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Alpha lipoic acid attenuated neuropathic
pain induced by chronic constriction Injury
of sciatic nerve in rats
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Abstract

Background: Chronic neuropathic pain syndrome is associated with impaired quality of life and is poorly
manageable. Alpha lipoic acid (ALA) is a powerful antioxidant and showed its effectiveness on diabetic neuropathy
and other acute peripheral nerve injuries but it was not evaluated in the chronic neuropathic pain, chronic
constriction injury (CCI) in rat model by using duloxetine (DLX) as standard.

Methodology: The main objective of the study was to expedite ALA effect on chronic peripheral neuropathy
induced by CCI of sciatic nerve in rats. In this study, male Wister rats were randomly divided into six groups (n = 8)
including, normal saline, sham operated, surgery control, DLX 30mg/kg treated, ALA treated 25mg/kg, and
ALA+DLX. The CCI of sciatic nerve was conducted on all animals except normal saline group and studied for 21
days (i.e. 14 days treatment period & 7 days treatment free period) by using different behavioral, biochemical and,
histopathology studies.

Results: ALA showed minor but significant decrease of thermal hyperalgesia, cold allodynia, malondialdehyde
(MDA), total protein, lipid peroxidation, and nitric oxide levels and significant increase of motor coordination,
glutathione level and decreased axonal degeneration significantly. These effects sustained even during treatment
free period. ALA enhanced the effect of DLX when given in combination by showing sustained effect. In
conclusion, ALA acted as potent antioxidant may be this activity is responsible for the potent neuroprotective
effect.

Conclusion: Hence, ALA attenuated the nueroinflammation mediated by chronic peripheral neuropathy. Further
studies are warranted with ALA to develop as a clinically relevant therapeutic agent for the treatment of
neuropathic pain.

Keywords: Chronic neuropathic pain, Alpha lipoic acid, Duloxetine, Thermal hyperalgesia, Cold allodynia, Axonal
degeneration

Introduction
Neuropathic pain is due to the pain caused by lesion
and/or disease of the somatosensory neurons [1].
Neuropathic pain is also described by the pain initi-
ated or due to primary lesion occurs in peripheral or
central nervous system. WHO explains around 22 %

of the world’s primary care patients suffer from
chronic neuropathic pain [2] and around 8 % of
adults have neuropathic pain characteristics. Many of
the patients with diabetes and HIV suffering from
neuropathic pain [3]. Neuropathic pain generally
characterized by stimulus-independent persistent
pain [4, 5] and/or by sensory abnormalities such as
abnormal unpleasant sensation (dysesthesia),
increased intensity of response to painful stimuli
(hyperalgesia) and pain in response to normally
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painless stimuli (allodynia) [6]. Due to its complex
pathophysiology and heterogynous etiology the treat-
ment is difficult and the drugs available to treat
neuropathic pain are helpful to less patient popula-
tion only with low efficacy and numerous side effects
[7]. The patients with cancer, leprosy, cervical disc
protrusion and foraminotomy generally suffers from
neuropathic pain [8] and the major surgeries like
thoracotomy and amputation may cause neuropathic
pain. The animal models plays important role to
explain the mechanisms responsible for the neuro-
pathic pain [9]. The animal models of neuropathic
pain describes that the hyperalgesia is related to the
inflammatory response and inflammatory mediators
are elevated in hyperalgesia in nerve injured rat
models [10, 11]. The research studies explain that
both peripheral and central mechanism(s) are in-
volved in pathogenesis of neuropathic pain [12, 13].
A novel hypothesis explains that reactive oxygen
species (ROS) responsible for central sensitization
through unknown mechanisms [14], may be with
secondary messenger system activity [15]. Neuro-
pathic pain contributing ROS if reduced after per-
ipheral nerve injury can reduce an intercellular
signaling pathway and reduces the neuronal death.
Alpha lipoic acid (ALA) also called thioctic acid, is a

powerful antioxidant and metal ion chelator for metals
that contained naturally in the body [16]. It was found
to be useful in experimental models of various periph-
eral and central nervous system diseases such as diabetic
neuropathy, multiple sclerosis, cerebral ischemia-
reperfusion, excitotoxic amino brain cerebral ischemia,
autoimmune encephalomyelitis [17]. It is also used in
treating pain disorders such as diabetic neuropathy,
sciatica and carpel tunnel syndrome in clinical practice
[18, 19]. But, still now ALA was not reported to have
beneficial effects with Chronic Constriction Injury (CCI)
of sciatic nerve in rats. So, this study was designed to
evaluate the effect of ALA, at a dose of 25 mg/kg.ip [20]
on chronic neuropathic pain produced by CCI of sciatic
nerve in rats.

Materials and methods
Animals
Adult male Wistar rats weighing 250–300 g were pro-
cured from Jeeva Agencies, Hyderabad. Animals were
housed in plastic cages with husk bedding under stand-
ard laboratory conditions of light and dark cycles with
laboratory diet and water ad libitum. Animals were ac-
climatized for a week to laboratory conditions before the
experiment. This experimental protocol was approved
by institutional animal ethical committee (IAEC/20/
UCPSc/KU/2019), Kakatiya University, Warangal.

Drugs
ALA was purchased from Sigma Aldrich and Duloxe-
tine was gifted sample from Dr. Reddy’s laboratories
(Hyderabad, India). All the other chemicals used in
the study were of analytical grade.

Induction of neuropathic pain by chronic constriction
injury (CCI) method
According to method previously described the peripheral
neuropathy in rats was induced by CCI [21]. In brief, the
rats were anesthetized by using ketamine (60 mg/kg)
and xylazine (8 mg/kg). The left hind thigh of anesthe-
tized rat was shaved and the skin was sterilized. Then
the common sciatic nerve was exposed on middle of the
hind thigh by blunt dissection of biceps femoris muscle,
proximal to the sciatic trifurcation, approximately 7-mm
of nerve was freed of adhering tissue and 4 tight liga-
tures of 4 − 0 silk suture were tied around the nerve with
1mm spacing. Care was taken not to interrupt the epi-
neural blood flow during tying the ligature. In sham op-
erated rats same procedure was followed, the connective
tissue was freed, without ligation of nerve.

Experimental design
Animals were allocated into 6 study groups and each
group containing 8 rats were subjected to the following
treatment:

Experimental protocol with treatment schedule

Group I: Normal Saline (NS) treated; CCI was not
performed + rats treated with saline (P.O) for 15 days.
Group II: Sham Operated (SO), Rats were subjected to
surgical CCI sciatic nerve without ligation and treated
with saline (P.O).
Group III: Surgery control (SC), Rats were subjected to
surgical CCI to expose sciatic nerve with ligations and
treated with saline (P.O).
Group IV: Duloxetine (DLX) treated; rats were
subjected to CCI + treated with DLX (30 mg/kg/p.o, for
14 days) [22].
Group V: Alpha Lipoid acid (ALA) treated; rats were
subjected to CCI + treated with ALA (25 mg/kg/i.p, for
14 days).
Group VI: [DLX + ALA]; rats were subjected to CCI +
treated with both drugs [DLX + ALA] for 14 days.

By maintaining aseptic conditions all the groups were
subjected for surgery except the control group and the
treatment was started after one day of surgery for 14
days and then study followed 7 days of treatment free
period. Then different behavioral, biochemical and,
histopathology studies were conducted.
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Estimation of total protein content in nerve tissue
homogenate
The total protein content of tissue homogenate was
estimated [23] with slight modifications, using bovine
serum albumin as standard. Briefly, to the tissue
homogenate (0.2ml), 2ml of alkaline copper sulphate
reagent was added and incubated for 10minutes at
room temperature. Then 0.2ml of Folin-ciocalteau
phenol reagent was added and again incubated for
30m at room temperature. Then the absorbance was
read at 660nm against the blank reagent. Total pro-
tein content values were expressed in mg/ml.

Estimation of nitric oxide content in nerve tissue
homogenate
Nitric oxide content was estimated [24] with some mod-
ifications. 0.2ml of tissue homogenate was taken and vol-
ume was adjusted to 1.5ml with 100mM Tris-HCl buffer
(pH 7.4). To this 1.5ml of Griess reagent was added and
incubated for 10m at room temperature and the absorb-
ance was determined by spectrophotometer at 546nm
using Systronics spectrophotometer and the values were
expressed in µM/ml.

Estimation of reduced glutathione in nerve tissue
homogenate
Reduced glutathione was estimated [25] by using gluta-
thione as standard with slight modifications. Tissue
homogenate (1ml) was precipitated with 4 % sulfosa-
licylic acid (1ml) and cold digested at 4℃ for 1hr and
cold centrifuged at 1200 x g for 15 min at 4℃ and the
supernatant was collected. Then 0.2ml of supernatant
extracted from tissue homogenate was taken. To this,
2.3ml of phosphate buffer (0.1 M, pH 7.6) and 0.5ml of
DTNB were added and incubated for 5m at room
temperature. The absorbance of yellow color produced
was measured at 412nm using Systronics spectropho-
tometer and the values were expressed as mM.

Estimation of lipid peroxidation in tissue homogenate
Malondialdehyde (MDA) in tissue homogenate was esti-
mated [26] briefly, 0.2 ml of tissue homogenate was
taken and to this 0.2ml of 8.1 %SDS, 1.5 ml of 20 %
acetic acid and 1.5ml of aqueous TBA (0.8 %) were
added and volume was made up to 5ml with distilled
water and heated under oil bath at 95℃ for 1hr. Then
mixture of n-butanol and pyridine (15:1 v/v) was added
and shaken vigorously. Then mixture was centrifuged at
4000 rpm for 10 m, to separate the organic layer and ab-
sorbance was measured at 532nm. The tissue MDA
levels are measured from the standard curve and
expressed as µM.

Assessment of behavioral parameters
Behavioral studies were performed post-surgery on 1st,
15th and 22nd days of study.

Thermal hyperalgesia (hot plate test)
Thermal nociceptive threshold is the index for thermal
hyperalgesia, which was performed using hot plate
Eddy’s hot plate [27] with slight modifications. The hot
plate was maintained at 55℃. Then the rat was placed
on the plate and nociceptive threshold was obtained
with respect to licking of paw, jumping and other re-
sponses. The paw withdrawal latency was recorded in
seconds, by maintaining 15s cut off time in triplicates.

Cold allodynia (acetone drop test)
The cold allodynia test was performed and was assessed
by spraying a 100µL of acetone onto the surface of the
paw, without touching the skin, the response to acetone
of rat was noted for 20s and was graded to a 4-point
scale [28]. Acetone was applied thrice to the hind paw,
with a gap of 5min between the acetone applications and
the individual scores noted in 20s interval are added to
obtain a single score over a cumulative period of 60s.
The minimum score is 0, while the maximum possible
score was 9.

Motor co‐ordination test (Rota Rod Test)
Motor co-ordination (grip strength) was evaluated by
using Rota Rod Apparatus [29] in briefly the test rats
were placed individually for one minute on the rotating
rod (25 rpm). Fall of time from the rotating rod during
one minute period was recorded.

Assessment of biochemical parameters
Biochemical parameters were performed by isolating the
sciatic nerves on 1st, 15th, 22nd day of post-surgical
CCI from rats by cervical dislocation. At the injury site,
distal portions of sciatic nerve along with the tissue be-
neath the sciatic nerve were isolated quickly. The sciatic
nerve homogenate (10 % W/V) was then prepared using
0.1 M Tris-HCL buffer (pH 7.4) for estimation of total
protein content, nitric-oxide content, reduced glutathi-
one, and lipid peroxidation [30].

Histopathology studies
On 1st ,15th and 22nd days of study, sciatic nerves in
the proximity to ligation were removed from all the six
groups and kept in 10 % neutralized formalin buffer so-
lution in a container and were assigned with a code
number. After leaving them in the fixative solution for
approximately 24hrs, the samples were washed with run-
ning tap water for 4–6 hrs and then were rinsed with in-
creasing concentrations of alcohol and xylene. Then
tissues were processed through automatic tissue
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processor and were embedded in liquid paraffin. Then
tissues were cut into 4–6µm thick and stained with
haematoxylin and eosin dyes. Selected areas were exam-
ined under light microscope at 400X magnification and
images were taken.

Statistical analysis
The results are presented as mean ± SEM, and were sta-
tistically analyzed by two-way ANOVA followed by
Turkey’s multiple comparisons test. All of the statistical
analysis was performed using GRAPHPAD Prism 8.3
version.

Results
Biochemical parameters
Total protein content
The total protein content in different groups on 1st,
15th and 22nd day post-surgery was conducted. In ani-
mals subjected to CCI, surgery control group there was
a significant increase in protein level on 15th day and
22nd day compared to saline treated group. On 15th day
SC, DLX, and DLX + ALA are from 0.898 ± 0.030 to
0.620 ± 0.007 and 0.33 ± 0.02 mg/ml respectively. There
was significant decrease in protein levels on 15th day in
groups treated with DLX, ALA and combination ALA +
DLX drugs compared surgery control. Whereas on 22nd
day there was significant decrease in ALA, DLX and in
combination groups Fig. 1a.

Reduced glutathione assay
Reduced glutathione levels in different groups on 1st,
15th and 22nd day of post-surgery were conducted. In
animals subjected to CCI, surgery control group showed
significant decrease in glutathione levels on 15th day
compared to normal group, whereas the groups with SC,
DLX, and DLA +ALA showed significant increase from
0.0140 ± 0.002 to 0.043 ± 0.003 and 0.086 ± 0.002 mM re-
spectively in glutathione levels on 15th day compared to
surgery control. Group treated with ALA showed a sus-
tained effect throughout the study even up to treatment
free period. There was significant increase observed in
groups treated with DLX, ALA and in combination
groups compared to surgery control Fig. 1b.

Nitric oxide assay
Nitric oxide assay in different groups on 1st, 15th
and 22nd day of post-surgery was conducted. In ani-
mals subjected to CCI, surgery control group showed
significant increase in nitric oxide levels on 15th and
22nd compared to saline treated group. Whereas the
groups with SC, DLX, ALA + DLX showed significant
decrease from 3.36 ± 0,18 to 1.44 ± 0.06 and 0.06 ±
0.16 µM/ml respectively in nitric oxide on 15th day

compared to surgery control. On 22nd day DLX and
ALA groups showed significant decrease in nitric
oxide levels compared to surgery control and ALA
group sustained the reduced levels of nitric oxide
Fig. 1c.

Lipid peroxidation assay
Lipid peroxidation assay in different groups on 1st, 15th
and 22nd day of post-surgery were conducted. In ani-
mals subjected to CCI, surgery control group showed
significant increase in MDA levels on 15th day and 22nd
day compared to saline treated group. With SC, DLX
and DLX +ALA showed significant reduction from
0.862 ± 0.004 to 0.564 ± 0.002 and 0.205 ± 0.002 µM/g
tissue respectively. There was a significant sustained
decrease in MDA levels even on 22nd day compared to
surgery control.

Behavioral studies
Thermal hyperalgesia test (hot plate method)
Thermal hyperalgesia in different groups on 1st, 15th
and 22nd day were conducted. In animals subjected to
CCI surgery control group showed significant reduction
in latency period on 1st day and continued on day 15th
and also 22nd day of post-surgery indicates the induc-
tion of thermal hyperalgesia. On 15th day of post-
surgery paw withdrawal latency of SC, DLX and ALA +
DLX was significantly increased from 1.300 ± 0.123 to
2.40 ± 0.20, 2.75 ± 0.300 respectively. On 22nd day com-
bination ALA +DLX showed significant increase in
latency time compared to surgery control group. No sig-
nificant change observed in saline treated and sham op-
erated groups Fig. 2a.

Cold allodynia (acetone drop test)
Cold allodynia test in different groups on 1st, 15th, 22nd
day were conducted. In animals subjected to CCI sur-
gery control group showed significant decrease in the
flicking response on 1st day compared to saline treated
group and continued to decrease on 15th day and 22nd
day of post-surgery indicates the induction of cold allo-
dynia. No significant change was observed in saline
treated and sham operated groups. On 15th day of post-
surgery the flicking response of SC. DLX and ALA +
DLX was increased from 1.600 ± 0.470 to 2.59 ± 0.27,
3.37 ± 0.36 respectively. The Criteria of response in 4-
point scale is, 0 no response,1 quick withdrawal, flick or
stamp of the paw, 2 prolonged withdrawal or repeated
flicking, 3 repeated flicking with licking of the paw
Fig. 2b.

Neerati and Prathapagiri Clinical Phytoscience            (2021) 7:21 Page 4 of 10



Fig. 1 Effect of ALA (25 mg/kg/i.p), DLX (30 mg/kg/p.o), Combination (ALA + DLX) (25 mg/kg; IP,30 mg/kg/p.o) on paw withdrawal latency in
thermal hyperalgesia, flicking response in cold allodynia and grip strength in motor coordination test. Data expressed as mean ± SEM (n = 8) rats
per group, analysed by two-way ANOVA followed by Tukey’s multiple comparisons test. p < 0.05 (*), p < 0.01 (**), p < 0.001 (***)
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Motor coordination test (rota rod test)
Motor coordination test in different groups on 1st,
15th, 22nd day were conducted. In animals subjected
to CCI surgery control group showed a significant de-
crease in motor coordination (grip strength) on 1st

day compared to saline treated group, the same con-
tinued on 15th and 22nd day of post-surgery. There
was significant increase in grip strength with SC,
DLX, ALA + DLX increase from 2.40 ± 0.212 to 8.47 ±
0.40, 9.22 ± 0.29 respectively. On 22nd day the effect

Fig. 2 Effect of ALA (25 mg/kg/i.p), DLX (30 mg/kg/p.o), Combination (ALA + DLX) (25 mg/kg; IP,30 mg/kg/p.o) on total protein levels, tissue
glutathione levels, tissue nitric oxide and tissue MDA levels. Data expressed as mean ± SEM (n = 3) rats per group, analysed by two-way ANOVA
followed by Tukey’s multiple comparisons test. p < 0.05 (*), p < 0.01 (**), p < 0.001 (***)
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was sustained when compared to surgery control
Fig. 2c.

Histopathology
In both normal and sham operated groups, histopath-
ology images of nerves taken on 1st, 15th and 22nd day
showed myelin covering and axons within normal limits.
The histopathology of surgery control 1st day showed
severe foci of inflammation in endoneurium and DLX,
ALA and combination 1st day showed inflammation and
axonopathy similar to that of surgery control 1st day.
On 15th day decreased axonopathy is seen in DLX, ALA
and combination groups compared to that of surgery
control group. Whereas on 22nd day the treatment
groups showed axonopathy with slight gliosis of nerve
tissue, but ALA showed less inflammation on 22nd day
compared to that of Surgery control and DLX Fig. 3.

Discussion
Chronic pain is an unrelenting condition and at present
there are few drugs are available to treat with more side
effects. So, searching new strategies with new com-
pounds became essential in the effective treatment of
neuropathic pain [31]. Peripheral neuropathy is charac-
terized by nerve damage and its compressive nature is
explained in radiculopathy or sciatica which involves
lower extremities and is related to disc herination [32].
Neuropathic pain is associated with oxidative stress and
is induced by imbalance of the cellular redox system
based on ROS excessive production or dysfunction of
the endogenous antioxidant system. Many studies
explain about that, oxidative stress is responsible for
neuropathic pain and antioxidants are effectively man-
aging the neuropathic pain in rats [33, 34]. ALA was
chosen as antioxidant in this study and proven as strong
antioxidant with neuroprotective effect occurring natur-
ally in the body and is also present in some foods. In
present study, the effect of ALA (25 mg/kg/i.p) and DLX
(30 mg/kg/p.o) and combination of both is evaluated in
chronic neuropathic pain model induced by CCI by dif-
ferent behavioral, biochemical parameters and histopath-
ology studies. Inducible nitric oxide levels are over
expressed in the CCI of sciatic nerve [35] and anti oxi-
dants reduced the levels of nitric oxide to attenuate
neuropathic pain [36] and the similar reduction of nitric
oxide levels are observed in this study. CCI model is the
good paradigm used in the entrapment (compressive)
neuropathy that leads to massive nerve degeneration,
with changes in axonal and myelin component. Sciatic
Nerve Ligation causes histological aberrations and these
were decreased by antioxidant [37] treatment and our
study results related this findings.

Central sensitization of neurons is a result of the
motor as well as sensory fibers thus causes decrease in
thermal withdrawal latency and increase in flicking
response. Various transection, ligation and crushing of
sciatic nerve and its branches induces ipsilateral cold,
heat hyperalgesia and allodynia thereby indicating the
induction of peripheral neuropathic pain [38, 39]. These
behavioral alterations are constantly present and last
over 2–3 weeks, but their time course varying upon the
model and species [40]. In study, the tissue MDA levels,
Nitrite levels are raised and fall in reduced glutathione
level was resulted after nerve injury [41]. The decrease
in the level of GSH increases susceptibility to oxidative
damage [42]. In another study, nerve ligation increases
oxidative stress, documented by increased levels of
MDA, increased oxidation state of proteins [43]. In
present study animals subjected to CCI, surgery control
group showed significant decrease in thermal withdrawal
latency, grip strength and increase in flicking response
this indicates induction of neuropathic pain. DLX, ALA
and combination of both DLX and ALA showed signifi-
cant increase in thermal withdrawal latency, grip
strength and decrease in flicking response results related
to previous findings and indicates ALA is effective as
neuroprotective and comparable to that of DLX treated
group in behavioral studies.
In biochemical parameters the surgery control group

showed significant increase in Protein levels, MDA
levels, nitric oxide levels and decrease in glutathione
levels on 15th and 2nd day of study as that described
above in nerve injury, this indicates the induction of
neuropathic pain. DLX, ALA and combination treated
groups showed significant decrease of protein levels,
MDA levels, nitric oxide levels and increase in glutathi-
one levels, this shows that ALA because of its antioxi-
dant potential increased the levels of glutathione and
decreased other oxidation causing parameters. Histo-
pathological findings showed increase in axonopathy in
surgery control group on 15th and 22nd day. Treatment
groups showed decreased axonopathy compared to that
of surgery control. ALA showed neuroprotective effect
and maintained the decreased levels of MDA, protein
content, nitric oxide, increased glutathione levels. This
was evidenced during the treatment free period and
same as that of combination treated group.

Conclusions
ALA attenuated the neuropathic chronic pain induced
by CCI mimicking entrapment neuropathy. This at-
tenuation is attributed to antioxidant and anti-
inflammatory effects of ALA. This suggests that anti-
oxidant effect represents the therapeutic approach in
the treatment of chronic peripheral neuropathy. ALA
enhanced the action of DLX, when given in
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combination by showing a sustained effect even after
treatment was stopped. This indicates the supplemen-
tation and/or combination with DLX will give better
relief from the pain. Further pharmacokinetic studies

are recommended, for dose adjustments of DLX when
given along with ALA to develop as a potential clinic-
ally relevant drug of interest in treatment of chronic
neuropathic pain.

Fig. 3 Histopathology of sciatic nerve section (400 X) of normal, sham operated, surgery control, DLX, ALA and, DLX + ALA groups taken on 1st,
15th and 22nd days of study. The arrows indicate the appearance of axons and myelin sheaths of different groups. The graph below indicates
the percentage (%) of axonopathy in different groups on 1st, 15th and 22nd days of study
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