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Effect of cinnamic acid on wound healing and wound repair cell migration in
diabetic mice
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Abstract: Objective To investigate the effect of cinnamic acid on wound healing and wound repair cell migration in diabetic mice.
Methods A total of 16 male db/db mice were randomly divided into model group and cinnamic acid (10 mg/kg) group, an excisional
wound splint model was established, and six C57BL/6J mice were taken as control group. Drugs were continuously administration for
16 d, the degree of wound healing was observed every two days; After administration, histopathology and immunofluorescence staining
were performed on skin tissue to detect wound healing, tissue morphological changes and wound vascular density in mice. According
to the process of wound healing, different cell lines were used for in vitro experiments. qRT-PCR was used to detect the effect of
cinnamic acid on the expression of inflammatory factors in macrophages; Matrix gel tube formation method, scratch assay, qRT-PCR
were used to detect the effect of cinnamic acid on tube-forming, migration and differentiation abilities of wound repair cells including
human umbilical vein endothelial cells, mouse fibroblasts and human keratinocytes. Results After 16 d of administration, cinnamic
acid significantly accelerated wound healing in diabetes mice, increased microvessel density, periwound re-epithelialisation rate and
granulation tissue thickness in vivo. Cinnamic acid could significantly reduce the expression of inflammatory factors in macrophages
and improve the migration ability of wound repair cells. Conclusion Cinnamic acid can accelerate wound healing in diabetes mice
by inhibiting excessive inflammatory reaction, promoting migration of wound repair cells, promoting angiogenesis and collagen

deposition.
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Jik N 248 Chuman umbilical vein endothelial cells,
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5 DI-3094-1.5) H 35 [ Vector Laboratories 2 & ;
EGM-2 #7535 (LS CC-4147). R4l (ks
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JJE, ip ZIR4EE (16.5 mL/kg) FREE, g, [
S, /N EHZATE R 6 mm 422 VIBR Ik A1)
Tl o IR TR i el ] s ZE AN THI R L, R 5-0 484k
ety FPRKEZNG O ATIHEE, JFH Tegaderm
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INERAE AT IR AL . AEIRAL ig FHN 2540, i HE4LAN
MR ig R FRAYE RN G R T iR 25
2, EBEEZ 16 d.
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100), 4 CHFH LA N DyLight 594 FricHIHT
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B4
2.2 {RHMRLE
2.2.1 ZHfREIE RAW264.7 0. HaCaT ZH .
NIH-3T3 40 H & 10%M64- MG 1% 82 (100
U/mL) 5% & (100 mg/mL) ) DMEM, #£ 37 C.
5% COs 41 s 7746 W 5 97 s HUVEC 400 FH 75 5%
B4 I3 A AR KR 057 1 EGM-2 5597258, £ 37 C
5% CO» IR I/ h 85 9%, I ml & B A 3
85%~90%MF 1£4X

e KH qRT-PCR EHll RAW264.7 40 H 4
Hi/-Z&-1B (interleukin-18, IL-18) HPJEEIRBERF--
o (tumor necrosis factor-o, TNF-a) mRNA Fik. Bl
b T B K ) RAW264.7 2, 3 B2 24 ffa 235 &5
9 1IX10°4/mL, #MT 6 fLikH, &fL2mL. X
7% 24h J5, WEXIEA., BAHA PR (10, 20,
40 pmol/L) 2H, WHKHE 3 NEFL. XA E R
HAUIIAN 0.1% DMSO; A58 24 % 4545 24 AR 15 77 0
HIIA 1 ng/mLAGEs, #4254 % T A FRER A
FERRT-TH 48 h J&5, WAEZHMD, 4% MR & i il 142
LS RNA 4 cDNA, #4T qRT-PCR 43#7, #&
M IL-18. TNF-a mRNA Fik. 5I¥F5) L% 1.

x1 5149F%
Table 1 Primer sequences
L 73 (5°-3)
GAPDH F: GGTGCTGAGTATGTCGTGGA
R: CCTTCCACAATGCCAAAGTT
IL-1p F: CAACCAACAAGTGATATTCTCCATG
R: GATCCACACTCTCCAGCTGCA
TNF-a F: GAAGAGAACCTGGGAGTAGATAAGG
R: GTCGTAGCAAACCACCAAGC
Collagen Il F: TAAAGAAGTCTCTGAAGCTGATGG
R: ATCTATGATGGGTAGTCTCATTGC
o-SMA F: CCACCGCAAATGCTTCTAAGT

R: GGCAGGAATGATTTGGAAAGG

2.2.3 AR HUVECs BRI BRI R 1 520

(1) ZHHEE 730« BUAL T 00 £ A K B
HUVECs, H 0.25%/# 8 FBHE L, d0iait%)s, b
2.5X10° NMALEFT 96 LAk . BT 37 C, 5%
CO, AR -4 R 5 9% 12h )5, RIE BAE P
KU RKAE N, WEXTRA (F 0.1% DMSO) F
AFEIRERI G M RN LR E N 0.625,
1.250- 2.500. 5.000. 10.000. 20.000. 40.000 80.000
umol/L [KJAEERR), 4 6 NEFL. 4245 T 24 h,
WEYCSEAE FEFLINA 20 uLMTS. F 37 C. 5% CO;
IR RO E 2 h 5, RABEFROGNE 490 nm
AR IERE (4D H, RIAng 7.

(2) 4R S25: K HUVECS BA 1 X 105 4MAL
R 96 fLikH, BT 37 C. 5% CO, 4 Es
FRARTREEFE 24 h )5, fEH 96 FLAH MR R4 0T 40 A
HEAT PS5 o 15 B R AIAS IR FE (5. 104 20,
40 pmol/L) PIFERRZL, HXiHB:FR%E, D-Hank’s Pilk
2%, R SIS o H B 5% 64 I3 ) DMEM
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(3) Matrigel &5 Rl S50 48T i Matrigel
WIRCFAT 96 FLIGFRIR b, st 37 CILE
FLFRAE, FF Matrigel W EBERE S, ¥ HUMCEs LA
2X 104N /FLERT T 96 FLARH, BB X REZH(E 0.1%
DMSO). W (10 umol/L) 41 VEGFA (0.1
mg/L) 4, 4E59% 18 h, {RIE LB RET R g
HUMCEs ) Ifl 8 A2 st I n i 5%, {4 Image
I BRAE 53 1T A 2548 1)1 R
2.2.4 WEEEEXT NIH-3T3 ZHPERE M2 10 AL R
(Collagen I F1 a-SMA FRiA ¥ 521

(1) S F35E . NIH-3T3 4HffilL 2.5X 103
AL T 96 FLAR . 150 B IR ZH AR [F) vk E
(0.625.1.250. 2.500. 5.000. 10.000- 20.000. 40.000-
80.000 umol/L) RIAEFRA, &4 6 MR fL. $%“2.2.3
(1)” TR J7IEACE 24 h, K I4HMLE 17

(2) 4B SLEG: ¥ NIH-3T3 40 LL 1X10°
ANHFLEERIT 96 FLAR T, B B R FIAS [F) 9K
(10, 20, 40+ 80 umol/L) PIKERRAH, % “2.2.3 (2)”
TR J7i40 3 10 h, HEREAEE.

(3) HEETGEER NIH-3T3 4t o-SMA
HHKIE: NIH-3T3 408 LL 5X10* AN/AL4EF T 12
LB, WEERTRA (5 0.1% DMSO). W
(20 umol/L) #H, #1133 NMEFL, HFE48h )5,
Fi 1 mL PBS ¥ 2 ¥k, 5min/iX; I 1 mL3.7%

FH M E 10 min, HIA 1 mL PBS ¥EE 4 1K,
A 1 mL 0.1% Triton &4k 3~5 min; I 1 mL PBS
VeI 4 I N 1% 13E F & A P 30 mins  HX
3 BT B, I 100 pLa-SMA —$Hi(1
2000, 4 CHEEELRA: KB BUHET 24 FLRAN,
I 1 mL PBS &% 3 X, A1 200 uL —H¢ (1 :
250), 37 C#EYHEHE 2 h; WA 1 mL PBS %%,
BN 200 uL DAPI ¥ 8 G 44 4 10 min, PBS BE¥
&, TEIERCEME 200 555 F W8y 40
ML, REFLIEE 6 NBENLALET, HaRE - H g
(20 A«

(4) qRT-PCR #&illl NIH-3T3 i a-SMA.
Collagen I mRNA KA : ¥4 NIH-3T3 40 LA 2 X 10°

umol/L), HRHI4AZEFR 6. 12, 24, 48 h, WHE4H
i, 4% “2.2.27 WU J7i%E4AT QRT-PCR 7741, 514
FHINZE 1.
2.2.5 AR HaCaT 43t #% (1) 52

(1) 4HPIE /790 52 - HaCaT 40 LL 2.5 X 103 /AL
FAhT 96 FLMCH . B BT IRAFIAS IR (0.625+
1.250. 2.500. 5.000. 10.000. 20.000 40.000- 80.000
umol/L) RIFERRZAL, 40 6 NEFL. % “2.2.3 (1D
TR 740 24 h, A IUGHRIE 77

(2) AT FE LSS 1 B R A AN AN A 9 JiE
(10. 20+ 40 umol/L) WHERRH, #% “2.2.3 (2)” Il
TOFEALTE 48 h, FHERIRAEAE,
23 FITFESH

KH SPSS 16.0 it 247 8 dE ot iHE
FORILAX £ 5 Row, P LLEBCR A LSD-t /5 %
2 A) bR B R 2 07 22 0 B, T TA) G ASCR
LSD VEA 56
3 &R
3.1 BRI PERTR /)RR R E K Mg S0

W 1-A Fras, IGEAHTED /N B4 5T 2 X% b
BEAT RN, FELR 25T, MR PYRERR 4 /)N SR A4 5T
B2, SRR S5 R &
EXES. hYi16d)E, SHEAACE, AR/
B B S ST R REESs, $RndhdiledE, W
FERZ T T db/db B BRI /N B4 57 22 A% I TG B\
AR
3.2 MEERXIPERRRA OB SR

WK 1-B. C Fiow, BREAYAH K R R0
Ja /N R BT &G R R E LT X4 (P<<0.001),
PIRERRZH IS 20 2 (R L, A 11 d Bl o Ry
RG22, 5 12~16 RAFERA /N R A1
MRS/, flmEaRAta, ZRAF 585
=X (P<0.05).
33 REEEXTHERTR /R B B O E P SRR R R AR
[FIAR B S

WK 2 fin, HE Jetags R EIR, SR
B, WHERA/NREERFHSNEERE, HRY
GEMESERE, W WK AT A M T, R R AT
HEE R Z , HHEP R FE TS . Masson Jett.45 R IEIR,
PR R /) BB 1 Ak P SRR B S, ) T g Ji 2 4
HEBIHESE s o BRZE /DN BRI THD S 7t 5 5 R 3 A1
KPR B TR



© 3392 F8 B 2024F5H $55% B10H  Chinese Traditional and Herbal Drugs 2024 May Vol. 55 No. 10
—a— HRE
A X HE
60— 40—
—— WEER
##t
~ 304
40+ =z
on ]
i é
= = 20
& e ¥ 5 5 5 5 5 5 o 9 =
=
20 %@E‘é
Y104
O 7T T T T T T T T T T T T e )
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
t/d t/d
B C
100+
#
X i
4 o
804
# % ckok
S 60+ o
it
ﬁé dokk ﬁﬂ
= 401
3 ok TR
20- EEE +*ﬁ§2
EE T —.—Izﬂﬁﬁg’é
0 T T T T T T T 1 WE%
0 2 4 6 8 10 12 14 16
t/d

A-PAVRERR ORI BRI /IS B 5T 8 B LR K 52 B4 B QTR BB s C- %I 1] sl BUTHT & B s SRR LLRE: ™" P<<0.001; SRR LUAL:

#P<0.05 *P<<0.01.

A-effect of cinnamic acid on body weight and blood sugar of diabetes mice; B-wound healing rate at each time point; C-pictures of wound healing at

. . . ok
various time points;

P <0.001 vs control group; P < 0.05 P <0.01 vs model group.

1 PIERNHERFNRUEESHEM (XLs,n=6~8)

Fig. 1 Effect of cinnamic acid on wound healing of diabetic mice (X + s, n =6—8)

X ] W EERE
o - -

B2 PORERRSTHEPRS /N R B BK B T P SRR R R AR IR TR
HIRAE (X 100)
Fig. 2 Effect of cinnamic acid on granulation tissue and

collagen deposition of skin wounds in diabetes mice (x 100)

FAIFEERINE] M1 B ERERARR & FE T RIA

K H AGEs 531 RAW264.7 2 I ) 2 42 P
FERROT B 1 G B R S B §E A . AGEs 15
T RAW264.7 4iff1 48 h, WK 3-A. B fior, S5Xf
TR EbA, ARV TL-18. TNF-o mRNA Fik /K1
BFE (P<0.001), $27 ELWRAH M 58 SE AR AL 57
o SHEAIH LI, WHERRA IL-18+ TNF-o mRNA
FIEKFHIEZ K (P<0.01. 0.001), 27EAH
Ko, RUWAER W LA IE M1 R B g4 i i 5 7
WA IL-1B J& TNF-a, FEACHE R 93 G I 2 0E 2 13 2L
1) M1 FI M2 REBUFH L, 4RI B 90 4 4
PERERFEEI[R]

34
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A, B-HEREXT AGEs #21 RAW264.7 4Hfd IL-18. TNF-o mRNA FIAM52M; S0 A E: ™ P<0.001; SHERALE: *P<0.01
##P<0.001

A, B-effect of cinnamic acid on IL-1f, TNF-o mRNA expressions in AGEs-induced RAW264.7 cells; **P < 0.001 vs control group; #P < 0.01 ##p <
0.001 vs model group.

3 PMERINGEMEMAMERERFRE (X£s,n=3)

Fig. 3 Cinnamic acid inhibits the expression of inflammatory factors in macrophages (X £ s, n =3)

35 AEREHBERFORUESZASFHIME  HAREEEER, MEERE. Lectin RN
=474 GER IR, WHEBRY Lectin™E 5480 (P<<0.01, &

AU W PRI /N B L S AT IS R 4-B. C), R AR 2 R R PR D SR 1
TEIREOL, WK 4-A Frox, S5BAAENE, WER  BROERSK, R OEs.

A B
e 50 .
{.. E\BH 40
=
G 30+
=]
g 20
B PR
DAPI Lectin Merge
C
sl
HERR

A-NRENH AR B-BiGiJGE5 16 RN BAMEHE: CHMEH 16 REMERGEX . SHEAANK: "P<0.01.
A-angiogenesis in mouse wounds; B-number of capillaries in wound on 16th day after injury; C-agglutinin immunofluorescence was observed on 16th day
after injury; *"P < 0.01 vs model group.

4 PIEERRRIHEPRAS /MR BV EFTE MERIFNE (X +s,n=6~8)

Fig. 4 Effect of cinnamic acid on neovascularization in wounds of diabetic mice (X = s, n=6—38)
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RS PR & 5T HUVECs A I8 4 iifE
., AT A0 BRI #% S0 S /NE T S . MTS W
DAS R P55 I REBR X HUVECS 4l 152, 4551
SRR (0.625~40 pmol/L) %t HUVECS i 7
TR (B 5-A). RIMIIRSEERR I, X
HELEE, 10, 20, 40 pmol/L PIEERRALHE HUVECs 6 h
&, TR EEA S (P<0.05, El5-B. O).
f§1H HUVECs T/ IVETE RS, 25BN, PR
AP HUVECs 18 h JE&AMSE T mi B3 (P<
0.001, K 5-D), BB, KHREREAR
#t HUVECs [ & BE 77
3.6 AEERIFSHERFOIEMMmIMERELE

it — 5 e AR R 0T s e G T A 2 4 2307

i, ARANEAT NTH-3T3 40 RIJRSCE: . 15 ekl
X NIH-3T3 40 A% 71520, il 6-A B, AEK
JE (0.625~80.00 umol/L) AIEERRNT NIH-3T3 40 /it
WA R, WE 6-B. C fiR, SxIE4E
£, 10+ 20 40. 80 umol/L AIH:ERALHE NIH-3T3 4f
Ml 10h J&, AAER R TR (P<0.05. 0.01.
0.001). il 6-D fFron, HXITMAEL, 20 pmol/L
WAERRAL P NIH-3T3 4801 48 h /5, o-SMA FHPEZH
M £ s 0. qRT-PCR A ILRET 4E4H s £4) a-
SMA J A& A LA Collagen 111 mRNA (1]
#is (Bl 6-B), &iRExR, HXHRALLE, 10, 20
umol/L WHERZAL a-SMA . Collagen III mRNA Fik
KPEIEZETHE (P<0.01. 0.001).

1207
| B
¥
£ 80 o , T 4 T &
ﬁ 5 50 T
F 404 é 30
=
10
0- T T T T - T IHE T T T T
X 0.625 1.250 2.500 5.000 10.000 20.000 40.000 80.000 XA M
A EERR/(umol - L") AR/ (umol - L)
PAJEERS/(umol- L")
c 0 5 10 2 m
’ . . - .
) . - . .
paicd 250
D 5 kL
' 200 m
B 150+
i{:ﬁ%
bl i
x 100
50

|
XHHE VEGF AR

A-MTS KA EREE W EERR YT HUVECs dIARIE JI540; By C-IERESEIG; D-% A E 0L K ol i il i SRt "P<<0.05

"P<<0.001.

A-effects of different concentrations of cinnamic acid on viability of HUVECs cells detected by MTS; B, C-migration test; D-quantitative measurement

of condition of each component tube and its formation; "P < 0.05 ***P <0.001 vs control group.

El5 PIHERY HUVECs ERFEAAMEIBAFNT (X+s,n=3)
Fig.5 Effect of cinnamic acid on tube formation and migration of HUVECs (X £ s, n=3)
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Fig. 6 Effect of cinnamic acid on migration and expressions of a-SMA and Collagen III of NIH-3T3 cells (X £ s, n = 3)
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Fig. 8 Cinnamic acid promotes wound healing in diabetic

mice by promoting wound repair cell migration
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