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Haizao Yuhutang Modified with Sargassum-Glycyrrhizae Radix et Rhizoma Incompatible
Pair Alleviates Oxidative Stress in Liver of Goiter Rats via AMPK/mTOR/ULK1 Pathway
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[Abstract] Objective: To investigate the protective effects and molecular mechanisms of the Sargassum-Glycyrrhizae
Radix et Rhizoma incompatible herb pair within modified Haizao Yuhutang (HYT) on the liver of goiter model rats. Methods: A
total of 128 male Wistar rats were randomly divided into eight groups (#n=16 per group) : blank group, model group, Euthyrox
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group (20 pg-kg'), HYT group (12.06 g-kg"'), HYT-H group (de-Sargassum, 9.90 g-kg'), HYT-G group (de-Glycyrrhizae,
10.26 g-kg'), HYT-HG group (de-Sargassum and de-Glycyrrhizae, 8.10 g-kg"), and HG group (3.96 g-kg"). Except for the
blank group, all rats were administered propylthiouracil (PTU) by gavage for 14 consecutive days to establish a goiter model,
followed by 14 days of corresponding drug intervention. Levothyroxine sodium tablets (Euthyrox) were used as the positive
control. The blank group received deionized water by gavage. Serum levels of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were measured. Levels of reactive oxygen species (ROS) , malondialdehyde (MDA) , glutathione
(GSH), and oxidized glutathione (GSSG) in liver tissue were determined. Hematoxylin-eosin (HE) staining was used to observe
histopathological changes in the liver, and transmission electron microscopy ( TEM) was used to examine hepatocyte ultrastructure.
Western blot was performed to detect the expression of adenosine monophosphate-activated protein kinase (AMPK) ,
phosphorylated AMPK (p-AMPK) , mammalian target of rapamycin (mTOR) , phosphorylated mTOR (p-mTOR), UNC-51-like
kinase 1 (ULKI1) , and phosphorylated ULK1 (p-ULKI1) in liver tissue. Results: Compared with the blank group, the model
group showed significantly increased serum AST and ALT levels (P<0.01) , a significantly decreased GSH/GSSG ratio in liver
tissue (P<0.01) , significantly increased ROS and MDA levels (P<0.01) , and a significantly decreased p-ULK1/ULK1 ratio
(P<0.05). Compared with the model group, the HYT group showed significantly decreased serum AST and ALT levels (P<0.05,
P<0.01), a significantly increased GSH/GSSG ratio in liver tissue (P<0.01), and significantly decreased ROS and MDA levels ( P<
0.01). HE staining and TEM showed that liver morphology tended to return toward normal. In addition, the p-AMPK/AMPK ratio
was significantly increased (P<0.05), the p-mTOR/mTOR ratio was significantly decreased (P<0.01), and the p-ULK1/ULKI
ratio was significantly increased (P<0.01). Conclusion: HYT containing Sargassum and Glycyrrhizae Radix et Rhizoma exerts
protective effects on the liver of goiter model rats, with superior efficacy compared with the component-deleted and HG groups. Its
mechanisms may be related to activation of the AMPK/mTOR/ULKI1 signaling pathway, thereby inducing autophagy, promoting
the clearance of damaged organelles and oxidative products, inhibiting ROS and MDA production, and restoring redox homeostasis.

[Keywords] Haizao Yuhutang; Sargassum-Glycyrrhizae Radix et Rhizoma incompatible pair; goiter; oxidative stress in the
liver; adenosine monophosphate-activated protein kinase (AMPK )/mammalian target of rapamycin (mTOR )/UNC-51-like kinase 1
(ULK1) signaling pathway
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Table 1 Comparison of serum T,, T,, and TSH levels between

blank group and modeling group
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Table 2 Effect of Haizao Yuhutang and its modified formulas on

liver weight, body weight, and liver coefficient in rats (x+s,n=16)

21 51 Fli/g-kg! MFMEFR/g  KFREg FIEREU%
2 HA 10.83+0.95 386.36+41.03 2.82+0.28
[ RIEE] 6.50+£0.56 279.04+19.88 2.33+0.08”
T R4l 2x10°° 7.90+0.74 309.67+21.83 2.55+0.10"*
HYT# 12.06 7.36+0.56 288.28+19.34 2.56+0.17"
HYT-H 4 9.9 7.31+0.82 289.40+13.79 2.52+0.22"
HYT-G 2 10.26 6.94+0.82 282.41+23.32 2.46%0.19”
HYT-HG %1 8.1 7.29+0.79 287.78+21.14 2.53+0.15"
HG 4 3.96 6.76£0.90 281.26+27.23 2.40+0.20”

T 525 H 4 R VP<0.05,2 P<0.01; 5 #5841 1 % > P<0.05,
YP<0.01;5 HYT 40 L% ¥ P<0.05,% P<0.01(F 3-F% 5[d)
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Table 3 Effect of Haizao Yuhutang and its modified formulas on

serum ALT and AST levels in rats (x+s,n=16) U-L"!
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Fig. 1 Effect of Haizao Yuhutang and its modified formulas on pathological morphology of liver tissues in rats (HE, x400)
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GSH/GSSG L il i 3 B A (P<0.01) ; SRS 4H LA,
% 45 245 41 ROS % ot i F . MDA /K F & 2 B ik
(P<0.01) ,HYT 4 B H R4 .HYT-G 41 .HG 4
GSH/GSSG Wi i & F+ &, 22 57 A e it 27 L (P<
0.01) ;3 — LKL SHFITHLN, SHYTH L
BLOEH SR S RO 4 & HG 41 ROS %8 5 B
MDA KV B & Fh &, 22 5% A e i 2 L (P<0.05,
P<0.01)., W34,
37 % K Bl HF I AMPK. p-AMPK. mTOR.,
p-mTOR. ULKI1. p-ULK1 & 1 £ ik B ¥ m
Western blot 45 J B 78 , 545 A4 i, BEAl 4
p-ULK1/ULK1 {E B & % X (P<0.05) ; 5 £ 7 4 [
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B2 BEEFTFIREMAFTNKRFARBHECHIZI GBEHLEE, <2 500)

Fig. 2 Effect of Haizao Yuhutang and its modified formulas on ultrastructure of liver tissues in rats (TEM, x2 500)

x4 BEETZREMBGARIFEALROS. MDA .GSH.GSSG K GSH/GSSG 7k FHIZME (¥+s,n=16)
Table 4 Effect of Haizao Yuhutang and its modified formulas on levels of ROS, MDA, GSH, GSSG, and GSH/GSSG in liver tissues of

rats (X+s,n=16)

ZH 5 Fl /g kg ROS %3 & /mL MDA/wmol-L" GSH/umol-L" GSSG/pmol-L"  GSH/GSSG
EIEE 250.24+10.89 0.58+0.08 7.7940.70 0.70+0.11 11.53+2.34
7R 2] 572.86+32.23% 1.34+0.09% 2.65+0.34 0.30+0.03 8.86+1.54%
P 2R 4 2x10° 313.42+14.13%49 0.65+0.02" 6.23+0.66 0.54+0.03 11.61+1.33%
HYT4l 12.06 268.10+25.60" 0.59+0.11" 4.56+0.46 0.37+0.06 12.67+2.28"
HYT-H 41 9.9 358.47+22.28%49 0.78+0.09> 6.82+0.93 0.65+0.07 10.78+2.56
HYT-G 41 10.26 483.43+28.78%4 1.10+£0.16>+% 5.50+0.58 0.48+0.05 11.62+1.35"
HYT-HG 41 8.1 464.18+22.10>*° 1.00£0.122+4% 3.24+0.58 0.34+0.06 9.88+2.86
HG %1 3.96 329.52+13.07>49 0.70+0.04> % 4.76+0.70 0.41+0.03 11.56+2.02"

i ,HYT 41 p-AMPK/AMPK . p-ULK 1/ULK 1 {4 W] i T+ B (P<0.05, P<0.01) , HYT-G 41 M HYT-HG %
T+ 5 (P<0.05, P<0.01) , p-mTOR/mTOR 1 & 35 [ 1% p-ULK1/ULK 1 {A#] i F#AR(P<0.05) . W3 5.%13.
(P<0.01);i#F— b2 Iy S rd kM, SHYTH 4 g

UL, A 9707 41 & HG 2 p-AMPK/AMPK i {8 3% [ {i “ERER T IR AR AR R B AR S (R - T R
(P<0.01),HYT-G %1 }2 HG 41 p-mTOR/mTOR {i ¥ i T K A 3 R BE AT 7 I PR 52 R 5 B A 5
x5 BEETHIREMBANKRFEL p-AMPK/AMPK . p-mTOR/mTOR & p-ULK1/ULK1 EARIZEHEIE (¥+s5,n=3)

Table 5 Effect of Haizao Yuhutang and its modified formulas on protein expression ratios of p-AMPK/AMPK, p-mTOR/mTOR, and
p-ULK1/ULKI1 in liver tissues of rats (x+s,n=3)

20 51 Fl /g kg p-AMPK/AMPK p-mTOR/mTOR p-ULK1/ULK1
2 H4 0.93+0.15 0.97+0.01 0.97+0.14
HEAIZH 0.87+0.23 1.15+0.18 0.73+0.08"
PLH R4 2x107 0.93+0.36 1.010.16” 0.79+0.07
HYT41 12.06 1.23+0.29% 0.57+0.21"" 1.20+0.14"%
HYT-HZ 9.9 0.71+0.03% 0.83+0.24" 1.00+0.15>
HYT-G 4 10.26 0.49+0.19>39 1.020.20% 0.98+0.19%%
HYT-HG %1 8.1 0.58+0.12"% 0.83+0.26 0.87+0.19
HG % 3.96 0.65+0.13% 1.03+0.35% 1.06+0.14"

.90.
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A B C D E F G H
3 KR ABF4A LA AMPK., p-AMPK, mTOR, p-mTOR. ULK1,
p-ULK1 X EZE B RIEB Kk
Fig. 3 Electrophoresis of AMPK, p-AMPK, mTOR, p-mTOR,

ULK1, p-ULKI1 related proteins expression in liver tissues of rats
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