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ABSTRACT

Objective: To decipher the responsible compound present in the
aqueous root extract of Vetiveria zizanioides which has tremendous
immunomodulatory activity.

Methods: Different fractions of the water extract were collected
and analyzed for immunomodulatory activity by analyzing in vitro
phagocytic activity and nitric oxide production. One fraction VF3
was selected and further analyzed for possible compounds by
high performance liquid chromatography and gas chromatography
coupled with a mass spectrometer. The in vitro immunomodulatory
parameters such as phagocytic index, nitrite content, and tumor
necrosis factor-o production in murine macrophages were analyzed.
In vivo studies, sheep red blood cell induced haemagglutination titer,
the number of antibody-producing cells, and sheep red blood cell
induced delayed-type hypersensitivity were analyzed. Cytotoxic
studies in L929 normal fibroblasts were also performed.

Results: One of the fractions, VF3, was selected and confirmed
the presence of an active compound valencene. The in vitro
immunomodulatory parameters were significantly (P<0.05)
increased by valencene treatment. /n vivo studies in Swiss albino
mice showed that valencene could significantly (P<0.05) increase
haemagglutination titer, the number of antibody-producing cells,
and delayed-type hypersensitivity. Cytotoxic studies also showed
that valencene did not cause any morphological changes and DNA
damage in normal fibroblasts.

Conclusions: Valencene possesses immunomodulatory activities
and can be commercially exploited for its immunostimulatory

potentials.

KEYWORDS: GC-MS; Immunomodulation; Valencene; Vetiveria

zizanioides; Thirst quencher

1. Introduction

People around the world are used to depend on thirst quenchers in
their daily life. It has become a normal process to include herbs in
their drinks. There are various types of thirst quenchers that include
synthetic and natural origin. Synthetic thirst quenchers comprise
soft drinks. Studies have shown that the consumption of soft drinks
has been increasing substantially over the last few decades[1]. The
daily use of soft drinks may result in weight gain, high-sugar intake,
dehydration, calcium depletion, and other adverse health effects|2].
In their place, traditional thirst quenchers that possess relatively
fewer side effects can be effectively used as an alternative for soft
drinks.

In most countries, drinking water is boiled with sections of
plant roots, leaves, or barks commonly called thirst quenchers.
Acacia catechu, Vetiveria zizanioides (V. zizanioides), Caesalpinia
sappan, etc are some of the plants included in this category. People
generally believe that water decoctions can clean the blood and can
positively influence the general health status of an individual. It is
also supposed that regular use of this type of plant decoctions can
promote the defense system of the body. These thirst quenchers
are also reported to have many pharmacological effects[3.4] and

immunomodulatory activity is its major attraction.
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Modulation or rejuvenation of the immune system signifies
the change in the immune response that involves the induction
or repression of any part or stage of the immune response. A
vast variety of natural, synthetic, and/or recombinant molecules
are available as immunomodulators. Levamisole, isoprinosine,
pentoxifylline, and thalidomide are some of the examples of
significant synthetic immunomodulators. Albeit these synthetic
immune-modulatory drugs have numerous benefits, their adverse
side effect profile and broad-spectrum effects throughout the immune
system cause a major constraint to the general conscious use of these
drugs. This necessitates the search for effective and safer agents as
immunomodulators[5].

The scientific community now focuses on developing more
effective and safe naturally occurring immunomodulatory agents. In
this scenario, phytochemicals have got much attention because of
their natural origin with versatile bioactive potentials. V. zizanioides,
a perennial grass of the family Poaceae is native to tropical Asia and
is now seen in the tropic of both hemispheres. Its thick fragrant roots
contain oil, which is used for ulcers, vomiting, nausea, dyspepsia,
cough, fever, and low back pain[6]. Studies are available on the
chemical composition, antioxidant, and antimicrobial activities
of V. zizanioides (L.) essential oil derived from its root[7]. But the
immunomodulatory activity of this plant along with the identification
of responsible compounds from the root extract is scarce. The
immunomodulatory activity of the crude extract of V. zizanioides was
previously reported from our lab8]. The present study focused on the
identification of bioactive compounds present in the aqueous root
extract, its in vitro and in vivo immunomodulatory potentials, and its

effect on the viability of normal cells.

2. Materials and methods

2.1. Collection and processing of plant material

Roots of V. zizanioides were collected from Alappuzha District,
Kerala. The specimens were validated by the plant taxonomist in
Post Graduate and Research Department of Botany, St. Berchmans
College, Changanacherry, Kerala, and a voucher specimen (No.
RHK 6408) was maintained in Regional Herbarium of Kerala
(RHK). The samples were washed with distilled water, shade dried,

powdered, and stored in airtight containers.

2.2. Reagents

RPMI 1640 medium (Himedia, India), dimethylsulfoxide in phosphate
buffer saline (PBS) (Himedia, India), Giemsa’s dye (Sigma, India),
Griess reagent (Sigma, India), ELISA kit (Biolegend, USA), sheep

V.S. Sunitha et al./ Asian Pacific Journal of Tropical Biomedicine 2021; 11(8): 335-343

red blood cell (SRBC) in PBS (Himedia, India), Dulbecco’s Modified
Eagles Medium (DMEM) (Himedia, India), and MTT (Himedia, India,
5 mg/mL) were used in this study.

2.3. Extraction and fractionation of V. zizanioides root

The fine dried powdered root was subjected to Soxhlet extraction
by water. The water after extraction was removed and stored at 4 °C
until use. The crude water extract of V. zizanioides was fractionated
in a glass column (450 mm x 30 mm) containing silica gel (60-
120 mesh, Merck). Two grams of extract was dissolved in 3 mL of
methanol and adsorbed on silica gel and layered on the top of hexane
equilibrated silica gel column and subjected to chromatography.
The flow rate was set as 2 mL/min and the column was eluted with
chloroform: methanol in various proportions (10:0, 8:2, 6:4, 4:6, 2:8,
0:10). Eluted fractions (VF1, VF2, VE3, VF4, VF5, and VF6) were
collected and concentrated to dryness and lyophilized. The fractions

were further screened for their in vitro immunomodulatory activity.

2.4. Determination of in vitro immunomodulatory activity

using different fractions of V. zizanioides

2.4.1. In vitro phagocytosis assay

Phagocytosis assay was done based on the method of Frank
and Hay[9]. The macrophages were isolated from Swiss albino
mice weighing 25-30 g. The macrophages were isolated from
the peritoneal fluid based on the method described by Zhang et
al[10]. Macrophages (2 x 10° cells/mL) seeded in the 24-well plate
consisting of a sterilized coverslip were incubated in a CO, (5%)
humidified incubator for 2 h. The detached cells were washed out in
RPMI 1640 medium. The remaining cells present in the wells were
grown in RPMI 1640 medium. The plates were then incubated for
24 h. Lipopolysaccharide (LPS) at 5 ug/mL was used as a mitogen
and 0.1% dimethylsulfoxide in PBS was used as a control. After
incubation and washing, one mL RPMI 1640 medium with 100
ug/mL yeast cells (10° particles/mL) was added to each well. The
plates were then incubated for 1 h at 37 °C in a CO, incubator. After
incubation, the wells were washed twice with culture medium and
fixed with methanol then stained with Giemsa’s dye. Based on the
following equation the phagocytic index was calculated:
Phagocyte index = number of yeast cells phagocytosed by

macrophages/number of macrophages.

2.4.2. Nitric oxide (NO) assay

The NO content was measured by Griess method described by
Green et al[11]. The peritoneal macrophages were seeded in 24 well
plates at a concentration of 2 x 10° cells/well and incubated for
2 h in a CO, (5%) humidified incubator, then non-adherent cells

were removed by washing in RPMI-1640 medium containing 10%
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fetal calf serum and incubated for 24 h with 50 ug/mL of different
fractions (dissolved in 0.1% dimethylsulfoxide in PBS) and LPS
(1 pg/mL). A total of 100 pL Griess reagent was added to 100 uL.
culture supernatant and incubated at room temperature for 10 min
in a 96-well microplate. The absorbance was recorded at 540 nm in
a microplate reader (Thermo Fisher Scientific, USA). The diluted

sodium nitrite was used as a standard.

2.5. Ildentification of bioactive compound in the active

Jraction

The VF3 fraction which showed potent immunomodulatory activity
was further purified by high performance liquid chromatography
(HPLC) (Shimadzu Prominence LC 20AP System with pump
LC 20AP, UV-VIS detector SPD 20A/20AV, and LC solution
software). Column used was Enable RP C18 G250 (250 mm X 4.6
mm X 5 um, 120A0). HPLC analysis of the fraction was done by a
binary gradient of water containing 0.1% trifluoroacetic acid and
methanol (50:50). The active compound present in the fraction was
further characterized by gas chromatography coupled with a mass
spectrometer (GC-MS) analysis along with the standard compound
valencene (Sigma Aldrich, USA). The GC-MS analysis was done
by Shimadzu GC-MS system (Model NoQP2010s), containing an
autosampler and GC-MS with the following conditions: Column
Rxi-5Sil MS column (30 mm x 0.25 mm LD, 0.25 um thickness)
functioning in electron impact mode at 70 eV; helium (99.999%) was
used as carrier gas at a constant flow of 1 mL/min and an injection
volume of 1 pL, injector temperature 260 C; ion-source temperature
at 280 'C. The oven temperature was programmed from 80 C
(isothermal for 2 min), with an increase of 10 ‘C/min, to 260 C, then
5°C/min to 280 C, ending with a 6 min isothermal at 280 ‘C. Mass
spectra were taken at 70 eV; a scan speed of 1000, a gap of 0.5 s,
and m/z of wreckages starting from 50 to 500 Da. Total GC running
time was 35 min. The compounds were identified by comparing the
mass spectrum of the unknown with the known compounds having
similar spectral data in the library of National Institute Standards and

Technology (NIST)- Il with WILEY 8 instrument.

2.6. Determination of in vitro immunomodulatory effect of

active compound (valencene) present in the VF3 fraction

In vitro immunomodulatory activity was analyzed by in vitro
phagocytosis assay, NO assay, and measurement of proinflammatory
cytokine tumor necrosis factor (TNF)-a. The protocols for in vitro
phagocytosis assay and NO assay were explained in sections 2.3.1
and 2.3.2 correspondingly. The proinflammatory cytokine TNF-a
was measured in the cell culture supernatants of murine peritoneal
macrophages treated with valencene by ELISA kit (Biolegend, USA)

according to the manufacturer’s recommendation.
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2.7. In vivo immunomodulatory activity of valencene

2.7.1. Experimental animals and selection of doses
Swiss albino male mice (4 month old) weighing 20-30 g were

considered in the study. The animals were maintained in the animal
maintenance facility of School of Biosciences, Mahatma Gandhi
University, Kottayam. The temperature was maintained at (25 +
2)C and fed ad libitum with a standard pellet diet and water. The
dosages for the in vivo studies were calculated by Irwin test[12]. The
test samples were analyzed in PBS at pH 7 and 1/10th - 1/20th of
the dose. This dose range was considered as the safe dosage since no

physiological alternations were observed.

2.7.2. Treatment protocol

For testing the samples, 24 Swiss albino mice were divided into
4 groups containing six test animals in each experimental group.
Group [ : normal control (PBS); Group Il : levamisole [25 mg/kg
body weight (b.w.), positive control]; Group III: valencene 50 mg/
kg b.w. (0.2 mL/day for 30 d); Group IV: valencene 100 mg/kg b.w.
orally (0.2 mL/day for 30 d).

2.7.3. Delayed type of hypersensitivity (DTH) response
The DTH response was induced by the protocol described by

Raisuddin et al.[13]. Animals were injected with 1 x 10° SRBC,
subcutaneously on the termination of treatment. On the 5th day after
the initial injection, the animals were again challenged with 1 x 10°
cells in the left hind footpad. The same volume of physiological
saline was injected in the right footpad and served as trauma control
for non-specific swelling. Thickening in the footpad was measured

after 24 h using a digimatic micrometer (Mitutoyo South Asia).

2.7.4. Haemagglutination antibody (HA) titer
Haemagglutinin titer assay was done by the method of Bin- Hafeez

et al[14]. At the end of treatment time, animals were injected with
0.2 mL of 10% SRBC intraperitoneally. After immunization (5th
day), blood was collected from orbital plexus and used for serum
separation. Serum was incubated for 15 min at 56 °C for inactivating
complements in it. Two-fold dilution of serum was done in 50 pL
of PBS (pH 7.2) in microtitre plates (96-well) and mixed with 1%
SRBC (50 pL) suspension in PBS. Proper mixing was given and the
plates were incubated at 30 °C for 2 h.

2.7.5. Plaque forming cell (PFC) assay

The experiment was done by the method of Davis and Kuttan[15].
Animals were intraperitoneally injected with 2.5 x 10° SRBC on the
day of treatment termination. The animals were sacrificed on the
5th day after intraperitoneal injection. The spleen suspensions were
made in RPMI-1640 medium at a concentration of 1 x 10° cells/mL.
A total of 50 pL spleen suspension and 50 pL of SRBC suspension
(7%) were mixed with 0.5 mL of 0.5% molten agarose and kept at

45 °C. The mixture was spread on clean slides. The number of PFC
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was measure by Jerne’s plaque assay[16].

2.8. Toxicity assessment of valencene

2.8.1. Cytotoxicity assessment of valencene in L929

(fibroblasts) cell line
1.929 (fibroblasts) cell line was obtained from National Centre for

Cell Science, Pune, India and maintained in DMEM (Himedia).
Cultured cell lines were kept at 37 ‘C in a humidified 5% CO,
incubator (NBS Eppendorf, Germany). Two days old monolayers
were trypsinized and suspended in DMEM. The survival of the
cells treated with valencene was analyzed by the MTT method[17].
Different concentrations of fractions (6.25-100 ug/mL) in DMEM
were added and incubated further for 24 h. After incubation the
wells were observed for morphological changes of cells if any using
an inverted microscope (Leica, DMil, India), then 20 uL of MTT
(Himedia, India, 5 mg/mL) in PBS. The proliferation percentage was
calculated by following equation:

% viability = [(OD of sample — OD of control)x100]/ OD of control

2.8.2. Assessment of genotoxicity of valencene
The 1929 (fibroblasts) cells were cultured in 96 well plates treated

with the compound (100 pg/mL) and incubated for 24 h at 37 °C
in a 5% CO, incubator (NBS Eppendorf, Germany). After the
treatment, trypsinized cells were washed with fresh media and used
for comet assay[18]. The slides were photographed using an inverted
epifluorescent microscope Olympus CKX41, with Opitka Pro5 CCD
camera and the length of DNA migration and tail formation were

observed.

2.9. Statistical analysis

The values of all the data were expressed as mean + SEM (n=6).
One-way ANOVA followed by Tukey’s HSD was used for statistical

100- h
80-
60

40-

Phagocytic index

20+

Control LPS  VF1 VF2 VF3 VF4

VF5 VF6

analysis (SPSS, version 20, IBM, USA). P<0.05 was considered

significant.

2.10. Ethical statement

The study was approved (Register number-MGUSBA/IAEC/2014
B21032014-09) by the Institutional Animal Ethics Committee,
School of Biosciences, Mahatma Gandhi University, Kottayam,
and followed the guidelines of Government of India, principles of

laboratory use and care of animals.

3. Results

3.1. Determination of in vitro phagocytosis and NO content

in peritoneal macrophages by fractions of V. zizanioides

The effect of fractions of aqueous extract of V. zizanioides on
peritoneal macrophages is shown in Figure 1A. Fraction 3 (VF3)
showed maximum phagocytic index and it was significantly
different from the control. The fraction VF3 showed maximum NO
scavenging activity (Figure 1B) compared with other fractions and
it was significantly (P<0.05) increased compared with the control
and the other groups. Based on this result, the VF3 fraction was
selected and further analyzed for the responsible immunomodulatory

compound present in it.

3.2. Identification of bioactive compounds from V. zizanioides

The HPLC chromatogram of the VF3 showed a major peak with
a retention time at 8.466 (Supplementary Figure 1A) and it was
further considered for the GC-MS analysis. The GC-MS analysis
of VF3 fraction was depicted in Supplementary Figure 2A. The

chromatogram showed a major peak at a retention time of 30.458

Nitrite concentration (M)

Control LPS VF1

VF2 VF3 VF4 VF5 VF6

Figure 1. In vitro immunomodulatory activity of fractions derived from Vetiveria zizanioides L. (A) Effect of fractions on in vitro phagocytosis assay; (B)

Nitric oxide scavenging activity of fractions. Data stand for the mean + SEM and values with the same superscript letters are not significantly different

(Tukey’s HSD; P<0.05). LPS — lipopolysaccharide.
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with an m/z value of 161.10. The mass spectrum of the peak
(Supplementary Figure 2C) showed the following fragments with
m/z values: 204, 189, 175, 161, 147, 133, 119, 105, 93, 79, 67, 55.
By comparing with MS spectra of NIST library, the compound
was identified as valencene. In order to confirm the presence of
valencene, the GC-MS and HPLC analysis of standard compound
valencene was also performed. The retention time of valencene in
HPLC analysis was 8.543 (Supplementary Figure 1B) and the GC-
MS chromatogram of the standard (Supplementary Figure 2B)
showed a peak with a retention time of 30.201 with a similar pattern
(Supplementary Figure 2D) as obtained in MS spectra of VF3
fraction (Supplementary Figure 2C).

3.3. Determination of in vitro immunomodulatory activity of

the standard compound valencene

Valencene showed a significant (P<0.05) increase in phagocytic
index (Figure 2A). Valencene showed maximum phagocytic index
at 100 pg/mL concentration. Valencene effectively reduced the
generation of NO that leads to an increase in the concentration of
nitrite. Valencene showed maximum NO scavenging activity at 100
ug/mL (Figure 2B). The TNF-a production in the macrophages

treated with LPS was drastically enhanced compared with the
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control and valencene treated groups (Figure 2C). In contrast, the
administration of valencene significantly (P<0.05) reduced the level

of LPS induced TNF-a production in macrophages (Figure 2C).

3.4. Determination of in vivo immunomodulatory activity of

valencene

3.4.1. HA titer

A dose-dependent increase in the HA titer was observed in
valencene treated groups compared with the control. A maximum
increase in antibody titer was observed in animals treated with

valencene at a dose of 100 mg/kg b.w. (Figure 3A).

3.4.2. PFC assay

Valencene significantly improved the number of antibody-
producing cells in the spleen (Figure 3B). The maximum number of
PEC (545 PFCs/10° spleen cells) was observed in valencene treated
(100 mg/kg b.w.) animals. However, on the 5th day, 361 PFCs/10°

cells were observed in the control.

3.4.3. DTH
The study on T-cell mediated DTH showed that valencene at 50
and 100 mg/kg b.w. significantly inhibited edema in the foot paw
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Figure 2. Determination of in vitro immunomodulatory activity of valencene in murine peritoneal macrophages. (A) Effect of valencene on in vitro
phagocytosis; (B) Nitric oxide scavenging activity of valencene; (C) Effect of valencene on tumor necrosis factor (TNF)-a production. Data denote the
mean = SEM and values with the same superscript letters are not significantly different (Tukey’s HSD; P<0.05). LPS — lipopolysaccharide.
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Figure 3. Effect of valencene on haemagglutination antibody (HA) titer (A), antibody-producing cells (B) and and delayed-type hypersensitivity (C). Data
denote mean + SEM (n=6); values with the same superscript letter do not vary significantly (Tukey’s HSD; P<0.05).



340

compared with the control group (Figure 3C).

3.5. Cytotoxicity of valencene on L929 cell line

The administration of valencene did not show any significant
reduction in the viability of cells. The percent viability of cells at a
concentration of 100 pg/mL was greater than 75%. This indicates the

non-cytotoxic effect of valencene on L929 fibroblasts (Figure 4A).

3.6. Genotoxic effect of valencene

The length of the tail is directly proportional to the DNA
fragmentation and thus indicates genotoxicity. Valencene at a
concentration of 100 pg/mL did not show any significant tail
formation compared with the control, which indicated the non-

genotoxic effect of the compound (Figure 4B and C).

4. Discussion

Plants are important sources for immunomodulatory compounds
and can be functioned as nonspecific immunity modulators[19].
Macrophage activation is an effective way of eradicating pathogens
because of their better phagocytic activity, destruction of ingested
microbes, augmented cytokine secretions, and remarkable capability
to activate T cells[20].

Immune response regulation is quite significant in immune response
regulation. They used to be considered as antigen-presenting cells/
scavengers because of their ability to pick up and engulf foreign
materials and present them to other immune system cells viz. T cells
and B cells[21]. In the present study, the fractions of V. zizanoides
showed significant in vitro immunomodulatory activity and the
fraction VF3 showed a remarkable difference. One of the studies
by Piyaviriyakul et al.[22] reported that the aqueous root extract of

Acanthus ebracteatus Vahl. increased the innate immune response in
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mice macrophages by inducing phagocytosis. In the present study,
the VF3 fraction from the aqueous extract of V. zizanoides increased
the macrophage phagocytic index, which indicated that the fraction
could initiate an immune response.

NO is essential for many physiological functions so it is considered
as an important inflammatory mediator. It is synthesized by NO
synthase and intervenes with varied functions such as vasodilatation,
inflammation, and neurotransmission[23]. NO, produced by
macrophages, is one of the cytotoxic effector molecules which can be
considered as a quantitative indicator of macrophage activation[24].
High reactivity with O, and free radical nature provide NO as a
possible pro-oxidant molecule, which stimulates oxidative damage
and harms cellular targets[25]. The transient and volatile nature of
NO makes it unsuitable for the most convenient detection methods.
However, nitrite concentration can be taken as an indirect measure of
NO production[26]. In this study, the VF3 fraction of the water extract
of V. zizanioides significantly inhibited NO in mouse peritoneal
macrophages. One of the studies reported that Moringa peregrina
could suppress the production of NO and interleukin-1 beta in
macrophages in vitro[27]. Another study reported that the essential oil
from V. zizanioides could reduce NO production in LPS-stimulated
RAW 264.7 macrophages. So it can act as an immunomodulant(28].
These studies confirm the present study.

Most of the studies conducted in the field of plant-based
immunomodulation are superficial thus detailed studies are necessary
to decipher the compounds involved in the immune modulation.
The chromatographic technique and mass spectroscopy have been
effectively used for plant metabolite profiling[29]. In the present
study, HPLC analysis of the fraction VF3 showed a characteristic
major peak with a retention time of 8.466, which revealed a bioactive
compound present in the fraction. The GC-MS analysis was used for
the structural identification of compounds present in the bioactive
fraction. GC-MS chromatogram analysis of the HPLC fraction of
VEF3 was elucidated by the reference mass spectra available in the

NIST library. The retention time of the compound, m/z value, and

100 pm

100 pm

Figure 4. Toxicity assessment of valencene. (A) Cytotoxic test of valencene on 1.929 (fibroblasts) cells by MTT assay; (B) Genotoxic effect of the control

group by comet assay; (C) Genotoxic effect of the valencene treated group (100 pug/mL) by comet assay. Values in the bar graph denote the mean + SEM

and values with alphabet do not vary significantly (Tukey’s HSD; P<0.05).
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molecular formula were compared with the existing database found
in the NIST library. The m/z value and molecular formula were
found to be the same as that of valencene (CAS: 4630-07-3) reported
previously. The results obtained from the analysis confirmed that
the HPLC fraction of VF3 was rich with the compound valencene.
Recently, interesting therapeutic activities of valencene have been
reported such as the antiplatelet aggregation effect in rats and anti-
proliferative activity towards cancer cell lines[30]. Valencene exhibits
antioxidant and antimicrobial activity[31]. Antioxidants reduce
oxidative stress in food, cosmetics products, and pharmaceuticals.
Antioxidants help to reduce the diseases related to the oxidative-
stress human body. Solubility of valencene is 4.581 mg/L at 25 C.
The boiling point is 173 to 176 at 760 mm Hg. Several studies
are available on the antioxidant and antiproliferative effects of
valencene but the studies on immunomodulatory activity in vitro or
in vivo are scarce. So the study has been designed to evaluate the
immunomodulatory activity of valencene in experimental rat models.
The in vitro immunomodulation was analyzed by phagocytic index
measurement, NO production, and TNF-a production. Valencene
significantly (P<0.05) increased the phagocytic index in murine
peritoneal macrophages. It showed a maximum phagocytic index at
100 pg/mL. The bioactive compound valencene effectively reduced
the generation of NO which leads to an increase in the concentration
of nitrite. A dose-reliant increase in the nitrite concentration had
evidenced in the valencene administered groups. One of the studies
conducted by Ozek et al.[32] showed that Ferula iliensis essential oils
could exhibit phagocyte immunomodulatory activity. This study
also characterized many bioactive compounds and collectively
reported that these compounds might have immunomodulatory
activity. Valencene was one of the compounds reported by them. The
present study revealed that valencene could modulate the first line of
immune response mediated by macrophages.

The administration of valencene significantly (P<0.05) decreased
TNF-a production in macrophages (LPS mediated), which indicated
the effectiveness of the compound in fighting with proinflammatory
cytokines i.e. TNF-a. Increased release of TNF-a is linked with a
range of diseases such as autoimmune disorders, infection-related
diseases, and cancer. Inhibition of TNF-a production and scavenging
of free radicals are the primary mechanism involved in plant extracts
or phytocompounds|[33]. LPS considerably improved the macrophage
TNF-a production and the administration of valencene drastically
reduced the LPS induced macrophage TNF-a production.

In vivo immunomodulatory activity of valencene is quite important
to analyze because the in vitro effect of the compound may not
be descended to in vivo studies. In the present study, the in vivo
immunomodulatory assays such as DTH, HA titer, and PFC assays
were conducted. All of these studies have revealed that the compound

could influence the mice immune system. A study reported by

Sunil et al.[3] indicated that the heartwood extracts of Acacia catechu
administered to Swiss albino mice significantly increased the spleen
antibody-producing cells as well as antibody titer. The DTH reaction
was significantly increased in the heartwood extracts of Acacia
catechu treated groups. The present study also revealed similar
effects of valencene on the in vivo immunomodulatory activity in
Swiss albino mice.

SRBC mediated DTH was used to evaluate cell-mediated immunity.
DTH is an antigen-specific hypersensitivity that causes erythema and
an indurated inflammatory response in immunized animals[34]. DTH
is characterized by an entry of immune cells such as macrophages
and basophils to the location of injection. T cells are necessary to
begin the response. The effect of valencene on T cell-mediated DTH
showed significant inhibition on footpad edema compared with the
control group in the present study. This result indicated the effect of
the compound on cell-mediated immunity. Antibodies produced by
B-lymphocytes and plasma cells are vital for humoral immunity. IgG
and IgM are implicated in the complement activation, opsonization,
and neutralization of toxins[35]. The antibody production ability
reflects the effectiveness of the immune system in the body and
can be analyzed through a haemagglutinating antibody titer against
SRBC. The compound valencene produced a major enhancement in
the antibody titer rate compared with the control group.

The spleen has a significant function in the progress of immune
responses in the bloodstream(36]. Therefore, its function in generating
antibody-producing cells is quite important to study. The significant
increase in the number of antibody-producing cells in the spleen of
the valencene treated animals compared with the untreated control
indicated the activated humoral immune response.

Plants and their compounds are extensively applied in health
endorsement, disease deterrence, and managing different
circumstances[37]. Conversely, in the majority of cases, there is no
inclusive technical information regarding their safety. Toxicological
evaluations of all medicinal plant-derived compounds are important
to ascertain their safety. The compound valencene could be used
as a food additive in various preparations. So a toxicity study of
the compound is needed to be conducted. The exposure of cells
(L929 mammalian fibroblasts) to the compound did not exhibit any
remarkable morphological changes. The viability of cells treated
with the higher concentration of the compound was above 75%. The
single-cell electrophoresis (comet) assay revealed that the compound
did not have much DNA damage at its higher concentration.

Extensive immunomodulatory and toxicity studies are necessary
for establishing the compound as an immunomodulator. The present
study gives basic experimental evidence of its immunomodulatory
activity. Molecular mechanisms behind the actions are needed to be
addressed. Further studies are necessary for commercialization as

well as the marketing of the compound as an immunostimulant.
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