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Background: Breast cancer treatment modalities are in persistent need to be modified due to the rising incidence and 

associated chemotherapeutics resistance and cytotoxicity. The goal of this work was to evaluate any potential anti-cancerous 

and nephroprotective effects of sitagliptin either its free form or nanoparticles (NPs) encapsulated form on solid Ehrlich 

carcinoma in mice. It focused on assessment of nephrotoxicity, drug resistance, apoptosis, oxidative stress, proliferation, and 

angiogenesis. 

 

Methods: Breast cancer experimental animal model SEC was induced in female albino mice through the subcutaneous 

implantation of Ehrlich ascites carcinoma (EAC) cells. Mice were randomly divided into 9groups (n=8). Group1 (normal 

control), group2 (untreated SEC), group3 (SEC +5-FU), group4 (SEC+ SITA), group5 (SEC +SITA-PLGA), group6 

(SEC+SITA-Niosome), group7 (SEC+5FU+SITA), group8 (SEC+5FU+SITA-PLGA) and group9 (SEC+5FU+SITA-

Niosome). Tumor volume was recorded and on the 28th day post tumor inoculation, mice were sacrificed, blood samples were 

collected for the assay of BUN and serum creatinine. Tumor was dissected for the assessment of multi-drug resistance-1 

(MDR-1), caspase3؛ the other part was prepared for the histopathological examination and immunohistochemical staining of 

ki67 and VEGF. Moreover, histopathological examination of renal tissue was done. 

 

Results: Administration of sitagliptin augment the anti-cancer properties of 5-FU and showed nephroprotective effects against 

5-FU induced nephrotoxicity. Regarding the anticancer effects the nanoparticle formulations of sitagliptin have no significant 

difference in end tumor volume. however, they showed higher apoptotic properties evidenced by significant increase in the 

expression of caspase3. 

 

Conclusions: Sitagliptin demonstrated nephroprotective effects which evidenced through significant decrease in BUN and 

serum creatinine levels and histopathological findings. The nephroprotective properties were augmented by loading sitagliptin 

on either PLGA or Niosome NPs with superiority to the sitagliptin-niosome NPs. 
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Introduction  

Breast cancer is the leading cause of female mortality, in 2012, more than half a million deaths were reported and 

more than 1.7million new cases were diagnosed, which represented about 25% of all newly diagnosed cases [1]. 

Solid Ehrlich carcinoma (SEC) is a transplantable experimental cancer model corresponding to mammary 

adenocarcinoma [2], it’s implanted in the peritoneal cavity from solid cutaneous or muscular masses allowing 

growth of standard number of cells to be inoculated subcutaneously and quantify the regression and growth of 

tumor masses [3]. 

5-Fluorouracil (5-FU) is a pyrimidine analogue which is considered one of the corner stones in the treatment of 

various solid tumors due to its broad antitumor activity and synergistic action with other anticancer drugs [4]. 

Despite the advantages of (5-FU), its clinical application has been limited due to drug resistance and multiple 

organ toxicity including renal, pulmonary, hematological, cardiac, hepatic, and testicular toxicities [5]. 

The drug induced nephrotoxicity may be due to the toxic effects of one or more pathological mechanisms 

including inflammation, tubular cell toxicity, altered hemodynamics, crystals nephropathy and oxidative stress [6]. 

DPP-4 enzyme is a ubiquitous enzyme expressed on the surface of almost all cell types [7] and is involved in 

numerous biological activities as modification of many regulatory chemokines or peptides and affecting signaling 

pathways[8], it also showed apoptogenic and antiproliferative effects against cancer cells [9]. 

It is important to consider that, one of the key drawbacks of sitagliptin is its short biological half-life in rats, which 

is just 3.6 hours, and its quick elimination, indicating the need for extremely stringent dose intervals [10]. 

Recent studies have reported anti-cancerous effects of DPP-4 inhibitors, possibly through their antioxidant, anti-

inflammatory properties and increased apoptosis and cell cycle modulation which may represent a novel modality 

for cancer therapy [11]. 

Nowadays, the development of nano-sized delivery systems is considered one of the most attractive research areas 

in the oral drug delivery system that can deliver the appropriate dose to the right place at the appropriate time. 

Polymeric nano particles (NPS) have been explored for enhancing therapeutic effects, improving patient 

compliance and limits unwanted systemic adverse effects and toxicity [10, 12]. 

Nano medicines improve intracellular transport of active pharmaceuticals through binding involving bio-adhesive 

polymers or chelates; increase their intracellular trafficking when coupled to specific proteins, antibodies, leading 

to increased membrane permeability, decrease of systemic exposure, higher accumulation in tumor cells. In 

particular, introduction of such  features in anti-cancer agents can improve their efficacy [13]. 

 

Material and Methods:  

Drugs and chemicals: 

5-Flurouracil (Utoral, vial 5mg) from Hikma Specialized Pharmaceuticals company, it was prepared as a solution 

in saline (i.p.) in a dose of 20mg/kg per day [14, 15], Sitagliptin powder from Glenmark Generics (India) purchased 

from Andalous Pharma – 6 October city, was prepared as a solution in distilled water and was administered orally 

by oral gavage either free or loaded on PLGA or niosome nanoparticles in a dose of 10 mg/kg/day [16]. PLGA 

(Poly (D, L-lactide-co-glycolide) (lactide: glycolide (50:50)), in pellets form, , and Poly vinyl alcohol (PVA) 

purchased from (Sigma-Aldrich), Acetone (LAXESS-India), Glycerol mono-oleate (Peceol) from gattefosse, 

Saint-Priest Cedex, France, Sorbitan monostearate (span 60), Cholesterol and ethanol.  

Preparation of sitagliptin-PLGA nanoparticles: 

PLGA (100mg) was dissolved in 1.5ml of dichloromethane. Sitagliptin (10mg) was dissolved in 0.3ml of water 

and 0.2 ml of acetone was added to this solution. This mixture was homogenized for 5 minutes using (Polytron 
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homogenizer, PT-MR 3100, Kinematica AG, Littau-Switzerland) to prepare water in oil nano-emulsion. Then 

4ml of PVA aqueous solution (4% w/v) was mixed with the preformed nano-emulsion and the resulted mixture 

was similarly homogenized for another 5 minutes at the end of which the developed emulsion was mixed with 

6ml of PVA solution (0.5% w/v), the developed system was kept overnight under continuous magnetic stirring 

allowing the evaporation of the organic solvent depositing the PLGA nanoparticles [17]. 

Preparation of sitagliptin-niosome nanoparticles: 

Niosomes were prepared by the hydration of proniosomes [18]. Span 60, peceol, cholesterol and sitagliptin were 

heated on a thermostated water bath, a clear liquid was developed after the addition of ethanol. 2ml of water was 

added to the mixture while continuous mixing on the water bath to form homogenous dispersion. The proniosomes 

were developed from stirring the dispersion away from the water bath. The proniosomes were hydrated gradually 

with water while mixing to develop the crude niosomes which were kept overnight at ambient temperature 

allowing complete swelling. To reduce the vesicle size, the swollen vesicles were then subjected for sonication 

for 1 hour [19]. 

 

Induction of Solid Ehrlich carcinoma (SEC) model: 

The initially inoculated EAC cells was provided by the National Cancer Institute (Cairo University, Egypt) and 

propagated by weekly intraperitoneal (i.p) injection of 2.5x106 cells per mouse. [20] . EAC cells can grow in both 

solid and ascitic forms. The ascitic form was done by intraperitoneal (i.p.) transplantation of 2.5 × 106 EAC cells 

in two mice and allowed to multiply where an ascitic fluid containing Ehrlich tumor cells developed within 10 

days. Then, the ascitic fluid was withdrawn by a sterile syringe, diluted in 0.9% sterile saline (1:9 v/v) and counted 

using a Neubauer Hemocytometer. The cell viability was determined by trypan blue dye exclusion method and 

was found to be more than 99%.  In order to develop Ehrlich solid tumor, all animals were subcutaneously 

inoculated with (0.2ml/mice) that contained 2.5 × 106 viable EAC cells, in the back of each female mouse [21-24].  

Animals groups and study design: 

The study was performed on 72 female Swiss albino mice weighing 20-25 g, injected by 0.2ml of 2.5 × 106 viable 

EAC cells in the back of each mouse and left for 12 days. The treatment protocol was started on the 12th day post 

subcutaneous tumor implantation and was continued for 16 days (28th day post tumor implantation). The animals 

were kept in wire mesh cages at the animal laboratory room in the Pharmacology department under constrict 

hygienic measures with free access to fresh water and standard animal diet ad libitum. One week before the 

induction of tumors, the animals were kept for acclimatization to the housing environment 

Animals were randomly divided into 9 equal groups: group 1(normal control: had free access to fresh water and 

standard animal diet ad libitum and received a daily vehicle of distilled water by oral gavage and injected i.p. by 

normal saline till the end of the experiment, group 2 (untreated SEC): animals were subcutaneously implanted by 

Ehrlich tumor cells into the back [22-24] and started to receive a daily vehicle of distilled water by oral gavage and 

injected i.p. by normal saline, group3: SEC group treated with 5-FU [14, 15], group4: SEC group treated with free 

sitagliptin [16], group5: SEC group treated with SITA-PLGA nanoparticles (NPs), group 6: SEC group treated with 

niosomal SITA NPs by, group7: SEC group treated with combination of 5-FU and free sitagliptin, group8: SEC 

group treated with combination of 5-FU and SITA-PLGA NPs and group9: SEC group treated with combination 

of 5-FU and niosomal SITA NPs. The treatment protocol was started from the 12th day post tumor implantation 

and continued to the end of the experiment at the 28th day post tumor implantation.  

Tumor volume: 

Tumor sizes were assessed and recorded using Vernier caliper at the (12th, 16th, 20th, 24th and 28th) days post 

implantation and the tumor volumes were calculated according to the following formula: Tumor volume 

=1
2⁄ (𝑙𝑒𝑛𝑔𝑡ℎ × 𝑤𝑖𝑑𝑡ℎ2 ) [25].  
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Blood and tissue sampling and processing: 

At the end point of the experiment (28th day post tumor implantation), all survived mice were sacrificed. Blood 

samples were collected and centrifuged to assess blood urea nitrogen (BUN) and serum creatinine levels were 

measured by spectrophotometer utilizing Biodiagnostic company’s kits. Tumor masses were dissected and washed 

with phosphate-buffered saline (PBS) solution, pH 7.4 to remove any red blood cells and clots, and divided into 

two parts, the first  was homogenized as 1gm tumor tissue in 5 ml cold PBS pH 7.4 then centrifuged at 4000 rpm 

for 15 min at 4° C, and the resultant supernatant was frozen at -80°C for the assay of: Multidrug resistance protein-

1(MDR-1) by ELISA kit from Sun Red; Catalogue No. 201-02-1958,and Caspase-3 levels by ELISA kit from 

Sun Red; catalogue No 201-02-0446, the second part was fixed in 10% formalin and was processed for the 

histopathological examination (H&E) and immunohistochemical staining of vascular endothelial growth factor 

(VEGF) and of Ki-67. The kidney was also dissected and washed with saline and fixed in 10% neutral buffered 

formalin (pH 7.4) for histopathological examination (H&E). 

Immunohistochemical expression of VEGF: was done using mouse VEGF polyclonal antibody purchased from 

Invitrogen, Thermo scientific, Catalog number (PA1-21796). Staining was performed on formalin-fixed paraffin-

embedded specimens for vascular endothelial growth factor (VEGF ready to use for IHC, 1467-R7) 

Interpretation of VEGF IHC staining: 

Immunostaining for VEGF was judged positive when tumour cells had unambiguous cytoplasmic staining with 

or without nuclear staining. Quantitative evaluation of VEGF staining density was performed as follows: Negative 

(-) scores were assigned to specimens with sparse or no staining or less than 10% staining. Greater than 10% but 

less than 25% of the staining was rated as weak (+). > 25%, but < 75% of the staining was rated as moderate (++), 

whereas > 75% was rated as strong (+++). Necrotic cell staining was judged negative [26]. 

 

Immunohistochemical expression of tissue Ki-67: 

The Ki-67 antibodies were obtained from Invitrogen, Thermo scientific, Catalogue number (MA5-14520). Ki-67 

monoclonal antibodies were diluted in 10mM of phosphate buffer saline, pH 7.2 with 1% bovine serum albumin 

and 0.1% sodium azide. 

Interpretation of Ki-67 IHC staining: 

Ki-67 score was reported as the proportion of immunostained nuclei relative to the total number of tumour cell 

nuclei, irrespective of immunostaining strength. The counting was conducted at x400 magnification in three 

randomly selected areas of the tumour tissue slice. Ki-67 scores varied from 0% to 100%, and the threshold for a 

positive result was 14%. Ki-67 expression is classified into three groups: low (Ki-67 15%), intermediate (Ki-

67:16-30%), and high (Ki-67 > 30%). Necrotic cell staining was judged negative [27]. 

Ethical approval: The work was approved by “Research Ethics Committee, REC”, Faculty of Medicine, Tanta 

University, Egypt (Approval no.#33390/10/19). 

Statistical analysis: 

The obtained values were statistically evaluated using version 22 for Windows® (SPSS Inc, Chicago, IL, USA). 

Shapiro-Wilks normality test and histograms were used to test the distribution. Parametric variables were 

expressed as mean and standard deviation (SD) and were compared using ANOVA test among the groups with 

post hoc (Tukey) test. The software (Image J) (National Institute of Health, Bethesda, Maryland, USA) [28] was 

used to estimate the tumor necrotic areas then data were analyzed by one way analysis of variance (ANOVA) test 

followed by Post Hoc Tukey’s test. P value ≤ 0.05 was considered statistically significant.  
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Results:  

Characterization of prepared nano-formulations by transmission electron microscopy (TEM): 

The TEM micrographs revealed nearly spherical shape and average particles size was calculated to be 114.56 ± 

32.72 nm for sitagliptin-PLGA nanoparticles and   58.64 ± 9.16 nm for sitagliptin-niosome nanoparticles. The 

recorded size data were obtained from 10 recorded measurements (n=10). Figure 3 

 

Figure 3: A- TEM of sitagliptin-PLGA nanoparticles, B- TEM of sitagliptin-niosome nanoparticles

 

 

Tumor volume (mm3) at the end experimental point 28th day post implantation: 

Group3 showed a significant shrinkage in tumor mass versus group2. Group4, group5 and group6 showed 

significant shrinkage in tumor mass versus group2 and significant increase in tumor volume versus group3. 

Group7, group8 or group9 showed significant shrinkage in tumor mass versus group3. Insignificant changes in 

tumor volume in group7, group8 and group9. Table 2 

 

Fig 4: Tumor volume at end experiment point (28th day post implantation) 

 

# Significant difference from untreated SEC group (group2) , $ Significant difference from SEC treated group with 5FU (group3)  
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Table 1: Time course of the volume of solid Ehrlich carcinoma (mm3): 

Days after 

implantation 

Group2 

SEC 

Group3 

5FU 

Group4 

SITA 

free 

Group5 

SITA 

PLGA 

Group6 

SITA 

niosome 

Group7 

5FU+SITA 

free 

Group8 

5FU+ 

SITA 

PLGA 

Group9 

5FU+ SITA 

niosome 

12th day 
123.47 ± 

36.35 

122.68 ± 

24.94 

121.57 ± 

16.57 

124.25 ± 

9.94 

126.66 ± 

22.31 

125.98 ± 

32.55 

122.81 ± 

18.55 
121.22 ± 22.69 

16th day 
992.01 ± 

117.03 

566.02 ± 

72.91 

784.87 ± 

69.75 

741.42 ± 

122.88 

687.41 ± 

72.44 

549.46 ± 

93.70 

532.82 ± 

70.97 
519.47 ± 151.61 

20th day 
2011.87 ± 

274.86 

1040.97 ± 

91.69 

1421.78 ± 

163.66 

1288.4 ± 

128.77 

1217.41 ± 

79.57 

958.96 ± 

77.33 

852.85 ± 

110.38 
817.28 ± 119.85 

24th day 
2643.01 ± 

84.10 

1408.71 ± 

86.56 

1915.18 ± 

175.10 

1717.73 ± 

76.17 

1589.23 ± 

170.72 

1136.67 ± 

126.36 

1056.97 ± 

116.11 

1009.05 ± 

105.26 

28th day 
3438.42±2

57.60 

1603.76±

68.78 

2620.13±

183.10 

2336.94±19

2.28 

2215.27±13

4.63 

1294.48±11

3.86 

1232.78±

133.48 
1127.72± 69.18 

Data is presented as mean ± SD, Significant difference < 0.05. 

Serum blood urea nitrogen (BUN) (mg/dl) and creatinine (mg/dl) levels: 

 

Group3, group7, group8 and group9 demonstrated significant rise in serum BUN versus either group1 or group2. 

Group7, group8 and group9 demonstrated significant decline in serum BUN versus group3. Group8 and group9 

demonstrated notable decline in serum BUN versus group7. Group9 showed a significant decrease in serum BUN 

levels versus group8. Figure 5 

Regarding serum creatinine levels Group3, group7, group8 and group9 demonstrated significant rise in serum 

creatinine levels versus either group1 or group2. Group7 and group8 and group9 significantly decrease versus 

group3. Figure 6. 

 

Fig. 5: Serum blood urea nitrogen (BUN) (mg/dl) levels

 

* Significant difference from normal control group (group1), # Significant difference from untreated SEC group 

(group2) ,$ Significant difference from SEC treated group with 5FU (group3) , @Significant difference from SEC 

treated group with 5FU+ free sitagliptin (group7) , %Significant difference from SEC treated group with 5FU+ 

SITA PLGA NPs (group8)  
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Fig. 6: Serum creatinine levels (mg/dl) 

 

* Significant difference from normal control group (group1), # Significant difference from untreated SEC group 

(group2), $ Significant difference from SEC treated group with 5FU (group3)  

 

Tumor tissue Multidrug resistance protein-1(MDR-1) levels (ng/ml): 

Group3, group7, group8 and group9 demonstrated significant declines versus group2. Group7, group8 or group9 

demonstrated significant rise versus group3 (Figure 7). 

 

Fig. 7: Tumor tissue MDR-1 levels (ng/ml) 

 

# Significant difference from untreated SEC group (group2), $ Significant difference from SEC treated group with 

5FU (group3)  

 

Tumor tissue Caspase-3 levels (ng/ml): 

Group3 showed a significant increase in caspase-3 tissue level versus group2. Group4, group5, group6, group7, 

group8 or group9 demonstrated significant rise versus group2. Group4, group5, group6 demonstrated significant 

decline versus group3. Group5 and group6 demonstrated significant rise versus treated group4. Group6 

demonstrated significant rise versus group5. Group7, group8 and group9 demonstrated significantrise versus 

group3.. Figure 8. 
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Fig. 8: Tumor tissue caspase-3 levels (ng/ml) at different studied groups. 

 

# Significant difference from untreated SEC group (group2), $ Significant difference from SEC treated group with 

5FU (group3), a Significant different from SEC treated with sitagliptin (group4), b Significant different from SEC 

treated with sitagliptin-PLGA (group5) 

 

Histopathological examination as shown in Figure 9: 
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(E) 

 

(F) 

 

(G) 

 

(H) 

 

(I) 

 

(J) 

 

Figure 9: (A) group2 showed wide area of proliferation of neoplastic cells (white arrow) with limited central 

necrosis (black arrow) (H&E X100), (B) H&E (X200) stained tumor section from group2 showed solid sheets of 

cancerous cells exhibiting pleomorphism, hyperchromatism and abnormal mitotic figures (red arrows) and focal 

area of necrosis (blue arrow), (C) group3 exhibited cancerous cells (black arrows) surrounded by 70% of necrotic 

cancerous cells (red arrows) and moderate lymphocytic infiltrate (green arrow) (H&E X 100), (D) group4 

exhibited cancerous cells (black arrows) surrounded by 20% of necrotic cancerous cells (red arrow) (H&E X 100), 

(E): group4 showed focal area of necrosis containing vacuolar degeneration of cancerous cells (blue arrow), mild 

interstitial lymphocytic infiltrate (blue arrow) surrounded by cancerous cells (green arrow). (H&E X 200), (F): 

group5 exhibited cancerous cells (black arrows) surrounded by 40% of necrotic cancerous cells (red arrows) and 

mild lymphocytic infiltrate (blue arrow) (H&E X 100), (G): group6 exhibited cancerous cells (black arrows) 

surrounded by 60% of necrotic cancerous cells (red arrows) and mild lymphocytic infiltrate (green arrow) (H&E 

X 100), (H): group7 exhibited cancerous cells (black arrows) surrounded by 75% of necrotic cancerous cells (red 

arrows) and moderate lymphocytic infiltrate (blue arrow) with foci of calcifications (green arrow) (H&E X 100), 

(I): group8 exhibited cancerous cells (black arrow) surrounded by 90% of necrotic cancerous cells (red arrow) 
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and marked lymphocytic infiltrate (blue arrows) with foci of calcifications (green arrow) (H&E X 100), (J): 

group9 showed few cancerous cells surrounded by 95% of necrotic cancerous cells (red arrows) and marked 

lymphocytic infiltrate (green arrows) with foci of calcifications (black arrows) (H&E X 100) 

 

Tumor tissue necrosis percentage: 

Group3 showed a significant increase versus group2. Group4, group5 and group6 demonstrated significant decline 

versus group3. Group7, group8 and group9 demonstrated significant rise versus group3.. Figure 10 

 

Fig.  10: Tumor tissue necrosis percentage in different studied groups

 

# Significant difference from untreated SEC group (group2), $ Significant difference from SEC treated group with 

5FU (group3)  

 

IHC staining and scoring of VEGF: 

 

IHC staining of VEGF (Figure 11). 
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(C) 

 

(D) 

 

(E) 
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Fig. 11: (A): group2 showed strong positive VEGF expression in more than 75% of cancerous cells (H&E X 400), 

(B): group3 showed weak positive VEGF expression in 35% of cancerous cells (H&E X 400). Fig.(C): group4 

showed strong positive VEGF expression in more than 70% of cancerous cells (H&E X 400). (D): group5 showed 

moderate positive VEGF expression in 68% of cancerous cells (H&E X 400). (E): group6 showed moderate 

positive VEGF expression in 65% of cancerous cells (H&E X 400). (F): group7 showed weak positive VEGF 

expression in 20% of cancerous cells (H&E X 400). (G): group8 showed weak positive VEGF expression in 15% 

of cancerous cells (H&E X 400). (H): group9 showed weak positive VEGF expression in 15% of cancerous cells 

(H&E X 400). 

 

IHC expression of VEGF percentag: 

Group3 showed a significant decrease in VEGF expression versus group2. Group4, group5 and group6 

demonstrated significant decline in VEGF expression versus group2 and significant increase versus group3. 

Group7, group8 and group9 demonstrated significant decline in VEGF expression versus group3.. Figure 12 
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Fig. 12: Tumor tissue expression of VEGF %

 

 

# Significant difference from untreated SEC group (group2), $ Significant difference from SEC treated group with 

5FU (group3)  

 

IHC staining and scoring of ki67: 

ki-67 staining (Figure 13) 
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Fig. 13: (A): Group2 showed high Ki-67 proliferation index expression in cancerous cells (H&E X 200), (B): 

group2 Higher magnification showed high Ki-67 proliferation index expression in cancerous cells 80% (H&E X 

400), (C): group3 showed intermediate Ki-67 proliferation index expression in cancerous cells 30% (H&E X 

400), (D): group4 showed high Ki-67 proliferation index expression in cancerous cells 70% (H&E X 400), (E): 

group5 showed intermediate Ki-67 proliferation index expression in cancerous cells 65% (H&E X 400), (F): 

group6 showed Ki-67 proliferation index expression in cancerous cells 65% (H&E X 400), (G): group7 showed 

Ki-67 proliferation index expression in cancerous cells 20% (H&E X 400). (H): group8 showed Ki-67 

proliferation index expression in cancerous cells 15% (H&E X 400), (I): group9 showed Ki-67 proliferation index 

expression in cancerous cells 15% (H&E X 400). 

 

IHC expression of Ki67 percentage: 

Group3 showed a significant decrease in ki67 expression versus group2. Group4, group5 and group6 demonstrated 

significant decline in ki67 expression versus group2 and significant increase versus group3. Group7, group8 and 

group9 demonstrated significant decline in ki67 expression versus group3.. Figure 14 
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Fig. 14: Tumor tissue ki67 expression %

 

# Significant difference from untreated SEC group (group2), $ Significant difference from SEC treated group with 

5FU (group3)  

 

Histopathological examination of kidney:  as shown in Figure 15 
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Fig. 15: (A): Normally shaped glomeruli (red arrows) surrounded by normally shaped tubules lined with columnar 

cells (black arrows) [H and E X 100], (B): normally shaped glomeruli (red arrows) surrounded by normally shaped 

tubules lined with columnar cells (blue arrows) [H and E X 100], (C): Focal area of necrosis (black arrow) 

surrounded by chronic inflammatory cellular infiltrate (blue arrow) and some small atrophic glomeruli (red 

arrows) [H and E X 100], (D): Dilated tubules, some of them filled with hyaline casts (blue arrows) [H and E X 

100], (E): group4 A, sitagliptin PLGA NPs (group5) B and sitagliptin niosome NPs (group6) C, showed normally 

shaped glomeruli (red arrows) surrounded by normally shaped tubules lined with columnar cells (blue arrows) [H 

and E X 100], (F): Congested vessel (blue arrow) surrounded by many atrophic glomeruli (red arrows) and some 

normally shaped glomeruli (black arrow) and normally shaped tubules (green arrows) [H and E X 100], (G): 

Normally shaped glomeruli (red arrows) and some atrophic glomeruli (black arrows) surrounded by focal chronic 

inflammation (blue arrow) and normally shaped tubules (green arrow) [H and E X 100], (H): Normally shaped 

glomeruli (red arrows) and few atrophic glomeruli (blue arrows) surrounded by normally shaped tubules (green 

arrow) and some showing focal hyalinization (black arrow), no inflammation or necrosis [H and E X 100].  

 

Discussion 

The present study demonstrated that the implantation of EAC cells in female mice developed SEC with gradual 

increase in tumor mass volume in the subsequent 12 days post-implantation. 
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Also, the histopathological evaluation of SEC sections showed neoplastic mass with sheets of cancerous cells 

exhibiting pleomorphism, hyperchromatism and abnormal mitotic figures higher representing cell proliferation 

surrounding few areas of necrosis and differentiated cells. 

In the present study, the end tumor volume of the untreated SEC bearing mice showed positive correlations with 

MDR-1, tissue MDA, tissue expression of ki67 and VEGF and negative correlations with tissue caspase3, tissue 

GSH and tissue necrosis. 

The fluoropyrimidine 5FU is still currently widely used for treatment of various solid tumors including BC [29]. 

 It is a pyrimidine antimetabolite analogue that interferes with the nucleoside metabolism which is incorporated 

into RNA and DNA leading to cell death. Because of its high metabolic rate into the body, the maintenance of 

therapeutic serum concentration requires the continuous administration of high dose that leads to severe toxic 

effects. Also, the development of cellular resistant against 5FU is one of the main causes that greatly limited its 

clinical application [30]. 

In the present study, the treated SEC bearing mice with 5FU demonstrated notable decline in end tumor volume, 

significant decrease in MDR-1, significant increase in caspase3, significant decrease in GSH levels, significant 

increase in MDA levels, significant increase in necrosis percentage, significant decrease in ki67 expression and 

significant decrease in VEGF expression when compared to untreated SEC bearing mice received daily vehicle. 

The present study is in harmony with Soliman et al. [31] who reported that 5FU mediate its anti-cancerous effects 

through nucleic acids damage, over expression of tumor suppressor gene p53 and the release of ribosome-free 

rpL3 through the induction of nuclear stress which acts as pro-apoptotic factor. 

Meanwhile Gaballah et al. [15] demonstrated that the treatment with 5FU increased the beclin-1 levels inducing 

the production of autophagosomes triggering the autophagic process in cancer cells. 

Multiple drug resistance (MDR) is the fundamental obstacle facing the chemotherapeutic treatment of breast 

cancer in which cancer cells acquiring cross-resistance to unrelated chemotherapeutic drugs following exposure 

to a certain cytotoxic medication. One of the major mechanisms of MDR is the actively extruding drugs out of 

cells through a group of ATP-binding cassette (ABC) transporter proteins that functions as efflux pumps [32]. 

P-glycoprotein (P-gp), which is expressed by the MDR1 (ABCB1) gene, has been the subject of the most research 

about its capacity to produce MDR phenotype. 

 In addition to MDR it shows additional functions as promoting cellular proliferation and inhibiting apoptosis 

during cancer progression. The over expression of P-gp is correlated with more aggressive malignancies 

phenotypes with poor prognosis [33]. 

In this context, the treated SEC bearing mice with 5FU demonstrated notable decline in MDR-1 levels, these 

results are in accordance with Ma et al. [34] who reported that the 5FU in metronomic therapy can target the cancer 

associated fibroblasts (CAFs) reversing the MDR through their sensitization and down regulation of P-gp 

expression. 

Also, Inoue et al. [35] have reported that the pretreatment of cancer colon cell line with 5FU downregulated MDR1 

mRNA expression with subsequent enhancement of irinotecan cytotoxicity. 

Apoptosis is considered the corner stone in abnormal cell growth and development. Caspase signaling cascade is 

one of the pathways implemented in apoptosis. The expression and/or activation of caspase signaling cascade 

have been implicated in various malignancies in which loss of caspases promotes tumor development [36]. 

Caspase3 an executioner caspase is the central member of the cysteine-aspartic acid protease (caspase) family that 

plays a dominant role in the apoptotic signaling pathway and to regulate cellular apoptosis. The most important 

substrate of caspase3 is poly (ADP-ribose) polymerase1 (PARP-1) which is responsible for DNA repair and 

programmed cell death and the cleavage of caspase3 during the early stages of apoptosis into 29 and 85-KDa 

fragments. This cleavage is responsible for tumor repopulation in apoptotic tumor cells. The changes in the 
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expression of caspase3 is related to the prognosis and tumorigenesis of many malignancies including breast cancer 
[37]. 

Regarding apoptosis, the treated SEC bearing mice with 5FU demonstrated notable rise in caspase3 levels, these 

results were in accordance with Ponce-Cusi and Calaf [38]who proved the apoptotic activity of 5FU in BC cell 

lines through decreasing the H-ras gene and protein expression, Rac-1 protein expression and Rho-A gene and 

protein expression which resulting in profound changes in cancerous cell phenotype as resistance to apoptosis and 

their adaptive ability to the surrounding environment. 

Zhang et al. [39] have revealed that the treatment of gastric cancer cells with 5FU has markedly increased cellular 

apoptosis which enhanced by the knock down of PHGDH, down regulation of mRNA and protein levels of Bcl-

2 and up-regulation of Bax and caspase3 levels. 

Ki67 is a nuclear protein associated with cellular proliferation. It is expressed in S, G1, G2 and M phases of cell 

cycle but is non existing in G0. It shows low levels of expression (<3% of cells) in normal breast tissue and ER-

negative cells [40]. 

Ki67 provides predictive data regarding the response and prognosis of BC patients receiving neoadjuvant 

treatment. It could help in the selection of patients who are unable to be treated by chemotherapeutic agents as 

those with HER2-gene negative and hormone receptor negative with low proliferation index [41]. 

Regarding proliferation, in the current study, treated SEC bearing mice with 5FU demonstrated notable decline in 

immunohistochemical ki67 expression as compared with untreated SEC bearing mice received vehicle. 

In this context, the results of the present study are in harmony with Cancello et al.[42] who evaluated the ki67 

expression with significant decrease post chemotherapeutics versus pre-chemotherapeutics and with Matsubara et 

al. [43] who defined the ki67 expression changes as a prognostic marker regardless of cancer subtype. Also, Sheri 

et al. [44] and Cabrera‐Galeana et al. [45] who evidenced that patients without decrease in ki67 expression after 

chemotherapy had serious prognostic outcomes, more liable recurrence and mortality. 

Angiogenesis is implicated in a wide range of healthy and diseased conditions. It is responsible for facilitating the 

outgrowth of endothelial cells, vasodilatation and increase vascular permeability [46]. 

Mercurio et al. [47] has reported that VEGF roles in BC are not limited to angiogenesis only but also the VEGF 

signaling in cancer cells increase the cellular ability to evade apoptosis and increase tumor invasiveness and 

metastases. 

Grimm et al. [48] and Madu et al. [49]  have documented that the targeting of VEGF or hypoxia inducible factors 

(HIFs) have been considered an important treatment option for several malignancies including BC. 

Regarding angiogenesis, the treated SEC bearing mice with 5 FU in the present study showed significant reduction 

in the immunohistochemical VEGF expression versus the untreated SEC bearing mice received vehicle. These 

results are in accordance with previous study of Jahani et al. [50] who revealed that 5FU mediated antiangiogenic 

effects on endothelial cells which were evidenced by the inhibition of NF-ƙβ a hyper activated pathway in most 

cancer cells with consequence down regulation of MMP-2,9 and VEGF expression. 

Sitagliptin is a highly selective oral DPP-4 inhibitor that increases the bioavailability of GLP-1. It is also known 

with its anti-inflammatory and immunoregulatory properties [51]. 

Several studies have revealed its cytoprotective properties through attenuating oxidative stress and improving 

mitochondrial dysfunction [52]. Based on all the afore mentioned premises, the inhibition of DPP-4 has been 

suggested to be of potential benefits for patients with breast cancer to modulate the chemotherapeutic anticancer 

activity and possess cytoprotective effects. 

In the current study, the SEC bearing mice treated with free sitagliptin demonstrated notable decline in end tumor 

volume, non-significant changes in MDR-1 tissue levels, significant increase in caspase3 tissue levels, significant 

increase in GSH and significant decrease in MDA tissue levels, non-significant increase in tissue necrosis 
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percentage, significant decrease in ki67 tissue expression and significant decrease in VEGF tissue expression. 

These results substantiated that sitagliptin has anti-cancer properties. 

In this context, the result of this study is in line with Hollande et al. [53] who observed the significant reduction of 

tumor growth and small tumor masses in mouse models of hepatocellular, breast and prostatic carcinomas when 

the intratumoral DPP-4 activity was inhibited with sitagliptin. 

According to Chu et al. [54], sitagliptin is a substrate of hOAT-1, OATP4C1 and MDR1 transporter proteins at 

renal proximal tubules cells. They also indicate that sitagliptin is not a perpetrator of drug-drug interactions with 

P-gp, hOAT-1 or 3 substrates. 

The obtained results are in agree with Kosowska et al. [55]who reported that sitagliptin modulated the production 

of apoptotic proteins and reduce the synthesis of proteins involved in metastatic process in ovarian cancer cell 

lines and with Sarkar et al. [56] who documented the apoptogenic behavior of sitagliptin in MCF7 breast cancer 

cell line and HepG2 liver cancer cell lines through the increased activity of caspase3 in both cell lines. 

The results of the present study substantiated the idea that sitagliptin has antioxidant properties in BC tissue. these 

results are in accordance with Salah et al. [57] who revealed that sitagliptin demonstrated notable decline in MDA 

levels and significant increase in total antioxidant capacity (TAC) in SEC bearing mice. 

Also, Khedr et al. [58] have proved the antioxidant effects of sitagliptin which were evidenced through the reduction 

of NOX-2 pro-oxidant enzyme levels, increased levels of SOD enzyme and declined levels of MDA the lipid 

peroxidation marker. 

The present work substantiated the idea that sitagliptin has antiproliferative effects which was detected through 

the decreased expression of the nuclear protein ki67immune staining. These results are in line with Abd El-Fattah 

et al. [59] who documented the downregulation of ki67 mRNA expression in NDEA induced HCC treated with 

sitagliptin. 

Zheng et al. [60] have proved the role of exosomal DPP4 in the angiogenesis induction by increasing the expression 

of periostin and activation of Smad signaling pathway indicating that DPP4 may be a promising anti-angiogenic 

targeted therapy and prognostic biomarker in cancer colon. 

In the present study regarding the anticancer effects, the treated SEC bearing mice with either sitagliptin PLGA 

NPs or sitagliptin niosome NPs versus treated SEC bearing mice with free sitagliptin showed nonsignificant 

decrease in end tumor volume, nonsignificant decrease in MDR-1 tissue expression, significant increase in tissue 

caspase3, nonsignificant changes in GSH and MDA tissue levels, nonsignificant increase in tissue necrosis 

percentage and nonsignificant decrease in immune stained ki67 and VEGF tissue expression  

To our knowledge, this is the first study to investigate the potential anti-cancerous effects of the combination 

therapy of 5FU and sitagliptin comparing with the effect of 5FU monotherapy. 

Regarding their anticancer effects, the treated SEC bearing mice either with 5FU+ free sitagliptin, 5FU+ 

sitagliptin-PLGA NPs or 5FU+ sitagliptin-niosome NPs demonstrated notable decline in end tumor volume, 

significant increase in MDR-1levels, significant increase in caspase3 levels, significant increase in GSH and 

significant decrease in MDA levels, significant increase in the necrotic area percentage and significant decrease 

in the expression of immune stained ki67 and VEGF versus the SEC bearing mice treated with 5FU alone. 

The significant increased levels of tumor tissue MDR1 and caspase3 were in accordance with Sakaeda et al.[61] 

and Buda et al. [62] who documented that the rapid upregulation of MDR1 mRNA was acellular protective 

mechanism against the increased apoptotic stimuli. 

Nephrotoxicity is one of the most disrupting cytotoxic consequences of 5FU therapy. One of the aims of designing 

this study was to facilitate patients’ adherence to 5FU in BC chemotherapy by preventing its nephrotoxic effects 

using sitagliptin. 

In current study, it has been demonstrated that nephrotoxicity was indicated by elevated serum levels of BUN and 

creatinine in treated SEC bearing mice with 5FU as compared with untreated SEC bearing mice received vehicle 
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and these results were reflected to the histopathological examination of the kidney that showed renal tubular 

dilatation, tubular epithelial degeneration, chronic inflammatory cells infiltration and necrosis. This was in 

accordance with Famurewa et al. [63] who demonstrated the capability of 5FU to induce nephrotoxicity through 

the activation of oxidative stress, pro-inflammatory and caspase dependent apoptosis which was evident by 

elevated serum urea and creatinine levels. 

Adikwu et al. [64] have reported that in addition to the alternation in serum renal function markers, the kidney 

redox state was also impaired which was evidenced by increase in MDA levels and decrease in CAT, SOD and 

GSH levels in renal tissue. These findings indicate the role of oxidative stress which affects the kidney ability to 

scavenge and neutralize free radicles predisposing it to various assaults. 

In the current study, the treated SEC bearing mice with either sitagliptin free, sitagliptin PLGA NPs or sitagliptin 

niosome NPs showed non-significant changes in BUN and serum creatinine levels versus either normal control 

group or untreated SEC bearing mice received vehicle.  

The treated SEC bearing mice with 5FU+free sitagliptin, 5FU+ sitagliptin-PLGA NPs or 5FU+ sitagliptin-

niosome NPs demonstrated notable decline in serum BUN and creatinine levels versus treated SEC bearing mice 

with 5FU alone indicating the nephroprotective effects against 5FU-induced nephrotoxicity. These results were 

reflected to the histopathological findings that showed that sitagliptin ameliorated the glomerular and tubular 

damage induced by 5FU. 

Loading sitagliptin either on PLGA or niosome NPS improved its nephroprotective properties which was 

evidenced by the significant decrease in serum BUN and the decrease in serum creatinine that was non-significant 

and histopathological findings versus free sitagliptin when combined with 5FU. 

Sitagliptin niosome NPs showed better nephroprotective effects evidenced by significant decrease in serum BUN 

levels compared to sitagliptin PLGA NPs and improved the kidney histopathological findings as it showed 

normally shaped glomeruli and few atrophic glomeruli surrounded by normally shaped tubules focal hyalinization, 

no inflammation or necrosis. 

The improvement of renal parameters by nano formulations may be due to improving the plasma level and stability 

of sitagliptin, thus need to be verified by further investigations. 

 

Conclusions: 

The addition of sitagliptin to 5FU in BC therapy showed encouraging results regarding magnitude its anticancer 

effects evidenced by decreased end tumor volume through augmenting its apoptotic, antioxidant, antiproliferative 

and antiangiogenic effects in SEC cells. Sitagliptin also possess nephroprotective effects evidenced by improving 

the renal parameters serum BUN and creatinine. The loading of sitagliptin on PLGA or niosome NPs improved 

its apoptotic properties in SEC cells and augment free sitagliptin nephroprotective effects. 

Finally, the result of this study recommends the adjuvant use of sitagliptin with 5FU in BC therapy which could 

improve the anticancer effects and attenuates disrupting nephrotoxicity. However, these results have to be verified 

by further animal studies for longer duration and human clinical. Also, in-vitro investigations have to be conducted 

on sitagliptin nano formulations as a treatment modality.  
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