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Abstract

To establish a method for determination of mulberroside A content in Ramulus Mori; and to study the
antitumor effect and mechanism of Ramulus Mori extract. HypersiI ODS column (4.6 mm × 250 mm, 5
μm) was used. Mobile phase was methanol-water (22:78), detection wavelength was 303 nm, column
temperature was 25, and flow rate 0.8 mL/min. Mouse model of HepA tumor was established to observe
the effect of Ramulus Mori extract on tumor growth. Serum IL-2 and TNF-α level in mice were detected
by radioimmunoassay. Mulberroside A presented a good linearity within 0.064-0.640 μg (r=0.9998);
average recovery was 101.2%; and mulberroside A content in Ramulus Mori extract was 5.16%.
Ramulus Mori extract inhibited the growth of HepA tumor in mice and promoted the production of IL-2
and TNF-α. The method proposed is accurate, simple and fast, which can be used for determination of
mulberroside A content in Ramulus Mori extract. Ramulus Mori extract may exert antitumor effect by
promoting the production of IL-2 and TNF-α.
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Introduction
Ramulus Mori is the twigs of Moraceous plant Morus alba L.,
which is slightly bitter in taste, neutral in nature and enters the
liver meridian. It is used for treatment of wind-cold-dampness
arthralgia, limb spasm, beriberi, edema and pruritus due to
pathogenic wind [1] and has wind-damp expelling, joint
benefiting and fluid circulation promoting functions [2].
Ramulus Mori contains a variety of chemical constituents,
which are mainly flavonoids, alkaloids, triterpenoids,
polysaccharides, coumarins, etc. [3-5]. Its major
pharmacological activities include hypoglycemic,
hypolipidemic, anti-inflammatory and antioxidant ones [6-8].
In recent years, Morus alba L. has been found to have an
antitumor effect, but most related studies have focused on the
antitumor effect of its roots or leaves [9-11]. Mulberroside A,
also known as oxidation polydatin, is a dihydroxy stilbene
compound, which is present mainly in Morus plants and is a
characteristic constituent of Morus alba L. Modern
pharmacological research has demonstrated that mulberroside
A has multiple actions such as antitussive, antiasthmatic, anti-
inflammatory and analgesic properties [12]. In this study,
Ramulus Mori was extracted, and its anti- HepA tumor effect
was investigated. Furthermore, antitumor mechanism of

Ramulus Mori was partially explored by IL-2 and TNF-α
assays. This study establishes a method for quantitative
determination of mulberroside A in Ramulus Mori extract, in
order to effectively control the quality of Ramulus Mori
extract.

Instruments and reagents
Shimadzu LC-2010AHT HPLC system; JP-080S ultrasonic
cleaner (480 W, 40 kHz, Jiemeng Cleaning Equipment Co.,
Ltd.); electronic balance (model FA2004); BOI-50 CO2
incubator (Shanghai SANTN Instrument Co., Ltd.); DFM-96
RIA γ counter (Hefei Zhongcheng Electromechanical Co.,
Ltd.).

Mulberroside A reference (Chongqing Baisite Reagents Co.,
Ltd., batch No.: 20150614, purity ≥ 99.8%); HPLC grade
methanol (Fisher); purified water (self-prepared). All other
reagents were of chemical grade. Cyclophosphamide (CTX)
injection (Jiangsu Hengrui Medicine Co., Ltd.); concanavalin
A (ConA) and lipopolysaccharide (LPS) (, ); IL-2 and TNF
RIA kits (Site Biotechnology Co., Ltd.).

Ramulus Mori was purchased from a Chinese medicinal
material wholesale company in Anhui, which was identified by
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Professor Wang Lingkun of the Anhui University of Chinese
Medicine as the dried twigs of Moraceous plant Morus alba L.
Kunming mice, male, weighing 18-22 g, were provided by the
SPF Center of China Medical University (batch No.:
2015072134B). Hepatoma cell line HepA was provided by the
Affiliated Hospital of China Medical University.

Methods
Chromatographic conditions and systematic adaptability test:
HypersiI ODS column (4.6 mm × 250 mm, 5 μm) was used.
Mobile phase was methanol-water (22:78), detection
wavelength was 303 nm, column temperature was 25, and flow
rate 0.8 mL/min. Number of theoretical plates was not less than
2,000 calculated based on mulberroside A (Figure 1).

Figure 1. HPLC chromatograms of Ramulus Mori. A. Reference; B.
Sample; 1. Mulberroside A.

Preparation of reference solution
Appropriate amount of mulberroside A reference was
accurately weighed, added with 80% methanol to prepare a
0.05 mg/mL solution and shaken well to give the reference
solution.

Preparation of extract
2 kg of Ramulus Mori was extracted by heat reflux with 20 L
of 95% ethanol for 1 h three times, and then solvent was
removed under reduced pressure until no ethanol was smelt.
The resulting extract was extracted successively with
petroleum ether, dichloromethane and n-butanol, then n-
butanol fraction was recovered, and solvent was removed
under reduced pressure. The resulting extract was lyophilized
into a powder, which was precisely the Ramulus Mori extract.

Preparation of sample solution
Ramulus Mori extract was taken and pulverized (passed
through a 60-mesh sieve), about 0.1 g of which was then
accurately weighed, placed in a stoppered conical flask, added
accurately with 100 mL of 80% methanol, stoppered, weighed,
sonicated for 1 h, allowed to cool and reweighed. After

replenishing the weight loss with 80% methanol, the solution
was shaken uniformly and filtered to give the sample solution.

Linearity test
Appropriate amount of mulberroside A reference was
accurately weighed and prepared into 6.4, 12.8, 25.6, 38.4,
51.2 and 64.0 μg/L reference solutions. Under the above
chromatographic conditions, each 10 μL of the reference
solutions was precisely drawn and injected into the HPLC
system. Peak areas were recorded, and standard curves were
plotted with peak area Y as the ordinate and reference
concentration as the abscissa. Linear regression was performed
to obtain the regression equation as: Y=2771.7X-1.2087
(r=0.9998). The results indicated that mulberroside A had a
good linearity within 0.064-0.640 μg. The results are shown in
Figure 2.

y = 2771.7x + 1.2087

R2 = 0.9998
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Figure 2. Standard curves of reference solutions.

Quantification and detection limits
Reference stock solution was progressively diluted and
determined according to the above chromatographic
conditions. Detection limit of mulberroside A was calculated to
be 1.09 ng based on S/N=3, while its quantification limit was
calculated to be 7.62 ng based on S/N=10.

Precision test
10 μL of mulberroside A reference solution was precisely
drawn and injected repeatedly six times. RSD of reference
peak area was measured to be 0.98%, indicating good
precision.

Stability test
Each 5 μL of the same Ramulus Mori sample solution was
precisely drawn and determined at 0, 1, 2, 4, 8, 12 and 24 h,
respectively, under the above chromatographic conditions.
RSD of mulberroside A peak area was measured to be 1.89%,
indicating good stability of the sample within 24 h.

Reproducibility test
Six aliquots of Ramulus Mori sample solutions were prepared
in parallel and determined separately for mulberroside A
content under the above chromatographic conditions. RSD of
mulberroside A peak area was found to be 1.26%, indicating
good reproducibility of the present method.
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Recovery test
Six aliquots of 10 mg of Ramulus Mori sample with known
content were accurately weighed, placed in stoppered conical
flasks, and added separately with 10 mL of 80% methanol and

10 mL of mulberroside A reference solution, then operated as
per the method in the "Preparation of sample solution" and
determined under the above chromatographic conditions,
followed by calculation of recovery (Table 1).

Table 1. Recoveries of mulberroside A

Sample weight (mg) Amount in sample (mg) Added amount (mg) Measured amount (mg) Recovery (%) Average recovery (%) RSD (%)

10.203 0.583 0.500 1.076 98.6 101.2 2.3

10.011 0.532 0.500 1.042 102.0

9.937 0.541 0.500 1.031 98.0

9.982 0.561 0.500 1.077 103.2

10.132 0.512 0.500 1.029 103.4

10.019 0.567 0.500 1.078 102.2

Sample determination
Five aliquots of Ramulus Mori extract were prepared into
sample solutions as per the method in the "Preparation of
sample solution". Under the above chromatographic
conditions, each 10 μL of sample solutions was precisely
drawn and injected for determination of mulberroside A
content, and the results are shown in Table 2.

Table 2. Mulberroside A contents in Ramulus Mori extract.

No. Mass fraction of mulberroside A (%) Mean (%)

15B01 5.12 5.16

15B02 5.98

15B03 4.74

15B04 5.12

15B05 4.85

Animal grouping
Ascites of HepA tumor-bearing mice grown for 7 d were
collected under sterile conditions, adjusted for cell density into
1 × 1010/L with sterile saline, and then inoculated
subcutaneously in the right axilla of mice at 0.2 ml per mouse.
Mice were randomly divided into the Ramulus Mori extract
high-, medium- and low-dose groups, model control group and
CTX control group. Meanwhile, a normal control group
comprising normal mice was set up (n=12-14 in each group).
24 h after inoculation, intragastric administration began, while
the normal and model control groups were given solvent once
daily for 14 consecutive d. Mice were sacrificed on the next
day after drug withdrawal. After weighing, tumors, sera,
splenocytes and peritoneal macrophages were harvested for
examinations.

Antitumor experiment
On the next day after drug withdrawal, mice were sacrificed,
tumors were removed and weighed, and tumor inhibition rate
was calculated according to the formula below.

Tumor inhibition rate (%)=[1- (average tumor weight of test
drug group / average tumor weight of model control group)] ×
100%

Measurement of IL-2 production in mouse
splenocytes
Splenocyte suspension was prepared routinely and adjusted to
5×1010/L with complete RPMI 1640 medium. 100 μl of the cell
suspension was plated into each well of sterile 24-well plates,
added with 100 μl of ConA (final concentration of 5 mg/L) and
finally with culture medium till the volume was 1 ml and
cultured in a 37, 0.05 CO2 incubator for 48 h, then centrifuged
for 10 min. Supernatant was collected for radioimmunoassay
of IL-2 level.

Measurement of TNF production in mouse peritoneal
macrophages (PMφ)
Mouse peritoneal macrophages were prepared routinely,
adjusted to 2 × 109/L with RPMI 1640 medium, plated into
sterile 24-well plates at 1 ml/well and cultured in a 37, 0.05
CO2 incubator for 2 h. After discarding the medium, the
remaining was washed three times with FBS-Hanks solution
(volume fraction of 5%) to give the monolayer PMφ, which
were then added with 0.1 ml of LPS (final concentration of 5
mg/L), replenished with culture medium till the volume was 1
ml and cultured in a 37, 0.05 CO2 incubator for 48 h.
Supernatant was collected for radioimmunoassay of TNF level.

Determination of serum TNF-α and IL-2 levels
Serum TNF-α and IL-2 levels were determined by
radioimmunoassay.
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Data processing
Experimental results were expressed as ± s. Comparison
among groups was done by t test.

Results

Inhibitory effect of Ramulus Mori extract on
transplanted hepatoma HepA growth in mice
Ramulus Mori extract exhibited significant anti-tumor effect at
doses between 100-800 mg/Kg·d, with tumor inhibitory rate
reaching 42.38% at 100 mg/Kg·d and up to 72.56% at 800 mg/

Kg·d. Seven mice died in total, including two in the 200 mg/
Kg·d dose group, two in the 400 mg/Kg·d dose group and three
in the 800 mg/Kg·d dose group. No death was noted in the 100
mg/Kg·d dose group, model control group or CTX control
group (Table 3).

Table 3. Antitumor activity of Extract on HepA tumor cell line in mice ± s

Group Dose (mg/Kg•d) × 14d Number of mice Change of mean weight of mice (g) Mean weight of tumor (g) Inhibition (%)

d1 d15

Model control - 14 14 16.02 ± 4.27 3.28 ± 1.04**

CTX 20 14 14 10.21 ± 2.55 0.78 ± 0.52** 76.22

Extract 100 14 14 12.63 ± 4.84 1.89 ± 1.02** 42.38

200 14 12 10.34 ± 2.89 1.45 ± 0.69** 55.79

400 14 12 11.03 ± 3.49 1.33 ± 0.68** 59.45

800 14 11 8.92 ± 3.65 0.90 ± 0.41** 72.56

**P<0.01 vs control

Effect of Ramulus Mori extract on IL-2 levels in
serum and splenocyte culture supernatant of tumor-
bearing mice
As can be seen from the Table 4, serum IL-2 level and
splenocyte IL-2 production were lower for the tumor-bearing

mice than the normal controls. Ramulus Mori extract could
restore the serum IL-2 level to near normal levels and enable
markedly stronger splenocyte IL-2 production than the normal

and model control groups. In comparison, CTX had no effect
on IL-2 levels in tumor-bearing mice.

Table 4.The effect of extract on IL-2 production in serum and cultured supernatants of splenocytes from mice with tumor ± s, n=6.

Group Dose (mg/Kg•d) × 14d IL-2 (μg/L)

Serum Cultured supernatants of splenocytes

Normal control - 9.068 ± 2.001 2.231 ± 0.056

Model control - 6.123 ± 0.989∆ 1.313 ± 0.341∆∆

Extract 100 7.089 ± 1.063∆ 2.567 ± 0.638**

400 8.341 ± 1.389* 2.886 ± 0.324∆∆**

800 8.799 ± 0.998* 2.209 ± 0.619*

CTX 20 6.635 ± 0.679∆ 1.442 ± 0.423∆

∆P<0.05, ∆∆P<0.01 vs normal control; *P<0.05, **P<0.01 vs model control

Effect of Ramulus Mori extract on TNF-α levels in
serum and PMφ culture supernatant of tumor-
bearing mice
Results in Table 5 showed that serum TNF-α level and PMφ
TNF-α production were higher for the tumor-bearing mice than

the normal controls, but without showing statistical
significance. Ramulus Mori extract could increase serum TNF-
α level and enhance PMφ TNF-α production in tumor-bearing
mice.
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Table 5. The effect of extract on TNF level in serum and cultured sepernatants of PMφ from mice with tumor ( ± s, n=6).

Group Dose(mg/Kg•d)×14d TNF(μg/L)

Serum Cultured supernatants of PMφ

Normal control - 5.542 ± 0.828 0.997 ± 0.506

Model control - 6.003 ± 0.431 1.213 ± 0.316

Extract 100 7.087 ± 1.003∆ 1.560 ± 0.368∆∆**

400 7.345 ± 0.849∆∆** 1.456 ± 0.139∆∆*

800 7.801 ± 1.098∆* 1.309 ± 0.514

CTX 20 7.120 ± 0.921∆* 1.362 ± 0.498

∆P<0.05, ∆∆P<0.01 vs normal control; *P<0.05, **P<0.01 vs model control

Discussion
According to preliminary experiment, good separation could be
achieved when the mobile phase was methanol-water (22:78).
Mulberroside A in extract was separated by baseline, with a
resolution of >1.5. Thus, this condition was finalized as the
mobile phase condition of mulberroside A. Ramulus Mori was
extracted with different solvents, which found that
mulberroside A content was the highest in the n-butanol
fraction of 80% methanol extract. Different extraction methods
were investigated, such as standing overnight, heat reflux and
ultrasonication, which found no significant difference in the
extraction yield, so ultrasonic extraction was used.
Investigation on ultrasonication time revealed that 1 h of
ultrasonication was enough for complete extraction, so
ultrasonic extraction with 80% methanol for 1 h was adopted.
Quantitative determination results of different Ramulus Mori
extracts showed that the average content of mulberroside A in
extracts was 5.16%.

This study not only determined the mulberroside A content in
Ramulus Mori extract, but also studied the anti-tumor activity
of the extract and its immunological mechanisms. The results
showed that Ramulus Mori extract markedly inhibited the
HepA growth in mice at a 100 mg/Kg•d × 14 d dose, with a
tumor inhibitory rate reaching 42.38%. Within a 100-800 mg/
Kg•d × 14 d range, the antitumor effect strengthened with
increasing dose, indicating good anti-tumor effect of Ramulus
Mori extract. In this study, a total of 7 mice died, and the
mortalities in various dose groups were all lower than 20%. All
mice exhibited increased body weight after medication.
Experimental observation found that mice in each group were
in good general conditions, with normal appearance, coat color,
stool and activities. This indicated that the Ramulus Mori
extract had a good safety profile under the present
experimental conditions.

TNF-α and IL-2, as important indicators of immune function,
play important roles in oncotherapy. Although IL-2 has no
direct cytotoxicity to tumor cells, it can exert antitumor effect
by modulating the immune system. TNF-α, on the other hand,
has direct cytostatic and cytotoxic effects on tumor cells, which

can induce tumor cell apoptosis as well [13]. A study has found
that TNF-α and IL-2 had a synergistic antitumor effect [14].
IL-2 alone had no cytotoxicity to hepatoma H7202 cells,
whereas TNF-α had a cytotoxic effect on H7402 cells that was
enhanced with increasing dose. After combination of the two,
cytotoxicity increased significantly. According to a clinical
study [15], combined TNF-α and IL-2 for treatment of non-
small cell lung cancer patients achieved good efficacy,
suggesting that TNF-α and IL-2 have a synergistic antitumor
effect.

Conclusion
The results of this study show that the Ramulus Mori extract
can markedly increase the serum TNF-α and IL-2 levels and
enhance the splenocyte IL-2 production and PMφ TNF-α
production in tumor-bearing mouse in a somewhat dose
dependent manner. This suggests that the antitumor effect of
Ramulus Mori extract is closely associated with the improved
TNF-α and IL-2 production in tumor-bearing mice.
Meanwhile, the study establishes a method for quantitative
determination of mulberroside A in Ramulus Mori extract,
which is accurate, simple, fast and can be used as the quality
control criteria in industrial production.
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