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Abstract. Hypocholesterolemic and hypoglycemic activities of Coptis
chinensis franch inflorescence (Coptis inflorescence) were studied using
animal models. Serum total and LDL cholesterol of rats fed a diet con-
taining 1% cholesterol and 0.5% cholic acid increased, as compared with
those of rats fed a normal diet. The level of total and LDL cholesterol
were reduced markedly in a dose dependent manner, in rats given Coptis
inflorescence extract orally at doses of 0.25, 0.5 g/kg.day for 4 weeks. In
diabetic rats induced by alloxan, Coptis inflorescence extract showed a
significant (p < 0.05) blood sugar lowering activity at all experimented
doses (0.125, 0.25 and 0.5 g/kg.day). The highest reduction of blood sugar
was about 58% when the rats were given Coptis inflorescence extract
orally at a dose of 0.5 g/kg.day for 3 weeks. The 100 g dried water extract
of Coptis inflorescence contained 8.11 g total alkaloid, 3.34 g berberin,
1.08 g palmatine and 0.66 g jatrorrhizine, which had long been identified
as active compounds in Coptis chinensis franch root (Coptis root). Thus,
the results suggest that Coptis inflorescence would be effective in the pre-
vention and management of coronary artery disease by lowering serum
cholesterol and blood sugar.
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Introduction

The root of Coptis chinensis Franch (Coptis root or
Huanglian), is a widely used and important medicine herb in
China. Many Chinese herbal formulas contain an extract of
this root as their major ingredient; most well-known being
oral liquid “shuang huanglian,” which is used for the treat-
ment of fever, cough, angina [1]. In addition, Coptis root
has long been prescribed in single or combination for the
treatment of diabetes and several anti-diabetes drug prod-
ucts officially approved in China contain it as their main
ingredients such as Shen-qi and Xiao-ke-an [2]. The con-
stituents of Coptis root have been studied extensively with
various alkaloids such as berberine, coptisine, palmatine, ja-
trorrhizine and magnoflorine being the major components
[3, 4]. One of the major alkaloids, berberine has strong
anti-inflammatory [5] and antimicrobial [6] activities. An-
tiprotozoal, antihypertensive [7], anticholinergic [8], an-
tiarrhythmic [9] and anticancer [10, 11] activities of alka-
loids from the root of Coptis chinensis Franch have been
also reported. More recently, cholesterol-lowering and anti-
diabetic effects of berberine have been approved [12–13].
Compared with the roots, the chemical composition and
pharmacological properties of Coptis inflorescence have

not been studied. A preinvestigation into the chemical com-
pounds in the Coptis inflorescence showed that 100 g dry
flower contained total alkaloid 2.85 g, berberin 1.32 g, pal-
matine 0.43 g and jatrorrhizine 0.26 g similar to those in
its root [3–4]. The finding suggests that the Coptis inflores-
cence could have similar pharmaceutical use in the treat-
ment of diabetes and hypercholesterol as that of the root. In
fact, as a by-product generated in the production of Cop-
tis root, the inflorescence had been used as folk medicine
or diet supplement to treat heatstroke, bacterial diarrhea,
inflammatory and cardiovascular disease. Therefore, this
study was designed to investigate the hypoglycaemic and
hypocholesterolemic activities for elucidation of their po-
tential empirical use.

Materials and Methods

Chemicals

Reference berberine chloride, jatrorrhizine chloride, palma-
tine chloride were purchased from the National Institute for
the Control of Pharmaceutical Biological Products (Beijing,
China). Alloxan, cholesterol, cholic acid and casein were
obtained from Pharmaceutical and Chemical Reagent Inc.
(Chongqing, China).

Plant Materials

Coptis inflorescence was collected from a Huanglian GAP
(good agricultural practice) plot at Shizhu County, China,
in April 2004. It was immediately treated with 100 ◦C steam
for 5 min after collection, and then dried at 75 ◦C in a vibrat-
ing blast drier (model VFB-A, Beijing, China). The dried
inflorescence was ground to pass through a 60 mesh screen;
the powder was stored in a desiccator at Chemistry Insti-
tute of Pharmacological Resource, Southwest University,
China.

Animals

Healthy wistar rats weighing 180–220 g were purchased
from Chinese Medicine Research Institute in Chongqing,
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China. All rats were accommodated for 72 h prior to the
experiment in an environmentally controlled room (22 ±
2 ◦C, 55 ± 10% relative humidity, 14 times of air change
in one hour and 12 h light cycle), and given free access to
feed and water.

Preparation of Extract of Coptis Inflorescence

A known weight (100 g) of dried inflorescence was ex-
tracted three times, each time with 600 ml water for 1 h
at 100 ◦C. The water extract was concentrated at 60 ◦C in
vacuum condition to a volume of 100 ml, in which 1 ml
extract equals approximately 1 g dry inflorescence. For the
animal tests, this liquid extract was directly used and a dried
sample was prepared under vacuum condition for the deter-
mination of alkaloids (31–32 g dry extract can be obtained
from 100 g dry inflorescence).

Alkaloids Determination

To determine the total alkaloids, the dried water extract
of Coptis inflorescence was dissolved in methanol and af-
ter brief centrifugation (1000 g, 10 min), a 5 ml aliquot
of the supernatant was passed through a 2 ml clean-up
column (filled with neutral aluminum oxide) and eluted
with methanol. Collected eluant was diluted with 0.1 M
of HCl − methanol and the absorbance was measured at
345 nm using a U-1800 UV spectrophotometer (HITACHI,
Japan). Berberine was used as reference and the total alka-
loids were expressed as berberin equivalent in each 100 g
dried extract (g.berberine/100 g dried extract).

For quantification of berberine, jatrorrhizine, and pal-
matine, a Waters HPLC system equipped with 510 pump,
UV detector and Symmetry R© C18 column (4.6 × 250 mm,
5 µm) was used. Berberine chloride, jatrorrhizine chloride
and palmatine chloride in methanol were injected into the
column as external standard compounds. After injection,
the column was eluted with a linear gradient of acetonitrile
in water from 25–55% (containing 0.2% KH2PO4) over
30 min before returning to initial condition for 10 min.
The flow rate was 1ml/min and effluent was monitored at
346 nm [3, 14].

Hypocholesterolemic Test

Hypercholesterolemia was induced by feeding the rats a diet
containing 18% casein, 1% cholesterol and 0.5% cholic acid
[15, 16]. The rats were divided into normal (cholesterol-
cholic acid free), model (cholesterol diet), low dose treat-
ment, medium dose treatment and high dose treatment
groups (cholesterol + extract of Coptis inflorescence) and
10 rats were included in each group. The extract of Coptis
inflorescence was diluted with water and given orally to rats
at 0.125 (low dose), 0.25 (medium dose) or 0.5 (high dose)

g/kg/day for 4 weeks using a stomach tube. Six hours after
the last treatment, the rats were decapitated, their blood was
collected and serum for the measurement of cholesterol lev-
els was obtained by centrifugation. Each liver was removed,
dried on tissue paper, weighed and stored at −80 ◦C until
analysis.

The liver was homogenized and total cholesterol was
extracted with a mixture of chloroform and methanol (v/v,
2:1). The total cholesterol levels in serum and liver tissue
were determined using commercial kit (CHL-KIT, Antai
clinical analysis reagent co., Beijing, China). Serum LDL
cholesterol levels was determined according to the method
of Kersher et al. [17].

Antihyperglycemic Test

Rats were divided into normal and hyperglycemic groups
and 10 rats were included in each group. Hyperglycemia
was induced by a total of three intraperitoneal injections
(70 mg/kg per injection) administered as single doses of
alloxan every third day [18]. At the end of the third injection
blood samples were drawn from the caudal vein and blood
sugar was measured. The animals with 10 mg/ml blood
sugar or more were included in the hyperglycemic groups.
The extract of Coptis inflorescence was administered orally
at 0.125, 0.25 and 0.5 g/kg/day by using a stomach tube. A
control test using distilled water and a positive control using
Jin-qi, a Chinese medicine formula for the treatment of
diabetes, were carried out. Blood sugar was measured using
a sugar test kit (GLU-kit, Antai clinical analysis reagent co.,
Beijing, China).

Statistical Analysis

Statistical analysis was performed by the Duncan Multiple
Range Test (SAS, version 6.12, Cary, NC) and those at p <

0.05 were accepted as significant.

Results

Alkaloids in Coptis Inflorescence

The HPLC chromatogram of water extract of Coptis inflo-
rescence is shown in Fig.1. It was observed that the largest
peak of our extract was berberine, which accounted for
more than 40% of total alkaloid and 100 g dried extract
contained total alkaloid value of 8.11 ± 0.16 g, berberin
3.34 ± 0.09 g, palmatine 1.08 ± 0.15 g and jatrorrhizine
0.66 ± 0.12 g. Nutrients analysis showed that this extract
was rich in protein (amino acids) and minerals (data not
shown).
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Figure 1. HPLC chromatogram of water extract of Coptis inflorescence, 1: jatrorrhizine, 2: palmatine, 3: berberine. Symmetry R©

C18 column (4.6 × 250 mm, 5 µm) was used, elution was done by a linear gradient of acetonitrile in water from 25–55% (containing
0.2% KH2PO4) over 30 min before returning to initial condition for 10 min. The flow rate was 1ml/min and effluent was monitored
at 346 nm.

Cholesterol Lowering Effect

The rats fed a high cholesterol diet had a markedly higher
serum level of total and LDL cholesterol compared with
those fed normal diet. The serum cholesterol level of rats
given Coptis inflorescence extract were significantly (p <

0.05) reduced as compared with those of model rats; this
hypocholesterolemic effect was enhanced when the oral
dose administered increased (Figs. 2 and 3). Administration
of Coptis inflorescence extract at a dose of 0.25, 0.5 g/kg
body weight/day for 4 weeks reduced the total cholesterol
by 23% and 28%, respectively. The LDL cholesterol after
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Figure 2. Effect of Coptis inflorescence extract (treatments) on serum
cholesterol levels of hypercholesterolemic rats. a:compared vs. normal;
b: compared vs. model. Bars with different alphabets are significantly
different (p < 0.05).

administration of 0.125, 0.25 and 0.5 g/kg body weight/day
of the inflorescence extract for 4 weeks was reduced by
11%, 17% and 25%, respectively.

The total cholesterol levels of liver of rats fed choles-
terol diet are markedly higher than those of rats fed normal
diet (Table 1). The total cholesterol levels of liver of rats
given Coptis inflorescence extract at dose of 0.125, 0.25 and
0.5 g/kg body weight/day for 4 weeks reduced by 6.21%,
14.89% and 22.61%, respectively.

Blood Sugar Lowering Effect

Table 2 shows that the extract of Coptis inflorescence
possesses significant blood sugar lowering potential in
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Figure 3. Effect of Coptis inflorescence extract (treatments) on serum
LDL cholesterol levels of hypercholesterolemic rats. a: compared vs. nor-
mal; b: compared vs. model. Bars with different alphabets are significantly
different (p < 0.05).
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Table 1. Effect of Coptis inflorescence on total cholesterol level in livers of hypercholesterol rats

Group Dose (g/kg.day)
Total cholesterol
(mg/g) reduction%

Normal 0 6.1 ± 1.73 —
Model 0 25.12 ± 3.21 —
Treatment (Model + Coptis flower

extract)
0.125 23.56 ± 3.68 6.21

0.250 21.38 ± 2.97∗ 14.89
0.500 19.44 ± 2.78∗∗ 22.61

Note. n = 10.
∗p < 0.05.
∗∗p < 0.01 compared with model group.

alloxan-induced diabetic model rats throughout a 3-week
experiment in a dose dependent manner. In particular, the
administration of Coptis inflorescence extract at doses of
0.25 and 0.5 g/kg body weight/day for 21 d reduced the
blood glucose by 48.3% and 58.3%, respectively. This find-
ing is comparable to the results we obtained for the positive
rats that were fed a diet containing commercial anti-diabetes
herbal formula (Jin-qi), which reduced the blood glucose
by 52.5% at 0.25 g kg body weight day after 21d.

Discussion

Alkaloids including berberin, palmatine, coptisine and ja-
trorrhine have long been realized as active compounds in
Coptis root, a very important traditional Chinese medicine
which is widely used singly or in formulas for the treat-
ment of hypertension, hemoptysis, hematemesis, melena,
cerebral hemorrhage, gastrointestinal disorders and inflam-
matory diseases including hyperglycemia [1–2]. The pres-
ence of alkaloids in Coptis inflorescence suggests that the
flower may have similar pharmaceutical use as the root as
evident in the hypocholesterolemic and antihyperglycemic
effects obtained in this work.

A study using pure berberine demonstrated that berber-
ine is an effective cholesterol-lowering drug with a mech-
anism of action different from that of statin drugs [18].

Alkaloids especially berberine in Coptis inflorescence may
contribute most to the cholesterol lowering activity of the
flower extract. The effect of Coptis inflorescence extract on
total cholesterol level of liver indicates modulation of the
synthesis and/or excretion of cholesterol.

It is well known that increased cholesterol concentra-
tion in plasma is associated with serious pathological con-
ditions such as coronary atherosclerosis [19] and increase
risk of coronary artery disease (CAD) [20–21]. Studies have
demonstrated that cholesterol, especially LDL cholesterol
and its oxidized derivatives play an important role in the
pathogenesis of atherosclerotic conditions [22–23]. Other
reports have used diet treatments or drug therapy to show
that lowering cholesterol levels can reduce CAD-associated
morbidity and mortality [24]. Accordingly, results from this
study suggest that Coptis inflorescence extract may serve as
an alternative natural health therapy to reduce CAD-related
morbidity and mortality by lowering cholesterol levels in
blood.

Although the Coptis root has long been used singly or in
product formulations to effectively treat hyperglycemia, the
active compounds and mechanism of this herbal plant re-
mains uncertain. It is generally believed by most researchers
that polysaccharides in the herbs may protect pancreatic
islets and beta cells, help the regeneration of beta cells,
and therefore, increase the insulin secretion from pancreas

Table 2. Hypoglycemic effect of Coptis inflorescence extract on alloxan induced diabetic rats

FBG mmole/L

Group Dose (g/kg.day) n 0 7d 14d 21d

Normal 0 10 5.17 ± 0.80 4.83 ± 0.78 4.93 ± 0.78 5.13 ± 0.88
Diabetic 0 10 10.19 ± 1.1 9.78 ± 0.98 8.68 ± 0.96 8.56 ± 0.86
Diabetic + Coptis flower extract 0.125 10 9.99 ± 1.5 7.59 ± 1.10∗ 5.59 ± 0.97∗∗ 4.95 ± 0.83∗∗

0.25 10 9.94 ± 1.2 7.13 ± 1.01∗ 5.04 ± 0.91∗∗ 5.14 ± 0.94∗∗
0.5 10 10.17 ± 1.1 6.75 ± 0.89∗ 4.75 ± 0.87∗∗ 4.95 ± 0.77∗∗

Positive control(Jin-qi) 0.25 10 10.24 ± 1.3 6.46 ± 0.87∗ 4.36 ± 0.78∗∗ 4.86 ± 0.58∗∗

Note. FBG: fast blood glucose.
∗p < 0.05, ∗∗p < 0.01 compared with diabetic group.
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[25–26 ]. Other experiments carried out with pure berberine
suggested that berberine was not only related to the property
of stimulating insulin secretion but also modulating lipids
[12]. Together with our result, further investigations into the
blood sugar lowering mechanism and active compounds in
this plant are required as other mechanisms such as inhi-
bition of intestinal absorption of glucose [27], increase of
availability of insulin may contribute to the observed hypo-
glycaemic effect.

Diabetes mellitus is a chronic condition in which pa-
tient may require long-term administration of drugs that
help to improve glycemia control [28]. In addition, dia-
betic patients have an increased risk of cardiovascular dis-
ease and stroke [29]. Therefore, there is a strong need for
safe and effective oral hypoglycemic agents. Hence herbal
anti-diabetic agents, especially medical diets such as pump-
kin, wheat, celery, wax gourd, lotus root and bitter melon
with lower side effects when compared to drugs, have re-
ceived great attention [30]. Our research result suggests
that Coptis inflorescence would be effective in preventing,
treating and managing diabetes although it remains unclear
which of the components exhibit blood glucose lowering
activity.
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