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ABSTRACT

Objectives : Ukgan-san plus Citri Pericarpium and Pinelliae Rhizoma (UCP) is used as a traditional herbal formula in
Korea and Japan for treatment of fever, fever-induced convulsions, and liver dysfunction and so on. In this study,
we investigated the cytoprotective effect and underlying mechanism of UCP against oxidative stress induced by
cotreatment of arachidonic acid (AA) and iron.

Methods : To evaluate the hepatoprotective effects of UCP against AA + iron-induced oxidative stress in HepG2 cell,
cell viability and changes on apoptosis-related proteins were assessed by MTT and immunoblot analyses. The changes
in intracellular reactive oxygen species (ROS), glutathione (GSH), and mitochondrial membrane permeability (MMP)
were investigated against to the oxidative stress. Furthermore, to verify underlying molecular mechanism,
NF-E2-related factor 2 (Nrf2) and its downstream target genes were examined by immunoblot analysis.

Results : Treatment of UCP increased the cell viability and altered the expression levels of apoptosis-related proteins such as
PARP, caspase-9, caspase-3, Bcl-2. UCP also inhibited the GSH depletion, excessive ROS production and mitochondrial
dysfunction induced by AA + iron. In addition, the Nrf2 and the Nrf2 target genes activation were increased by UCP.

Conclusions : These results indicated that UCP has the ability to protect against oxidative stress-induced hepatocyte
damage, which may be mediated with Nrf2 pathway.
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Table 1. Composition of Ukgan—san plus Citri Pericarpium and Pinelliae Rhizoma in this study

Herb amount (g) %
i 1.0 10.5
N 1.0 10.5
R 1.33 14.0
It 1.33 14.0
S| 0.67 7.1
i 0.5 5.3
Pt 1.0 10.5
B R 1.0 10.5
P 1.67 17.6
A 9.5 100
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Fig 1.

Effect of UCP against AA + iron—induced hepatotoxicity.

The effects of UCP on cell viability were assessed by using the MTT assay. (A) To investigate the effect
of UCP alone on cytotoxicity, HepG2 cells were treated with 0.03-1.0 mg/mL of UCP for 24 h. (B) To
determine the cytoprotective effect of UCP, HepG2 cells were pretreated with 0.03-1.0 mg/mL of UCP.
And then, the cells were exposed to AA (10 #M) for 12 h, and were incubated with iron (5 M) for

1 h. All data represent the mean + S.D. of three separated experiments (Significant compared with

control, " p < 0.01; Significant compared with AA + iron, *p < 0.01).
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Fig 2. Effect of UCP on AA + iron—induced apoptosis.
(A) Immunoblot analysis of apoptosis—related proteins. (B) Cleaved PARP, procaspase—9, procaspase—3,
and Bcl-2 expression intensities were measured by scanning densitometry. Data represent mean + S.D.
of three separated experiments (Significant compared to control, =~ p < 0.01; Significant compared to AA
+ iron, "p < 0.01)
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Fig 3. Effects of UCP on AA + iron—induced GSH depletion and ROS production.

(A) The cellular GSH contents were measured by using commercial kit as mentioned in materials and

methods section, and the values were normalized by protein concentration.

(B) To observe the

intracellular ROS accumulation, HepG2 cells were treated with 0.3-1.0 mg/mL UCP and AA + iron.
After then, DCFH-DA (20 uM) was added for 1 h. DCF fluorescence was monitored by automated
microplate reader. (Significant compared to control, ~p < 0.01, “p < 0.05; Significant compared to AA +

iron, "p < 0.01, 'p < 0.05).
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Fig 4. Effect of UCP on AA + iron—induced mitochondrial dysfunction.
(A) HepG2 cells were treated with 0.3, 1.0 mg/mL of UCP, AA + iron as described in material and
methods and subsequently stained by rhodamine 123 for 30 min. (B) Proportions of low rhodamine 123

intensities (RN1 fraction) were presented as percentages of the 10,000 cells. All data represent mean *

S.D. of three separated experiments. (Significant compared to control, ~ p < 0.01; Significant compared

to AA + iron, "p < 0.01).
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022, 2.14 + 026W]2 EAHoR GolstAl(p < 0.01)  UCPE A oA 141 + 0.18, 1.68 + 0.27,
ZoVetdrhFig. 5B). Eeh UCPE BEHz 3A7H 5 223 + 0.15812 So3(p < 0.05) Z71stelh(Fig.
oF AxJstS wf & We] Nrf29] ¥iskE EAet 2, 5C). ol&= UCP7F & Wlo] Nrf2 &4ste 53 4tst
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Fig 5. Effect of UCP on Nrf2 activation
(A) Reporter gene assay to measure ARE-mediated transcriptional activation. The expressed luciferase
activity of recombinant HepG2 cells, treated with 0.03-1.0 mg/mL of UCP for 24 h, was measured. (B)
To measure the time—course nuclear Nrf2 expression levels, HepG2 cells were treated with 1.0 mg/mL
UCP for 0.25-6 h. (C) To determine the concentration—dependent nuclear Nrf2 expression changes,
HepG2 cells were treated with 0.03-1.0 mg/mL UCP for 3 h. Immunoblot loading control for equal
loadings was used as lamin A/C. All data represent mean *+ S.D. of three separated experiments.

(Significant compared with control, ~ p < 0.01, “p < 0.05).
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cello AXJste], Nrf29] #73 g4k3t QA1 Sestrin2,
HO-1, NQO19] H3}= immunoblot analysisS
Aot tHFig. 6A).
Sestrin2 T2 EA2](1.00 + 0.36) thH] 34]

59 &

+
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Fig 6.

Activation of Nrf2 and its target genes expression by UCP.

The protein levels of Sestrin2, HO-1, NQO1 were immunoblotted in the HepG2 cells treated with 1.0
mg/mL UCP for 1 or 3 h. Equal protein loading was confirmed by S-—actin immunoblotting. All Data

represent the mean + S.D. of three separated experiments (Significant compared with control, ~ p < 0.01).
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Table 2. Comparison of Herbal Composition and Dosage of UGS and UCP

A T (UGS) YIFFROTBL £ 8 (UCP)

24 | wume | UROUT Lomosomes| S| BREUT Laomo o] gl
8% (8% % |8%| % | 8% | % |8%| % 83| % | 8% | % |8%| %
B g8 | 172 8 | 178 3 14.6 3 1146 8 |136 3 10.5 1 10.5
N 87 | 138 5 | 111 3 14.6 3 1146| 5 8.5 3 10.5 1 | 10.5
[N 18 | 172 8 | 178 4 19.5 4 1195 8 | 136 4 14.0 | 1.33 | 14.0
Ftt g8 | 172 8 | 178 4 19.5 4 1195 8 | 136 4 140 | 1.33 | 14.0
N 57 | 8.6 4 8.9 2 9.8 2 198 4 6.8 2 7.0 0.67| 71
e 57 | 8.6 4 8.9 L5 7.3 15173 4 6.8 1.5 5.3 05| 53
gogEE | 18¥ | 172 8 | 17.8 3 14.6 3 1146| 8 | 136 3 10.5 1 | 10.5
B 1 - - - - - - - - 6 |10.2 3 10.5 1 10.5
4 - - - - - - - - 8 | 13.6 5 175 | 1.67 | 17.6
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