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Abstract Effects of extracts obtained from the flowers of Elsholtzia splendens on the serum ipid profile and hepatotoxicity
in mice were investigated. Female ICR mice were given £. splendens ethanolic extract (ESEs) orally at a dose of 10 or 50 mg/
kg BW for 50 days. Significant dose-dependent decreases in triglyceride and low-density lipoprotein (LDL)-cholesterol of
serum were observed. In addition, ESEs prolonged the lag-time of LDL oxidation in vitro. In the serum of ICE mice given
ESEs orally at 10 and 50 mg/kg BW, the serum levels of aspartate aminotransferase (AST) and lactic dehydrogenase (LDH)
increased significantly, while total protein, albumin, creatinine, alaning aminotransferase (ALT), and total bilirubin did not
change. Therefore, ESEs may be beneficial to human health, although it has some hepatotoxicity.
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Introduction

Recently, a great deal of attention has focused on the
biological properties of traditional herbal preparations and
their beneficial effects on health (1-4). Traditional herbs,
which have chemical ingredients with pharmacological and
toxicological effects, are interesting alternatives to the use
of supplements. Many researchers have investigated the
practical benefits of traditional herbs and their modes of
action.

Elsholtzia splendens is an ingredient in traditional
medicines in northeast Asia and belongs to a subclass of the
family Labiatae (5,6). Besides, Elsholtzia genus includes E.
ciliate, E. saxatilis, E. angustifolia, and E. splendens Nakai
etc. E. splendens and E. cilinte are used mainly in folk
remedies for diarrhea, as expectorants and for their diuretic
effects (7,8). Although it is well known in Chinese
traditional medicine, E. splendens and most other such
traditional herbs are used despite the fact that no studies have
investigated their biological or physio-logical effects.

Several researchers have demonstrated that some species
of Elsholizia have physiological effects in vitro (6,7).
Elsholtzia blanda can reduce infarct size during acute
myocardial infarction by inhibiting myocardial apoptosis in
vivo (9,10), and E. splendens Nakai extracts have been
reported to have anti-inflammatory activity (11). Our research
group has also identified useful biological activities of E.
splendens, such as its antioxidant, anti-inflammatory, and
antitumor actions in virre (12,13). We found that E.
splendens may be used as a food material and has the
potential to relieve and prevent disease, such as cancers
and the symptoms of rheumatoid arthritis.

Until recently, however, there have been no reports on the
effect of £. splendens ethanolic extract (ESEs) in vivo.
Therefore, we evaluated the effect of ESE on the cytotoxicity
and serum lipid profile of female ICR mice in vivo.
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Materials and Methods

Preparation of Elsholtzia splendens extract The
flowers of £. splendens were collected from a home garden
during efflorescence in the fall (from September to
October). Ethanol extracts from £. splendens were
prepared as followed; briefly, flowers of E. splendens were
freeze-dried and crushed. Then after, freeze-dried materials
were extracted with 80% ethanol for 30 min at room
temperature (5 g of dried materials per 500 mL solution).
The yield (w/w) of the dehydrated powder among the
primary net dry weight plant was about 1.6%.

Animal care and serum analysis Female ICR mice (23-
25 g; Central Lab. Animal Inc., Seoul, Korea) were housed
5 to a polypropylene cage (24+2°C, 40-50% relative
humidity) under controlled lighting (12-hr light/dark cycle).
Mice were fed an AIN 93M diet (Dyets, Bethlehem, PA,
USA) and allowed free access to water. After an adaptation
period, mice were divided randomly into 3 treatment
groups. Extract of £. splendens (ESEs) was suspended in
water and administered orally to 2 of the 3 groups at 10
and 50 mg/kg BW for 50 day, respectively. Mice in the
remaining (control) group were given the vehicle alone as
orally administration. Animal care in this study conformed
to the Guide for the Care and Use of Laboratory Animals,
published by the U.S. National Institutes of Health (14). At
the end of experiment, mice were rapidly anesthetized
using ether at 6 hr after final administration of ESEs. After
blood was taken from the heart by heart puncture, serum
was obtained by centrifuging the blood at 600xg for 15
min. Triglycerides, total cholesterol, high-density lipoprotein
(HDL)- and low-density lipoprotein (L.DL)-cholesterol
contents were determined by Advia 1650 chemistry Analyzer
(Siemens Medical Solutions Diagnostics, Norwood, MA,
USA) and using appropriate kits (Bayer AG, Barmen,
Germany). In addition, total cholestero/HDL cholesterol
ratio, an index of the atherogenic profile, was also calculated.

Serum c-tocopherol content The content of a-tocopherol
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was analyzed by high performance liquid chromatography
(HPLC) according to the method of previously our study
(15). To quantify o-tocopherol contents in serum, sample
was deproteinized with ethanol containing 0.01% ascorbic
acid. Extraction was carried out twice with 1 mL of »-
hexane. The aqueous and organic phases were separated by
centrifugation and the upper (organic) phase was dried
under nitrogen gas. The dried residue was re-dissolved in
150 uL of methanol and injected into the HPLC system.
HPLC analysis was performed using a system consisting of
a Hewlett Packard 1084B liquid chromatography, and
variable wavelength detector adjusted at 290 nm (Hewlett
Packard, Houston, TX, USA). The mobile phase (methanol/
water, 95 : 5, v/v) was processed at a flow rate of 1.0 mL/
min. Sample was analyzed on a 4.6x250 mm RP C-18
Nova Pak column (5 pm) (Millipore, Schwalbach, Germany)
and HPLC-grade o-tocopherol (Sigma-Aldrich, St. Louis,
MO, USA) was used as standards.

LDL oxidation in vitro LDL oxidation was determined
according to the method of Puhl et a/. (16). Human LDL
(Sigma-Aldrich) was diluted in phosphate-buffered saline
(PBS) to 200mg of protein/lL and dialyzed overnight
against PBS at 4°C to remove the EDTA. LDL (100 pg of
protein/mL) was oxidized in PBS (pH 7.4) with 5 uM
copper in the presence or absence of ESEs at 5 and 20 ug/
mL. The oxidation of LDL was followed continuously by
measuring the formation of conjugated dienes at absorbance
234nm for 4hr using spectrophotometer (DU 600;
Beckman Coulter, Fullerton, CA, USA).

Statistical analyses All values are expressed as means+
SD. Data were analyzed by unpaired Student’s test or
one-way analysis of variance followed by Duncan’s
multiple range comparison test (SigmaStat, Jandel, San
Rafael, CA, USA). For all comparisons, differences were
considered statistically significant at p<0.05.

Results and Discussion

The study was aimed to examine the effects of E. splendens
extracts (ESEs) on the lipid profiles and hepatotoxicity in
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vivo. In the present study, no statistically significant
differences were observed in food intake and body weight
gain between the control group and those of group treated
with ESEs (data not shown).

Generally, the estimation of lipid profile has provided an
enormous scientific evidence base and also has shown the
possibility as lipid-altering compounds focused on LDL-
cholesterol that have been shown to reduce coronary heart
disease (17). In the serum of ICR mice given ESEs orally
at 10 or 50 mg/kg BW for 50 days, triglyceride and LDL-
cholesterol levels decreased significantly in a dose-
dependent manner (p<0.05, Table 1). LDL-cholesterol
decreased by 27.7 and 57.0% at 10 and 50 mg’kg BW
ESEg, respectively. Conversely, HDL-cholesterol increased
by 18.5% with S0mgkg BW of ESEs, although the
difference was not significant. Similar pattern was observed
in atherogenic index (total cholesterol/HDL-cholesterol
ratio), which is considered as important measures of
atherosclerotic milieu (18).

In addition, ESEs improved the blood lipid profile of
mice by decreasing LDL. It has been suggested that LDL-
cholesterol mediates inflammation and the pathogenesis of
diseases associated with oxidative stress, such as
atherogenesis and atherosclerosis (19,20). In addition, the
oxidation of LDL in vitro was determined by measuring
the formation of the conjugated diene (Fig. 1). The time lag
in conjugated diene production, which indicates the
resistance of LDL to oxidation, was prolonged when LDL
was incubated with ESEs. In the presence of 5 and 20 pg
ESEs/mL, the time lag was extended to 55 and 60 min,
respectively, whereas LDL as a control extended the time
lag by 40 min. Therefore, ESEs delayed LDL oxidation in
dose-dependent manner. Various antioxidant molecules,
such as vitamins and phytochemicals, significantly attenuate
the development of atherosclerosis (21-24). Atherosclerosis
is a chronic inflammatory disease of the arterial wall, and
suppressed LDL oxidation may be a powerful mechanism
affecting this.

In our study, the a-tocopherol levels increased signifi-
cantly in the serum of mice given ESEs orally at 50 mg/kg
BW (Fig. 2). Compared to the control value, the a~focopherol
level increased by 9.3 and 14.3%, respectively, at 10 and

Table 1. Effects of Elsholtzia splendens ethanol extracts (ESEs) on lipid profile and biochemical parameters in serum of ICR mice"

mg/dL or units/mL Serum Control 10 mlijlizg BW 50 mE§l}(3gs BW
Total cholesterol 105.0£10.9 121.74£25.6 124.4+23.2
Triglyceride 122.0422.5° 88.7+16.1% 28.0x4.0°
HDL-Cholesterol 50.1+4.9% 56.6+8.1° 62.0+9.4°
LDL-Cholesterol 8.5+£0.7° 6.2+03° 3.7£0.7°
Atherogenic index 2.10£0.07 2.13£0.17 1.98+0.09
Total protein 4.89+0.23 5.07+0.19 4.73+£0.39
Albumin 3.074021 3.22+0.14 297037
Creatinine 0.440.06 0.45+0.04 0.45+0.03
Total bilirubin 0.10+0.03 0.11+0.03 0.09+0.02
Aspartate amino transferase (AST) 105.0£18.0° 139.0+7.1* 152.0£5.7°
Alanin amino transferase (ALT) 27762 343+70 353+£5.8
Lactate dehydrogenase (LDH) 462.9+96.1° 901.3£35.9° 1102.7+160.8"

DAtherogenic index is calculated as total cholesterol/HDL-cholesterol. Values are mean+SD (n=6). The alphabetic letters represent the statistical

significance at p<0.05.
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Fig. 1. Effects of Elsholtzia splendens ethanol extracts (ESEs)
at 5 and 20 ug/mL on the generation of conjugated diene in
LDL fraction. Values shown are a representative experiment.
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Fig, 2. Effects of Elsholtzia splendens ethanol extracts (ESEs)
on a-tocopherol contents in serum of ICR mice. Values are
mean+SD (n=6). The alphabetic letters represent the statistical
significance at p<0.05.

50 mg/kg BW ESEs. These results suggest that ESEs
contains various bioactive molecules including antioxidants
that contribute to health. Until now, active ingredients in
ESEs have not yet been identified.

We found significant increases in the serum aspartate
aminotransferase {AST) and lactic dehydrogenase (LDH)
levels of ICR mice given ESEs, while the alanine
aminotransferase (ALT) level increased slightly, but not
significantly (Table 1). The changes in the serum levels of
AST, ALT, and LDH may have resulted from leakage of
these enzymes from the liver into the circulation, and may
indicate liver damage and altered liver function (25).
Although ESEs increased the levels of some indicators of
liver damage, the serum levels of total protein, albumin,
creatinine, and total bilirubin did not change compared to
control values.

The public in general and some health care providers
regard natural herbal extracts as safe, although there are no
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experimental data for that confidence. In fact, most natural
herbal extracts have the potential to cause serious adverse
effects. Some are used despite being toxic, depending on
whether they are classified as nutritional supplements or
pharmaceutical drugs such as chemotherapy agents.
Toxicity is as much of an issue for ESEs as it is for the
other natural herb extracts. The present study found that
ESEs might not be safe and free of some side effects,
although this depends on the dosages and period. Moreovet,
there is much evidence for the beneficial physiological
effects of ESEs.

Our results suggest that ESEs is beneficial to human
health via a decrease in LDL-cholesterol and delayed
oxidation, suggesting that ESEs also has increased anti-
oxidant molecule such as a-tocopherol. Therefore, the use
of ESEs is thought to depend on whether they are used as
food supplements or drugs, and the consumption condition
must also be considered. In the future, it will be of interest
to identify the active ingredients in extracts of E.
splendens. Experiments targeting the active ingredients in
ESEs are required to confirm and extend previous observa-
tions.
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