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Abstract
Cassia mimosoides Linn has been used from ancient times and used for treating hepatitis for its supposedly medical-
ly beneficial properties. In this study, different constituents of the Cassia mimosoides Linn (β-Sitosterol, Oleanolic 
Acid, Emodin, Carotene, Resorcinol, Luteolin, and α-L-Rhamnose) were evaluated for potential anti-HMG-CoA 
reductase effect. The inhibitory effects of HMG-CoA reductase of Cassia mimosoides Linn extracts and Pravastatin 
inhibitor at different concentrations (at doses of 1, 5, 25 or 125 μg/mL, respectively) in reaction system (70 mmol/L 
phosphate buffer, 200mmol/L NADPH, 5 μg HMG-CoA reductase, 2 mmol/L EDTA, 2 mmol/L cysteamine, 0.06% 
BSA) into 37°C preheat HMG-CoA for initiating this reaction, and then determined the change of HMG-CoA 
reductase activity (ΔAΔt) at 340 nm, the inhibition ratio of HMG-CoA reductase activity and its dynamic change 
of inhibitory effect within 15 min and the descent rate of NADPH. Emodin, Luteolin, β-Sitosterol, Oleanolic Acid, 
α-L-Rhamnose and Carotene showed good inhibition of HMG-CoA reductase activity. Among them, only the Emo-
din (1 and 5 μg/mL) groups showed a significant decrease of HMG-CoA reductase activity compared to the Pravas-
tatin (1 and 5 μg/mL) groups respectively. In addition, the HMG-CoA reductase activity in the Emodin and Luteolin 
(25 and 125 μg/mL) groups was clearly lower than the Pravastatin (25 and 125 μg/mL) groups respectively. And the 
Emodin and Luteolin (1, 5, 25 or 125 μg/mL) groups exhibited a stable effect on inhibiting the HMG-CoA reductase 
within 15 min. These findings further support the exploration of Cassia mimosoides Linn as a potential agent for 
the treatment of hepatitis in future studies.
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Introduction

A recent study reported that hyperlipidemia is 
significantly associated with the pathogenesis of 
cardiovascular and cerebrovascular disease [1]. 
The improvement of people’s living standards, 
lifestyle and diet structure play an important role 
in hyperlipidemia [2]. Long-time intake of high-
fat, high-sugar and high-salt diets and sedentary 
lifestyle could ultimately cause a higher inci-
dence of obesity, hypertension, diabetes melli-
tus, hyperlipidemia, coronary heart and cerebro-
vascular diseases [3]. Therefore, strict control of 
blood lipid may help to slow down the progres-
sion of cardiovascular disease.

Additionally, it has been proved that ab-
normally high levels of lipids in the blood are 
closely related to hyperlipidemia, including cho-
lesterol and triglycerides. It is known that hy-
perlipidemia is a major risk factor of coronary 
artery disease, which remains the leading cause 
of death worldwide. It is also found that the most 
common type of hyperlipidemia was correlated 
with elevated serum low-density lipoprotein and 
triglycerides in the very low-density lipoprotein 
[4]. All of the above imply that serum low-den-
sity lipoprotein cholesterol levels seem to be the 
only reversible risk factor for cardiovascular dis-
ease [5].

3-Hydroxy-3-methylglutaryl-CoA reductase 
(HMG-CoA reductase) is a regulatory enzyme 
that catalyzes the committed step in cholesterol 
biosynthesis [6]. Statin drugs (such as pravasta-
tin, atorvastatin and simvastatin) were used for 
preventing the process of HMG-CoA converting 
into mevalonate by HMG-CoA reductase, which 
is a rate-limiting step in cholesterol biosynthe-
sis [7]. Another study displays that statin drugs 
could reduce “bad” plasma low-density lipopro-
tein cholesterol levels against hypercholester-
olemia effectively via inhibiting the HMG-CoA 
reductase in the liver [8]. However, it has been 
proved that long-term use of these statin drugs 

would cause severe adverse drug reactions, in-
cluding myopathy and disturbances in hepatic 
function and sexual disorders, drastically reduc-
ing the compliance and life-quality of patients 
[9]. Due to the side effects of statin drugs, natu-
ral HMG-CoA reductase inhibitors of plant ori-
gin are needed.

According to recent reports, the same genus 
and species of Cassia mimosoides Linn, Cassia 
alata Linn shows antidiabetic effects on inhib-
iting α-glucosidase, carbohydrate digestion and 
bile secretion [10]; Cassia auriculata Linn has 
hepatoprotective effects on ethanol and antitu-
bercular drug-induced hepatotoxicity in experi-
mental models [11]; Cassia sophera leaves have 
potent hepatoprotective action against carbon 
tetrachloride-induced hepatic damage in rats 
[12]; Cassia tora Linn presents a hypolipidem-
ic effect in rats fed a high-cholesterol diet [13]. 
However, Cassia mimosoides Linn is a com-
monly used folk herbal that shows a protective 
effect on the liver, but its scientific evidence has 
been lacking until now. β-Sitosterol, Oleanolic 
Acid, Emodin, Carotene, Resorcinol, Luteolin, 
and α-L-Rhamnose are the chemical constituents 
of Cassia mimosoides Linn [14]. To determine 
whether the chemical constituents of Cassia mi-
mosoides Linn can inhibit the HMG-CoA reduc-
tase activity and compare the inhibitory effect of 
the HMG-CoA reductase in these chemical con-
stituents, we used Pravastatin as positive control 
drug and provided experimental basis for Cassia 
mimosoides Linn in the hyperlipidemia treat-
ment or liver diseases.

Materials and methods

Chemical reagents and Drugs
Ethylene Diamine Tetraacetic Acid (EDTA), 
cysteamine, Bovine Serum Albumin (BSA), 
nicotinamide adenine dinucleotide phos-
phate (NADPH), 3-hydroxy-3-methyl glutar-
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yl coenzyme A (HMG-CoA), 3-Hydroxy-3-
methylglutaryl-CoA reductase (HMG-CoA 
reductase), and Pravastatin were purchased from 
Sigma, USA. Phosphate buffer (PBS) was pur-
chased from HyClone, American. In this study, 
seven main chemical components of Cassia 
mimosoides Linn are: β-Sitosterol, Oleanolic 
Acid, Emodin, Carotene, Resorcinol, Luteolin, 
α-L-Rhamnose, which were screened for an-
ti-HMG-CoA reductase activity and purchased 
from Sigma, USA.

The preparation of reaction system 
The reaction system containing 70 mmol/L PBS 
(PH 7.0), 2 mmol/L EDTA, 2 mmol/L cysteamine, 
0.06% BSA, 200 mmol/L NADPH, 30 μg HMG-
CoA reductase, 6 μmol/L HMG-CoA was suitable 
for the evaluation of the inhibition of HMG-CoA 
reductase activity by Chinese herbal ingredients.

The preparation of different concentrations 
of drugs
To investigate the effects of the different compo-
nents of Cassia mimosoides Linn on HMG-CoA 
reductase activity, we used the concentrations of 
HMG-CoA, HMG-CoA reductase and NADPH 
substrate as evaluation parameters in the 1mL re-
action system. The drugs were first dissolved in 
dimethylsulfoxide, and then were made up into 
different concentrations with PBS as follows: 
β-Sitosterol (1, 5, 25 or 125 μg/mL), Oleanolic 
Acid (1, 5, 25 or 125 μg/mL), Emodin (1, 5, 25 or 
125 μg/mL), Carotene (1, 5, 25 or 125 μg/mL), 
Resorcinol (1, 5, 25 or 125 μg/mL), Luteolin 
(1, 5, 25 or 125 μg/mL), α-L-Rhamnose (1, 5, 
25 or 125 μg/mL), the positive control group of 
Pravastatin (1, 5, 25 or 125 μg/mL). 

Inhibition of HMG-CoA Reductase Activity 
[15]
HMG-CoA reductase inhibitory activity of the 
main chemical components of Cassia mimosoi-
des Linn was determined based on spectropho-

tometric measurements [16]. The HMG-CoA re-
ductase was purchased from Sigma-Aldrich Co. 
(St Louis, MO, USA). The specific activity of 
the HMG-CoA reductase stock solution was 2-8 
units/mg protein. The different concentrations 
of 7 chemical components of Cassia mimosoi-
des Linn and Pravastatin were mixed, a reaction 
mixture we have prepared respectively. The re-
action was incubated at 37°C, and absorbance 
was measured at 340 nm after 1 min. Pravastatin 
was used as a positive control, and distilled wa-
ter as a negative control. The enzyme activity 
unit is expressed as 1U=1nmol•min-1•mg-1. The 
activity of HMG-CoA reductase inhibition (%) 
was calculated using the following formula:

Inhibition 
of 

HMG-CoA 
(%)  

The different drugs activity 
of different concentrations
The activity of distilled 

water (0 µg/mL)

X 100%=

The change of HMG-CoA Reductase Activ-
ity [17] 
1, 5, 25 or 125 μg/mL of β-Sitosterol, Oleanolic 
Acid, Emodin, Carotene, Resorcinol, Luteolin, 
α-L-Rhamnose, Pravastatin respectively were 
mixed into the reaction mixture for the HMG-
CoA activity detection. The reaction without 
HMG-CoA reaction substrate was incubated at 
37°C, and absorbance was measured at 340 nm 
after 1 min and recorded as ΔA1Δt1. In addition, 
the reaction with HMG-CoA reaction substrate 
(0.6 μg/mL) was incubated at 37°C, and absorb-
ance was measured at 340 nm after 1 min and 
recorded as ΔA2Δt2. The difference is the change 
of HMG-CoA reductase activity (ΔAΔt=ΔA2Δt2-
ΔA1Δt1). And the ΔAΔt value is stand for the re-
action velocity of HMG-CoA reductase.

The change of HMG-CoA Reductase Activ-
ity within 15 min
To further investigate the dynamic change of 
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HMG-CoA reductase activity, we detected the 
HMG-CoA reductase activity after Emodin, 
Luteolin and Pravastatin treatment, respective-
ly within 15 min. The Emodin, Luteolin and 
Pravastatin (at the doses of 1, 5, 25 or 125 μg/mL,  
respectively) were mixed into the reaction mix-
ture for the HMG-CoA activity detection. The 
reaction with HMG-CoA reaction substrate  
(0.6 μg/mL) was incubated at 37°C, and absorb-
ance was measured at 340 nm every 30 s for 15 min 
and the HMG-CoA reductase activity was record-
ed. Pravastatin was used as a positive control, and 
distilled water (0 μg/mL) as a negative control.

Statistical analysis
The data were analyzed using SPSS 13.0 soft-
ware and a one-way ANOVA analysis. The re-
sults are expressed as sx ± . P values < 0.05 
were considered statistically significant.

Results

The inhibition ratio of HMG-CoA Reduc-
tase Activity in all groups
As shown in Figure 1, there was not statistical-
ly significant inhibition ratio of the HMG-CoA 
reductase activity among all the groups without 
chemical constituents of the Cassia mimosoides 
Linn or Pravastatin. As compared to the 1 μg/mL 
Pravastatin group, the inhibition ratio of HMG-
CoA reductase activity was clearly higher in the 
doses of 1, 5, 25 and 125 μg/mL of Emodin groups 
(P<0.05), the doses of 5, 25 and 125 μg/mL  
of Luteolin and Pravastatin groups (P<0.05), and 
the doses of 25 and 125 μg/mL of β-Sitosterol, 
Oleanolic Acid, α-L-Rhamnose and Carotene 
groups (P<0.05). The inhibition ratio of HMG-
CoA reductase activity was significantly higher 
in the doses of 5, 25 and 125 of μg/mL Emodin 

Concentration (μg/mL)

β-Sitosterol
Oleanolic Acid
Emodin
Carotene
Resorcinol
Luteolin
α-L-Rhamnose
Pravastatin
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Figure 1. The inhibition ratio of the HMG-CoA Reductase Activity in all groups.
As compared to the 1, 5, 25 or125 μg/mL of Pravastatin groups respectively, the 1, 5, 25 or 125 μg/mL 
of Emodin groups all showed the highest inhibition ratio of the HMG-CoA reductase activity in the other 
drug-treated groups. Next, the second highest inhibition ratio of the HMG-CoA reductase activity was 
the 5, 25 and 125 μg/mL of Luteolin groups.
Note: ^P<0.05, ^^P<0.01 compared to 0 μg/mL of Pravastatin group; *P<0.05, **P<0.01 compared 
to 1 μg/mL of Pravastatin group; #P<0.05, ##P<0.01 compared to 5 μg/mL of Pravastatin group; 
&P<0.05, &&P<0.01 compared to 25 μg/mL of Pravastatin group; @@ P<0.01 compared to 125 μg/mL  
of Pravastatin group.
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groups (P<0.05), the doses of 25 and 125 μg/mL 
of Luteolin and Pravastatin groups (P<0.05), and 
the dose of 125 μg/mL of β-Sitosterol, Oleanolic 
Acid, α-L-Rhamnose and Carotene groups 
(P<0.05) compared to the dose of 5 μg/mL of 
Pravastatin group. The inhibition ratio of HMG-
CoA reductase activity was obviously higher 
in the doses of 25 and 125 μg/mL of Emodin 
and Luteolin groups (P<0.05), and the dose of 
125 μg/mL of Pravastatin group (P<0.05) when 
compared to the dose of 25 μg/mL of Pravastatin 
group. In addition, the inhibition ratio of  
HMG-CoA reductase activity in the dose of  
125 μg/mL of Emodin and Luteolin groups was 
greater than the dose of 125 μg/mL of Pravastatin 
group (P<0.01) (Figure 1).

The change of HMG-CoA Reductase Activ-
ity in all groups
As shown in Table 1, there was no significant 
difference of the change of HMG-CoA reductase 
activity among all the groups (do not contain the 

chemical constituents of the Cassia mimosoides 
Linn or Pravastatin). Also, there was no signif-
icant difference of the change of HMG-CoA re-
ductase activity between the Resorcinol and the 
other groups, respectively. As compared to HMG-
CoA reductase activity of Pravastatin (1 μg/mL) 
group, a significant decrease of HMG-CoA reduc-
tase activity was exhibited in the Emodin (1, 5, 
25 and 125 μg/mL) groups (P<0.01), the Luteolin 
and Pravastatin (5, 25 and 125 μg/mL) groups 
(P<0.01), Oleanolic Acid and α-L-Rhamnose (25 
and 125 μg/mL) groups (P<0.05), and the β-Sitos-
terol and Carotene (125 μg/mL) groups (P<0.01). 
As compared to the HMG-CoA reductase activity 
of Pravastatin (5 μg/mL), a significant decline of 
HMG-CoA reductase activity was showed in the 
Emodin (5, 25 and 125 μg/mL) groups (P<0.01), 
the Luteolin and Pravastatin (25, 125 μg/mL)  
groups (P<0.05), and the α-L-Rhamnose (125 μg/
mL) group (P<0.05). As compared to the HMG-
CoA reductase activity of Pravastatin (25 μg/mL),  
a clear drop of HMG-CoA reductase activi-
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Figure 2. The change of the HMG-CoA Reductase Activity in all groups.
As compared to the 1, 5, 25 and 125 μg/mL of Pravastatin groups respectively, the 1, 5, 25 and 125 μg/mL  
of Emodin groups all exhibited the least activity of HMG-CoA reductase in the other drug groups.
Note: ̂ P<0.05, ̂ ^P<0.01 compared to 0 μg/mL of Pravastatin group; *P<0.05, **P<0.01 compared to 1 
μg/mL of Pravastatin group; #P<0.05, ##P<0.01 compared to 5 μg/mL of Pravastatin group; &P<0.05, 
&&P<0.01 compared to 25 μg/mL of Pravastatin group; @@P<0.01 compared to 125 μg/mL of Pravas-
tatin group.
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ty was presented in the Emodin and Luteolin 
(25 and 125 μg/mL) groups (P<0.05) and 
the Pravastatin(125 μg/mL)  group (P<0.05). 
However, an obvious decrease of the HMG-CoA 
reductase activity was exhibited in the Emodin and 
Luteolin (125 μg/mL) groups when compared with 
the HMG-CoA reductase activity of Pravastatin 
(125 μg/mL) (P<0.01) (Table 1, Figure 2).

The alteration of HMG-CoA Reductase Ac-
tivity inhibition ratio within 15 min
Results showed that Emodin and Luteolin had a 
clear inhibitory effect on  HMG-CoA reductase 
activity. In order to analyze the dynamic change 
of Emodin and Luteolin in HMG-CoA reductase 
activity, we investigated their inhibition ratio 
every 30 s for 15 min. The results showed that 
the HMG-CoA reductase activity inhibition ratio 
showed a stable trend within 15 min in the Emodin, 
Luteolin and Pravastatin (1, 5 or 25 μg/mL)  
groups. However, HMG-CoA reductase activity 
inhibition ratio displayed a sharp reduction trend 
during 15 min in the Emodin (125 μg/mL) group. 
In addition, the HMG-CoA reductase activity in-

hibition ratio also exhibited a stable trend in the 
Luteolin and Pravastatin (125 μg/mL) groups 
(Figure 3).

Discussion

Precursors of sterols, carotenoids, the prenyl 
groups of several proteins and other terpenoid 
compounds are synthesised via the acetate-me-
valonate pathway [18]. One of the key enzyme of 
this pathway is the HMG-CoA reductase, which 
catalyses the conversion of HMG-CoA to meva-
lonate [19, 20]. Scientific literature shows that 
β-sitosterol and algal sterols reduced the plasma 
cholesterol levels by down-regulating the intes-
tinal HMG-CoA reductase [21]. Emodin, the 
active component of Polygonum Multiflorum 
Radix, could inhibit the HMG-CoA reductase 
and contribute to the lipid metabolism [22]. 
β-carotene cannot be used together with cho-
lesterol-lowering drugs. Evidence revealed that 
overexpression of 3-Hydroxy-3-methylglutaryl-
coenzyme A reductase 2 (hmgR2) and 
3-Hydroxy-3-methylglutaryl-coenzyme A re-
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Figure 3. The dynamic change of HMG-CoA Reductase Activity inhibition ratio within 15 min.
There was no significant change of the inhibition ratio of HMG-CoA reductase activity among the 1, 5 
and 25 μg/mL of Emodin, Luteolin and Pravastatin groups. In addition, the 125 μg/mL of Emodin group 
showed a marked decline of the inhibition ratio of HMG-CoA reductase activity during the 15 min, how-
ever, its inhibition ratio was higher than the 125 μg/mL of Luteolin and Pravastatin groups.
Note: *P<0.05, **P<0.01 compared to 1 μg/mL of Pravastatin group; #P<0.05, ##P<0.01 compared 
to 5 μg/mL of Pravastatin group; &P<0.05, &&P<0.01 compared to 25 μg/mL of Pravastatin group.
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ductase 3 (hmgR3) may be used to improve 
the carotenoid content [18]; Moreover, a recent 
study found that over-expression of HMG-CoA 
reductase coupled with addition of ergosterol bi-
osynthesis inhibitors could increase the produc-
tion of β-carotene in recombinant saccharomyces 
cerevisiae [23]. Furthermore, Echinocystic Acid 
exhibited no significant effect on the HMG-CoA 
reductase activity, however, it showed hypolipi-
demic activity by inhibiting cholesterol acyl-
transferase and diacylglycerol acyltransferase 
[24]. Luteolin is a representational and natural 
flavone, its distribution being very extensive 
in the vegetable kingdom [25]. The effects of 
α-L-Rhamnose, Oleanolic Acid, Resorcinol and 
Luteolin on HMG-CoA reductase inhibitory ac-
tivity have been still unclear until now.

To study the effects on the anti-HMG-CoA 
reductase activity of the seven main chemical 
components of Cassia mimosoides Linn, we 
used the concentrations of HMG-CoA, HMG-
CoA reductase and NADPH substrate as eval-
uation parameters in the 1mL reaction system 
for detecting the HMG-CoA reductase activity 
after drug intervention. Results of the change 
of the HMG-CoA reductase activity showed 
that all doses of Resorcinol groups showed no 
significant effect on the activity of HMG-CoA 
reductase compared to the Pravastatin groups. 
The HMG-CoA reductase activity decreased 
significantly in the β-Sitosterol and Carotene 
groups (at a dose of 125 μg/mL), the Oleanolic 
Acid and α-L-Rhamnose groups (at doses of 25 
and 125 μg/mL), the Luteolin groups (at doses 
of 5, 25 and 125 μg/mL) and the Emodin groups 
(at doses of 1, 5, 25 and 125 μg/mL) compared 
to the dose of 1 μg/mL of Pravastatin. These re-
sults suggested that only Emodin could inhibit 
the HMG-CoA reductase activity at the dose of  
1 μg/mL in all the drug groups. In addition, HMG-
CoA reductase activity dropped clearly in the 
α-L-Rhamnose group (at a dose of 125 μg/mL),  

the Luteolin groups (at doses of 25 and 125 μg/mL)  
and the Emodin groups (at doses of 5, 25 and 
125 μg/mL) compared to the dose of 5 μg/mL 
of Pravastatin. These results suggested that only 
Emodin could inhibit the HMG-CoA reductase 
activity at the dose of 5 μg/mL in all the drug 
groups. Besides, the HMG-CoA reductase activ-
ity declined clearly in the Emodin and Luteolin 
groups (at doses of 25 and 125 μg/mL) com-
pared to the dose of 25 μg/mL of Pravastatin. 
This result suggested that only Emodin and 
Luteolin could inhibit the HMG-CoA reductase 
activity at the dose of 25 μg/mL in all the drug 
groups. Finally, the HMG-CoA reductase activi-
ty decreased clearly in the Emodin and Luteolin 
groups (at a dose of 125 μg/mL) compared to the 
125 μg/mL of Pravastatin. This result suggest-
ed that the Emodin and Luteolin groups showed 
a lower HMG-CoA reductase activity than the 
Pravastatin group at a dose of 125 μg/mL. All of 
these results indicated that  HMG-CoA reductase 
activity ranked from small to great as follows: 
Emodin < Luteolin < α-L-Rhamnose < Oleanolic 
Acid < Carotene < β-Sitosterol < Resorcinol.

We also found that the inhibition ratio of 
HMG-CoA reductase increased significantly 
in the β-Sitosterol, Oleanolic Acid, Carotene 
and α-L-Rhamnose groups (at doses of 25 and 
125 μg/mL), the Luteolin groups (at doses of 5, 
25 and 125 μg/mL) and the Emodin groups (at 
doses of 1, 5, 25 and 125 μg/mL) compared to the 
1 μg/mL of Pravastatin. However, Resorcinol- 
and α-L-Rhamnose groups (at doses of 1, 5, 25 
and 125 μg/mL) showed no significant difference 
in the inhibition ratio of HMG-CoA reductase. 
In addition, the inhibition ratio of HMG-CoA 
reductase elevated clearly in the β-Sitosterol, 
Oleanolic Acid, Carotene and α-L-Rhamnose 
groups (at a dose of 125 μg/mL), the Luteolin 
groups (at doses of 25 and 125 μg/mL) and the 
Emodin groups (at doses of 5, 25 and 125 μg/mL)  
compared to the 5 μg/mL of Pravastatin. Besides, 
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the inhibition ratio of HMG-CoA reductase in the 
Emodin and Luteolin groups (at doses of 25 and 
125 μg/mL) was higher than that of the 25 μg/mL  
of Pravastatin. The inhibition ratio of HMG-
CoA reductase increased clearly in the Emodin 
and Luteolin groups (at a dose of 125 μg/mL) 
compared to the 125 μg/mL of Pravastatin. 
These results indicated that the inhibition ratio 
of HMG-CoA reductase ranked from high to low 
as follows: Emodin > Luteolin > β-Sitosterol, 
Oleanolic Acid, Carotene and α-L-Rhamnose > 
Resorcinol.

We also found that the changes wave of 
HMG-CoA reductase activity inhibition ratio in 
Emodin and Luteolin groups (at doses of 1, 5, 
25 and 125 μg/mL) were not big during 15 min. 
This result indicated that Emodin and Luteolin 
both showed a stable effect on inhibiting the 
HMG-CoA reductase within 15 min.

Conclusions

In conclusion, Emodin, Luteolin, β-Sitosterol, 
Oleanolic Acid, α-L-Rhamnose and Carotene 
could inhibit HMG-CoA reductase activity. 
Among them, the inhibitory effects of HMG-
CoA reductase of Emodin and Luteolin treatment 
were even greater than the Pravastatin treatment. 
Thus, our studies could provide experimental 
basis for Cassia mimosoides Linn and support 
future studies regarding new potential treatments 
for hyperlipidemia or liver diseases.
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