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ABSTRACT

Neuropathic pain associated with peripheral nerve injury is characterized by sensory abnormalities such as unpleasant and abnormal
sensations (dysesthesia), an increased response to painful stimuli (hyperalgesia), and pain in response to a stimulus that does not
normally provoke pain (allodynia) According to ethnomedical claim leaf decoction of Ipomoea sepiaria is used for nervous disorders.
Hence the Ethanolic extract of Ipomoea sepiaria has been evaluated for acrylamide-induced painful neuropathy in rats. Wistar rats
(either sex, 150-200gm) were employed in the present study. Animals were maintained at laboratory diet and allow to free access to
water ad libitum. They were housed in the animal house and exposed to normal cycle of light and dark. The Acrylamide 30mg/kg was
administered by intraperitonially once in three days, for 24 consecutive days to induce painful neuropathy. All the groups of animals
were subjected to sensory behavioral tests such as paw cold allodynia, hot plate test, and tail immersion test in order to assess the
degree of nociceptive threshold on certain day intervals, ie.0,3, 6,9, 12,15, 19,21 & 24thday.Six groups, each comprising six Wistar
rats, were employed in the study. Rats were not subjected to administration of vehicle and acrylamide and were kept for 24 days.
Behavioural tests were employed to assess nociceptive threshold on different day’s such as 0,3, 6,9, 12.15,19,21 & 24th, All the animals
were sacrificed according to CPCSEA guidelines at the end of the 24" day. Sciatic nerve of the animals was isolated and homogenated
to estimate biochemical markers such as TBARS, reduced glutathione, total protein and total calcium levels. Histopathological studies

also carried out with the distal portion of the sciatic nerve.
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INTRODUCTION

europathy is a collection of disorders that occurs

when nerves of the peripheral nervous system (the

part of the nervous system outside of the brain and
spinal cord) are damaged. The condition is generally
referred to as peripheral neuropathy, and it is most
commonly due to damage to nerve axons. Neuropathy
usually causes pain and numbness in the hands and feet. It
can result from traumatic injuries, infections, metabolic
disorders, and exposure to toxins.

Neuropathy can affect nerves that control muscle
movement (motor nerves) and those that detect
sensations such as coldness or pain (sensory nerves). In
some cases - autonomic neuropathy - it can affect internal
organs, such as the heart, blood vessels, bladder, or
intestines. Pain from peripheral neuropathy is often
described as a tingling or burning sensation. There is no
specific length of time that the pain exists, but symptoms
often improve with time - especially if the neuropathy has
an underlying condition that can be cured. The condition is
often associated with a number of diseases, and pressure
or trauma, but many cases have no known reason and
other wise called as idiopathic neuropathy.

Neurophathies may also be categorized based on a
functional classification (motor, sensory, autonomic, or
mixed) or the type of onset (acute - hours or days,

subacute - weeks or months, or chronic - months or years).
The most common form of neuropathy is (symmetrical)
peripheral polyneuropathy, which mainly affects the feet
and legs on both sides of the body.

About 30% of neuropathy cases are considered idiopathic,
which means they are of unknown cause. Another 30% of
neuropathies are due to diabetes. In fact, about 50% of
people with diabetes develop some type of neuropathy.
The remaining cases of neuropathy, called acquired
neuropathies, have several possible causes, including
Trauma or pressure on nerves, Nutritional problems and
vitamin deficiencies, often from a lack of B vitamins.
Alcoholism, often through poor dietary habits and vitamin
deficiencies. Autoimmune diseases, such as lupus,
rheumatoid arthritis, and Guillain-Barre syndrome. Motor
nerve damage usually leads to symptoms that affect
muscles such as muscle weakness, cramps, and spasms. It
is not uncommon for this type of neuropathy to lead to a
loss of balance and coordination. Patients may find it
difficult to walk or Peripheral neuropathic pain has been
frequently observed in patients with cancer, AIDS,
longstanding diabetes, lumbar disc syndrome, herpes
infection, traumatic spinal cord injury, multiple sclerosis
and stroke. Moreover, post thoracotomy, post-
herniorrhaphy, post-mastectomy, and post-sternotomy
have also been associated with neuropathic pain.
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MATERIALS AND METHODS

Plant Material

Ethanolic leaf extract of Ipomoea sepiaria, [EEIS]
Animals

Wistar rats (either sex, 150-200gm) were employed in the
present study. Animals were maintained at laboratory diet
and allow to free access to water ad libitum. They were
housed in the animal house and exposed to normal cycle
of light and dark. The experimental protocol was duly
approved by the institutional animal ethical committee
and animals were maintained as per CPCSEA guideline.
(Committee for the purpose of control and supervision of
experiments on Animals Ref no:14024/E1/4/2011) of the
Dean, Madurai medical college, Madurai.

Chemicals

Acrylamide was purchased from CDH, chemicals New
Delhi. All other chemicals used for this study were of
analytical grade.

Induction of Neuropathic pain

The Acrylamide 30mg/kg was administered by
intraperitonially once in three days, for 24 consecutive
days to induce painful neuropathy. All the groups of
animals were subjected to sensory behavioral tests such as
paw cold allodynia, hot plate test, and tail immersion test
in order to assess the degree of nociceptive threshold on
certain day intravels, ie.0,3, 6,9, 12,15, 19,21 & 24thday.>°

Experimental Design

Six groups, each comprising six Wistar rats, were employed
in the present study.

Group | (Normal control group)

Rats were not subjected to administration of vehicle and
acrylamide and were kept for 24 days. Behavioural tests
were employed to assess nociceptive threshold on
different day’s i.e. 0,3, 6,9, 12.15,19,21 & 24, All the
animals were sacrificed according to CPCSEA guidelines at
the end of the 24™" day. Sciatic nerve of the animals was
isolated and homogenated to estimate biochemical
markers such as TBARS, reduced glutathione, total protein
and total calcium levels. Histopathological studies also
carried out with the distal portion of the sciatic nerve.?"3

Group Il (Acrylamide 30mg/kg, i.p)

Acrylamide (30mg/kg, i.p) was administered to normal rats
once in three days for 24 consecutive days. Behavioural
tests and Biochemical parameters were assessed as
described in group I.

Group lll (Ethanolic extract of EEIS 100mg/kg treated
group)

Ethanolic leaf extract of Ipomoea sepiaria 100mg/kg, p.o
was administered two hours before each acrylamide
injection (acrylmide was administered once in three days)

for 24 consecutive days. Behavioural tests and Biochemical
parameters were assessed as mentioned in group |.

Group | V (Ethanolic extract of EEIS 200mg/kg treated
group)

Ethanolic leaf extract of Ipomoea sepiaria 200mg/kg,p.o,
was administered two hours before each acrylamide
injection (Acrylamide was administered once in three days)
for 24 consecutive days. Behavioral tests and Biochemical
parameters were assessed as mentioned in group |.

Group V (Ethanolic extract of EEIS 500mg/kg treated
group)

Ethanolic leaf extract of Ipomoea sepiaria 5 mg/kg,p.o was
administered two hours before each acrylamide injection
(Acrylmide was administered once in three days) for 24
consecutive days. Behavioural tests and Biochemical
parameters were assessed as mentioned in group .

Group VI (Pregabalin 10mg/kg, treated group)

Pregabalin (10mg/kg, p.o) was administered two hours
before each acrylamide injection (acrylamide was
administered once in three days) for 24 consecutive days.
Behavioral tests and Biochemical parameters were
assessed as mentioned in group .

SENSORY BEHAVIOURAL ASSESMENT
Paw cold allodynia

Cold allodynia of the hind paw was assessed using acetone
drop method as described by Choi et al (1994) with slight
modification, Assessing the reactivity to non-noxious cold
chemical stimuli. The rats were placed on the top of a wire
mesh grid allowing access to the hind paw. Acetone(0.1ml)
was sprayed on the plantar surface of hind paw of rat and
time taken for the withdrawal of the hind paw from the

mesh surface was noted ,with cut-off time of 60 seconds.3%
40

Hot plate test

Heat thermal sensitivity of the hind paw was assessed by
using Eddy’s hot plate as described method of Eddy et at,
with slight modification for assessing the degree of noxious
thermal sensation. The rats were placed on the top of a
preheated (52 + 0.52c) hot plate surface, allowing access to
the hind paw withdrawal response to degree of the
nociceptive threshold. The cut- off time of 20 seconds was
maintained.

Tail immersion test

Tail immersion test was carried out to assess the spinal
heat thermal sensitivity. Tip of the rat’s tail was immersed
in heat noxious temperature (52 + 0.059c) till the tail was
withdrawn. Thermal heat hyperalgesia was assessed by
duration of the tail withdrawal reflex. The cut off time of
10 s was maintained.
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Biochemical estimation of markers of oxidative stress

All the groups of animals were sacrificed after 24t days by
cervical dislocation and the sciatic nerve was isolated
immediately and used for the biochemical estimation. The
distal most part of the nerve, which was used for
histopathological study. Freshly excised sciatic nerve
homogenate (10%) was prepared with 0.1M Tris HCI buffer
(PH-7.4) and the homogenate was kept in ice water for 30
min and centrifuged at 42 (2000g, 10 min). The
supernatant of homogenate was separated and which was
used to estimate following biochemical markers.

Estimation of total protein content

The protein concentration was estimated according to the
method of Lowry et al® using bovine serum albumin as a
standard. The absorbance was determined
spectrophotometrically at 750nm.

Estimation of total calcium

Total calcium level was estimated in sciatic nerve as
described method of Severtnghaus and Ferrebee and
Muthuraman. Total calcium level was estimated in sciatic
nerve. The sciatic nerve homogenate was mixed with 1ml
of trichloroacetic acid (4%) as in ice cold condition and
centrifuged at 1500g for 10 mins. The clear supernatant
was used for the estimation by atomic emission
spectroscopy at 556 nm.

Estimation of reduced glutathione

Equal quantity of sciatic nerve homogenate was mixed
with 10% trichloroacetic acid and the mixture was
centrifuged to separate proteins. To 0.01ml of this
supernatant, 2ml of phosphate buffer (PH-8.4), 0.5ml of 5,
5’ dithiobis (2-nitrobenzoic acid) and 0.4ml of distilled
water were added. Mixture was vortexed and the
absorbance was taken at 415nm within 15mins. The
concentration of reduced glutathione was expressed as
ug/mg of protein.

Estimation of TBARS

The thiobarbituric acid reactive substances (TBARS) level
was estimated as per the spectrophotometric method
described by Ohkawa et al method, to each test tube, 0.5
ml of supernatant,0.5 ml normal saline,1 ml of 20%
trichloroacetic acid (TCA) and 0.25 ml of TBA reagent (200
mg of thiobarbituric acid in 30 ml distilled water and 30 ml
of acetic acid) were added. The test tubes were kept for
boiling at 952 C for one hour. To each test tube, 3 ml of n-
butanol was added and mixed well. These test tubes were
centrifuged at 3000rpm for 10 minutes. The separated
butanol layer was collected and read in a
spectrophotometer  against blank at 535 nm.
Concentration of thiobarbituric reactive substances was
expressed in terms of nmol of malondialdehyde per mg of
protein.

Table 1: Effects of Ethanolic extract of Ipomoea sepiaria on tissue biochemical changes

Groups TBARS
(nmol/mg of protein)

Normal 13.20+0.23
Acrylamide 56.41+0.702
EEIS (100 mg/kg) 29.2 +0.82°
EEIS (200 mg/kg) 21.2+0.85°
EEIS-C (5 mg/kg) 20.55 +0.33"
Pregabalin 15.13 +0.51°

GSH Total calcium
(ng/mg of protein)  (ppm/mg of protein)

69.37+£2.53 1.93+0.79
12.64 £ 3.152 16.87 £ 1.31°
31.78 £2.96" 7.16 £1.04"
54.63 +3.94" 5.48 +1.17"
59.51+2.76" 3.64+0.95"
61.64 +3.36"° 2.72+0.86"

Data were expressed as mean + SD (n=6).; EEIS, (Ethanolic extract of Ipomoea sepiaria); EEIS-C, (Ethanolic extract of Ipomoea sepiaria
isolated compound); 2P < 0.05 Vs. normal group.; P < 0.05 Vs. acrylamide control group.; Digits in parentheses indicate dose in mg/kg.;
TBARS-Thiobarbituric acid reactive substance; GSH-Reduced glutathione; Ipomoea sepiaria.

Histopathological examination

Samples of sciatic nerve were fixed with 10% formalin and
cut in to sections with 4um thickness, staining was done by
using haematoxylin and eosin. Nerve sections were
analysed qualitatively under light microscope (45x) for
axonal degeneration and fibres dearrangements.Effect of
Ipomoea sepiaria on acrylamide induced histopathological
changes were shown in following figures.

Fig 1-5 shows cross section of sciatic nerve of normal
acrylamide, EEIS 100 mg, 200 mg and 5 mg/kg.p.o, Treated
groups respectively. Fig-1 showed normal histopathology of
sciatic nerve, In fig-2 shows acrylamide induced axonal
degeneration and dearrangement of nerve fibres. Fig-3,4

and 5 pretreatment of Ipomoea sepiaria showed decrease
in the acrylamide induced histopathological changes of
sciatic nerve.

Figure 1: Normal Control Group-I
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Figure 3: EEIS treatment 100 mg/kg Group-llI

Figure 4: EEIS treatment 200 mg/kg Group-IV

Figure 5: EEIS treatment 500 mg/kg Group-V
Statistical analysis

All the results were expressed as standard error of mean
(SEM). Data obtained from behavioural tests were
statistically analysed by using two-way repeated ANOVA,
while data of biochemical parameters were analysed using
one way ANOVA. In both cases, Tukey’s multiple range tests
were applied for post-hoc analysis. A value of p<0.05 was
considered to be statistically significant.

Neuroprotective activity of flavonoids against toxin induced
neuropathy was attributed due to their antioxidant
potential.

RESULTS AND DISCUSSION
Effect of EEIS on Paw cold allodynia

Acrylamide induced toxicity of Sciatic nerve resulted
significant development of non-noxious cold chemical
allodynia, noted by decrease in hind paw withdrawal
threshold after 6™ day of acrylamide intoxication as
compared to normal control group. Acrylamide induced,
decrease in nociceptive threshold for cold allodynia was
improved by the administration of EEIS (100,200&500mg).
Treatment of pregabalin also produced similar effects.
However statistically significant attenuation was recorded
in all the groups treated with EEIS (100,200 &
500mg/kg,p.o.

Effect of EEIS on paw heat hyperalgesic test

Acrylamide induced toxicity of Sciatic nerve resulted
significant development of noxious thermal hyperalgesia
noted by decrease in hind paw withdrawal threshold after
6" day of acrylamide intoxication as compared to normal
control group. Acrylamide induced, decrease in nociceptive
threshold for thermal hyperalgesia was improved by the
administration of EEIS (100,200&500mg/kg, p.o).Treatment
of pregabalin also produced similar effects. However
statistically significant attenuation was recorded in all the
groups treated with EEIS (100,200&500mg/kg, p.o, P <
0.05).

Tail immersion test

Acrylamide induced toxicity of Sciatic nerve resulted
significant development of noxious thermal hyperalgesia
noted by decrease in tail withdrawal threshold after 6" day
of acrylamide intoxication as compared to normal control
group. Acrylamide induced, decrease in nociceptive
threshold for thermal hyperalgesia was improved by the
administration of EEIS (100, 200 & 500mg/kg,
p.o).Treatment of pregabalin also produced similar effects.
However statistically significant attenuation was recorded
in all the groups treated with both EEIS (100,200 &
500mg/kg, p.o).

Paw withdrawal thereshold (in second)
N

Time intervals (in day)

——Normal —&— Acrylamide —=—EEIS 100 mg

—8—EEIS 200 mg —C—EEIS-C5 mg —o—Pregabalin

Figure 6: Effect of Ethanolic extract of Ipomoea sepiaria by
paw cold allodynia
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Data were expressed as mean * SD (n=6).

EEIS,(Ethanolic extract of
C,(Ethanolic extract of
compound)

Ipomoea sepiaria); EEIS-
Ipomoea sepiaria isolated

2P < 0.05 Vs. normal group.

bp < 0.05 Vs. acrylamide control group.

Paw withdrawal thereshold (in second)

Time intervals (in day)

——Normal —b— Acrylamide —8—-EEIS 100 mg

—8—EEIS 200 mg ——EEIS-C5 mg

Figure 7: Effect of Ethanolic extract of Ipomoea sepiaria on
hot plate test

Data were expressed as mean * SD (n=6).

EEIS, (Ethanolic extract of Ipomoea sepiaria); EEIS-
C,(Ethanolic extract of Ipomoea sepiaria isolated
compound);

2P < 0.05 Vs. normal group.

bp < 0.05 Vs. acrylamide control group.

T T T oo

Tail withdrawal latency (in second)

Time intervals (in day)

——Normal ——Acrylamide —=—EEIS 100 mg

—=—EEIS 200 mg —C—EEIS-C5 mg

Figure 8: Effect of Ethanolic extract of Ipomoea sepiaria on
tail immersion test

Data were expressed as mean * SD (n=6).

EEIS,(Ethanolic extract of
C,(Ethanolic extract of
compound)

Ipomoea sepiaria); EEIS-
Ipomoea sepiaria isolated

3P < 0.05 Vs. normal group.

bp < 0.05 Vs. acrylamide control group.

Effect of EEIS on oxidative stress markers

Acrlyamide induced sciatic nerve intoxication resulted in
significant rise in TBARS, (56.41nmol, p<0.05) total calcium
level (16.87ppm, p<0.05) and decrease in the level of
reduced glutathione (12.64 ug/mg, p<0.05) after the 24"
day of drug administration as compared to normal control
group. Administration of EEIS and isolated mixture
compound attenuated acrylamide induced rise in sciatic
nerve tissue level of TBARS and total calcium, and the
decreased level of reduced glutathione. Administration of
EEIS (100 mg/kg., p.o) resulted attenuation of TBARS (29.2
nmol, p<0.05) and total calcium (7.16 ppm, p<0.05) and rise
in the level of reduced glutathione (31.78pg/mg,p<0.05).
EEIS treatment (200mg/kg., p.o) resulted the reduction of
TBARS (21.2 nmol, p<0.05) and total calcium (5.48 ppm,
p<0.05) and increased in the level of reduced glutathione
(54.63 spg/mg,p<0.05). Administration of EEIP (500
mg/kg.p.o) was found to be decreased TBARS ( 20.55 nmol,
p<0.05) and total calcium ( 3.64 ppm, p<0.05) and elevated
the level of reduced glutathione (59.51pug/mg,p<0.05).

Effect of histopathological changes

Acrylamide induced toxicity of sciatic nerve resulted in
significant histopathological changes assessed in cross
section of the sciatic nerve. In the cross section, acrylamide
induced axonal degeneration and dearrangement of nerve
fibres were observed. Administration of EEIS
(100mg,200mg & 500 mg/kg, p.o) significantly attenuated
acrylamide  induced  axonal  degeneration and
dearrangement of nerve fibres.

CONCLUSION

In the present study, EEIS and isolated mixture compound-
Il treatment normalize acrylamide induced sciatic nerve
intoxication mediated behavioural (heat hyperalgesia [paw
& tail], cold allodynia) and biochemical abnormalities
(TBARS, total calcium & reduced glutathione). Acrylamide
toxicity causes the “dying back” neuropathy in rats (distal
axonopathy). Acrylamide is a neurotoxic agent, is used in
industries which involved in the manufacture of dye and
fibre, polymer production, gel electrophoresis and water
treatment. Acrylamide exposure leads to central-peripheral
distal axonopathy in peripheral nervous system.

The underlying mechanism for the cause of acrylamide
intoxicated neuropathy is still not yet understood. Recently
oxidative stress has been demonstrated to be one of the
key mechanisms in many chemical- induced cell injuries.
Oxidative stress in the cells or tissues refers to enhanced
generation of ROS and/or depletion of antioxidant defense
system, causing an imbalance between pro-oxidants and
antioxidants, potentially leading to damage.

If the intracellular reactive oxygen species level increases
may lead to damage the mitochondria, lipid peroxidation,
elevated cytokine production and cell death. ROS
generation in tissues is effectively scavenged by enzymatic
antioxidant system, (such as SOD, GSH-Px, CAT, and GR) and
non-enzymatic antioxidants (such as GSH, Vitamin A, C, and
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E). This present study revealed that TBARS level of the
acrylamide treated group was found to be elevated and it
was found to be decreased significantly in EEIS (100mg/kg
200mg/kg&500mg/kg; P < 0.05) and isolated mixture
compound (500mg/kg; P < 0.05) treated animals.

These findings indicate that acrylamide induced lipid
peroxidation denoted by elevated TBARS level was
markedly controlled by EEIS treatment at 100mg,200mg &
500mg/kg, p.o. Documented studies revealed that ROS can
attack the polyunsaturated fatty acid in the bio membrane
to initiate the free radical chain reaction.

Acrylamide treatment significantly reduces the non-
enzymatic endogenous antioxidant GSH level and the EEIS
treatment 100mg,200mg & isolated mixture compound
5mg/kg, p.o significantly increases the level of GSH. The
above data indicate that EEIS treatment resulted elevation
of endogenous antioxidant GSH. GSH which can effectively
scavenge free radicals directly and indirectly which is the
major non enzymatic antioxidant in cells.

GSH plays an important role in antioxidant defense,
nutrient metabolism, and regulation of cellular events. GSH
deficiency contributes to oxidative stress, which takes
effect in the pathogenesis of many diseases, e.g.,
Alzheimer’s disease and neuropathy.

Documented studies showed that conjugation with
glutathione (GSH) is a mechanism for the detoxification of
acrylamide. Glycinamide, an active neurotoxic metabolite
of acrylamide, can also conjugate with GSH. The acrylamide
induced depletion of GSH may make the nerve tissue more
sensitive to the oxidative stress which is significantly
reversed by EEIS treatment.

Acrylamide treatment increases total calcium level and
treatment of EEIS at 100mg/kg, 200mg/kg and isolated
mixture compound 5mg/kg, significantly reduces the total
calcium level. The noted decrease in calcium level with EEIS
may be attributed to its antioxidant effect, as free radicals
are well reported to increase calcium ions. However, the
possible action of EEIS on decrease in calcium level may not
also be ruled out. Moreover, increase in calcium ions is also
associated with increase in oxidative stress. So, the noted
antioxidant effects of EEIS may also be ascribed secondary
to decrease in calcium ions. Pregabalin treatment also
increases GSH level, decreases TBARS and total calcium
level. Oxidative stress may impair axonal membrane which
was attenuated by EEIS treatment. EEIS showed significant
antioxidant activity in invitro assays like DPPH and H.O..
Neuroprotective effect of EEIS against acrylamide induced
neuropathy may be due to the antioxidant potential of this
extract, which has been proved by both in vivo and invitro
antioxidant assays. Antioxidant property of EEIS may be due
to the presence of tannins and flavonoids.

Quercetin  has already been reported for its
neuroprotective effect against alcohol induced neuropathy
by attenuating thermal hyperalgesia and also through
modulation of membrane bound inorganic phosphate
enzyme and inhibition of release of oxides, Inflammation

mediators such as MDA (Melodi MPO

(Myeloperoxidase), and nitric oxide.

aldehyde),

Quercetin has proven to protect against the development
of diabetic neuropathy by inhibition of lipid peroxidation
and restoration of antioxidant enzyme in diabetic rats, thus
reverse the oxidative stress induced changes in nerve
physiology of diabetic rats are reported earlier.

Phytochemical studies revealed that Compound mixture-II
consist of two compounds and one of the identified
constituent may be quercetin, Administration of compound
mixture —Il to the acrylamide intoxicated rats resulted
attenuation of behavioural parameters such as paw and tail
heat hyperalgesia (P< 0.05) and cold allodynia (P<0.05) and
biochemical parameters such as TBARS (P<0.05) total
calcium (P<0.05) and reduced GSH (P<0.05) as well as
histopathological changes. Neuroprotective effect of
compound mixture-ll may be due to the presence of
quercetin in this mixture. Isolated compound mixture and
EEIS possess therapeutic potential on acrylamide induced
biochemical and histopathological changes in rats. These
ameliorative effects may be attributed due to the anti-
oxidative and neuroprotective potential of EEIS and isolated
compound mixture-Il and quercetin may be responsible for
these activities.
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