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INTRODUCTION 

Diabetes mellitus refers to a group of common metabolic 

disorders that share the phenotype of hyperglycaemia. 

Various distinct types of DM are caused by a complex 

interaction of genetics and environmental factors. 

Depending on the aetiology of DM factors contributing to 

hyperglycaemia include reduced insulin secretion, 

decreased glucose utilization, and increased glucose 

production. When fully expressed diabetes is 

characterized by fasting hyperglycaemia. The effects of 

diabetes mellitus include long term damage, dysfunction 

and failure of various organs especially heart, kidneys, 

eyes and blood vessels. Diabetes may present with 

characteristic symptoms such as thirst, polyurea, blurring 

of vision, polyphagia, and weight loss and in its most 

severe form diabetic ketoacidosis and non ketotic 

hyperosmolar state, which in absence of effective 

intervention lead to stupor, coma and death.
1
 

At present, India is considered as the diabetic capital of 

the world by WHO. There are approximately 3.5 crore 

diabetics in India, and this figure is expected to increase 

up to 5.2 crore by 2025. Every fifth patient visiting a 

consulting physician is a diabetic. By the year 2025 it is 

predicted that India will have a rise of 59 percent of 

diabetics in the population - which is the highest number 

of diabetic patients in the world.
2
 

ABSTRACT 

Background: Thiamine is a member of the vitamin B family. Thiamine is 

necessary for normal insulin synthesis and secretion. In diabetes thiamine and 

its derivative benfotiamine showed promising results in prevention of 

microvascular complications. Some experimental and clinical studies have 

shown the antihyperglycaemic effect of thiamine. This study compared the 

antihyperglycaemic effect of thiamine with metformin in streptozotocin-

nicotinamide induced diabetic albino rats. 

Methods: 24 albino rats were taken and divided into four groups of six rats in 

each group. The groups were normal control, diabetic control, diabetic rats 

treated with thiamine, diabetic rats treated with metformin. Diabetes was 

induced in three groups by intraperitoneal injection of Streptozotocin in the 

dose of 60 mg/kg. To have an ideal type 2 diabetes model nicotinamide was 

administered 120 mg/ kg intraperitoneally fifteen minutes before streptozotocin 

administration. After successful induction of diabetes thiamine and metformin 

were given to the respective group for a period of 6 weeks. Fasting blood 

glucose was estimated on day 0, 7, 14, 21, 28, 35, 42 of treatment. 

Results: In this study both thiamine and metformin showed significant 

antihyperglycaemic effect (p<0.05). Further studies are needed to evaluate and 

compare the antihyperglycaemic effect of thiamine with other established anti 

diabetic drugs. 

Conclusions: From this study we concluded that individually both thiamine and 

metformin were effective in controlling hyperglycaemia but metformin was 

better in achieving normal mean FBS. Further studies are required to validate 

the antihyperglycaemic effect of thiamine. Study taking different doses of 

thiamine or with increasing the duration of study period can elaborate the role 

of thiamine in achieving proper glycemic control. 
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The maximum cases of diabetes are of type 2 diabetes. 

The drugs available for treatment are sulfonylureas, 

biguanides, thiazolidinediones, GLP-1 analogs, gliptins, 

alfa glucosidase inhibitors, SGLT-2 inhibitors and amylin 

analogs. Sulfonylureas act by stimulating insulin release 

from pancreatic beta cells. There is secondary failure and 

tachyphylaxis to the drugs following prolonged use. 

Hypoglycaemia, cholestatic jaundice, agranulocytosis, 

generalized hypersensitivity and dermatological reactions 

are other disadvantages. Metformin is the first line 

therapy in type 2 diabetes as it improves peripheral 

insulin utilization and prevents long term complications 

of diabetes. But gastrointestinal side effects, 

contraindication in liver disease, megaloblastic anaemia 

and lactic acidosis are the inevitable drawbacks. Among 

the glitazones troglitazone is out of market for its known 

hepatotoxicity. Rosiglitazone increases the incidence of 

MI. The only available pioglitazone also carries the risk 

of macular oedema, bladder cancer and hepatotoxicity in 

long term use. Alfa glucosidase inhibitors and incretins 

are used as an adjuvant to others.
3
  

Thiamine is a member of the B-vitamin family and was 

the first water-soluble vitamin to be discovered in 1912 

and isolated in 1926.
4
 Thiamine diphosphate is essential 

for carbohydrate metabolism as it is the co-factor of 

transketolase in pentose phosphate pathway and 

dehydrogenases in glycolysis and creb‟s cycle.
4
 Thiamine 

is necessary for normal insulin synthesis and secretion.
5
 

In the thiamine-deficient state glucose undergoes 

metabolism via alternate pathways which can result in 

insulin resistance and complications.
6,7

 In 1987, Dr Saito 

from Japan found decreased plasma thiamine in patients 

with diabetes. Thornalley and his team in 2007 proved 

the glucose induced down regulation of thiamine 

transporter in proximal tubular epithelial cells leading to 

decreased renal uptake and excess urinary loss of 

thiamine.
8
 This deficiency cannot be replenished by 

therapeutic low dose of thiamine as in lower dose the 

absorption of thiamine is dependent on these transporters 

which are already defective. This can be corrected by 

giving high dose of thiamine as in higher concentration 

thiamine can pass any biological membrane by passive 

diffusion.
9
 In experimental and clinical diabetes high 

dose thiamine therapy not only corrected thiamine loss 

but also disposed excess glucose via pentose phosphate 

pathway and revert fasting hyperglycemia.
10

 High dose 

thiamine also lowered blood glucose in normal 

individuals after maximal aerobic exercise.
11

 On this 

background the aims and objectives of this research work 

was to study the effect of thiamine on fasting blood 

glucose of non-diabetic and streptozotocin-nicotinamide 

induced diabetic albino rats. 

The objective of this study was to study the effect of 

thiamine on fasting blood glucose of diabetic albino rats. 

And to compare the effect of thiamine with metformin on 

fasting blood glucose of diabetic albino rats. 

 

METHODS 

The entire experiment was carried out in “department of 

pharmacology and therapeutics, Rajendra Institute of 

Medical Sciences, Ranchi”. The whole experiment was 

conducted in accordance with ethical norms approved by 

Institutional Animal Ethics Committee (IAEC), Ranchi, 

Jharkhand, India. Healthy male Wister rats weighing 

between 150-250 gms were taken for the present study. 

The animals were kept in clean and dry cages with 12:12 

hours light-dark cycle at room temperature and humidity. 

They were acclimatized to the available housing 

condition for 2 weeks and were fed with standard 

laboratory diet consisting of soaked black gram (Kala 

Chana) and water was given ad libitum. Arrangements 

were made to ensure regular cleaning of cages and 

disposal of excreta and urine. The cages were floored 

with a layer of saw dust for absorption of urine of rats. 

This was done because after induction of diabetes there 

would be excess of urination of rats. 

Drugs used were 

 Thiamine hydrochloride 100 mg tablet (TIM 100), 

Gentech Healthcare Pvt Ltd. 

 Metformin 500 mg tablet (Glycomet), US Vitamins 

Limited.  

 Streptozotocin 250 mg powder, HIMEDIA, Mumbai 

 Nicotinamide 100 gm powder Animed , Kolkata 

Selection criteria for animals 

 All the animals used for the study were healthy and 

active in their cage.  

 Animals were male wistar rats.  

 Weight of the animals used was 150-250 grams.  

 Fasting blood sugar before the initiation of study was 

within the range of 200- 250 mg/dl. 

Methodology 

Study animals were divided into four groups with six 

animals in each group. One group consisted non diabetic 

rats and other three groups had hyperglycaemic rats with 

fasting blood glucose 200-250 mg/dl. In the three diabetic 

groups the rats were randomly distributed. Rats were 

given different treatment orally once daily for 42 days in 

the morning hour at 09:30-10:30 am.  

 Group A rats were non diabetic and served as a 

normal control and were given 0.9% normal saline 

 Group B rats were diabetic and were given 0.9% 

normal saline. They served as diabetic control 

 Group C rats were diabetic and treated with thiamine 

(10 mg/200 gm body weight, p.o.) 

 Group D rats were diabetic and treated with 

metformin (9 mg/200 gm body weight, p.o.)  
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Estimation of fasting blood glucose 

Rats were kept deprived of food overnight and were 

allowed free access to water. Blood samples were 

collected from the tail vein of rats and fasting blood 

glucose was measured with the help of glucometer before 

the induction of diabetes as well as on day 0, 7, 14, 21, 

28, 35 and 42 of the study. 

Statistical analysis 

Data entry was done on MS Excel and “SPSS version 20” 

software was used for data analysis. One-way ANOVA 

test was used to compare the effect of the drugs on 

different groups. Tukey‟s honestly significant difference 

test was used for post hoc analysis of significant overall 

differences. 

RESULTS 

Table no 1 shows the mean and standard deviation of 

fasting blood glucose in all groups from day „0‟ - day 

„42‟.  

Table 2 compares the fasting blood glucose of group 3 

and 4 with group 1. There is significant decrease in 

fasting blood glucose in thiamine and metformin treated 

groups. Metformin decreased blood glucose faster than 

thiamine and mean difference with group 1 was 

insignificant on day „35‟ (p>0.05). On the other thiamine 

has given similar result on day 42 (p>0.05). 

 

Table 1: Fasting blood glucose in all groups from day ‘0’ - day ‘42’. 

Fasting blood 

glucose 

Normal control 

(group 1) 

Diabetic control 

(group 2)  

Diabetic with thiamine 

(group 3) 

Diabetic with metformin 

(group 4) 

Mean±SD Mean±SD Mean±SD Mean±SD 

Day 0 82.00±2.61 215.33±8.48 213.50±7.99 216.17±7.14 

Day 7 80.83±4.02 227.00±7.62 192.33±6.98 183.00±8.79 

Day 14 80.33±2.42 236.67±7.23 172.83±4.26 147.83±7.03 

Day 21 83.33±4.89 249.83±7.57 154.83±4.02 128.67±6.59 

Day 28 83.33±3.93 259.83±7.89 136.67±4.50 106.83±6.80 

Day 35 82.17±2.79 272.33±8.14 110.33±3.72 84.67±1.63 

Day 42 80.83±4.49 284.17±7.08 87.67±2.25 84.67±2.81 

Table 2: Comparing FBS of group 1 with group 3 and 4. 

Fasting blood glucose  
Normal Control 

Diabetic with thiamine Diabetic with metformin 

Day 0 

Mean difference -131.500
*
 -134.167

*
 

Std. Error 3.433 3.103 

P value <0.001 <0.001 

Day 7 

Mean difference -111.500
*
 -102.167

*
 

Std. Error 3.287 3.945 

P value <0.001 <0.001 

Day 14 

Mean difference -92.500
*
 -67.500

*
 

Std. Error 2.001 3.034 

P value <0.001 <0.001 

Day 21 

Mean difference -71.500
*
 -45.333

*
 

Std. Error 2.583 3.35 

P value <0.001 <0.001 

Day 28 

Mean difference -53.333
*
 -23.500

*
 

Std. Error 2.44 3.205 

P value <0.001 0.001 

Day 35 

Mean difference -28.167
*
 -2.5 

Std. Error 1.899 1.319 

P value <0.001 0.628 

Day 42 

Mean difference -6.833 -3.833 

Std. Error 2.051 2.162 

P value 0.111 0.696 
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Table 3: Comparing FBS of group 2 with group 3 and 4. 

Fasting blood glucose  
Diabetic control 

Diabetic with thiamine Diabetic with metformin 

Day 0 

Mean difference 1.833 -0.833 

Std. Error 4.757 4.525 

P value 1.000 1.000 

Day 7 

Mean difference 34.667
*
 44.000

*
 

Std. Error 4.216 4.747 

P value <0.001 <0.001 

Day 14 

Mean difference 63.833
*
 88.833

*
 

Std. Error 3.426 4.116 

P value <0.001 <0.001 

Day 21 

Mean difference 95.000
*
 121.167

*
 

Std. Error 3.501 4.099 

P value <0.001 <0.001 

Day 28 

Mean difference 123.167
*
 153.000

*
 

Std. Error 3.707 4.249 

P value <0.001 <0.001 

Day 35 

Mean difference 162.000
*
 187.667

*
 

Std. Error 3.655 3.39 

P value <0.001 <0.001 

Day 42 

Mean difference 196.500
*
 199.500

*
 

Std. Error 3.034 3.11 

P value <0.001 <0.001 

 

 

Figure 1: FBS among all groups throughout study 

period. 

Table 3 compares the fasting blood glucose of group 2 

with group 3 and 4. There is significant decrease blood 

glucose in group 3 and 4 (p<0.05). 

Figure 1 shows that the green line of thiamine treated 

group merges with the blue line of group 1 on day 42. The 

violet line of metformin already merged with group 1 on 

day 35. In group 2 the red line remained far away from 

other three lines indicates the increase in mean fasting 

blood glucose throughout the study. 

DISCUSSION 

Accumulation of triosephosphates arising from high 

cytosolic glucose concentrations in hyperglycaemia is one 

likely or potential trigger for biochemical dysfunction 

implicated in signalling for polyol, hexosamine, protein 

kinase C and AGE pathway by the liver leading to insulin 

resistance and development of diabetic complications.
6
 

This may be prevented by disposal of excess 

triosephosphates via the reductive pentose phosphate 

pathway.
7
 Thiamine is the co-factor of transketolase in 

pentose phosphate pathway and in high doses it increases 

the activity of this enzyme leading to disposal of excess 

cytosolic glucose.
16 

The products of pentose phosphate 

pathway are non-harmful to cell. On the other hand the 

decreased flux through hexosamine and protein kinase C 

pathway decreases glycosylation of glucose transporters. 

This may lead to enhanced insulin action and may 

decrease blood glucose.
17

 Sadek KM et al with his group 

showed that high dose thiamine (50 mg/kg) had no effect 

on fasting blood glucose of non-diabetic albino rats but 

revert fasting hyperglycaemia of diabetic albino rats.
14

 

Pandhiani et al also showed that thiamine decreased post 

prandial blood glucose in diabetic rats but had no effect 

on non-diabetic albino rats.
18

 Gonzalez-Ortiz et al showed 

that high dose thiamine therapy (600 mg/day) for one 

month significantly decreased fasting blood glucose in 

diabetic individuals.
19 

In this study a model of type 2 diabetes was produced by 

streptozotocin and nicotinamide. Thiamine and metformin 

were administered in diabetic rats to see the effect on 

fasting blood glucose. The results are showing that 

thiamine and metformin both significantly decreased 
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fasting blood glucose throughout the study period. On day 

42 the antihyperglycaemic effect of thiamine was similar 

like metformin. But the decline in blood glucose was 

more rapid with metformin. By achieving normal mean 

fasting blood glucose on day 35 metformin was found 

superior.  

With previous studies our study also established the 

antihyperglycaemic property of thiamine. Metformin is 

the first line oral antihyperglycemic drug approved for 

treatment of type 2 diabetes. But in higher doses 

metformin have some demerits like gastrointestinal upset, 

vitamin B12 deficiency and lactic acidosis. On the other 

hand thiamine was found extremely safe in higher doses.
20

  

CONCLUSION 

The present animal study was a small study as the number 

of animals, the dose, and duration of the study was also 

fixed. Study taking higher doses of thiamine with large no 

of animals or with increasing the duration of study period 

may further focus on its effectiveness in achieving proper 

glycemic control. 
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