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Promotive effect of Shengji Yuhong Ointment extract on skin
wound healing of zebrafish and its mechanism

TENG Huanhuan', SUN Guang'?, JIANG Rui*, SUN Liwei’, LIU Jianzeng®
(1. School of Pharmacy, Changchun University of Chinese Medicine, Changchun 130117, China;
2. Research Center of Traditional Chinese Medicine, Affiliated Hospital, Changchun University of Chinese
Medicine,, Changchun 130021, China; 3. Institute of Traditional Chinese Medicine, Northeast Asia Institute
of Traditional Chinese Medicine , Changchun 130117, China)

ABSTRACT Objective: To discuss the promotive effect of Shengji Yuhong Ointment extract (SYOE)
on skin wound healing of zebrafish, and to clarify its mechanism. Methods: A total of 320 wild-type AB
strain zebrafish were used to establish a wound model by making an incision on the lateral abdomen. The
zebrafish were randomly divided into control group, low dose of SYOE group (raised in water containing
0.625 mg-L ' SYOE), high dose of SYOE group (raised in water containing 1.250 mg+L ' SYOE), and

Uallantoin) , and there were 80 zebrafish in each

allantoin group (raised in water containing 1.000 mg-L.~
group. The wound areas were recorded by photographs on days 7, 14, and 21 after injury, and the wound
healing rates were calculated. The skin tissue samples from the wound sites of the zebrafish in various
groups were collected at different time points to prepare histological sections. HE staining was used to
observe the widths of skin wound edges of the zebrafish on days 0, 7, 14, and 21 in various groups; Sirius
red staining was used to detect the collagen levels in the wound tissues of the zebrafish on days 2, 4, 6, and 8
after injury in various groups; enzyme-linked immunosorbent assay (ELISA) was used to detect the levels
oftype I collagen (Col I ) and a-smooth muscle actin («-SMA) in the wound tissues on day 4 after injury;
real-time quantitative PCR (RT-qPCR) was used to analyze the mRNA expression levels of Col | -encoding
genes (collala, collalb, and colla2) and a-SMA as wall as key factors of the transforming growth factor
(TGF-B)/Smad signaling pathway (zgfbla, smad2, and smad3a) in the wound tissues of the zebrafish in
various groups on day 4 after injury. Results: The wound healing assessment results showed that compared
with control group, the wound healing rates of the zebrafish in low dose of SYOE group, high dose of
SYOE group, and allantoin group were significantly increased on days 7, 14, and 21 after injury (P<Z0.05
or P<C0.01); the wound healing rate in high dose of SYOE group achieved 84% on day 21. The HE
staining results showed that compared with control group, the widths of skin wound edges of the zebrafish in
low dose of SYOE group, high dose of SYOE group, and allantoin group were significantly decreased on
days 14 and 21 after injury (P<C0.05 or P<C0.01).The Sirius red staining results showed that compared
with control group, the collagen levels in the skin wound tissue of the zebrafish in low dose of SYOE
group, high dose of SYOE group, and allantoin group were significantly increased on days 6 and 8 after
injury (P<C0.01). The ELISA results showed that on day 4 after injury, compared with control group, the
levels of Col I and «-SMA in the skin wound tissue of the zebrafish in low dose of SYOE group, high dose
of SYOE group, and allantoin group were significantly increased (P<C0.05 or P<(0.01). The RT-qPCR
results showed that on day 4 after injury, compared with control group, the expression levels of col/lalb,
colla2, a-SMA, tgfbla, and smad2 mRNA in the skin wound tissue of the zebrafish in low dose of SYOE
group were significantly increased (P<Z0.05 or P<C0.01), while the expression levels of collala, collalb,
collaZ, a-SMA , tgfbla, smad2, and smad3a mRNA in the skin wound tissue of the zebrafish in high dose
of SYOE group and allantoin group were significantly increased (P<C0.01). Conclusion: SYOE can
increase the collagen deposition in skin wound of zebrafish, promote wound healing, and upregulate the

expression of genes related to the TGF-B/Smad signaling pathway.
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LR N Sy, HAE R T B RN G bR G BEAE
o BRERkZ R, 85 A B TR AR AR BE 5 2
A A A . A E K HF B (transforming
growth factor-, TGF-B) /Smad {7 5 /& £ L1 )&
JFE A GE . AEWLEZLE (Shengji Yuhong
Ointment, SYO) #iifft (B a%) &4 “EN
257, I RCEL S I WAL . T M Lk RSO AR L,
N T8 M T R AT T B SR
B . SYO X BE PR /2 Wt iz B T . T R 5 42 T A
K A BT A7 B A A AR, (E AR AL o
AW, XWRRE T HAEE PR BHET . AR
T £ 4 22 P R R AL, R AR L K 21 42 B
(Shengji Yuhong Ointment extract, SYOE) il i
TGF-B/Smad {5 5 i s Xf B 5 01 5k B T /1918 524
ML B SYOE fi i J Jik & 1w gra AL, b Hoils
PR A e B2 24 1) BRAR A 5 Al 4 AR 22 4

1 MB5FE

1.1 ZBsHH . EZ2XNFNE 320K ABEA
RUAE Bt 1 g s i A R A IR A v o i
B MRS R G PR SE, SR MR A H e
SRR 2 Y0R8 FAERR (W 3 B SR AR R A
FRAFRD, Bk aRREr 1%~3%,
05 NG IR/ B o 14 h/10 h, % W E 23 C~
25°C, Kk 28°C, HETUKFfImIFEGEK, £
RPN A 2 AR A R A R, HE 341
ARG R w], BE S | RURRJEEE T (type |
collagen, Col 1) M Bk & 9% M Fff i 3 (enzyme-
linked immunosorbent assay, ELISA) i 7| & 1 &t
Bt o-F WM 3 & 1 (a-smooth muscle actin,
«-SMA) ELISA G5 &1 [ 1175 i 56 28 4 B} 44
A PR 7, TRNzol Universal £ RNA 42 B i 7] .

Wound healing;

Zebrafish; Collagen deposition;

FastKing — 4 ¥ [ % M 41 cDNA 45 — 8 & W 71 R
& 7 & i SuperReal ¢ 6 5 Wi IR i # & W A
b R AR ARAF, FkR 46
(diethylpyrocarbonate, DEPC) /K A VL7 3 = K
EEAR ST, EA HEE Merck AR, SN
FICK BN F b 22 v b A AR B2 R A BR 2
Ao BERE7E KA (RS . SB-1000, H A EYELA
2 A, B bR A (A4S Multiskan GO, 3£
Thermo/y /), # 4 K Hl (F 5. Milli-Q, 74 [
Merck 2y 7)), & 0 L (B 5. Centrifuge 5430 R,
8 [ Eppendorf/aal ), AWrE i el & 2a (8
5. BSH-2, MiMNBEEHAYEARGRAF), BT
K (M5 . XPR504SDR/AC, #Hi+ METTLER
TOLEDO A #]), PCRAL (H %5
nexus X2, f&[E Eppendorf/Aa]) .
1.2 SYO & H Ao ®RER  ALE R SYO
e R A B 25 R AR I E BE B B R . B SYO
FKHIT5% SEE MBI A 2 h, —20 C¥R T
W, SIEEOFEEC R, WERAR L OR, BE
T 5153 SYOE,
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FH0.04% =A% PRUBR B0 6 B 5 (R 5, B T 12
EA B e, #HERE R 2.0 mm /N iz Pk R
HBURE g A o 0 I ) 3 LR EE 24 R 700 pm 1 (BB
T Y, T A R T Y BE D B L
Sy Rx A (B TR IR . KR & SYOE4A
(B T&40.625mg L ' SYOE /K iE3:) . &l
#HSYOE4A (B T&A1.250mg-L ' SYOE sk
W) MRERMA (BTEHAL000mg L "JRER
KSR ), U180 %, ARl SYOE 4125
R R AR T30 9 8 9 28 T E
1.4 SunbsgpalaaRntaalst
tE IS, N AL 10 Sk BE
PPHAR FR, TH 0. 7. 14121 KN X 4% 20 B 5 £
B I A T R AT A B A8 Tmage T KR4 A 4] T A
GO0 e BT AR, 0 SR A 2 BE D £ IR B A1 T
AL (55 0K FI4% B[] & A S i 0 g i AR, 153
Bl A G R, QISR = (WA T i A — 4
BT HIFL) /40 46 A T 1 AR X 100 %6 .
1.5 HE#éMEzZuunL s R4 GA%TE
TR0, 7. 148121 K, 43 5 M 45 21 Bl ML
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TEH 10 2% B o 40, i A IS F R Bk 20 20 S U
TR SR . B IRE 2 E TG, R
IARZEY YA 5 min, HRAKWPPE30s, KA
W A3 10 s Ja . Ak 2 IR 0 VR HEA 73R 5 AL 28, %
TN Y6 6 min K oh Pk . BT K & BE P RS
BEWEAK, e PR I E R, T B N g
MM, R Z Gk, 1] Image JEMR 73 BT 4K
D0 5 45 20 B f0 E AR AN T A & S, DL mm AR
HEFRAL .
1.6 RBELFENSEZABL S XA @GHAR
TRAZGARF WSHARDEHLY R, FHK
TR LT YA Y (0, 8 min, To/K ZWEIK . VIH A
B DRV O B B AR AR PR S min, PR R
B, THJE TR T WM, A
Image J 54 I 5 4% v &1 o [X 3k v B R0 P45 B T
R K =20 X sl A/ A TR < 100 %0 .
1.7 ELISA%:#ARZ AL & K Kk4 Gard
Col | ## a-SMA K+ TAFFEE 4K, 45 A
FABEPLER 10 K BES A, 0.1% = RKEFEIT%
IR OBE JF WA e R 20 2, 1 Ve R AR 2% b
(phosphate buffered saline, PBS) ZZwi (pH 7.4)
gk, RERERE MW . FRETEE, E A4S PBS
R 1 s 9IMA EPAE R, T ARSI
WA RG AT R . AR T 5000 g B
O 10 min, BV . He BN & U0 B B EAE K
25 21 a7 RN T 4L 204 Col T Fl a-SMA K-,
1.8 % 8 % & &£ & PCR (real-time fluorescence
quantitative PCR,RT-qPCR) &4 & A58 ) & &
B4l @ AR b TGF-B/Smad 5 @ %48 £ A B A
collala.collalb.colla2 B a-SMA mRNA % ik K -F
TP S AR, 43 A5 2H B AL BE 10 25 35 1
o, BRI B P4 41 20~50 mg B T & A WF I fE 2k
B 1.5 mL RNase free EP45 1, JIA T4 A9 TRNzol
AR ST PR U RNA, BATH L pl RNA K & i
B ol A PR R R AT (A I RNA MR BE . A (260) /
A (280) HAH M 1.8~2.0. X% 1 cDNA 5,
K H Bio-Rad CFX96 3¢ i} PCR &l & 4t #F 17 RT-
qPCRAGM, LLGAPDH NS, WX S,
KR 272 R S B B R ) mRNA R k7K
Vo NS 95 CHUARPE 5 min, 95 ‘CAEHE 15 s,
60 CiBk 30s, 72 CHEMH 30 s, SI¥FH WKL,
1.9 %it% 4% FH GraphPad Prism 10 4t it %k
PEHEAT BT 22 M o 25 AL B8 T fa B R B T A 5 R

#1 RT-qPCREIYFF)
Tab.1 Primer sequences of RT-gPCR

Primer Sequence(5'—3")

tgfbla F GCACCGTGATACTCCATGACTTG
tgfbla R GATCTCTGACCTGATGTAGAATGTTCC
a-SMA F GTGTTCCGCTGTTGCCTATGAG
a-SMA R ACTGGTTACGCTGCTTGATGTTAC
smad2 F GACGCAAGACCGCTGAAGAAC

smad2 R TTCATTCGCTGTATGCTCTGCTAAG
smad3a F GCCCACGCAGCAGCAAAC

smad3a R ATTGTATCCTCCATCGGTTGTTCAC
collala F ACCGTAATGTGCGACGAAGT

collala R CCTGGAAATCGTCGTCTGGG

collalb F TTTCTGCTAGGGTCTGGATTGG
collalb R AGCTGCAGTAACTTCGTCGG

colla2 F GCTGGTCAAGATGGTCGCA

colla2 R CAGCCTCGCCAGAAGGTC

GAPDH F CTTGCTGTAGTAAGTGTTTGCTTGC
GAPDH R AACCTGGTGCTCCGTGTATCC

BT i 25 B B AR 1 2H 2 e I AR L RE B kR
T 42U Col T Al a-SMA B /K, B ik A i 41
4l W collala, collalb, colla2, igfbla. smad?2.,
smad3a 1 a-SMA mRNA 3 ik /K E W55 & 1E S0
fii . Lhads FoR, 2411 BE AR 35 80 10 R A
R 20, AR R A R b R I LSD-c
Ko AP<<0.05AZFA G E L.

2 5 R

2.1 sanLe ke @atsE Qlmas it
T RER: BOEHET. 14 21K, SxBA
Foe, & SYOE4 . &l & SYOE 41 f1 R %2
2 2H B 0 R R A A G R R TR (P<<0. 053
P<C0.01), H, 7655 21 Kaf 7 SYOE 2 3t
hfn A T A A I 8400 . ILIKI 1 AN 2,
2.2 ZuanLé Zpkel@agEE HEG @R
WoR: SXTRA R, (R E SYOE 415 5 ff {2 Jik
BITH 30 2% 58 BEAE B0 J5 56 14 A 21 R el (P<<
0.058 P<<0.01), @& SYOE 4 fl JR % % 41 5
Th Aty 7 P BT 30 2 e FEEAE BB IR 55 7. 14 R0 21 R
B8/ (P<<0.01). ULIE3F4,
23 BAnL s B GARTRAEOART
KW OERER: Sx A i, K&
SYOE 41 B & 10 fz ik B 17 41 43 b e B 2 1 K 7
FE 4503 J5 55 6 F1 8 KW e (P<<0.01), & 7 4
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Fig. 1 Skin wound condition of zebrafish in various groups
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"P<<0.05, " P<C0.01 compared with control group.
B2 FARDEEKAERAGE
Fig. 2 Skin wound healing rates of zebrafish in various

groups

Control Low dose of SYOE

SYOE 41 1 /R 4 K 21 £ 5 £ 57 ik A1 i 21 20 b i
EAKFPEBMGESR4, 6 X8R BFH (P<
0.01). WEI5H6,
2.4 Banhs AR @EER P Col | ##a-SMA
K+ ELISAEKMZ RSN #iEHRE4R, 5
SRR A, RHIE SYOE., & #l& SYOE iR 48
FALBE T 0 R kA0 E 44U Col T M o-SMA K
¥ B IR (P<<0.058 P<<0.01)., WL#&E2.
2.5 Bumhe g GaRPCol | HAER
collala.collalb.colla2 %= a-SMA mRNA % ik K F
RT-qPCR¥ER MR B BihEH4I R, 5
xR ZH e, ARG R SYORE 4 BE o f1 J7 ik 6] i 21

High dose of SYOE Allantoin

Dotted arrows indicated skin wounds.

B3 AUPED M ROIEHE SRR (HE)
Fig. 3 Morphology of skin wound of zebrafish in various groups (HE)
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K4 SAARDEREKAEAETE
Fig.4 Widthsofskin wound edges of zebrafish in various

groups

A collalb. colla2 Fl a-SMA mRNA 3 ik 7K
R THE (P<<0.058; P<<0.01), &l SYOE4H
IR 98 2 415 I 4 J ik A gl 4t
collalb. colla2 B a-SMA mRNA 3 iA5 /K B T
B (P<<0.01). WL#3.

2.6 XAmL & Kkl @ MALR P rgfblasmad2 Fe
smad3a mRNA & ik K ¥ RT-qPCR ¥ & I 2%
s SXFIRA R, K& SYOE 4 5t & £ fZ Jik
B 21 2P 1gfb 1a Fl smad2 mRNA 235 7K B & 7+
B (P<<0.05), @ fla SYOE 41 flJR % F 4158 5

collala.

Control Low dose of SYOE
2d
50 um 50 pm
4d
50 pm 50 pm
N
6d \
50 um 50 pm
8d
50 um 50 pm

3 3

Bz 5k 1) 4 2 B T R TR B A R 8 A T
PATRL R SR e R A A A . SYO RlE iR
7N A R0, A G T A R . P A
[ FTCA RSV AP AL, I PRIV 32 202 60
BE o 10 [R5 0 FL Bl W A A B 2 A 2 AR A
PE, e A AR B AR (R A DL, © Ol B
WAV WA Y Y YA e A
FE 2R L AN MR AR L RIR R A R 2 R R
FoA A BUR A, X 5 0 L B R R TS S
=Y WL, AHE ST R BT D fn A
A2 R B AY , PEAL SYOE X B2 Jik 61 1 14 1%
SAEH . T IRERG Tz T het . 00k
T8t 97 5 B R AH DG TR YT, 2 N B 1 A G AR
HAUE I E WA R, B A 500K DR 2
EA R ENHEEX B, AMRERER: SYOE4
IR B 2 40 B I i iz kA v v AR B I i 2%
W/, B a G R W, H s R
SYOE H F R & X AU R A B, R
SYOE nJ {i¢ i 5 5 a1 i ik 1 1 @ A -

High dose of SYOE Allantoin

50 pm 50 pm
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= —_— e

-..._,\-._‘_‘_‘7-‘23‘._-
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B 5 SARDEFKAUEHAESRA (RRELRE)

Fig. 5

Morphology of skin wound tissue of zebrafish in various groups (Sirius red staining)
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Level of collagen (#7/%)
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“P<20.01 compared with control group.

B6 &4 KA T AR R E B K

Fig. 6 Levels of collagen in skin wound tissue of zebrafish

in various groups

#F2 FHARDHELKAIEHHALR D Col [ fo-SMAKF
Tab.2 Levels of Col I and «-SMA in skin wound tissue of

zebrafish in various groups (n=10, x%+5)

Group Col I [oy/(pg-L™H] a-SMA[p,/(ng-1L™")]

Control 16.06+2.39 14.95+0.12

Low dose of SYOE 19.05+0.19" 18.26+0.29"

High dose of SYOE 20.13+0.11" 22.974£0.19"

Allantoin 21.00£0.37" 24.4241.32"
'P<C0.05, "P<<0.01 compared with control group.

#3 BUERDALKATHLRF collala.collalb.colla2
M a-SMA mRNA FikKF
Tab. 3 Expression levels of collala, collalb, colla2, and

a-SMA mRNA in skin wound tissue of zebrafish in various

groups (n=10, x3s)
collala collalb colla2 a-SMA
Group
mRNA mRNA mRNA mRNA
Control 1.01+£0.02 1.00+0.00 1.00+0.08 1.03+0.02
Low dose - - .
1.02+0.03 1.20+0.04" 1.16+0.01 1.634-0.09
of SYOE
High dose “ " “ "
1.374+0.04 1.3440.02 1.25+0.04"  2.51£0.05
of SYOE
Allantoin 1.46+0.04" 1.39£0.05" 1.31+0.05" 2.80+0.34"
'P<<0.05, "P<20.01 compared with control group.

I I A T AR i R A T A G B Y OC B BR
UL B TR A T S R, 2
B KA I TR B I ROIRES . NI s B

TURL R VP AN A T A S 1 BB O AR T AR
FEAE RN . SYOE Al {2 i 5 5 1 Sz Jik 61 i v i) e
R FUOR, B2 R K, DT RE % 5 i
iRl ahlb R SRRV S RN R A
BEIRE A RGEREEZ, Col | 7EM2 Kk

Tab. 4 Expression levels of zgfbla, smad2, and smad3a

mRNA in skin wound tissue of zebrafish in various groups

(n=10, z+5)
Group tgfbla mRNA  smad2 mRNA  smad3a mRNA
Control 1.0040.00 1.0340.02 1.0040.05
Low dose . .
1.1540.02 1.3440.04 1.1440.08
of SYOE
High dose . . .
1.2740.05 1.484+0.01 1.36+0.09
of SYOE
Allantoin 1.354+0.07" 2.18+0.15" 1.58+0.05™
"P<<0.05, "P<C0.01 compared with control group.

Gy AR TTIZ HoE i, HAR I B R e ) T Y
BE a7 RS R ER: SYOEA B S
Fe RATE A2 Col T /KIS TR . #F58 ™ o .
e A A R b, WU ER 4 40 i 38 23 43 W Col T
B o U NI 950 2 i U S R e o P e e S 1 )
PR 0] 3 27 4 4 B A R Ok, b o-SMIA J2: L
BLET 2 40 M A R AE M AR AR Y e T A ]
FUIL IS 2T 24 240 Jif 77 38 3o 3 0 K e S D A 1 R 4 i A B
SR O A AR Y AR AR B . SYOE 4]

B fh f7 kA T 2 2 o-SMA BR 1K F B B T F
UESE SYOE 23 i /- 5 I R [ UL AU I A& 4% 4 1F

AN i A A B AE .

TGF-B 15 5 i B 94 4% H ik b i J5t 28 1A BN
ERUEA L, T YERE R R Y IE H S5 R T RE A &
Ewmwoﬁﬁ%ﬁ%mﬁﬁTﬁ I R Jk B T

o ERIm A AL T, TGF-15 T f smad2
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