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Abstract
The global pandemic of prediabetes and diabetes has led to a severe corresponding complication of these disorders. Neu-
ropathy is one of the most prevalent complication of diabetes is, affecting blood supply of the peripheral nervous system 
that may eventually results into loss of sensations, injuries, diabetic foot and death. The utmost identified risk of diabetic 
neuropathy is uncontrolled high blood glucose levels. However, aging, body mass index (BMI), oxidative stress, inflamma-
tion, increased HbA1c levels and blood pressure are among the other key factors involved in the upsurge of this disease. The 
so far treatment to deal with diabetic neuropathy is controlling metabolic glucose levels. Apart from this, drugs like reactive 
oxygen species (ROS) inhibitors, aldose reductase inhibitors, PKC inhibitors, Serotonin-norepinephrine reuptake inhibitors 
(SNRIs), anticonvulsants, N-methyl-D-aspartate receptor (NMDAR) antagonists, are the other prescribed medications. How-
ever, the related side-effects (hallucinations, drowsiness, memory deficits), cost, poor pharmacokinetics and drug resistance 
brought the trust of patients down and thus herbal renaissance is occurring all over the word as the people have shifted their 
intentions from synthetic drugs to herbal remedies. Medicinal plants have widely been utilized as herbal remedies against 
number of ailments in Indian medicinal history. Their bioactive components are very much potent to handle different chronic 
disorders and complications with lesser-known side effects. Therefore, the current article mainly concludes the etiology and 
pathophysiology of diabetic neuropathy. Furthermore, it also highlights the important roles of medicinal plants and their 
naturally occurring bioactive compounds in addressing this disease.Keywords Diabetes · Diabetic neuropathy · Peripheral 
nervous system · Herbal therapy · Traditional medicine · Medicinal plants · Bioactive compounds

Introduction

Diabetic neuropathy, a multifaceted disorder is character-
ized by the presence of signs and indications that may led 
to the impairment of peripheral nerves mainly due to the 
altered levels of insulin [1]. Insulin is a polypeptide hor-
mone that primarily maintains the required glucose levels 
in body and any alteration in levels of insulin led to the 
progression of diabetes with or without accompanying 
complications [2, 3]. Diabetic neuropathy is an example of 

accompanying distress resulted from diabetes mellitus and 
thus understanding the types, mechanisms and associated 
risk factors of diabetes mellitus is much more important. 
There are two main classes of diabetes mellitus (type 1 and 
type 2). Type 1 is an insulin dependent diabetes mellitus, 
in which the body’s immune system specifically targets the 
insulin secreting β-cells of pancreas. However, in type 2 
diabetes (insulin independent diabetes), cells may either 
become unresponsive to the insulin or develop insulin 
resistance [4] (Fig. 1). The most common mechanism that 
mainly gets affected in the diabetic patients is Glucose-Insu-
lin-Glucagon mechanism. The antagonistic effects of insulin 
and glucagon chiefly helps to maintain the optimized blood 
glucose levels [5–7]. Number of risk factors associated with 
diabetes mellitus includes sedentary lifestyle (smoking, lack 
of physical activity, alcohol consumption), obesity, age, 
diet, environmental factors, gut microflora, disturbed cir-
cadian rhythms and many more [8–17].
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Fig. 1  Classification of diabetes 
mellitus

Etiology and risk factors

The diabetic neuropathy mainly elicits due to the high levels 
of glucose in plasma (diabetes mellitus) that usually disrupts 
the ability of neurons to communicate, which results into a 
weakness of blood capillaries supplying nutrients and oxy-
gen to the nerves [18]. In addition to this, insulin resistance, 
hyperglycemia and dyslipidemia are the other contributing 
factors resulting a disturbed biochemical pathway which 
ultimately ends up in high ROS production due to disturbed 
mitochondrial redox status [19], and thereby leading to loss 
of axonal vitality. Thus, oxidative stress and inflammation 

can surely lead to nerve dysfunction and eventual cell death 
[20]. Other risk factors include age, weight, body mass 
index, HbA1c levels, diabetic retinopathy, 2-h glucose C 
peptide, duration (time span) of diabetes, smoking, high 
blood pressure, fasting plasma glucose, levels of blood urea 
nitrogen, etc. [21–29].

In diabetic neuropathy, the early modifications that occurs 
in type ‘C’ unmyelinated fibers results into the loss of sensa-
tion in distal parts of body (toe and foot), pain, physical sen-
sitivity and allodynia mainly due to the axonal degeneration 
[30, 31]. The four main classes of diabetic neuropathy based 
on the part that got affected includes peripheral neuropathy, 
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autonomic neuropathy, focal neuropathy and proximal neu-
ropathy [32]. Peripheral neuropathy is a most common and 
broadly distressing about 50% of the diabetes population, 
affecting the motor and sensory nerves around the periph-
ery of brain [33]. In Autonomic neuropathy the entire auto-
nomic nervous system got affected; focal neuropathy leads 
to isolated mononeuropathies, radiculopathy or polyradicu-
lopathywhileproximal neuropathy results in severe unilateral 
anterior thigh pain followed by weakness of the quadriceps 
muscle with a loss of the knee jerk [34, 35].

Pathophysiology

The pathogenesis of diabetic peripheral neuropathy is 
complex and is defined by different metabolic and vascu-
lar factors. The normal physiological mechanisms of our 
body maintain optimum glucose levels in blood plasma. 
However, any alteration in these mechanisms causes dia-
betes and its related complications. There are four different 
significant pathways that are ascribed to the development 
and progression of diabetic neuropathy. These pathways 
depict the metabolic abnormalities of nerve physiology 
and are named as Polyol pathway, Intracellular produc-
tion of Advance Glycation end products (AGE) precursors, 
Protein Kinase C (PKC) activation and Hexosamine path-
way. The high levels of glucose hyperactivates the polyol 
pathway in which the enzymes aldose reductase (converts 
glucose to sorbitol) and sorbitol dehydrogenase (converts 
sorbitol to fructose) begins the process of conversion of 
glucose to fructose. During the conversion of glucose 
to sorbitol, aldose reductase consumes NADPH which 
lessens the production of glutathione and thereby lead-
ing to increased susceptibility to intra-cellular oxidative 
stress. The enhanced action of polyol pathway also reduces 

myo-inositol that ultimately results in diabetic neuropathy 
[36–39]. AGE precursors respond by three mechanisms 
where the alteration in intracellular proteins disrupts gene 
transcription; diffusion of AGE precursors leading to cel-
lular dysfunction and finally modification of circulating 
proteins in blood after diffusion activate the AGE recep-
tors that results in the production of growth factors and 
cytokines and thus causes vascular pathology [40]. The 
activation of PKC requires phosphorylation after which it 
binds to its activating cofactor diacylglycerol whose pro-
duction rate is enhanced by high glucose levels. Activated 
PKC affects gene expression by either upregulating (eg. 
endothelin-1) or downregulating (eg. endothelial Nitric 
Oxide Synthase) the expression ultimately disrupts axonal 
transport [41]. Hexosamine pathway involves the redirec-
tion of fructose-6 phosphate to the other signaling path-
ways (Glycolysis: original pathway) in which enzyme glu-
tamine: fructose-6 phosphate amido transferase (GFAT) 
converts the fructose-6 phosphate to glucosamine-6 phos-
phate and finally to UDP (uridine diphosphate) N-acetyl 
glucosamine which then leads to the modification in gene 
expression after binding to serine and threonine (Fig. 2) 
[42].

Treatment

Despite the extensive research, the definitive cure of dia-
betic neuropathy is not found yet. However, taking some 
measures like maintaining optimum levels of blood glu-
cose, physical fitness,  HgbA1C (glycosylated hemoglobin) 
levels below 7, avoiding drinking-smoking, controlling 
cholesterol levels, taking care of foot minimizes the risk 
for its development.

Fig. 2  Pathophysiological 
mechanism of diabetic neu-
ropathy
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Metabolic control

Controlling the levels of blood glucose is one of the principal 
treatments that can prevent diabetic neuropathy. As per the 
data published by Diabetes Control and Complications Center 
(DCCT), neuropathy has been reduced by 57% in the patients 
of type 1 diabetes mellitus who are on tight glycemic control. 
Likewise, the Epidemiology of Diabetes Interventions and 
Complications (EDIC) study illustrated the less prevalence of 
diabetic neuropathy in type 2 diabetic mellitus patients under-
going insulin treatment [43].

ROS inhibitors

Alpha lipoic acid is an anti-oxidant, authorized in Germany to 
cure diabetic polyneuropathy [44]. Improved symptoms were 
observed when patients were administered intravenously with 
600 mg/day of alpha lipoic acid for more than 3 weeks in a 
meta-examination of four placebo-controlled trials [45]. How-
ever, the randomized, placebo-controlled and double-blind 
experimental trials showed no improvements in the symptoms 
after four years of treatment with alpha lipoic acid [46].

Aldose reductase inhibitors

Aldose reductase is a key enzyme involved in polyol pathway 
responsible for blood glucose metabolism. Aldose reductase 
inhibitors such as sorbinil, tolrestat, ponalrestat, fidarestat, 
epalrestat halt the progression of diabetic neuropathy either by 
preventing sorbitol accumulation, increasing nerve conduction 
velocity, maturing nerve fibers or by regulating polyol pathway 
[47]. However, various tested inhibitors showed notable side 
effects with low effectiveness [48].

Protein kinase‑C inhibitors

Ruboxistaurin is one of the inhibitors of PKC-β that binds 
to its active site and inhibits the substrate phosphorylation 
by interfering with the process of ATP binding [49]. It helps 
in improving the functions of nerve fiber and microvascular 
blood flow. It also enhances the quality of life in patients hav-
ing diabetic neuropathy [50].

Tricyclic anti‑depressants

They hinder the reuptake process of serotonin and non-
adrenaline from the synaptic clefts. Previous reports showed 
61%, 74% and 41% pain reduction upon intake of doses of 
desipramine, amitriptyline and placebo respectively by 
the patients suffering from diabetic neuropathy in a rand-
omized, double-blind and place-controlled trial. However, 

administering overdoses (more than 100 mg) increased the 
risk of sudden death [51]. Also, various side effects associ-
ated with TCAs restricted their use in diabetic patients [52].

Serotonin‑norepinephrine reuptake 
inhibitors (SNRIs)

Duloxetine was approved as the first drug in 2014 by US Food 
and Drug Administration (FDA). The drug was formulated 
based on the results obtained from the randomized controlled 
trials and showed remarkable improvement in pain when 
patients were administered with daily doses of 60 mg and 
120 mg duloxetine [53, 54]. However, doses lower than these 
were not efficacious and higher than these resulted in minor 
side effects such as constipation and drowsiness [54, 55]. 
Also, doses of Venlafaxine (another SNRI) above 150 mg/
per day exhibited improved response in managing neuropathic 
pain. However, the dose less than 150 mg/day alter the process 
of transmission of serotonin and does not act as an SNRI [56].

Anticonvulsants

The first discovered carboxamide that blocks the Na chan-
nels in order to reduce the excitability of the peripheral 
nerve, ultimately help in managing diabetic neuropathy was 
Carbamazepine. Though, the studies suggested the role of 
carbamazepine in regulating neuropathic pain but due to its 
unfavourable outcomes such as osteoporosis and suppres-
sion of bone marrow, the other agents have taken its place 
[44, 57, 58]. Gabapentin is an analogue of neurotransmitter 
GABA and helps in reducing the neuropathic pain by inhibit-
ing the α2δ unit of the calcium channel [59, 60]. Topiramate, 
during a double-blind and randomised placebo- controlled 
trial showed symptomatic relief in neuropathic pain [61]. 
However, no significant change was found in pain relief with 
topiramate in the investigation of three small studies [62].

N‑methyl‑D‑aspartate receptor (NMDAR) 
antagonists

These drugs are commonly used to manage the pain that 
occurs during a period following surgery. The increased 
activity of NMDAR causes the condition of central sen-
sitization that helps in the maintenance and management 
of chronic neuropathic pain [63]. The most clinically and 
commonly used NMDAR antagonists are dextromethorphan 
and ketamine. Dextromethorphan in high doses have been 
reported to exhibit tolerable results in case of managing neu-
ropathic pain. Also, studies revealed the reduction in pain 
scores in the patients suffering from diabetic neuropathy 
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upon administering dextromethorphan orally [64]. The 
administration of ketamine in low doses via intranasal route 
showed pain scores reduction in patients of diabetic neu-
ropathy [65]. However, detrimental effects like restlessness, 
hallucinations, drowsiness, memory deficits, vivid dreams 
and dissociation have been observed and documented when 
NMDAR antagonists administered systemically [63].

Natural therapies

Though numerous treatments and medications are available 
in market for the cure of diabetic neuropathy, but the down-
sides of these medications such as, poor pharmacokinetics, 
cost and drug resistance urge the need to have a transition 
from these chemical medications towards the natural tradi-
tional medications in a form of herbal treatment. Plants are 
utilized as an essential source for various drugs in Indian 
medicinal history. The complete description of all the cura-
tive properties of the medicinal plants has been listed in 
Rigveda. In the era of medieval Persia, herbal therapies 
were utilized for therapeutic purposes in order to relieve 
pain originated from nerve cell. Herbal ointments derived 
from topical oil with hot temperaments such as thyme, pep-
per, colocynth, flax and chamomile were used for the pain 
management. The scholars of medieval Persian suggested 
lavender syrup as the most accepted cure for controlling neu-
ropathic pain. They also used Takmid (warm compress) as 
non-pharmacological treatment [66]. After a while, various 
synthetic drugs developed and commenced which due to 
their drawbacks failed. Recently, the trend of using plants is 

again rising and is being utilized in a confident manner. The 
herbal drugs are prescribed widely because of their effec-
tiveness, fewer side effects and relatively low cost and the 
traditional plant medicines are used throughout the world for 
a range of diabetic complications. Preclinical studies have 
crossed the doorstep of laboratories and reached to the bed-
side of the patients. Clinically, various studies have been 
done on humans and reported the anti-diabetic potential of 
plants such as Curcumin longa, Cinnamomum cassia, Por-
tulaca oleracea L. seeds, Scoparia dulcis, Ficus racemosa 
bark. The research on their herbal preparations in lab has 
reached to diabetic patients by the brand name of Glyo-
herb®, Diabeta Plus® and Diabecon® [67]. For instance, 
Diabeta plus is made of polyherbal composition Vijayasar 
(Pterocarpus marsupium), Gurmar (Gymnemasylves), Jamun 
(Syzygiumcumini), Karela (Momordica charantia), Shilajit 
(Asphaltum), Madagascar periwinkle (Catharanthus roseus) 
[68]. Further, the frontline anti-diabetic drug, Metformin 
constitute Galega officinalis as a bioactive compound and 
proves to be successful and efficacious glucose-lowering 
agent. Other examples of branded drugs formulated with 
medicinal plants include diasulin, pancreatic tonic 180 cp, 
dia-care, diabetes-daily care, diabecure (Table 1) [69].

Role of Curcuma longa

Curcuma longa is one of the demanding spices of Indian 
cooking/cuisine. The active component found in Curcuma 
longa is curcumin. However, other active constituents are 
demethoxycurcumin, bisdemethoxycurcumin, volatile oils 

Table 1  Pharmacokinetic profile of bioactive compounds of plants used in diabetic neuropathy

Parameters Curcumin Ginkgolide B Cucurbitacin B Saponins Methyl eugenol Thymoquinone

Formula C21H20O6 C20H24O10 C32H46O8 C58H94O27 C11H14O2 C10H12O2

Molecular weight (g/mol) 368.38 424.40 558.70 1223.35 178.23 164.20
Water solubility Log S -3.94 -2.17 -4.57 -4.82 -2.61 -2.18

Solubility 4.22e−02 mg/ml 2.90 e+00 1.50e−02 mg/ml 1.86e−02 mg/ml 4.37e−01 mg/ml 1.09e+00 mg/ml
Class Soluble Soluble Moderately soluble Moderately soluble Soluble Soluble

Gastrointestinal absorption High Low Low Low High High
p-glycoprotein substrate No Yes Yes Yes No No
Lipophilicity (Log Po/w) 3.03 -0.12 3.19 -2.77 2.58 1.85
CYP1A2 inhibitor No No No No Yes No
CYP2C19 inhibitor No No No No No No
CYP2C9 inhibitor Yes No No No No No
CYP2D6 inhibitor No No No No No Yes
CYP3A4 inhibitor No No Yes No No No
Bioavailability score 0.55 0.55 0.55 0.17 0.55 0.55
Any violation to Lipinski’s rule No No Yes (1 violation) 

MW > 350
Yes (3 violations) 

MW > 500, N or 
O > 10, NH or 
OH > 5

No No
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(tumerone, zingiberene and atlantone) [70]. It is known by 
its astonishing activities to cure several diseases. It possesses 
anti-inflammatory, anti-oxidant, anti-diabetic, anti-infectious, 
healing, anti-viral, hypolipidemic activities [71, 72]. Specifi-
cally, for diabetic neuropathy curcumin have been reported 
to slow down the progression of diabetes mellitus (type 2), 
ameliorates the functions of beta cells, prohibits the death 
of beta cells, scavenges reactive oxygen species, lowers the 
syndrome of insulin resistance [73, 74]. The proposed mech-
anisms by which curcumin prevents the development of dia-
betic neuropathy includes obstructing the process of produc-
tion of NO (nitric oxide), TNF-alpha, IL-Iβ (interleukin-lβ), 
IL-8 (interleukin- 8) and by reducing levels of nitrite in the 
brain [75, 76]. However, no decline in inflammatory markers 
(IL-1β, IL-6, TNF-α) in patients having chronic inflamma-
tory diseases was observed by White et al. in their meta-anal-
ysis of randomized controlled trials [77]. Further, significant 
decrease in triglyceride levels, body weight, lypoprotein cho-
lesterol total cholesterol and body mass index (as compared 
to standard) was observed in a double blind, randomized 
study of hyperlipidemic patients having type 2 diabetes upon 
turmeric supplementation [78]. The administration of cur-
cumin at a dose of 1 g per day in diabetic patients decrease 
skin flux at foot’s surface and improves microangiography 
[72]. Poolsup et  al. done a meta-analysis and found the 
decreased levels of HbA1c and fasting blood glucose when 
1.5 g of turmeric was administered to prediabetic individuals 
for the period of 9 months (Fig. 3) [79, 80].

Role of Ginkgo biloba

Gingko biloba is the single representative of the family 
Ginkgoaceae and thus known as a living fossil. The bioac-
tive constituents responsible for the pharmacological actions 
include flavonoids glycosides, ginkgolide B and terpenes 
trilactones [81]. The vital and sparkling potential of the 
plant led to explore its applications in numerous fields like 
health care, food supplements. The extract of Gingko leaves 
is used as a remedy for memory impairment, concentration 
difficulties, and the disorders related to dementia. It also 
possesses neuroprotective, anti-oxidant, wound healing, 

anti-asthmatic properties. In addition to this, various stud-
ies have been done and reported indicating its potential role 
in the management of neuropathic pain. Previous studies 
showed significant reduction in pain upon administering 
standardized extract of Ginkgo biloba in different doses to 
the rats with neuropathic pain. The different objective tests 
were conducted in order to evaluate the effect of gingko on 
rats expose to cold and pressure and for both the stimuli 
(cold and pressure), positive results were shown. The obser-
vation of the study was that higher the dose of Ginkgo biloba 
extract, the more prominent the alleviating impact on pain. 
The possible mechanisms behind the pain-relieving effect 
including anti-inflammatory, neuroprotective or anti-oxidant 
effects. Other studies included the treatment of diabetic neu-
ropathy via administering extract of EGb 761 (120 mg/day) 
or placebo on 156 patients for 6 months. The after results 
of the treatment were found to be good as within the period 
of 6 months remarkable reduction in intensity of pain was 
observed along with improved sense of touch [82]. Also, 
combinatorial studies have been done indicating the positive 
results in the management of diabetic neuropathy. Gingko 
and methylcobalamin have been proposed by a group of Chi-
nese researchers. The treatment was done in three groups 
on 144 patients for the period of 12 weeks. Out of the three 
groups i.e., tablets of Ginkgo biloba and methylcobalmin; 
epalrestat and methylcobalmin; placebo, the treatment of 
ginkgo tablets and methylcobalmin showed effective results 
(minimized physical indications and improved functions of 
nerve) as compared to placebo (Fig. 4).

Role of Citrullus colocynthis

Citrullus colocynthis is a member of family Cucurbitaceae. 
It is a very popular traditional fruit that is involved in diverse 
applications, known by bitter apple, tumba, bitter cucum-
ber, vine-of-sodom, wild gourd, and colosynth [83]. It has 

Fig. 3  Chemical structure of curcumin illustrating anti-diabetic and 
anti-neuropathic activity

Fig. 4  Chemical structure of ginkgolide B illustrating anti-diabetic 
and anti-neuropathic activity
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been reported to have anti-oxidative, anti-cancerous, anti-
inflammatory, analgesic, gastrointestinal, hypolipidemic 
effects [84, 85]. Also, the plant is well-known for its anti-
diabetic property and medication. Some of the bioactive 
compounds due to which it has potential to cure diseases 
include phenolics, flavonoids, α-aelaterin, cucurbitacins (A, 
B, C, D) [86]. The presence of anti-oxidative and anaes-
thetic effects in Citrullus colcynthis makes it as a therapeutic 
agent for the treatment of diabetic neuropathy. In one of the 
pilot interventional study, formulation of Citrullus colocyn-
this was applied on eight adults (diagnosed with diabetic 
neuropathy) topically for 3 months twice a day and were 
evaluated in terms of pain scales. Significant reduction in 
mean pain scores was observed with no reported local or 
systemic effects [87]. Oral administration of this extract is 

practically not recommended due to very little research evi-
dence (Fig. 5).

Role of Ocimum sanctum

The common name of Ocimum sanctum is Tulsi belongs 
to the Lamiaceae family [88]. It is a traditional plant that is 
rich in various medicinal bioactive compounds like saponin, 
eugenol, oleanolic acid, caryophyllene, rosmarinic acid, lin-
alool, ursolic acid, linalool [89]. The tremendous capabilities 
of plant to cure abundant diseases makes it an incredible 
shrub in the field of medicine. Tulsi, the elixir of life, is 
worth and worshipped for its both medicinal and spiritual 
properties, and thus known as “Mother Medicine of Nature”, 
“The Queen of Herbs,” and “The Incomparable One, in the 
ancient system of Indian medicine (Ayurveda) [90]. It pos-
sesses biological activities like anti-bacterial, anti-oxidant, 
anti-inflammatory, anti-pyretic, anti-diabetic, anti-allergic, 
memory enhancing and many more [91]. It’s role in alleviat-
ing neuropathic pain in diabetic neuropathy patients is also 
well-defined. The studies reported the beneficial/ remedial 
effect of Ocimum sanctum in reducing neuropathic pain 
upon its administration along with saponins (bioactive com-
pound) for 14 days in the doses of 100 and 200 mg/kg p.o. 
The treatment also reduces the oxidative stress and levels 
of calcium [92]. Other study investigated the combinatorial 
impact of Ocimum sanctum (methanolic leaf extract) with 
metformin in diminishing and managing the neuropathic 
pain where they got significant anti-nociceptive effects as 
compared to the group treated alone (Fig. 6) [93].

Role of Artemisia dracunculus

The Artemisia genus incorporates more than 1500 species 
and is a member of family Asteraceae. Studies reported the 
potential of plant in treating and managing various disor-
ders. The plant is investigated for pharmacological activi-
ties and found to have anti-inflammatory, anti-bacterial, 
hepato and gastroprotective, anti-fungal, anti-convulsant and 

Fig. 5  Chemical structure of cucurbutacin A illustrating anti-diabetic 
and anti-neuropathic activity

Fig. 6  Chemical structure of saponin illustrating anti-diabetic and 
anti-neuropathic activity

Fig. 7  Chemical structure of methyl eugenol illustrating anti-diabetic 
and anti-neuropathic activity
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anti-diabetic properties. The active and key biological com-
pounds are essential oils, phenolcarbonic acids, flavonoids 
and coumarins. The components of essential oil include 
methyl eugenol, estragole and other monoterpenoids where 
methyl eugenol hampers TRP (Transient Receptor Potential) 
channels and acts as a pain reliever [94, 95]. In a study, the 
neuropathy induced by high fat diet was found to be reduced 
upon intake of ethanolic extract of Artemisia dracunculus, 
PMI-5011. The induction of neuropathy was done by feeding 
the C57Bl6/J mice with high fat diets for 16 weeks and due 
to the high fat diet, mice developed obesity, hyperglycae-
mia, hypoalgesia, allodynia and nerve conduction deficits. 
Also, they showed the over expression of 12/15-lipoxyge-
nase, accumulation of 12(S)-hydroxyeicosatetraenoic acid 
and nitrosative stress in peripheral nerves and spinal cord. 
The administration of 500 mg/kg of PMI-5011 per day for 
7 weeks normalized the levels of blood glucose, alleviated 
sensory pain, reduced the over expression of 12/15-lipoxy-
genase and the levels of nitrated protein in PNS. Thus, the 
study concluded and proved that PMI-5011 is safe and non-
toxic extract of to be used in the management of neuropathic 
pain (Fig. 7) [96].

Role of Nigella sativa

Nigella sativa, a representative of Ranunculaceae family, 
famous by black seed in India. Fixed oil and volatile oils 
are the active components of the plant where monoterpenes 
(α-piene and p-cymene) and thymoquinone are the constitu-
ents of volatile oil. The plant has been reported to possess 
various therapeutic activities like anti-bacterial, hepatopro-
tective, immunomodulatory, hypotensive and anti-diabetic 
activity [97]. The curative effects of black seeds and its 
active component thymoquinone have been investigated by 

Kanter on the histopathological changes of sciatic nerves 
in streptozotocin (STZ)-induced diabetic rats. The sharp 
decline in the levels of serum glucose and enhanced concen-
tration of serum insulin were observed when streptozotocin 
(STZ)-induced diabetic rats in treated groups for black seeds 
and thymoquinone were administered orally with 400 mg/
kg of back seeds and 50 mg/kg of thymoquinone once a 
day [95]. Also, less alterations in morphology found when 
the nerve tissues of treated rats were evaluated histologi-
cally. The breakdown of myelin reduced appreciably fol-
lowing the treatment with black seeds and thymoquinone. 
Significant improvement was noticed in the ultra-structural 
characteristics of axons. Thus, the treatments (black seeds 
and thymoquinone) if taken ahead to pre-clinical studies can 
prove to be potential therapeutics for diabetic neuropathy 
(Fig. 8) [97].

Discussion and future directions

Since diabetes mellitus is a silent-killer that slowly pro-
gress to neuropathy and leads to severe pain, it is important 
to take measures to manage neuropathic pain [98]. Herbal 
medicines possessing anti-diabetic, anti-oxidant and anti-
inflammatory properties should be the primary concern for 
reducing glucose levels and managing neuropathic pain as 
numerous side effects and poor pharmacokinetics reported 
against synthetic agents [99]. The medicinal herbs can thus 
be utilized as an alternative to available synthetic drugs 
with few/no side effects [100–102]. Sustained attempts must 
be done to continue the utilization of therapeutic plants. 
They ought to follow the Primary Healthcare Strategy 
(PHC) with the aim that worth and advancement of market 
worldwide stays centred.

Efforts must be taken to sustain the usage of medicinal 
plants. In order to ensure the accurate information on the 
presence of plants in specific domains, data should be main-
tained regional wise in a tabular form [103]. The sharing of 
R and D should be done on a regular basis to circumvent 
duplication. Safety must also be considered, and standardi-
zation of medicinal plants is essential for the further studies 
on them [104]. The dosage quantity should also be taken 
care for the formulation of herbal medicine as below appro-
priate quantity, the drug would not be effective and above 
which the drug becomes too toxic. Also, it is important to 
determine the pharmacokinetic profile of bioactive com-
pounds for minimum herb-drug interactions as some drugs 
are considered to interact with chemical drugs. For instance, 
Ginkgo biloba, a herb approved for managing neuropathic 
pain but it also possess blood thinning properties and thus 
not recommended for the ones who are consuming either 

Fig. 8  Chemical structure of thymoquinone illustrating anti-diabetic 
and anti-neuropathic activity
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any kind of anti-coagulants, non-steroidal anti-inflammatory 
drugs or aspirin [82, 105]. The pharmacokinetic profile of 
plants used in the treatment of diabetic neuropathy is listed 
in Table 1. Moreover, efficient and reliable bioassays should 
be developed to identify the necessary bioactive compounds. 
Most anti diabetic agents from medicinal plants are prophy-
lactic in nature rather than therapeutic, and clinical trials 
have not yet been undertaken. If such studies are encouraged 
and performed, more herbal drugs for human use may soon 
be available (Table 2).

Conclusion

Diabetic neuropathy is a complex and serious lifestyle asso-
ciated disorder that keeps on increasing continuously and 
can soon become as one of the health epidemics. The con-
sumption of sugar in excess amount, obesity, physical inac-
tivity, environmental factors are causing increased levels of 
glucose which in turn affects the peripheral nerves of the 
brain leading to diabetic neuropathy. Other lifestyle factors 
and inadequate knowledge of nutritional habits also have an 
important role in its development. The available medica-
tions are not much in use due to their poor pharmacokinetics 
and side effects. Herbal medicinal plants and their bioactive 
compounds can be a solution for diabetic neuropathy with 
least/no side effects if sustained attempts to use therapeutic 
plants continues as they are involved in the analgesic effects 
and pathways including anti-inflammatory, neuroprotective, 
anti-oxidant, anti-apoptotic and calcium inhibitory actions. 
The beneficial effects of plants in the management of dia-
betic neuropathy have been reported, however not consid-
ered for clinical trials yet. Thus, herbal formulation, as dis-
cussed, should be uplifted and encouraged so that the issues 
associated with synthetic drugs can be avoided.
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