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Abstract
Background : Z. officinale and
P. amarus are famous herbs and used as a
traditional medicine for a long time.
Both herbs have anti-nociceptive and
antioxidant properties. However, there is a
few data on the development of herbal
cream contained both Z. officinale and

P. amarus extract (the combined extract)

for dermal application especially

in musculofascial condition.

Objective : This study was set up to
determine the anti-nociceptive effect and
its possible underlying mechanisms of the
topical combined extract in hyperalgesic rat.

Material and Methods : 56 male
Sprague Dawley rats were randomly
divided into the following seven group:
1) control naive, 2) control 3) vehicle

4) positive control (Diclofenac sodium
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cream) 5) 25 mg/kg.BW of the combined
extract (low dose) 6) 1256 mg/kg.BW of the
combined extract (medium dose) and 7) 500
mg/kg.BW (high dose) of the combined
extract groups. All groups (except control
naive) were induction bilateral hyperalgesic
condition via repeated injection of acidic
saline pH 4.0 at left gastrocnemius muscle.
Then, the three various doses of the
combined extract, positive control and
vehicle were applied at both left and right
gastrocnemius b days/week continually for
4 weeks. The nociceptive test was assessed
via using mechanical (von Frey filament
test), hyperalgesia was evaluated at day 1,
7,14, 21 and 28. At the end of experiment,
left gastrocnemius was collected for
evaluate the pathohistological change
related oxidative damage occurring in the
tissue. All data were express in mean (SD)
with p-value < 0.05.

Results : Repeated topical applied of
the combined extract b times a week, the
combined extract could mitigate the effect
of acidic saline induced mechanical
hyperalgesia in both the ipsilateral (left side)
and the contralateral (right side) side when
compare with control group. The hyperalgesic
rats showed a significantly increase in
muscle hardness both side when compared

with naive control group. The combined
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extract medium dose (500 mg) showed
significant decreased muscle hardness after
28 days of treatment when compared with
hyperalgesic control rats. After 28 days of
treatment period, infiltration of inflammation
cells, cell injuries and fibrous tissue were
less observed in diclofenac and all doses of
the combined extract than the control
hyperalgesic group. The hyperalgesic
rats were increase in MDA level of left
gastrocnemius. While, treated with
diclofenac, three doses of the combined
extract could significantly decrease the
level of MDA. The rat which treated with
diclofenac and low dose of the combined
extract could significantly increase the
level of GPx and SOD scavenging enzymes.
The mean level of serum CPK of diclofenac
and all doses of the combined extract were
significantly reduced mean serum CPK
when compared to hyperalgesic control rats.

Conclusion : In conclusion, the
innovative topical cream that contain
combined extract of Z. officinale and
P. amarus had anti-nociceptive effect
against acidic saline induced hyperalgesia
in rats. By exert its effect via reduction of
tissue injury and restored oxidative status.

Keywords : Anti-nociceptive effect,

Muscle hardness, P. amarus, Z. officinale



Introduction

Hyperalgesia is one of important
abnormal signs that presence in pain
conditions including myofascial pain
syndrome (MPS) that disturbs the quality
of life and decreases the quality of work.'
Nowadays, there are many therapeutic
interventions that have been used for
relieving the pain hypersensitization in
MPS. Unfortunately, the long term used
of medicine such as non-steroidal
anti-inflammatory drugs (NSAIDs),
muscle relaxants etc. usually produce the
gastrointestinal side effects.”® Therefore,
numerous complementary and alternative
medicines are raised and studied for a
decade.

Zingiber officinale (Z. officinale) and
Phyllanthus amarus (P. amarus) had been
extensively used in traditional medicine.
Either Z. officinale or P. amarus have
analgesic effects.*® Thus, both Z. officinale
and P. amarus extract were combined and
developed as health product to relieve
hyperalgesic condition in myofascial pain
syndrome in the form of topical cream. The
herbal cream contained the combined
extract of Z. officinale and P. amarus has
been proved for its safety, the results
showed that the LD50 toxicity of both acute

and sub-acute dermal is more than 2,000

Vol.16 No.1

mg/kg.BW.? So, it is highly safe for
transdermal application. Therefore,
this study aimed to determine the
anti-nociceptive, anti-oxidative effect and
its possible underlying mechanisms of the
combined extract of Z. officinale and
P. amarus in animal model of myofascial

pain.

Material and Method

Experimental animal

Adult male Sprague Dawley rats
(10-14 weeks old), were used as experiment
animals. They were obtained from National
Laboratory Animal Center, Salaya, Nakorn
Pathom. The weights of the animals on the
first day of experiment were 200-350 grams.
They were housed 5 rats per cage in the
standard metal cages at 22+2 °Con 12:12
h light: dark cycle. All animals were
given access to food and water ad libitum.
The experiments were performed to
minimize animal suffering as followed the
experimental protocols approved by the
Institutional Animal Care and Use
Committee Khon Kaen University, Thailand
(Ethic No. MDKKU 3/2559).

The animals were randomized into
7 groups as following; Group I (G I) was
naive control group, Group II (G II)

was hyperalgesic rats that received
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no-treatment, Group III (G III) was vehicle
treated group, Group IV (G IV) was
diclofenac treated group which use as
positive control, Group V (G V) was low
dose of the combined cream extract treated
group, Group VI (G VI) was medium dose
of the combined extract treated group,
Group VII (G VII) is high dose of the
combined extract treated group.

All groups (except naive control) were
induced hyperalgesia with the repeated
injection (day 0 and day 5) of acidic saline
(pH 4.0) at the left lateral gastrocnemius
muscle. This method produces bilateral
mechanical hyperalgesia of the paw that
lasts more than 4 weeks."” Then, the
assigned treatment cream from each
treatment group was applied topically on
both left and right legs at volume of 0.1 ml for
5 times per week continuously for 4 weeks.

Testing mechanical hyperalgesia by
von Frey filament apparatus

30 minutes after the assigned
treatment cream was applied topically on
both legs, the rats were subjected to test for
mechanical hyperalgesia. A series of 15 von
Frey filaments start with 0.1, 0.2, 0.4, 0.8,
1.0,1.2,1.5,2.5,3.6 and 4.0 grams (IITC Life
Science Inc., USA) were used to evoke
paw withdrawal response. The testing

starts with the lowest filament for 5 trials
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per side. Each trial, the filaments were
perpendicularly applied to the paw at 10
seconds intervals. The threshold of paw
withdrawal response was recorded when
the frequency response of the paw
withdrawal more than 60%."

The determination of muscle hardness

Muscle hardness meter or commander
algometry (J-TECH Medical; USA) was used
to evaluate the hardness of muscle after
repeated injection of acidic saline pH 4.0.
Briefly, digital algometry (diameter 0.5 mm?)
was perpendicular applied at both side of
lateral gastrocnemius of the rat after
irradiation of the Laser for 3 trails. During
each trial, the position of both left/right
knee and ankle joint of the rat were fixed
and maintained in 90° in recumbent by well
train physiotherapist (PT license No. 2962,
Thailand). The hardness of muscle was
shown in real-time with the digital operated
numeric from 0-10 LBS after press in
muscle. Mean average of the hardness of
muscle were conducted to determine.

Histomorphology study

At the end of the experiment, after an
anesthesia with sodium pentobarbital
(60 mg/kg BW), the animals were perfused
with 0.9% normal saline. Injection site of
gastrocnemius muscle were collected and

immersed sequentially for 24 h each in 10%



formalin. The frozen sample was immersed
in a stainless-steel container which is
suitable for the tissue size and filled with
optimal cutting temperature (OCT)
compound. The specimens were frozen
rapidly and 5-10 wm thick sections will be
made using cryostat and stain with H&E to

determine the inflammation cell.

Biochemical assays

Malondialdehyde level

Malondialdehyde (MDA) was
determined by quantifying the reaction
product with thiobarbituric acid in tissue."
The colored end product was read at 540
nm. Results were expressed as nmole MDA/
mg protein.

Scavenging enzymes activity

In this study, the defensive occurring
of oxygen free radical species was set up to
determine the anti-oxidative role of laser
acupuncture in three basically pathway
form of superoxide dismutase (SOD),
glutathione peroxidase (GPx) and catalase
(CAT). In brief, the quantifying enzymatic
reaction SOD via xanthine/xanthine
oxidase method and GPx via were evaluated
by 415 nm microplate reader as describe by
Weydert and Cullen in 2010." While, CAT

scavenge H202 was determined by 490

Vol.16 No.1

12,13
nm.

Results were expressed as unit/mg
protein.

Statistical analysis

The Statistical Package for the Social
Science (SPSS) version 19.0 (SPSS Inc,
Chicago, IL, USA) was used to analyze the
parameters. The results were presented as
mean + S.E.M. Statistical significance of
differences between groups was detected
by one-way ANOVA followed by Tukey and
LSD post hoc test. P-values lower than 0.05

(p < 0 .05) were considered significant.

Results

The effect of the combined extract
on mechanical hyperalgesia

Repeated topical applied of the
combined extract 5 times a week, the
combined extract (medium dose) could
mitigate the effect of acidic saline induced
mechanical hyperalgesia in the ipsilateral
side (left side) on day 21° and 28™ of
treatment (figure 1 A). While the effect of
the combined extract (low and medium
dose) in the contralateral side (right side),
showed a significant improve mechanical
hyperalgesia that induced by acidic saline
injection on day 14", 21% and 28" of
treatment when compare with control

group (figure 1 B).
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Figure 1-A The effect of the combined extract on mechanical hyperalgesia test in
hyperalgesic rats in left side. 30 minutes after the assigned treatment cream was
applied topically on both legs, the rats were subjected to test for mechanical hyperalgesia.
A series of 15 von Frey filaments start with 0.1, 0.2, 0.4, 0.8, 1.0, 1.2, 1.5, 2.5, 3.6 and 4.0
grams were used to evoke paw withdrawal response. “ p<0.05 versus Naive control group;
* p<0.01 versus Ndive control group; “* p<0.001 versus Naive control group; * p<0.05
versus Control group ; ** p<0.01 versus Control group; *** p<0.001 versus Control group;
¥ p<0.05 versus Vehicle group; ™ p<0.01 versus Vehicle group; ° p<0.05 versus Diclofenac

group; “° p<0.01 versus Diclofenac group; " p<0.05 versus Low dose of the combined extract

m, mm, mmm

group;

repectively; " p<0.05 versus High dose of the combined extract group.

p<0.05, p<0.01, p<0.001versus Medium dose of the combined extract group

The effect of the combined extract
on the mean muscle hardness.

All groups (except néive control) were
induced hyperalgesia and the assigned
treatment cream was applied topically on
both left and right legs at volume of 0.1 ml
for 5 times per week continuously for 4
weeks. The results in figure 2 revealed that

the rat in control group which induction
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hyperalgesia and received no treatment
show a significantly increase in muscle
hardness both left and right side when
compared with naive control group (p<0.05
and 0.01, respectively). Only the medium
dose (500 mg) showed significant decreased
muscle hardness after 28 days of treatment
when compared with hyperalgesic control

rats (p<0.05) (figure 2).
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Figure 1-B The effect of the combined extract on mechanical hyperalgesia test in
hyperalgesic rats in Right side. 30 minutes after the assigned treatment cream was
applied topically on both legs, the rats were subjected to test for mechanical hyperalgesia.
A series of 15 von Frey filaments start with 0.1, 0.2, 0.4, 0.8, 1.0, 1.2, 1.5, 2.5, 3.6 and 4.0
grams were used to evoke paw withdrawal response. “ p<0.05 versus Naive control group;
* p<0.01 versus Ndive control group; ** p<0.001 versus Naive control group; * p<0.05
versus Control group ; ** p<0.01 versus Control group; *** p<0.001 versus Control group;

' p<0.05 versus Vehicle group; " p<0.01 versus Vehicle group; ° p<0.05 versus Diclofenac

group; PP <0.01 versus Diclofenac group; . p<0.05 versus Low dose of the combined extract

m, mm, mmm

group;

p<0.05, p<0.01, p<0.001versus Medium dose of the combined extract group

respectively; ' p<0.05 versus High dose of the combined extract group.

Histology of the ipsilateral gastroc-
nemius

Figure 3 A represented the normal
muscle cell with peripheral nuclei in naive
control rat. Whereas figure 3 B-G
represented the histology of hyperalgesic
rats induced by repeated injection of
acidic saline pH 4.0, in various conditions
of treatment. Firstly, B was the control
hyperalgesic rat that received no treatment.
It was revealed that low pH saline injection

caused infiltrate of inflammation cells with

high magnitude of cell injuries and fibrous
tissue presented. C and D were represented
of vehicle and diclofenac (positive control)
treated group respectively. Lastly E-G were
represented of cross section of muscle
which treated with low, medium and high
dose of the combined extract, respectively.
After 28 days of treatment period, infiltration
of inflammation cells, cell injuries and
fibrous tissue were less observed in
diclofenac and all doses of the combined

extract than the control hyperalgesic group.
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Figure 2 The effect of the combined extract on the mean muscle hardness in hyperalgesic rats
on left and right gastrocnemius muscles. After 28 days of treatment of the assigned treatment
cream that was applied topically on both legs, the rats were subjected to evaluate muscle

hardness. “* p<0.05, 0.01, respectively, versus Naive control group * p<0.05 versus Control group.
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Figure 3 Cross section of the ipsilateral gastrocnemius muscle after treated with
the innovative combined extract. A) naive control rat, B) hyperalgesic control rats,
C) hyperalgesic vehicle treated rats, D) hyperalgesic diclofenac treated rats,
E)-G) hyperalgesic rats treated with low, medium and high dose of the combined extract

respectively. (scale bar 100 pm, 20x of Light microscopy) (Unwav)
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Determination of the oxidative status = the significantly increase in MDA level of

The effect of the combined extracton  left gastrocnemius (control group; p<0.05).
the recovery of tissue damage after = While, treated with diclofenac, three doses
induction hyperalgesia with low pH  of the combined extract could significantly
injection via measuring of Malondialdehyde = decrease the level of MDA as same as
-TBARs method. It was found that repeated  vehicle treated rat (figure 4).

injection of acidic saline pH 4.0 causes of
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Figure 4 The effect of the combined extract on Malondialdehyde level. All groups (except
naive control) were induced hyperalgesia with the repeated injection (day 0 and day 5) of
acidic saline (pH 4.0) at the left lateral gastrocnemius muscle. The assigned treatment
cream from each treatment group was applied topically on left leg at volume of 0.1 ml for
5 times per week continuously for 4 weeks. AT the end of experiment, left gastrocnemius
was collected and determined MDA level.

Note; ““ p<0.010 versus naive control group; *** p<0.001 versus control group: " p<0.01
versus Vehicle group; PPP H<0.001 versus Diclofenac group; Mt H<0.001 versus Low dose of
the combined extract group; ™" p<0.001versus Medium dose of the combined extract

group r; "™ p<0.00 versus High dose of the combined extract group
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Table 1 The effect of the combined extracts on scavenging enzymes.

Types of scavenging enzyme

Groups

SOD

GPx CAT

unit/mg.protein unit/mg.protein unit/mg.protein

Naive control 0.015+0.000 0.432+0.009 22.336+0.890
Control 0.011+0.000 **  0.332+0.005 *"* 13.855+0.370 **
Vehicle 0.012+0.000 *  0.355+0.009 **  15.698+0.990 *
Diclofenac 0.012+0.000 0.444+0.020 ©  17.957+0.610
Low dose of the combined extract 0.013+£0.000 &*  0.4214+0.005 “H 15.789+0.760
Medium dose of the combined extract ~ 0.012+0.000 0.363+0.004 15.034+0.900

High dose of the combined extract

0.012+0.000 &=

0.359+0.012 ">  18.090+1.660

Note;“ p<0.05 versus naive control group * p<0.01 versus naive control group; “* p<0.001

versus naive control group; * p<0.05 versus control group: P p<0.05 versus Diclofenac group;

" p<0.05 versus Low dose of the combined extract group; " p<0.00 versus High dose of the

combined extract group

Table 1 showed the potent of low pH
injection on the production of ROS relate
defensive working of SOD, GPx and CAT
scavenging enzymes. It was found that low
pH could significantly decrease the level of
three scavenging enzyme production in
control rat. However, the rat which treated
with diclofenac and low dose of the
combined extract could significantly
increase the level of GPx scavenging
production (p<0.05 both). Moreover, the low
dose of the combined extract could also
significantly increase the level of SOD

scavenging enzyme (p<0.05).
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Determination of the mean serum
creatinine phosphokinase (CPK) level.

Effect of combined cream treatment
on creatinine phosphokinase (CPK),
a diagnostic marker for muscle injury
showed in figure 5. It was found that the
mean level of serum CPK of hyperalgesic
control rats had significantly increased
when compare with naive control group
(p<0.05). However, the mean different of
hyperalgesic control group and vehicle
group showed no significant different.
While, the mean serum CPK of diclofenac
and all doses of the combined extract were
significantly reduced mean serum CPK
when compared to hyperalgesic control rats

(p<0.05).



Mean serum CPK at the end of experiment
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Figure 5 The effect of the combined extract on the mean serum creatinine phosphokinase

(CPK) level. All groups (except naive control) were induced hyperalgesia with the repeated

injection (day 0 and day 5) of acidic saline (pH 4.0) at the left lateral gastrocnemius muscle.

The assigned treatment cream from each treatment group was applied topically on left leg

at volume of 0.1 ml for 5 times per week continuously for 4 weeks. AT the end of experiment,

the mean serum creatinine phosphokinase (CPK) level was determined. * = p<0.05 when

compare with naive control (Mean+SEM). *, ** *** = p<0.05, 0.01, 0.001, respectively,

when compare with control (Mean+SEM).

Discussion

The combined extract of Z. officinale
and P. amarus has anti-nociceptive and
anti-oxidative effects. Its possible underlying
mechanisms of the combined extract of
Z. officinale and P. amarus in animal model
of myofascial pain were partly via reduction
of tissue injury as showed by a reduction of
CPK level. Moreover, the combined extract
of Z. officinale and P. amarus was also

reduced MDA level and enhanced activity

of SOD and GPx. Furthermore, it was also
decreased mechanical hyperalgesia and
muscle hardness.

The active compounds of the combined
extract Z. officinale and P. amarus are
phyllanthin and 6-gingerol. Phyllanthin is
one type of lignans that riches in P. amarus
extract." Previous study reported that
P. amarus extract showed anti-hyperalgesic
activity, as it elevated thermal and

mechanical threshold in a model of chronic
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musculoskeletal inflammatory pain induced
by carrageenan injection.”” Moreover, the
anti-inflammatory properties of P. amarus
were reported in various conditions.'®"
However, hexanic extract of Phyllanthus
amarus containing phyllanthin, niranthin,
and b-demethoxyniranthin failed to
show antihypernociceptive activity in
experimental autoimmune encephalomy-
elitis.”” For the 6-gingerol, Young and
coworkers were suggested that 6-gingerol
could inhibit writhing response induced by
acetic acid injection and formalin-induced
licking time (Young et al., 2005). 6-Gingerol
also produced an inhibition of paw edema
induced by carrageenan.” Moreover, ginger
oil contained a high content of sesquiterpene
hydrocarbons, in particular, 6-gingerol,
ar-curcumene, B—bisabolene, and
B—sesquiphellandrene, and the monoterpe-
noids geranial, neral, and camphene in
ginger oil,” and there was evidence that
ginger oil possessed analgesic effect.” All
of this information supported the efficacy of
the combined extract of Z. officinale and
P. amarus, riches in phyllanthin and
6-gingerol, that used in this study. Thus,
this innovative topical herbal cream contains
the combined extract of Z. officinale and
P. amarus may clinically useful for the
treatment of hyperalgesic conditions, such

as MFP.

North-Eastern Thai Journal
of Neuroscience

44

The combined extract of Z. officinale
and P. amarus has anti-oxidative effects as
it reduced MDA level and enhanced activity
of SOD and GPx. Scavenging enzymes
including glutathione, SOD and CAT
protect the cell constituents from oxidative
damage. Despite these extensive defense
systems, biomolecule damage may still
occur in hyperalgesic rats induced by
acidic saline injection and persist within
the muscle. The significant increase in the
activities of SOD and GPx suggests a
greater level of endogenous antioxidant
associated with the combined extract of
Z. officinale and P. amarus treatment
resulting in an enhanced free radical
scavenging activity. Plants are the sources
for a wide variety of compounds
like flavonoids and polyphenols. These
compounds may be responsible for
increasing antioxidant status. These
findings were confirmed by the previous
studies, Z. officinale extracts contain
polyphenol compounds, 6-gingerol and its
derivatives, which have a high antioxidant

23-26

activity, In addition, P. amarus extract

potent in Phyllanthin also exhibited
antioxidant activity."

It has been generally accepted that
raised levels of CK are still closely associated

with cell damage, muscle cell disruption, or



disease. These cellular disturbances can
cause CK to leak from cells into blood
serum.”?® After repeatedly injected of
acidic saline into left gastrocnemius muscle
in this study, acidic condition induced
muscle damage thus muscle cell loss its
integrity, subsequently raised serum CPK.
Treated with the combined extract of
Z. officinale and P. amarus in animal model
of myofascial pain, serum CPX level was
significantly reduced, this may imply
combined extract of Z. officinale and
P. amarus reduced tissue injury.

In conclusion, the innovative topical
cream that contain combined extract of Z.
officinale and P. amarus had anti-nociceptive
effect against acidic saline induced
hyperalgesia in rats. By exert its effect via
reduction of tissue injury and restored

oxidative status.
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