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Vitamin Thiamine and Glucose  

               Homeostasis in Alloxan Induced  

Diabetes Mellitus 
Abdul Hafeez Baloch1, Iqbal Ahmed Memon2 and Kashif Rasheed Shaikh3 

ABSTRACT 

Objective: valuating the vitamin B1 (thiamine) on glucose homeostasis and Glycosylated hemoglobin A1 (HbA1c) 
in Alloxan induced diabetic rat model. 
Study Design: Experimental study 
Place and Duration of Study: This study was conducted at the Animal House, Isra University Hyderabad from 
September 2014 to March 2015.  
Materials and Methods: 60 adult albino rats were divided into four groups; Group 1. Controls, Group 2. Rats 
receiving thiamine added diet, Group 3. Diabetics rats on normal diet and Group 4. Diabetic rats receiving thiamine 
added diet. Alloxan (120 mg/kg) was introduced intraperitoneally to induce diabetes. Vitamin B1 was given orally at 
1.6 g/kg body weight for 12 weeks. Venous blood was taken from tail vein by small bore cannula at the baseline and 
after 12th week. Blood glucose and HbA1c were detected at baseline and after 12th week. Data was saved in 
proforma and analyzed on SPSS 22.0 using paired student t-test at 95% confidence interval. 
Results:  Blood glucose and HbA1c levels were found statistically significant in groups 1 vs. 3 (p=0.0001), 1 vs. 4 
(p=0.0001), 2 vs. 3 (p=0.0001), 2 vs. 4, (p=0.001) and 3 vs. 4 (p=0.024) at the end of experiment period. 
Significant improvement in blood glucose and HbA1c was noted in the vitamin thiamine treated rats.  
Conclusion: Vitamin thiamine improved the blood glucose homeostasis and reduced Glycosylated Hemoglobin A1 
effectively in experimental rats. It is recommended to supplement diabetic subjects with vitamin thiamine.  
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INTRODUCTION 

Vitamin thiamine is also known as the vitamin B1. 
Thiamine functions as a coenzyme in the glucose 
metabolism and plays pivotal role in glucose 
homeostasis. Thiamine pyrophosphate co-enzyme 
catalyzes several steps of glucose and intermediary 
metabolism. Thiamine is essential for the normal 
glucose metabolism and homeostasis as it is necessary 
for the biochemical reactions of glycolysis ad Krebs 
cycle. Diabetes mellitus (DM) is characterized by 
abnormal glucose homeostasis. Thiamine deficiency 
causes abnormality of glucose metabolism in DM 
subjects.11 Vitamin thiamine deficiency disturbs the 
glucose homeostasis resulting in hyperglycemia and 
accelerated microvascular and macrovascular 
complications.11 
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DM is increasing these days as estimated by the 

International Diabetes Federation (IDF). IDF estimates 

show a rise of diabetics of 439 million by the year 

2030.1 Currently, Pakistan is suffering diabetes 

epidemic and ranks 6th position as reported.2 Previous 

studies from Pakistan had reported 15% population of 

country is suffering from DM, and many millions are 

undiagnosed.3,4  Crude estimates of Pakistan National 

Diabetes Survey (PNDS) reported that for each 

diagnosed case of DM; there are 3 cases of pre-diabetes 

(impaired glucose tolerance) and 2 cases of 

undiagnosed DM.5,6  

Chronic hyperglycemia is the hallmark of DM which 

damages the vital organs like eyes, kidneys, nerves, 

blood arteries.7,8  Thiamine deficiency is linked with 

damage of these organs in diabetics as reported 

previously.9, 10,11  

Chronic hyperglycemia, in the presence of thiamine 

deficiency, activates protein kinase C, accelerated 

hexosamine synthesis, and formation of advanced 

glycation end products (AGEs). AGEs are involved in 

the pathogenesis of micro- and macrovascular 

complications in diabetics.11 AGEs synthesis is 

increased through triose-phosphate intermediates of 

glycolysis in the presence of thiamine deficiency.12,13 

High doses of thiamine suppresses the AGEs pathways 

through improved glucose homeostasis, thus reducing 

the risk of diabetic complications.9  
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The present study aimed to evaluate the effect of high 

doses of thiamine on glucose homeostasis and 

Glycosylated HbA1 in Alloxan induced albino rat 

model. 

MATERIALS AND METHODS 

The present experimental study was carried out at the 

Animal House, Isra University Hyderabad from 

September 2014 to March 2015. A sample of 60 male 

albino rats was selected according to well delineated 

criteria of inclusion and exclusion. A male albino rat of 

200-250g body weight was the inclusion criteria. 

Female rats, sick rats and rats not feeding were the 

exclusion criteria. Rats were kept in standard 

environment of room temperature with normal humidity 

(55-60%). Normal chow diet and water was freely 

available. Rats were exposed to 12/12 hour dark-light 

cycle. Intraperitoneal injection (i.p.) of Alloxan 

(120mg/kg body weight) was administered to induce 

diabetes mellitus.15,16  

Sixty male albino rats were divided into four groups by 

random selection, containing 15 rats in each group. 

Group 1 Controls (n=15), Group 2 Rats receiving 

thiamine added diet (n=15), Group 3 Diabetics rats on 

normal diet (n=15) and Group 4 Diabetic rats (n=15) 

receiving thiamine added diet. Vitamin B1 was given 

orally at 1.6 g/kg body14 weight for 12 weeks. Venous 

blood was taken from tail vein by small bore cannula at 

the baseline and after 12th week. Blood glucose and 

HbA1c were detected at baseline and after 12th week.  

Normal blood glucose for rats was taken at 52-

105mg/dl. HbA1c range for rats was taken normal as 3-

8.8%.15 Data was saved in proforma and analyzed on 

SPSS 22.0 using paired student t-test at 95% confidence 

interval (p ≤ 0.05). 

RESULTS 

Blood glucose and HbA1c levels were found 

statistically significant in groups 1 vs. 3 (p=0.0001), 1 

vs. 4 (p=0.0001), 2 vs. 3 (p=0.0001), 2 vs. 4, (p=0.001) 

and 3 vs. 4 (p=0.024) at the end of experiment period. 

Significant improvement in blood glucose and HbA1c 

was noted in the thiamine treated rats. The findings are 

summarized in table 1 and graphs 1 and 2. 

Table No. I: Blood glucose level and Glycosylated hemoglobin A1(HbA1c) in experimental animals (n=60) 

 

 

 

Group 1  

Control group  

(Normal diet) 

Group 2  

Control group 

(Normal diet+ Vit. B1) 

Group 3 

Diabetic group 

(Normal diet) 

Group 4 

Diabetic group 

 (Normal diet+ Vit.B1) 

 Baseline 12th week Baseline 12th week Baseline 12th week Baseline 12th week 

Blood Glucose  

(mg/dl) 

78±4.34 81±3.3 81±0.5 79±4.4 79±1.5 156±17.6 81±3.5 144±12.4 

HbA1c (%) 3.38±0.21 3.39±0.2 3.43±0.21 2.99±0.11 3.41±0.4 5.78±0.99 3.39±0.2 5.33±0.69 
 

 
Graph No.1: Bar graph showing blood glucose levels in 

rat groups 

 

Graph No.2: Bar graph showing Glycosylated HbA1 in rat 

groups 

DISCUSSION 

The present study reports on the effect of high dose 
thiamine intake on glucose homeostasis and HbA1c in 
Alloxan induced diabetic albino rat model. A search of 
literature of showed a few studies have been conducted 
previously, although the topic is of clinical importance 
as the burden of DM is increasing in Pakistan.9,15 

Previous studies had reported vitamin thiamine 
deficiency is prevalent in the diabetic subjects. 9,10,15-17  

Vitamin thiamine is necessary for the glucose 
metabolism. The present study reports high dose of 
vitamin thiamine improved glucose homeostasis and 
HbA1c in Alloxan induced diabetes model of albino 
rats. The findings are in keeping with previous 
repots.9,10,15 Blood glucose and HbA1c showed 
statistically significant amelioration in the experimental 
diabetic rats compared to controls.   
Glucose homeostasis and HbA1c showed significant 
improvement in diabetic rats fed thiamine rich diet 
(Group 4) compared to controls (Group 1) (p=0.0001) 
(Table I). Group 3 and 4 also showed significant 
amelioration of blood glucose as shown in table 1 and 
graph 1 and 2 (p=0.001). Glycosylated HbA1 was 
significantly reduced in the diabetics given thiamine 
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supplements (p=0.001). Significant reduction in HbA1c 
noted in present study in contradistinction to previous 
studies.9,15  
Reason is very logical, that above studies9,15 used 
vitamin thiamine therapy just for 4 weeks which is less 
compared to 12 weeks vitamin supplementation in the 
present study. It is suggested that the vitamin thiamine 
be prescribed for long durations for clinical effect to be 
elicited.  
Thiamine supplementations inversely affected the blood 
glucose levels, has been reported in a previous study,17 
this shows it`s positive impact on correcting the blood 
glucose levels. Above findings are in keeping to present 
study.  
A previous study18 reported improvement in blood 
glucose and blood lipid profile in diabetic rats 
supplemented with vitamin thiamine. The findings of 
above study support the present study. Above study 18 

concluded that the thiamine dependent enzymes 
transketolase (TK) and pyruvate dehydrogenase (PDH) 
activities are improved, hence this improved blood 
glucose regulatory mechanisms.  
Another previous study was conducted with thiamine 
and benfotiamine on blood glucose polyol pathway. 
The study was conducted on cultured vascular cells. A 
significant improvement in blood glucose was noted. 
They concluded that the thiamine and benfotiamine 
may help to prevent and retard the microvascular 
complications of diabetes mellitus.19 Improved blood 
glucose levels of above study in agreement to the 
present study. The present study observed amelioration 
of blood glucose homeostasis and Glycosylated 
hemoglobin A1 (HbA1c) in thiamine supplemented 
diabetic rats. 

CONCLUSION 

Vitamin thiamine improved the blood glucose 

homeostasis and reduced Glycosylated Hemoglobin A1 

effectively in experimental rats. It is recommended to 

supplement diabetic subjects with vitamin thiamine. 

Conflict of Interest: The study has no conflict of 

interest to declare by any author. 

REFERENCES 

1. Rodriguez DL, Castelao AM, Gorriz JL, de-Alvaro 
F, Gonzalez JFN. Pathophysiological role and 
therapeutic implications of inflammation in diabetic 
nephropathy. World J Diabet 2012;3(1):7-18. 

2. Wild S, Roglic G, Green A, Sicree R, King H. 
Global prevalence of diabetes: estimates for the 
year 2000 and projections for 2030. Diabet care 
2004; 27 (5):1047-53. 

3. Shera ASA, Jawad FA, Maqsood AA. Prevalence 
of diabetes in Pakistan. Diabet Res Clin Pract 
2007;76: 219-22. 

4. Shahid SM, Nawab SZ, Shaikh R, Mahboob T. 
Glycemic control, dyslipidemias and endothelial 
dysfunction in co-existed diabetes, hypertension and 
nephropathy. Pak J Phrama Soci 2012;1:123-29.  

5. Afghani T, Qureshi N, Chaudhry KSA. Screening 
for diabetic retinopathy: A comparative study 
between hospital and community based screening 
and between paying and non-paying patients. J 
Ayub Med Coll 2007; 19 (1):16-22. 

6. Harris MI. Undiagnosed NIDDM: clinical and 
public health issues. Diabet care 1993; 16: 642-52. 

7. American Diabetes Association. Standards of 
medical care in diabetes. Diabet care 2012;35 
(Suppl 1):S11-S63. 

8. Masharani U. Diabetes mellitus and hypoglycemia. 
In: Mc Phee SJ, Papadakis MA, Rabow MW, 
editors. Current medical diagnosis and treatment. 
51st ed. Mc-Graw Hill companies: Inc New York; 
2012.p.1161-1211. 

9. Waheed P, Naveed AK, Ahmed T. Thiamine 
deficiency and its correlation with dyslipidaemia in 
diabetics with microalbuminuria. J Pak Med Assoc 
2013;63(3):340-5. 

10.  Michael M, Kulkarni R, Postic C, Previs S, 
Shulman G, Magnuson M, et al. Loss of insulin 
signaling in hepatocytes leads to severe insulin 
resistance and progressive hepatic dysfunction. 
Mol Cell 2000; 6: 87-97. 

11. Beltramo E, Berrone E, Tarallo S, Porta M. Effects 
of thiamine and benfotiamine on intracellular 
glucose metabolism and relevance in the 
prevention of diabetic complications. Acta 
Diabetol 2008; 45: 131-41.  

12. Tilton R, Baier L, Harlow J, Smith S, Ostrow E, 
Williamson J. Diabetes-induced glomerular 
dysfunction: links to a more reduced cytosolic ratio 
of NADH/NAD. Kidney Int 1992;41:778-88.  

13. Nishikawa T, Edelstein D, Du X, Yamagishi S, 
Matsumura T, Kaneda Y, et al. Normalizing 
mitochondrial superoxide production blocks three 
pathways of hyperglycaemic damage. Nature 2000; 
404: 787-90.  

14. Babaei-Jadidi R, Karachalias N, Battah S, Ahmed 
N, Thornalley PJ. Prevention of incipient diabetic 
nephropathy by high dose thiamine and 
Benfotiamine. Diabetes 2003; 52:2110-20.  

15. Qamar T, Fatima K, Saleem S. Effect of Thiamine 
on Glycemic Control in Diabetic Rats. Ann Pak 
Inst Med Sci 2011; 7(4): 213-6.  

16.  Page GLJ, Laight D, Cummings MH. Thiamine 
deficiency in diabetes mellitus and the impact of 
thiamine replacement on glucose metabolism and 
vascular disease. Int J Clin Prac 2011; 65: 684-90.  

17. Rabbani N, Thornalley P. Emerging role of 
thiamine therapy for prevention and treatment of 
early-stage diabetic nephropathy. Diabet Obes 
Metab 2011; 13(7): 577-83.   

18. Babaei-Jadidi R, Karachalias N, Kupich C, Ahmed 
N, Thornalley PJ. High dose thiamine therapy 
counters dyslipidemias in streptozotocin-induced 
diabetic rats. Diabetol 2004; 47: 2235-46.  

19. Berrone E, Beltramo E, Solimine C, Ape AU, Porta 
M. Regulation of Intracellular Glucose and Polyol 
Pathway by Thiamine and Benfotiamine in 
Vascular Cells Cultured in High Glucose. J Biol 
Chem  2006;281: 9307-13.   

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ape%20AU%5BAuthor%5D&cauthor=true&cauthor_uid=16452468
http://www.ncbi.nlm.nih.gov/pubmed?term=Porta%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16452468
http://www.ncbi.nlm.nih.gov/pubmed?term=Porta%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16452468
http://www.ncbi.nlm.nih.gov/pubmed/16452468
http://www.ncbi.nlm.nih.gov/pubmed/16452468

