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[ Abstract] Objective To investigate the effect of Huangzhi oral liquid on ferroptosis
and apoptosis of hepatocytes in acute hyperlipidemia mice based on abnormal lipid metabolism.
Methods Forty SPF grade C57BL/6 mice were randomly assigned to the normal control group, the
model group, Huangzhi oral liquid low-dose and high-dose groups, and fenofibrate group, with 8
mice in each group. All administration groups were given Huangzhi oral liquid and fenofibrate by
gavage at corresponding doses, while the normal control group and the model group were given the
same dose of distilled water for a period of 5 days. on the third day of administration, in addition
to the normal control group, other groups were injected intramuscularly with Triton WR-1339 to
establish a hyperlipidemia model. After the administration, the serum lipid levels and liver function
in mice were detected. The pathological changes of liver were observed by HE staining and lipid
accumulation was observed by oil red O staining. The iron content in liver tissues was detected
by tissue iron assay kit. The changes in protein expression of ABCA1, ABCGS5, LXRa, ASGRI,
cleaved-PARP, cleaved-caspase 3, Bcl2, Bax, TFR1, SLC7A11, GCLM, GPX4 and FTHI in liver
were detected by Western Blot. Results Compared with the model group, Huangzhi oral liquid
could reduce the lipid vacuoles in liver tissues, alleviate the degree of lipid degeneration, reduce the
content of TC, TG, LDL-C, AST and ALT in serum, increase the content of HDL-C, increase the
protein expression levels of ABCA1, ABCGS5, LXRa, Bcl-2, SLC7A11, GCLM, GPX4 and FTHI in
mice liver tissues, reduce the protein expression levels of ASGRI, cleaved-PARP, cleaved-caspase 3,
Bax and TFRI. Conclusion Huangzhi oral liquid can alleviate the abnormal lipid metabolism in

acute hyperlipidemia mice, thus alleviates hepatocyte apoptosis and ferroptosis.

[Keywords ] Huangzhi oral liquid; Lipid metabolism; Ferroptosis; Apoptosis; Acute
hyperlipidemia

o0 I ILAE 2 R 25 R R S R iR A 2R 3
HAFZHERZ M P A HI =18 (triacylglycerol,
TG) . MAHBEEE (total colesterol, TC) FiIE %5
g % 1 ( high—density lipoprotein, HDL ) 7K~ f
%, SR ENREE (low—density lipoprotein,
LDL) /K- Pl o MUAE S 5 0 iR AR DG AT
TORBEMK, o UEsER X, FE i,
A SR [ AR EE R T B 1 A e A
HEE L

JHEEAE A LA P 100 B 1 R 5 5 T R A
ZBREEAEN, HIRENR A Ao B b iy
BT, QR AFIEDRE B BRI, ATRESs Tk

AR AN, I AR B A SR EL
BT RESTE AR R Y, TR R, i
PRI T X Z AR (liver X receptors, LXRs )
) 1B [ P AR AP A OCHE R 3R, LXRa 1 0T g
¥ — F 2 55 B A A T I AL Bl
ATP 45 & & %32 B 1 Al ( ATP-binding cassette

e = I = i

https://yxqy.whuznhmedj.com

transporter A1, ABCA1) Fl =B IR IE 45 5 Fiz
HGRBEEM G 5 PR (ATP-binding cassette
sub—family G member 5, ABCGS5 ) B9FEL, M
SR A SN R T SR Y — TRk A 5
KUY, B DA A A T
B, PN BB BT R TR, i
SAALBON 2AERPIE P filh A, X AT AT RERE— 2D 2 2
ML B IR REZR AL, B4 &
AP T LA AERFET s B AR AR 5C 19 5 ik
FETAE BE AR, SR, ARFUCSIK
i ] BT BUIR B A A K BT, A A
HERIET-Z [ AE B R R AR

P IRV Fh M e S 24 R B S v L =
BEMRAR AL S 00 By HEA TR . 1% 0 IR 22 K
B OKEE, BT 3 IRAPZGLLN, BT AL
A A R DAL T I PR S 36 B B 11 IR e
RN B Thm B AL B AR K, 98
2% VRO URESE S 3 22 KR S Ik ARSI ARG



A CoIUBRAEL Y I DR X AR 238 FH TR S e il
e B LAE DA K TEEAR Bl Jie e O IR S5 5 5 A O
FRRE 1, AFL SRR VR FEATLIR i AR 78 740
WeBFFE R H RS TR IBLE], LU 2tk
i MLAE AR Y F R BEOCHE A BE S

1 HRSHE

1.1 FENUEE

VICTOR Nivo 8 Z Iy B 4= 3% K M 45 1

(PerkinElmer ) ; EPHC 400 %2 E{ VRS (M
i—) ; ECLIPSE Ti2-A RZOE 4% (Nikon ) ;
10044275 B~ R HIR RS (Bio-Rad ) o

1.2 FE#ARSIRXF

R R (Pl E B ), S

20220207, ML 10 mL/ ) 5 AR D4R [ HERE
5 (L) ARAE, it 305500 PUT By
[Triton—-WR1339, PUigIGBMEEE ( ) Ao A
BRZYE], 5. MKCQ2893]; —Hi B-actin (#RINFE
e IREYIPHEATRA TR, 15 AC220227006) ;
— $LLXRa (Hit%: 00104968 ) . ABCGS
(4t 5 00055615) | 2 ME ¥ R B 45 1152 1K1
(‘asialoglycoprotein receptor 1, ASGR1, 5.
00112530) . Btk 240 M1 2% [N (B-cell
lymphoma—-2, Bel-2, 4it*5: 11009905) . Bel-2 A
X X (Bel-2 associated X protein, Bax, #lt%5:
00110374) 1 TR =JE =Y HARARA A, —
PUABCAL (Hit%5: H661315008 ) FIAF bk H it 4
1t W) 1 4 (recombinant glutathione peroxidase 4,
GPX4, #it5: H661365003) My T4 % W Rl £
ABRANT]; —PiE 0 324K 1[transferrin receptor
protein 1, TFR1, 3CIHr ( L) REAHRAH,
45 1000621-9]; —HU k& F E 5 1 (ferritin
heavy chain 1, FTH1, Hit5. 3¢52281) . &
Bt # R K %7 B Bt 11 (solute carrier family 7
member 11, SLC7A1L, #t*5: 84a5792) . %
W2 F Mt 2 B8 3% $% 1 (recombinant glutamate
cysteine ligase, modifier subunit, GCLM, 4t 5.
7244644 ) | % AL IR R RR OB R 5
( cleaved—poly—ADP ribose polymerase, cleaved-
PARP, #t5: 6513269) | & ALHY & F MR K
R AR /K il ( cleaved—caspase 3, 5.
1520096 ) |\ —HUHAMRIT EALYIEEbRICILEHT/ N R
1gG (H+L) (#t5: 8806572) . Affinity” ECL kit

Frontiers in Pharmaceutical Sciences, Sept. 2024, Vol. 28, No.1

(femtogram ) (Ht5: 60n5049b ) I4F {175 E Rt
YT A F . HUEUR AL Y bR
IC Y L FE BT A 1gG[ 55 [ Cell Signaling Technology

(CST) T E AR FEFE ( B APl
HBRAF, #5: 36]; A8V & a7 &

(#it 5. 20230303) . TG ( it 5. 20230315) .
i % FE IR 25 1 & B (high—density lipoprotein
cholesterol, HDL-C, lt*5: 20230305) . K% &

FEHMEEEE (low—density lipoprotein cholesterol ,
LDL-C, #it 5. 20230105) . TC ( it 5.
20230226 ) . K14 AR AW (aspartate
aminotransferase, AST, 5. 20230306) . N4&
iz 2 7% Hk %% (alanine aminotransferase, ALT,
fE45: 20230315 ) W4T R o g AR Y T RRAE 5T
PR BRA ] BCA 85 il & (88 kil
IRBHE AT, 5. xk357435) ;5 RIPA 2f#K

(#t5 . 083123231110) . # M ffE 40 1 75 (it
51 030922220714 ) | &GP E] ] (AT
030922220714 ) W4T i = KRAEYH ARG R
AN
1.3 ;Y

40 H SPF % 6~7 [l By HEYE C57TBL/6 /INERL,
K 15~17 g, WA KB BEZLRIHY PO,
YRS HIES . 44007200113196, Bh¥{di
VFA[ES . SCXK () 2022-0002., sh¥id =
B (22£2) °C, MXHREE R 55% +5%, A
THRBIAE G Z M 22 B (12 h B /12 h
W) . ARFEYOK, shscmes) M K2
B v L rp R B S g6 S AR B D St (b
5 AEWC-2023001) .

1.4 AL
140 7k i B

AR A EE R 7 Hh 60 g KB,
10 g 7KIE 10 g F3E T4, ¥ 3 Fh2ybpiE
W, SIFIEM, We4iE 2.08 o/mL ( LILEZGHF)
R0 1 R = i (IR SERGREE 2 4% ) L 4%
YRR 2 0.52 o/mL (LAIEZYRATT) , BIEEdE O
MR AT & CImPRAERSGR & 12 %)

it DURRIR W BRI DURR S it A, I
FHER K E I 2.6 me/mL FYAETHE DURRAR o

Triton-WR1339 ¥ ¥#: # Triton-WR1339 H
A BRER K L A% 0.12 g/mL ) Triton-WR 1339 75 4
IBCH -

https://yxqy.whuznhmedj.com



W 2024 £ 9 HE 28 BE 11

1.4.2 R4

Zeat 1 JAIE N R SRS, K% 40 2 C5TBL/6
INERBERLAT A IE 5 T B AR | B RO
i (52 g/kg) . & (20.8 g/kg) 20 AR I
Frdl (PHYEXTHE, 26 mg/kg) , B4 8 H. LI
BN 2P YILL 10 mUkg () 0E H 45 2, F54E
5 do L2555 3 R, BRIEF XTRRAA, A /R
LA 10 mL/kg LA BT Triton—WR1339 17 4 2
BLAERAL U 36 h J&, BRI r/INRA T 5
FPERRIE, WCAR /IR RN IR H SR AS, Ryt
TR AN Sy Hr . BUMTET 12 h 2R AREK,
B e, KM AE 4 °C &R FEE 2h, KRG
1 520 x g B5.0» 20 min 43 B 10T, 4 °C ¥ilas .
Ak, IR AP E T 4% Z R BT,
B —HBAMEAET —80 °C (BRI VAR NS
1.4.3 HEZ &I BT IR 297 72 T AL

PP LH 2 B A 4% 2R, SR i
Ik A U1k (JEBE 5~8 pm) | il
AL A XY R T, R AORE Y
5 min, PHLLYL 2 min; fea PEATHRK B, R
FHE OB AT EUECR B, ARIU 22 RIA
1.4.4 HZOF &I RITIENE R T AR

I E 20 U AR WA TR TR A
YEVK RV, AREUE M. PR R (JEE
6~10 pum ) ; il 76 HE S5 T X0 7 AT IAL
O G5 10 min; MR 5T, ST 5ok
AbBE; fie)E IR ARG e {6 5 min WLEKHE (R 4] U
A BHTELRE, MU R TR, I
R FH Sk B R A IR
1.45  AALFEARAE M

B, 4% al0 S vl e, SR B bR
G 2 A5 FEAR M SEEAE, THAFEA T TC, TG,
LDL-C. HDL-C., AST. ALT {%i&,

TEH X B BIvE]

T IR ) e

1.46 D FITELRKA AN

HLO.1 g /NUIFALEY, Feortibis, il 4 ks
W KSR A AR PR K% 1:9 (wiv) AL
BISEATRERE, A LRV W SR FH ARG T
FrE, AR S U AR
1.4.7 D RITALRARE G Rk A

SR RIPA 242 U A B, JH BCA
HaEE (Smg/ml) , BFEYN10pL. R
SDS-PAGE HLUK4> 55, H%ENZ PVDF B, HI 5% Bt
NEW B WA 2 h, —Pr (FERELLA] 121 000)
BT 4°C kMR E . HRP frid —ht (WiRELL
i1 1:10000 ) WEFHRESSRES), FIRPER 1.5 h,
R ECLIEE5 . H Image ] REHATHIL
BRI,
15 SitEF*E

K FH SPSS #4447 e 11 o B, B s ¥ D
s RN AR IE A oG BUIE A0
B, i One-Way ANOVA #5750 FHAES %L
K56 Kruskal-Wallis One—Way ANOVA ( Bonferroni
KEIEKESS ) SEATLHRIPI I HEEE . DL P < 0.05 A2
SHGHE L.

2 SR

2.1 EEORRAEX 2 S BE M iE /) BR AT BE
TRIZR RN

HE Jea 25 5 UL 1, 1E 5 %5 BR4H 09 FF 4 A HE
G, WA TP IR K IR A, R
WA s FERIEIL B AT AR, T LAULEE B G
RIS B A IS, XLz R/ NA—, HHFIR
Wl A5 EE O IRRJE, BRRZS BRI, B
HHR TR AR AR, NP 5155
PR HFPRWIE; A DR A5 2 O IR 25 7
AR SGE R A Y.

B IR ) R DR

B EE O AR RS 2 S S M E /N AT AR R EE A9 &40 (200 x )

Figure 1. Effects of Huangzhi oral liquid on liver pathology in mice with acute hyperlipidemia (200 x )
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Figure 2. Effects of Huangzhi oral liquid on hepatic lipid deposition in mice with acute hyperlipidemia (400 x )
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