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This study examined the analgesic and anti-inflammatory actions of cis-mulberroside A
isolated from Ramulus mori in several models of inflammatory pain in mice. Cis-mulberroside A
(25 and 50 mg/kg) given by p.o. route 30 min before challenge produced a dose-dependent
inhibition of the acetic acid-induced pain and Evans blue leakage in mice. In addition, this
compound exhibited significant systemic anti-inflammatory activity in carrageenan-induced
mouse paw edema in a concentration-related manner (33.1–68.5% inhibition), and similar
results were achieved in formalin test. Suppressive effects of cis-mulberroside A on the
production of NO and expression of inducible nitric oxide synthase (iNOS) in
lipopolysaccharide (LPS)-stimulated macrophages were also assessed. Collectively, cis-
mulberroside A showed high analgesic and anti-inflammatory activities. The above results
will be the supporting evidence for the potential anti-rheumatoid activity of R. mori in Chinese
traditional medicine.
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1. Introduction

Mulberry is a fast-growing deciduous plant that grows
under different climatic conditions (i.e., tropical, subtropical
and temperate). Mulberry is valued for its foliage, which
constitutes the most important feed for silkworms. Ramulus
mori are the young twigs of mulberry. In traditional Chinese
medicine, its actions are to expel wind, dredge the meridians,
and ease joint pain. R. mori has been shown to possess
pharmacological properties such as immunity, hypolipidemic
effect and anti-inflammatory activity [1,2]. But in China, only
a small part of the R. mori is used as the medicine, most of
which acts as agricultural wastes, occupying much space and
create greater environmental problems. On the other hand,
most studies are mainly focused on the leaves and root
cortices of mulberry, and little is known about the activity of
R. mori.

We have isolated cis-mulberroside A (Fig. 1) from the R.
moriwith bioassay-guided methods [3]. Cis-mulberroside A is
All rights reserved.
an oxyresveratrol glycoside where 4-OH and 3′-OH were
substituted by two glucoses, and its protective function
against ethanol-induced hepatic damage has been investi-
gated as shown in [3]. To the best of our knowledge, its
activities were seldom investigated. The aim of this study was
to investigate the potential analgesic and anti-inflammatory
activities of cis-mulberroside A in animals. We expect that it
will support the evidence for the potential anti-rheumatoid
activity of R. mori.
2. Experimental

2.1. Plant

R. mori was collected from the mulberry field of Zhejiang
University on April, 2008. The sample was confirmed by
Professor Zhiyi Ye (expert in cultivation of mulberry), College
of Animal Science, Zhejiang University and a voucher
specimen has been deposited to the herbarium of College of
Animal Science, Zhejiang University, China under the acces-
sion number SZ-1086.
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Fig. 1. The structure of cis-mulberroside A in Ramulus mori.
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2.2. Isolation of cis-mulberroside A

The isolation of cis-mulberroside A was according to our
previous article [3] and all spectra of this compound could be
obtained from the corresponding author.

2.3. Animals

Experiments were performed on ICR male mice (body
weight range, 22–25 g) from the Animal Experiment Center
of Medical College, Zhejiang University, China. All procedures
were conducted in accordance with the P.R. China legislation
under NO. 8910MO047 on the use and care of laboratory
animals and with the guidelines established by the Institute
for Experimental Animals of Zhejiang University. Efforts were
made to minimize animal suffering and to reduce the number
of animals used. Mice were used once only. Animals were
housed in a climate- and light-controlled roomwitha12-h light/
dark cycle. Twelve hours before experiments, food was
withheld, but animals had free access to drinking water. At the
end of the experiment, animals were euthanized in a CO2

chamber. No side effects were observed in any of the studied
animal groups.

2.4. Cell culture

Raw 264.7 cell line was from Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences. The
mammalian cells were cultured in Dulbecco's-modified
Eagle's medium with 10% heat-inactivated fetal bovine
serum (FBS), 25 mM HEPES (pH7.5), 100 U/ml penicillin
and 100 μg/ml streptomycin. The cells were plated at a
density of 1×106 and preincubated for 24 h at 37 °C, and
maintained in a humidified atmosphere containing 5% CO2.
For all experiments, the cells were grown to 80–90%
confluence, and subjected to no more than 20 cell passages.

The RAW 264.7 cells were incubated with LPS (1 μg/ml) in
the presence or absence of cis-mulberroside A (25 and 50 μg/
ml) for 24 h and then washed twice with ice-cold phosphate-
buffered saline (PBS). The cells were lysed in a buffer
containing 20 mM HEPES (pH 7.9), 0.1 M KCl, 0.3 M NaCl,
10 mM EDTA, 1% SDS, 1 mM PMSF, 1 μg/ml leupeptin and
1 μg/ml pepstatin. Western blotting was performed as
previously described [4]. For immunoblotting, anti-inducible
nitric oxide synthase and anti-β-actin antibodies were used.

2.5. Acetic acid-induced abdominal constrictions and peritoneal
capillary permeability in mice

The abdominal constrictions were induced according to
procedures described previously [5] and resulted in contrac-
tion of the abdominalmuscle togetherwith a stretching of the
hind limbs in response to an intraperitoneal injection of acetic
acid (0.6%) at the time of the test. Firstly, in the beginning of
the experiment mice were pre-treated intravenously with
2.5% Evans blue dye solution (10 ml/kg), used as peritoneal
capillary permeability marker. Twenty minutes later, mice
received the cis-mulberroside A (25 and 50 mg/kg) by oral
routes 30 min before the acetic acid injection. In separate
series of experiments, we also investigate the effect of
indomethacin (10 mg/kg), used as positive control, 30 min
before the acetic acid injection. Control animals received a
similar volume of the appropriate vehicle (10 ml/kg) used to
dilute the cis-mulberroside A. After the challenge, mice were
individually placed into glass cylinders of 20 cm diameter and
the abdominal constrictions were counted cumulatively over
a period of 20 min. Analgesic activity was expressed as the
reduction in the number of abdominal constrictions (the
difference between control mice and animals pre-treated
with the cis-mulberroside A or indomethacin). Immediately
after the test, mice were sacrificed by cervical dislocation and
peritoneal fluids were collected after washing with a saline
(3 ml) solution of the peritoneal cavity and then centrifuged
at 1000 rpm for 10 min. The concentration of Evans blue in
the peritoneal cavity was determined by the absorbance at
630 nm in a spectrophotometer. The vascular permeability
was represented in terms of the absorbance (A630 nm) which
leaked into the cavity. Experiments were performed in
triplicate.

2.6. Formalin test

Formalin (1%, 20 μl) was injected into the sub-plantar
region of the right hind paw of the animals. The duration of
paw licking was measured for 15–30 min after formalin
administration [6]. Animals were treated with cis-mulberro-
side A, vehicle, or Aspirin (150 mg/kg) 30 min before. The
percentage inhibition of licking was calculated by the
formula:

½ðC−TÞ= C� × 100

where C represents the vehicle treated control group value
and T represents the test sample treated group value [7].

2.7. Carrageenan-induced hind paw edema model

Carrageenan-induced hind paw edema model was used
for determination of anti-inflammatory activity [8]. The
difference in footpad thickness between the right and left
foot wasmeasured with a pair of dial thickness gauge calipers
(Ozaki Co., Tokyo, Japan). Mean values of treated groups were
compared with mean values of a control group and analyzed



Fig. 2. Effects of oral administration of cis-mulberroside A from Ramulus mori
and indomethacin (10 mg/kg) on acetic acid-induced writhing movements
(a) and Evans blue leakage (b) in mice. Data are expressed as means±S.E.
N=8 mice per group. *P<0.05, **P<0.01 compared with vehicle control.

Fig. 3. Analgesic properties of the cis-mulberroside A from Ramulus mori and
Aspirin (150 mg/kg) for 15–30 min after formalin administration. The values
represent the means±S.E. N=8; *P<0.05 compared with vehicle control.
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using statistical methods. Sixty minutes after the oral
administration of test sample or dosing vehicle, each mouse
was injected with freshly prepared (0.5 mg/25 μl) suspension
of carrageenan (Sigma, St. Louis, Missouri, USA) in physio-
logical saline (154 nM NaCl) into sub-plantar tissue of the
right hind paw. As the control, 25 μl saline solution was
injected into that of the left hind paw. Paw edema was
measured during 4 h after induction of inflammation. Mean
values of treated groups were compared with mean values of
a control group and analyzed using statistical methods.
Indomethacin (10 mg/kg) was used as the reference drug.

2.8. Nitrite analysis

Accumulated nitrite (NO2
−) in the culture media obtained

from murine macrophage RAW264.7 cells was spectropho-
tometrically determined based on the Griess reaction [9].
100 μl cis-mulberroside A (25 and 50 μg/ml) was incubated
with 100 μl Griess reagent (6 mg/ml) at room temperature for
10 min, and then NO2− concentration was determined by the
absorbance at 540 nm. The standard curve was constructed
using the known concentrations of sodium nitrite.

2.9. Statistical analysis

The results are expressed as mean±S.E.M., the data were
analyzed for statistical significance using Student's t-test.
P-values less than 0.05 were considered to be significant.

3. Results

Fig. 2 showed that cis-mulberroside A (25 and 50 mg/kg),
30 min beforehand, produced a dose-related inhibition of
acetic acid-induced abdominal constrictions in mice. The
inhibitions were 29.0% and 42.3% for the treated doses of 25
and 50 mg/kg, respectively. Cis-mulberroside A in the same
range of doses and treatment mentioned above also reduced,
in a concentration-dependent manner, the Evans blue dye
diffusion induced by acetic acid. The inhibitions were 53.5%
and 69.8% for the treated doses of 25 and 50 mg/kg,
respectively. The treatment of mice with indomethacin
(10 mg/kg, i.p.) also produced marked inhibition of acetic
acid-induced writhing response and Evans blue leakage. The
inhibitions were 47.5% (writhing movement) and 76.7%
(Evans blue leakage), respectively.

Cis-mulberroside A produced inhibition on formalin-
induced pain responses (inflammatory pain) in mice
(Fig. 3). The analgesic effect of this compound occurred
predominantly after 15 min of formalin treatment. It signif-
icantly attenuated formalin-induced pain with the percent-
age inhibition reaching 54.6% at the dose of 50 mg/kg, which
was comparable to the positive control drug, Aspirin (10 mg/
kg, 59.8%).

Carrageenan-induced hind paw edemamodel was employed
for anti-inflammatory assessment, cis-mulberroside A exhibited
statistically significant inhibition, ranging between 33.1 and
68.5% at the dose of 25 mg/kg and 50.1–68.2% at the dose of
50 mg/kg, and the results were quite comparable to indometh-
acin (42.5–51.9% inhibition) at the dose of 10 mg/kg, a reference
agent (Table 1).
RAW 264.7 macrophages were stimulated with LPS for
24 h in order to induce NO synthesis. The production of NO
was estimated from the accumulation of nitrite, which is a
stable product of the NO metabolism, in the medium using
the Griess reagent. After the treatment with LPS, the nitrite
content markedly increased (Fig. 4). When the macrophage
cells were treated with 25 and 50 μg/ml cis-mulberroside A,
NO production induced by LPS was significantly suppressed
in a dose-dependent manner.



Table 1
Effect of cis-mulberroside A from Ramulus mori on carrageenan-induced paw edema in mice.

Material Dose
(mg/kg)

Mean swelling thickness (mm)±S.E.M. (% inhibition)

30 min 60 min 120 min 240 min

Control – 0.66±0.18 0.54±0.22 0.38±0.12 0.56±0.24
Indomethacin 10 0.48±0.17(42.5) 0.26±0.14(51.9) ⁎ 0.21±0.09(44.8) ⁎ 0.31±0.18(44.7) ⁎
Cis-mulberroside A 25 0.33±0.08(50.0) ⁎ 0.36±0.27(33.1) ⁎ 0.12±0.05(68.5) ⁎ 0.37±0.12(33.9) ⁎
Cis-mulberroside A 50 0.21±0.04(68.2) ⁎ 0.27±0.13(50.1) ⁎ 0.15±0.08(61.5) ⁎ 0.26±0.09(53.6) ⁎

The values represent the means±S.E. N=8.
⁎ P<0.05 compared with vehicle control.
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The effect of cis-mulberroside A on the LPS-induced
expression of iNOS protein in RAW 264.7 macrophages was
determined to identify the anti-inflammatory mechanism.
The western blot experiments showed the induction of the
iNOS protein in the cells 4 h after the LPS treatment. Cis-
mulberroside A significantly suppressed the expression of the
iNOS protein in a dose-dependent manner (Fig. 5).

4. Discussion

This is the first study investigating the anti-inflammatory
and analgesic activities of cis-mulberroside A in two inflam-
mation models: carrageenan-induced hind paw edema and
acetic acid-induced peritoneal capillary permeability as well
as formalin-induced licking model and acetic acid-induced
writhing model for assessing analgesic activity. In addition,
the NO production and the expression of iNOS were also
investigated.

The acetic acid-induced writhing reaction in mice has long
been used as a screening tool for the assessment of analgesic
or anti-inflammatory properties of new agents, and is
described as a typical model for visceral inflammatory pain
[10]. The most important transmission pathways for inflam-
matory pain are that comprising peripheral polymodal
nociceptors sensitive to protons, such as ASICs (acid sensitive
ion channel) and to algogen substances, such as bradykinin,
prostaglandin and cytokines. These receptors signal to the
central nervous system via sensory afferent C fibers entering
the dorsal horn [11]. The cis-mulberroside A from R. mori
produced a dose-related inhibition of both the number of
Fig. 4. Effect of cis-mulberroside A from Ramulus mori on NO production in murine m
the indicated doses for 30 min and then left unstimulated (control) or stimulated wi
through the Griess reaction 24 h after stimulated with LPS. The values represent
compared with the vehicle control.
abdominal constrictions and Evans blue leakage, resulting
from an inflammatory exudative reaction in the peritoneal
cavity elicited by acetic acid which indicated the anti-
inflammatory and analgesic activities of this active compound.

The formalin-induced nociception is a well-described
model and can be consistently inhibited by typical analgesic
and anti-inflammatory drugs, includingmorphine, indometh-
acin and dexamethasone [12]. The licking response induced
by formalin results from a combination of peripheral input
and spinal cord sensitization, and the injection of formalin
releases prostaglandin E2, NO and kinins in the spinal cord
[13–15]. Considering the inhibitory property of cis-mulberro-
side A on the formalin test, we might suggest an anti-
inflammatory action of this compound, and the analgesic
activity of cis-mulberroside A could be dependent on either
peripheral or central sites of action [16].

Carrageenan-induced hind paw edema is the standard
experimental model of acute inflammation. It is believed to be
biphasic; the first phase (1 h) involves the release of
serotonin and histamine and the second phase (over 1 h) is
mediated by prostaglandins, cyclooxygenase products, and
the continuity between the two phases is provide by kinins
[17]. The cis-mulberroside A from R. mori used in our study
inhibited edema induced by carrageenan in a dose-depen-
dent manner, and its activity was comparable to indometh-
acin, a known cyclooxygenase inhibitor indicating the anti-
inflammatory of this active compound.

In order to examine the mechanism underlying these
potentially beneficial effects, this study examined whether or
not cis-mulberroside A inhibited the expression of iNOS and
acrophage RAW264.7 cells. The cells were treated with cis-mulberroside A at
th 1 μg/ml LPS. The nitrite concentration in the culture media was monitored
the means±S.E. from three independent experiments. *P<0.05; **P<0.01



Fig. 5. Effect of cis-mulberroside A from Ramulus mori on iNOS expression in murine macrophage RAW264.7 cells. (a): The result of iNOS expression, (b): The
relative density of iNOS expression (the density of control was 1.0). The cells were treated with cis-mulberroside A at the indicated doses for 30 min and then left
unstimulated (control) or stimulated with 1 μg/ml LPS. The levels of iNOS were determined using Western blot analysis 4 h after stimulated with LPS. The values
represent the means±S.E from three independent experiments; **P<0.01; ***P<0.001, compared with the vehicle control.
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NO production in LPS-stimulated RAW 264.7 macrophages.
NO is an important mediator in the inflammatory process and
is produced at inflamed sites by iNOS. High levels of NO have
been reported in a variety of pathological processes including
various forms of inflammation, circulatory shock, and
carcinogenesis [18–20]. Therefore, an inhibitor of iNOS
might be effective as a therapeutic agent for inflammatory
diseases [21]. These results show that cis-mulberroside A
inhibits LPS-induced NO production in a dose-dependent
manner in RAW 264.7 macrophages. This suppression was
correlated with the downregulation of the expression of iNOS
protein in the cells.

In conclusion, the cis-mulberroside A from R. mori
contains acute anti-inflammatory and analgesic activities.
This compound also possesses an inhibitory activity on in
vitro NO production in the stimulated mammalian cells. It is
capable of diminishing expression of iNOS in LPS-stimulated
RAW264.7 cells. Considering the use of R. mori in inflamma-
tory processes in folk medicine, this compound may play a
potent action.
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