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Abstract

Purpose: To study the curative effect of the volatile oil from Litsea cubeba (EOL) on type Il collagen
(Cll) induced arthritic (CIA) rat.

Methods: The chemical constituents of EOL were analyzed by gas chromatography-mass spectrometry
(GC-MS). The analgesic effect of the oil was assessed by acetic acid-stimulated torsion and hot plate
methods, while antiinflammatory potential was further assessed by in an ear oedema model induced by
dimethylbenzene in mice. The anti-rheumatoid arthritis (RA) activity of EOL in mice was evaluated in
terms of paw volume, arthritis index, thymus and spleen index, and serum inflammatory factor levels.
Results: GC-MS showed that a-citral (26.42 %), B-citral (21.94 %), and limonene (12.79 %) were the
main components of EOL. Different doses of EOL (50, 100, 200 mg/kg) exerted varying inhibitory
effects on torsion in mice induced by acetic acid (p < 0.01) but had no significant effect on thermal
stimulation-induced pain. EOL reduced ear oedema in mice (p < 0.01). In addition, EOL (50, 100, 200
mg/kg) reduced the mouse paw volume, arthritis index, and thymus and spleen index (p < 0.01).
Furthermore, EOL reduced proinflammatory cytokines in serum but increased antiinflammatory
cytokines (p < 0.01).

Conclusion: EOL ameliorates symptoms of inflammation in CIA rats by inhibiting inflammatory
reactions, suggesting it could be further developed as an anti-arthritic drug.
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INTRODUCTION also lead to other systemic organ disorders by

affecting the structures of the heart, lungs, and
Previous studies have demonstrated that kidneys [4]. The most commonly prescribed
rheumatoid arthrits (RA) is an intractable drugs for treatment of RA are disease-modifying
inflammatory polyarthritis that can result in anti-rheumatic ~ drugs ~ (DMARDs),  anti-
serious damage to joints, commonly resulting in  inflammatory agents and biological agents;

gradual cartilage and synovial bone destruction,
loss of joint function, and disability [1-3]. RA can

however, these drugs could result in some
bothersome side effects for long-time use [5]. In
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recent years, essential oils (EOs) have attracted
more and more attention, previous reports found
that EOs have a lot of biological effects such as
antiinflammation, anti-bacteria, antitumor, and
antioxidation [6,7]. Litsea cubeba (belonging to
the Lauraceae family) is a well-known herbal
medicine in Chinese folk medicine for treating
inflammatory and rheumatic diseases [8,9].
Furthermore, extracts/constituents derived from
L. cubeba may have a significant effect on RA
[10]. However, there is no report regarding the
anti-RA effects of the essential oil from L. cubeba
(EOL). This paper was designed to study the
curative effects of EOL on RA with collagen-
induced arthritis (CIA) rats to provide important
experimental evidence to guide its future clinical
uses.

EXPERIMENTAL
Animals

Institute of Cancer Research (ICR) mice and
Sprague Dawley (SD) rats were acquired from
the Animal Center of Shanghai (Shanghai,
China). The protocols for animal studies were
designed obeyed the international animal use
guidelines [11] and authorized by the ethics
committee for animal experiment of Xintai
People’s Hospital (approval ref no. 20170604%#).

Chemicals and reagents

Type Il collagen (CIl), indomethacin,
methotrexate (MTX), and complete Freund’s
adjuvant (CFA) were supplied by Sigma (USA);
enzyme-linked immunosorbent assay (ELISA)
kits for interleukin (IL)-1B, -6, -8, -10, and -17A,
and tumor necrosis factor (TNF) —a were
acquired from the R&D System Co. (USA);
dimethylbenzene and acetic acid was supplied
by the Sinoreagent Co. (Shanghai, China).

L. cubeba plant material and preparation of
EOL

Fresh fruits of Litsea cubeba were collected in
June 2017 from Guiyang, Guizhou province,
China. EOL was prepared using a hydro-
distillation method reported by Zhou and Mo [12].
The fresh L. cubeba fruits were boiled in 5
volumes of water for 120 min. Then, the EOL
was extracted using the n-hexane and dried with
the sodium sulfate anhydrous (EOL yield was
approximately 4.3 % v/w).

GC-MS analysis

The constituent analysis of EOL was done on a
6890 gas chromatograph and 5973 mass

spectrometer (Agilent Tech., Santa Clara, CA,
USA). EOL was analyzed with HP-5MS 5 %
Pheneyl Methyl Siloxane capillary column (30 m
x 0.25 mm x 0.25 ym). The started temperature
for column was 50 °C, and subsequently
increased to 180 °C at 2 °C per min. The carrier
gas was helium (1.0 mL/min). The split rate was
40:1, and the inlet volume was set as 1.0 pyL. The
ion energy was set as 70 eV, and the scanned
mass range was 10-550 a.m.u. with acquisition
mode of the full-scan. Constituents were
authenticated by comparing the National Institute
of Standards and Technology Mass Spectral
Search Program (NIST, USA), and the relative
contents of identified compounds in EOL were
calculated using area normalization method.

Acetic acid-stimulated torsion method

The analgesic effect of EOL was evaluated
following acetic acid stimulated torsion study in
mice according to the reported method with
minor modification [13]. The experiment is
consisted of five groups (10 mice in each group):
control, positive (indomethacin, 10 mg/kg), and
EOL (50 mg/kg, 100 mg/kg and 200 mg/kg).
Indomethacin and EOL were treated orally, and
control mice were treated orally with an equal
volume of CMC-Na. At 30 min after drug
intervening, mice were intraperitoneally (i.p.)
administered with 0.2 mL 1.0 % acetic acid, and
the writhing frequency was recorded for 15 min.

Hot plate method

Hot plate testing was carried out following a
previous method with minor modification [14].
The experiment design consisted of five groups
(10 mice in each group): control, positive
(indomethacin, 10 mg/kg), and three doses of
EOL (50, 100 and 200 mg/kg). Indomethacin and
EOL were given orally, and control mice were
orally given an equal volume of 0.5% CMC-Na.
At 30 min after drug administration, mice were
placed on an intelligent hot plate instrument with
the temperature set at 55 + 0.5 °C, and the time
to initiate paw-licking behavior was recorded as
an indicator of pain response.

Induction of edema by dimethylbenzene

The anti-inflammatory property of EOL was
studied in an ear edema model [13]. The
experiment is consisted of five groups (10 mice
in each group): control, positive (indomethacin,
10 mg/kg) and EOL (50 mg/kg, 100 mg/kg and
200 mg/kg). Indomethacin and EOL were given
orally, and control mice were given the same
amount of 0.5% CMC-Na. At 30 min after drug
administration, dimethylbenzene (50 pL) was
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evenly applied to the front and back of the right
ears of all mice, excluding the control group. The
dimethylbenzene was allowed to sit for 1 h
before mice were sacrificed under anesthesia
(pentobarbital sodium injection, 40 mg/kg), and
the ears of each mouse were cut off and weighed
with an electronic analytical balance.

Establishment of collagen-induced arthritis
(CIA) rat

The Cll-induced RA (CIA) rat model was
prepared following the previous report [15].
Briefly, the experiment was consisted of six
groups (10 rats in each group): normal, control,
positive (MTX), and three EOL doses (50, 100,
200 mg/kg). Cll was dissolved using acetic acid
(0.1 mM) solution to give a final concentration of
Cll of 4 mg/mL. The CII solution was emulsified
with the same volume of CFA to prepare the
immunogen. For the initial immunization, all rats,
excluding the normal group, were injected with
0.1 mL at the left posterior, toe skin, neck, back,
and tail root (0.5 mL in total). At 7 days after the
first immunization, the same dose of immunogen
was used to strengthen the immunization at the
same place. From days 1 to 24 following the
initial CII' immunization, and MTX (1.0 mg/kg,
thrice per week) used as the positive control, and
the three EOL groups were treated with EOL (50,
100, 200 mg/kg), The normal and control groups
were given with 0.5 % CMC-Na. During the
experiment, paw volume was measured every 3
days using an YLS-7C paw volume meter
(TECHMAN SOFT, Chengdu, China), and the
arthritis score was calculated every 3 days after
the first injection using the a five-point scale: (0)
no redness or swelling, (1) swelling and
erythema can be seen in 1 joint, (2) swelling and
erythema can be seen in 2 joints, (3) swelling
and erythema can be seen in 3 joints, and 4)
maximal erythema and swelling can be seen in 3
joints affected.

Spleen and thymus indices

Under anesthesia  (pentobarbital  sodium
injection, 40 mg/kg) and rats’ blood was collected
using orbital sampling. Then, the thymus tissues
and spleen tissues were collected and weighed.
The thymus indices and spleen indices are
calculated as the ratio of the thymus tissues or
spleen tissues wet weight divided by the rats’
weight (mg/g).

ELISA
Rat blood was centrifuged (1,800 x g, 15 min) at

4 °C to separate the serum samples, and kept
under -80 °C before biochemical analysis. Then,

the levels of TNF-qa, IL-183, -6, -8, -10, and -17A
were evaluated by ELISA kits following the
manufacturer's instruction.

Statistical analysis

Data are presented as mean = standard
deviation (SD), and differences between groups
were determined using one-way analysis of
variance with the aid of SPSS 15.0 (USA). P <
0.05 was taken as significant.

RESULTS
Identified constituents from EOL

The GC/MS results showed the main chemical
compositions from EOL were a-pinene, -
myrcene, eucalyptol, limonene, linalool, B-citral,
geraniol, a-citral, y-elemene, Cis-nerolidol,
caryophyllene oxide, and dodecanoic acid ethyl
ester (Table 1). In addition, the predominant
chemical constituents were a-citral (26.42 %), B-

citral (21.94 %), and limonene (12.79 %),
accounting for > 50 % of the identified
constituents.

Table 1: Chemical composition of the essential oil
from Litsea cubeba

Compound Molecular Content
formula (%)
a-Pinene CioH1s 3.67
B-Myrcene CaoH1e 5.28
Eucalyptol CsoH180 6.79
Limonene CioH1e 12.79
Linalool C10H180 3.92
B-citral Cs3oH160 21.94
Geraniol C10H180 4.39
a-Citral Cs3oH160 26.42
y-Elemene CisH24 1.32
Cis-Nerolidol C15H260 1.04
gj&y:phy”e”e CisH240 127
g%?/?gngc acid C14H2802 1.74
EOL inhibits inflammatory reactions and

nociception in animals

As can be observed from Figure 1 A, the number
of writhing reactions in mice in the indomethacin
and EOL (50, 100, and 200 mg/kg) rats reduced
obviously (p < 0.01, vs. control mice). The
analgesic effects of EOL were dose dependent
(Figure 1 B). There was no difference in pain
threshold in EOL treatment groups (p > 0.05), but
the standard drug (morphine) had a strong
analgesic effect on hot plate-induced pain (p <
0.01). These results suggested the anti-
nociceptive activity of the EOL might be closely
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related to the peripheral analgesic route rather
than the central analgesic route.

The anti-inflammatory potential of EOL was
studied by the suppression of ear edema induced
by dimethylbenzene (Figure 1 C). Similar to the
anti-inflammatory effect of indomethacin, EOL
significantly decreased ear edema at 50 mg/kg,
100 mg/kg, and 200 mg/kg (p < 0.01, vs. control
mice). The dimethylbenzene-induced ear edema
results suggest that EOL possesses anti-
inflammatory properties.
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Figure 1: Effect of EOL on acetic acid-induced

writhing responses (A), thermal-induced nociception
(B) and ear edema induced by dimethylbenzene (C) in
mice. Data are expressed as the mean + SD (n = 10);
“p < 0.01 vs. control mice

EOL reduced paw swelling and arthritis index

To study the potentials of EOL on RA, the paw
swelling and arthritis scores of rats were
determined (Figure 2 A and B). Control CIA rats
showed significant paw swelling and increased
arthritis scores (P<0.01, vs. normal control rats).
After MTX treatment, the paw swelling and
arthritis scores were significantly reduced (p <
0.01, vs. CIA control group), and the paw
swelling and arthritis scores of EOL treated CIA
rats (50, 100 and 200 mg/kg) were reduced (p <
0.01, vs. control group).

EOL reduced indices of spleen & thymus

Effects of EOL on indices of spleen and thymus
are shown in Figure 3 A and B. Both indexes in
control CIA rats were increased (P<0.01, vs.
normal control rats). However, after positive drug
treatment (MTX), the indexes in CIA rats reduced
(P<0.01). The thymus and spleen indexes of
EOL-treated rats decreased (P<0.01, vs. control
rats), indicating that EOL can regulate immune
functions in CIA rats.
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Figure 2: Effects of EOL on paw volume (A) and
arthritis scores (B) of CIA rats. Data are expressed as
mean + SD (n = 10). "P < 0.01 vs. control rats. CIA:
type Il collagen-induced arthritis; MTX: methotrexate.
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Figure 3: Effects of EOL on index of the (A) spleen
and (B) thymus in CIA rats. Data are expressed as the
mean + SD (n = 10). “P < 0.01 vs. control group. CIA:
type Il collagen-induced arthritis; MTX: methotrexate

EOL reduces inflammatory cytokines

The levels of inflammatory cytokines (TNF-a, IL-
1B, -6, -8, -10, and -17A) are shown in Figure 4.
Control CIA rats had higher levels of TNF-a, IL-
1B, -6, -8, and -17A, but lower IL-10 (p < 0.01,
vs. normal control rats). After MTX treatment (3
mg/kg), the TNF-a, IL-1B, -6, -8, and -17A in
serum were significantly reduced (P<0.01, vs.
CIA control rats), whereas IL-10 was significantly
higher (P<0.01). Similar to MTX, EOL treatment
(50, 100, and 200 mg/kg) also significantly
reduced the levels of TNF-qa, IL-1B, -6, -8, and -
17A and increased IL-10 in serum (p < 0.01, vs.
CIA control rats).
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Figure 4: Effect of EOL on the serum levels of TNF-q,
IL-1B, IL-6, IL-8, IL-10 and IL-17A in CIA rats. Data are
expressed as mean = SD (n = 10), "P < 0.01, vs.
control group. CIA: type Il collagen-induced arthritis;
MTX: methotrexate; IL: interleukin; TNF-a: tumor
necrosis factor-a

DISCUSSION
Its known that RA is a complex chronic
autoimmune  disease lacking a clear

pathogenesis and curative treatment. A growing
body of evidence suggests that traditional drugs
have good anti-RA effects, such as improving
inflammation, reducing cytokine levels, and
inducing apoptosis of synovial fibroblasts [16]. L.
cubeba is an effective herbal folk medicine used
in China to treat various inflammatory diseases
and RA. Several traditional medicinal uses have
been confiimed by modern pharmacological
investigations. Through literature review, we
found that the EO content in this plant is very
high, and increasing reports indicate that natural
EOs have anti-inflammatory potential [5,16,17].
Thus, EOL might be containing the main active
components of L. cubeba responsible for anti-
inflammatory and analgesic effects. The primary
constituents of EOL were determined as a-citral
(26.42 %), B-citral (21.94 %), and limonene
(12.79 %), which were also reported as anti-
inflammatory agents in a previous study [18].

This study revealed that EOL has an analgesic
activity on acetic acid-induced torsion, but there
was no obvious analgesic effect on pain due to
heat stimulation. In addition, ear edema in mice
induced dimethylbenzene was measured. The
experimental results showed that EOL reduced
the ear swelling rate in mice. These results
suggest that EOL has anti-inflammatory and
analgesic effects related to the peripheral
analgesic route instead of central analgesic
route, and could be used as a natural anti-
inflammatory and analgesic drug. The CIA rat
model is one of the most commonly studied

animal models for RA research. Its induced
immune response, pathological features, and
inflammatory manifestations are similar to those
observed in human RA. Thus, it is widely used to
study disease pathogenesis, screen potential
therapeutic drugs, and study the effects of anti-
RA drugs [19,20].

After EOL treatment, paw volume and arthritis
score of CIA rats were significantly reduced, as
were the thymus and spleen indexes. These
results demonstrate that EOL could reduce
inflammation and affect immune function in CIA
rats. Experimental studies have shown that
mechanism for EOL treating RA is related to
regulation of infammatory cytokines.

It is known that inflammatory cytokines show
crucial effects in occurrence and development of
RA and are therefore considered as potential
therapeutic targets. Cytokines such as TNF-q,
ILs have been reported to stimulate degradation
of cartilage matrix and contribute to the RA
development, whereas IL-10 is a negative
regulating factor of inflammatory reactions. The
present findings suggested that EOL treatment
for 24 days can decease the TNF-a, IL-18, -6, -8,
and -17A in serum of CIA rats, whereas the IL-10
was significantly increased, suggesting that EOL
may play a potential anti-RA therapeutic role by
regulating these cytokines.

CONCLUSION

The results show that EOL exerts anti-
inflammatory activity and has a good therapeutic
effect in CIA rats. The mechanism of action
involves the inhibition of release of inflammatory
cytokines. EOL also ameliorates symptoms of
rheumatoid arthritis in CIA rats by inhibiting
inflammatory reactions, thus suggesting it can be
further developed as an anti-RA drug for use in
humans.
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