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ABSTRACT: This study was to investigate the preventive effect of taemyeongcheong (TMC, a Korean traditional health
drink) on acetaminophen (APAP, 800 mg/kg BW)-induced hepatic damage in ICR mice. TMC is prepared from Saururus
chinensis, Taraxacum officinale, Zingiber officinale, Cirsium setidens, Salicornia herbacea, and Glycyrrhizae. A high dose of TMC
(500 mg/kg BW) was found to decrease APAP-induced increases in serum levels of alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, and lactate dehydrogenase. TMC pretreatment also increased the hepatic levels
of hepatic catalase, superoxide dismutase, glutathione peroxidase, and glutathione, and reduced serum levels of the in-
flammatory cytokines tumor necrosis factor (TNF)-a and interleukin (IL)-6 in mice administered APAP (P<0.05). TMC
(500 mg/kg BW) reduced hepatic mRNA levels of TNF-a, IL-1B, IL-6, COX-2, and iNOS by 87%, 84%, 89%, 85%, and
88%, respectively, in mice treated with APAP (P<0.05). Furthermore, histological observations suggested TMC pretreat-
ment dose-dependently prevented APAP-induced hepatocyte damage. These results suggest that TMC could be used as a

functional health drink to prevent hepatic damage.
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INTRODUCTION

The liver has many physiological functions, such as de-
toxification, protein synthesis, and production of bio-
chemicals required for digestion. Furthermore, the liver
is highly sensitive to some drugs (1). Direct hepatotox-
icity can be caused by a drug itself or by its metabolites.
Acetaminophen (APAP) is commonly used to relieve
headaches and minor aches and pains, and it is a major
ingredient in numerous cold remedies. However, acute
overdoses of APAP can cause potentially fatal liver dam-
age (1). The hepatotoxicity induced by APAP is believed
to be caused by the oxidative metabolism of APAP in liv-
er by the mixed function of the oxidase P450 system to
the toxic metabolite N-acetyl-p-benzoquinone imine
(NAPQI) (2). The potential toxic effects of NAPQI are
ameliorated by its binding to intracellular reduced gluta-
thione (3,4).

Herbal medicines that have been used in Korea for
thousands of years are now being manufactured as me-

dicinal agents that contain ingredients of standardized
quality and quantity (5). Taemyeongcheong (TMC) is a
traditional healthy drink prepared using six types of
health-promoting herbs, including Saururus chinensis,
Taraxacum officinale, Zingiber officinale, Cirsium setidens,
Salicornia herbacea, and Glycyrrhizae, as described in an-
cient medical books, such as Donguibogam and Sanga-
yorok (6). These herbs were first recognized to have me-
dicinal properties in the Joseon Dynasty and continue to
be used as functional foods due to their excellent anti-
oxidant, anti-inflammatory and hepatoprotective activ-
ities (7-11). Recent studies have shown TMC protects
against gastritis and colitis in rodent models (6). How-
ever, its hepatoprotective properties have not been pre-
viously addressed. Therefore, the present study was con-
ducted to determine the protective effect of TMC against
APAP-induced toxicity, and to elucidate the mechanism
responsible for its protection in a mouse model.
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MATERIALS AND METHODS

TMC preparation

TMC samples were provided by the Taemyeongcheong
Company (Yongin, Korea). To prepare TMC, Saururus
chinensis (34.6 g), Taraxacum officinale (21.0 g), Zingiber
officinale (20.4 g), Cirsium setidens (9.0 g), Salicornia herbacea
(9.0 @), and Glycyrrhizae (6.0 g) were extracted with
1,000 mL of boiling water for 3 h. After removing the
supernatant, the residue was further extracted with
1,000 mL of water for 1 h by heating gently at 80~
100°C. The combined supernatants (2,000 mL) were
freeze-dried at —80°C, and stored at —4°C until further
analysis.

Animal treatments and the induction of liver damage us-
ing APAP

Male ICR mice (25~30 g) were purchased from Samtako
Bio Co. (Osan, Korea), and maintained in a controlled
facility (20+£2°C; relative humidity, 50+10%) under a
12-h light/dark cycle with free access to water and a
standard rodent diet. Animals were allocated to six ex-
perimental groups, namely; normal control, APAP con-
trol, the APAP+TMC [low (L), medium (M), or high
(H)] groups, and the APAP+silymarin (positive control)
group. TMC was administered at 100, 250, or 500 mg/kg
body weight (BW) and silymarin was administered at
100 mg/kg BW. Mice in the normal and APAP control
groups were administered distilled water orally for 14
days. In the TMC and silymarin treated groups, TMC or
silymarin was dissolved in distilled water and orally ad-
ministered for 14 days (experimental days 1~14). To
induce acute liver damage, mice were given an intra-
peritoneal (i.p.) injection of 800 mg/kg BW of APAP
(dissolved in a 1% Tween-80 solution) (8). After 16 h,
all mice were anaesthetized using carbon dioxide and
sacrificed. Animal weights and excised liver weights
were recorded. The protocol used in this study was
approved by the Institutional Animal Care and Use
Committee of Pusan National University (Busan, Korea;
PNU-IACUC approval number PNU-2013-0451).

Serum ALT, AST, ALP, and LDH assays

At the end of the experimental days, blood was collected
from the abdominal aorta of each mouse using a hepari-
nized syringe and centrifuged at 3,000 g for 15 min at
4°C to obtain serum. Serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP) levels were analyzed using a specific
commercially available kit (Asan Pharm Co., Seoul, Ko-
rea), and serum levels of lactate dehydrogenase (LDH)
were determined using another specific kit (Cayman
Chemical Co., Ann Arbor, MI, USA).

Hepatic antioxidant enzymes and GSH assays

Livers were quickly removed, placed on ice, and washed
with cooled phosphate buffered saline (PBS, pH 7.4)
to remove red blood cells and clots. Hepatic catalase,
superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px) activities and GSH levels were analyzed using
a commercially available kit (Cayman Chemical Co.).

Serum pro-inflammatory cytokine assay

For the serum cytokine assay, blood was collected from
the inferior vena cava using a tube and centrifuged at
3,000 g for 15 min at 4°C. Interleukin (IL)-6 and tumor
necrosis factor (TNF)-o levels were measured using an
enzyme-linked immunosorbent assay (ELISA) kit (Bio-
legend ELISA MAX™ Deluxe kits; Biolegend, Inc., San
Diego, CA, USA).

RT-PCR assay of inflammatory gene expressions in liver
tissue

The mRNA expressions of TNF-o, IL-1B, IL-6, cyclo-
oxygenase (COX)-2, and inducible nitric oxide synthase
(iNOS) in liver were measured by RT-PCR. Total RNA
was isolated from liver tissues using Trizol reagent
(Invitrogen, Carlsbad, CA, USA), chloroform was added,
and the mixtures were centrifuged at 13,000 g for 15
min at 4°C. Isopropanol was added to the supernatants
at a 1:1 v/v ratio and RNA pellets were obtained by cen-
trifugation (13,000 g, 15 min). After washing the pellets
with ethanol, extracted RNAs were solubilized in diethyl
pyrocarbonate-treated RNase-free water and quantified
by measuring absorbance at 260 nm using spectropho-
tometer (Shimadzu UV-2401PC, Shimadzu Corp., To-
kyo, Japan). Equal amounts of RNA (1 pg) were reverse
transcribed in a master mix containing 5X reverse tran-
scriptase buffer, 0.1 M dithiothreitol, 2.5 mM dNTPs,
moloney murine leukemia virus reverse transcriptase,
and RNase inhibitor (Invitrogen) for 2 h at 37°C.
Polymerase chain reactions were carried out using an
automatic BIONEER thermocycler (Bioneer, Daejeon,
South Korea). Amplified PCR products were electro-
phoresed on 2% agarose gels and visualized by ethidium
bromide (EB) staining. GAPDH was used as the internal
control.

Histological examinations

Fresh liver tissues were fixed in 10% neutral buffered
formalin for 24 h before routine histological processing.
They were then dehydrated using an ethanol series and
cleared in xylene before being embedded in paraffin.
Cross sections of thickness 4-um were obtained and
stained with hematoxylin and eosin (H&E). Images
were acquired using a Zeiss Axioskop 2 Plus microscope
(Carl Zeiss Microlmaging Inc., Thornwood, NY, USA)
equipped with an AxioCam MRc5 CCD camera (Carl
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Zeiss Microlmaging Inc.).

Statistical analysis

Data are presented as means=standard deviations. One-
way ANOVA and Duncan’s multiple range tests were
used to determine the significances of intergroup dif-

Table 1. Effects of taemyeongcheong (TMC) on body weights
and relative liver weights in acetaminophen (APAP)-treated
mice

Groups” Initi_al body Fin_al body Relative liver
weight (g) weight (g) weight (g/100 g)
Nor 31.7415° 32.0+1.2%® 4.1+0.002¢
Con 31.541.6° 31.841.4° 5.6+0.005°
TMC-L 31.6+1.0° 32.0+1.0® 4.9+0.004°
TMC-M 32.3+1.6™ 32.5+1.6™® 4.5+0.003°
TMC-H 33.0+1.0° 33.4+1.0° 4.1+0.003%
S 31.4+1.0° 31.6+0.9° 4.3+0.002%

Values are presented as means£SD.

dyalues with different letters are significantly different
(P<0.05) by Duncan's multiple range test.

1)Nor, normal mice; Con, mice treated with APAP (800 mg/kg
BW); TMC-L, 100 mg/kg of TMC; TMC-M, 250 mg/kg of TMC;
TMC-H, 500 mg/kg of TMC; S, 100 mg/kg of silymarin.
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ferences. P values of <0.05 were considered statistically
significant, and the analysis was conducted using SAS
version 9.1 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Effect of TMC on liver weights in APAP-treated mice

No significant difference in body weight was observed
among the six experimental groups (Table 1). However,
APAP (800 mg/kg BW) significantly increased relative
liver weights to 5.6+0.005 g as compared with normal
controls (4.1+0.002 g) (P<0.05). TMC dose-depend-
ently prevented these liver weight increases (TMC-L:
4.9+ 0.004 g, TMC-M: 4.5+0.003 g, TMC-H: 4.1+0.003
g), and treatment with TMC-H (500 mg/kg BW) re-
sulted in a mean liver weight similar to that found in
normal controls and in silymarin-treated mice.

Effects of TMC on serum levels of ALT, AST, ALP, and
LDH in APAP-treated mice

APAP treatment significantly increased serum ALT and
AST levels versus normal controls (P<0.05) (Fig. 1).
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Fig. 1. Effects of TMC on serum levels of (A) ALT, (B) AST, (C) ALP, and (D) LDH in APAP-treated mice. Values are presented
as meansxSD (n=10). Different letters above bars (a-f) indicate that the mean values are significantly different (£<0.05) according
to Duncan's multiple range test. Nor, normal mice; Con, mice treated with APAP (800 mg/kg BW); TMC-L, 100 mg/kg of TMC:
TMC-M, 250 mg/kg of TMC: TMC-H, 500 mg/kg of TMC; S, 100 mg/kg of silymarin.
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TMC effectively prevented APAP-induced increases in
ALT levels and AST levels, especially in the TMC-H
group (79.1+4.8 Karmen/mL for ALT, 112.0+9.1 Kar-
men/mL for AST, respectively). APAP (800 mg/kg BW)
significantly increased serum ALP and LDH levels, but
these increases were dose-dependently reduced by TMC
(P<0.05). In the TMC-H group, mean ALP and LDH
levels were 11.1+0.6 KA units and 1279.2+132.3 IU/L,
respectively. However, silymarin was found to have more
activity in terms of preventing APAP-induced increases
in ALT, AST, ALP, and LDH levels than TMC (500

mg/kg BW).

Effects of TMC on antioxidant enzyme and GSH levels in
the livers of APAP-treated mice

APAP significantly reduced hepatic antioxidant enzyme
levels, including catalase, SOD, and GSH-Px, and GSH
levels in mice (Table 2) (P<0.05). However, TMC dose-
dependently prevented such reductions in APAP-treated
mice; and in the TMC-H group, catalase (4.7+0.8 U/mg
protein), SOD (2.1+0.3 U/mg protein), and GSH-Px
(7.0=1.0 U/mg protein) were similar to those in the si-

lymarin-treated group. Furthermore, TMC dose-depend-
ently prevented APAP-induced decreases in the hepatic
levels of GSH, which is required to counteract the hep-
atotoxicity of APAP in the liver (12).

Effects of TMC on serum IL-6 and TNF-a levels in APAP-
treated mice

Increased levels of some pro-inflammatory cytokines are
associated with APAP-induced acute hepatitis (13). In
the present study, APAP caused a significant increase in
the serum levels of IL-6 (743.0+15.9 pg/mL) and TNF-a
(703.2+20.1 pg/mL) versus normal controls (198.1+
10.0 pg/mL in IL-6 and 250.1+20.0 pg/mL in TNF-o)
(P<0.05) (Fig. 2). However, TMC treatment dose-de-
pendently prevented these increases. In the TMC-H
group, mean IL-6 and TNF-a levels were 567.1+33.3
pg/mL and 475.4+21.1 pg/mL, respectively.

Effects of TMC on inflammation-related gene expressions
in liver tissues

Treatment with APAP significantly increased the mRNA
expressions of TNF-a, IL-1B, and IL-6 versus normal

Table 2. Effects of taemyeongcheong (TMC) on liver antioxidant enzyme and glutathione (GSH) levels in acetaminophen

(APAP)-treated mice

Groups” Catalase (U/mg protein) S0D? (U/mg protein) GSH-Px? (U/mg protein)  GSH (umol/g liver weight)
Nor 62+15° 2.2+40.2° 8.6+15° 18.940.3°
Con 2.8+0.7° 1.140.2° 17404 9.1+0.3"
TMC-L 2.8+0.7¢ 1540.2° 3.8+0.3° 10.740.3°
TMC-M 42+08° 1.610.4° 6.0£0.5° 14.7+0.4°
TMC-H 4.7+08° 2.140.3° 7.0£1.0° 15.7+0.5°
S 42406° 22402 7.940.6° 17.840.7°

Values are presented as meanstSD (n=10).

*fyalues with different letters are significantly different (2<0.05) by Duncan's multiple range test.
YNor, normal mice: Con, mice treated with APAP (800 mg/kg BW); TMC-L, 100 mg/kg of TMC; TMC-M, 250 mg/kg of TMC; TMC-H,

500 mg/kg of TMC: S, 100 mg/kg of silymarin.
J50p, superoxide dismutase.
IGSH-Px, glutathione peroxidase.

A

800 a b

— [
L d

600 T
—§| e
8 400
©
= .

200 A ’—Y—‘

O T T 1

Nor Con TMC-L TMC-MTMC-H S
APAP (800 mg/kg BW)

B

800 1 a R

T

,_g 600 - Jb._ .
g_v d
= 400 -
3
L e
Z

200 -

0 T T T 1

Nor Con TMC-L TMC-MTMC-H S
APAP (800 mg/kg BW)

Fig. 2. Effects of TMC on serum (A) IL-6 and (B) TNF-a levels in APAP-treated mice. Values are presented as means+SD (n=10).
Different letters above bars (a-f) indicate that the mean values are significantly different (2 <0.05) according to Duncan's multiple
range test. Nor, normal mice; Con, mice treated with APAP (800 mg/kg BW); TMC-L, 100 mg/kg of TMC; TMC-M, 250 mg/kg of

TMC; TMC-H, 500 mg/kg of TMC: S, 100 mag/kg of silymarin.
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controls. However, TMC significantly prevented these
increases, and TMC-H effectively reduced the hepatic
mRNA expressions of TNF-qa, IL-1B, and IL-6 by 87%,
84% and 89%, respectively (P<0.05). Similarly, TMC-H
significantly reduced APAP-induced increases in the
hepatic mRNA expressions of inflammatory COX-2 and

iNOS by 85% and 88%, respectively (P<0.05) (Fig. 3).

Effects of TMC on histological observations in APAP-treat-
ed mice

The histologic changes observed in APAP treated mice
were: hepatocyte ballooning, fatty change, and inflam-
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Fig. 3. Effects of TMC on inflammation-related gene expression in liver tissue. Band intensity was measured with a densitometer
and expressed as fold of the control. Fold ratio=gene expression/GAPDHXcontrol numerical value (control fold ratio: 1). Values
are presented as meanstSD (n=10). Different letters above bars (a-f) indicate that the mean values are significantly different
(P<0.05) according to Duncan's multiple range test. Nor, normal mice; Con, mice treated with APAP (800 mg/kg BW); TMC-L,
100 mg/kg of TMC:; TMC-M, 250 mg/kg of TMC:; TMC-H, 500 mg/kg of TMC: S, 100 mg/kg of silymarin.
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Fig. 4. Effects of TMC on histological observation in APAP-treated mice. Nor, normal mice; Con, mice treated with APAP (800
mg/kg BW); TMC-L, 100 mg/kg of TMC; TMC-M, 250 mg/kg of TMC: TMC-H, 500 mg/kg of TMC: S, 100 mg/kg of silymarin. Liver
sections were stained with hematoxyline-eosin (H&E, X500). The hepatocytes were analyzed to determine necrosis, fatty change,

hepatocyte ballooning, and inflammatory cells infiltration.

matory cell infiltration in liver tissues; however, TMC
attenuated these effects. In the TMC-M group, histo-
logical appearances of liver were similar to those in the
silymarin group, and in the TMC-H group, livers resem-
bled those of normal controls (Fig. 4).

DISCUSSION

The present study shows that TMC dose-dependently
protects against APAP-induced acute liver damage in
ICR mice. This conclusion is supported by the observed
enhancement of endogenous antioxidant system activity
and by the reduced APAP-induced acute inflammatory
reactions in mice administered TMC.

APAP treatment significantly increased liver weights
as compared with normal controls, and TMC dose-de-
pendently reduced these increases. The APAP-induced
hepatic damage was evidenced by the elevated serum
levels of ALT, AST, ALP, and LDH, which are located in
hepatocytes (14), and TMC significantly prevented these
increases. These observations suggest TMC is able to
maintain hepatocyte health and inhibit enzyme leakage
from cellular membranes.

APAP overdose-induced hepatic damage is closely
linked to oxidative stress, which is characterized by the
diminished activities of endogenous antioxidant en-
zymes and the depletion of GSH levels (15), and finally
causes irreversible membrane injury and cell death
(16,17). In a previous study, TMC treatment maintained

hepatic levels of catalase, SOD, and GSH-Px in mice ex-
posed to APAP. SOD catalyzes the conversion of super-
oxide into H,O,, which is converted to H,O by catalase
(18). GSH-Px is the major peroxide detoxification en-
zyme, which catalyzes the intercellular reduced GSH and
is a hydrogen donor to generate oxidized glutathione,
and scavenges H,O, and catalyzes the reduction of per-
oxides in hepatocytes (17,18). In addition, we found
TMC effectively protected hepatic GSH levels in
APAP-treated mice. GSH, an important ROS scavenger,
can participate in the removal of ROS by reducing hy-
droperoxides in the presence of GSH-Px (19). In hep-
atocytes, a high APAP dose (500 mg/kg BW) resulted in
the depletion of GSH, and led to binding between toxic
NAQPI and essential hepatocellular proteins and acute
hepatic damage (20,21). Furthermore, maintaining GSH
levels are essential for protecting thiol and other nucleo-
philic groups in proteins from toxic metabolites in a
background of APAP-induced liver damage (2,19).
APAP-induced hepatocyte damage is also associated
with serious inflammatory response, which is charac-
terized by the accumulation of inflammatory cells and
the over-production of pro-inflammatory cytokines, such
as TNF-o, IL-1B, and IL-6, which promote liver tissue
damage (22-24). Agarwal and Piersco reported GSH de-
pletion enhances the expression of TNF-a and induces
cell damage (25). In the present study, TMC dose-de-
pendently prevented elevations in the serum levels of
TNF-o and IL-6 in mice treated with APAP. In addition,
we observed APAP significantly increased hepatic mRNA
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levels of TNF-a, IL-1B, and IL-6 in mice, which agrees
with the findings of Martin-Murphy et al. (13), whereas
TMC significantly prevented these increases. In addition
to the pro-inflammatory cytokines, APAP also induces
the overexpressions of inflammatory COX-2 and iNOS
in the livers of mice (26), and TMC effectively reduced
these overexpressions. Furthermore, it has been sug-
gested the suppression of iNOS expression may reduce
IL-1B generations during APAP-induced acute liver dam-
age (12). In another study, reduced activation of COX-2
inhibited prostaglandin E2 generation, and subsequently
attenuated inflammatory reactions associated with
APAP-induced liver injury (26).

Finally, we also found the TMC treatment ameliorated
APAP-induced liver tissue damage, such as necrosis of
centrilobular hepatocytes, inflammatory infiltration, fat-
ty change, and ballooning degeneration in mice. These
results suggest that the suppression of serum trans-
aminase levels and serious inflammatory reactions play
important roles in the amelioratory effects of TMC on
APAP-induced hepatic damage in ICR mice.

TMC is prepared as a traditional Korean health drink
using many health-promoting herbs, such as Saururus
chinensis, Taraxacum officinale, Zingiber officinale, Cirsium
setidens, Salicornia herbaceax, and Glycyrrhizae. These herbs
also possess active bio-functional compounds and have
been reported to have many health benefits, which in-
clude antioxidant, anti-inflammatory, and hepatopro-
tective activities. For example, lignans from Saururus chi-
nensis exhibit antioxidant activity (27), and attenuate
CCly-induced toxicity in primary cultures of rat hep-
atocytes (28). Flavonoids, such as luteolin and luteo-
lin-7-O-glucoside isolated from Taraxacum officinale have
been reported to show anti-inflammatory activity by in-
hibiting the activations of iNOS and COX-2 in LPS-acti-
vated RAW264.7 cells (29). Zingiber officinale and ginger-
ol related compounds exhibit antioxidant activities and
suppress APAP-induced liver damage (9,30). Further-
more, pectolinarin and pectolinarigenin from Cirsium se-
tidens were found to prevent D-galactosamine induced
hepatotoxicity by enhancing the endogenous antioxidant
enzyme system in rats (31), and 3-caffeoyl, 4-dihydro-
caffeoyl quinic acid from Salicornia herbacea exhibited
antioxidative effects by scavenging ROS and upregulat-
ing the expressions of antioxidant enzymes (32).
Furthermore, glycyrrhizin and glycyrrhizic acid from
Glycyrrhizae were found to have hepatoprotective (33),
antioxidant (34), and anti-inflammatory activities (35).
These findings indicate that various bioactive molecules,
such as lignans, gingerol, glycyrrhizin, and glycyrrhizic
acid in raw materials of TMC may exhibit great activity
to protect the APAP-induced hepatic damage in TMC-
treated ICR mice (9,27,30,33).

In conclusion, TMC dose-dependently protected ICR

mice from APAP-induced liver damage, as indicated by
serum levels of ALT, AST, ALP, and LDH, the activities
of antioxidant enzymes in liver tissues (catalase, SOD,
and GSH-Px), hepatic GSH levels, and serum pro-in-
flammatory cytokines (IL-6 and TNF-a). The APAP-in-
duced hepatic expressions of pro-inflammation cyto-
kines (the mRNAs of TNF-q, IL-1B, and IL-6) and of in-
flammatory COX-2 and iNOS were reduced by TMC
treatment. Furthermore, our histologic findings show
that TMC attenuated APAP-induced liver damage. These
results suggest consumption of TMC in the form of a
health drink acts to protect against APAP-induced hep-
atic damage. In addition, the therapeutic effect of TMC
will be investigated in our further study.
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