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Abstract: Morus nigra has a long history of medicinal use in Chinese medicine, but the study on it is limited, the 
flavonoids are one of the main biological active substances. In this study, the Morus nigra flavonoids were extracted 
by ultrasonic and antioxidant activities both in vitro and in vivo were measured. The results showed that hydroxyl 
radicals clearance rate and superoxide radical anion clearance rate in vitro increased with the concentration of the 
total flavonoids in the range of 0-1.05 mg/mL and the maximum clearance rate was 80.33% and 87.69%, respec-
tively. After mice were treated with flavonoids, the content of malonaldehyde (MDA) in serum and liver decreased; 
the activities of superoxide dismutase (SOD) in serum and liver, catalase (CAT) in liver and glutathione peroxidase 
(GSH-PX) in blood and liver increased; Langhans cells increased in spleen. These results revealed that the Morus 
nigra flavonoids possessed strong antioxidant activity.
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Introduction

Morus nigra, usually known as black mulberry, 
belongs to the genus Morus of the family 
Moraceae [1]. It is native to Iran and belongs to 
the cultivated and wild mulberry varieties. In 
China, it was planted in xinjiang since the 16th 
century and is the only black mulberry varieties 
[2]. Morus nigra is not only one of the ancient 
fruit trees, but it also has been treated as a folk 
medicine used as diuretic, laxative, antitussive, 
expectorant, sedative, anxiolytic, hypotensive, 
odontalgic, anthelmintic and emetic [3, 4]. 
There are so many biological active substances 
in Morus nigra, including amylose, flavonoids 
and alkaloids, etc [5]. The flavonoids are one of 
the main biological active substances that exist 
widely in the plantage. Flavonoids often exhibit 
wide range of physiological activities, including 
antioxidant, antimicrobial, anti-inflammatory, 
anti-cancer, anti-tumor and anti-radiation prop-
erties [6-9], and some evidences suggest that 
the pharmacological effects of flavonoids are 
correlated with their antioxidant activities [10, 

11]. However, the study on the antioxidant activ-
ity of Morus nigra flavonoids was limited, there-
fore, the aim of this study was to determine the 
antioxidant activity of Morus nigra flavonoids. In 
vitro, the hydroxyl radical and superoxide radi-
cal anion clearance rates were determined by 
the colorimetric method; in vivo, the SOD, CAT, 
GSH-PX activites and MDA concentration of 
mice treated with Morus nigra flavonoids were 
measured [12]. Furthermore, this study can 
provide the theory basis for application of 
Morus nigra’ as nutrition, health protection and 
medicine in the future.

Materials and methods

Materials

Morus nigra was harvested from the orchard in 
Kuqa country in Aksu (xinjiang, PR China), dur-
ing the fruit-bearing season (from July to 
August). Rutin from Chengdu Food and Drug 
Administration (chengdu, PR China). SOD, CAT, 
MDA and GSH-PX kits were purchased from 
Nanjing Jiancheng Bioengineering Institute 
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(nanjing, PR China). Other chemicals were of 
analytical grade.

Animals 

The experiment was carried out following the 
Regulations of Animal Experimentation of 
College of Veterinary Medicine, Sichuan 
Agricultural University, which is based on the 
Guidelines of the International Committee on 
Laboratory Animals. Kunming strain male and 
female mice (a closed strain coming from 
Kunming, Yunnan Province, PR China) were 
obtained from the Chengdu Dossy Experimental 
Animals Co., Ltd. (License No. SCXK (Sichuan) 
2014-24), the average weight was 22-26 g. 
They were kept in the animal houses of Sichuan 
Agriculture University (Chengdu, China), and in 
well ventilated sterile polypropylene cages. 
Each cage contained 10 mice of the same sex. 
Animal rooms were maintained at a tempera-
ture of 22°C, a relative humidity of 40-70%, 
and a 12 h light/dark cycle. Experiments were 
started after acclimating the mice for one 
week. Animals were fed by a standard diet from 
Nuvital Nutrientes (Colombo/PR, Brazil) and 
water ad libitum.

Extraction of total flavonoids

The Morus nigra (dried, about 50 g) were 
ground to powder, and then refluxed with 500 
mL petroleum ether twice at 50°C for 3 h to 
remove oil and grease in a Soxhlet extractor. 
The residues were extracted twice with 500 mL 
95% alcohol (v/v) for 0.5 h by ultrasonic meth-
od reported by Joshi [13]. The solution was con-
centrated by a rotatory evaporator. Finally the 
solution was dried by oven to yield flavonoids 
extract. 

Determination of total flavonoids content

The flavonoids extract, Morus nigra and rutin 
were dissolved in 60% alcohol to reach concen-
trations of 10, 10 and 0.1 mg/mL, respectively. 
The rutin was chosen as standard. Standard 
curve were constructed by measuring absorp-
tivity of series of rutin diluent at 510 nm accord-
ing to the method [14]. The content of total fla-
vonoids was determined by the content of rutin 
in extract and raw material. 

Determination of antioxidant activity in vitro 

Determination of the hydroxyl radicals clear-
ance rate: The hydroxyl radicals clearance rate 

was measured by the colorimetric method with 
salicylic acid [15]. The reaction solution con-
tained 1 mL FeSO4 (0.15 mol/L), 1 mL H2O2 (6 
mmol/L), 1 mL sodium salicylate (2 mmol/L) 
and 1 mL Morus nigra flavonoids (each group 
had a variety of concentrations, including 0.15, 
0.30, 0.45, 0.60, 0.75, 0.90 and 1.05 mg/mL). 
After the H2O2 (1 mL) was added, the reaction 
mixtures were then incubated at 37°C for 1 
hour. The absorbance of the reaction mixtures 
at 580 nm was measured [4, 16, 17]. The 
hydroxyl radicals clearance rate was calculated 
according to the following equation.

clearance rate (%) = [A0 - (Ai - A0i)]/A0 × 100%

where A0 is the absorbance of the control reac-
tion, which replaces samples by distilled water. 
Ai is the absorbance of the reaction mixture. A0i 
is the absorbance of the background value of 
the samples.

Determination of the superoxide radical anion 
clearance rate: The superoxide radical anion 
clearance rate was measured by the pyrogallol 
autoxidation method [18]. The solution con-
tains Tris-HCl, sample and pyrogallol. The flavo-
noids solution of a variety of concentrations 
(0.15, 0.30, 0.45, 0.60, 0.75, 0.90 and 1.05 
mg/mL) were tested. After 5 minutes, the reac-
tion was terminated by adding H2O2 (1 mL). The 
absorbance of the reaction mixtures at 360 nm 
was measured [16]. The superoxide radical 
anion clearance rate in percent was calculated 
according to the following equation.

clearance rate (%) = (A0 - (Ai - Aj))/A0 × 100%

where A0 is the absorbance of the solution with-
out samples. Ai is the absorbance of the reac-
tion mixture. Aj is the absorbance of the solu-
tion without pyrogallol.

Determination of antioxidant activity in vivo

Treatment of animals: Four groups, each con-
taining 10 females and 10 males, were orally 
administrated with flavonoids extract from 
Morus nigra at concentrations of 0 (blank 
group), 100 (low dose Group), 200 (middle dose 
Group), 400 (high dose Group) mg/kg body 
weight (b.w) for 30 consecutive days, respec-
tively. The animals were monitored for clinical 
and behavioral symptoms, and the body weight 
was measured every three days. After 30 days, 
the blood sample were collected by excising the 
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eyes after fasting for 12 h, then all animals 
were euthanized and subjected to a full nec-
ropsy. Liver, lung, kidney, spleen, heart and thy-
mus were weighed immediately after dissec-
tion. Some tissues and organs were preserved 
in 4% paraformaldehyde, and others were 
refrigerated.

Preparation of samples and determination of 
index: The blood samples were dissolved in 
double-distilled water. The serum was gained 
by centrifuging. The 10% liver homogenta was 
gained with glass homogenate tube. The activ-
ity of SOD, CAT and GSH-PX and the content of 
MDA were determined according to the require-
ments of kits strictly. The tissue section was 
made according to the method reported by 
Zhao [19].

Statistical analysis

All data were expressed as means ± standard 
deviation and analysed by the SPSS statistical 
software. The statistical significance was com-
pared between the control and experimental 
groups by one way analysis of variance (ANOVA) 
followed by the Student-Newman-Keuls test. 

Results 

Extraction of total flavonoids

The total flavonoids in Morus nigra were 
extracted by the alcohol solution in cooperation 
with ultrasonic, the results of extract quality 
and yield were shown in Table 1. The average 
extraction of total flavonoids was 29.47 g, 
which was calculated on the basis of rutin 
equivalents. The average yield of flavonoids 
was 58.94%. 

The content of total flavonoids  

The content of total flavonoids was measured 
by spectrophotometry and the results were 
shown in Table 2. As shown in Table 2, the con-

centration of total flavonoids extract was 1.167 
mg/mL, the content was 11.67%, which was 
higher than that in powders (0.105 mg/mL, 
1.05%). It showed that the total flavonoids in 
Morus nigra were extracted effectively. The 
result is higher than the literature [20-22]. On 
the whole, the method of this experiment was 
easy, it had low cost and high efficiency, which 
laid a foundation for the further research.

The antioxidant activity in vitro

The hydroxyl radical clearance rate: The hydrox-
yl radical clearance rate of Morus nigra flavo-
noids in this test was measured by the spectro-
photometry at 580 nm. The relationship 
between the hydroxyl radical clearance rate 
and the concentration of total flavonoids was 
shown in Figure 1. It was showed that the total 
flavonoids had a potent inhibitory effect on 
hydroxyl radicals, and the inhibitory effects 
increased with the concentration of flavonoids. 
When the concentration of the total flavonoids 
was 0.15 mg/mL, the average inhibition rate 
was 16.72%; when the concentration increased 
to 1.05 mg/mL, the average inhibition rate 
increased to 80.33%.

The superoxide radical anion clearance rate: 
The superoxide radical anion clearance rate 
was measured by the spectrophotometry at 
360 nm. The flavonoids provide reactive hydro-
gen for clearing the superoxide radical anion 
which plays the antioxidant effect. The flavo-
noids have the phenolic hydroxyl groups, which 
can provide reactive hydrogen, so the radicals 
reaction is stopped [25]. The results showed 
that the rate of pyorgallol autoxidation was 
inhibited effectively after the total flavonoids 
were added. The inhibitory effect increased 
with the concentration of samples increasing. 
The relationship between the superoxide radi-
cal anion clearance rate and the concentration 
of total flavonoids was shown in Figure 2. When 
the sample concentration was 0.15 mg/mL, 
the average clearance rate was only 36.38%; 
when the sample concentration was 1.05 mg/
mL, the inhibition rate was 85.97%.

The organ weight and coefficient: The results of 
organ weight and coefficient were shown in 
Tables 3 and 4. The organ coefficient in percent 
was calculated according to the following 
equation. 

Table 1. The results of flavonoids yield in 
Morus nigra

Group Morus 
nigra (g)

Extraction 
(g)

Yield 
(%)

Average yield 
(%)

1 50 29.65 59.30 58.94
2 50 29.30 58.60
3 50 29.46 58.92
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organ coefficient (%) = (organ weight/body 
weight) × 100%

The organ weight and coefficient of heart, liver, 
spleen, lung and kidney among all the experi-
mental groups had no statistical differences 
(P>0.05). It suggested that there was no lesion 
in these tissues. 

brane. The total flavonoids significantly 
improved GSH-PX activity. 

The level of SOD, GSH-PX, CAT and MDA in mice 
liver: The levels of SOD, GSH-PX, CAT and MDA 
in mice liver were showed in Table 7. It was 
showed that the SOD, GSH-PX and CAT activi-
ties increased with the concentration of the 

Table 2. The results of flavonoids content

Group Absorptivity 
(A)

Concentration 
(mg/mL)

Content 
(%)

Average content 
(%)

The extract 0.461 1.167 11.67 11.67
0.461 1.167 11.67
0.460 1.166 11.66

The power 0.057 0.105 1.05 1.04
0.056 0.102 1.02
0.057 0.105 1.05

Figure 1. The relationship between the hydroxyl radical clearance rate 
and the concentration of total flavonoids. The concentration was in 
range of 0-1.05 mg/mL. The values are presented as a percentage.

Figure 2. The relationship between the superoxide radical anion clear-
ance rate and the concentration of total flavonoids. The concentration 
was in range of 0-1.05 mg/mL. The values are presented as a percent-
age.

The antioxidant activity in vivo 

The content of MDA and the activity 
of SOD in mice serum: The changes 
of the MDA concentration and SOD 
activity were showed in Table 5. 
The MDA concentrations in the test 
groups (high, middle and low dose 
groups) were significantly lower 
than the blank group (P<0.01). The 
SOD activity in the high dose group 
was higher than the blank group 
(P<0.01). The SOD activity in the 
middle and low dose group was sig-
nificantly higher than the blank 
group (P<0.05). MDA is one of the 
main product of the lipid peroxida-
tion, which is caused by free radi-
cals [24]. The content of it can 
reflect the damage of the cells from 
the free radicals indirectly. SOD is 
an important antioxidant enzyme 
[25], it can clear the superoxide 
anion radical and protect cells from 
damage. The total flavonoids from 
Morus nigra significantly reduced 
MDA concentration and increased 
SOD activity. 

The activity of the GSH-PX in mice 
blood: The changes of the GSH-PX 
activity were showed in Table 6. It 
was showed that the GSH-PX activ-
ity in blood increased with the con-
centration of the total flavonoids. 
The GSH-PX activity in the high and 
middle dose group was significantly 
higher than the blank group 
(P<0.01). The GSH-PX activity in the 
low dose group was significantly 
higher than the blank group 
(P<0.05). The GSH-PX is an impor-
tant enzyme, which can catalytic 
reduce glutathione in reduction 
reaction of hydrogen peroxide spe-
cifically, protecting the cell mem-
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total flavonoids, the MDA concentrations 
decreased with the increase of flavonoids con-
centrations. The SOD and GSH-PX activities in 
the high dose group significantly were higher 
than the blank group (P<0.01). The SOD and 
GSH-PX activities in the middle dose group 
were significantly higher than the blank group 
(P<0.05). The CAT activity in the high and mid-
dle dose groups was significantly higher than 
the blank group (P<0.05). The MDA concentra-
tions in the test groups were significantly lower 
than the blank group (P<0.01). CAT is an impor-

that the flavonoids can enhance immunity of 
body.

Discussion

There are a number of methods of extracting 
total flavonoids, including organic solvent 
extraction, ultrasonic extraction and microwave 
assisted extraction. The solvent extraction 
method is simple and easy, but the extraction 
efficiency is low; the extraction costs a lot of 
time and produces many of impurities. The 
ultrasonic extraction is efficient, time-saving 
and energyefficient, but non-selective. The 
microwave assisted extraction has a good 
selectivity and high efficiency, and the extrac-
tion process is fast, but it only applies to the 
materials which have a good thermostability 
[26]. According to those factors, the ultrasonic 
extraction was used in this experiment. The 
average yield of total flavonoids was 58.94% 
(Table 1), so the method of extraction adopted 
in this experiment was feasible, where only a 
single organic solvent was used and was not 
need to be heated.

Table 3. The results of organ weight of mice

Group High dose 
group

Middle dose 
group

Low dose 
group

Blank 
group

Heart (g) 0.14±0.03 0.14±0.02 0.12±0.02 0.13±0.03
Liver (g) 0.93±0.18 0.83±0.09 0.83±0.17 0.93±0.20
Spleen (g) 0.11±0.02 0.07±0.02 0.06±0.04 0.06±0.03
Lung (g) 0.19±0.05 0.20±0.03 0.16±0.01 0.17±0.03
Kidney (g) 0.30±0.02 0.29±0.02 0.25±0.02 0.04±0.01
Thymus (g) 0.06±0.02 0.05±0.02 0.04±0.01 0.04±0.03
The values are presented as means ± standard deviation (10 mice/
group). There was no significant difference in test groups and the blank 
(P>0.05).

Table 4. The results of organ coefficient of mice

Group High dose 
group

Middle dose 
group

Low dose 
group

Blank 
group

Heart (%) 0.61±0.14 0.61±0.05 0.60±0.09 0.60±0.03
Liver (%) 3.90±0.72 3.83±0.39 4.11±0.44 3.97±0.30
Spleen (%) 0.46±0.12 0.36±0.10 0.34±0.16 0.33±0.04
Lung (%) 0.79±0.21 0.90±0.14 0.68±0.09 0.67±0.07
Kidney (%) 1.27±0.08 1.33±0.03 1.17±0.16 1.17±0.25
Thymus (%) 0.25±0.05 0.24±0.04 0.23±0.01 0.23±0.10
The values are presented as means ± standard deviation (10 mice/
group). There was no significant difference in test groups and the blank 
(P>0.05).

Table 5. Effect of total flavonoids on MDA and 
SOD of mice serum

Group MDA  
(nmol/mL) SOD (U/mL)

High dose group 5.19±0.29** 134.74±10.76**
Middle dose group 5.44±0.99** 120.99±17.85*
Low dose group 6.35±0.58** 112.21±1.63*
Blank group 8.46±0.84 94.4±4.01
The values are presented as means ± standard deviation 
(10 mice/group). **P<0.01 showed there was extremely 
significantly difference from blank. *P<0.05 showed there 
was significantly difference from blank.

tant enzyme that decomposes the 
hydroxyl radical in vivo, which protects 
the body from damage from the free 
radical and plays the antioxidant activi-
ty. The total flavonoids from Morus 
nigra decreased the concentration of 
MDA and increased the activities of 
SOD, CAT and GSH-PX in mice liver.

The histopathology study

In the heart, liver, spleen, lung and kid-
ney, the cross-section showed no sig-
nificant lesions between the test groups 
and the blank group. In the spleen of 
the test group, the cross-section 
showed the normal appearance of 
spleen, white pulp, red pulp and spleen 
trabecula (Figure 3A), the Langhans 
cells increased obviously after total fla-
vonoids treatment (Figure 3B). The 
Langhans cell is an important immuno-
competent cell, which plays an impor-
tant role in the process of immunoregu-
lation, immune surveillance and im- 
mune tolerance, and it can enhance the 
immunity of the body. The Langhans 
cells increasing in the spleen showed 
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The results of antioxidant activity in vitro 
(Figures 1 and 2) revealed that when the con-
centration of the total flavonoids was in the 
range of 0.00-1.05 mg/mL, the higher the con-
centration of the total flavonoids was, the high-
er hydroxyl radical and superoxide anion radical 
clearance rates were. According to the Figure 
1, the broken line was steep when concentra-
tion was in the range of 0.00-0.30 mg/mL, sug-
gesting that the increase of antioxidant activity 
was significant. When concentration was in the 
range of 0.30-0.45 mg/mL, the slope of the 
broken line was maximum, suggesting that the 
increase of antioxidant activity was maximum. 
When concentration was in the range of 0.45-
1.05 mg/mL, the broken line was flat, suggest-
ing that the increase of antioxidant activity was 
slow, but the maximum hydroxyl radical clear-
ance rate could still reach 80%.

According to the results shown in Figure 2, 
when the concentration of the total flavonoids 
was low, the superoxide anion radical clear-
ance rate was low. With the concentration 
increasing, the clearance rate increased. When 
the concentration of the total flavonoids was in 
the range of 0.00~0.15 mg/mL, the develop-
ment of the superoxide anion radical clearance 
rate was maximum. When concentration was in 
the range of 0.15~0.30 mg/mL, the increase of 
clearance rate slowed down, when the concen-
tration increased, the increase of clearance 
rate was obvious, the maximum clearance rate 
was 87%.

Among the reactive oxygen species, the hydrox-
yl radical is the most reactive and induces 
severe damage to the adjacent biomolecules. It 
plays an important role during the peroxidation 

of unsaturated fatty acids [27]. The superoxide 
anion radical is a highly toxic species which is 
generated by numerous biological and photo-
chemical reactions [28]. The superoxide anion 
radicals have been observed to kill cells, inacti-
vate enzymes and degrade DNA, cells mem-
bers and polysaccharide [29]. The antioxidation 
effect of flavonoids may be related to their 
hydroxyl radical and superoxide anion radical 
scavenging properties. So the hydroxyl radical 
and superoxide anion radical clearance rate 
are widely used as indexes in the evaluation 
and screening of antioxidants. The content of 
Morus nigra flavonoids had the extremely posi-
tive correlation with the two indexes, which 
showed that the total flavonoids in Morus nigra 
were one of the important antioxidant sub-
stances. The content of total flavonoids can be 
used to examine medicinal quality of Morus 
nigra.

Organ coefficient was used widely as one of 
indexes of hygiene toxicology, the increase of 
organ coefficient indicated organ lesions, 
including congestion, edema, hypertrophy, etc. 
while the decrease of organ coefficient indicat-
ed organs atrophy and other degenerative 
changes [30-33]. In this study, the results sug-
gested that the organ coefficient of heart, liver, 
spleen, lung and kidney of the test groups had 
no statistical difference (P>0.05) compared 
with the blank group (Table 5). Moreover, the 
Figure 3 showed that there was no pathological 
change in tissues. These results suggested 
that the total flavonoids would not damage the 
tissues. The Morus nigra flavonoids are safe 
and effective antioxidants. 

Studies have shown that the body has a lot of 
antioxidant enzymes, including SOD, CAT, 
GSGH-PX, etc. SOD is the only antioxidant 
enzyme that clears oxygen free radical directly 
[25]. GSH-PX can clear H2O2 and lipid peroxide 
and inhibit the production of free radical [32]. 
CAT is a specific enzyme that decomposes 
H2O2. The H2O2 is usually the precursor of free 
radicals [34]. MDA is one of the main products 
of lipid peroxidation caused by free radicals 
[35, 36]. In this study, the results showed that 
the total flavonoids from Morus nigra decreased 
the content of MDA and increased the activities 
of SOD, CAT and GSH-PX in mice, suggesting 
that Morus nigra flavonoids have strong antioxi-
dant activities.

Table 6. Effects of total flavonoids on the 
GSH-PX activity in mice blood
Group GSH-PX (unit***)
High dose group 437.14±41.14**
Middle dose group 444.29±40.08**
Low dose group 402.36±21.82*
Blank group 311.43±16.16
The values are presented as means ± standard devia-
tion (10 mice/group). ***Showed every 1 mg protein 
responses per minute, excluding the effect of non enzy-
matic reaction, GSH concentration in the reaction system 
lower 1 µmol/L for one unit of enzyme activity. **P<0.01 
showed there was extremely significantly difference from 
blank. *P<0.05 showed there was significantly differ-
ence from blank.
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Langhans cell is important in the immune sys-
tem [35]. Langhans cells in spleen were 
increased obviously in the test groups (the 
high, middle and low dose groups) compared 
with the blank group. At the same time, the 
weight of spleen of test groups increased when 
compared with the blank group. These results 
showed that the total flavonoids could promote 

the growth of the spleen and boost immunity, 
which provided evidence for the antioxidant 
activity of Morus nigra flavonoids.

Conclusion

In conclusion, the yield of total flavonoids was 
58.94% and the content was 11.67%. The max-

Table 7. Effect of total flavonoids on SOD, GSH-PX, CAT and MDA level in liver of mice
Group SOD (U/mgprot) GSH-PX (unit***) CAT (U/gprot) MDA (nmol/mgprot)
High dose group 302.93±23.16** 444.29±41.14** 398.17±21.91* 5.37±0.58**
Middle dose group 274.99±14.62* 437.14±40.08* 376.47±41.23* 5.98±0.73**
Low dose group 260.64±36.55 402.36±21.82 342.67±26.28 6.16±0.67**
Blank group 224.21±16.09 368.27±39.74 310.03±5.00 9.06±0.69
The values are presented as means ± standard deviation (10 mice/group). ***Showed every 4 µL blood at 37°C responses 
for 5 minutes, excluding the effect of non enzymatic reaction, GSH concentration in the reaction system lower 1 µl/L for one 
unit of enzyme activity. **P<0.01 showed there was extremely significantly difference from blank. *P<0.05 showed there was 
significantly difference from blank.

Figure 3. A. The spleen of mice in high dose group, white pulp, red pulp and spleen trabecula (HE, 200 ×). B. The 
spleen of mice in high dose group (HE, 400 ×). C. The spleen of mice in middle dose group (↑) (HE, 200 ×). D. The 
spleen of mice in control group (HE, 400 ×). And with the increase of concentration, there were more Langerhans 
cells increased (↑).
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imum hydroxyl radical clearance rate and 
superoxide anion radical clearance rate was 
80.33% and 87.69%, respectively. The total fla-
vonoids from Morus nigra decreased the con-
tent of MDA and increased the activities of 
SOD, CAT and GSH-PX in mice. No pathological 
changes were detected in mice treated with 
Morus nigra flavonoids. Langhans cells 
increased in spleen. The results of this study 
indicated that Morus nigra flavonoid is a safe 
and effective antioxidant.
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