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Abstract 
This study was undertaken to investigate the role of gallic acid in attenuating 

hyperglycemia and inhibiting bacterial adhesion to bladder epithelial cells in induced 
diabetes and urinary tract infection in rats. Diabetes was induced in rats by intraperitoneal 
injection of alloxan. Blood glucose levels were measured daily and glucose levels of >250 
mg/dl was considered as positive for diabetes initiation. Bladder infection was induced by 
transurethral catheterization of Escherichia coli. Gallic acid was administered orally at a 
dose of 2.5,5 and 10 mg/kg and compared with a control group and a group administered 
ciprofloxacin orally (7.2 mg/kg). Blood glucose level was measured after induced E.coli 
infection in the rats of each group then the rats were sacrificed and the bladders were taken 
for histopathology and for the determination of adhesion of E.coli to bladder epithelium. 
The study demonstrated that gallic acid at concentrations of 2.5, 5 and 10 mg/kg 
significantly (P ≤0.05) reduced elevated blood sugar and inhibited the adhesion of E.coli to 
bladder epithelial cells compared to controls. Histological changes revealed decrease in 
severity of acute inflammation and edema with decreased number of neutrophils invading 
epithelial cells compared to diabetic group. 
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 فيها مرض ةالمستحدثفي الجرذان  تصاقومنع الال فرط سكر الدمحمض الكاليك في خفض  ةفعالي
 ةلسكري والتهاب المجاري البوليا

 يسردار نور و  سعيد شذى زكر ،عمي محمد القادر عبد نضال

 أربيل/ ةهولير الطبي ة/ جامعالطب ةكمي
 الخلاصة

تصممياذاسث مممممت ذعذالاسمتنممذاسمم  زذ مم كذفلمفمممذفمملذبحممعذ ممرذ م ذحتمملذاسفيسخمم ذ ممم ذ سلذةصممتتهذهمملدذاس  ا مم
تمم لذتمم ذا ممتح اعذذ.ة خرمميذتمم لذاس ممف هذماسترممييذاستثممي هذاسبمسخممذة مم ذاسثمم لارذاست ممتح مذةسلتمينممذةبيس لاخمميذاساري خمم

زذ مم ذاسمم  ذخمتخمميذمتمم ذا تبممي ذمذالاسمف مميرذ ممرذك خمماذاسب ختمممر.ذىممخكذت ممتم ذاسفلمفممذةتممي ذبإ كيئرممياس ممف هذ مم ذاسثمم لارذ
 مرذك خماذذة م ذاستمينمذةالإصميبذا متح اعذ.ذتم سحم معذاس مف هذةإشمي ذسختم ذ   م /ذتلغم ذ250فم ذتمرذسفلمفمزذاتم ذات 

ذ5ذ،2.5 ممرذك خمماذاسفمم ذمبث  ممةذذحتمملذاسفيسخمم ذإ كممي تمم ذذ.الإحلخمم تممرذ مملا ذذةالاخشممخ خفخيذاسلمسمنخممذةتمممذت مم خيذث م
ذةاس ب م لمف ي ممخرذبث  ممذ لممي ذأ كخممهذةمتثتم ممذة ممخك ذذةفغمم ذتممرذمزرذاسث مم ذمتمم ذتلي نترمميذتممعذتثتم ممذ/تلغمم ذ10م

تم ذىتم ذذمبت ئملذةلذ م ذاستثميتخعذاست تلفم م ذفم ذثم ذذةالإصميبفغم .ذتم ذىخميكذت متم ذاسفلمفممزذبتم ذا متح اعذذ/تلغ ذ2.2
ذةاستلتصملذةالاخشمخ خفخيذاسلمسمنخمذةتممذ م  ذث مذةستت  مذةت ذثتعذاس لاخميذاساري خمسلتلكخعذاسن خث ذمذذةستميناذهمأ لاسث لارذ
ذ فملذتتنمخمميفغم ذ/ذتلغم ذ10مذ5ذ،2.5تكم ذبث  مةذارذحتملذاسفيسخم ذاستذةاس  ا مذأارم هذ.ةسلتمينمذةيذاساري خمبيس لاخم

ذةبتثتم ممممذةتلي نممممذةبيس لاخمممميذاساري خممممذةالاخشممممخ خفخيذاسلمسمنخممممذةتمممممذمممممبكذاستصممممياذث ممذذ0.05بت ممممتم ذذ مممم كذثلمفمممممزذاسمممم  
ا مم ا ذذتممعذتنميى ذرميب الاستذل ماسممذذلاسترمييذاسحممي حم ةذا مم ذتنميى ذذةاستغخخم اهذاسن ممخثخ حمصميهذنتمميئ ذذبخنمه.ذةاس مخك ذ

ذاس ف ه.ذت لذ خريذةاست تح مذةتعذتثتم ذةتلي نذةسلتمينذةاست ذاثتيحهذاس لاخيذاساري خ لاخيذاس  ذاسبخضي ذاست سةذ
ذ.الاستصياة،ذاس لاخيذاساري خذة،الاخشخ خفخيذاسلمسمنخذ،  كذفلمفمزذاس  ذ،حتلذاسفيسخ  :ةالمفتاحيالكممات 
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Introduction 
Diabetes mellitus (DM), together with its various complications, is becoming a serious 

threat to human health. DM is a metabolic disorder characterized by hyperglycemia 

resulting from defects in insulin secretion, action or both leading to cardiovascular diseases, 

and renal failure (1). It is widely accepted that hyperglycemia generates reactive oxygen 

species (ROS) which in turn contribute to pancreatic cell or tissue damage and dysfunction 

both in type 1 and 2 diabetes (1, 2, 3). Patients with diabetes mellitus are at increased risk 

of infections, with the urinary tract being the most frequent infection site. Factors that 

enhance risk of urinary tract infections in diabetic patients are poor metabolic control, 

impairments in the immune system and incomplete bladder emptying due to autonomic 

neuropathy (4, 5). These infections are mostly caused by resistant pathogens and often 

diabetic patients experience chronic or recurrent urinary tract infection that are resistant to 

antimicrobial agents (6, 7, 8). Adhesion is necessary for E.coli to bind to uroepithelial cells 

(9). This process occur through expression of particular virulence factors that specifically 

enhance their ability to cause infections of the urinary tract. These factors include numerous 

fimbriae (called adhesins) that diffuses on bacterial cell surface, enable the bacteria to 

recognize host receptors, attach to the urinary tract mucosa and trigger signals to start the 

disease process (9, 10). Therefore, interference of these virulence factors is an attractive 

approach to manage bacterial infection (10). The use of natural products is stepping up in 

diabetic patients, and continuous search for compounds with hypoglycemic effects, along 

with management of diabetic complications is receiving more attention (11). Gallic acids 

(GA) is a compound of plant origin, commonly found as free or bound form in tea, nuts, 

fruits, beverages and spices  (.21 ) GA has been shown to possess various pharmacological 

activities such as antioxidant, anti-inflammatory, antimicrobial, and anti-cancer activities 

(12, 13, 14). Gallic acid, as derivatives of phenolic acid is known to be toxic to micro-

organisms as bacteria, fungus and viruses and many studies showed that the use of gallic 

acid provides an economic approach in the treatment of microbial infections (15, 16, 17). 

Researches focused on interference of bacterial adhesion by medicinal plants in in vitro, 

and in vivo studies and clinical trial of antiadhesive effects of cranberry fruit on 

uropathogenic E.coli are recommended (18). Diabetic patients with recurrent urinary tract 

infection fails to respond to conventional antimicrobial agents. Therefore, this study was 

intended to investigate the hypoglycemic activity of gallic acid and the anti-adhesion of E. 

coli to urinary epithelium in diabetic-induced rats. 

Materials and Methods 
Female albino rats (n=30) with body weight between 200-250 gram were used in the 

experiment. Pellets for rats feeding and water were available add libitum and they were 

kept in plastic cages at room temperature of 20-25
°
C. The rats were divided into two 

groups; Group A (5 rats) was considered control non-diabetic non-treated group received 

only distilled water and group B (25 rats) was considered diabetics. Group B rats were 

fasted for 12 hours thereafter injected IP with freshly prepared alloxan monohydrate in 

distilled water once daily at a dose rate of 135 mg/kg for 7 days (19). Blood glucose level 

was measured daily with a glucometer using blood sample from the tail vein of the rats 

after two hours of the IP injection of alloxan to monitor induction of hyperglycemia for a 

period of one week. Blood glucose levels of >250 mg/dl was considered positive for 

diabetes initiation (19). Group B was subdivided equally to 5 subgroups. Subgroup 1, 

considered diabetic-infected, non-treated received only distilled water. The second, third 
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and fourth subgroups were considered diabetic treated groups administered gallic acid 

orally daily either at dose of 2.5, 5, 10 mg /kg respectively and the fifth subgroup was given 

ciprofloxacin orally at 7.2 mg/kg. Bladder infection was induced according to the method 

of (20). The rats were anesthetized by IP injection of a mixture of ketamine (100 mg/kg) 

and xylazine (35 mg/kg). Thereafter the urethral region was disinfected with alcohol (70%) 

and one milliliter of bacterial suspension containing 1×10
6
 Escherichia coli prepared 

freshly in phosphate buffer from an overnight broth was infused slowly into the bladder of 

the anesthetized rats using a blunt slightly bent needle over 30 seconds period. Urine 

samples were collected after 72 hours of infection from each rat by gentle massage and 

pressing bladder region and examined for bacteriuria and cystitis by culturing on 

MacConkey agar for confirmation of infection. After, 18 hours of confirmed urinary 

infection, gallic acid was administered orally at a dose of either 2.5, 5, 10 mg/kg to the 

treatment groups once daily. Doses of gallic acid were chosen according to in vitro 

susceptibility testing of antimicrobial activity and MIC of gallic acid against E.coli ATCC 

252922 performed prior to experimental infection according to Clinical and Laboratory 

Standards Institute (21). After one week of gallic acid administration, blood glucose levels 

were measured, then bladder epithelial cells were scratched from three rats, placed onto 

clean slides, fixed with alcohol and stained with methylene blue and processed for the 

determination of E.coli adhesion to the bladder epithelium by counting the number of E.coli 

attached to 50 epithelial cell according to the method of (22). The urinary bladder was 

excised from the remaining two rats of each group for histopathology, fixed in 4% neutral 

formaldehyde, embedded in paraffin blocks. The sections (4-5 μm) were stained with 

Hematoxylin and Eosin, and were analyzed for histopathological studies. Statistical 

analysis was performed using the SPSS software (Version 20 for windows). Differences 

between groups were analyzed by one-way analysis of variation (ANOVA). A P value of 

0.05 was considered statistically significant differences. 

Results 
The mean blood glucose levels in normal control and all experimental groups are 

shown in (Table 1). 
   

Table (1) Mean concentration of blood glucose (mg/dl) and % adhesion of E.coli to 

bladder epithelial cells of rats in different experimental groups 

Group 
Control/ 

non diabetic 
Diabetic 

Gallic acid Ciprofloxacin 

2.5 mg/kg 5 mg/kg 10 mg/kg 7.2 mg/kg 

Glucose ± 

SD 

116.8 ±5.2 

a 

193±3.2 

b 

133.8±8.5 

c 

122.6±9.3 

ad 

118.8±4.7 

ad 

189.2±6.4 

be 

Adhesion± 

SD 
- 

100 

a 

69 

b 

43 

c 

36 

d 

8 

e 

Different letters indicate statistical differences at P≤ 0.05 between groups 

There was a significant (p≤0.05) increase in the mean blood sugar level in the diabetic 

group rats compared to the normal control group (Table 1). Gallic acid at doses of (2.5, 5 

and 10 mg/Kg) showed a significant (p≤0.05) decrease in mean blood glucose levels 

compared to diabetic group. The mean blood glucose levels of diabetic rats administered 

gallic acid at 5 and 10 mg/kg were statistically not significantly (P>0.05) different than 

those of control non-diabetic group however, there was a statistical significant (p≤0.05) 

differences between the mean blood glucose levels of control group and diabetic rats 

administered gallic acid at 2.5 mg/kg. Although the mean blood glucose levels of 

ciprofloxacin-treated diabetic rats was significantly (P≤0.05) higher than the controls 



Al-Anbar J. Vet. Sci., Vol.: 9 No. (1), 2016                                         ISSN: 1999-6527 

 

52 
 

however, it was statistically not significantly (P>0.05) different than those in the diabetic 

rats. Adhesion of E.coli to bladder epithelial cells, was significantly (p≤0.05) reduced after 

administration of gallic acid at doses of 2.5, 5 and 10 mg/kg and ciprofloxacin compared to 

diabetic infected not-treated rats (Table 1). Histopathological changes (Fig. 1) revealed in 

group A (Non-diabetic non-infected); normal morphology with no inflammatory change. 

While in group B, changes were according to subgroups: In subgroup 1 (Diabetic non-

treated) showed severe acute inflammation, severe edema, mixed inflammatory cells 

infiltration mainly neutrophils invading epithelial layer. In subgroups 2, 3 and 4 (Diabetic 

gallic acid treated): with increasing dose of gallic acid, a decrease in severity of acute 

inflammation and edema with decreased number of neutrophils invading epithelial cells 

were observed. While in subgroup 5 (Diabetic ciprofloxacin treated); mild-moderate edema 

and few mixed inflammatory cells infiltration with no neutrophil invading epithelial layer 

were observed. 

 
Fig. (1) Histopathological changes in urinary bladder of rats showing normal 

transitional epithelium and stroma in group A (Control). In group B (Diabetic); 

severe acute inflammation. Group B (Diabetic gallic acid treated); increasing dose of 

gallic acid (GA) decreased features of inflammation C, D and E. Mild inflammation in 

diabetic Ciprofloxacin treated group, F. 
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Discussion 
The use of natural antioxidants in controlling hyperglycemia and prevention of 

oxidative damage are important strategies in preventing diabetes and its complications (23). 

The significant (P≤0.05) reduction in blood sugar levels by 30.7, 36.5 and 38.9% after 

administration of gallic acid at 2.5, 5 and 10 mg/kg respectively compared to diabetic rats 

reveals that gallic acid had improved the glycemic effect induced by alloxan. This 

hypoglycemic effect produced by gallic acid was demonstrated to be through stimulating 

the glucose uptake of cells by inducing GLUT4 translocation to the plasma membrane in 

Akt-independent manner and also by its anti-apoptotic and insulin secretagogue activity 

(24, 25). The reduction of severity of histopathological findings in gallic acid treated 

groups compared to diabetic group reveals an improvement in ameliorating the deleterious 

effects of hyperglycemia induced by alloxan (4, 12, 14). Concerning ciprofloxacin-treated 

diabetic rats, although the mean blood glucose levels was significantly (P≤0.05) higher than 

the controls however, the hyperglycemic state remained not significantly (P>0.05) different 

than those in the diabetic rats. This result may indicate that either ciprofloxacin did not had 

effect on hyperglycemic status in the rats or may have a role in maintaining the 

hyperglycemic status since ciprofloxacin found to produce hyperglycemia by blocking the 

closure of the insulinotropic effect of K/ATPase channel and also induces depletion of 

intracellular magnesium that can lead to insulin resistance in diabetic patients (26, 27). 

Furthermore, ciprofloxacin at recommended doses shown to induce oxidative stress and 

affect mitochondrial function (28) which most likely attributed to the maintenance of the 

hyper-glycemic state in the ciprofloxacin treated diabetic rats and coincide with the 

histopathological findings in bladder sections (27, 29). Fluoroquinolones are usually 

recommended for the treatment of many systemic infections in diabetic patients, therefore, 

their use in patients with diabetes should ideally be carefully watched (28, 29). The interest 

in antimicrobials derived from natural sources has increased in the last years due to the 

accepted safe status of these compounds (30). The antimicrobial activity of gallic acid 

found in this study is in accordance with others that found gallic acid is effective against 

E.coli, P. auroginosa, P. mirabilis, Salmonella spp, S. aureus, M. tuberculosis, H. pylori 

and candida (31, 32, 33). The mechanism proposed for the antimicrobial activities of gallic 

acid is irreversible changes in bacterial cell membrane by generating hydrogen peroxide 

leading to changes in cell surface hydrophobicity and charge, ultimately causing leakage of 

essential intracellular constituents’ cytoplasmic content including calcium ions (34). 

Adhesion of E.coli to bladder epithelial cells was reduced by 31, 57 and 64% after 

administration of gallic acid at 2.5, 5 and 10 mg/kg respectively which could be related to 

its toxic activity against bacteria that resulted in decreased bacterial adhesion along with its 

ability in inhibiting the fimbriae or the adhesins that diffuses on cell surface of E coli which 

are necessary for the binding of E. coli to bladder epithelial cells thus inhibiting these 

mediators of urinary tract infections. These effects was proposed to be through the ability 

of gallic acid to inhibit bacterial growth, motility and bacterial-surface free energy of 

adhesion thus restricting the ability of E.coli to adhere to bladder cells (15). Moreover, 

gallic acid have been reported to interfere with bacterial quorum sensing, i.e., the 

production of small signal molecules by bacterial cells of E. coli that trigger the exponential 

growth of a bacterial population thereby preventing adhesion and biofilm formation (15, 30, 

35). The significant (P≤0.05) reduction of E. coli adhesion to bladder epithelial cells by 

ciprofloxacin is reported to be due its ability to induce oxidative changes in E. coli, which 
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ultimately cause distortion of plasma membrane and inhibit bacteria to initiate infection and 

inducing vacuolation of the internal components of the bacteria (36, 37). In conclusion; the 

hypoglycemic effect and inhibition of bacterial adhesion to bladder epithelial cells in this 

study through a light about necessity for designing further experimental investigations 

about the safety of therapeutic application of gallic acid and ciprofloxacin in improving 

diabetic status and for the treatment of lower urinary tract infection associated with 

diabetes. 
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