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Curcumin: A boon as antidiabetic
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Abstract

Diabetes is a chronic illness that develops either when the pancreas does not create enough insulin or when the 
body is unable to utilize the insulin that is produced. Diabetes is the most spreaded disease in India, in which type II 
diabetes mellitus is most common type (90–95%). Natural products have gained a lot of attention as a means 
of managing the global epidemic that is diabetes and its complications. One of the most significant medicinal 
herbs is turmeric (Curcuma longa), which belongs to the Zingiberaceae family. Since ancient times, ayurveda 
and traditional Chinese medicine have used the spice turmeric, which is made from the root of the plant C. longa, 
to cure diabetes. Turmeric contains the polyphenol curcumin, and curcuminoids have been shown to have anti-
inflammatory, anti-oxidant, hepatoprotective, nephroprotective, immunomodulatory, and anti-diabetic activities.
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INTRODUCTION

Diabetes, often known as diabetes mellitus 
(DM), is a collection of metabolic 
disorders characterized by persistently 

elevated blood sugar levels (hyperglycemia).[1,2] 
In general, there are two forms of DM: (i) Type I 
diabetes, also known as insulin dependent 
diabetes, is characterized by autoimmune 
destruction of beta-cells and complete lack 
of insulin; (ii) type II diabetes or non-insulin 
dependent DM (90–95% of all diabetes cases), 
which is distinguished by a progressive loss of 
β-cell insulin secretion and insulin resistance; 
hence, the body cannot properly use the insulin 
it produces; (iii) gestational DM, a disorder that 
is diagnosed in the second or third trimester of 
approximately 7% of all pregnancies; and (iv) 
specific types of diabetes from other causes, 
such as monogenic diabetes syndromes, diseases 
of exocrine pancreas (e.g., cystic fibrosis-related 
diabetes), and drug or chemical induced diabetes 
(e.g., nicotinic acid and glucocorticoids use), 
which represent <5% of patient with diabetes.[3,4] 
DM is a multifactorial and incurable metabolic 
illness that affects insulin’s effectiveness or 
how well it is used, which can improve the 
metabolism of carbohydrates, proteins, and lipids 
and prevent long-lasting hyperglycemia.[3-5]

Natural remedies have gained a lot of 
attention for the treatment of diabetes and its 
complications, which are now a worldwide 
epidemic.[6-9] Since ancient times, Ayurveda 

and traditional Chinese medicine have used turmeric, a 
spice derived from the root of the Curcuma longa plant, as 
a diabetic treatment.[10] The hypoglycemic, nephroprotective, 
and cardioprotective effects of curcumin are sufficient. The 
metabolic profile of diabetes can be improved by curcumin 
in suitable manner.[6-10]

The scientific community has acknowledged the benefits of 
turmeric (C. longa), a common spice used in food preparation. 
This plant is well-known and frequently grown in South East Asia. 
It can be distinguished by its orange tuberous rhizomes.[11] Since 
ancient times, it has been employed in this region as a natural 
therapeutic treatment for a variety of diseased conditions. This 
plant has extraordinary quality that is the presence of curcumin, 
which exhibits anti-inflammatory and antioxidant qualities.[12] 
Apart from this, curcumin has important role as anti-bacterial, 
anti-diabetic, anti-viral, and anti-cancer activities [Figure 1].[13-15]

Diabetes in India 

India, the second most affected country in the world after China, 
has an estimated 77 million people (one in 11 Indians) who have 
been officially diagnosed with diabetes. In addition, 700,000 
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Indians lost their life in 2020 from diabetes-related complications 
such hyperglycemia, kidney disease, or other conditions. India 
accounts for 1 in 6 (17%) of all cases of diabetes worldwide (As 
of October 2018, India’s population accounted for around 17.5% 
of the world’s population.). The international diabetes federation 
(IDF) predicts that by 2045, there will be 134 million people 
worldwide affected with diabetes.[1]

Type I diabetes is less common in India than in western 
nations, and 90–95% of Indians with diabetes who are 
diagnosed with type II. The body mass index of just around 
one-third of type II diabetes in India is >25.[2] According to a 
2004 study, the environmental and lifestyle changes brought 
on by industrialization and the migration of people from rural 
to urban areas may be to blame for the incidence of type II 
diabetes among Indians. The consumption of animal foods 
has increased among Asian communities as a result of this 
lifestyle change. This shift was observed in India, where 
urban residents consumed 32% more energy from animal 
fats than rural dwellers (17% did). In addition, due to the 
early onset of these alterations in life, chronic long-term 
consequences are more common. India now has 65 million 
diabetics, up from 26 million in 1990. The prevalence was 
determined to be 11.8% among adults over the age of 50, 
according to the Ministry of Health and Family Welfare 2019 
National Diabetes and Diabetic Retinopathy Survey report. 
According to the demographic and health survey, 6.5% of 
adults under 50 have diabetes, and 5.7% have prediabetes. 
Both male (12%) and female (11.7%) populations shared a 
similar prevalence. In urban regions, it was higher. Surveys 
of diabetics up to the age of 50 revealed that 16.9% of them 
had the sight-threatening condition diabetic retinopathy. 
According to the report, the prevalence of diabetic retinopathy 
was 18.6% in the 60–69-year-old age group, 18.3% in the 
70–79-year old age group, and 18.4% in those over the age 
of 80. In the 50–59 age range, a lower frequency of 14.3% 
was noted. In states like Tamil Nadu and Kerala, which are 
economically and epidemiologically developed and have a 
large number of research institutes that undertake prevalence 
studies, diabetes prevalence rates are claimed to be high.[1-3]

CHEMICAL STRUCTURE OF CURCUMIN

Curcumin has a hepta-carbon linker and three major 
functional groups: Alpha, beta-keto-enol tautomerism, exists 

in enolic form in organic solvent and keto form in water.[16] 
Due to its hydrophobic nature, curcumin is poorly soluble in 
water, whereas highly soluble in organic solvent.[17]

Curcumin symmetrically consists of four chemical structures 
aryl side chains which are linked by linker chain with a di-keto 
functional group, two double bond, and active methylene 
group. These sites are potential site for modification for 
improving the efficacy of Curcumin. Modification of the 
structure of the curcumin enhances the pharmacological 
activity, physicochemical, and pharmacokinetic properties 
with the enhancement of its receptor-binding capacity.[18-23]

Epidemiological studies have advised that nutritious 
diets (fruits and vegetable) help balance obesity (body 
weight) and protect from cardiovascular disease, cancer, 
and diabetes.[24-26] However, the role of food component 
is difficult to be determined in disease prevention and 
treatment.[27-32]

ANTIDIABETIC EFFECT OF  
CURCUMIN: IN VIVO ANIMAL STUDIES

A previous review by Meng et al., in 2013,[33] focuses 
mainly on the antioxidant and anti-inflammatory properties 
of Curcumin and it also summarizes the effect of curcumin 
against different diabetic complexities, such as vasculopathy 
and nephropathy.

Streptozotocin (STZ)-Induced Diabetes Model

In few studies, using STZ-induced diabetes animal models, 
the effect of Curcumin was examined and is shown in 
Table 1. Type II DM in vivo in Wistar rats by a single 
intraperitoneal injection of STZ (60 mg/kg body weight) 
in the study by Babu and Srinivasan[33] carried out by a 
diet supplement of Curcumin (0.5% diet) for 8 weeks. 
Supplemental curcumin significantly reduced the progression 
and damage of kidney lesions. The levels of the urine 
enzymes alanine aminotransferase, alkaline phosphatase, 
aspartate aminotransferase, and acid phosphatase were also 
decreased with curcumin administration. Renal glucose-
6-phosphatase and lactate dehydrogenase activities were 
decreased, while ATPase activities were raised by curcumin 

Biological activity
of Curcumin

Anti-mutagenic

Anti-coagulant

Anti-diabetic
Anti-atherosclerosis

Healing agent

Antirheumatic

cardioprotective
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Anti-proliferative

Figure 1: Biological activities of curcumin
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Table 1: Evidence of antidiabetic effects of curcumin: In vivo streptozotocin-induced diabetes animal studies
Animal Concentration 

of Curcumin
Serum effect Other effect References

Wistar 
rats

80 mg/kg body 
weight/day; 
45 days

• Decrease in glucose level
• Increase in insulin level

• Decrease in lipid peroxidation
Kidney:

• �Increase in superoxide dismutase (SOD) 
activity

• Increase in catalase level
• Increase in GPx activity

Kidney and liver:
• �Decrease in Thiobarbituric acid reactive 

substance level (TBARS)
• Decrease in H2O2 level

[35]

Albino 
Wistar 
rats

30 mg/kg body 
weight/day; 
8 weeks

• Decrease in glucose level
• Decrease in cholesterol level
• Increase in Urea level
• Increase in creatinine level

• Decrease in Body weight
• �Decrease in kidney lipid peroxidation
• �Increase in kidney SOD activity
• Increase in creatinine activity

[36]

Albino 
Wistar 
rats

0.5% of diet; 
8 weeks

• �Decrease in phospholipid 
level

• �Increase in polyunsaturated 
fatty acid(PUFA) /saturated 
fatty acid (SFA)

• �Decrease in renal lesion progression level
• Decrease in kidney weight
• Decrease in renal damage
• Increase in ATPase activity

[34]

Wistar-
NIN rats

0.01% 
Curcumin; 
8 weeks

• Decrease in insulin level
• Increase in SOD activity

• Decrease in TBARS level
• �Decrease in glutathione –S-transferase activity
• �Increase in pancreas SOD activity

[37]

Sprague– 
Dawley 
rats

15 and 30 mg/
kg body weight/
day; 2 weeks

• Decrease in glucose level
• Decrease in creatinine level 

• Decrease in Renal change
• �Decrease in Urine albumin level
• �Increase in Creatinine clearance
• Decrease in lipid peroxidation
Kidney:

• Increase in SOD activity
• �Decrease in Malondialde-hyde (MDA)

[38]

Sprague- 
Dawley 
rats

50 mg/kg body 
weight/day; 
6 weeks

• Increase in creatinine level
• Decrease in Urea level

• �Decrease in HSP-27 protein level
• Increase in albumin level
• Increase in Acetyl-histone H3
• �Increase in phospho- histone H3

[39]

C57/BL6J 
mice

7.5 mg/kg body 
weight/day; 
10 h before 
STZ

• Increase in insulin level
• Decrease in glucose level
• Decrease in IL-16 level
• Decrease in TNF-α level

• Increase in glucose clearance
• Increase in GLUT2 mRNA
• �Decrease in pancreatic IL-6 and TNF-α

[40]

Wistar 
rats

80 mg/kg body 
weight/day; 
45 days

• Increase in insulin level
• Decrease in glucose level

Kidney and liver:
• �Decrease in morphological change
• Decrease in TBARS
• Decrease in oxidative stress
• Increase in SOD

Activity
• Increase in CAT activity
• Increase in GPx activity

[41]

Swiss 
albino 
mice

10 mM; 10 µL/
mouse i.p.; 
28 days and 
106 BMCs, 
single injection

• Decrease in glucose level
• Decrease in TNF-α
• Decrease in IL-1β
• Increase in insulin level

• �Increase in Islet regeneration. 
Pancreas:

• Decrease in MDA level
• Increase in catalase activity
• Increase in SOD activity
• Increase in GPx activity

[42]

Sprague– 
 Dawley 
rats

100 mg/kg body 
weight/ day; 
8 weeks

• Decrease in urea level
• Decrease in glucose level
• Decrease in creatinine level

Kidney:
• �Decrease in glomerular and tubular 

histological change
• Decrease in Macrophage infiltration
• Decrease in segmental sclerosis

[43]
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administration. Curcumin treatment decreased blood 
triglyceride and phospholipid levels while increasing the 
ratio of polyunsaturated to saturated fatty acids ratio. In 
general, using curcumin, supplements reduce diabetic 
nephropathy.[34]

According to the studies mentioned above and included in 
Table 1, administering curcumin to STZ-induced diabetic 
animals increased islet cell regeneration, restored lipid and 
blood glucose levels, and decreased diabetic nephropathy. 
Antioxidant, anti-inflammatory, and enhanced mitochondrial 
qualities also came about as a result of its treatment.

Alloxan-induced Diabetes Model

Alloxan is an organic substance that is a urea derivative, 
cytotoxic glucose analog, carcinogen and is also known by 
its chemical name, 5,5-dihydroxyl pyrimidine-2,6-trione.[44] 
Alloxan is one of the most widely used diabetogenic agents, 
and it is used in diabetic investigations to evaluate the 
antidiabetic potential of both pure chemicals and plant 
extract.[45] Table 2 shows the results of administering 
curcumin to diabetic rats induced by alloxan. Curcumin 
(0.08 mg/kg body weight/day) and turmeric (1 mg/kg body 
weight/day) administration to alloxan-induced diabetic 
Wistar rats for 21 days significantly decreased serum glucose 
and hemoglobin A1c levels while increasing hemoglobin 
levels.[46] Curcumin or turmeric treatment decreased the levels 
of liver and serum thiobarbituric acid reactive substance level 
and sorbitol dehydrogenase activity while increasing GPx 
activity and glutathione levels, which are antioxidants. This 
implies that sorbitol conversion to fructose was inhibited by 
both curcumin and turmeric [Figures 2-4].[46]

Curcumin analogs were given to Wistar rats with alloxan-
induced diabetes for 2 h and resulted in decreased blood 
glucose level, similar to levels achieved by treatment with the 
Glipizide (antidiabetic drug).[47] With intraperitoneal dosages 
of 150 mg/kg and less, there is often poor diabetogenicity and 
easy auto-reversal of alloxan-induced hyperglycemia.[48]

Comparing Alloxan with STZ as Diabetogenic Agent

In terms of a chemical agent, STZ has significant advantages 
over alloxan for the development of experimental diabetes 
and is frequently chosen over the latter (Alloxan). As an 
illustration, STZ has a longer half-life (15 min against 

Table 2: Evidence of antidiabetic effects of curcumin: In vivo alloxan-Induced diabetes animal studies
Animal Concentration of curcumin Serum effect Other effect References
Wistar rats 0.1 mg/kg body weight; 2 h • Decrease in glucose Level • No measured effect [46]

Wistar rats 0.08 mg/kg body weight /day; 
21 days

• Decrease in glucose level
• Decrease in HbA1c level
• Decrease in TBARS level
• Increase in hemoglobin level

Liver:
• Decreases in liver TBARS level
• �Increase in liver glutathione 

level

[47]

Figure 4: Turmeric

Figure 3: Turmeric plant

Figure 2: Chemical structure of curcumin

1.5 min of Alloxan).[49] It becomes more stable in solution 
as a result, both before and after injection into animals. 
Hyperglycemia caused by STZ is more persistent and often 
steadier (as much as 3 months compared to alloxan-induced 
hyperglycemia that can only be sustained for less than a 
month). In addition, the mechanism of STZ diabetogenicity 
has a lower level of cellular toxicity, which results in lower 
animal mortality. Alloxan, on the other hand, causes diabetes 
by a process that is characterized by occurrences of ketosis, 
reactive oxygen species toxicity, and a high death rate, which 
is especially a significant drawback in experimental diabetes 
investigations.[48] The fact that STZ is more specific to islet 
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beta-cells than alloxan, which severely harms other cell types 
that express glucose transporter 2, is one explanation for this 
(systemic toxicity).[44]

BIOLOGICAL EFFECT OF  
CURCUMIN: HUMAN STUDIES

In Table 3, the biological effects of administering curcumin 
to healthy individuals and diabetic patients are compiled and 
explained. A 6 g dose of curcumin administered to healthy 
volunteers in a crossover trial led to a significant rise in 
serum insulin levels at 30 and 60 min in response to a 75 g 
oral glucose tolerance test.[50] Blood glucose levels were 
unaffected by curcumin consumption.[50] These data suggest 
that curcumin administration influences insulin secretion.

The clinical investigations in Table 3 show that giving 
curcumin to people with prediabetes and diabetes improved 

glucose and lipid homeostasis, enhanced beta-cell function, 
and slowed the course of diabetes. Curcumin treatment also 
enhanced antioxidant activity and kidney and liver function. 
These results imply that curcumin has potent diabetic-
lowering properties. Further studies are required to determine 
the effective clinical dosage and temporal administration of 
curcumin.

CONCLUSION

Ayurvedic remedies have historically employed turmeric, 
which contains curcumin. It is efficient in treating numerous 
diseases and has numerous advantages. Curcumin, a 
naturally occurring anti-inflammatory and anti-diabetic 
substance, seems to be a safe and affordable substitute that 
is helpful for this condition, even though it is necessary to 
know its effective amount. Curcumin is a key component 
in the management of diabetes and in the prevention of the 

Table 3: Effects of curcumin: Human studies
Condition Concentration in 

curcumin
Serum effect Other effect Reference

Type II DM dyslipidemia 
patients

200 mg/capsule/day; 
12 weeks

• Increase in HDL level
• Decrease in LDL level
• Decrease in glucose level

• Decrease in BMI [51]

Healthy individuals patient 6 g; 30 and 60 min • Increase in insulin level • No other effect [50]

Type II DM patients 200 mg/day; 
14 weeks

• Decrease in glucose level
• Decrease in HbA1c level 

• No other effect [52]

Diabetic nephropathy 22.1 mg/day; 
2 months

• Decrease in LDL level
• Decrease in glucose level
• Decrease in cholesterol level 

• �Decrease in Urinary IL-8 
level

• Decrease in proteinuria 

[53]

Diabetic patients 200 mg/day; 
4 weeks

• No measured effects • Decrease in skin flux
• Increase in PO2 level
• �Increase in Venoarteriolar 

response

[54]

Pre- diabetic patients 150 mg/day; 
9 months

• Decrease in insulin level
• Decrease in C-peptide level
• Decrease in glucose level

• �Increase in β-cells 
function

• Decrease in diabetes

[55]

Overweight diabetic 
patients 

300 mg/kg; 
3 months

• Increase in LPL level
• Decrease in glucose level
• Decrease in HbA1c level
• �Decrease in total fatty acid 

level

• Decrease in HOMA-IR [56]

Obese patients 1 g/day; 30 days • Decrease in triglyceride level • No other effects [57]

Metabolic syndrome 
patients

630 mg/thrice/day; 
12 weeks

• Increase in HDL level
• Decrease in LDL level

• No other effects [58]

Fasting glucose impaired 
patients

125 mg/twice/day; 
8 weeks

• Increase in HDL level
• �Decrease in fasting insulin 

level

• Decrease in HOMA-IR [59]

Type II DM patients 1500 mg/thrice/day; 
10 weeks

• Decrease in glucose level • Decrease in mean weight
• Decrease in BMI

[60]

HbA1c: Hemoglobin A1c
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disease and its complications. The major features of diabetes, 
such as insulin resistance, hyperlipidemia, hyperglycemia, 
and islet apoptosis and necrosis, may be impacted by 
Curcumin. In vivo animal studies examining the effect of 
curcumin indicate significant improved glucose and lipid 
homeostasis. Significant reductions were observed in serum 
lipid and glucose levels. Curcumin therapy reduced oxidative 
stress and lipid peroxidation while increasing antioxidant 
enzyme activity. Furthermore, mitochondrial biogenesis was 
improved with curcumin administration. Administration of 
curcumin to animal models of diabetic nephropathy resulted 
in improved kidney function.

The most prevalent form of diabetes among those who are 
younger in age is type I. Both wealthy and underdeveloped 
nations are seeing an increase in type I diabetes prevalence. 
Developing nations account for 85–95% of type II diabetes 
cases. According to estimates, 366 million people worldwide 
had diabetes in 2011; by 2030, this number will have to 
increase to million. About 80% of those with DM live in low-
and middle-income nations. 4.6 million people perished in 
2011 due of DM. The IDF estimates that 463 million people 
worldwide and 88 million individuals in Southeast Asia will 
have diabetes in 2020. India is home to 77 million of these 
88 million individuals. According to the IDF, 8.9% of people 
have diabetes in this country. The number of children in India 
with type I diabetes is estimated by the IDF to be second 
only to that of children in the US. In the SEA region, it also 
accounts for the highest percentage of children who develop 
type I diabetes incidentally. About 2% of all deaths in India 
are attributable to diabetes, according to the World Health 
Organization.

In addition, numerous strategies are needed to overcome 
curcumin’s poor bioavailability and restricted solubility. 
These include synthesis of curcuminoids and development 
of novel formulations of curcumin, such as nanoparticles, 
liposomal encapsulation, emulsions, and sustained released 
tablets. The development of a “super curcumin” is anticipated 
to result from curcumin improved bioavailability and 
convincing clinical trial findings, propelling this promising 
natural product to the forefront of therapeutic medicines for 
diabetes.

ACKNOWLEDGMENT

The authors would like to thank Principal and Management 
of college for their constant support and motivation.

REFERENCES

1.	 World Health Organization. About Diabetes. Archived 
from the Original. Geneva: World Health Organization; 
2014. Available from:  https://www.who.int/news-
room/fact-sheets/detail/diabetes [Last accessed on 

2014 Apr 04].
2.	  Brutsaert  EF. Diabetes Mellitus (DM) - Hormonal and 

Metabolic Disorders MSD Consumer Version; 2022.
3.	 Roglic G. Global Report on Diabetes. Geneva: World 

Health Organization; 2016.
4.	 American Diabetes Association. Classification and 

diagnosis of diabetes. Diabetes Care 2017;40:S11-24.
5.	 Alberti KG, Zimmet PZ. Definition, diagnosis and 

classification of diabetes mellitus and its complications. 
Part 1: Diagnosis and classification of diabetes mellitus 
provisional report of a WHO consultation. Diabet Med 
1998;15:539-53.

6.	 Shapiro K, Gong WC. Natural products used for diabetes. 
J Am Pharm Assoc (Wash) 2002;42:217-26.

7.	 Gobert CP, Duncan AM. Consumption, perceptions and 
knowledge of soy among adults with Type 2 diabetes. 
J Am Coll Nutr 2009;28:203-18.

8.	 Jiang CS, Liang LF, Guo YW. Natural products 
possessing protein tyrosine phosphatase 1B (PTP1B) 
inhibitory activity found in the last decades. Acta 
Pharmacol Sin 2012;33:1217-45.

9.	 Nolan CJ, Damm P, Prentki M. Type II diabetes across 
generations: From pathophysiology to prevention and 
management. Lancet 2011;378:169-81.

10.	 Aggarwal BB, Sundaram C, Malani N, Ichikawa H. 
Curcumin: The Indian solid gold. Adv Exp Med Biol 
2007;595:1-75.

11.	 Matias JN, Achete G, Campanari GS, Guiguer ÉL, 
Araújo AC, Buglio DS, et al. A systematic review of the 
antidepressant effects of curcumin: Beyond monoamines 
theory. Aust N Z J Psychiatry 2021;55:451-62.

12.	 Kunnumakkara AB, Bordoloi D, Padmavathi G, 
Monisha J, Roy NK, Prasad S, et al. Curcumin, the 
golden nutraceutical: Multitargeting for multiple chronic 
diseases. Br J Pharmacol 2017;174:1325-48.

13.	 Perrone D, Ardito F, Giannatempo G, Dioguardi M, 
Troiano G, Lo Russo L, et al. Biological and therapeutic 
activities, and anticancer properties of curcumin. Exp 
Ther Med 2015;10:1615-23.

14.	  Bethesda MD. Turmeric Drugs and Lactation Database 
(Lactmed). Bethesda MD: National Library of Medicine 
US; 2006.

15.	 Sultana S, Munir N, Mahmood Z, Riaz M, Akram M, 
Rebezov M, et al. Molecular targets for the management 
of cancer using Curcuma longa Linn. Phytoconstituents: 
A review. Biomed Pharmacother 2021;135:111078.

16.	 Manolova Y, Deneva V, Antonov L, 
Drakalska E, Momekova D, Lambov N. The effect of 
the water on the curcumin tautomerism: A quantitative 
approach. Spectrochim Acta A Mol Biomol Spectrosc 
2014;132:815-20.

17.	 Farooqui T, Farooqui AA. Curcumin: Historical 
background, chemistry, pharmacological action, 
and potential therapeutic value. In: Curcumin for 
Neurological and Psychiatric Disorders. Netherlands: 
Elsevier; 2019. p. 23-44.

18.	 Mbese Z, Khwaza V, Aderibigbe BA. Curcumin and its 



Rajput, et al.: Curcumin: A boon as antidiabetic

International Journal of Green Pharmacy • Jan-Mar 2023 • 17 (1) | 25

derivatives as potential therapeutic agents in prostate, 
colon and breast cancers. Molecules 2019;24:4386.

19.	 Somers-Edgar TJ, Taurin S, Larsen L, Chandramouli A, 
Nelson MA, Rosengren RJ. Mechanisms for the activity 
of heterocyclic cyclohexanone curcumin derivatives 
in estrogen receptor negative human breast cancer cell 
lines. Invest New Drugs 2011;29:87-97.

20.	 Sa G, Das T, Banerjee S, Chakraborty J. Curcumin: 
From exotic spice to modern anticancer drug. Al Ameen 
J Med Sci 2010;3:21-37.

21.	 Zhang Q, Li D, Liu Y, Wang H, Zhang C, Huang H, 
et al. Potential anticancer activity of curcumin analogs 
containing sulfone on human cancer cells. Arch Biol Sci 
2016;68:125-33.

22.	 Nagahama K, Utsumi T, Kumano T, Maekawa S, 
Oyama N, Kawakami J. Discovery of a new function 
of curcumin which enhances its anticancer therapeutic 
potency. Sci Rep 2016;6:30962.

23.	 Tsukamoto M, Kuroda K, Ramamoorthy A, Yasuhara K. 
Modulation of raft domains in a lipid bilayer by 
boundary-active curcumin. Chem Commun (Camb) 
2014;50:3427-30.

24.	 Vieira AR, Abar L, Vingeliene S, Chan DS, Aune D, 
Navarro-Rosenblatt D, et al. Fruits, vegetables and lung 
cancer risk: A systematic review and meta-analysis. Ann 
Oncol 2016;27:81-96.

25.	 Kuzma JN, Schmidt KA, Kratz M. Prevention of 
metabolic diseases: Fruits (including fruit sugars) 
vs. vegetables. Curr Opin Clin Nutr Metab Care 
2017;20:286-93.

26.	 Stefan N, Häring HU, Schulze MB. Metabolically 
healthy obesity: The low-hanging fruit in obesity 
treatment? Lancet Diabetes Endocrinol 2018;6:249-58.

27.	 Baur JA, Sinclair DA. Therapeutic potential of 
resveratrol: The in vivo evidence. Nat Rev Drug Discov 
2006;5:493-506.

28.	 Park EJ, Pezzuto JM. The pharmacology of resveratrol 
in animals and humans. Biochim Biophys Acta 
2015;1852:1071-113.

29.	 Serino A, Salazar G. Protective role of polyphenols 
against vascular inflammation, aging and cardiovascular 
disease. Nutrients 2018;11:53.

30.	 Moore J, Yousef M, Tsiani E. Anticancer effects 
of rosemary (Rosmarinus offcinalis L.) extract and 
rosemary extract polyphenols. Nutrients 2016; 8:731.

31.	 Yousef M, Vlachogiannis IA, Tsiani E. Effects of 
resveratrol against lung cancer: In vitro and in vivo 
studies. Nutrients 2017;9:1231.

32.	 Naimi M, Vlavcheski F, Shamshoum H, Tsiani E. 
Rosemary extract as a potential anti-hyperglycemic 
agent: Current evidence and future perspectives. 
Nutrients 2017;9:968.

33.	 Meng B, Li J, Cao H. Antioxidant and antiinflammatory 
activities of curcumin on diabetes mellitus and its 
complications. Curr Pharm Des 2013;19:2101-13.

34.	 Suresh Babu P, Srinivasan K. Amelioration of renal 
lesions associated with diabetes by dietary curcumin 

in streptozotocin diabetic rats. Mol Cell Biochem 
1998;181:87-96.

35.	 Murugan P, Pari L. Antioxidant effect of 
tetrahydrocurcumin in streptozotocin-nicotinamide 
induced diabetic rats. Life Sci 2006;79:1720-8.

36.	 Ali Hussain HE. Hypoglycemic, hypolipidemic and 
antioxidant properties of combination of Curcumin from 
Curcuma longa, Linn, and partially purified product 
from Abroma augusta, Linn. in streptozotocin induced 
diabetes. Indian J Clin Biochem 2002;17:33-43.

37.	 Suryanarayana P, Satyanarayana A, Balakrishna N, 
Kumar PU, Reddy GB. Effect of turmeric and curcumin 
on oxidative stress and antioxidant enzymes in 
streptozotocin-induced diabetic rat. Med Sci Monit 
2007;13:R286-92.

38.	 Sharma S, Kulkarni SK, Chopra K. Curcumin, the active 
principle of turmeric (Curcuma longa), ameliorates 
diabetic nephropathy in rats. Clin Exp Pharmacol Physiol 
2006;33:940-5.

39.	 Tikoo K, Meena RL, Kabra DG, Gaikwad AB. Change 
in post-translational modifications of histone H3,heat-
shock protein-27 and MAP kinase p38 expression by 
curcumin in streptozotocin-induced Type I diabetic 
nephropathy. Br J Pharm 2008;153:1225-31.

40.	 Kanitkar M, Gokhale K, Galande S, Bhonde RR. Novel 
role of curcumin in the prevention of cytokine-induced 
islet death in vitro and diabetogenesis in vivo. Br J 
Pharmacol 2008;155:702-13.

41.	 Pari L, Karthikesan K, Menon VP Comparative 
and combined effect of chlorogenic acid and 
tetrahydrocurcumin on antioxidant disparities in 
chemical induced experimental diabetes. Mol Cell 
Biochem 2010;341:109-17.

42.	 El-Azab MF, Attia FM, El-Mowafy AM. Novel role of 
curcumin combined with bone marrow transplantation 
in reversing experimental diabetes: Effects on pancreatic 
islet regeneration, oxidative stress, and inflammatory 
cytokines. Eur J Pharm 2011;658:41-8.

43.	 Soetikno V, Sari FR, Veeraveedu PT, Thandavarayan RA, 
Harima M Sukumaran V, et al. Curcumin ameliorates 
macrophage infiltration by inhibiting NF-kB activation 
and proinflammatory cytokines in streptozotocin 
induced-diabetic nephropathy. Nutr Metab (Lond) 
2011;8:35.

44.	 Lenzen S. The mechanisms of alloxan- and streptozotocin-
induced diabetes. Diabetologia 2008;51:216-26.

45.	 Federiuk IF, Casey HM, Quinn MJ, Wood MD, Ward KW. 
Induction of Type-1 diabetes mellitus in laboratory rats 
by use of alloxan: Route of administration, pitfalls, and 
insulin treatment. Comp Med 2004;54:252-7.

46.	 Arun N, Nalini N. Efficacy of turmeric on blood sugar 
and polyol pathway in diabetic albino rats. Plant Foods 
Hum Nutr 2002;57:41-52.

47.	 Das KK, Razzaghi-Asl N, Tikare SN, Di Santo R, Costi R, 
Messore A, et al. Hypoglycemic activity of curcumin 
synthetic analogues in alloxan-induced diabetic rats. 
J Enzyme Inhib Med Chem 2016;31:99-105.



Rajput, et al.: Curcumin: A boon as antidiabetic

International Journal of Green Pharmacy • Jan-Mar 2023 • 17 (1) | 26

48.	 Szkudelski T. The mechanism of alloxan and 
streptozotocin action in B cells of the rat pancreas. 
Physiol Res 2001;50:537-46.

49.	 Rossini AA, Like AA, Chick WL, Appel MC, 
Cahill GF Jr. Studies of streptozotocin-induced insulitis 
and diabetes. Proc Natl Acad Sci U S A 1977;74:2485-9.

50.	 Wickenberg J, Ingemansson SL, Hlebowicz J. 
Effects of Curcuma longa (Turmeric) on postprandial 
plasmaglucose and insulin in healthy subjects. Nutr J 
2010;9:43.

51.	 Sukandar EY, Permana H, Adnyana IK, Sigit JI, 
Llyas RA, Hasimun P, et al. Clinical study of turmeric 
(Curcuma longa L.) and Garlic (Allium sativum L.) 
Extracts as antihyperglycemic and antihyperlipidemic 
agent in Type-2 diabetes-dyslipidemia patients. Int J 
Pharmacol 2010;6:456-63.

52.	 Sukandar EY, Sudjana P, Adnyana I.K, Setiawan AS, 
Yuniarni U. Recent study of turmeric in combination 
with garlic as antidiabetic agent. Procedia Chem 
2014;13:44-56.

53.	 Khajehdehi P, Pakfetrat M, Javidnia K, Azad F, 
Malekmakan L, Nasab MH, et al. Oral supplementation 
of turmeric attenuates proteinuria, transforming growth 
factor-β and interleukin-8 levelsin patients with overt 
Type 2 diabetic nephropathy: A randomized, double-
blind and placebo-controlled study. Scand J Urol Nephrol 
2011;45:365-70.

54.	 Appendino G, Belcaro G, Cornelli U, Luzzi R, Togni S, 
Dugall M, et al. Potential role of curcumin phytosome 
(Meriva) in controlling the evolution of diabetic 
microangiopathy. A pilot study. Panminerva Med 
2011;53:43-9.

55.	 Chuengsamarn S, Rattanamongkolgul S, Luechapudiporn R, 

Phisalaphong C, Jirawatnotai S. Curcumin extract 
for prevention of Type 2 diabetes. Diabetes Care 
2012;35:2121-7.

56.	 Na LX, Li Y, Pan HZ, Zhou XL, Sun DJ, Meng M, et al. 
Curcuminoids exert glucose-lowering effect in Type 2 
diabetes by decreasing serum free fatty acids: A double-
blind, placebo-controlled trial. Mol Nutr Food Res 
2013;57:1569-77.

57.	 Mohammadi A, Sahebkar A, Iranshahi M, Amini M, 
Khojasteh R, Ghayour-Mobarhan M, et al. Effects of 
supplementation with curcuminoids on dyslipidemia in 
obese patients: A randomized crossover trial. Phytother 
Res 2013;27:374-9.

58.	 Yang YS, Su YF, Yang HW, Lee YH, Chou JI, 
Ueng KC. Lipid-lowering effects of curcumin 
inpatients with metabolic syndrome: A randomized, 
double-blind, placebo-controlled trial. Phytother Res 
2014;28:1770-7.

59.	 Cicero AF, Fogacci F, Morbini M, Colletti A, Bove M, 
Veronesi M, et al. Nutraceutical effects on glucose 
and lipid metabolism in patients with impaired fasting 
glucose: A pilot, double-blind, placebo-controlled, 
randomized clinical trial on a combined product. High 
Blood Press Cardiovasc Prev 2017;24:283-8.

60.	 Hodaei H, Adibian M, Nikpayam O, Hedayati M, 
Sohrab G. The effect of curcumin supplementation 
onanthropometric indices, insulin resistance and 
oxidative stress in patients with Type 2 diabetes: 
A randomized, double-blind clinical trial. Diabetol 
Metab Syndr 2019;11:41.

Source of Support: Nil. Conflicts of Interest: None declared.


