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Background: Cornus officinalis Sieb. et Zucc. (CSZ) has been used in traditional Chinese 
medicine for over 1000 years, owing to its immunoregulation, antishock, antiarrhythmia, 
antioxidation and antidiabetes properties. The purpose of this study was to optimize the 
extraction method of ursolic acid (UA), and to find the main hypoglycemic ingredient of 
CSZ, then evaluate the toxicity of UA isolated from CSZ. Methods: UA was extracted by 
the methods of ethanol infusion, methanol infusion, refluent ethanol and sonication from 
CSZ; solvent extraction and macroporous resin column chromatography were used for 
purification; thin-layer chromatography and visible spectrophotometry were applied for 
the qualitative and quantitative identification. UA isolated from CSZ in the 100 and 
200 mg/kg body weight doses was administered to alloxan-induced diabetic mice to 
determine the hypoglycemic effects. Results: The yield was the highest using ultrasonic 
extraction and macroporous resin purification. UA isolated from CSZ had a significant 
hypoglycemic effect compared with the diabetes control mice since day 10 (p < 0.05 or 
0.01). The result of LD50 test and single-cell gel electrophoresis demonstrated that UA was 
not toxic. Conclusion: These results indicated that ultrasonic extraction was best among 
these extraction methods. Meanwhile, UA isolated from CSZ is the main hypoglycemic 
ingredient, and resulted in a good hypoglycemic effect in alloxan-induced diabetic mice. 
UA was testified to be nontoxic in the LD50 test (in vivo) and single-cell gel electrophoresis 
(in vitro).
Diabetes mellitus (DM) is the most common
endocrine disease. The total number of people
with diabetes is projected to rise from 171 million
in 2000 to 366 million in 2030 globally [1]. How-
ever, the treatment of diabetes always depends on
insulin and chemically synthesized medicines
(e.g., glitazone, rosiglitazone, metformin and
glimepiride), which have many side effects, includ-
ing acute hypoglycemia, lactic acidosis, insulin
assistance, and liver and kidney damage [2,3]. Until
now, it has never been reported that someone had
recovered totally from diabetes. Therefore, many
people have turned their focus to the natural
medicinal plant because of its nontoxic properties
and fewer side effects [4,5].

Cornus officinalis Sieb. et Zucc. (CSZ), one of
the traditional Chinese medicines, has received
much attention due to its various biological activ-
ities, including reducing blood glucose, immu-
noregulation, antishock, antiarrhythmia and
antioxidation [6–9]. Ursolic acid (UA), the main
active constituent of CSZ, was reported to possess
antitumor properties and resistance from lipid
peroxidation [10–12]. In order to optimize the
extraction method of UA from CSZ and scientifi-
cally appraise the main hypoglycemic ingredient
of CSZ, the present study was undertaken to

investigate the antidiabetic properties of UA
obtained from CSZ in alloxan-induced diabetic
mice. The different methods of ethanol infusion,
methanol infusion, ethanol reflux and sonication
were adopted to extract the UA from CSZ. Sol-
vent extraction and macroporous resin column
chromatography were used for purification. Thin-
layer chromatography (TLC) and visible spectro-
photometry were applied for the qualitative and
quantitative identification, and the best method
was determined.

Materials & methods
Reagents & plant material
Experiments were carried out on CSZ, pur-
chased from Chang Da traditional Chinese med-
icine Ltd (Hebei, PR China). CSZ was dried and
powdered, and identified by the botanist. Anhy-
drous methyl alcohol, anhydrous alcohol, petro-
leum ether, diethyl ether, ethyl acetate,
chloroform, acetic acid, carboxymethylcellulose
sodium (CMC) and sulphuric acid were all pur-
chased from Chemical Agent Inc. (Tianjin,
China). Hydrochloric acid and sodium hydrox-
ide were obtained from the Chemical Agent
Plant (Qinhuangdao, China). Silica gel (GF254)
was purchased from Qingdao Ocean Chemical
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Factory (Qingdao, China), and macroporous
resin was obtained from the chemical plant of
Nankai University (Tianjin, PR China). UA
standards were obtained from Yousi Biotech-
nology Inc. (Shanghai, China). Alloxan was pur-
chased from Sigma Chemicals Co. (MO, USA).
Glucose Analyzer (GT-1640) and strips were
purchased from ARKRAY Inc. (Kyoto, Japan). 

Preparation of experimental animals
Male ICR mice weighing 24–28 g were provided
by the Animal Department of the Beijing Insti-
tute of Traditional Medical and Pharmaceutical
Sciences (Beijing, China). The animals were
housed in cages under laboratory conditions at
22 ± 2°C and 60–65% relative humidity with a
normal 12-h light and dark cycle. A total of eight
mice were chosen randomly as a normal control
(NC) group, while the rest were fasted overnight
with free access to water and injected intra-
periotoneally with alloxan dissolved in normal
sterile saline solution. The dosage of alloxan was
120 mg/kg of body weight. The same treatment
was carried out as above after the mice were
fasted overnight, except the dose of alloxan was
changed to 100 mg/kg body weight. A total of
72 h after injection, the fasting blood glucose
level of the mice was determined according to
the glucose oxidase method [13], using a glucose
analyzer. A blood glucose level above
16.7 mmol/l was defined as diabetic. 

Extraction of plant material
Ethanol infusion extraction
This was prepared by extracting 0.5 kg of dried
and powdered CSZ using ethanol in a ratio of
1:10. The extraction was carried out at 30°C for
24 h, stirring at regular intervals. It was then fil-
tered and evaporated to dryness under reduced
pressure, and dissolved in anhydrous methanol.
The solution was separated by column
chromatography using silica gel (GF254) and
eluted with petroleum ether, followed with die-
thyl ether. The diethyl ether phase was dried,
finally giving the dried extraction.

Methanol infusion extraction
A total of 0.5 kg of powdered CSZ was infused in
methanol for 24 h. Following concentration, the
solution was dissolved in methanol-dH2O (2:3)
and then extracted in ethyl acetate. The upper
ethyl acetate phase was separated by column
chromatography using silica gel and eluted with
0.5% methylchloroform. The supernatant was
evaporated to dryness under reduced pressure.

Refluent ethanol extraction
Cornus officinalis Sieb. et Zucc. (0.5 kg) was
soaked in 70% ethanol for 2 h, and then was
boiled twice in 70% ethanol under reflux for
1h. The combined infusion was filtered
through filter paper and concentrated under
reduced pressure; the solution was separated by
column chromatography using macroporous
resin (AB-8) and eluted with dH2O, 50%, 75%
and anhydrous ethanol, respectively. The anhy-
drous ethanol phase was collected to dryness,
resulting in the dried extraction [14]. 

Sonication extraction
The powdered CSZ (0.5 kg) was soaked in
70% ethanol for 2 h, and then extracted for
30 min with ultrasonic (40 kHz, 500 W, Kun-
shan Ultrasonic Instrument Ltd, Kunshan,
China). The supernatant was filtered and
evaporated to dryness under reduced pressure,
then separated by column chromatography
using macroporous resin (AB-8); all condi-
tions were the same as in refluent ethanol
extraction [15].

Qualitative identification
Thin-layer chromatography
Thin-layer chromatography was performed on
a TLC silica gel 254 plate (10 × 20 cm). All the
extracted samples and the UA standards were
determined on the TLC plate, all of which
were separated with the n-butyl alcohol:dis-
tilled water (19:1) system before sprinkling
with 10% sulphuric acid/acetic acid. Devel-
oped plates were allowed to dry at 105°C for
10 min.

Quantitative identification
Standard curve of ursolic acid
Ursolic acid standards were dissolved in 3 ml
anhydrous methyl alcohol to produce the dif-
ferent concentrations (3.33, 6.67, 9.99, 13.32
and 16.65%), each of which were detected
three times using visible spectrophotometry,
giving the mean value. The wavelength was
550 nm [16]. 

Detection of properties of ursolic acid
The linear relationship, precision, stability and
recurrence of UA were investigated. Based on
these results, the concentration of all samples
was measured. The samples of the extracts
(0.01 g) were dissolved in 3 ml anhydrous
methyl alcohol, then were detected three times
using visible spectrophotometry at 550 nm [17].
Therapy (2008)  5(5) future science groupfuture science group
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Hypoglycemic effect
The experimental mice were randomly divided
into four groups: the NC group, diabetes control
(DC) group, diabetes + UA low-dose (UA LD)
group and diabetes + UA high-dose (UA HD)
group. Each group consisted of eight mice. In
the diabetes + UA-treated groups, each mouse
received UA extract, dissolved in 0.5% CMC
solution, at a dose of 100 mg/kg body weight
(for the UA LD group) and 200 mg/kg of body
weight (for the UA HD group) daily by gavage
for 40 days. By contrast, the control mice (NC
and DC groups) received the same volume of
0.5% CMC solution only. Blood glucose levels
of the mice were measured in the trace blood
samples from the tail vein every 10 days.

For detecting the effects of UA on normal
mice, the acute hypoglycemic test was designed.
A total of 16 normal mice were divided into two
groups randomly, with each group assigned eight
mice (NC and UA groups). After fasting for
12 h, the NC mice were fed with the same vol-
ume of 0.5% CMC solution, and the UA mice
were treated with UA 0.5% CMC solution
(100 mg/kg body weight). The blood glucose
levels of the mice were recorded at 1, 2, 4 and
8 h following oral administration of the test
compound to the animals. 

Toxicity detection
LD50 experiment
A total of 24 normal mice were divided into four
groups, each group included six animals (three
females and three males) weighing approximately
18–22 g. The mice were orally administered UA
isolated from CSZ in doses of 400, 600, 800 and
1000 mg/kg body weight, respectively. The ani-
mals were then observed for gross behavioral,
neurologic, autonomic and toxic effects at short
intervals of time for 24 h. Food consumption,
feces and urine were also examined at 2 h, and
then at 6-h intervals for 24 h.

Single-cell gel electrophoresis experiment
Single-cell gel electrophoresis (SCGE) was per-
formed according to the method of Singh et al.,
with some modification [18]. Blood was collected
from ten mice, and lymphocytes were separated
from whole blood using a Ficoll–Paque lympho-
cyte separation medium and then suspended in
phosphate-buffered saline (PBS). Cells were incu-
bated in RPMI 1640 medium and exposed to the
test compounds, which included dH2O control
(same volume), UA (50, 100 µg/ml, final concen-
tration) or H2O2 (5 µmol/l), cultured at 37°C in a

5% CO2 incubator for 1 h. The cells were then
centrifuged and suspended in PBS. The cells were
mixed with 0.5% low-melting-temperature agar-
ose, and then placed on microscope slides covered
with a thin layer of 0.5% normal-melting-point
agarose. The slides were immersed in an alkaline
solution for 1 h to break the cells and permit
DNA unfolding. Electrophoresis was conducted
at 25 V for 20 min. Following electrophoresis, the
slides were washed gently to remove alkali and
detergents with Tris buffer, rinsed with distilled
water, and then stained with ethidium bromide
(EB). The slides were evaluated under a fluores-
cence microscope (Nikon). Four different cultures
were analyzed, and the tail lengths of 200 cells per
culture were evaluated and categorized. The assay
was repeated three times to avoid selection bias.

Statistical analysis
Statistical analyses were performed using the
SPSS statistical software package. Data are
expressed as a mean with standard error (SE).
The effects of UA on blood glucose levels were
determined using analysis of variance (ANOVA)
for repeat measures. Results were considered sig-
nificantly different with a p-value less than 0.05.

Results
Chromatogram of TLC
The UA in all samples was identified by compar-
ing the color and retention factor (Rf ) value with
the standard solution. As shown in Figure 1, under
the same conditions, a good separation and identi-
fication was possible under the described condi-
tions. All the samples appeared blackish purple in
colour, and presented the same Rf value corre-
sponding to the UA standards, which confirmed
that they all contained the UA ingredient. How-
ever, stains appeared in the samples of ethanol as
well as methanol infusion, while the sample of
refluent ethanol was a little bit better. This dem-
onstrated that the extracts were not pure, and so
identified that the three methods were not without
fault. The sample of sonication was longer than
others, while the color was also deeper, which
demonstrated its higher purity and concentration
as compared with the others. Therefore, the soni-
cation extraction and column chromatography
using macroporous resin (AB-8) were the better
candidates to extract and purify UA from CSZ.

Linearity of calibration curve
The standard curve of UA is shown in Figure 2.
Correlative coefficients (0.9882) were
obtained. The standard curve of UA was
699www.futuremedicine.com
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Y = 0.0093X + 0.0158, where Y was absorbance
and X was the concentrations of UA standard
solution. Based on the data obtained in the
experiment, a good linear correlation was
obtained in correlation and regression analysis. 

Extraction yields of all samples
All samples of the extracts were measured by vis-
ible spectrophotometry as described above, and
the extraction yields are summarized in Table 1.
The mean absorbance values and theoretical
concentrations for all samples were calculated.

The precisions were expressed by relative stand-
ard deviation. As seen in Table 1, the theoretical
concentrations of all samples varied greatly, rang-
ing from 1.194 to1.891%, and the extraction
yields of sonication were the highest, further
indicating that the sonication and macroporous
resin were the effectual and valuable means used
to extract and purify.

Hypoglycemic effect of ursolic acid
All experimental animals were treated as above
for 40 days, and blood glucose levels were moni-
tored in the trace blood samples from the tail vein
at 10-day intervals. The results are presented in
Table 2. On day one, there was no significant dif-
ference in blood glucose levels among the groups
except the NC group. Blood glucose levels in the
two UA-treated groups (LD and HD) were all
lower than that in the DC group (p < 0.05) after
10 days of UA treatment, and significantly differ-
ent compared with the DC group, which contin-
ued to exhibit elevated glucose levels throughout
the study period. However, a more pronounced
activity was recorded in the later stages. The glu-
cose levels of UA-treated mice were significantly
decreased at 20, 30 and 40 days as compared
with the blood glucose concentrations of the
fasted DC animals (p < 0.01). On day 40, the
blood glucose levels in the UA LD and HD
groups decreased by 48.4 and 58.3%, respec-
tively. The NC and DC mice did not show any
significant variation in blood glucose level
throughout the experimental period. These
results indicate that UA has a significantly anti-
hyperglycemic effect in the alloxan-diabetic mice,
and it is the main ingredient of CSZ. During the
acute hypoglycemic experiment, there was no sig-
nificant difference between the NC and UA
groups until 8 h after oral feeding (p > 0.05,
Table 3), which indicated that UA did not affect
the blood glucose level of normal mice. 

LD50 experiment
The behavior of the treated mice appeared nor-
mal during the experiment. No toxic effect was
found at up to ten-times the effective dose, and
no death occurred in any of these groups. Only
the consumption of water was increased two- and
four-times in the high-dose groups, but remained
normal after 5 h.

Single-cell gel electrophoresis
Cultured lymphocytes from the four groups were
assayed with SCGE. The results are shown in
Figure 3 and Table 4. The percentage of DNA in

gram of thin-layer chromatography.
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Table 1. The extract

Extraction methods

Absorbance (OD)

Theoretical concentratio

RSD (%)

OD: Optical density; RSD: R
the tail ([2.5 × cells0 + 12.5 × cells1 + 30 × cells2 +
60 × cells3 + 90 × cells4]/Σ cells) was calculated to
express the amount of DNA damage [19]. The
results indicated that UA-treated lymphocytes
were not damaged, and the images were similar in
dH2O-treated cultures. However, H2O2-treated
cells were heavily damaged. 

Discussion
Currently, there has been an increased interest
globally to identify antidiabetic compounds
from natural products that have low or no side
effects. This study was aimed at optimizing the
extraction of UA from CSZ. UA is one of the
main constituents of CSZ. It was also desired to
investigate the hypoglycemic properties of the
UA extracted from CSZ.

In this study, we have investigated the opti-
mum extraction conditions employing ethanol
infusion, methanol infusion, refluent ethanol
and sonication methods to extract UA from
CSZ. The highest yields were obtained with son-
ication and the lowest with methanol infusion.
In comparison, yields from refluent ethanol were
lower than sonication extraction conditions,
while similar results were demonstrated for etha-
nol infusion. The purity and concentration of
UA with sonication extraction conditions was
superior to those of others, which suggested that

the ultrasonic extraction method possessed
advantages when compared with other extrac-
tion methods. The results suggest that ultra-
sound-assisted extraction is a well-established
method in the processing of plant material, par-
ticularly to extract low-molecular-weight sub-
stances, and in the extraction of bioactive
substances from plants [20]. 

The traditional separation process, including
ethanol infusion, methanol infusion and refluent
ethanol, is not effective with regards to reagents,
energy consumption and labor intensiveness.
Alternatively, the adsorption–desorption process
of macroporous resins is an efficient method for
moderate purification. Furthermore, there is a
high adsorption capacity in macroporous poly-
mers. In recent years, the macroporous resins
have been extensively applied to separate and
purify the bioactive components of herbs [21] due
to their unique adsorption properties, including
ideal pore structure and the availability of vari-
ous surface functional groups, less solvent con-
sumption and easy regeneration [22]. In the study,
TLC provided the qualitative identification of
UA, and visible spectrophotometry provided the
quantitative identification by means of concen-
tration. These results strongly illustrated that it
was a feasible way to purify the UA component
with macroporous resins.

ion yields of all samples under different extraction conditions.

Ethanol infusion Methanol infusion Ethanol reflux Sonication

0.227 0.201 0.279 0.309

n (%) 1.362 1.194 1.697 1.891

0.945 1.190 0.760 0.886

elative standard deviation.

Table 2. Hypoglycemic effect of ursolic acid from Cornus officinalis Sieb. et Zucc. on 
alloxan-induced mice.

Day Groups

NC DC UA LD UA HD

0 4.788 ± 0.132 19.75 ± 0.775 19.188 ± 0.469 19.475 ± 0.566

10 4.988 ± 0.134 19.325 ± 0.512 16.063 ± 0.506* 15.463 ± 0.478*

20 5.063 ± 0.084 19.175 ± 0.626 13.725 ± 0.393** 13.05 ± 0.591**

30 4.912 ± 0.091 18.887 ± 0.563 11.937 ± 0.263** 10.71 ± 0.459**

40 4.85 ± 0.104 18.887 ± 0.520 9.902 ± 0.684** 8.113 ± 0.461**

Each value represents mean ± SE of eight mice per group.
*Statistical significance versus diabetes control (p < 0.05).
**Statistical significance versus diabetes control (p < 0.01).
CSZ: Cornus officinalis Sieb. et Zucc.; DC: Diabetes control; NC: Normal control; SE: Standard error; UA: Ursolic acid; 
UA HD: Diabetes plus ursolic acid high dose (200 mg/kg/day); UA LD: Diabetes plus ursolic acidlow dose 
(100 mg/kg/day).
701www.futuremedicine.com
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Our results demonstrated that UA is the
main active ingredient in CSZ extracts to
decrease the blood glucose level of the alloxan-
induced diabetic mice. In addition, the results
indicated that the blood-glucose-lowering
effect of UA in diabetic mice occurs within 10
days of the onset of UA treatment. However,
UA did not affect the blood glucose levels of
normal mice, which suggested that UA has a
two-directional regulated function on blood
glucose. Significant reduction of blood glucose
levels in streptozotocin-induced diabetic rats
treated with CSZ extracts was confirmed [23].
Zhang and colleagues discovered that UA and
its derivative can inhibit protein tyrosine phos-
phatase 1B, enhance insulin receptor phosphor-
ylation and stimulate glucose uptake [24,25].
Insulin receptor activators of UA were identi-
fied by culturing Chinese hamster ovary cells
and 3T3-L1 primary adipocytes. The results
showed that UA greatly enhanced the effects of
insulin on insulin receptor signaling. It induced
the substantial increase of insulin-mediated
tyrosine autophosphorylation of the insulin
receptor β-subunit, as well as GLUT4 translo-
cation. UA was an effective insulin-mimetic
agent at doses over 50 µg/ml, and an insulin

sensitizer at doses as low as 1 µg/ml in a cellular
model of insulin-sensitive adipose tissue [26].
However, the more detailed mechanisms were
not revealed. 

Alloxan is cytotoxic to the pancreatic β cells
and thus is an effective diabetes-induction agent.
It has been widely used to induce DM animal
models, allowing the investigation of hypo-
glycemic agents in the treatment of diabetes [27].
Alloxan and the product of its reduction, dialuric
acid, establish a redox cycle with the formation
of superoxide radicals. These radicals undergo
dismutation to hydrogen peroxide. Thereafter,
highly reactive hydroxyl radicals are formed by
the Fenton reaction. The action of reactive oxy-
gen species with a simultaneous massive increase
in cytosolic calcium concentration causes rapid
destruction of β cells [28]. Alloxan injection con-
sistently produced symptoms of DM, including
hyperglycemia, decreased insulin levels, polyuria
and weight loss [29]. Alloxan treatment causes
destruction of β cells, resulting in a decrease in
endogenous insulin secretion, which then decreases
the utilization of glucose by the tissues [30].

Toxicity and adverse effects are important
concerns for drug development. Thus we evalu-
ated the toxic effect of UA through the LD50

Table 3. Acute hypoglycemic effect of ursolic acid from Cornus officinalis Sieb. et 
Zucc. on normal mice.

Groups Time (h)

1 2 4 8

NC 5.372 ± 0.091 5.325 ± 0.131 5.392 ± 0.141 5.108 ± 0.127

UA 5.684 ± 0.122 5.43 ± 0.152 5.37 ± 0.135 5.086 ± 0.136

Each value represents mean ± standard error of eight mice per group. 
CSZ: Cornus officinalis Sieb. et Zucc.; NC: Normal control; UA: Normal plus ursolic acid (100 mg/kg/day).

Figure 3. Single-cell gel electrophoresis images of different damaged lymphocytes.
 

Visual classification of DNA damage, according to the relative proportion of DNA in the tail (cells 0–4), 
obtained by single-cell gel electrophoresis. Cell 0 represents undamaged cells, and cell 4 represents the most 
heavily damaged cells.
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Executive summary

• Cornus officinalis Sieb
immunoregulation, an
extraction method.

• Ursolic acid (UA) was 
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chromatography and 

• Alloxan-induced mice
glucose levels were de

• In an acute hypoglyce
indicated that UA did

• In an LD50 experimen
indicated that UA wa

• In a single-cell gel elec
tail was similar with d

• UA is the main hypog
beneficial to diabetic 
experiment and DNA damage in the SCGE
assay, which is a rapid, simple, visual and sensi-
tive technique for measuring DNA breakage in
individual mammalian cells [31]. The damage is
quantified by measuring the displacement
between the genetic material of the nucleus
(comet head) and the resulting tail. The SCGE
of UA-treated cells and LD50 test of UA-treated
animals were performed, and no obvious adverse
effects were observed. 

Pentacyclic triterpenoids, such as UA and
oleanolic acid, are ubiquitous in the plant king-
dom and in medicinal herbs, and are integral
components of the human diet. Although the
detailed mechanisms of UA action need to be
investigated further, our results suggest a new
class of compounds to be possible hypoglycemic
agents for the treatment of diabetes. UA is the
main active constituent of CSZ. The results indi-
cate that there is good reason for expanding the
investigations of the active compound UA
extracted with the ultrasonic-assisted method

from CSZ. The results also demonstrated that
UA is the main hypoglycemic compound of
CSZ and has a good ability to lower blood glu-
cose. The study also effectively identified the
optimal extraction method to attain the highest
purity, and demonstrated that UA had a non-
toxic effect, which indicates a bright future in
the therapy of DM. The results obtained from
this study may provide further information on
the extraction, purification and identification of
UA from CSZ, and also provide scientific evi-
dence for the main hypoglycemic compound of
CSZ on alloxan-induced diabetic mice.

Conclusion
The various methods of extraction, purification
and identification of UA from CSZ have investi-
gated the hypoglycemic effect of UA isolated
from CSZ, a potent antidiabetic compound used
in the treatment of diabetes. The extraction yields
were the highest by the ultrasonic-assisted extrac-
tion and the macroporous resin purification, and

Table 4. Percentage DNA in the tail of different cultures in single-cell gel 
electrophoresis assay.

Scores Cell 0 Cell 1 Cell 2 Cell 3 Cell 4 Percentage DNA in 
the tail

dH2O 184 16 0 0 0 3.30

UA (50 µg/ml) 181 19 0 0 0 3.45

UA (100 µg/ml) 178 22 0 0 0 3.60

H2O2 (5 µmol/l) 0 8 102 78 12 44.60

Cell 0 represents the number of undamaged cells, and Cell 4 represents the most heavily damaged cells.
UA: Ursolic acid.

. et Zucc. (CSZ) has been used in  traditional Chinese medicine for over 1000 years owing to its 
tishock, antiarrhythmia, antioxidation and antidiabetes properties, but few studies have optimized the 

extracted by the methods of ethanol infusion, methanol infusion, refluent ethanol and sonication from CSZ, 
ted that ultrasonic extraction was the best among these extraction methods.

ed by macroporous resin column chromatography from CSZ,  and has identified by thin-layer 
visible spectrophotometry. The results indicated that the method could obtain a reasonably pure UA product.

 were treated by administering UA solution in 100 and 200 mg/kg of body weight for 40 days. Blood 
creased by 48.4 and 58.3%, respectively.

mic experiment, there was no significant difference between the normal mice and UA-treated mice, which 
 not affect the blood glucose level of normal mice.

t, UA did not have a deleterious effect for the normal mice at up to 1000 mg/kg body weight, which 
s nontoxic in an in vivo test.

trophoresis test, the UA-treated lymphocytes were not damaged, and the relative proportion of DNA in the 
H2O-treated cultures, which showed that UA was nontoxic in an in vitro test.

lycemic ingredient of CSZ, which had hypoglycemic potential for alloxan-induced diabetic mice, so it is 
patients.
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UA administration significantly reduced the
blood glucose level in alloxan-induced diabetic
mice. Compared with diabetic control mice,
treatment with UA for only 10 days resulted in a
significant hypoglycemic effect (p < 0.05).
According to our results, UA might be some-
what beneficial to the antihyperglycemic protec-
tion system in the human body that acts against
diabetes and its complications. However, the
study of hypoglycemic mechanisms of UA in
CSZ is in progress.

Future perspective
Most plant products are frequently considered to
be less toxic and have fewer side effects than syn-
thetic drugs, and some scientists suggest that natu-
ral products will be the main resource for diabetic
treatment in the future medicine field. CSZ has
been extensively used in traditional Chinese
herbal medicine. The antidiabetic compounds of
CSZ were isolated and identified, and the struc-
ture of the active compound was characterized.
Consequently, we expect that the antidiabetic

mechanisms of UA isolated from CSZ will be
revealed in the coming years. Such compounds
may allow for the development of novel nontoxic
hypoglycemic agents in the near future.
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