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Abstract: In this study, according to TCM theory of "liver gi stagnation forming fire", emotional stress mice
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model was employed to evaluate the protective effects of Qingre Xiaoyanning on herpes simplex virus type 1
(HSV-1) induced reactivation. The animal experimental protocol has been reviewed and approved by Laboratory
Animal Ethics Committee of Jinan University, in compliance with the Institutional Animal Care Guidelines. BALB/c
mice were divided into six groups, including mock group, HSV-1 latency group, HSV-1 reactivation group (HSV-1
latency + stress), low (0.658 g-kg*-day™) and high dose (1.316 g-kg*-day™) of Qingre Xiaoyanning groups and
positive control group (acyclovir, 0.206 g-kg*-day™). Except for the normal group and HSV-1 latency group, all
mice in other groups received a daily 12-h restraint stress for 4 days. After 7-day treatment of drugs, body weight
and recurrent eye infections of mice were recorded. Brain tissues were harvested to monitor HSV-1 antigen
distribution by immunohistochemical staining and detect virus titer by plaque assay. In the meantime, the mRNA
and protein levels of infected cell polypeptide (ICP27) and glycoprotein B (gB) in the brain tissues were detected
by RT-PCR and Western blot, respectively. The level of 4-hydroxynonenal (4-HNE) and expressions of ferroptosis-
related proteins were measured by Western blot. The evaluation of malondialdehyde (MDA) content in the brain
tissues was conducted by MDA assay commercial kit. The results showed that Qingre Xiaoyanning significantly
retarded the decline of body weight of mice induced by HSV-1 reactivation, reduced the activation rate of HSV-1
and recurrent eye infections, declined virus titer of HSV-1, down-regulated gene and protein expressions of ICP27
and gB, and hindered the distribution of HSV-1 antigen in the brain of mice. Meanwhile, Qingre Xiaoyanning also
decreased the protein expression of ferroptosis-related proteins, including DMT1, TFR1 and ALOX15 in the brain
tissue of HSV-1 reactivated mice. The levels of lipid peroxidation products, 4-HNE and MDA, were also reduced
by Qingre Xiaoyanning treatment. All the above results indicate that Qingre Xiaoyanning significantly inhibited
HSV-1 reactivation by restraint stress, which might be related to the regulation of ferroptosis. Our findings
provide a theoretical basis for the application of "clearing liver-fire" TCM on treatmenting HSV-1 reactivation-
related symptoms.

Key words: emotional stress; Qingre Xiaoyanning; Sarcandra glabra (Thunb.) Nakai; liver gi stagnation
forming fire; herpes simplex virus type 1 reactivation; ferroptosis
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Table 1
gB: Glycoprotein B; ICP27: Infected cell polypeptide 27

The primer sequences for real-time quantitative PCR.

Gene Species Sequence (5'-3")

gB Mouse Forward primer GCCTTCTTCGCCTTTCGC
Reverse primer CGCTCGTGCCCTTCTTCTT

ICP27 Mouse Forward primer TGGCGGACATTAAGGACATTG
Reverse primer TGGCCGTCAACTCGCAGA

f-actin Mouse Forward primer CACCCGCGAGTACAACCTTC
Reverse primer CCATACCCACCATCACACC

Western blot 7% & Ml /) & A 28 22 & ICP27, ¢B.
4-HNE.ALOX15, TFR1.DMT1. GPX4 f1iPLA2g &
BHFRIE A S A SRR SR B 2 /) RO 20



-+ 1644 - 2% %4 Acta Pharmaceutica Sinica 2022, 57(6): 1641 -1648

Zih i E A, i BCARA N EEOWRE. EHE
A5, #E4T SDS-PAGE HLJK, 1RIEFE [ 60 min. —#1
4 °CH3 E &, —PrBc il bl R 1CP27 (1:1 000).
gB (1:1 000).4-HNE (1:1 000). ALOX15 (1:1 000)-.
TFR1 (1:1 000).DMT1 (1:500).GPX4 (1:1 000).
iPLA2/ (1:1 000) & GAPDH (1:3 000); —Hifi B =
EE 2 he FIbL2A RO T AR s 347 5%, I Image J
B EMG AT b, AR U BWNEASNSEG
GAPDH 6% FE LU R 7R

MDA #& MK T &M/ NE P MDA E 2
FARRAE P R o0 S W BT

GitFE o S5 4 R FH GraphPad Prism6.0
BEAT Gt o0 B, Bl A x £ s %o 4L IR) B g o P LA
7 Z 37 (one-way ANOVA). P < 0.05 i B 2 57 A
BRI R L.

HR
1 BRBERTXHSV-1HUEE & /NRIFFRE K ARED
RAEHIFZME

MR ER 25 55— R, AR SE D /N R4 5
B, OFENRAAR R R, LR LE 1A, 5
PRALHR B, 0 21/ BRI 5 PRG54 A
LE, I AR 48 T v 771 8 LRI BE 1 24 B 3 9 5 2L/ BRI
JiE R T e IR R AR IR A 45 R W& 1B, R4
/N B MR T IR AR, 0 2L/ B IR 0 ] R s, A B
EAH-ERACTRY . SEIEAHMAL, ERER T

Relative weight / %
=
=

1 2 3 4 5 6 7
Days after drug administration
* Mok ¥~ Reactivated HSV-1 + QXL
& Latent HSV-1 ~&- Reactivated HSV-1+ QX-H
—+ Reactivited HSV-1 -4 Reactivated HSV-1 + ACV

K 15 7] 2 2L RO 2 245 e 9 =5 AL /N BT PR U i
REA B IE . KL/ BRURTHR 38 JORE VP40 34T G it 4
M, 455 LB 1C, WO 2H /N BRI A I 98 53 0k 6 T 60%,
T8 PIH 28 TG v 7B AL/ BRI AR A 2R 26 R 30%,
B 5 % 3 2L /0N BRI A T 98 5 R R 20%, DL b 25 R
B, 38 B 2T 0 HSV-1 B0 52 R /) BRI A4 ot 2 Ok
PER, HREPRARILIR S RIE IR R 2K
2 BHRERTIHSV-1BEEL/NRNALFHEX
mEEEMERRIEENEN

RT-PCR 25 5L WL I& 2A, 5 78 (R 20 A LU, 30 417
SR P Fii e AR 0 21 K B Y 1ICP27 A gB s 8 3k IR i R
ik, T O AR LG, T B 28 T 4 24 2H % B A 4 e
H &3 4N R ik 4 23 1ICP27 A gB i 2 5 R 1 3%
EKFRE N . [FII, Western blot 45 3 (& 2B) &
N, SEOE A L, 45 2541 1CP27 Al gB £ [ I K IA K
SERR R . DL SRR, IEHGE K T e RS
HSV-1 005 52 K /IS B3 4 23 rp s 35 A0 DG JE R f R
3 EMERTIHSV-1HUEE &£/ RANELAH HSV-1
IR 57 RS E NS

G2 A AU 27 G 1 25 SR LB BA, FETE AR 2H /) BRI
LAV T [X ARG I B HSV-1 05 40 A7, 10 76 38505 41
ZIN GG 2H 21D i S DX A I B HSV-1 Bt Ji7 1 K & 3%
Ko HWOE AL, 7 R T4 22 R BH 1 2 R
IS HSV-1 P PV G AR X 8D o B BREVE R
o3 T3 P 1) SE IR 45 R LI 3B, 598 AR 4 B, e 4H

Mock Latent HSV-1 -

C

wm Norecurrence WM Recurrence
2 100 010 0/10 &/10 3/10 3/10 2/10
o
"5§ 80
o s
=2 60
@ =
O£
= 40
5§
E!:: 20
8.8
2
= 0

SN B W
@é? Q{g‘x d\' d\' Y
& Reactivated HSV-1
“F
Reactivated HSV-1
QX-L QX-H

@

v

Figure 1 Effect of Qingre Xiaoyanning on body weight and recurrent eye infections in herpes simplex virus type 1 (HSV-1) reactivated

mice. A: The relative body weight of mice was monitored for 7 consecutive days; B, C: The left eyes of mice were observed and recorded
from different groups. n = 10, X + s. P < 0.001 vs HSV-1 latency group; “"P < 0.001 vs HSV-1 reactivation group; ns: P > 0.05 vs HSV-1
reactivation group. ACV: Acyclovir, 0.206 g-kg™*-day™; QX-L: Low of Qingre Xiaoyanning group, 0.658 g-kg™*-day™; QX-H: High dose of

Qingre Xiaoyanning group, 1.316 g-kg™-day™
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Figure 2  Effect of Qingre Xiaoyanning on the viral protein and gene expression in brain tissue of HSV-1 reactivated mice. A: RT-gPCR

was utilized to detect the level of ICP27 and gB in brain, and S-actin was employed as the housekeeping gene; B: The expression of ICP27
and gB were detected by Western blot. n = 3, x+s. "P < 0.05, P < 0.01, ™"P < 0.001
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Figure 3 Effect of Qingre Xiaoyanning on distribution of HSV-1 antigen and titer of HSV-1 in HSV-1-reactivated mice. A: The expression

of HSV-1 antigen in mouse hippocampus was observed by immunohistochemistry assay. Positive HSV-1 antigens were marked in black

arrow; B: The brain was sampled and tested by PFU assay for viral particles
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Figure 4 Effect of Qingre Xiaoyanning on the lipid peroxidation levels in brain tissue of HSV-1 reactivated mice. A: The levels of 4-
hydroxynonenal (4-HNE) in midbrain were measured by Weatern blot; B: The levels of malondialdehyde (MDA) in midbrain were mea-
sured by lipid peroxidation MDA assay kit. n = 3, x £ s. P < 0.01, **P < 0.001 vs HSV-1 latency group; ‘P < 0.05, “P < 0.01, ™P < 0.001 vs
HSV-1 reactivation group
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Figure 5 Effect of Qingre Xiaoyanning on ferroptosis pathway-related proteins in brain tissue of HSV-1 reactivated mice. The ferroptosis
pathway-related proteins expressions GPX4, iPLA24, ALOX15, TFR1, DMT1 were determined by Western blot. n = 3, X +'s. **P < 0.001 vs
“P<0.01,™
dase 4; iPLA24: Calcium independent group VIA phospholipase A 2; ALOX15: Arachidonate 15-lipoxygenase; TFR1: Transferrin receptor

HSV-1 latency group; P < 0.001 vs HSV-1 reactivation group; ns: P > 0.05 vs HSV-1 latency group. GPX4: Glutathione peroxi-

1; DMT1: Divalent metal transporter 1
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