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Abstract 
Purpose: To determine the anti-diabetic effect of a monoamine oxidase inhibitor (tranylcypromine) in 
sulphonyl urea-refractory rats with poorly-controlled blood glucose levels.  
Methods: Alloxan-induced diabetic Wistar rats were assigned to two groups (30 rats/group). One group 
received glibenclamide at a dose of 0.6 mg/kg, while the other group was given monoamine oxidase 
inhibitor (tranylcypromine) at a dose of 5 mg/day. The two groups were treated for 2 weeks. Blood 
samples were collected at baseline (before treatment) and at the end of treatment for determination of 
plasma glucose (fasting and fed), hemoglobin A1c, lipid profiles (serum total cholesterol, very-low-
density lipoprotein, low-density lipoprotein, high-density lipoprotein and triglycerides); oxidative stress 
parameters (anti-oxidant enzymes), insulin levels, and some hepatic enzymes of glucose metabolism.  
Results: Monoamine oxidase inhibitor treatment resulted in significant decrease in the levels of blood 
glucose, HbA1c, and lipid levels from baseline, relative to glibenclamide (p < 0.05). Greater 
improvements in oxidative stress biomarkers (glutathione and superoxide dismutase), insulin levels and 
hepatic enzymes of glucose metabolism were observed in monoamine oxidase inhibitor group than in 
glibenclamide group (p < 0.05). Oxidative stress was significantly inhibited by monoamine oxidase 
inhibitor via increases in glutathione (GSH) level and superoxide dismutase (SOD) activity, when 
compared to glibenclamide (p < 0.05).  
Conclusion: These results suggest that monoamine oxidase inhibitor may be a better treatment option 
for diabetes than glibenclamide. 
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INTRODUCTION 
 
Diabetes mellitus (DM) is one of the most 
common forms of metabolic disorder which is 

characterized by increased blood sugar levels in 
the fasted and fed states, decreased levels of 
insulin, insulin sensitivity/resistance, and 
comparative absence of insulin [1-3]. The 
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incidence of Type 2 DM (T2DM) and its 
associated financial burden have been 
increasing at alarming rates [4]. There are 
several modalities for management of T2DM, the 
most common of which involves the use of 
metformin and sulfonylurea class of drugs [5-8].  
 
Metformin is usually used for overweight or 
obese patients. It is safe, since it lowers blood 
sugar level without causing hypoglycemia for 
obese patients with sedentary lifestyles. 
Metformin belongs to biguanide class of anti-
diabetic drugs which significantly decrease 
hepatic turnover of glucose. The sulphonyl urea 
class of drugs is most commonly used for 
patients who lack insulin sensitivity, and patients 
with decreased level of insulin release from B 
cells of the pancreas [8-10].  
 
Patients who fail to respond to monotherapy of 
either metformin or sulphonyl urea are subjected 
to combination therapy using metformin and 
sulphonyl urea class of drugs, in addition to 
lifestyle modifications, for effective glycemic 
control. Currently, other classes of anti-diabetic 
drugs are in use. These include alpha-
glucosidase inhibitors which lower postprandial 
glucose levels, thiazolidinedione which increase 
insulin sensitivity, thereby preventing resistance 
to oral treatments, and GLP-1 receptor agonists 
which improve blood glucose levels, with less 
risk of weight gain and hypoglycemia. Insulin 
therapy (via injection) is recommended for T2DM 
patients who fail to respond to oral anti-diabetic 
therapy [11-15]. 
 
Each treatment has its own limitations, either in 
terms of safety concerns or convenience. 
Effective management of diabetes mellitus 
requires different treatment modalities. Multiple 
drug combinations have been advocated, 
although these may cause additional safety 
concerns due to multiple drug use, apart from the 
problem of extra financial burden [5-9]. The 
agents that improve glycemic control along with 
lowering of blood lipid levels and blood pressure, 
could also significantly improve morbidity and 
mortality. Thus, there is need for effective 
therapy that has fewer side effects, with 
balanced risk-benefit to T2DM patients, while 
effectively ameliorating diabetes-induced 
complications [16-19].  
 
Recently, the blood sugar-reducing effect of 
monoamine oxidase inhibitor was observed, 
indicating its anti-hyperglycemic property. It has 
been reported that monoamine oxidase produced 
positive effects in patients with type 1 diabetes 
[14, 15]. However, the effect of monoamine 
oxidase inhibitor on sulfonylurea-refractory rats 

with poorly controlled blood glucose level has not 
been investigated. Moreover, little is known 
about the effect of monoamine oxidase inhibitor 
on HbA1c, lipid profiles, oxidative stress 
biomarkers, hepatic enzymes of glucose 
metabolism, and insulin levels. Thus, the present 
study was designed to determine the effect of 
monoamine oxidase inhibitor on sulfonylurea-
refractory rats with poorly-controlled blood 
glucose levels.  
 
EXPERIMENTAL 
 
A total of 60 male adult Wistar rats weighing 200 
to 250 g were equally allocated 2 groups. One 
group was given glibenclamide at a dose of 0.6 
mg/kg, while the other group received 
monoamine oxidase inhibitor (tranylcypromine) at 
a dose of 5 mg/day. All experiments were 
performed after prior ethical approvals from the 
Animal Committee of Zhejiang University 
(approval no. EC-A-ZU/184/19DZ-2019). The 
CPCSEA guidelines were followed for animal 
care in all the study-related procedures [20]. The 
rats were kept in quarantined cages with 12-h 
day/12-h night light cycle, and were allowed 
access to feed and water as and when required. 
The study protocol used in this investigation was 
approved by the Animal Ethics Committee of the 
Zhejiang University Shengzhou Branch), 
Zhejiang. The rats were treated for 2 weeks (14 
days).  
 
Blood samples were collected at baseline (before 
treatment) and at the end of treatment. The blood 
samples were collected from the rats via the 
saphenous vein using a 20-guage needle. 
Plasma levels of glucose and HbA1c were 
determined using auto-analyzer. Moreover, 
changes in lipid profiles (TC, VLDL, LDL, HDL 
and TGs); oxidative stress biomarkers 
(antioxidant enzymes), and insulin levels were 
determined. The activities of hepatic enzymes of 
glucose metabolism, as well as liver and kidney 
biomarkers were also assayed. Diabetes was 
induced in fasted rats via intraperitoneal 
administration of alloxan at a dose of 70 mg/kg. 
Alloxan-induced diabetes was tested after 24-72 
h of alloxan administration. Each rat was 
sacrificed by decapitation, and blood sample was 
collected from the saphenous vein, centrifuged 
and kept at −80 °C prior to assays. Body weight 
was also recorded before and after treatment. 
 
All blood samples were promptly centrifuged for 
at least 10 min at 1500 g at 4 ºC. The serum 
samples were separated and kept frozen at −80 
°C until used. Laboratory investigations were 
carried out at the same laboratory using an auto-
analyzer. Glucose levels were estimated using 
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glucose oxidase enzymatic kits. Serum total 
cholesterol was estimated using aminoantipyrine 
enzymatic (AAE) method. In addition, HDL level 
was estimated using AAE method after 
precipitation of LDL. Triglycerides (TGs) were 
estimated using the glycerol-3-phosphate AAE 
method. Serum LDL-cholesterol level was 
calculated with the Friedewald method. 
Hemoglobin A1C (HbA1c) was measured using 
commercial kit. Insulin level was measured using 
ELISA kits. The liver of each rat was excised and 
homogenized in buffer. The homogenate was 
centrifuged for at least 1 h at 100,000 g, and the 
supernatant was used for the assay of glucose-6-
phosphatase, malic enzyme and 
phosphoenolpyruvate carboxykinase. The 
antioxidants i.e. reduced glutathione (GSH), and 
SOD was measured using nitroblue tetrazolium 
(NBT) test, spectrophotometrically at 415 nm. All 
assays were carried out in the same laboratory in 
order to avoid inter-laboratory variations in 
results. 
 
Statistical analysis 
 
No formal sample size was calculated since the 
present investigation was a preliminary one. 
However, at least 15 rats in each group were 
planned to include in this study. Comparison of 
quantitative and qualitative data was done using 
Student t-test or Mann–Whitney test or Chi-
square or Fisher exact test.  Non-normal data 
were analyzed using non-parametric test; 
whereas normal data were analyzed using 
parametric test. Values are expressed as Mean ± 
SD, otherwise stated. Statistical analysis was 
performed using SPSS 25.0 software. Statistical 
significance of difference was assumed at p 
˂0.05. 
 
RESULTS 
 
At baseline, there were no significant differences 
between the two groups with respect to gender, 
bodyweight, HbA1c, lipid profiles (serum TC, 
VLDL, LDL, HDL and TGs), and plasma blood 
glucose levels (fasting and 2 h postprandial). 
These results are shown in Table 1. 
 
The baseline clinical characteristics were 
comparable between both treatment groups. 
After2 weeks of treatment, there were marked 
decreases in levels of blood glucose, HbA1c and 
lipids in both groups (p < 0.05). However, the 
reductions in levels of blood glucose, HbA1c and 
lipids were significant greater in the 
tranylcypromine group than in glibenclamide 
group after 2 weeks of treatment (p < 0.05, Table 
2). 
 

Table 1: Baseline clinical characteristics 
 

Characteristic 
Test 
(n =15)

Control 
(n=15) 

P 

Sex, M/F (%) 64/36 61/39 >0.05
Weight (g) 215±12.4 238.8±4.6 >0.05 
HbA1c (%) 7.8 8.1 >0.05
HbA1c (mol/mol) 1.5±0.7 1.4±0.9 >0.05 
FBG (mmol/L) 1.5±0.7 1.4±0.9 >0.05
FBG (mg/dL) 1.9±0.3 1.7±0.5 >0.05 
Values are expressed as mean ± SD, otherwise 
stated. Un-paired t test for numerical data, Fisher 
exact test for categorical data. (Test: tranylcypromine 
(5 mg/day); Control: glibenclamide (0.6 mg/kg) 
 
Table 1: Blood glucose levels (in fasted and fed 
states), HbA1c, lipid profiles (serum TC, VLDL, LDL, 
HDL and TGs) after 2 weeks of drug treatments 
 

Parameter 
Test 

(n=15) 
Control 
(n=15) 

P-
value 

Blood glucose levels (mg/dL) 

Fasting 113.3±3.13 136.2±2.11 <0.05 
Fed 165.2±7.16 197.1±6.13 <0.05
HbA1c (%) 6.2±0.21 7.7±0.74 <0.05 
Lipid profiles (mg/dL)
Serum TC 206.2±3.14 236.5±3.02 <0.05 
VLDL 153.0±4.13 172.9±5.21 <0.05 
LDL 132.3±4.5 141.5±3.14 <0.05
HDL 41.3±3.3 30.2±1.13 <0.05 
Values are expressed as Mean ± SD, otherwise 
stated. P-value was determined with un-paired t-test. 
Test: tranylcypromine (5 mg/day); Control: 
glibenclamide (0.6 mg/kg) 
 
At baseline (before drug treatment), levels of 
oxidative stress biomarkers (GSH and SOD), and 
insulin and hepatic enzymes of glucose 
metabolism were comparable between the two 
treatment groups. However, there were steady 
improvements in oxidative stress, insulin level 
and hepatic glucose metabolic enzymes over a 
period of 2 weeks in both groups. Within-group 
comparison showed that both treatments were 
effective. However, between-group comparison 
revealed that improvement was significantly 
higher in the tranylcypromine group than in 
glibenclamide group (p<0.005). These results are 
presented in Table 3. 
 
As shown in Figure 1, treatment with monoamine 
oxidase inhibitor resulted in improved levels of 
hepatic enzymes. At baseline (before drug 
treatment), body weights were comparable 
between the two treatment groups. After 2 weeks 
of treatment, body weight was reduced from 
baseline in both groups. However, reduction in 
bodyweight was statistically higher in the 
tranylcypromine group (-112 g) than in 
glibenclamide group (-57 g; p<0.05). Moreover, 
incidence of hypoglycemia was higher in 
glibenclamide group than in tranylcypromine 
group. This indicates that rats treated with MAO 
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inhibitor were less likely to have episodes of 
hypoglycemia than those treated with 
glibenclamide. 
 
The effects of both treatments on enzyme 
markers of liver and kidney functions were 
comparable, as shown in Table 4. 
 
DISCUSSION 
 
The present study is the first investigation 
designed to determine the effect of monoamine 
oxidase inhibitor (MAOI) on sulfonylurea-
refractory rats with poorly controlled blood 
glucose level. Little was hitherto known about the 
effect of monoamine oxidase inhibitor on HbA1c, 
lipid profiles, oxidative stress, insulin level and 
hepatic enzymes of glucose metabolism.  
 
Table 3: Comparison of levels of oxidative stress 
parameters, insulin and hepatic enzymes of glucose 
metabolism after 2 weeks of drug treatments 
 

Parameter 
Test 

(n =15) 
Control 
(n=15) 

P 

Levels of oxidative stress biomarkers 

Glutathione 
113.3±3.13 

136.2±2.1
1 

<0.0
5

SOD (U/ml) 
165.2±7.16 

197.1±6.1
3 

<0.0
5 

Insulin 
level(ng/mL) 

0.5±0.1 0.2±0.2 
<0.0
5

Hepatic glucose metabolic enzymes (U/G tissue)
Glucose 6 
phosphatase 
dehydrogenase  

5.3±0.2
4 

3.5±0.32 
<0.0
5 

Malic enzyme 
2.5±0.1
3 

1.9±0.20 <0.0
5 

Phosphoenolpyruvat
e carboxykinase 

43.3±4.
5 

56.5±4.14 <0.0
5 

Data are expressed as mean ± SD, otherwise stated. 
P-value was determined using Unpaired t test. Test: 
tranylcypromine (5 mg/day); Control: Glibenclamide 
(0.6 mg/kg) 
 

 
 
Figure 1: Percentage of rats with hypoglycemia in the 
two groups after treatment; *p < 0.05, using Fisher 
exact test. Test: tranylcypromine 5 mg/day; Control: 
Glibenclamide (0.6 mg/kg) 
 

Table 4: Blood levels of liver and kidney function 
biomarkers after 2 weeks of drug treatments 
 

Parameter 
Test 

(n =15) 
Control 
(n=15) 

P-
value 

ALT 123.1±8.3 125.3±6.1 >0.05 
AST 89.2±2.16 93.3±1.34 >0.05
ALP 230.1±12.1 237.2±2.3 >0.05 
Creatinine  0.8±0.14 0.7±0.21 >0.05
Gamma-
Glutamyl 
Transferase, 
(U/L)

12.2±2.13 13.4±3.42 >0.05 

Total protein 
(g/dlL) 

4.9.3±1.5 4.7±1.8 >0.05 

Values are expressed as Mean±SD, otherwise stated. 
P was determined using Unpaired t test. test: 
tranylcypromine (5 mg/day); control: Glibenclamide 
(0.6 mg/kg) 
 
Thus, the present study determined the effect of 
a monoamine oxidase inhibitor on these 
parameters. There is a need for alternative 
therapy with favorable risk-benefit ratio for T2DM 
patients. In the present study, the two study 
drugs were effective in decreasing levels of blood 
glucose, HbA1c and lipid. However, reductions in 
levels of blood glucose, HbA1c, lipids were 
significantly higher in rats treated with 
tranylcypromine than in the glibenclamide group 
after 2 weeks of treatment.  
 
A similar trend was observed with respect to 
levels of oxidative stress biomarkers, insulin and 
hepatic enzymes of glucose metabolism. 
However, there were significantly higher 
improvements in levels of these parameters in 
tranylcypromine-treated rats than in the 
glibenclamide-treated group. Moreover, 
monoamine oxidase inhibitor treatment 
preserved the activities of hepatic enzymes and 
protected the integrity of pancreatic β-cells. 
Indeed, it is known that treatment with 
monoamine oxidase inhibitor results in the most 
protective effect in rodent models of diabetes 
[21-23]. 
 
The results of this study are consistent with those 
obtained in previous studies on the efficacy of 
MAO inhibitor in reducing blood glucose level. 
Earlier studies on MAOI reported that 
monoamine oxidase inhibitor reduced blood 
glucose levels, indicating its anti-hyperglycemic 
effects [14-18]. The positive effect of monoamine 
oxidase has been observed in patients with type 
1 diabetes. However, the earlier studies focused 
only on the effect of MAOI on blood glucose [14, 
15]. In contrast, the present study determined the 
effect of MAO on several parameters, including 
glycemic control (HbA1c), lipid profiles, oxidative 
stress biomarkers, insulin level and some hepatic 
enzymes of glucose metabolism (glucose-6-
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phosphatase dehydrogenase, malic enzyme, and 
phosphoenolpyruvate carboxykinase). 
 
Moreover, this study addressed two main safety 
concerns of anti-diabetic drugs i.e. weight gain 
and hypoglycemia. The incidence of weight gain 
and hypoglycemia were significantly lower in 
MAOI group than in glibenclamide group. 
Moreover, tranylcypromine produced greater 
improvement in body weight than glibenclamide, 
and the incidence of hypoglycemia was higher in 
glibenclamide group than in tranylcypromine 
group. This indicates that rats treated with MAO 
inhibitor are less likely to have episodes of 
hypoglycemia than those given glibenclamide. 
The findings in the present study indicate that 
MAOI is an effective treatment option for T2DM: 
it showed low risk of weight gain and 
hypoglycemia, and greater anti-hyperglycemic 
efficacy than glibenclamide. Although the levels 
of liver and kidney function biomarkers were 
higher in tranylcypromine group than in 
glibenclamide group, the difference was not 
statistically significant. 
 
The finding of present study may not translate to 
direct clinical application, due to its pre-clinical 
nature. Thus, a randomized clinical trial, with 
appropriate sample size needs to be designed to 
confirm the findings prior to clinical application. 
 
CONCLUSION 
 
The results of this study suggest that treatment 
with MAOI is effective in correcting diabetes-
associated metabolic imbalance. The results 
strongly indicate that MAOI may be a better 
alternative therapy for diabetes than 
glibenclamide. 
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