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Polyherbal formulation (PHF) is composed of Artemisia santolinifolia Turcz,
Saussurea salicifolia L. and Hippophae rhamnoides L., which mainly used for inflammatory
disorders in traditional Mongolian medicine. The aim of the study was to evaluate the anti-
inflammatory effect of PHF in carrageenan and lipopolysaccharide (LPS) induced models of
inflammation. The total active constituents of 20% ethanol extract of PHF was determined,
using Folin-Ciocalteu reagent and aluminum chloride reagent, respectively. Inflammation
models were induced by 1% carrageenan and LPS 7.5 mg/kg in the experimental groups. The
levels of serum tumor necrosis factor- a (TNF-0), interleukin-18 (IL-18), interleukin-6 (IL-6),
and high mobility group box 1 protein (HMGB-1) were measured in PHF pretreatment groups
by enzyme-linked immunosorbent assay (ELISA). The lungs were harvested and evaluated for
histopathological assessment on 12 hours after LPS administration. The content of total phenolic
was 28.5+0.12 mg/g and flavonoids 12.4+0.42 mg/g. After 60, 120, 180, 240 and 300 min, the
data indicate that PHF 75, 150 and 300 mg/kg was significantly effective reducing paw edema
volumes induced by carrageenan compared to control (p<0.01). PHF pretreatment significantly
reduced levels of serum TNF-o, IL-18 and IL-6 at 300 minutes after carrageenan injection.
Moreover, pretreated with PHF 150 mg/kg groups serum levels of TNF-o,, IL-18 and HMGB-1
were significantly (p<0.01) reduced compared with the control group after LPS injection. It
showed less inflammation and change of pulmonary structure compared with the LPS group
at 12 hours after LPS injection. From the results of the study, it was demonstrated that PHF had
sufficient potential to treat inflammatory disorders by reducing pro-inflammatory cytokines.
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Inflammation is a defense mechanism to
eliminate or limit the spread of injurious factor
in the body, as well as local response of living
mammal tissue to injury. Swelling, redness, heat,
pain, and immobilities are various symptoms of

inflammation occurred throughout the part of the
body, especially as a reaction to injury or infection.
The immune system recognizes damaged or
infected cells, pathogens, and begins the healing
process it self'*. But, if the process is not regulated,
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or the offending agent persists, the intended
protective process tends to be destructive’.

Steroidal and nonsteroidal anti-
inflammatory drugs had been developed, for the
management of inflammatory conditions. Usage
of the drug is limited with high costs and adverse
effects® 7. World Health Organization (WHO)
reported that about 70-80% of the world’s
population rely on nonconventional medicine
commonly from herbal sources in their primary
health care and its demand is increasing day by
day in developing countries®'°. Accordingly, there
is a renewed interest in medicinal plant research
to identify alternate agents which may be cheaper
and have less or no adverse effects'’.

It is well known, the herbal formulations
had been used preventive and therapeutic medicine
for a long time. Healing properties of medicinal
plants were noted for ancient medical books.
PHF is containing Artemisia santolinifolia
Turcz, Saussurea salicifolia L. and Hippophae
rhamnoides L. which mainly used as an analgesic,
antibacterial and anti-inflammatory agent in
traditional Mongolian medicine'?. Extract of
Hippophae rhamnoides L. has potent anti-
inflammatory activity that inhibited against LPS
stimulation by suppressing pro-inflammatory
expression'. Saussurea salicifolia L. contains
mainly flavonoid glycosides like quercetin-3-O-
galactoside, apigenin-7-O-rhamnoside having an
anti-inflammatory effect'¥. Although nonsteroidal
medications can be effective, herbal medications
may offer a safer, and often an effective, alternative
treatment for inflammatory disorders. Therefore,
this study seeks to find out the possibility of anti-
inflammatory activity of PHF using carrageenan-
induced paw edema and LPS induced acute
inflammation models.

MATERIALS AND METHODS

Polyherbal formulation

PHF was prepared in the Research
Center of Institute of Traditional Medicine and
Technology (ITMT) of Mongolia. Briefly, Herba
Artemisiae santolinifoliae and Fructus Hippophae
rhamnoides were collected from the medical herb
cultivation center located Dashinchilen sum,
Bulgan province, Mongolia in September 2017.
Herba Saussureae salicifoliae was collected in
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August 2017, from near Erdene sum, Tuv province,
Mongolia. Those herbs were identified by Prof.
Ganbold E. (Ulaanbaatar University, Ulaanbaatar,
Mongolia). The herbs were dried, pulverized and
stored in the dark at the room temperature. Dried
herb was cold macerated with 20% ethanol, and
herbal mixture ratio was 2:1:1 (Herba Saussureae
salicifoliae, Herba Artemisiae santolinifoliae and
Fructus Hippophae rhamnoides), respectively. The
filtrate was then removed and concentrated in a
vacuum evaporator. When required the paste was
reconstituted in saline (0.9% w/v NaCl) and hereby
referred in the pharmacological investigations.
Reagent

Carrageenan and lipopolysaccharide
(Escherichia coli 055: B5 endotoxin) were
purchased from Sigma Aldrich Co., (USA).
Enzyme-linked immune sorbent assay (ELISA) kits
were purchased from MLBio Co., (China). Folin-
Ciocalteu reagent and aluminum chloride (AICI,)
of Sangon Biotech Co., (China), were used in the
study.
Chemical analysis

Powdered poly herbal formulation was
precisely weighted (1.0 g), extracted with 50 mL of
20% ethanol in reflux for 30 min, and then filtrated.
The supernatant was used as the test solution.

Estimation of total flavonoid contents:
The solution was treated with 1 mL of 5% NaNO2,
1 mL of 10% AI(NO,), and 10 mL of 4% NaOH
solutions. The content of flavonoid in extract
was reported as rutin equivalent (mg/g), using a
spectrophotometer'® (UNICO UV-2102 C, China).

Estimation of total phenolic compounds:
The Folin-Ciocalteu reagent (diluted 1:10 in
water) and aqueous Na,CO, (10.75%) were
successively added to the extract. In 30 min, the
total polyphenolic content of PHF was determined
with the spectrophotometer and reported as gallic
acid equivalent (mg/g)'®.
Animals

Male adult Wistar rats (healthy, 12-14
weeks, 180-220 g) were randomly selected from
our animal house. They were raised in the Animal
house of the Research center, ITMT, Ulaanbaatar.
Rats were kept in the laboratory under constant
condition of light/dark (12:12) and temperature
(20+2) with animal cage, free access to a standard
animal diet and tap water for 7 days before and
during experiment. The experimental protocols
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were approved by the Ethical Committee of the
Ministry of Health to minimize animals suffering
(Ne37/2018). These guidelines were in according
to international principles for the care and use of
laboratory animals.
Carrageenan-induced acute inflammation

The rats were randomly divided into 5
groups, each containing five rats. Control group,
which received an oral administration of 0.9%
saline 10 ml/kg. Ibuprofen (100 mg/kg) and
PHF (75, 150 and 300 mg/kg) were dissolved in
a 0.9% saline and were administrated orally as
pretreatment. The paw edema was induced with
1% carrageenan to all the groups after one hour of
the oral treatments'” '®. Paw edema volume was
measured before and after carrageenan injection at
the 30, 60, 120, 180, 240 and 300 minutes, using a
plethysmometer (Ugo Basile Co., Italy). After the
last paw measurement, rats were anesthetized with
an injection of ketamine hydrochloride 80-90 mg/
kg, and then blood were collected by cardiocentesis
for serum pro-inflammatory cytokine interleukin-
183 (IL-1B), interleukin-6 (IL-6) and tumor necrosis
factor- a (TNF-o) levels by ELISA.
LPS induced acute inflammation

In this experiment, PHF dose of 150 mg/
kg was selected from three doses of PHF by the
results of carrageenan-induced inflammation. The
animals were randomly divided into three groups,
each containing 25 rats except normal group.
Control and PHF groups were pretreated by oral
administration of 0.9% saline 10 ml/’kg and PHF
150 mg/kg, respectively. One hour later, acute
inflammation was induced by an LPS 7.5 mg/kg
(dissolved in sterile saline) intravenous injection
via rats tail vein'’. Rats were anesthetized with an
injection of ketamine hydrochloride 80-90 mg/
kg, and blood were collected by cardiocentesis for
serum pro-inflammatory cytokine IL-1B8, TNF-o
and High mobility group box-1 protein (HMGB-1)
levels by ELISA at 1, 3, 6,9, and 12 hours after the
injection. The lungs were harvested and evaluated
for histopathological assessment on 12 hours after
LPS administration.
Enzyme-linked immune sorbent assay (ELISA)

The blood was kept in the room temperature
for 15 minutes after collection, and the samples
were centrifuged at 3000 rpm for 10 min to separate
the serum. The pro-inflammatory cytokines were
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measured in the collected serum using rat ELISA
kits according to the manufacturer’s instruction by
a microplate reader (ChroMate-4300, Awareness
technology Co., USA).
Histopathology assessment

The lungs were fixed in 10% formaldehyde
and embedded in paraffin. Then 4-6 micrometer
sections were taken from the paraffin embedded
blocks by microtome. Lung sections were
deparaffinized and stained with hematoxylin and
eosin (HE). After being stained by HE, the lung
morphology was observed and photographed
using an Olympus imaging system. Pulmonary
histopathological score (PHS) was evaluated by
the degree of intra-alveolar edema, intra-alveolar
hemorrhage, and neutrophil infiltration, using grade
1 to 4 with a maximum score of 12, as previously
used?.
Statistical analysis

The data were shown as the mean + SD.
An analysis of variance (One-way ANOVA and
Two-way RM ANOVA followed by Tukey’s post
hoc test) was performed to determine significance
using software Graph Pad Prism 7.0 and a value
of *p<0.05 and **p<0.01 was considered as
significant.

RESULTS

Total phenolic and flavonoids contents

The flavonoid contents of the extract in
term of rutin equivalent (Standard curve equation:
y = 11.815x-0.0092, r*= 1.000), and the flavonoid
content in the extract of PHF was 12.4 + 0.42 mg/g.
The total content of phenolic compounds showed as
Gallic acid equivalent (Standard curve equation: y
=110.77x-0.0736, r*= 0.983), and the total phenolic
compound was 28.5 + 0.12 mg/g in PHF (Table.
1).
Effect of PHF on hind paw edema

In subplantar injection of carrageenan-
induced a time-dependent increase in paw edema
consisting of a relatively rapid early phase (up to
180 min), and followed by late phase (180-300
min). In the control group, the volume of hind paw
edema was significantly increased by carrageenan
injection in both phases and it reached peak levels
at the late phase. Pretreatment of rats with PHF
(75, 150 and 300 mg/kg) and Ibuprofen (100 mg/
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kg) administered by oral resulted in inhibition
(**p<0.01) of carrageenan-induced hind paw
edema in both phases (Table 2).
Effect of PHF on TNF-0, IL-6, and IL-18 in
Carrageenan-induced model

The levels of serum pro-inflammatory
cytokine TNF-o, IL-6, and IL-18 in the control
group were significantly increased by carrageenan
injection after 300 minutes, compared with the
normal group. The rats pretreated with PHF 75,
150 and 300 mg/kg had significantly lower levels
of pro-inflammatory cytokines including TNF-o,
IL-6, and IL-18 to compare control group (Table
3).
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Effect of PHF on IL-18, TNF-0, and HMGB-1
in LPS-induced model

Results showed that levels of pro-
inflammatory cytokine IL-18, TNF-o. and HMGB-
1 were significantly (#p<0.05) increased in the
control compared with normal group (Table 4).
Therefore, the oral administration of PHF 150
mg/kg to pretreated group resulted in significant
(**p<0.01) suppression of TNF-a compared
with the control group during 1 to 9 hours. The
level of IL-1B was significantly decreased to
compare between PHF and control group after
LPS administration from 1 to 3 hours. The level

Table 1. Total phenolic and flavonoids in 20% ethanol extract of the PHF

Bioactive substance of PHF Standard reagent

Standard curve equation mg/g dry mass(n=4)

Total phenolic Gallic acid y =110.77x-0.0736, r*= 0.983 28.5+0.12 mg/g
Flavonoids Rutin y = 11.815x-0.0092, r’>= 1.000 12.4+0.42 mg/g
Table 2. Volumes of the hind paw with carrageenan-induced edema (ml)
Phase Minute Control PHF PHF PHF Ibuprofen
75 mg/kg 150 mg/kg 300 mg/kg 100 mg/kg
Hind paw injection 0.1 ml with 1% solution of carrageenan

Early phase 0 min 2.65+0.14 2.81+0.17 2.84+0.15 2.61+0.31 2.57+0.11
30 min 3.41+0.15 3.39+0.43 3.13+0.14 2.73+£0.20*%*  2.67+0.06**
60 min 4.65+0.37 3.19+0.44**  3.54+£0.20%*  2.81+0.32*%*  2.73+0.18**
120 min 5.02+0.27 3.32+0.36**  3.30+£0.41**  3.47+0.18**  3.37+0.17**
Late phase 180 min 5.20+0.29 3.5940.20*%*  3.42+0.15%*  3.85+0.27**  3.66+0.09**
240 min 5.02+0.30 3.17+0.34**  3.18+0.13**  3.78+0.26**  3.40+0.21**
300 min 5.14+0.34 3.06+0.32%*  3.05+£0.42**  3.72+0.38**  3.33+0.11**

Data were expressed as mean + SD of 5 rats in the groups. **p<0.01 vs Control group by Two-way RM ANOVA followed

by Tukey’s post hoc test.

Table 3. Levels of serum pro-inflammatory cytokine with carrageenan-induced paw inflammation

Cytokine Normal group Control PHF PHF PHF
75 mg/kg 150 mg/kg 300 mg/kg
Hind paw injection 0.1 ml with 1% solution of carrageenan
TNF-opg/ml 24.7543.77 48.86+2.58* 28.02+0.71**  29.08+4.04** 34.50+3.53%*
IL-6 pg/ml 15.51+4.43 59.98+6.40" 19.38+£7.56**  31.02+1.92** 42.7043.02*
IL-1P pg/ml 8.50+3.11 14.46+1.02* 5.440+1.53** 7.360+1.39* 11.46+1.10%*

Data were expressed as mean + SD of 5 rats in the groups. “p<0.05 vs Normal group, **p<0.01; *p<0.05 vs Control
group by One-way ANOVA followed by Tukey’s post hoc test. Abbreviations: IL-1[3, interleukin-13; IL-6, interleukin-6;

TNF-, tumor necrosis factor-0t



JARGALSAIKHAN et al., Biomed. & Pharmacol. J, Vol. 12(4), 1801-1809 (2019)

of HMGB-1 had significantly lower expression in
pretreated with PHF compared to control (Table 4).
Histological changes in lung structure

The figure shows the structure of the
lungs with healthy rats (Figure 1A and 1B).
The LPS control group showed that increased
alveolar wall thickness, edema, and overwhelming
diffuse alveolar hemorrhage, severe infiltration
of inflammatory cells near bronchial at 12 hours
after LPS administration (Figure 1C and 1D).
Pretreated with PHF 150 mg/kg groups showed less
in?ammation and change of pulmonary structure
compared with the LPS control group (Figure 1E
and 1F). The score of pulmonary histopathological
changes in the groups indicated that pretreated with
PHF 150 mg/kg was significantly (*p<0.05) lower
than the LPS control group (Table 5).
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DISCUSSIONS

This investigation was the first
experimental study designed to evaluate polyherbal
formulation (combination of Saussurea salicifolia
L., Artemisia santolinifolia Turcz., and Hippophae
rhamnoides L.) would have anti-inflammatory
effect on carrageenan and LPS-induced acute
inflammation models in rats. From the results
of the study, the PHF had sufficient potential to
treat inflammatory disorders by reducing pro-
inflammatory cytokines.

The present study showed that the
carrageenan-induced inflammation an elevation in
the levels of serum IL-18, TNF-a, and IL-6 with
hind paw edema. These observed results are the
major symptoms of inflammatory conditions?'%.

Table 4. Levels of serum pro-inflammatory cytokine with LPS-induced inflammation

Cytokine Group After LPS 7.5 mg/kg administration via tail vein (n=>5)
l1h 3h 6h 9h 12h
TNF-o (pg/ml) Normal 24.7543.77 24.75+3.77 24.75+3.77 24.75+3.77 24.75+3.77
Control 56.46+14.33%  63.50+7.93*  47.25+10.6* 48.00+11.97*  31.50+4.20
PHF 33.804£5.37**%  41.10£7.23**  36.754£8.91*  26.77+1.67**  26.81+1.17
IL-1B (pg/ml) Normal 8.5+3.11 8.5+3.11 8.5+3.11 8.543.11 8.5+3.11
Control 50.4+11.6* 47.5+6.2% 30.7+6.8* 29.244.3% 26.75+5.37*
PHF 23.9+ 3.5%%* 28.54£8.3%* 37.8+2.1 29.3+1.2 27.5£7.8
HMGB-1 (ng/ml) Normal 1.1840.09 1.18+0.09 1.184+0.09 1.18+0.09 1.184+0.09
Control 3.49+0.79* 3.68+0.54% 4.91+0.65* 6.78+1.21% 4.47+0.88*
PHF 3.092+0.19 3.00+0.22 3.51+£0.39* 2.54+0.99**  2.11+0.35%*

Data were expressed as mean + SD of 25 rats in the experimental groups and 5 rats in the normal group. *p<0.05 vs Normal
group,*p<0.05; **p<0.01 vs Control group by Two-way RM ANOVA followed by Tukey’s post hoc test. Abbreviations: TNF-0,
tumor necrosis factor-o; IL-1[3, interleukin-14; HMGB-1, High mobility group box-1.

Table 5. Pulmonary histopathological score (PHS) of LPS induced acute lung inflammation

Group Histopathological changes Pulmonary
histopathological
score

Normal - Healthy lung structure 0.4+0.54

Control - Severe increased alveolar wall thicknessand edema 8.8+1.09*

- Overwhelming diffuse alveolar hemorrhage
- Severe infiltration of inflammatory cells near bronchial
PHF - Mild increased alveolar wall thickness and edema 4.6£1.14*

- Moderate alveolar hemorrhage

- Moderate infiltration of inflammatory cells near bronchial.

Data were expressed as mean + SD of 5 rats in the groups. *p<0.05 vs Normal, *p<0.05 vs Control by One-

way ANOVA followed by Tukey’s post hoc test.
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In contrast, current investigations indicated that
LPS-induced inflammation which confirmed by
the increases of serum TNF-o, IL-18 and HMGB-
1 levels with lung histopathological changes.
Also, TNF-o and IL-18 can stimulate a release of
HMGB-1 by monocytes, and there was a reciprocal
functional relationship between the activities
of the early phase related to TNF-o and IL-1 B
and late phase related to HMGB-1 cytokines?>?’.
Moreover, many studies demonstrated that these
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parameters were significantly increased with lung
histopathological changes in experimental animals
treated with LPS?-%.

In the current study, it was observed that
both phases of the carrageenan-induced hind paw
edema were significantly reduced by pretreatment
of rats with PHF, due to decrease in serum levels
of pro-inflammatory cytokine IL-18, TNF-c., and
IL-6. Also, the serum levels of IL-18 and TNF-o
in LPS-induced inflammation rats were suppressed

gy P -

F. PHF +LPS, HE. x400
FIREIR

Fig. 1. Histopathological changes in lung tissue of experimental groups. Hematoxylin and eosin (x 200 and x400
magnification). A, B. Normal group with healthy lung structure: 1. Alveolar walls 2. Alveoli. C, D. LPS group
with lung inflammation: 1, 2. Severe increased alveolar wall thickness, edema, and overwhelming diffuse alveolar
hemorrhage. 3. Severe infiltration of inflammatory cells near bronchial. E, F. LPS + PHF treated group with lung
inflammation: 1. Mild increased alveolar wall thickness and edema, moderate alveolar hemorrhage 2. Moderate
infiltration of inflammatory cells near bronchial
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by pretreatment of rats with PHF in the early phase,
and the serum level of HMGB-1 was suppressed
by pretreatment with PHF in the late phase. It
had preventive effect with less in?ammation and
change of pulmonary structure compared with the
LPS group at 12 hours after LPS injection. The
content of total phenolic was 28.5+0.12 mg/g and
flavonoids 12.4+0.42 mg/g founded in 20% ethanol
extract of PHF.

Therefore, several publications revealed
that a polyherbal formulation had beneficial effects
in animal models of inflammatory disorders.
The Gardi-5 has been used as an antibacterial
and analgesic agent in traditional Mongolian
medicine. It significantly inhibited paw edema
and secretion of inflammatory mediators in the
carrageenan-induced model**. Xuan-Ju has been
used to rheumatoid arthritis in traditional Chinese
medicine, and the results showed that an inhibitory
effect on edema which induced by carrageenan®'.
Lider-7 tang Mongolian polyherbal medicine has
exerted a preventive effect against LPS-induced
acute lung inflammation mediated by inhibiting
the release of pro-inflammatory cytokines*.
These anti-inflammatory effects of polyherbal
formulations related to inhibiting pro-inflammatory
mediators and cytokines and it was similar to our
result.

Previous study showed that medical
herbs Saussurea salicifolia L. with detected
anti-inflammatory effect, contained mainly
flavonoid glycosides®. Unfortunately, there are not
enough reports in literature to support Artemisia
santolinifolia Turcz in inflammatory disorders,
but generally, Artemisia species have anti-
inflammatory effects*. Hippophae rhamnoides
L. contains ursolic acid and oleanolic acid which
have anti-inflammatory effects including inhibit
COX-2, reduce paw edema and inhibit histamine
release that demonstrated by previous studies®*-%.

According to the results of current
investigation, pretreatment of PHF inhibited
the release of pro-inflammatory cytokines
induced by carrageenan and LPS in rats. It
ameliorated histopathological changes in acute
lung inflammation. Hence, the anti-inflammatory
properties of PHF might have to chemical
compounds which inhibiting pro-inflammatory
mediators and cytokines. In-vivo method was
used to perform the study. Therefore, in order to
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overcome the limitations of the model, further
investigations needed to clarify various models
of inflammatory disorders and to utilize in-vitro
studies as well.

CONCLUSION

Present study concluded that pretreatment
of PHF in rats with LPS-induced acute
inflammation, which reduced the levels of serum
pro-inflammatory cytokines (IL-18, TNF-a, and
HMBG-1) to preserve lung structures. Moreover,
it significantly reduced hind paw edema mediated
by inhibiting the release of pro-inflammatory
cytokines (IL-1B, TNF-c, and IL-6) induced by
carrageenan. This action may be useful in the
treatment of some inflammatory conditions.
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