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The crossTalk beTween diabeTes, beTa 
cell dysfuncTion and oxidaTive sTress

Type 2 diabetes (T2DM) is characterized by insulin resistance 
and β-cell dysfunction. Insulin resistance is assumed to be a 
major pathophysiological feature of T2DM; however, T2DM 
never develops unless β-cells fail to compensate insulin 
resistance. Recent evidence has emerged that a deficit of β-cell 
function along with β-cell mass is a common characteristic of 
both type 1 and type 2 diabetes, indicating a core pathogenesis 
of diabetes.1

Potential changes in the pancreatic islet of Langerhans, 
distinguished by beta cell fate, that eventually lead to beta 
cell failure in T2DM are described in Figure 1. It has been 
suggested that beta cell failure in T2DM involves massive cell 

death, resulting in reduced beta cell mass that cannot deliver 
sufficient insulin. It is also possible that beta cells in T2DM 
may lose their differentiated identity, possibly even gaining 
features of other islet cell types. The loss of beta cell identity is 
at least partly reversible upon normalization of glycemia, with 
implications for the reversibility of T2DM. Other studies ascribe 
beta cell failure to cell exhaustion, due to chronic oxidative or 
endoplasmic reticulum stress leading to cellular dysfunction.2 

Oxidative stress and inflammation are key physiological and 
pathological events linking obesity, insulin resistance, and the 
progression of T2DM. Unresolved inflammation alongside a 
glucolipotoxic environment of the pancreatic islets, in insulin 
resistant pathologies, enhances the infiltration of immune cells 
which through secretory activity cause dysfunction of insulin-
secreting β-cells and ultimately cell death.3 

Oxidative Stress and Compromised 
Pancreatic Beta Cells

review arTicle

Figure 1: Proposed models for beta cell failure in type 2 diabetes

Source: Swisa A, Glaser B, Dor Y. Metabolic Stress and Compromised Identity of Pancreatic Beta Cells. Front Genet. 2017;8:21.
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β-cell dysfunction is associated with worsening of glycemic 
control and treatment failure; thus, it is important to preserve 
or recover β-cell functional mass in the management of T2DM.1

Molecular evenTs linking oxidaTive 
StreSS and InflammatIon to βeta Cell 
dysfuncTion

Oxidative stress and inflammation provoked by excessive 
nutrient availability and obesity-induced alterations in 
proteostasis are key factors associated with T2DM progression 
both for the peripheral tissues and for β-cells within the islets. 
Oxidative stress independently exhibit its hazardous effects on 
vital organs of the body due to which impaired insulin secretion 
occurs in β-cells of pancreatic islets and insulin resistance (IR) 
develops in adipocytes and peripheral tissues. Impaired insulin 
secretion and IR lead to the development of post prandial 
hyperglycemia and overt T2DM both of which also acts as 
feedback mechanism for the development of oxidative stress 
(Figure 2).4

Furthermore, the high nutrient milieu observed in T2DM 
may activate circulating macrophages that could possibly lead 
to chronic low-grade inflammation, which is a hallmark of 
obesity and T2DM. An increased migration and infiltration 
of macrophages may occur in peripheral tissues, including 
pancreatic islets, liver, and adipose tissue, so that cell and 
tissue malfunction leads to reductions in insulin secretion. 
Additionally, production of pro-inflammatory cytokines 
can negatively affect metabolic processes in tissues that are 
physiological targets for insulin. These inflammatory exchanges 
may lead to hyperglycemia which is an important characteristic 
indicative of T2DM.3

anTioxidanT sysTeMs
Pancreatic β-cells have a high metabolic activity but are 
vulnerable to oxidative stress as they possess reduced 
antioxidant levels including glutathione peroxidase and catalase. 
Oxidative stress occurs in β-cells as a consequence of either 
excessive reactive oxygen species (ROS)/reactive nitrogen 
species (RNS) production or a failure of antioxidant species 
to effectively neutralise increasing ROS/RNS levels. Taken 
together, it is clear that excessive, uncontrolled oxidative stress 
contributes to pancreatic β-cell dysfunction, and therefore there 
seems a precise role of antioxidant agents in mediating β-cell 
insulin secretion and survival with a view to become potential 
treatments for T2DM. Use of anti-oxidants would possibly help 
restore native resistance to type 2 diabetes and other diseases 
linked to high oxidative stress and inflammation.3

adjuncTive ManageMenT opTions 
for dIabeteS: targetIng beta-Cell 
dysfuncTion and oxidaTive sTress
The focus on pharmacological studies pertaining to diabetes 
has seen a remarkable shift from conventional medicines 
to therapeutics employing bioactive phytomolecules from 
natural sources. The prospective effectiveness of natural 
products together with their low cost and minimal side effects 
has revolutionized the entire concept of drug discovery and 
management programs.5

Figure 2: Role of oxidative stress in diabetes mellitus 

Source: Rehman K, Akash MS. Mechanisms of inflammatory responses and development of insulin resistance: how are they interlinked? J Biomed Sci. 2016;23(1):87.
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Improves insulin resistance

Ameliorates defective insulin 
signaling

Prevents pancreatic beta cell 
apoptosis and dysfunction

Prevents abnormal glucose 
uptake and storage

Mitigates hyperlipidemia and 
dyslipidemia

Figure 3: Propitious effects of resveratrol in diabetes 
mellitus

Source: Oyenihi OR, Oyenihi AB, Adeyanju AA, Oguntibeju OO. Antidiabetic Effects of 
Resveratrol: The Way Forward in Its Clinical Utility. J Diabetes Res. 2016;2016:9737483. 

Resveratrol

epicatechin: role in regeneration of beta cells
Epicatechin (EC) is a monomeric flavan-3-ol 
that belongs to a subgroup of flavonoids. EC may 
exert antioxidant effects indirectly by modulating 
redox enzymes. EC treatment also promotes 
pancreatic β-cell regeneration in diabetic animal 
models in vivo.1 Evidence suggested that both 
the pancreas and its β-cells are capable of at 
least modest regeneration following surgical, 
chemical or transgenic injury, in some cases 
sufficient to reverse hyperglycemia.2 A study3 on 
experimental model showed that administration 
of EC (30 mg/kg, twice daily) for 4-5 days led to 
increase in β-cell number per islet, decreased the 
fasting blood glucose and increased the serum 
insulin levels. The mechanism underlying the 
effect of EC on insulin sensitivity is by activating 
CaMKII in the presence of high glucose, possibly 
involving GPR40 activation. This supports a 
role for EC as a cellular signaling molecule and 
further delineates the signaling pathways of EC 
in β-cells.1

Source: 1. Yang K, Chan CB. Epicatechin potentiation of glucose-stimulated insulin secretion in INS-1 cells is not dependent on its antioxidant activity. Acta Pharmacol Sin. 
2018;39(5):893-902. 2. Murtaugh LC, Kopinke D. Pancreatic stem cells. 2008 Jul 11. In: StemBook [Internet]. Cambridge (MA): Harvard Stem Cell Institute; 2008-. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK27059/. 3. Chakravarthy BK, Gupta S, Gode KD. Functional beta cell regeneration in the islets of pancreas in alloxan induced diabetic 
rats by (-)-epicatechin. Life Sci. 1982;31:2693-7.
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resveratrol

Resveratrol (3, 5, 4'-trihydroxy-trans-stilbene) is a non-
flavonoid polyphenolic compound belonging to the stilbenoid 
class. It has elicited beneficial effects in cardiovascular disorders, 
cancer, diabetes, obesity, amyloidogenesis, and others. Some of 
these beneficial effects occurred via mechanisms such as anti-
inflammation; anti-oxidation; anti-hyperglycemia; vasodilation; 
and clearance of amyloid β (Aβ) peptides. The molecular 
targets of resveratrol may include sirtuin 1 (SIRT1), adenosine 
monophosphate activated kinase (AMPK), nuclear factor-kappa 
B (NF-κB), and kelch-like ECH-associated protein 1 (Keap-1)/
nuclear factor erythroid 2-related factor 2 (Nrf2). The high 
safety profile of resveratrol, coupled with its multidirectional 
effects, has stimulated the interest of the scientific community 
making it an attractive candidate in the protection against the 
deleterious effects of hyperglycemia.6

Resveratrol has been reported to mitigate the harmful 
effects of diabetes in several in vitro and in vivo experiments 
through divergent mechanisms (Figure 3). It has been described 
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that resveratrol is a potent activator of histone deacetylase 
SIRT1. SIRT1 activation can increase insulin sensitivity and 
protect against metabolic damage resulting from a high-fat 
diet.7 AMP-activated protein kinase (AMPK) activation has 
been used to mediate some effects of resveratrol in regulating 
insulin sensitivity and insulin secretion in pancreatic β-cells 
and increasing glucose uptake.8 A recent study9 reported that 
resveratrol supplementation may improve fasting plasma 
glucose, HOMA-IR, and insulin in diabetic patients. These 
results indicate that resveratrol is an inexpensive dietary 
supplement that could benefit T2DM treatment.

curcumin
Curcumin could favorably affect most of the leading aspects 
of diabetes, including insulin resistance, hyperglycemia, 
hyperlipidemia, and islet apoptosis and necrosis (Figure 4). In 
addition, curcumin could prevent the deleterious complications 
of diabetes. The effect of curcumin on pancreatic cells has 

Figure 4: Curcumin is actively involved in treating diabetes and diabetic disorders by modulating various molecular 
targets

Source: Oyenihi OR, Oyenihi AB, Adeyanju AA, Oguntibeju OO. Antidiabetic Effects of Resveratrol: The Way Forward in Its Clinical Utility. J Diabetes Res. 2016;2016:9737483. 

been extensively studied and listed in Box 1.10 One such effect 
has been described in an experimental study11 which reported 
that curcumin treatment at 12 week increased the number of 
small pancreatic islets and decreased lymphocyte infiltration 
in pancreatic islets. The islets of Langerhans neogenesis is 
characterized by the presentation of small islets increase in 
numbers nearly the ducts and no insulitis. It could be inferred 
that curcumin treatment at 12 week can exert beneficial effect 
in diabetes mellitus, regarding the improvement of pancreatic 
islets.

Moreover, curcumin possesses a protective role against 
advanced glycation as well as collagen cross-linking and 
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through this way, mitigates advanced glycation end products-
induced complications of diabetes. Curcumin also reduces 
blood glucose, and the levels of glycosylated hemoglobin in 
diabetic experimental models through the regulation of polyol 
pathway.12

Furthermore, curcumin caused antioxidant and anti-
inflammatory effects through several mechanisms. The 
beneficial effect of curcumin on diabetes may be due to its 
ability to spice up the immune system. It aids in limiting the 
release of pro-inflammatory factors, such as MCP-1 from 
endothelial and immune cells in the presence of high glucose 
or increased concentrations of AGEs. This is due to the potent 
anti-inflammatory effect in diabetic individuals, exerted by 
curcumin.10

Importantly, oxidative stress is known to participate in the 
development of diabetes. ROS have been postulated to play 
a significant role in the pathogenesis of diabetes. Curcumin 
acts as a natural free radical scavenger due to its chemical 
structure and has anti-oxidative potency.13 Intriguingly, oral 
administration of curcumin resulted in near-normalization of 
antioxidant enzymatic activities and levels of lipid peroxidation 
markers, including circulatory lipid peroxidation, vitamin C, 
vitamin E, and SODC.14

Overall, scientific literature shows that curcumin possesses 
anti-diabetic effects and mitigates diabetes complications.

Pterocarpus marsupium
Pterocarpus marsupium (P. marsupium) is one of the traditional 
medicinal plants with hypoglycemic activity, used by a lot of 
patients on a large scale.15 In ayurveda, aqueous extract of heart-
wood of P. marsupium is used in treatment of diabetes. Elevated 

circulating inflammatory cytokines such as tumor necrosis 
factor (TNF)-α, interleukin (IL)-1β, and IL-6 are observed in 
patients with postprandial hyperglycemia. Activated innate 
immune system and chronic systemic inflammation are an 
early process in the pathogenesis of type 2 diabetes. A study 
was conducted to investigate the effect of aqueous extract of P. 
marsupium on elevated inflammatory cytokine, TNF-α in type 
2 diabetic experimental models. The results showed decrease in 
elevated TNF-α by the aqueous extract of P. marsupium along 
with its blood glucose lowering effect which suggested that the 
immunomodulatory property of this rasayana drug could be 
related with its potential anti-diabetic activity.16 Furthermore, 
another study15 corroborated that use of P. marsupium is highly 
effective blood glucose lowering Indian traditional plant agent; 
in addition, it can be use as an add-on therapy in patients with 
T2DM and free from any adverse event.

salacia
Extracts of Salacia reticulata Wight roots, stems, and leaves 
have been used in Asia for hundreds of years for the folkloric 
treatment of diabetes and other health problems. Studies 
indicate that Salacia extracts modulate multiple targets that 
influence carbohydrate and lipid metabolism including α‐
glucosidase, aldose reductase, pancreatic lipase, peroxisomal 
proliferator‐activated receptor‐α, glucose transporter‐4 
mediated glucose uptake, and angiotensin II type 1 receptor. 
Furthermore, Salacia extracts exhibit free radical scavenging, 
antioxidant and hepatoprotectant activities. In human studies, 
Salacia extracts have been shown to decrease plasma glucose 
and insulin levels, decrease HbA1c, and modulate serum lipid 
levels with no adverse effects being reported.17

Withania somnifera
Withania somnifera (WS), commonly known as ashwagandha 
is widely used in Ayurvedic system of medicine in India. 
Several studies on this plant indicated that it possesses 
anti-inflammatory, anti-tumour, anti-stress, anti-oxidant, 

Box 1: Effect of curcumin on pancreatic β-cell 
dysfunction
 • Increases islet viability and delayed islet ROS production

 • Increases the number of small pancreatic islets and 
decreased lymphocyte infiltration in pancreatic islets

 • Inclusion of curcumin in bone marrow transplantation 
increased islet regeneration and insulin secretion

 • Plays antioxidant defense and increases basal insulin 
secretion in human islet

 • Acts on membrane potential leading to production of 
electronic activity and insulin release

 • Offers potential benefits by reducing human islet amyloid 
polypeptide fibril formation and aggregation resulting due to 
diabetes.

Source: Zhang D, Fu M, Gao S-H, Liu J-L. Curcumin and Diabetes: A Systematic 
Review. Evid Based Complement Alternat Med. 2013;2013:636053. 

Administration of Withania somnifera may 
decrease hyperglycemia, inflammation, 
and insulin resistance; thus, may 
be used as a supplement for the 
prevention of diabetic complications
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immunomodulatory, hemopoetic and rejuvenating properties 
besides its positive influence on the endocrine, cardiopulmonary 
and central nervous system.18 Mounting evidence suggested 
the role of WS in causing a significant decrease in blood 
glucose levels in diabetic individuals along with its free radical 
scavenging activity.18,19 Experimental study18 suggested that use 
of WS normalizes hyperglycemia in  non-insulin-dependent 
diabetes mellitus subjects by improving insulin sensitivity. 
Another study19 showed that WS decreased the elevated serum 
glucose, TNF-α, IL-6, and insulin in fructose-fed experimental 
models. The study results suggested that administration of 
WS may decrease hyperglycemia, inflammation, and insulin 
resistance; therefore, WS may be a suitable supplement for the 
prevention of diabetic complications. 

gymnema sylvestre 
Gymnema sylvestre (Asclepiadaceae), popularly known as 
“gurmar” for its distinct property as sugar destroyer, is a 
reputed herb in the Ayurvedic system of medicine. Its sweet 
inactivation property is due to the presence of triterpene 
saponins known as gymnemic acids, gymnemasaponins, and 
gurmarin. Experimental trials confirmed the hypoglycemic 
effect of G. sylvestre on beryllium nitrate and streptozotocin 
treated experimental models. There was a slight increase in 
body weight and protein and a significant decrease in fasting 
blood glucose in diabetic experimental models treated with G. 
sylvestre, and other herbs.20

Thus, G. sylvestre has good prospects in the treatment of 
diabetes as it shows positive effects on blood sugar homeostasis, 
controls sugar cravings, and promotes regeneration of 
pancreas.20

conclusion
The epidemic rise in the number of new cases of diabetes is 
one of the most alarming statistics regarding health issues on 
a worldwide basis. Oxidative stress and inflammation are key 
physiological and pathological events linking obesity, insulin 
resistance, and the progression of T2DM. Though there are 
various approaches to reduce the ill effects of diabetes and its 
secondary complications, herbal formulations are preferred due 
to lesser side effects and low cost. Medicinal plants with proven 
anti-diabetic and related beneficial effects and herbal drugs 
used in treatment of diabetes, includes, resveratrol, curcumin, 
P. marsupium, Salacia, Withania somnifera, Gymnema sylvestre 
and Epicatechin. Mechanism by which these herbal drugs act 

include: increase peripheral utilization of glucose, increase 
hepatic and muscle glucagon contents, modulate insulin 
secretion, promote B cells repair and regeneration, anti-
inflammatory properties, anti-oxidant properties, protects B 
cells from oxidative stress, and minimizes long term diabetic 
complications. Use of herbal preparation may thus aid in 
alleviating diabetes and its complications.
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Use of Cresvin Beta in patient with 
Acanthosis nigricans: A case report

case sTudy

case reporT

A 16-year-old obese girl was referred to a general physician 
by dermatologist, she presented with hyper pigmented, 
thickening lesions in the arm pits and neck since 10 months. 
Her lesions were first recognized almost 10 months back, oral 
and topical antifungals were initially prescribed for managing 
the symptoms. Her personal history revealed that she was fond 
of junk food and cold drinks, with a frequency of daily intake. 
Her past medical history was non-contributory.

Patient was oriented to time, place and person. Vitals: Pulse 
rate: 78 beats/min; BP: 120/70 mm Hg; Temperature: 98.4°F; 
Respiratory rate: 16/min. BMI: 35.1 kg/m2 (Weight: 86.6 kgs; 
Height: 157cms). Pallor negative, Icterus negative, no edema, 
JVP not raised; carotid bruit could not be auscultated. Local 
examination revealed dark, coarse, thickened skin with a velvety 
texture in both the axilla and neck, skin lines are accentuated 
into areas with mammilated surface (Figure 1). Systemic 
examinations including CNS, CVS, chest, and abdominal were 
noncontributory.

Investigations revealed- CBC: Hb- 12.5 g/dL; total 
leukocytes count-5.42 x 103 µL (4-10), RBC-4.98 million/µL 
(4-50-5.50), Neutrophils-57% (40-60), Lymphocytes-40% 
(20-40), and Eosinophills-0.3% (1-6); Fasting blood sugar: 90 
mg/dL; Post-prandial blood sugar: 130 mg/dL; HbA1c: 6.5%; 

Figure 1: Dark, coarse and velvety in neck

TSH: 1.4 µl/mL; Fasting insulin: 42.4 µ/mL; DHEA: 2.02 ng/
mL; Ultrasound revealed that ovaries were normal in span with 
echogenic stroma and few tiny peripheral follicles. Moderate 
hepatomegaly with fatty liver was present. 

A diagnosis of Acanthosis Nigricans was made. 

ManageMenT
Patient was initiated with metformin 500 mg twice daily, herbal 
preparation (cresvin beta) twice daily, ursodeoxycholic acid 
twice daily and vitamin E once daily for three months. On 
follow up, after one and half months, her fasting insulin was 
reduced to 32.3 µ/mL. Patient was asked to stop the herbal 
preparation and continue with rest of the treatment increasing 
the dose of metformin to thrice a day regimen. On follow up 
after two months, her fasting insulin increased to 40 µ/mL. She 
was advised to add herbal preparation again in her regimen and 
visit for review after one month with fasting insulin report. On 
follow up, the fasting insulin level was 26.3 µ/mL. On her next 
visit after two months, there was reduction in fasting insulin 
levels (23.8 µ/mL). Patient was then asked to stop metformin 
and was continued on the rest of the treatment. On further 
follow up after three months, insulin levels showed further 
reduction to 19.9 µ/mL (Figure 2) and there was significant 
improvement in the lesions of neck (Figure 3).
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sensitizing agents such as metformin can be used for the 
treatment of AN associated with insulin resistance.4 However, 
role of herbal and natural preparation in regulating insulin 
sensitivity and insulin secretion in pancreatic β-cells has been 
established.5 Medicinal herbal preparation such as cresvin beta 
containing diverse bioactive compounds such as-curcumin6, 
resveratrol7, P. marsupium8, Salacia9, Withania somnifera10, 
Gymnema sylvestre11 and Epicatechin12 can have multiple actions 
on insulin action, insulin production, or both. In addition, 
these compounds have anti-inflammatory properties, and anti-
oxidant properties, and promote b cells repair and regeneration. 

Thus, the overall effect would lead to reduction in fasting 
insulin sensitivity levels and in turn aid in improving the clinical 
symptoms of AN.
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Figure 3: Significant improvement in the lesions of 
neck after use of cresvin beta

Figure 2: Significant improvement in the fasting insulin 
sensitivity concentrations
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The case showed superior effects of 
Cresvin Beta in reducing fasting insulin 
levels compared to conventionally used 
insulin-sensitizing agent. This herbal 
preparation has opened new treatment 
avenue for diabetic population

discussion

Acanthosis nigricans (AN) is a common dermatologic 
characterized by hyperpigmentation, hyperkeratosis and 
papillomatosis. It is associated with insulin resistance, diabetes 
mellitus, obesity, internal malignancy, endocrine disorders, 
and drug reactions.1 Furthermore, attention has turned to 
AN as a possible marker of increased risk for development of 
diabetes.2  In recent years, the prevalence of diabetes, as well 
as prediabetes, has significantly increased in India.3 Among 
biophysical parameters, AN was associated only with high 
fasting insulin levels and insulin resistance.2 Treatment of 
AN should focus on correction of the underlying disease 
process. Weight reduction in obesity-related AN may resolve 
hyperkeratotic lesions, while correction of hyperinsulinemia 
can reduce the burden of AN lesions.1 Conventional insulin-
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