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            Diabetes mellitus is the most common chronic metabolic disorder 

that progresses slowly and silently. As hyperglycemia becomes chronic with 

time, it leads to serious consequences in several tissues, especially those that 

are insulin-insensitive (retina, neurons, kidneys). Although synthetic oral 

hypoglycemic drugs alongside insulin are the main route for controlling DM, 

they fail to reverse the course of its complications completely and further 

worsen it by the fact that they also demonstrate prominent side effects. 

Ashwagandha (Withania somnifera) is one of the most important herbs of 

Ayurveda "the traditional system of medicine in India. Ashwagandha root and 

leaf extract demonstrated a hypoglycemic activity comparable to the standard 

drug glibenclamide in alloxan-induced diabetic rats. Due to its 

neuroprotective properties, preclinical and clinical studies have supported the 

use of ashwagandha for the treatment of a wide range of neurological 

conditions. Ashwagandha has strong antioxidant properties, which aid in the 

prevention of cellular damage caused by free radicals. 
 

INTRODUCTION 

               Diabetes mellitus (DM) is a metabolic syndrome characterized by chronic 

hyperglycemia due to impaired carbohydrate, fat, and protein metabolisms caused by either a 

lack of insulin secretion or a decrease in tissue sensitivity to insulin (Ozougwu et al., 2013). 

In the long run, hyperglycemia can lead to a variety of complications such as retinopathy, 

nephropathy, neuropathy, and cardiovascular disease (Poznyak et al., 2020). According to 

Zochodne (2007), DM is a major cause of nerve damage, especially in the longer peripheral 

nerves that innervate the lower limbs. One of the mechanisms involved in diabetic-induced 

neuronal damage is most likely oxidative stress (OS) (Vincent et al., 2004). The brain is 

thought to be more vulnerable to OS as it consumes a high amount of oxygen, has a high 

level of polyunsaturated fatty acids, and has a low level of antioxidant enzymes (Singh et al., 

2019). Under diabetic conditions, brain damage clearly got worse (Wang et al., 2001). 

Martínez-Tellez et al. (2005) indicated that DM is linked to structural, morphological, and 

functional changes in the brain. Furthermore, DM is widely regarded as an inflammatory 

disease, in which different cytokine concentrations have been found to rise in the serum of 

diabetic patients (Deng and Chow, 2010). In fact, OS and neuro-inflammation have been 

identified as key pathophysiological triggers in a variety of diabetes-related microvascular 

complications, including DN (Abdel-Hay et al., 2018).  
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               In recent years, the medical system 

has continued to face difficulties in 

managing DM without any side effects. 

Along with insulin, a variety of oral 

synthetic hypoglycemic medications are 

available for the treatment of DM with their 

side effects (Banerjee et al., 2020). As a 

result, there is an increase in demand for 

natural products that have anti-diabetic 

activity with fewer side effects. Withania 

somnifera  (Family: Solanaceae), also known 

as ashwagandha, is widely used in India's 

Ayurvedic system of medicine (Visweswari 

et al., 2013). Several studies on this plant 

have revealed that it has anti-diabetic, anti-

oxidative, anti-inflammatory, antitumor, 

anti-stress, immunomodulatory, and 

hematopoietic properties (Alam et al., 2012). 

According to  Udayakumar et al. (2009), 

ashwagandha root and leaf extract 

demonstrated a hypoglycemic activity 

comparable to the standard drug 

glibenclamide in alloxan-induced diabetic 

rats. Ashwagandha has strong anti-oxidative 

properties which aid in the prevention of 

cellular damage caused by free radicals. In 

addition, ashwagandha has been shown to 

have anxiolytic, antidepressant, and 

neuroprotective effects in animal stress 

models because it improves memory, brain 

and nervous system functions (Singh et al., 

2011). However, there are few reports in the 

literature on the effect of ashwagandha about 

the impact of DM directly on brain and 

peripheral nerve damage.  

• Ashwagandha: Alternative Anti-diabetic 

Drug Sources:  

    Ashwagandha (Withania somnifera, 

Family: Solanaceae), commonly called 

"Indian ginseng", is one of the most 

important herbs of Ayurveda "the traditional 

system of medicine in India" (Shivaraj et al., 

2021). The roots of ashwagandha are the 

primary part of the plant that is widely used 

as therapeutic agents and have the potential 

to benefit human health due to their high 

content of polyphenols and antioxidant 

activities (Sangwan et al., 2008; Verma and 

Kumar, 2011). Ashwagandha roots are 

classified as rasayanas, which are thought to 

promote health and longevity by enhancing 

defense against disease, slowing the aging 

process, increasing an individual's ability to 

resist adverse environmental factors, and 

creating a sense of mental well-being (Wal et 

al., 2019). Rasayanas are non-toxic 

Ayurvedic complex herbal preparations or 

individual herbs used to rejuvenate or attain 

the complete potential of an individual to 

prevent diseases and degenerative changes 

that lead to disease (Vayalil et al., 2002). 

Ashwagandha is known for its medicinal 

properties which make it a viable therapeutic 

agent for many human illnesses such as 

epilepsy, depression, arthritis, diabetes, 

anxiety, cancer, microbial infection, 

immunomodulation, and neurodegenerative 

disorders. Moreover, ashwagandha has 

analgesic, rejuvenating, regenerating, and 

growth-promoting properties (Dar et al., 

2015; Dutta et al., 2019).  

   Although synthetic oral 

hypoglycemic drugs alongside insulin are the 

main route for controlling DM, they fail to 

reverse the course of its complications 

completely and further worsen due to the fact 

that they also demonstrate prominent side 

effects (Saikat et al., 2021). This forms the 

main force for discovering alternative 

sources of anti-diabetic agents. For a long 

time, diabetics have been treated orally with 

herbal medicines or extracts, because plant 

products are often thought to be less toxic 

and free of side effects than synthetic ones 

(Wadkar et al., 2008). There is now a trend 

toward the use of complementary medicines 

to treat and decrease DM-related 

complications (Head, 2006). The anti-

hyperglycemic effects resulting from 

treatment with plants are usually attributed to 

their ability to improve pancreatic tissue 

performance, which is done by increasing 

insulin secretions or by reducing the 

intestinal absorption of glucose (Kooti et al., 

2016). 

• Anti-diabetic Effects of Ashwagandha: 

   Diabetes mellitus arises as a result of 

glucose homeostasis defects and it is 
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characterized by high blood glucose levels 

(hyperglycemia) resulting from defects in 

insulin secretion, action, or both (Mellitus, 

2005). Alloxan is a cytotoxin that has been 

shown to cause chemical diabetes in a wide 

range of animal species by damaging insulin-

secreting cells, therefore inducing 

hyperglycemia (Lenzen, 2008). Alloxan is 

not only toxic to pancreatic cells but also to 

the liver, with a mechanism of action that 

includes sulfhydryl group attack, chelating 

action, enzyme and metabolic modifications, 

changes in electrolyte membrane transport, 

increased lipid peroxidation, and decreased 

antioxidant defenses (Szkudelski et al., 

1998). The intravenous administration of 

alloxan in the quoted dose range is usually 

toxic, so intraperitoneal administration 

should be preferred because it is easier and 

better tolerated (Radenković et al., 2016). 

Alloxan is well known to cause 

hyperglycemia, it is noticed that it can cause 

marked hypoglycemia in the first 48 hours 

after administration due to the release of 

preformed insulin from damaged β-cells 

(Chagas et al., 2018). 

   Plants' anti-hyperglycemic effects are 

typically attributed to their ability to improve 

pancreatic tissue performance, which is 

accomplished by increasing insulin 

secretions or decreasing intestinal glucose 

absorption (Kooti et al., 2016). 

Ashwagandha root and leaf extract 

demonstrated hypoglycemic activity 

comparable to the standard drug 

glibenclamide in alloxan-induced diabetic 

rats. Ashwagandha flavonoids and phenolic 

compounds might be responsible for its 

hypoglycemic effect (Udayakumar et al., 

2009). According to Babu et al., 2013, 

flavonoids and phenolic compounds exert 

their anti-diabetic effects by regulating 

glucose metabolism in hepatocytes and 

increasing glucose absorption from skeletal 

muscles and fatty tissue. 

• Anti-oxidative Effects of Ashwagandha:  

     One of the mechanisms involved in 

diabetic-induced neuronal damage is most 

likely oxidative stress (OS), a relative 

oxidant overload caused by increased free 

radical production and/or decreased 

antioxidants (Vincent et al., 2004). The 

extent of OS is determined by the balance 

between ROS formation, such as superoxide 

anion (O2
·−), and the antioxidant defense 

system, which includes superoxide dismutase 

(SOD), catalase (CAT), and reduced 

glutathione (GSH) (RG, 2005). Lipid 

peroxidation (LPO) is a well-known OS 

marker that may be responsible for cellular 

injury and the irreversible oxidative damage 

of membranes that occurs during DM (De M. 

Bandeira et al.,2013). Hyperglycemia 

increases the production of free radicals, 

which attack membrane lipids and initiate 

LPO, resulting in the formation of toxic 

products such as malondialdehyde (MDA), a 

terminal compound of LPO which is more 

cytotoxic and stable than ROS (Taso et al., 

2019). MDA can quickly combine with 

biomolecules and contributes to cellular 

disruption, including liver and pancreatic 

cells, thus, deregulating glucose metabolism. 

Furthermore, the increase in LPO might be a 

reflection of the decrease in antioxidant 

defense systems in diabetic rats (Barrera et 

al., 2018).  

    According to Singh et al. (2011) 

ashwagandha has strong antioxidant 

properties, which aid in the prevention of 

cellular damage caused by free radicals. 

Ashwagandha is known to modulate brain 

OS markers, such as SOD, CAT, GSH, and 

LPO (John, 2014). The antioxidant activity 

was demonstrated by glycowithanolides 

from ashwagandha by activating a dose-

dependent increase in SOD, CAT, and GPx 

activity in the cortex and striatum of rat 

brains (Mandlik and Namdeo, 2021). This is 

in agreement with Anwer et al. (2012) and 

Tekula et al. (2018) who found that 

administration of ashwagandha caused a 

significant decrease in MDA, accompanied 

by a significant increase in the antioxidant 

level. The antioxidant properties of 

ashwagandha may be attributed to its high 

content of phenolic compounds (Alam et al., 

2011). Similar findings of Filipiak-Szok et 

al. (2017) confirmed the presence of caffeic 

acid, chlorogenic acid, and p-
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hydroxybenzoic acids in dried powdered 

ashwagandha. Alam et al. (2011) reported 

that benzoic acid was detected in 

ashwagandha root extract, however, syringic 

acid was not. Also, Abdel-Wahhab et al. 

(2019) reported the presence of caffeic acid 

in ashwagandha root extract. Furthermore, 

Khalil et al. (2021) noticed that 

ashwagandha is rich in several phenolic 

acids such as syringic acid, benzoic acid, 

gallic acid, vanillic acid, and, p-coumaric 

acid. This agreed with Mukherjee et al. 

(2021) who confirmed that ashwagandha 

phytochemicals showed various 

pharmacological activities like 

neuroprotective, anti-aging, anti-

stress/adaptogenic and anti-diabetic effects. 

• Anti-inflammatory Effects of 

Ashwagandha:  

      Diabetes mellitus is widely 

regarded as an inflammatory disease, in 

which different cytokines concentrations 

have been found to rise in the serum of 

diabetic patients (Deng and Chow, 2010). 

According to Kong et al., 2021, OS and 

neuro-inflammation have been identified as 

key pathophysiological triggers in a variety 

of diabetes-related microvascular 

complications, including DN. In the presence 

of inflammation, the ROS response is 

activated and contributed to the 

inflammatory response (Park et al., 2015). 

ROS are considered strong stimuli for the 

release of pro-inflammatory cytokines 

including TNF-α, IL-1β, IL-6 and IL-1β 

itself can trigger signaling cascades resulting 

in excessive ROS (Murphy et al., 2016). The 

pro-inflammatory cytokines are primarily 

produced by activated macrophages, play a 

role in the regulation of inflammatory 

responses and there is also evidence that they 

have pleiotropic effects on glia and neuron 

homeostasis in the central, peripheral, and 

autonomic nervous systems (Vallejo et al., 

2010). 

  According to Saleem et al. (2020), 

withanolides, the principal bioactive 

components of ashwagandha, are mainly 

found in roots and have neuroprotective, 

anti-inflammatory and anti-depressant 

properties. This agrees with Padigaru et al. 

(2020) who found that serum levels of 

inflammatory cytokines (TNF-α, IL-1β, and 

IL-6) were significantly decreased after 

treatment with ashwagandha, when 

compared to arthritic rats. In another study, 

the reduction in the serum level, protein, and 

mRNA expression of TNFα, IL-1β, and IL-6 

was observed with ashwagandha 

supplementation in the high-fat diet plus 

extract group when compared with the high-

fat diet group (Kaur and Kaur, 2017). 

• Effects of Ashwagandha on Peripheral 

Nerve Injury: 

    Diabetes mellitus (DM) is a major 

cause of nerve damage, especially in the 

longer peripheral nerves that innervate the 

lower limbs (Zochodne, 2007). In fact, 

diabetic neuropathy (DN) is the most 

commonly diagnosed complication of DM 

affecting 30% of people with DM overall and 

> 50% of people over the age of 50 and is 

associated with both vascular and non-

vascular abnormalities (Gheith et al., 2016; 

Mezil and Abed, 2021). Although DN has the 

highest lifetime risk of any DM 

complication, it is one of the least studied 

DM complications because it is difficult to be 

measured directly and accurately, so 

treatment is solely focused on prevention 

through glucose control and pain and 

symptom management (Fisher et al., 2019). 

DN can affect the nervous system in four 

ways, including peripheral symmetric 

neuropathy, autonomic neuropathy, proximal 

neuropathy, and focal neuropathy (Vinik et 

al., 2013). 

  Peripheral symmetric neuropathy is 

the most prevalent type of DN and it is often 

associated with the feet and legs, but it can 

also affect the arms and hands (Gylfadottir et 

al., 2019). The symptoms of peripheral 

diabetic neuropathy (PDN) include numbness 

(which may become permanent), pain, 

tingling, burning sensations (especially in the 

evening), muscle tone loss in the hands and 

feet, inability to sense heat, cold, or physical 

injury, and loss of balance (Tesfaye, 2013). 

In fact, PDN that affects the feet can make 

standing and walking difficult which 
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increases the risk of falling (Said, 2007). 

According to Kaloyanova (2021), chronic 

hyperglycemia is closely linked to 

degenerative abnormalities in the PNS due to 

ROS production. Indeed, OS contributes to 

the development of PDN by activating 

various inflammatory mediators, resulting in 

lipid membrane destruction and tissue injury. 

Previous studies reported that ashwagandha 

is known to have anti-inflammatory 

properties by preventing the initiation of 

adverse processes of sciatic nerve 

morphology, and internal cell functions 

leading to improved coordination, behavioral 

and physiological functions in alloxan-

induced diabetic rats (Samadi Noshahr et al., 

2015; Sikandan et al., 2018). It seemed that 

ashwagandha ameliorated the 

histopathological changes of sciatic nerve 

induced in diabetic rats and acted as an anti-

inflammatory agent by significantly reducing 

the release of pro-inflammatory cytokines, 

such as TNFα, IL-1β, and IL-6 which are 

important in mediating its antinociceptive 

effects on peripheral neuropathic pain. 

CONCLUSION 

  We can conclude that ashwagandha 

may have therapeutic benefits on some of the 

alloxan-induced changes, such as oxidative 

stress, inflammation, and peripheral nerve 

damage. 
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