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ARTICLE INFO ABSTRACT

Keywords: Background: The pathophysiology of the upper respiratory diseases involves
Polyherbal formula inflammatory reactions, both immunological and non-immunological inflammation.
Anti-inflammatory Obijective: This study aimed to evaluate the activity of an Indonesian polyherbal product
Carrageenan that combines the extracts of Curcuma zanthorrhiza Roxb. rhizome and Vitex trifolia L.
Histamine leaves, as the main ingredients, and other medicinal plants for the anti-inflammatory
Paw edema effects in respiratory disorders. Methods: The effects of the polyherbal product at

different doses (167.5, 335 and 670 mg/kg, p.o) on the right hind paw edema were
measured by plethysmometer after induction by subplantar injection of either histamine
(200 pl, 2 %) or carrageenan (100 pl, 0.1 %), to represent two types of inflammation.
Rat paw edema volume as baseline (Vo) was measured at 30 min before oral
administration of the polyherbal and every 30 min for 0-6 h after injection of histamine
or carrageenan (Vt). Anti-inflammatory activity was calculated as the percent inhibition
of paw edema relative to the negative control, CMC-Na. Results: The polyherbal
formula significantly decreased paw edema compared with the negative control
(P <0.05). Inflammatory inhibition rates of 167.5, 335 and 670 mg/kg doses were 25.19,
32.77 and 47.03 %, respectively, in histamine-induced edema, and 20.12, 56.62 and
68.87 %, respectively, in carrageenan-induced edema. Conclusion: The anti-
inflammatory properties of a polyherbal containing C. zanthorriza and V. trifolia as the
main ingredients showed a dose-dependent manner. The other herbal components i.e.
Zingiber officinale rhizome, Citrus bioflavonoid complex, and Echinacea purpurea herb
may contribute to overall anti-inflammatory activity.

Abbreviations: AUC, Area Under Curve; BW, Body Weight; CMC, Carboxymethyl Cellulose; COX, Cyclooxygenase;
GM-CSF, Granulocyte Macrophage Colony-Stimulating Factor; H1, Histamine-1; IgE, Imunoglobulin E; IL, Interleukin;
iNOS, Induced Nitric Oxide Synthase; NFkB, Kappa-B Nuclear Factor; PLA,, Phospholipase A2; PMF, Polymethoxy
Flavonoid; SD, Standard Deviation; TNF, Tumor Necrosis Factor; Ve, Volume of right hind paw edema; Vo, Volume of
right hind paw before inflammatory induction; Vt, Volume of right hind paw after inflammatory induction
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1. Introduction

Natural products have long been used as
alternatives for curative and promotive health
care practices in many countries, including
Indonesia. Combining several types of herbs can
strengthen their efficacy due to the synergistic
action of each component [1]. Our previous study
confirmed that the combination of Curcuma
zanthorrhiza Roxb. rhizomes and Vitex trifolia L.
leaves at dose 4500 mg/day has significantly
decreased IgE titer in rhinitis allergy patients
after 2 weeks administration. This mechanism
indicated the anti-allergy potential activity of the
combination [2]. In addition, the tolerable and
safe effect of the herbal product in the dose of
1500 and 4500 mg/day has been proven in
healthy volunteer [3]. Continuing our previous
study, we developed the herbal combination for
wider indication to treat the symptoms of upper
respiratory diseases like the common cold,
influenza, and even mild COVID-19. For this
purpose, we added the herbal combination with
other herbal extracts, namely, Citrus bioflavonoid
complex, Zingiber officinale Roscoe, and
Echinacea purpurea (L.) Moench. They were
expected to produce a synergistic beneficial
effect in relieving the symptoms of upper
respiratory diseases. Upper respiratory diseases
like the common cold or influenza are
characterized by several symptoms like pain,
headache, nasal congestion, and cough. The
pathophysiology of the diseases involved
inflammatory reactions that contribute to the
overall symptoms. It is of our interest to develop
a herbal product that have anti-inflammatory
activities, both immunological and non-
immunological inflammation, represented by
induction by histamine or carrageenan.
Histamine, a biogenic vasoactive amine, causes
symptoms such as allergies and trigger
immunological response. While, carrageenan-

Journal of Medicinal Plants

Z. Ikawati, et al

induced inflammation has long been used as an
in vivo model of local inflammation, which is
considered as non-immunological inflammation.

Citrus species consist of major bioflavonoids,
including hesperidin, hesperetin, naringin,
naringenin, diosmin, quercetin, rutin, tangeretin,
nobiletin, and others [4]. Oral administration of
hesperidin inhibits histamine release from mast
cells [5], decrease TNF-o (TNF-o: Tumor
Necrosis Factor-alpha), and IL (Interleukin)-1p
expression that acts as potent pro-inflammatory
cytokine [6], reduce COX (Cyclooxygenase)-2
levels [7], and NFxB (Kappa-B nuclear factor)
activation pathway [8]. Nobiletin and tangeretin
suppress the scratching response in histamine-
induced rats and thus diminish the levels of
cytokine factors, such as IL-4, TNF-a, and NFkB
[8]. Citrus flavonoids dominate free radical
scavenging, antioxidant, and anti-inflammatory
activity [4].

Z. officinale showed anti-inflammatory
properties in carrageenan-induced local edema in
Sprague Dawley rats [9]. The active substances
of ginger, such as gingerol and shogaol, suppress
prostaglandin and leukotriene biosynthesis and
pro-inflammatory cytokines including IL-1,
TNF-a, and 1L-8, and downregulates nitric oxide
production [10]. A clinical trial confirmed that
ginger has an antihistamine property, which is as
good as loratadine in improving nasal symptoms
and allergic rhinitis patients’ quality of life [11].
E. purpurea, well-known as an immune system
booster agent, has an alkyl amide compound that
exhibits anti-inflammatory activity by inhibiting
COX-1, COX-2, TNF-o, IL-1, IL-6, iNOS
(inducible nitric oxide synthase), and scavenging
free radicals to reduce hind paw edema
[12,13,14].

We previously reported the
immunomodulatory activity of this polyherbal
[15]. In this study, we would like to explore the
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anti-inflammatory activities of the polyherbal
product to provide more scientific data to support
the usage for therapy for common cold or upper
respiratory illnesses.

2. Materials and Methods
2.1. Polyherbal formula

The polyherbal product formula was prepared
by PT. Soho Industry Pharmasi, Jakarta,
Indonesia, according to Good Manufacturing
Practice standard, with the component as
described in Table 1. For the assay, the herbal
formula was prepared in stocks as a suspension
in 0.5 % CMC-Na at 20, 40, and 50 mg/ml
concentrations. Diclofenac sodium, cetirizine,
histamine, and A-carrageenan were purchased
from Sigma-Aldrich.

Three different doses of tested polyherbal
formula were determined from human dose
(three tablets/day or 3714.09 mg/day) that
equivalent to the rat (200 g) dose at conversion
factor 0.018 [16]. The result (335 mg/kg body
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weight [BW]) was set as the middle dose, and
dose 1 at 167.5 mg/kg BW and dose 3 at 670
mg/kg BB. The dose of the reference drug i.e.
cetirizine and diclofenac sodium were also
converted for the rat’s daily dose.

2.2. Animals

Fifty 6-8 weeks old male Wistar (weight 150—
250 g) were obtained from Laboratory Animal
Breeding, Faculty of Pharmacy, Universitas
Gadjah Mada, Indonesia. The animals housed in
standard cages at a constant temperature of 22 +
4 °C, relative humidity 30 % —70 %, and a light
period of 12 h of dark-light cycle according to
the standard animal handling guideline [17]. Five
rats were placed in each cage and acclimatized
for 3-5 d prior to the experiment. The animals
were fed with food (commercial pellet diet) and
water ad libitum and fasted before treatment for
optimal absorption. The experiment had been
approved by ethic committee of Universitas
Gadjah Mada (No.: 00122/04/LPPT/X1/2018).

Table 1. Polyherbal product formula

Active Component Total (mg) Total in tablet (%)
Echinacea purpurea extract 150.00 12.11
Vitex trifolia extract 250.00 20.19
Zingiber officinale extract 100.00 8.08
Citrus bioflavonoid complex 100.00 8.08
Curcuma zanthorrhiza extract 250.00 20.19
Excipient Total (mg) Total in tablet (%)
Copovidone 18.00 1.45
Crospovidone 18.00 1.45
Microcrystalline cellulose 307.25 24.82
Colloidal Silicon Dioxide 2.25 0.18
Magnesium Stearate 4.50 0.36
Opadry 11 85G58977 White 35.76 2.89
FD&C Blue No.1 Lake (CI 42090) 0.01 0.0008
FD&C Red No.3 Lake (CI 45430) 2.23 0.18
Purified water 0.03 0.002
TOTAL 1238.03
Human dose (3 times in a day) 3714.09
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2.3. Assay of Anti-inflammatory activities
2.3.1. Histamine-induced hind paw edema in rat
Immunological inflammation was induced by
sub plantar injection of 0.1 ml of a 1 % histamine
[18]. Male Wistar rats were fasted for 18-24 h
before the experiment and given free access to
water. The paw was marked with ink on the stage
of lateral malleolus as a line indicator. The
animals were weighed and randomly classified
into five groups, with five animals each. Rats
were pre-treated with herbal (167.5, 335, and 670
mg/kg, p.o), CMC-Na (0.5 % 10 ml/kg, p.o) as
negative control, or cetirizine (0.9 mg/kg, p.o) as
positive control, 30 min before histamine
injection. Paw volume was measured before the
administration of histamine (Vo) and every 30
min for 3 h after (\Vt).

2.3.2. Carrageenan-induced hind paw edema in rat

A similar method was used to evaluate the
anti-inflammatory activity on carrageenan-
induced edema. The local edema was induced by
injection of 0.1 ml of a 2 % suspension of
carrageenan in saline into the sub plantar region
of the right hind paw. Rats were pre-treated with
herbal (167.5, 335, and 670 mg/kg, p.0), CMC-
Na (0.5 % 10 ml/kg, p.o) as negative control, or
diclofenac sodium (13.5 mg/kg, p.0) as positive
control, 1 h before carrageenan injection. Paw
volume was measured by immersing the paw into
the mercury reservoir of the plethysmometer up
to the line indicator before the sub plantar
injection of carrageenan (Vo) and every 30 min
for 6 h after (\Vt).

2.4. Calculation of anti-inflammatory activities
The baseline value is the volume of the right
paw before (o), and volume in a specific time
(V1) is the volume of the right paw of rats after
carrageenan or histamine injection. Edema
volume (Ve) was calculated using formula:
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Ve:Vt—Vo

Quantitative data were calculated as the area
under the curve (AUC) from Ve versus the time
which represents the amount of inflammation
that occurs. AUC was calculated as follow:

AUt — Vt,_, + Vt,

tno1 2 (tn - tn—1)

Vta-1: average of edema volume in tn1

Vit : average of edema volume in t,

th — ta—1 : time interval of paw measurement
(30 min)

Anti-inflammatory potency is represented as
percent inhibition, where AUC. and AUC; are the
mean AUC of placebo (negative control) and
treatment (herbal formula and positive control)
groups, respectively. Anti-inflammatory potency
was calculated using formula:
AUC.—AUC;

AUC,

% Inhibition = X 100%

2.5. Statistical analysis

Data were expressed as mean = SD. Shaphiro—
Wilk, and Levene tests assessed data normality
and homogeneity, respectively. Statistical
analysis of the inflammatory inhibition rate was
carried out by one-way ANOVA followed by an
LSD test. Statistical significance was expressed
as P < 0.05. The statistical analysis was
conducted using SPSS 14 software.

3. Results
3.1. Effects of Polyherbal Formulation on
Carrageenan-induced Rat Paw Edema

Rat paw edema volume of all groups was
calculated in millimeters, as shown in Fig. 1.
Subplantar injection of 2 % carrageenan in rats
evoked maximum local edema within 2.5 h after
injection and after that declined until the end of
the test.
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Time (h)

== Negative Control (CMC-Na 0.5% 10 ml/kg BW)
==@==Positive Control (Diclofenac sodium 13,5 mg/kgBW)
== Dose | (The Herbal Formula 167.5 mg/kg BW)

=y Dose |1 (The Herbal Formula 335 mg/kg BW)

=== Dose |1l (The Herbal Formula 670 mg/kg BW)

Fig. 1. Volume profile of hind paw edema (Ve)os in negative control as baseline (CMC-Na 0.5 % 10 ml/kg BW, n = 5),
positive control (diclofenac sodium 13,5 mg/kg BW, n = 5), dose 1 (167.5 mg/kg BW, n = 5), dose 2 (335 mg/kg BW),

n = 5) and dose 3 (670 mg/kg BW, n = 5) that induced by carrageenan 2 % (data in the form of Mean + SD)

The AUC value was significantly decreased
by oral treatment of polyherbal formula
(P <0.05), as shown in Table 2. The lower AUC
value observed in polyherbal treatment compared
to negative control indicates the inflammatory
inhibition activity. The polyherbal formula at
doses of 335 and 670 mg/kg exhibited a greater
edema inhibition rate (% inhibition of
inflammation £ SD) than the classical anti-
inflammatory drug, diclofenac sodium (13.5
mg/kg, p.o). Meanwhile, the 167.5 mg/kg herbal
formula exhibited lower potency than diclofenac
sodium. LSD results revealed a significant
difference between herbal treatments at the dose
of 167.5 mg/kg with the other herbal doses
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(P <0.05) and therefore was inadequate to inhibit
inflammation compared to the other higher
doses.

3.2. Effects of Herbal Formulation on Histamine-
induced Rat Paw Edema

Paw edema induced by 1 % histamine was
significantly ~ attenuated by  polyherbal
formulation in a dose-dependent manner.
Maximum local edema was observed at 30
minutes after the sub plantar injection of
histamine. Afterward, inflammation exhibited a
slowly decreasing trend. As summarized in
Fig. 2, the herbal formula reduced the hind paw
volume at different potency levels compared to
the negative control.

December 2022, VVol. 21, No. 84: 39-49
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AUC value of antihistamine drug, cetirizine
0.9 mg/kg, and the polyherbal with various
doses showed a decrease, which was significant
to the negative control (P < 0.05). However,
inflammatory inhibition of various doses of the
herbal formulation was lower than that of
cetirizine, as shown in Table 3. LSD results

0.3 1
0.25
0.2
0.15

0.1

Edema volume at time (ml)

0.05

Z. Ikawati, et al

revealed a significant difference between herbal
treatments at the dose of 167.5 mg/kg with
cetirizine treatment (P < 0.05). This indicates that
herbal formulation at 167.5 mg/kg was less
potent than cetirizine to inhibit inflammation via
histamine receptor blockade.

15 2 25 3

Time (h)

=== Negative Control (CMC-Na 0.5% 10ml/kg BW)

«=@==Positive Control (Cetirizin 0.9 mg/kg BW)

=g Dose | (The Herbal Formula 167.5mg/kg BW)

e=pe==Dose |1 (The Herbal Formula 335 mg/kg BW)

e=g==Dose |11 (The herbal formula 670 mg/kg BW)

Fig. 2. Volume profile of histamine-induced hind paw edema in negative control as baseline (CMC-Na 0.5% 10 ml/kg
BW, n = 5), positive control (cetirizine 0.9 mg/kg BW, n = 5), dose 1 (167.5 mg/kg BW, n = 5), dose 2 (335 mg/kg
BW), n =5), and dose 3 (670 mg/kg BW, n = 5) (data in the form of mean = SD)

Table 2. % Inhibition of each group carrageenan-induced

Treatment (p.0) AUC value £ SD Me.zan of % ir?hibition of
(mg.h/L) inflammation + SD
Negative control (CMC 0.5% 10 ml/kg BW) 1.277+£0.14 -
Reference (Diclofenac sodium 13,5 mg/kg BW) 0.7792+0.11 39.04 £+ 8.37
Dose 1 (167.5 mg/kg BW) 1.020£0.17 20.12 +12.89
Dose 2 (335 mg/kg BW) 0.554%+ 0.04 56.62 + 2.74°
Dose 3 (670 mg/kg BW) 0.3982+0.13 68.87 + 10.50°

Statistical analysis (P < 0.05) by parametric ANOVA followed by LSD test. 2P < 0.05: significantly different compared with negative
control, °P < 0.05: significantly different compared with dose 1. % Inhibition: Anti-inflammatory inhibition percentage, SD: Standard

Deviation
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Table 3. % Inhibition of each group histamine-induced

Treatment (p.0) AUC value £ SD Mgan of % ir'lhibition
(mg.h/L) of inflammation + SD
Negative control (CMC 0.5% 10 mil/kg BW) 0.43+0.04 -
Positive control (Cetirizine 0.9 mg/kg BW) 0.20 £ 0.042 54.79 + 4,59
Dose 1 (167.5 mg/kg BW) 0.31+0.03® 25.19 £ 4.39°¢
Dose 2 (335 mg/kg BW) 0.27 £0.03? 32.77+£13.84
Dose 3 (670 mg/kg BW) 0.22 £0.03? 47.03 £6.79

Statistical analysis (P < 0.05) by parametric ANOVA, followed by LSD test. 2P < 0.05: significantly different compared with negative
control, °P < 0.05: significantly different compared with the reference.
% Inhibition: Anti-inflammatory inhibition percentage, SD: Standard Deviation

4. Discussion

The immune system comprises innate and
adaptive immune responses involving secreted
proteins, receptor-mediated signaling, and
intricate cell-to-cell communication [19]. When
pathogens enter the body, the innate immune
system responds with inflammation, pathogen
engulfment, and secretion of immune factors and
proteins. Meanwhile, the inflammatory response
involves mast cells, macrophages, natural killer
cells, monocytes, neutrophils, basophils, and
cytokines [20]. Pro-inflammatory substances
such as interleukin, TNF-a, NFkB, GM-CSF, and
INOS are the first cytokines to be produced [21],
causing vasodilatation and increased vascular
permeability. This process is characterized by
localized redness, swelling, heat, and pain [20, 22].

In this study, the inflammatory activity of the
herbal formula was investigated by inducing
edema with carrageenan and histamine.
Histamine is widely known as a mediator of
allergy that binds to the H1 receptor and activates
two pathways for NFkB release [23].
Carrageenan  induces inflammation by
stimulating the release of pro-inflammatory
agents such as bradykinin, histamine, iNOS, and
cytokines to activate inflammatory reactions that
are acute, non-immune, and have a high
reproducibility level. The carrageenan-induced
paw edema model is a well-known acute
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inflammatory model frequently used to develop
novel anti-inflammatory compounds [24].
Carrageenan injection into sub plantar surface
region of rat paw generated biphasic edema. The
early phase observed around 90-180 min is
related to the release of histamine, bradykinin,
serotonin, and other associated chemicals,
whereas the latter phase (270-360 min) is
attributed to neutrophil infiltration, followed by
prostaglandin  generation [25]. AUC and
inflammation inhibition rate are the main
parameters used to evaluate the anti-
inflammatory activity, induced either by
carrageenan or histamine. Before testing the
herbal formula, analysis was conducted on the
negative (CMC-Na 0.5%) and diclofenac sodium
or cetirizine as positive controls. The test for
positive control aims to ensure that the method is
appropriate and can produce reliable data.

The solvent of the herbal formula and negative
control, CMC-Na 0.5 %, did not affect the anti-
inflammatory activity. Hence, both 2 %
carrageenan and 1 % histamine were able to
trigger inflammation optimally. The positive
controls, cetirizine and diclofenac sodium
exhibited an anti-inflammatory activity to
prevent edema formation. Diclofenac sodium is
an anti-inflammatory and analgesic drug of the
NSAID group that inhibits the activity of COX-1
and COX-2 enzymes and is effective as an acute

December 2022, VVol. 21, No. 84: 39-49
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and chronic inflammatory therapy [26].
Cetirizine, a second-generation H1 antihistamine,
acts as selective competitive antagonism of
histamine binding to cellular receptors [27].

Diclofenac sodium at a dose of 13.5 mg/kg
BW (equivalent to the daily dose of sodium
diclofenac, 150 mg) showed a 39.04 % + 8.37 %
inhibition rate for inflammation Abbas et al. [28]
reported a similar value of 39 % inhibitory
inflammation using the same method and
inductor of inflammation. According to its
pharmacokinetic profile, the systemic absorption
of diclofenac sodium tends to be fast (half-time
elimination 1.2-1.8 h) and proportional to the
provided dose. Cetirizine is a potent and non-
sedative antihistamine for rhinitis treatment and
is rapidly absorbed in a maximum concentration
within 1 h of oral administration [29]. Cetirizine
at 0.25 mg/kg BW dose showed a 73.58 %
inhibition rate in CD-1 male mice whose paw
was induced by 30 pg of histamine [30]. Using a
similar method in rats, the present study obtained
a 54.79% anti-inflammatory activity.

Each component of the herbal formula has
been scientifically studied as a potential anti-
inflammatory ~ compound  with  diverse
mechanisms. V. trifolia extract in aqueous
solvents suppresses interleukin-1, interleukin-6,
NF-kB, and iINOS mRNA synthesis [31].
Interleukin-1 is a cytokine that induces the
expression of adhesion molecules in endothelial
cells, thereby increasing phagocytosis and
enzyme release into tissue cavities. NF-kB and
INOS mRNA are transcription factors that play
an essential role in expressing pro-inflammatory
mediators [32, 33]. Curcuminoid in C.
zanthorrhiza and gingerol in Z. officinale inhibit
LOX transcription factors, cytokines IL-1, IL-2,
IL-6, and IL-12, and NF-kB, which is crucial in
COX-2 expression; as a result, COX-2 enzyme
activity is reduced [34, 35]. The flavonoids in
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oranges (Citrus sp.) such as PMFs, naringin,
naringenin, and hesperidin inhibit the activity of
neutrophils, macrophages, and cytokines and the
components of the inflammatory reaction chain,
such as PLA, COX-2, iNOS, TNF-a, and IL-6
[36]. The active ingredient of E. purpurea, alkyl
amide, suppresses the activity of cytokines,
INOS, and COX-2[13].

The anti-inflammatory activity of the five
extracts has a significant influence on reducing
rat paw edema. While the polyherbal formulation
demonstrated anti-inflammatory activity in the
early hours of the carrageenan-induced paw
edema test, the histamine-induced paw edema
was used to confirm histamine's role in the anti-
inflammatory effect of herbal [37]. Each dose
exhibits a significant difference to the negative
control and thus was declared as anti-
inflammatory activity. The largest dose showed
the lowest AUC edema value and greatest
inhibition percentage. However, the possible side
effect must be considered for further
development. Dose 1 (167.5 mg/kg) was
inadequate as an anti-inflammatory compound.
This phenomenon might be caused by the
imbalance between the slow absorption rate and
the rapid elimination rate that causes low
availability in pharmacokinetics and failure to
achieve the desired drug therapeutic. From our
study, the polyherbal product showed anti-
inflammatory activities, that might be useful to
reduce the symptoms of upper respiratory
diseases.

5. Conclusion

The polyherbal formula containing C.
zanthorrhiza rhizomes and V. trifolia leaves, Z.
officinale rhizomes, Citrus fruits, and E.
purpurea herb extracts showed effects as an anti-
inflammatory agent, both for immunological and
non-immunological inflammation.
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