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Effects of caffeine consumption on cutaneous wound healing and scar formation in
mice
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[ Abstract | Objective To investigate the effect of caffeine consumption on skin wound healing and
scar formation in mice. Methods The mouse model was established according to our previous method of
chronic intervention with caffeine combined with the model of full-thickness skin wound on the back. Wound
closure was traced every 2 days in each group using transparent film until the wound closed, and the scar areas
were calculated at 30 d after healing. The sections were stained with hematoxylin-eosin (HE) to observe the
changes in epithelial cells crawling and thickness of granulation tissue at 3, 6 and 9 d after wounding, and
scar width and the thinness-to-thickness ratio of the epithelium in the scar tissue at 30 d after healing with the
aid of Labwork 4.0 software. Masson staining was used to analyze the collagen changes of the wound at 6 d
after wounding and of the scar tissue at 30 d after healing. Immunohistochemical assay was used to observe the
changes of CD31 and CD11b protein levels in wound tissue at 6 d after wounding. Results The healing time
of caffeine group was delayed by 28.3%, and the scar area was reduced by 56. 8% when compared with that
of the control group. In the process of wound healing, the crawling length of epithelium and the thickness of
granulation tissue were significantly decreased in the caffeine group than the control group (P<0.01), the
collagen content and the expression level of CD31 in the wound were also decreased (P<0.01), and the

expression level of CD11b was obviously enhanced (P<0.01). Meanwhile, compared with the control group,
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the caffeine group had significantly decreased scar width ( P<0.01) , higher thickness of scar tissue epithelium

(P<0.01), but similar collagen content in the scar and the surrounding undamaged subcutaneous collagen.

Conclusion Caffeine consumption can delay the wound healing in mice, but attenuate scar formation.

[ Key words |

Corresponding author; LI Ping, E-mail: ping__ping0074@ sina. com

W PR AN SR 4 22 i e A 2% S OB T 220
O3 30T AT ARG P I A 2 ) (A B A )
5 5 20 ML I 5 I )8 DR B T B e S B P R T
Ty REtE g R R o ol B )z R TG
HOR YR i 77 s Ok B, 51k T AT A
s A AR R A PR R R TE o AR5 405 77 1, %
ORI PR DS L2, e BRHA R AN A ] -
W LA T S A AT S P i X — BB 45 47 3 B i
ZBATIESIR R A O R R e ol PR 2 —
A 250H) T RGP A0 B 2 RS B0, B PR
B BTRAGIR T-A R L, S —Fh 2R 22 PR 2y
BT L IR P 5 T LADGR 5 e R 0 B A -2
P AR T AR A 7 AR, DT R8I A R B e AU A5
Uit s AR s, A B 5 S SOl A AT o e
H AR I Ak A PR A TP AR U R B 11
FE R A R B A S A R, W
AT F8 25 AN TR P T, AN (SO ERFH 5 P ) it
HAE R 25 AR A R A4 5 78 3 38 R IR R
2 M B E it

SR, 6 B2 JWRA5A75 i 5 D7 v, e R e F AT 500
RN o IR, —T5 T W D B LA 4 ] gD
WIS HA PRI, H— 20t 57 R W0 A L5 BE
PEGT A 53— D T W R R B2 AR
B 5E R W 5 MR 52 MR 8 sl 1 PR B, ol PR ] 5
Aol A0 A LA A A R R T i A/ R i 7 A 2 T S a8 A
P Y AR T T o DR 9 Y
NAEEA HSBERAR . dt, ARFTER AR
ARSI SR A0 M HaCaT 20 itg 28 0 A 7 1k 785 {4 A
PEATHRTE , A BRI PR 2 BEL sk £ ST o 200 i Frg 48 B A
L% , e WIOE A AT REXS £ 11 A AL B AL A 0 ) 4
Ao AR A (A sl PR T 5 il 1 5 B e 451
i BRI i A WA o A BIRSE e B AT ] 40 7]
RGP 4 FL T3 s 0 o I 2 R 0 R B
I A U ST A AR o [, e PR 2
HRZMAEUR , R SZARIE SR A R Ik A 1 A
JE IR LA 1 o et e PR % A5 11
AR RIRIE B B AP

PR, A WFFE R F T3 © 28 57 13 5 AR 9 5
BN DR 18 T BN BB S e p Bl g Y

caffeine; skin wound healing; scar; inflammatory responses; angiogenesis

WA PR P 5 2K K 1 52 P FH A T, Bk
R AT A M R AR DR ik R
PRI XGF 70 BB A A7 11 S8 R 8 RRE P S

1 RS H%

1.1 %534

EL AN/ INER (B, (R BT 25~28 ¢,2~3 S H i)
FH B ZE 25 B2 R 2= S sl ) o AR AL AR P VR T UE S R
SCXK(PLA)20120011, i Ff i AT §F 24 SYXK ( PLA)
20120031, A SE 0 8 iy 4% 44 e 58 [ [ 3 AP 5%
Bed L s i A A 4R w9 ) (NIH 3 e g5 86-
23,1985 4FAE1T) AT, I B 472 R K 2E 53255 sh i
F PR A 22 51 oAt
1.2 Ry o aBE AL L ok B 57

5 RTISR A K B 1 A A BRI AR T
EVIEG O KN ER 1 em, RERIE E G, /DR
ORGSR . SR s o L, —2H R 2
SRHRFRATT AR Y b 175 5 B S 0 A R T
3 /NEBR KA 0. 25 ¢/L BgunER |, I —1
RABIRICS IR A 1k 5 5 —dH A ) BRZH, Tk S
/N K o Rl RO PG A% 3 2 8 ) (] r 3
V) WA 3K oA DR REIE 2 04 o mE PR R RE g ) B e
3 YCHTC ek R R R K o
1.3 4 @A A fIR AR LA

b B R EE 5 v S RTIAT S A R 3R 5 T4
J50.3.6.9.12.15 d fif@ & )5 30 d, i B A B 4%
HAONE B A FRIRIE L. i @A RN AT [1-
CYRIA GO m AV E G m A 1 x100% ., [
AR T G AL B A — VORI TH A
1.4 ABRIRIPHH

TG 3.6.9 d @& )5 30 d A%/ ERIF R4
J2 R RARAS . BB, #E A~ 1 E2H 2RTRR 4 2
JE| BB 1E 8 R IR R AR U o et 4% 22 3 WS I 5 )i
PEAT A, AE A AT AR A A B K45 1
(— A RIE) A AR RIIH (05 H R BAR) | T
JREFRAS (— NS ) IERIE Hh ) 8y (IR A K 9
FE ) ERASs P, DAPRAIE S5 22 L5 A e e 2 Ak
T A AFART —20, YRS 4L80fA E HetEf T 1)
FL ORISR 5 wm, Y] R #E47 HE Jeta U545 1



http ;//aammt. tmmu. edu. cn

=R R AR, 2021,43(1) 71

2 b RICTT N AR IR b B R
Jﬁif;uth(@])*i)‘#,MaSSOH gt o3 e A8 Ak . P
i3 AL AR TE B A B 5 A 1 A0 391 ) i 30 A 35
ARFSE ™ R Labwork 4.0 #0FEAT R . P31
B 2= 6 DA B/ B IRV A A
ﬁ]%%lﬁléﬂ EP%ZMLT* 3AUIR L IRSFE. Tl

\%(LJii’JEHTTﬁ? SNBSS ST AT
15 o 95 4R XUKEQ%kE\ﬁ

JEES A ﬁ IK% CDI11B ( Invitrogen, ThermoFisher,

MA) % £ 7af% CD31( Abcam, Cambridge, MA) 347
P A S . T B/ SRk 2 O 1 3 - AR W R A
ARG (PSR EYHARG R A A, L)) &, Bk
Ve BRI o 0 AT IR AR (Leica, 78
E), HFFE &M ih 4A0x B BE o 2 & o Hr
A0 5 S F T 0 113
W] 3 A XM R AH (x40) , 3F i ] Tmage-Pro Plus
image analysis system (6.0 i) i 5& BH - 4 8, X 38k it FX
SR BOFE, A R 6 HUNR . rG a4
Rl O N AR B Y E (D VIE 2 i vl v o
1.6 %itFom

Bl LA xxs o ffi ] SigmaPlot e/ 11. 0
A XS P [A] 54T student” s ¢ K45, P<0. 05 R 2

ZER YiJE 3d

RORICEE]

Wil R 2

A HL ) BA5)50.3.9d 45
v A5 30 d B L

1 oneEE xR R

LYY}

SH LB R R DAk R

SHEAG R L,
2 #R

2.1 ook B A4 @A A A S R ARG F e

WS 20N BR A5 1 A e (1 1A, HO 500 R
AL, 5 T A A BT ZE R T 28. 3% [ (12+0. 89) wvs
(15.4£1.56) d, P<0.05], M0 A& EE -, 0
FHAAm3~9d 29 (B 1B), A, ik
HU B TR E RIS (K 1C) , HLXT g
45 /N 56. 8% (0.38+0. 13) vs (0. 16+0.03) cm®,
P<0.01],
2.2 wnuk A FFUS A @A LR T T

)G 3 d AT L b Bz A a1l 45 1 A e A T (SR
fideon, B 2A) , IFFEM G 6 ~9 d @A HEE P (1A
2B) ;ififis)a 3 d A UL/ R ZE AL 2L (1B 2A SR i
SRILRAEY) )5 6 d REHAE,9 d 5800
(E2C), H4h,Hi)E 6 d, mHERA R R RITKES
X REZHAH 25 5 K, 20 5 % BRI 70% (18] 2B) 5 T7E A 25
LU JELRE Ty 1, MR P A AR 5 )5 9 d 5 %) BEZH A 25 0
K, 2 5% BRI 60% (18] 2C) o [R]INF, i % BUAE R 27 4
Al iR PR 2 A9 I A AR S A (20 k) B AT
HEZH ([ 2A)

5 9d

1207 - xpaz
- R 41
100

80+ a

THE(%)

60

40

I

R
201 a

0 3 6 9 12 15 18 B
15 1 Ak a)/d

W5 30d

X AR

WP

a:P<0.01, 52 B2 E;C A R

AERRERE I



78 B SRR, 2021,43(1) http ://aammt. tmmu. edu. cn

IR

1810 whman
g W e 4
£ b
B 1.2
=
P
N b
%o.s-
.\_| r_a
o 3 6 9
YijE )/
067 Otz
0.5 WomrEE L
£ 04 b
ﬁos- b
go.z-
0.11 ’-Li
0 36

YijE il /d

ABADNREGE369dGEAER Sl kThEH el Ge i kTmi; 2 Ek® LR, 2EH
KTAASG Ok E ;B ARG o leiTRkE  a.P<0.05,b:P<0.01, 5 afpEarbs;C. 4L K45 o W 3F
MRBE b.P<0.01 5 rbix

2 HE ReRZmMHERFRENEIEHARKEFRTE



http : //aammt. tmmu. edu. cn

=R R AR, 2021,43(1)

79

2.3 opuk A FFAUS 4] @49 CD31 F= CD11b 4% Bk
RAeE T

i)a 6 d, 5% BRALAH Ee, Wik B 21 1% CD31 FH %

M (2 kon) Fomimi (B 3A) , HOL % B 2

R (6 786. 88+940. 01 vs 2 488. 19+374. 04, P<

0.01), [FIAS, CD11b BH-P: 20 i %5 8 3 2 (20 68 5 3k

AR B S-P EEMENJE 6 d AL R a4
FENES/E6dmED A4 oL CDIb ik & F7k7 CDUb rakkgmpe; C.45)5 6 d F4 ) R4 0 214%
Masson ¢ &, Z & 55 k= Masson 3 &, A X 1,

X HRZ
o | =
O
= | W
8|
Z
By
§r
2
I s T bt (oot S SR
e -—e  ® T AR
i | AR ~ TR v
B | g _xf..‘sf.f ™ - \’~’¥'\\\" 1 3
~ R~ e . ® . Q\ ‘iﬁ!
\i};".‘»\‘f\:‘ A‘¥:.-~“'.!
R 48 aRe iy B T
PP LT e i B0
g a N SN b X N S
e o NetAs *\_:\‘1 B e _,)
d,Oﬁ’nr_n “., b | s \}\‘ -\
ae .\ e PR S ¥ NLIONR L
=]
O
il
R

78,4 825.99+592. 63 vs 10 263.94+1 181.75,P<0.01,
B 3B) . Ji4h, Masson YLt 4341 I R - BOAR T 4 76 4
Pl (AT, B 3C) i R g (afR o R £, 3
SEAE A F A o e PR RO R R i R B
(19 628.50+973.51 vs 9 438. 72«1 311. 00, P<0.01,
Kl 3C),

W H 2

& - —— - . r ’ ~
o~ &,YAG’- 3 -,

S w87 o~ % ‘&". 5L l'¥ v,
7 ”o s "./" By "_z’.

S Sy A, : 31 ¥
14 T J;,/’. 2ot ;" e-‘
..’ % o - {O A f'v &' |
0.05 mm » ' ‘& ’Q
2 PS04 ¥ e 9 N ¥ gy

B3 mHEETFHEIER CD31 #1 CD11b RiIZRKFEEETH



80 =R E RN, 2021,43(1)

http : //aammt. tmmu. edu. cn

2.4 ok TG BRI A LR F T AL

PR E A 30 d, ok R 2 /S BRI 9 B 2L 3 2
INFXFREL (2. 18+0.20) ws (1.29+0.200) mm,P<
0.01, & 4A ], MIMIR A1 I 7 JE B 35 %) H 5303 il i
FERRI) b Rz 2HA (R Sk, B 4A) AHARL, [R] Bt 4
AU R R He A i 2 X IR (0. 35+0. 10 ws 0.92+
0.02,P<0.01,K 4A) ., Masson Yt{f i 7R« % B8 2H Sy
PR D Y e A T A A A0 A e T e i g £ (&1 € i
Skow, B AB) 1 e P 2E )N BRI Hh e S g .55 5 ]
AP R B R YL A (L ik, [/ 4B) , H
52 JE o 0 2 5 X BB A1 (99 639. 91111 878. 51 ws
198 078. 06+9 566.52,P<0.01,[& 4B) .

3 Tt

AHITTE A B AL T 9 77 X PR A SR
TGRS IR T E AR T A R, A B
SCRAT T A REUESE T D Al LA e X
AL OJEH S5 [ 40 LA 7 (42723 uin il PRl v

X

L | T LA e
Q » N ’\\

UE g A\

]

=

=

o

5

LASI 05 15 ) i it — 2 sh W SC e i ik . A T
F W R 2 VR B R0 700 P 410 ) L A A BRI e E 240
SN I 1 A A A AR 005 T S T A
WOEE PR S JR 52 A B 5 B0 50 B B AT SRR A . T+
I, A B 5T K B DR X 45 0 e B
FA'T 3R EA 0 2 A0 B3 AR PR 495 11 A
L (3% I ¢ 2 1 178 e S BT E S e AN LS R
PRAP PRI 33 AT RE S 1 F LR FH o bR 22 RS
MAEAZFTRE ST AR ZIRLE A 20
SR HA A AR 0 S5 R AR 01, R A HL A 4
A0 WHE P T RE BAT XA AR o et i A SRR
JOL R AT A BIE ., a0 Je 08 7 D i vl DR ok w9y 5 1 2
AN 25V R0 B £ 15 20N B A )
AREFHLLFHEAL 17 1. 5% 5 WHEDR Bio-Oss i F TR ikt
SIS AT ARIERT B B 3 AT B 5 Ry 2 fe
BIAFEA K 7350 AWFTR A 1A L
FE—NEEAAN L, A TGRS 5 AT P s e
0, LARERE S 4y b A R DR R w47 1B A A ]

WA 2

AHE e ERANRAEB0dAREL ZEFATELRALZERATRRATEB.HANRER
A5 30 d R 2827 Masson ¢ &304 40 & 47 Sk IR JA B 40 4% Masson # &,

4 MHEETFRERRARREZEL



http ;//aammt. tmmu. edu. cn

=R R AR, 2021,43(1) 81

FEBRZ 1 U 7 AR Ui PR A 35 5 O i
AT REVE TR0 ZH 2R 2 LA 24 B, ok AT AT i v
PRI , 6 A 2R 2 U8 s 2L, P B R ARl
(L REAT) o Ao e dx St J2 52 i 3 A 1 o B
B AR 0 AR F UL 34T , 2 e DRI A
JiRH SZ ARG bR R o i AT R R — B, B
AT AR 4 R 52 A Y5 1o AN [R] T 21
AN rR PR A | S 2 A 2 20 i S A A 2 i B A A
PRI 1A 43005 98 P A0 L P R B0 DT 22 5 — 2 1 T
KA ; RN, PRS2 AR T3 24 1 A 25 2 S U1 BRI
MR O @SR 1Y, H Ay F Ay BRSO
P2 LU B RIDHT R R A9 7 AR AL A 780D L A, IR
ARG TR IER A TR 1 HF 2 T
PR AR B S BRI LA A 1 e A AR S 2
BT R AR5 6 d, IR 2H /)N AT 11
i [ I (Masson e @0 45 SR I3 A) , I 4 AR ik 2>
(CD31 AT ) L X2 AR BF A UL RA . 53 50, %) 1
DB RAL , BRI B EARIES , (EUR A ST
% SR D] 23 BELG £ TR S0 B ) 3 B RS 5
SR R AT RE X b B A A I AR I A5 ie . TR
S, JRAE DB A DA 24 2 AR R A7 1 P B B AL
ALt ot oA R0 % 79 2k R A S DU SR X
BACAT T o B, Wil PR B3 2 (B 4 X)L B 240
MR, i 75 B IR St Rt — IR R

RAEINTE L B ACIEIR |5 B I B DU R IR I )t
JCEA R R] e BERRIR T AL, i R 5 E0E B E
JRT o RIIT , AS I R SO B 4L/ BLAGS 1 A
T AR 2800, (R 6F HE 204625 554, 5877 win ik R 41
ZIN BRI D FEE 4 /N T Xk R, 3k 3R R o e 51
R RIR AL 8. JEHOR A FE Masson Je 0 i
ORI P 2L/ BRI B D e e 5 JAL it AR £ B M
JEG CRHIIT , HEox BRI BB € B TR, 2 A i X1 /) Bt
I P DA A RE A T P R R ) Rt A A
YERT. TR, A BIF 5 4 75 Wk DA 40 il i 27 4
A2 T A A R A LA 0 e B
A IR HEE SR AL T30S Rr . IR 2 RS 5 T 474k
PRI BB 32 T 2 B I P AT AL R AR
Q] Ay, R SZ AR TR RRIE AL o R, 7R A iR
A2 A0 A e P o % B M BRAE T . &
SRIAETINER P B2 A SB35 32 B el RAn ) 1 IR TE
I, AELHEARL LAY 10 i A S 8 o A i M D i
PIERANTIRIRIE I . R AR G TR =
TR I, 18P FH S, IEXPRIRA BT P A o el
ST PR AR B2 TR , AR B ] T TG T L (H
[FJE AT S 0 A R AT, il DR s R
AN ML 25 S o 5 HILIR 3 7 224 JR AT IR AR

FIN  ABIEFEH Masson e (0 g - i PR 46 /) KR A
JRAIRE I B e T 0 IR, X 5 A il AR P R
RS, R R AR . A, /D BRI
J& T i PRI (I MR ) 7 A A5 B e
TURBRIRRR A5, X AT 5 S 30 49 % 8 2 9 v i Jt g
T LRI R R d T A o I,
ORIEIE R 2L/ Bt A R 4 R i i T IR AR
AL TR

LR BT AT A 1 ad O 4 5 SRR IO
M DR] ) S 22 /N BB JRATG 10 A5, (H Tl N 1l o
M LA 5 1 Bl BB -5 HE A S E B 4 o] i
A I B T BN T D PR 25 A U B i _E B
TCATA 26 5 WP AT % 30 8 IR A T ) e -5 SEL e e e Dt
JCER AP 1 B I ) 5 A AR IR A T A A K
ARWFTEAA g 3 — 2L R ZMME R X4 1@ A IR
WEFEBERE 1 HEAl, s 25 IR DR AK i B TR A 25
Yo P A BRI 48 3

S 30k

[1] LOPES]J P, PLIASSOVA A, CUNHA R A. The
physiological effects of caffeine on synaptic transmission and
plasticity in the mouse hippocampus selectively depend on
adenosine Al and A2A receptors [ J]. Biochem Pharmacol,
2019, 166: 313-321. DOI. 10. 1016/]. bep. 2019. 06. 008.

[2] HOSNY EN, SAWIE H G, ELHADIDY M E, et al.
Evaluation of antioxidant and anti-inflammatory efficacy of

caffeine in rat model of neurotoxicity [ J]. Nutr Neurosci,

2019, 22 (11): 789-796. DOI. 10. 1080/1028415X. 2018.
1446812.

[3] NING YL, YANG N, CHEN X, et al. Caffeine attenuates
brain injury but increases mortality induced by high-intensity
blast wave exposure [ J]. Toxicol Lett, 2019, 301: 90-97.
DOI: 10. 1016/j. toxlet. 2018. 11. 004.

[4] ENDESFELDER S, WEICHELT U, STRAUSS E, et al.
Neuroprotection by caffeine in hyperoxia-induced neonatal
brain injury [ J]. Int J Mol Sci, 2017, 18 (1) 10. DOI;
3390/ijms18010187.

[5] JING X, HUANG Y W, JARZEMBOWSKI J, et al. Caffeine
ameliorates hyperoxia-induced lung injury by protecting GCH1
function in neonatal rat pups [ J]. Pediatr Res, 2017, 82
(3): 483-489. DOI: 10.1038/pr. 2017. 89.

[6] YANGCC, JOU I M.
secondary degeneration after spinal cord injury [ J]. Brain
Res, 2016, 1634. 75-82. DOI: 10. 1016/j. brainres. 2015.
12.053.

[7] BASTOS M F, MENEZES D J, BEZERRA J P, et al. Impact
of caffeine and/or estrogen deficiency on trabecular bone area
and healing: a study in rats [J]. Int J Oral Maxillofac
Implants, 2014, 29 (1). 221-231. DOI. 10. 11607/ jomi.

Caffeine treatment aggravates



82

=R KRR, 2021,43 (1)

http ;//aammt. tmmu. edu. cn

(9]

[10]

[11]

[16]

[19]

[20]

3186.

BEZERRA J P, DE SIQUEIRA A, PIRES A G, e al.

Effects of estrogen deficiency and/or caffeine intake on

alveolar bone loss, density, and healing; a study in rats [ J].

J Periodontol, 2013, 84 (6). 839-849. DOI. 10. 1902/

jop. 2012. 120192.

AHMADI M, KHALILI H. Potential benefits of pentoxifylline

on wound healing [ J]. Expert Rev Clin Pharmacol, 2016, 9

(1): 129-142. DOI. 10. 1586/17512433. 2016. 1109443.
BONYANIAN Z, WALKER M, DU TOIT E, et al. Multiple
adenosine receptor subtypes stimulate wound healing in
human EA. hy926 endothelial cells [ J].
2019, 15 (3): 357-366. DOI. 10. 1007/s11302-019-
09668-z.
FEOKTISTOV I,
Adenosine
angiogenesis [ J]. Handb Exp Pharmacol, 2009( 193) ; 383—
397. DOI. 10. 1007/978-3-540-89615-9_13.
OJEH N, STOJADINOVIC O, PASTAR I, et al. The effects
of caffeine on wound healing [ J]. Int Wound J, 2016, 13
(5): 605-613. DOI. 10. 1111/iwj. 12327.
WANG Q, DAI X, YANG W, et al.
against alcohol-induced liver fibrosis by dampening the
cAMP/PKA/CREB pathway in rat hepatic stellate cells
[J]. Int Immunopharmacol, 2015, 25 (2). 340 -352.
DOI:; 10. 1016/]. intimp. 2015. 02. 012.
SHIM S G, JUN D W, KIM E K, et al. Caffeine attenuates
liver fibrosis via defective adhesion of hepatic stellate cells in
cirrhotic model [ J]. J Gastroenterol Hepatol, 2013, 28
(12): 1877-1884. DOI: 10. 1111/jgh. 12317.
CORREIA-SA I, PAIVA A, CARVALHO C M, e al.

Cutaneous endocannabinoid system: Does it have a role on

Purinergic Signal,

BIAGGIONI 1

receptors

CRONSTEIN B N.

in wound healing,

’

fibrosis and

Caffeine protects

skin wound healing bearing fibrosis? [J]. Pharmacol Res,
2020, 159, 104862. DOI; 10. 1016/j. phrs. 2020. 104862.

LI W, DAIS, AN J, et al. Chronic but not acute treatment
with caffeine attenuates traumatic brain injury in the mouse
cortical impact model [ J]. Neuroscience, 2008, 151 (4) .
1198-1207. DOI: 10. 1016/]. neuroscience. 2007. 11. 020.

LI P, LIU P, XIONG R P, et al. Ski, a modulator of
wound healing and scar formation in the rat skin and rabbit
ear [ J]. J Pathol, 2011, 223 (5): 659-671. DOI. 10.

1002/ path. 2831.

PENG Y, LI P, ZHAO Z A, et al. Comparative evaluation
of the wound-healing potency of recombinant bFGF and ski
gene therapy in rats [ J]. Growth Factors, 2016, 34 (3/4) .
119-127. DOI; 10. 1080/08977194.2016. 1200570.

DAL S S, ZHOU Y G. Adenosine 2A receptor: a crucial
neuromodulator with bidirectional effect in neuroinflammation
and brain injury [J]. Rev Neurosci, 2011, 22 (2) . 231-
239. DOI: 10. 1515/RNS. 2011. 020.

SAKARYA A H, UZUN H, TURKKANI A, et al. Effects of

systemic and local caffeine on vessel diameter, anastomosis

[21]

[22]

(23]

[24]

[25]

[26]

(27]

[28]

[29]

[30]

[31]

[32]

patency, and intimal hyperplasia in the rat [ J]. J Reconstr
Microsurg, 2019, 35 (4): 244-253. DOI. 10. 1055/s-
0038-1672130.

SAMIEIRAD S, MIANBANDI V, SALARI SEDIGH H, et al.
Is impregnation of xenograft with caffeine effective on bone
healing rate in mandibular defects? A pilot histological
animal study [ J]. J Maxillofac Oral Surg, 2020, 19 (1)
85-92. DOI;10. 1007/512663-019-01221-0.

OISHI Y, MANABE I. Macrophages in inflammation, repair
and regeneration [ J]. Int Immunol, 2018, 30 (11); 511-
528. DOI: 10. 1093/ intimm/ dxy054.

YANG Y, LEVINE H. Role of the supracellular actomyosin
cable during epithelial wound healing [ J]. Soft Matter,
2018, 14 (23) . 4866-4873. DOI. 10. 1039/¢7sm02521a.
TAKAHASHI Y, NAGAI Y, KANOH H, et al. Polypoid
granulation tissue
describing individual ulcers[ J]. J Tissue Viability, 2018,
27 (4): 217-220. DOI. 10. 1016/j. jtv. 2018. 07. 002.
EFFENDI W I, NAGANO T, KOBAYASHI K,
Focusing on adenosine receptors as a potential targeted
therapy in human diseases [J]. Cell, 2020, 9 (3). 785.
DOI; 10. 3390/ cells9030785.

BAHREYNI A, KHAZAEI M, RAJABIAN M,

Therapeutic potency of pharmacological adenosine receptor

in pressure ulcers: Significance of

et al.

et al.

agonist/antagonist current status and
perspectives [ J]. J Pharm Pharmacol, 2018, 70 (2): 191-
196. DOI: 10. 1111/jphp. 12844.

TAKEO M, LEE W, ITO M. Wound healing and skin
regeneration [ J]. Cold Spring Harb Perspect Med, 2015, 5
(1) a023267. DOI. 10. 1101/ cshperspect. a023267.
ARAUZ J, ZARCO N, HERNANDEZ-AQUINO E, et al.

Coffee consumption prevents fibrosis in a rat model that

in  angiogenesis,

mimics secondary biliary cirrhosis in humans [ J]. Nutr Res,
2017, 40; 65-74. DOI. 10. 1016/j. nutres. 2017. 03. 008.
FEHRHOLZ M, GLASER K, SPEER CP, et al. Caffeine
modulates glucocorticoid-induced expression of CTGF in lung
epithelial cells and fibroblasts [ J]. Respir Res, 2017, 18
(1). 51. DOI; 10. 1186/512931-017-0535-8.
CRONSTEIN B N. Adenosine receptors and fibrosis: a
translational review [ J]. F1000 Biol Rep, 2011, 3. 21.
DOI: 10.3410/B3-21.
PEREZ-ASO M, CHIRIBOGA L, CRONSTEIN BN.
Pharmacological blockade of adenosine A2A
diminishes scarring [ J]. FASEB J, 2012, 26 (10) ; 4254-
4263. DOI. 10.1096/fj. 12-209627.
MESZAROS K, PATOCS A. Glucocorticoids influencing
Wnt/beta-catenin pathway; Multiple sites, heterogeneous
effects [J]. Molecules, 2020, 25 (7). 1489. DOI. 10.
3390/ molecules25071489.

(4% :2020-06-29 ; f& [E] : 2020-10-25)

(%4 I EF)

receptors





