nishikimi et al., 1972). The sensitive SOD assay kit utilizes WST-1 that produces a water-soluble formazan dye upon reduction with superoxide anion. The rate at which a superoxide anion reduces xanthine oxidase is linearly related to that enzyme’s activity, and SOD inhibits it. SOD’s antioxidative activity can be measured. colorimetrically. Using a microplate reader, the absorbance was read at 450 nm. The assay was done using superoxide dismutase activity assay kit (Catalog #K335-100, BioVision, USA). The procedure was done according to the manufacturer instructions.

			 

			Tumor growth factors and proliferation assay

			As markers for angiogenesis, vascular endothelial growth factor (VEGF) and epidermal growth factor (EGF) were estimated in serum samples using chemiluminescent immunoassays, which were performed according to the instructions of Cloud-Clone Corp, USA, with catalog numbers (#SEA143Mu) and (SCA560Mu), respectively. Reactions were assessed by measuring the optical density using an automated ELISA reader (SpectraMax ® M5, Molecular Devices, United States) at 450 nm.

			 

			TUNEL assay

			The tumor cells were divided into 5 × 5 mm sections and fixed by immersion in PBS containing 4% paraformaldehyde for 24 h at 4°C. Tissue Path was used to embed the fixed tissue (Curtin Matheson Scientific Inc.). The TUNEL assay was carried out according to the manufacturer’s instructions provided by Vanzyme (A111, Nanjing, China) on 4 m tissue sections prepared with a microtome. Apoptosis in tumor sections was quantitated by counting the number of  TUNEL-positive cells in 30 random microscopic fields. Images were acquired by fluorescence microscopy (IX61, Olympus, Japan). Cells were considered positive if they were stained bright-green.

			 

			Western blotting

			Tumor tissue lysate was prepared for Western blotting with lysis buffer containing 50-mM Tris-HCl, 150-mM NaCl, 1-mM EDTA, 1-mM EGTA, pH 7.8, and 1% Triton X100 supplemented with sodium orthovanadate, sodium pyrophosphate, protease inhibitor cocktail, and PMSF. The antibodies used are as follows: IGF-1 (Novus biologicals, Canada), p38 MAPK (Health signaling technology, USA), PPARγ (Santa Cruz, USA), p-ERK ½ (Mybiosource, USA). Protein bands intensity was normalized to beta-actin, measured using Image J software (ImageJ 1.45s, NIH, USA), and the data were expressed in terms of percent relative to controls.

			 

			Histopathological examination

			For the preparation of stainable tissue sections, the formalin fixed samples were passed in different grades of alcohols for dehydration followed by clearing in three changes of xylenes and finally passed in three changes of melted paraffin wax. After embedding and molding 5 µm sections were cut and stained with hematoxylin and eosin (H&E) (Bancroft and Gamble, 2013).The extension of the necrotic area was measured and mitotic figures were counted in 10 high- power fields and mean was calculated for each sample (Gardouh et al., 2018). All histologically stained sections were photographed using a digital camera (Leica DMC 4500, Germany) coupled to a digital light microscope (Leica DM4 B, Germany).

			 

			Immunohistochemical examination

			Paraffin tissue sections of the resected tumor were cut to a 5-μm thickness then mounted on poly-l-lysine coated slides. After deparaffinization and rehydration steps, slides were exposed to an antigen retrieval step that was conducted in sodium citrate buffer (10mM Sodium Citrate, 0.05% Tween 20, pH 6.0) at the microwave for 15–20 min. Non-specific staining was reduced via treatment with 1% bovine serum albumin in PBS for one h. After washing, slides were incubated with anti-PCNA (1:200, SC-56, Santa Cruz Biotechnology, Inc), anti- HIF-1α (1:200, sc-13515, Santa Cruz Biotechnology, Inc), anti-PPARγ (1: 200, sc-7273, Santa Cruz Biotechnology, Inc), and anti-Cyclin D1 (1: 200, sc-8396, Santa Cruz Biotechnology, Inc) overnight at 4°C. Slides were washed and incubated with HRP-labeled goat anti-mouse secondary antibody (1:500, ab97023, Abcam Inc.) for 1 h at room temperature. Then the sections were rinsed with PBS and incubated with diaminobenzidine (DAB) for 5 min. Hematoxylin was used as counterstain. The negative control step was applied via deletion of primary antibody incubation. Positive immune staining was assessed as the area percentage of expression in 10 microscopic fields in each section using Cellsens dimination software (Olympus, Tokyo, Japan), and the mean was calculated for each group (Ezzat et. al., 2022). 

			 

			Statistical analyses

			First, Shapiro–Wilk normality test was conducted to check if the data met the requirements of satisfying normality and homogeneity of variance then One-way analysis variance (ANOVA) followed by Bonferroni post hoc test was applied to compare the different groups. For the western blotting results that failed the normality test, non-parametric Kruskal–wallis test followed by Dunn’s methods was performed. The data are presented as means ± standard deviation (SD). Statistical analysis was performed using the statistical package SPSS v.24 (software; SPSS Inc., Armonk, NY, USA) (Stehlik-Barry and Babinec, 2017). The significance level for all tests was set at P ≤ 0.05.

			 

			Results

			 

			Effect on feed intake, body weight, tumor volume, and mortality rate of ESC mice

			There was an increase in the feed intake in the Pio (LD) and Pio (HD) treated mice compared to other experimental groups; however, nonsignificant. There was no significant difference in the initial body weight of all ESC-bearing mice. While there was a considerable increase in the body weights of Pio (LD), Pio (HD), and Cis+Pio (HD) treated mice compared to cisplatin-treated mice. Regarding 

			Table 1: Effect of cisplatin and pioglitazone combination on feed intake, body weight, tumor volume, and mortality rate of ESC mice

			
				
					
					
					
					
					
					
					
				
				
					
							Group
							Untreated control
							Cis
							Pio (LD)
							Pio (HD)
							Cis+Pio (LD)
							Cis+Pio (HD)
					

					
							Feed intake (g)
							
							3.41±063

						
							
							5.0±2.23

						
							
							7.7±1.43

						
							
							6.04±0.51

						
							
							4.93±1.08

						
							
							4.16±0.77

						
					

					
							
							Initial body Wt. (g)

						
							
							36.67±1.66

						
							
							33.33±1.05

						
							
							36.67±1.05

						
							
							36.67±2.10

						
							
							31.67±1.05

						
							
							34.29±2.29

						
					

					
							
							Final body Wt. (g)

						
							
							29.00±1.87

						
							
							22.50±1.44

						
							
							35±00@

						
							
							36 ±2.9@

						
							
							27.50 ±1.44

						
							
							31.67±2.10@

						
					

					
							
							Tumor volume at 8th day (mm3)

						
							
							454.82±117.2

						
							
							156.17±18.6*

						
							
							248.9±32.49

						
							
							347.3±51.10

						
							
							228.7±33.69

						
							
							249.6±17.96

						
					

					
							
							Tumor volume at 16th  day (mm3)

						
							
							1027.6±314.4

						
							
							349.78±73.4*

						
							
							576.5±74.36

						
							
							341.43±96.8

						
							
							286.08±12.7*

						
							
							661.4±127.36

						
					

					
							
							Tumor volume at 21th day (mm3)

						
							
							1015.2±189.26

						
							
							299.6±125.1*

						
							
							549.98±98.16

						
							
							725.08±76.82

						
							
							310.65±54.9*

						
							
							572.65±98.16

						
					

					
							
							Mortality %

						
							
							0

						
							
							40%

						
							
							0

						
							
							0

						
							
							30%

						
							
							10%

						
					

				
			

			

			Data are expressed as mean ± SD, one-way ANOVA followed by post hoc test Bonferroni test for ten mice in each group. * Significant from the untreated control group, and @  Significant from the cisplatin group, p<0.05. For mortality rate, data are expressed as a percentage

			 

			tumor volume, it tends to decrease significantly in the Cisplatin and Cis+Pio (LD) treated mice compared to control mice over the experimental period. Concerning the mortality rate, there was no difference in the mortality rate between Untreated control, Pio (LD) and Pio (HD) treated mice compared to other experimental groups, no mortalities detected in these groups. On the other hand, the mortality rate reached 40 % in Cisplatin, 30 % in Cis+Pio (LD) treated mice, and 20% in  Cis+Pio (HD) treated mice (Table 1).

			 

			Effect on locomotor activity and anxiety-like behavior of ESC mice

			No significant difference in the locomotor activity visualized by the number of crossing squares and the frequency of rearing activity between different groups. However, there is a tendency to increase in the rearing activity of Cis+Pio (LD), and Cis+Pio (HD) treated mice as compared to cisplatin-treated mice and untreated controls (Fig. (1) a,b). Concerning anxiety-like behavior in the elevated plus-maze, there was no significant difference in the open arm duration, open arm entry frequency, close arm duration, close arm entry frequency. However, there was  a decrease in the open arm duration and entries in the cisplatin-treated mice compared to other groups. Also, the Pio (LD), Pio (HD), Cis+Pio (LD), and Cis+Pio (HD) treated mice spent more time with more frequency in the open arms as compared to cisplatin-treated groups (Fig (2) a, b). On the other hand, cisplatin-treated mice spent more time in closed arms than different experimental groups (Fig (2) c, d).

			 

			Effect on antioxidant activity

			This study revealed that, the Pio (30 mg/kg) group had the highest levels of SOD compared to other groups, then followed by the Cis+Pio (HD) group. In the case of GSH, the Pio (LD), Pio (HD), Cis+Pio (LD), and Cis+Pio (HD) groups had significantly higher levels compared to both untreated controls and cisplatin group.

			 

			[image: 1672696610_fig.1.jpg] 

			Figure 1: Effect of pioglitazone on the locomotor activity of ESC-bearing mice in the open field test. a. Number of crossings, and b. Rearing frequency. Data are expressed as mean ± standard deviation (SD), (one-way analysis of variance (one-way ANOVA).

			 

			Pioglitazone in both doses had a significant lower MDA levels compared to cisplatin. In contrast, the Cis+Pio (LD) group did not differ from the cisplatin group. However, the Cis+Pio (HD) group showed the lowest levels of MDA significantly (Fig (3)).

			 

			Effect on growth factors and proliferation

			Concerning VEGF, both Cis and Cis+Pio (LD) groups had similar VEGF levels. The group Pio (LD), Pio (HD), Cis+Pio (HD) had lower VEGF levels when compared to the Cis group.

			 

			These results revealed that the groups Pio (LD), Pio (HD), Cis+Pio (LD), and Cis+Pio (HD) had significant lower levels of IGF-1 when compared to both untreated controls and Cis group.
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			Figure 2: Effect of pioglitazone on the anxiety-like behavior of ESC-bearing mice in the elevated plus maze. a. Open arm duration, b. Open arm entry, c. Close arm duration, and d. Close arm entry. Data are expressed as mean ± standard deviation (SD), (one-way ANOVA), p<0.05
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			Figure 3: Effect of pioglitazone on the redox status of ESC-bearing mice. a. Superoxide dismutase (SOD), and b. Reduced glutathione (GSH), and c. Malondialdehyde (MDA). Data are expressed as mean ± SD, one-way ANOVA followed by post hoc test Bonferroni test for ten mice in each group. * Significant from the untreated control group, @  Significant from the cisplatin group, $ Significant from the Pio (LD) group, # Significant from the Pio (HD) group, & Significant from the Cis+ Pio (LD) group, p<0.05.

			The EGF results highlighted that pioglitazone in both doses in addition to Cis+Pio (HD) lowered EGF levels significantly than that of untreated control and Cis group. The Cis+Pio (LD) group was lower in IGF-1 levels than the Cis group; however, it had higher IGF-1 levels than pioglitazone only (Fig (4) a−c).
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			Figure 4: Effect of pioglitazone on the growth factors of ESC-bearing mice. a.Vascular endothelial growth factor (VEGF), and b. Insulin-like growth factor 1 (IGF1), and c. Epidermal growth factor (EGF). Data are expressed as mean ± SD, one-way ANOVA followed by post hoc test Bonferroni test for ten mice in each group. * Significant from the untreated control group, @ Significant from the cisplatin group, $ Significant from the Pio (LD) group, # Significant from the Pio (HD) group, & Significant from the Cis+ Pio (LD) group, p<0.05.

			 

			PPAR-γ expression in the untreated control group was significantly lower than in the groups with cisplatin alone or combined with lower or higher pioglitazone doses. However, PPAR-γ expression levels in the Cis+Pio (HD) group were the highest among the treated groups (Fig (5) a).

			 

			This study showed that untreated controls and Pio (LD) groups had the highest levels of p-ERK ½, respectively. However, both Cis-treated and Cis+Pio (HD) had insignificantly different levels. Notably, the Cis+Pio (HD) group showed the lowest significant p-ERK ½ levels among the groups (Fig (5) b).

			 

			p38 MAPK levels were reported in this study to be the highest in the untreated control group and Pio (LD) group, Additionally, levels in the Cis-treated group were lower than levels in the other combination groups. Levels p38 MAPK were significantly the lowest in the Cis+Pio (HD) group (Fig (5) c).
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			Figure 5: Effect of pioglitazone on the proliferation markers of ESC-bearing mice. a. Proliferating cell nuclear antigen (PPAR-γ), and b. Extracellular signal-regulated kinase (p-ERK ½), and c. p38 mitogen-activated protein kinase (p-38mapk). Data are expressed as mean ± SD, one-way ANOVA followed by post hoc test Bonferroni test for ten mice in each group. * Significant from the untreated control group, @ Significant from the cisplatin group, $ Significant from the Pio (LD) group, # Significant from the Pio (HD) group, & Significant from the Cis+ Pio (LD) group, p<0.05.
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			Figure 6: Effect of pioglitazone on the apoptotic activity of ESC-bearing mice using TUNEL assay Data are expressed as mean ± SD, one-way ANOVA followed by post hoc test Bonferroni test for ten mice in each group. * Significant from the untreated control group, and # Significant from the Pio (HD) group, p<0.05.

			 

			Effect on apoptosis

			Apoptosis TUNEL method was used in this study. The results revealed that pioglitazone in its low and high doses failed to significantly differ from the untreated control group. In contrast, cisplatin-treated group, Cis+Pio (LD) and Cis+Pio (HD) groups were significantly higher in the apoptotic activity compared to untreated controls (Fig. (6)).

			 

			Histopathology and Immunohistochemical results

			Tumor mass examination of the untreated control group revealed severely aggressive neoplastic cells arranged in solid patterns and sheets. The neoplastic cells showed malignancy criteria (hyperchromasia, pleomorphism, nucleus to cytoplasm ratio (1:1), haphazard arrangement, frequent atypical mitosis with numerous bizarre mitosis, and tumor giant cells formation). Also, it displayed severe anisokaryosis and anisocytosis accompanied by intense mononuclear cells infiltration and invasion of the adjacent muscle bundles, which suffered from hyaline degeneration, fragmentation, and necrosis. The other treated groups showed similar neoplastic cells; however, variable necrosis areas and apoptotic spaces were scattered among the tumor masses. Administration of cisplatin either alone or mixed with a lower or higher pioglitazone dose resulted in neoplastic replacement with newly formed fibrovascular granulation tissue in numerous examined sections of Cis, Cis + Pio (LD) and Cis + Pio (HD) groups (Fig (7)).
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			Figure 7: Histological sections stained with H&E showing the examined tumor mass in different groups.. The column charts illustrating the average of mitotic figure number/10 HPF and the necrosis area % in different groups. Data are expressed as mean ± SD, one-way ANOVA followed by post hoc test Bonferroni. * Significant from the untreated control group, @ Significant from the cisplatin group, $ Significant from the Pio (LD) group, and & Significant from the Cis+ Pio (LD) group, p<0.05.

			 

			The mitotic figure and area percentage of necrosis were assessed in different groups. The mitotic figure count was significantly increased in the untreated control group compared to other groups. Cis + Pio (HD) showed the most remarkable improvement compared to other groups that showed a reduction by 37.85% and 20.4% in mitotic figure count compared to untreated control and Cis groups, respectively. Alternatively, the necrosis area % significantly decreased in the untreated control group compared to other groups. Co-administration of Cis and pioglitazone resulted in a significant increase in necrosis area % by 67.08% and 69.35% in Cis + Pio (LD) and Cis + Pio (HD) groups, respectively, compared to the untreated control group.

			 

			Immunohistochemical staining of PCNA, HIF-1α, PPAR-γ, and Cyclin D1 were investigated in different groups. The untreated group showed a significant increase in PCNA expression compared to other treated groups. There was no significant difference between the Cis and Cis + Pio (LD) groups. In contrast, a considerable reduction in the PCNA level positive cells was observed in the Cis + Pio (HD) group compared to other groups. Likewise, the untreated group showed a significant increase in the HIF-1α expression compared to other treated groups. A similar expression was noticed in all treated groups except for the Cis + Pio (HD) group, which scored a significant decrease compared to other groups (Fig (8)).
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			Figure 8: Histological sections immune stained with PCNA and hypoxia-inducible factor 1-alpha (HIF-1α) from solid tumor masses in different groups. Data are expressed as mean ± SD, one-way ANOVA followed by post hoc test Bonferroni. * Significant from the untreated control group, @ Significant from the cisplatin group, $ Significant from the Pio (LD) group, and & Significant from the Cis+ Pio (LD) group, p<0.05.

			 

			Moreover, PPAR-γ expression was upregulated in the Cis + Pio (HD) group, which revealed a significant increase compared to other groups. Alternatively, the untreated control group exhibited a significantly weak expression of PPAR-γ compared to other groups. Regarding the immunostaining intensity of Cyclin D, there was remarkable positive staining in the untreated control group. However, few positive cells were detected in the Cis + Pio (LD) and Cis + Pio (HD) groups, which showed significant downregulation compared to other groups (Fig (9)).
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			Figure 9: Histological sections immune stained with PPAR-γ and Cyclin D1 from solid tumor masses in different groups. Data are expressed as mean ± SD, one-way ANOVA followed by post hoc test Bonferroni. * Significant from the untreated control group, @ Significant from the cisplatin group, $ Significant from the Pio (LD) group, and & Significant from the Cis+ Pio (LD) group, p<0.05.	

			 

			Discussion

			 

			The current study not only focused on investigating the exact effect of Pioglitazone either alone or when combined with Cis but also, extended to underline its molecular mechanism on tumor microenvironment and the possibility of using pioglitazone as an adjuvant to lessen the possible side effects of chemotherapeutic agents in a well-established cancer model in mice. To the best of our knowledge this is the first study to report the actual role of pioglitazone on tumor angiogenesis and proliferation. Despite Various studies accentuated the anti-proliferative and anti-angiogenic effects of pioglitazone (Kole et al., 2016; Ciaramella et al., 2019). Other studies highlighted an association between incidence of some cancer types and administration of Pioglitazone. (Piccinni et al., 2011) Therefore, it is not appropriate to pool the outcomes of the assorted studies as well as further observational research are needed to clarify the role of pioglitazone. 

			 

			Chemotherapy is usually associated with sickness behavior that leads to discontinuation of the treatment protocol of cancer patients. This behavior is considered a consequence of either the disease itself or the chemotherapeutic medications and radiotherapy (Vichaya et al., 2016). ESC-bearing mice, Cis and Cis +Pio (LD)-treated mice displayed a reduced body weight, indicating increased sickness behavior. While mice treated with Pio (LD), Pio (HD), and Cis+(Pio HD) showed a relatively stable body weight compared to other groups indicating a less sickness behavior. This also was confirmed by recording their mortality rate throughout the experimental period. Cis treated group showed the highest percentage of mortality and this percentage decrease when combined with Pio (LD) and Pio (HD). The increased mortality rate in Cisplatin treated mice was due to the side effects of chemotherapy and not due to the ESC itself. The combination groups with Cis (Cis +Pio (LD) and Cis +Pio (HD)-treated mice seems to be effective in reducing the mortality rate compared to Cis treated group. Behavioral analysis, including the open field test and elevated plus-maze were further used to assess their locomotion and anxiety-like behavior. The untreated controls and Cis-treated mice exhibited a reduced locomotor activity and increased closed arm entries and duration. Taken together, these results indicate that Pio administration either alone or with Cis has an anxiolytic-like effect in reducing the sickness behavior of ESC-bearing mice. Different studies were conducted on rodents to explore the sickness behavior of chemotherapeutic agents, including Cis and doxorubicin, and the possible augmenting role of plant-based therapy (Orabi et al., 2021; Hamdan et al., 2022).

			 

			Moreover, mice treated with Cis+(Pio HD) displayed enhanced redox status by augmenting SOD, GSH, and reducing MDA levels, reflecting a more promising effect than Cis-treated mice. Several studies reported that the higher ROS levels in cancer cells cause further stimulation of the malignant phenotype, promoting sustained cell proliferation, cell survival, angiogenesis, metastasis, and inflammation. Therefore, oxidative stress is considered an established source of carcinogenesis (Buj and Aird, 2018). A higher oxidative stress state was reported to increase DNA damage and chromosomal aberrations and promote disease progression. This finding was consistent a recent study which demonstrated that cancer cell proliferation and survival were promoted through ROS-activated pathways (Kabil et al., 2022). Additionally, a clinical trial showed that elevated MDA and ROS levels in patients treated with tyrosine kinases could indicate resistance to the treatment (Petrola et al., 2012).

			 

			Interestingly, mice treated with Cis+ (Pio HD) exhibited reduced levels of all tumor growth factors assessed in this study and was considered the lowest proliferation recorded in the treated experimental groups. The current findings were in the same line with Piątkowska–Chmiel and colleagues who used Pio to modulate chemotherapy resistance and reported the inhibited cell proliferation performed by Pio (Piątkowska-Chmiel et al., 2020). Also, Zarei et al. showed a reduced expression of VEGF in mice treated with pioglitazone. Consequently, the present results revealed a better antiproliferative effect when Pio is added to the standard chemotherapeutic treatment (Zarei et al., 2020).

			 

			Conversely, apoptosis rate was the best in mice treated with Cis or Cis+(Pio HD) group reflecting that pioglitazone did not reduce the apoptotic properties of cisplatin. These findings were inconsistent with Zhang and colleagues, who reported the nephroprotective effect of Pio against Cis renal toxicity through its antiapoptotic properties, which could be attributed to the higher dose used by the author (40 mg/kg) or the shorter study duration (seven consecutive days). (Zhang et al., 2020). Besides, Piątkowska-Chmiel and colleagues reported that Pio promoted tumor cell apoptosis and reduced cell viability when tested in the renal adenocarcinoma cell line (Piątkowska-Chmiel et al., 2020). Based on these data, the current study focused on investigating the exact effect of Pio either alone or when combined with Cis and extended to underline its molecular mechanism on tumor microenvironment and growth.

			In addition, Pio-treated groups displayed an elevated expression of PPAR-γ; therefore, when Pio is combined with Cis, a better-elevated expression of PPAR-γ was obtained. Following our findings, several experimental studies have reported the antitumor effect of PPAR-γ agonists. A recent study proposed that the nuclear receptor PPAR-γ has clinical potential as a pathological diagnostic, prognostic biomarker, and therapeutic target for glioblastoma (Hua et al., 2020). Kim and colleagues reported that in lung cancer, the antitumor effect of TZDs was mediated by PPAR-γ activation (Kim et al., 2015). Additionally, the activation of the PPAR-γ receptor was reported to protect cancer cells from the toxic effects of the platinum chemotherapy drug, Cis, by reducing metallothionein expression and inhibiting proteins that promote Cis resistance, such as promotion of the proliferation of the EGFR-TKI-resistant lung cancer cells (Heudobler et al., 2018).

			 

			In the current study our findings highlighted that pioglitazone, which is a PPAR-γ agonist, was able to increase the density of the receptor with Cis. These results were in the same line with Ni and collegues, who showed the interplay between troglitazone and chemotherapeutic drugs Cis or paclitaxel’ in xenotransplantation models indicating the chemotherapeutic drugs induction of  PPAR-γ (Ni et al., 2017), in addition to the reported sequence-specific synergy between PPAR-γ ligands and chemotherapeutic agents in the treatment of cancer. Recent evidence shows that PPAR- agonists could serve as master modulators in the battle against cancer therapy’s classic challenges, such as resistance to treatment and tumor genetic heterogeneity (Heudobler et al., 2018, Yousefnia et al., 2018, Zarei et al., 2020).

			 

			Furthermore, p-AMPK/ ERK ½ signaling pathways were inhibited by reduced p-AMPK, ERK1, and ERK2 in mice treated with the Cis+(Pio HD) group. ERK/MAPK signaling was reported as a fundamental pathway regulating cellular proliferation, differentiation, and survival. Moreover, activation of ERK/MAPK signaling pathways through phosphorylation activates other growth factor signaling pathways, including VEGF, platelet-derived growth factor, and EGF (Yuan et al., 2020). Besides, activating ERK/MAPK signaling pathway was reported in recent studies to increase tumor cells’ resistance to chemotherapy. Rong and colleagues had shown that the ERK ½ signaling contributed to the tumor cellular resistance against cetuximab and considered EGFR/MAPK axis activation as a marker for bad prognosis (Rong et al., 2020). Another study reported reduced survival in cancer patients with elevated ERK1/2 phosphorylation levels. (Rong et al., 2019). The current findings consequently reflect the impact of Pio addition to Cis on increasing its efficacy and reducing resistance in addition to increasing survival rates.

			 

			These findings were confirmed by the histopathological investigation that highlighted the effect of Pio and the combined therapy in reduction of tumor growth through increased number of apoptotic spaces and necrotic areas with the further restoration of standard tissue architecture of adjacent muscle bundles by significant mitotic figures with subsequent reduction of invasion of the neoplastic cells. Furthermore, our result elucidated the role of Pio in combination with Cis in suppressing the proliferation of the neoplastic cells by decreasing the PCNA expression in a dose-dependent manner. PCNA marker plays a serious role in the cell cycle by raising the G1-S phases. (Tousson et al., 2011)

			 

			Furthermore, Pio-treated groups showed a marked decrease in HIF-1α expression, suggesting a potential mechanism in mitotic arrest in the proliferating neoplastic cells under hypoxic conditions. The increased expression of HIF-1α in tumor biopsies is often accompanied by an increased mortality rate in several types of cancer, including the bladder, oropharynx, breast, cervix, brain, endometrium, stomach, colon, lung, pancreas, and skin (Semenza, 2010).

			 

			Cyclin D1 regulates the cell cycle and promotes cells from G1-to S-phase. It phosphorylates pRb protein which acts as a nuclear phosphoprotein that controls cellular development in the G1-phase (Xu et al., 2013). In this study, Cyclin D1 expression was accompanied by a more favorable outcome in the Cis+ (Pio HD)-treated group than the untreated control and pioglitazone-treated groups. Overexpression of Cyclin D1 is investigated in many cancers related to progression and metastasis (Kabil et al., 2022).

			 

			Conclusion

			 

			This study provides a good framework for clinical trials evaluating the effectiveness of Pio as monotherapy or in combination with Cis anti-cancer compound in the treatment of human cancer. The current results demonstrated that the combined therapy of Pio and Cis was able to reduce sickness behavior in ESC-bearing mice and were demonstrated a superior antitumor, antiproliferative, antiangiogenic, antimitotic, and apoptotic activities as compared to monotherapy. In addition to the enhanced antioxidant activity of the combination rather than cisplatin alone, which generally reduced cellular injury and toxicity which indeed, provides preclinical evidence that this combined therapy may be considered as a promising therapeutic avenue for different cancer types. More experimental investigations are needed using different cancer models and chemotherapies, before it can be used in patients as an adjuvant agent to boost the therapeutic efficacy of chemotherapy in the treatment of many types of cancer.
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Model Through Antiproliferative and Antiangiogenic Pathways
Davia Zaarar”, Hepa M.A Kraari?, Sona Hassanin®, MoHAMED R. Mousa®*, MoNa G. KHALIL!

IP/JMmumlagyand Toxicology Department, Faculty of Pharmacy, Modern University for Information and Technology,
Cairo, Egypt; Veterinary Hygiene and Management Department, Faculty of Veterinary Medicine, Cairo University,
Giza, 12211, Egypt; IBiochemistry Department, Faculty of Pharmacy, Modern University for Information and
Technology; 4Put170/0gy Department, Faculty of Veterinary Medicine, Cairo University, Giza, 12211, Egypt.

Abstract | Background: Cancer is one of the leading causes of death and morbidity worldwide, and it is linked to
a variety of genetic and hormonal factors. Patients frequently experience cancer metastasis, relapse, and therapeutic
failure despite the use of advanced therapeutic strategies for cancer treatment. As a result, many scientists are current-
ly looking for newly repositioned drugs that can either inhibit cancer proliferation or promote cancer cell apoptosis.
Methods: This study examined the effectiveness of pioglitazone (Pio) against mice bearing Ehrlich solid carcinoma in
terms of its ability to inhibit cell proliferation and angiogenesis. Six groups were created using sixty male mice after the
Ehrlich inoculation tumor growth was confirmed: control, Cis (5 ml/kg), Pio low dose (LD) (17.5 mg/kg), Pio high
dose (HD) (30 mg/kg), Cis+Pio LD, and Cis+Pio HD. Different parameters, including behavioral, biochemical such
as malondialdehyde (MDA), reduced glutathione, superoxide dismutase (SOD), tumor growth factors, and apoptotic
TUNEL assay, were evaluated after three weeks in addition to Immunohistochemical analysis was done on the prolif-
erating cell nuclear antigen (PCNA), hypoxia-inducible factor 1-alpha (HIF-1), PPAR, and cyclin D1. Results: Mice
treated with Cis+Pio HD showed higher levels of SOD, GSH, p-ERK1/2 and p38-MAPK, as well as lower levels of
MDA and tumor growth factor beside the higher apoptotic activity. Furthermore, Cis+Pio HD reduced the expression
of PCNA and HIF-1 and increased the expression of PPARy, which improved the histopathological changes. Con-
clusion: Pio possesses ESC-specific anticancer abilities. However, more research is needed before it can be used as an
adjuvant agent to boost the therapeutic efficacy of chemotherapy in the treatment of many types of cancer.

Keywords | Pioglitazone; Cisplatin; Ehrlich solid carcinoma; Oxidative stress; VEGF; PPARy; anticancer agents;
tumorigenesis; biochemical indices
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INTRODUCTION

Cancer is the second prominent cause of death glob-
ally, also prevalence is expected to increase by 2040
due to the increase in the new cases of malignancy annu-
ally (Bray et al., 2018). Chemotherapeutic medications are

extensively used in cancer treatment either alone or with
radiotherapy and surgical interventions. Cisplatin, one
of the antineoplastic alkylating agents, has a significant
proven efficacy against many types of malignancies, such
as the neck, ovaries, testes, and lung cancers (Al-Eitan et
al., 2020). However, despite its substantial antineoplastic
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