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1. Introduction
Diabetes mellitus is one of the global health problems 
due to which human beings suffer from complications 
like kidney disease, nerve damage, and eye problem1,2. 
Prolonged hyperglycemia is capable of harming the 
peripheral nerve which is finally responsible for a foot 
ulcer and amputation3,4. The major symptoms of diabetic 
peripheral neuropathy are pain and numbness. This 

kind of symptom usually affects the quality of life and 
therefore patients suffer from various psychological 
problems5,6. In spite of having an armamentarium 
of a lot of medications that belong to the group of 
antidepressants, anti-anxiety, anticonvulsants, and opioid 
analgesics, they are having their own disadvantage of 
severe undesirable actions which could not be tolerated 
by patients7–9. In this context, the main culprit which is 
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Abstract

Diabetes is one of the main disease having many repercussions due to which there is a huge economic burden 
globally. Therefore, there is a need of  good therapeutic intervention by using some nutraceuticals to combat this 
dreadful disease especially complications such as diabetic neuropathy where patients suffer from severe pain and 
disability. Therefore, nutraceuticals like coenzyme Q10 and metformin were used in this study to see how they are 
effective in alleviating the symptoms of diabetic peripheral neuropathy. The animal experiments were conducted 
to induce neuropathy by using streptozotocin-nicotinamide. Animals were divided into five groups such as control, 
diabetic control, coenzyme Q10, metformin, and their combination. The nerve function test was conducted by using 
paw withdrawal response, tail-flick response, and muscular grip strength. Antioxidant parameters were assessed 
by estimating such MDA, SOD, and GSH. The sciatica nerve was isolated and a histopathological examination was 
conducted. Neuropathy was assessed in diabetic control animals which showed a substantial decrease in grip 
strength, increase in the paw withdrawal, and tail-flick response. It was found that there was a rapid improvement 
in nerve function test when a combination of coenzyme Q10 and metformin was given together as compared to 
animals given coenzyme Q10 and metformin alone. From this study, it is shown that combination therapy exhibited 
a better improvement in the nerve function test and control of the free radical generation which ultimately results 
in nerve damage.
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responsible for this kind of damage is due to an imbalance 
between the antioxidant activity and oxidative stress. 
This free radical generation is eventually accountable for 
peripheral nerve damage (diabetic peripheral neuropathy,  
DPN)10,11.
Coenzyme Q10 by the virtue of antioxidant activity 
has been shown to decrease inflammation, high blood 
pressure, and glucose levels12–15. Metformin (MET) is also 
having an antioxidant effect through the AMPK pathway 
and thereby mitigates the diabetic-initiated increase in 
pain response. In painful DPN, MET has been shown to 
produce a powerful analgesic effect with minimal adverse 
reaction16. It was thought to evaluate the potential effect 
of the nutraceutical such as coenzyme Q10 and anti-
diabetic drug-like MET against experimentally-initiated  
DPN.

2. Material and Methods

2.1 Drugs and Chemicals 
Zydus Research Centre, Ahmedabad, India provided MET 
and coenzyme Q10. Himedia (Mumbai, India) supplied 
streptozotocin and nicotinamide. Kits of the study were 
purchased from a standard company. The study’s other 
chemicals and reagents were of analytical grade.

2.2 Experimental Animals 
This study (SVU/PH/IAEC/11/04/02) was approved by 
IAEC which is the official authority for the maintenance 
of experimental animals in all institutions. Wistar rats 
(200-250 g) were housed in polypropylene cages for 
the day-night cycle of 12h at 24°C with humidity of 35 
to 60%. Water for drinking and a diet for nutrition was  
provided. 

2.3 Induction of Diabetic Neuropathy 
The experimentally-initiated DPN was conducted as per 
the earlier protocol17. Overnight starved albino wistar 
rats (200-250 g) were injected intraperitoneally 65 mg/kg 
streptozotocin (STZ) and 110 mg/kg (i.p.) nicotinamide 
(dissolved in normal saline) to induce type 2 diabetes. 
After 72 and 7 days of STZ-NA administration, the blood 
sugar level was checked and it was found that all the 
animals were diabetic.

2.4 Experimental Design 
The experimental animals were divided into five groups 
which are as follows: 
Experimental group 1 (a): Normal control group (distilled 
water 10  ml/kg, p. o.)
Experimental group 2 (b): Diabetic control group
Experimental group 3(c): Coenzyme Q10 (10 mg/kg in 
1% aqueous solution of Tween 80, p. o.)18

Experimental group 4 (d): MET (500 mg/kg, p. o)19

Experimental group 5 (e): Coenzyme Q10 + MET
In experimental group 1, DPN was not conducted, unlike 
in other groups. On the 7th day after injection of STZ-
NA, the treatment schedule of all aforementioned groups 
was followed for six weeks. Muscle grip strength was 
measured with the use of Rota-rod apparatus according 
to the previous method20. Paw withdrawal and Tail flick 
responses were conducted by using a hot plate and hot 
immersion methods, respectively to check the potency 
of the abovementioned combination of drugs for the 
sensation of neurons 21, 22. 

2.5 Evaluation of Biomarkers of 
Antioxidant Activity

After sacrificing the experimental animals, sciatic nerves 
were isolated and removed for keeping them in cold 
conditions. Later on, with the use of a surgical scalpel, the 
nerves were chopped and kept in chilled 0.25 M sucrose. 
Further, they were chopped into small slices on filter 
paper. According to the standard method mentioned in 
the literature23–25, malondialdehyde (MDA), superoxide 
dismutase (SOD), and GSH levels were determined for 
assessing the oxidative stress parameters.

2.6 Histological Study
After sacrificing the experimental animals from the 
above-mentioned groups, the sciatic nerve was isolated, 
removed, stored in formalin (10% phosphate buffer), and 
processed for histopathological examination as mentioned 
in an earlier report26. 

2.7 Statistical Analysis
One-way ANOVA followed by the Bonferroni multiple 
comparison test was used to evaluate the level of 
significance (P < 0.05) for all tests. All the data were 
exhibited in Mean ± SEM.
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3. Results

3.1 Effect of Coenzyme Q10 and Metformin 
on Muscular Grip Strength, Paw 
Withdrawal Response, and Tail-flick 
Response 

As mentioned in Figure 1 A–C, diabetic untreated 
rats were shown to cause nerve damage by virtue of 

its increase in paw withdrawal response, tail-flick 
response, and decrease in muscular grip strength when 
compared with untreated normal control rats. Treatment 
with the neutraceutical or anti-diabetic drug or their 
combination showed a positive response in which there 
was a significant decrease in paw withdrawal response, 
tail-flick response, and increase in muscular grip 
strength. Treatment of coenzyme Q10 + MET exhibited 
considerable changes in muscle grip strength and tail-flick 

Figure 1.  Effect of coenzyme Q10 + MET on (A) Muscular grip strength (B) Paw withdrawal 
response and (C) Tail flick response. 
Values are expressed as mean ± SEM; n=6
 ### P < 0.001 compared with normal control (a)
**P < 0.01, ***P < 0.001 compared with diabetic control rats (b) 
 ++P < 0.01 compared with coenzyme Q10 (c)
$P < 0.05 compared with MET (d)
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reaction when compared to mono-therapy (coenzyme 
Q10 or MET). Co-administration of coenzyme Q10 + 
MET, on the other hand, resulted in a more noticeable 
alteration in paw withdrawal reaction than MET  
mono-therapy.

3.2 Effect of Coenzyme Q10 and Metformin 
on Oxidative Stress Biomarkers of 
Sciatic Nerve

As mentioned in Figure 2 A–C, diabetic untreated rats 
were shown to cause nerve damage by virtue of imbalance 

Figure 2.  Effect of coenzyme Q10 + MET on (A) MDA (B) SOD and (C) GSH.
Values are expressed as mean ± SEM; n=6.
### P < 0.001 compared with normal control (a)
 *P < 0.05, **P < 0.01, ***P < 0.001 compared with diabetic control rats (b) 
+P < 0.05 compared with coenzyme Q10 (c)
$P < 0.05 compared with MET (d)
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between oxidative stress and antioxidant activity. There 
was an increase in MDA levels and a reduction in SOD 
and GSH levels when compared with untreated normal 
control rats. Treatment with the neutraceutical or 
antidiabetic drug or their combination showed a positive 
response in which there was a decrease in MDA levels 
and an elevation in SOD and GSH levels. Treatment of 
coenzyme Q10 + MET exhibited in considerable changes 
in SOD and GSH when compared to mono-therapy 
(MET). Co-administration of coenzyme Q10 + MET, on 

the other hand, resulted in a more noticeable alteration in 
SOD than mono-therapy (coenzyme Q).

3.3 Histopathological Studies 
In the present study, it was observed that histology of 
the sciatic nerve of untreated control animals showed a 
normal structure whereas, nerve in diabetic untreated 
rats revealed severe damage. There was a significant 
reduction in a damage of nerve when the animals were 
treated with coenzyme Q10 or coenzyme Q10 plus 

Figure 3.  Light microscopy of sciatica nerve from rats (A) Normal control group, (B) Diabetic control 
group, (C) Coenzyme Q10 (D) MET (E) Coenzyme Q10 + MET.
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MET. Administration of MET alone did not bring any 
histopathological changes in sciatic nerve of diabetic 
rats. Despite, MET alone treatment showed a positive 
outcome like increase in grip and decrease in nociception, 
paradoxically there was no change in damage of the 
sciatic nerve. Increase in grip strength and decrease in 
nociception by the administration MET might be due to 
different mechanism of action. Combination of coenzyme 
Q10 and MET, on the other hand, demonstrated a greater 
reduction in a damage than mono-therapy (Figure 3 A–E).

4. Discussion
Diabetic untreated rats showed severe DPN when 
the sciatic nerve was examined by histopathological 
observation along with changes in muscle grip strength, 
paw withdrawal, and tail flick response, as well as changes 
in oxidative stress biomarkers20. The untreated animals 
which was injected STZ-NA exhibited considerable loss in 
muscle grip strength and a large increase in nociception. 
These outputs have a comparable effect to that shown 
in the previous report27–29. Treatment with coenzyme 
Q10 or MET or their combination resulted in a positive 
outcome like increase in grip and decrease in nociception 
than diabetic untreated rats. Combination of coenzyme 
Q10 and MET, on the other hand, resulted in a significant 
increase in muscular grip and a considerable decrease 
in tail flick response when compared to coenzyme Q10 
or MET given alone and paw withdrawal response was 
significantly altered in combination therapy compared 
to MET mono-therapy. As a result, lipid peroxidation 
products such as MDA was found to be responsible for 
an alteration in the antioxidant defense system, resulting 
in nerve injury in diabetic animals. It was shown that 
elevation of MDA and reduction in the levels of GSH 
and SOD, have association with the injury of the 
sciatic nerve in diabetic rats30–32. Because of their 
antioxidant activity, therapy with nutraceutical or 
MET or their co-administration, reduced the nerve 
injury produced by STZ-NA injection in the current 
study. Furthermore, combination of coenzyme Q10 
and MET treatment demonstrated in a considerable 
change in SOD and GSH levels compared to 
mono-therapy. A histopathological examination 
of the sciatic nerve of diabetic rats revealed 
significant nerve tissue damage, whereas combined 
treatment with nutraceutical such as coenzyme 

Q10 and MET demonstrated no damage in sciatic  
nerve.

7. Conclusion 
It was concluded that supplementing with coenzyme Q10 
and MET can help to prevent nerve damage caused by 
STZ-NA. However, a combination of coenzyme Q10 and 
MET is more effective than MET alone in lowering any 
type of DPN in diabetic individuals. However, this must 
be demonstrated in a clinical situation.
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