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Abstract 
______________________________________________________________________________________________________ 

Introduction: The study aims to evaluate the anti-hyperglycaemic effect of turmeric and the 
histological changes in the pancreas of adult Wistar rats.  

Materials and Methods: Forty adult Wistar rats were divided into four groups of [A-D] ten 
rats per group. Group A was normal control, group B was diabetic control, group C was 
treated with 300mg/kg weight of extract and group D was 500mg/kg body weight. All 
animals had access to food and water ad libitum.  Aqueous extract of turmeric was 
administered orally, once daily for 14 days. The rats were then anaesthetized with 
dichloromethane before sacrifice and sample collection. Pancreatic tissues were processed, 
stained using the hematoxylin and eosin (H&E) method. Blood glucose estimation was 
determined using the glucose oxidase method.  

Results: The mean body weights of the rats across groups were not statistically significant. 
Similarly, blood glucose levels across groups revealed a progressive statistically significant 
increase from group A to D and from day one to day 17. Pairwise comparison of group A with 
B, C and D showed a statistically significant increase but a comparison of Group B with C and 
D were not significant. 

Discussion: There was progressive body weight increase of the rats from day one to the final 
day across all groups and reduction in the blood glucose levels of the animals treated with 
300mg/kg and 500mg/kg body weights, after seven days of treatment, but these, 
progressively increased with time even with treatment. The overall pancreas features 
indicate moderate inflammatory changes. 
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INTRODUCTION 

Turmeric is a herbaceous perennial plant derived from the 
rhizome of curcumin longa. The plant measures barely three 
feet in height and produces a flower and stem that is found 
underground and therefore is a member of the ginger family, 
Zingiberaceae 1. The leaves are alternate and arranged in 
two rows, which are divided into leaf sheath, petiole, and 
leaf blade from the leaf sheaths, a false stem is formed. The 
petiole is 50 to 115cm (20 to 45inches) long. The simple leaf 
blade is usually 76 to 115cm (30 to 45 inches) long and 
rarely up to 230cm (91 inches). They have a width of 38 to 
45cm (15 to 18inches) and are oblong to an elliptic 
narrowing at the tip. In SouthSouth East Asia, Turmeric is 
primarily cultivated in India, Taiwan, Sri Lanka, Burma 
(Myanmar), Nigeria, Australia, West Indies, Peru, Jamaica, 
and some other Caribbean and Latin American countries. 
About 78% of the world turmeric production, India is the 
largest consumer and exporter of turmeric 2. Turmeric, 
which is root-like in nature produces a stem that supplies its 
yellow vibrant colour known as curcumin. Curcumin is the 

healing substance in turmeric, which has significance for 
anti-inflammatory properties. Turmeric, which is 
affectionally called “kitchen queen”, has been used in 
traditional medicine as a household remedy for various 
diseases, including biliary disorders, anorexia, cough, 
diabetic wound, hepatic disorders, rheumatism and sinusitis 
mention but a few 3. Turmeric has been shown to 
have a wide spectrum of biological actions, which includes 
its anti-inflammatory, anti-oxidant, anti-carcinogenic, anti-
bacterial, anti-coagulant, anti-fungal, anti-fertility, anti-ulcer, 
hypotension and hypocholesterolemic activities 4. Safety 
evaluated studies indicate that both turmeric and curcumin 
are well tolerated at a high dose without any toxic effects. 
Thus, turmeric and its constituents have the potential for the 
development of modern medicine for the treatment of 
various diseases.  

Diabetes mellitus may be defined as a metabolic disorder of 
multiple aetiology characterized by chronic hyperglycemia 
with disturbance of carbohydrate, fat and protein 
metabolism, resulting from defects in insulin action, insulin 
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secretion or both 5. It could present either as Type-1 
diabetes characterized by autoimmune destruction of the 
pancreatic beta-cell resulting in an absolute deficiency in 
insulin or Type -2 diabetes (T2DM), characterized by insulin 
resistance and/or reduced production of insulin 6. Type-2 
diabetes is the most common type of the disease worldwide 
is increased prevalence in the present time 3, 7. The 
pathogenesis of type-2 diabetes mellitus (T2DM) is complex 
7 and involves the interaction of genetic and environmental 
factors. The progressive disorders caused by a combination 
of insulin resistance and β-cell dysfunction is associated 
with an increased and premature risk of cardiovascular 
disease as well as specific microvascular complication such 
as retinopathy, nephropathy and neuropathy, stroke, 
ischemic heart disease and diabetic foot  8.  

Diabetes is one of the most important non-communicable 
diseases worldwide with rapidly increasing incidence 9, 10, 11, 

12. In a systematic review, Dahiru and Shehu 10 highlighted 
the report of the International Federation of Diabetes (IFD) 
atlas, which reported that about 382 million people (8.3% of 
the adult world population) had Diabetes in 2013, with 
about 80% of this number living in middle and low-income 
countries. The authors also reported that the global disease 
burden was expected to rise to 592 million people in less 
than 25 years and further noted that 41.4 million people in 
Sub-Saharan Africa, representing 109%, were expected to 
have diabetes by 2035.  This is aside from about 62%-
undiagnosed cases. Nigeria has been reported to have the 
highest number of people with diabetes with an estimated 
3.9 million people (extrapolated prevalence of 4.99%) of the 
adult population aged 20–79‑year‑old 10. Ogbera and 
Ekpebegh 13 in a related study put the prevalence of diabetes 
at 8-10%, with type2 diabetes mellitus (T2DM) accounting 
for more cases. Adeloye et al 11 in a systemic review and 
meta-analysis reported an age-adjusted prevalence rate of 
T2DM in Nigeria to be 20–79 years, representing an increase 
from 2.0% in 1990 to 5.7% in 2015 and accounting for over 
874 000 and 4.7 million cases, respectively. This is not 
dissimilar to the report of a 5.77% prevalence rate by Uloko 
et al 12 in an earlier study. 

The management of diabetes mellitus is usually aimed at 
glycaemic control using Glucophage based therapy and 
insulin replacement chemotherapy 9, 13. According to Ogbera 
and Ekpebegh 13, oral hypoglycaemic agents are readily 
accessible and acceptable to persons with Diabetes Mellitus 
but the cost is borne in most instances, by individuals and 
often payment is “out of pocket”.  The authors further opined 
that diabetes patients spend not less than 29% of their 
monthly income in acquiring insulin and therefore, advocate 
for effective complementary and alternative anti-diabetic 
control options.  In a similar but independent report, 
Oguejiofor et al 9) noted that the global cost of diabetes care 
runs in billions with 11% of global expenditure on 
healthcare in 2011 being on diabetes care. Sub Saharan 
Africa and Nigeria, to be specific is faced with a huge burden 
of diabetes care, due largely to lack of regular access to 
major anti-diabetic drugs and care, especially insulin at 
affordable cost. These possess major challenges to patients 
and lead to underuse of these agents and avoidable 
metabolic complications. Diabetes does not only impose 
huge costs but diminishes economic productivity to the 
patients, their households and society. The need for more 
affordable and tolerable management options, which will not 
only reduce the economic burden but also eliminate the side 
effects of most anti-diabetic drugs, becomes imperative. 

Various authors 9, 14, 15 have studied the anti-diabetic and 
anti-hyperglycemic potentials of turmeric extracts.  In an 
earlier study, Ghorbani et al 14 observed and reported that 

turmeric extract is not only useful as food but is beneficial in 
many respects. The authors reported that turmeric reduced 
blood glucose level, keeping it within normal ranges and 
suppress the inflammatory effects caused by 
hyperglycaemia. This, according to them was because of its 
ability to reduce hepatic glucose production. In a related 
study, using an animal model, Padhye et al 15 reported a 
significant reduction in blood glucose levels in diabetic 
induced Wistar rats. Similarly, Tsiani et al 3 in a review study 
reported the antioxidant, anti-inflammatory, 
hepatoprotective, nephroprotective, neuroprotective, 
immunomodulatory and antidiabetic properties of turmeric 
extract. 

Tumeric extract was not only reported to reduce blood 
glucose levels but reduced glycated haemoglobin down to 
the negative control levels 16, 17. The authors opined that the 
plant should be used as a dietary supplement for the 
management of diabetes mellitus and protection of the liver 
and kidney against the complications of the disease. The 
present study aims to evaluate the anti-hyperglycaemic 
effect of turmeric root extract and the biochemical changes 
in the pancreas of alloxan-induced diabetic Wistar rats.   

MATERIALS AND METHODS 

Study Area and Study design  

The study was an experimental design using an animal 
model, carried out at the Animal House of the College of 
Health Sciences, Nnamdi Azikiwe University, Nnewi Campus. 
Ethical approval was obtained from the ethics committee of 
the Faculty of Health Sciences and Technology, Nnamdi 
Azikiwe University, Nnewi Campus. 

Experimental Design  

The current study was carried out using 40 adults (11-12 
week old) Wistar rats with body weights ranging from 120-
220g, which were bought from the Veterinary Science 
Department of Imo State University (IMSU). The rats were 
divided into four (4) groups (A-D) with 10 rats in each group 
and were allowed to acclimatize for two weeks before 
the commencement of experimental procedures. The 
animals were fed with standard Pfizer-branded rodent feed 
chow obtained from Livestock Feed, Nigeria Ltd. All animals 
were allowed access to food and water ad libitum.  

Group    A: Normal control (10 rats). Animals received food 
and water only. 

Group   B: Diabetic control (10 rats). Alloxan-induced 
diabetic rats, without administration of turmeric extract 

Group C: Alloxan-induced diabetic rats (10 rats) treated with 
a low dose of turmeric (300mg/kg/ body weight)  

Group D: Alloxan-induced diabetic rats (10 rats) treated 
with a low dose of turmeric (500mg/kg/body weight). 

The body weights of the animals were monitored weekly 
while the extract at the required doses was administered 
orally for 14 days. 

Collection and extraction of plant material 

The turmeric root plant was procured and identified by a 
botanist at the Department of Botany, Faculty of Natural 
Sciences, Imo State University, Owerri, where a sample was 
deposited in the Herbarium with a voucher no of IMSUH 
001. The turmeric plant root was washed, processed into 
powder extraction carried out by the method described by 
Joji et al 18. The extract (dry weight value was 19.9g) was 
kept in a dry clean container and stored in a refrigerator, 
until ready to use.  
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Induction of diabetes with alloxan 

Diabetes was induced in the rats by injecting 140mg/kg 
body weight of alloxan monohydrate, intra-peritoneally after 
overnight fasting 19. Seventy–two (72) hours after, the rats 
were confirmed diabetic (that is random glucose 
concentration greater than 200mg/dL) using the 
test, “Glucose estimation method”. 

Collection of Samples 

At the end of the experimental procedure, the animals 
were anaesthetized with Dichloromethane, blood 
samples were collected through the cardiac puncture 
into fluoride bottles using 21 gauge (21G) needles mounted 
on a 5 ml syringe. Necropsy was performed and the 
pancreas was excised and freed from the adventitia, 
blotted with tissue paper, weighed, sectioned and fixed in 10 
% formal saline for histological evaluation 20. Blood 
samples were allowed to clot, centrifuged at 3000 r.p.m for 
ten minutes, the serum for glucose estimation, separated 
using a Pasteur pipette.  

Blood glucose assay 

Serum blood glucose for each sample was determined using 
the glucose oxidase method as described by Kim et al 21  

Tissue processing, Sectioning and staining 

The fixed pancreas samples were processed, embedded 
in paraffin wax, 5µ thick sections cut using a rotary 

microtome and sections stained by Haematoxylin and 
Eosin (H&E) staining method 22. 

Microscopy 

The stained slides were examined using x10 and x40 
objectives of a binocular optical microscope. 
Micrographs of sections were taken and histological 
architecture of samples compared across study groups.  

Statistical analysis 

Mean body weight values, as well as serum glucose levels, 
were compared across groups using a one-way analysis of 
variance (ANOVA). Data were analyzed using SPSS software 
(version 21). Results were presented as Mean ± S.D. 
Probability (P) values less than (P < 0.05) were considered 
significant.  

RESULTS 

The results of the present study were presented in tables 
and figures.  The mean body weight of the rats across the 
four groups and the different treatment periods were not 
statistically significant (Table 1). Similarly, a comparison of 
blood glucose levels across study groups revealed a 
progressive statistically significant increase of blood glucose 
from group A to D and from day one to day 17. Pairwise 
comparison of group A versus B, C and D showed a 
statistically significant increase but a comparison of Group B 
with C and D were not significant (table 2-4).  

               

 

Table 1: Comparison of body weights of Wistar rats across groups 

Duration of treatment Study group Mean ±Sd (kg) f-value p-Value 

Initial (day1) 

 

A 173.280±30.49   

B 155.200±18.29   

C 195.190±22.46 4.273 0.011 

D 168.380±28.69   

Middle (day10) 

 

A 177.310±29.93   

B 170.780±15.99   

C 195.190±30.19 1.799 0.165 

D 172.460±26.81   

Final (day17) 

 

A 180.780±29.73   

B 187.010±15.43   

C 195.640±31.25 1.015 0.397 

D 176.410±25.37   

  Significant level: p˂0.05 
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Table 2: Comparison of blood glucose levels of Wistar rats across groups 

Duration of treatment  Study group Mean ±Sd (g/dL) f-Value p-Value 

Initial (day1) 

 

A 112.200±5.34   

B 108.000±10.37   

C 95.600±11.06 6.052 0.002 

D 100.100±10.63   

 

Middle (day 10) 

A 113.700±4.49   

B 373.700±64.08   

C 352.400±110.89 22.474 0.001 

D 374.300±110.75   

 

Final (day 17) 

A 117.100±2.13   

B 512.300±94.71   

C 513.500±105.24 42.991 0.001 

D 531.400±132.69   

       Significant level: p˂0.05 

 

 Table 3: Pairwise comparison of blood glucose levels across different levels of treatment 

Duration of treatment Groups Mean difference Standard error  p-Value 

Initial (day1) A vs. B 4.200 4.315 1.000 

A vs. C 16.600* 4.315 0.003 

A vs. D 12.100* 4.315 0.048 

B vs. C 12.40000* 4.315 0.041 

B vs. D 7.90000 4.315 0.452 

C vs. D -4.500 4.315 1.000 

Middle (day 10) A vs. B -260.000* 37.874 0.001 

A vs. C -238.700* 37.874 0.001 

A vs. D -260.600* 37.874 0.001 

B vs. C 21.300 37.874 1.000 

B vs. D -0.600 37.874 1.000 

C vs. D -21.900 37.874 1.000 

Final (day 17) A vs. B -395.200* 43.391 0.001 

A vs. C -396.400* 43.391 0.001 

A vs. D -414.300* 43.391 0.001 

B vs. C -1.200 43.391 1.000 

B vs. D -19.100 43.391 1.000 

C vs. D -17.900 43.391 1.000 

* Significant level: p˂0.05 

 

Histological findings 

The pancreas section of the control showed normal 
histological architecture (group A). The pancreas section 
showed destruction of cells of the islet of Langerhans, the 
beta cells disappeared under necrosis. Beta cells destruction 

resulted in hyperglycemia. Overall features are suggestive of 
inflammatory responses (group B). In groups C and D, 
pancreas morphology showed moderate leucocytes 
infiltration of acini. The overall features indicate moderate 
inflammatory changes. 
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Figure 1: Photomicrograph of the pancreas of Wistar rat shows: (A) architecture consistent with normal pancreas 
histology; (B) degenerative changes of the beta cells; (C) moderate inflammatory changes and (D) infiltration of 
inflammatory cells (H&E ‘X 100).  

                                                                                                  

DISCUSSION 

The present study was carried out to evaluate the anti-
hyperglycaemic effect and histomorphological changes of the 
turmeric root extract in the pancreas of alloxan diabetic 
induced Wistar rats. Numerous studies had reported the 
anti-diabetic effect of turmeric extract on animals 3, 14, 15, 16, 

17.  

The study observed and reported a progressive bodyweight 
increase of the rats from day one to the final day of the study 
across all study groups. This was corroborated by the 
various authors and especially an earlier study by Murugan 
and Pari 23. Progressive weight gain in hyperglycaemic rats 
could be because of the protective effect and nutritive value 
of turmeric. The initial loss of appetite could have resulted 
from the oral administration of turmeric extract, which has a 
bitter taste 24, 25 or the effect of induction of diabetes. The 
extract, therefore, served as food and as medicine.  

The blood glucose levels of the animals in tests groups were 
reportedly elevated beyond the reference range 
(˃200mg/dL) after treatment with alloxan. There was a 
reduction in the blood glucose levels of the rats treated with 
300 and 500mg/kg body weights after 7 days of treatment 
with turmeric extract, but these progressively increased with 
time even with treatment. This disagrees with the report of 
most authors 3, 14, 15, 16, 17 who observed a progressive 
decrease in blood glucose levels when treated with turmeric 
extract. In the review study, Tsiani et al 3 reported that 
turmeric extract at a dosage of 100mg/kg body weight per 
day, reduced the blood glucose of Wistar rats within 6 to 12 
weeks. This is opposed to the 7 to 14 days administration of 

the extract in the present study. Recall that the study aims to 
determine if reduction could be achieved within a reduced 
period using a higher dose of the extract. One could, 
therefore, deduce that despite the progressive blood glucose 
increase during treatment, there is a tendency that it will 
reduce with prolonged administration. This inference may be 
backed up by the fact that the diabetic rats showed no sign of 
diabetes or dietetic complications. There was neither loss of 
appetite, dehydration nor weight loss evident with diabetics, 
rather the animals looked healthy and active. This 
observation was seen in both the low dose (300mg/kg) and 
high dose (500mg/kg), implying that increased dosage may 
not significantly affect glucose control but prolonged 
administration.  

The morphological derangement of the pancreas tissue for 
the test group B as reported in the present study is not 
unlikely, since the animals were treated with alloxan, which 
destroys pancreatic beta cells. Similarly, the moderate 
inflammatory changes observed and reported for the groups 
treated with turmeric extract could be an indication of the 
protective effect of turmeric on the pancreas. This 
corroborates the earlier study by Nwawuba et al 16 and 
Abdalla and Mahmoud 17.  It is, therefore, could be concluded 
from the findings of this study, that turmeric extract has an 
anti-hyperglycaemic effect, though at a prolonged usage. 
Diabetics may, therefore, include the herb in their daily diet.  

CONCLUSION 

Turmeric extract lowers blood glucose and protects the 
architecture of the pancreas. The lowering effect is achieved 

A B 

C 
D 
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on prolonged usage. It is therefore, recommended that 
diabetics include turmeric plant in their daily diet.  
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