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Mechanism of schisandrin B on inhibiting proliferation of hepatocellular carcinoma
cells based on ferroptosis pathway and its microemulsion enhancing effect
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Abstract: Objective To investigate the effect and mechanism of schisandrin B (Sch B) on proliferation of hepatocellular carcinoma
cells based on ferroptosis pathway, and enhance the inhibition of hepatocellular carcinoma cell proliferation through the preparation of
microemulsions. Methods The effects of Sch B on proliferation of HepG2 and Huh7 cells were determined by CCK-8 assay and
plate cloning method; The effects of Sch B on Fe?* accumulation, lipid peroxidation and ferroptosis signalling pathway were evaluated
by detecting the changes of mitochondrial morphology, levels of Fe?* and oxidation-related indicators, and expressions of factors
related to ferroptosis process in hepatocellular carcinoma cells. The formulation of D-a-tocopheryl polyethylene glycol succinate
(TPGS)-based microemulsions (T-ME) was investigated by pseudoternary phase diagrams and Box-Behnken response surface

methodology. The physicochemical indices of TPGS-based microemulsion of Sch B (Sch B-T-ME) were determined and characterised.
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The effect of Sch B-T-ME was compared with that of free Sch B in inhibiting the proliferation of hepatocellular carcinoma cells using

CCK-8 assay. Results Sch B could inhibit the proliferation of hepatocellular carcinoma cells in a dose-dependent manner. Sch B

caused HCC cells death by down-regulating glutathione peroxidase 4 (GPX4), solute carrier family 7 member 11 (SLC7A11) and up-

regulating acyl-CoA synthetase long chain family member 4 (ACSL4), leading to dysregulation of the antioxidant system in

hepatocellular carcinoma cells and promoting lipid peroxidation. Sch B-T-ME was successfully prepared with an average particle size
of (38.29 £ 1.97) nm, a Zeta potential of (—4.73 + 0.36) mV and a polymer dispersity index (PDI) of 0.266 + 0.011. Compared with

free Sch B, the inhibitory effect of Sch B-T-ME on proliferation of hepatocellular carcinoma cells was significantly enhanced.

Conclusion Sch B inhibits the proliferation of hepatocellular carcinoma cells through ferroptosis pathway, and the prepared Sch B-

T-ME can significantly enhance the inhibitory effect of Sch B on proliferation of hepatocellular carcinoma cells.
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A-chemical structure of Sch B; B—D-viability of HepG2, Huh7 and LO2 cells after 24 h of treatment with Sch B; E, F-colony formation rate of HepG2

and Huh7 cells after two weeks of treatment with Sch B; G-representative images of cell colonies after two weeks of treatment with Sch B; "P < 0.05

"P<0.01 "P<0.001 vs control group, same as below figures.

&l 2 Sch B {IHIFFEMPEAIEEMEERRED (Xts,n=3)

Fig. 2 Sch B inhibits viability and colony formati

on ability of hepatocellular carcinoma cells (X + s, n=3)



- 4416 -

FED 2024478 $55% B 138 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 13
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bk, Wik 3-B. Ev F s, 44T SchB J&,

HepG2. Huh7 41/l ¥ Lipid-ROS %¢ 5/ E 2 &
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FLI-A v
C 100 HepG2 41 b 80 Huh7 42 _
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2 0 5 40 3
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0 0 I -
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= <=
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B 2.0 it i 2.5 s E T
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Bis £ 20
i P K15 b
wn 1.0 [%2) &
8 8 1.0 )
< 05 505 =
k= a
30 30

R 10 20 40
Sch B/(umol-L™")

X 10 20 40
Sch B/(umol-L™")

A. C. D-SchB %t HepG2 il Huh7 40l ROS /K°F-HI5Mi1; B. E. F-Sch B % HepG2 A1 Huh7 4iif Lipid-ROS 7K F-HIFZM (X 200).
A, C, D-effect of Sch B on ROS level in HepG2 and Huh7 cells; B, E, F-effect of Sch B on lipid ROS level in HepG2 and Huh7 cells (x 200).

3 Sch B {E#ATREMEELTIININE (X£s,n=3)

Fig. 3 Sch B promotes accumulation of oxidation products in hepatocellular carcinoma cells (X + s, n =3)
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Fig. 4 Effect of Sch B on Fe**, MDA, and GSH levels and mitochondrial morphology in hepatocellular carcinoma cells
(Xts,n=3)
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Fig. 5 Effect of Sch B on protein and mRNA expressions of GPX4, SLC7A11 and ACSL4 in HepG2 cells (X + s, n=23)
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Fig. 6 Effect of Sch B on protein and mRNA expressions of GPX4, SLC7A11 and ACSL4 in Huh7 cells (X £ s, n =3)
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a-solubility of Sch B in various excipients; b-pseudoternary phase diagram; c-Box-Behnken design (A is mass ratio of emulsifier mixture, B is mass ratio

of oil phase to emulsifier mixture, C is mass percentage of aqueous phase).

7 T-ME g5 5 RL
Fig. 7 T-ME prescription optimization

# 1 Box-Behnken &itER5KF
Table1 Box-Behnken design factors and levels

K
K== -1 0 +1
A 1:3 1:2 1:1
B 1:9 2:8 3:7
C/% 39 48 57

A-AMFNR GV ELL; B-ilAH 5AMFIREWREL: C-/KAH
B E .
A-mass ratio of emulsifier mixture; B-mass ratio of oil phase to

emulsifier mixture; C-mass percentage of aqueous phase.

¥ =528 : 47.48 . 17.46 : 30.02. & 2 /] W, &%
BIE 1%~ 2% Ki12 5 PDI R &2k, 1 244%24
HIAR 3%, $R3% nl WLEH ik, PDI AR K, Kifs
KT 100 nm, AFFEHAMILEN, FILH e ziE
N 2%,

x2 BRAENWIKERPFNE (n=3)

Table 2 Effect of dosage on microemulsion particle size

(n=3)
B8/ Y% it /nm PDI
1 31.5142.12 0.278+0.016
2 33.1944.46 0.26940.026
3 112.03+3.45 0.42540.023

3.6 Sch B-T-ME AR

/& 8-A. B ffizn, Sch B-T-ME 238357, ki
RN Z05E Sch B-T-ME HIERAE N (38.29+
1.97) nm, Zeta HBf7 N (—4.73+0.36) mV, PDI A
0.26610.011 . il FLIRL AR PR S L RE 10 B Fe
B, RARER/N, BERUBARES, 3R 3 AT Sch B-T-
ME TEARFEIIIE] R Zeta HAZ. PDIL Rif2 5045 A
YIS B E 2R, SchB-T-ME &t RiF.
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Fig. 8 Characterisation of Sch B-T-ME and its effect on cell activity (X £ s, n=3)
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Table 3 Storage stability of Sch B-T-ME (n = 3)

#/d $if%/nm PDI Zeta HUiz/mV & &/(mgmL™")
0 3499%2.14 0.271£0.006 -4.70£0.50 1.98540.004
5 38.55+£1.46 0.267£0.016 —4.85+£0.33 1.94440.002

10 38.29%£1.97 0.2661+0.011 —4.73£0.36 1.85240.006

20 36.90£0.39 0.238+0.031 —4.63£0.46 1.87440.002

30 39.77£1.09 0.273£0.014 —4.68£0.32 1.84240.008
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