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[Abstract] Objective - To investigate the changes of extracellular adenosine triphosphate (ATP) metabolism and its related indices of inflammatory
response stage during diabetic wound healing. Methods * Ninety-six C57BL/6J mice were divided into 4 groups randomly, i.e. normal control group
(NC, n=24), normal with ATP applied group (NA, n=24), diabetes control groups (DC, n=24), and diabetes with ATP applied group (DA, n=24). The mice
in DA and DC group were induced by streptozocin multiple intraperitoneal injection. Full-thickness excisional wound was created on the dorsum of all
mice. Distilled water was applied in NC and DC group. ATP was applied in NA and DA group. Hematoxylin and eosin staining (HE staining) was used
to observe neutrophils infiltration. Myeloperoxidase deficiency (MPO) contents were detected by enzyme-linked immunosorbent assay (ELISA). The
contents of ATP and its metabolites in tissues of wound margin were detected by ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Immunohistochemistry was utilized to investigate the expression of Connexin43, Pannexinl, CD39, P2X7 and P2Y2. Healing speed
were assessed by the calculation of healing rate on each point. Results - O During the inflammatory response stage of wound healing, the MPO contents,
neutrophils infiltration numbers, the ATP contents, and the expressions of Connexin43, Pannexinl, CD39, P2X7 and P2Y2 of mice in DC group were all
lower than those in NC group (all P<0.05). @ On the 14th day after injury, the wound healing rate of mice in DA group was significantly higher than that
in DC group (P=0.000). Conclusion - Inflammatory response is insufficient on the early stage of diabetic wound healing, while ATP, ATP hydrolase and
purinergic receptor also remain at low level at the same time. To a certain extent, exogenous application of ATP can accelerate diabetic wound healing rate.
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RAER LT B, ATP ARG R ES (552 A kA 1 28?4
s, ISR PR O A R AR B AR
T, AWFITE S TERE R 9 G T A A B RAE KR
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SR/ NG 1] 35 Tl nE i R e S B i 4 e e Sk B B
YRk A M 1) 37 2 N IARESE VR RTIE: SYXK
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RGN, ANEREBEER . POk, SRR SRR A Sk
WEhE BRI G, A AP AR DGR G [ K e bl se
MR B e PR I i 4 B B S 96 S A B A G Sh (e B
FE K 4511
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al), IMEWIECE (36 3M &val), LUK
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51k STZ (50 mg/kg), &E£E5d; R /N EAE AR
A, STZiESt3d o J i ek 8 Ji (1 ik / J8) W
F AL, O G L L R e A s o R /) B
PRI A 7K P <8.9 mmol/L, AR5 g o W i ) I B 7K -4
> 16.7mmol/L, R =ME THAHR LK, £LIK, &
EBRE, WHBERFERE S, A, T iR R
FOFIEH /N (NC A NA 4) A7 g7,

1.2.2 4 )2 B Ikt 45 6 T B 7Y IV b TR o A T 3T K
e, ZHocEk " B2 B R G IR A R R BT /N
LRI TESE 0.5% S ELEL =28 (60 mg/kg) HEATIRREE, 1M
JEHR AT, HEFZEREARE: HE24h
Jers PRI /N BRI i B 0.5% sk ELEL 224k (60 mg/kg)
UEATIRREE, m)E A O mm E AR KR IE T H I EF
fillig 1 A4 B R ki 1 . 53 i) DC 200 NC 2H /v
B E G b o gk (20 uL) PEZS E AR, e NA
2 F1 DA ZH {#% 0 100 mmol/L ATP {7 #& 20 uL 17 ATP |
Tl #EE B, FREINTE RS T 01 s 3M &
Bk, Bl T EE 1. 30 7, 14 HEELPEE A2 /N
6 2, UIREIGBARA ST, FHISHENE R A5/ V. Bl
Je, FH 10% 27 oA /R Th bR Ia R ] 2 8 4 01 2% B2 bk 2H 2 b
A, FHT 1N S S H TE A LU AI H 5y
AEERRA N Sy 46T 1.5 mL BLOSEIET —80 CHlB kil ok i i
7, HT¥Mm ATP, BH —#%l2 (adenosine diphosphate,
ADP) F1 it # — % % (adenosine monophosphate, AMP)
el R Al (myeloperoxidase, MPO) HYZKF,
1.2.3 R gniRiRiENE: WEHSGEE 1. 3 H
A SeREAR, Wh, WG ARE-Faga
(hematoxylin and eosin staining, H-E staining, H-E 4ufa),
T WA TS 1. 3 H Ay G R AE4IIIRIE N O,
Bk U R AL R G2 Ja B S S HRER, LB P g e
(M%) Bo,

1.2.4 MPO ACEASIN 45 FEGI o e I E  (enzyme-
linked immunosorbent assay, ELISA) i 3& i 54 0%,
IS OS5 55 1. 3 HRVEIE A MPO & &,
1.2.5 ATP, ADP 1 AMP & & # M 4> %I FR BL Bl £
)58 1 HNCH e DCHFrA % 1 g, MMA 1S FAER
B - ki el (PR B EE 4:1) Fnde gk, T Pkl F B8 (X
JH 30 Hz /Y 4l = ©f B% 3min, f£4 C. 14 000 x g B .(»
15 min, WL LG, FRRE A 15 G5 AR 5z -
K (RFRLL 4:1), % BEARGIEEE R K, A&
2 RAEE iR, HU400 uL EIEREEIE TG,
A 100 UL 50% LIEKIERE R, mfaT 4T, 14000x g
B0 15 min, BB I 3E 4T 48 v 80 A 1 - BB IDE T
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7 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) 434,

2% H HyperCarb PGC &4 (100 mm x 2.1 mm, 3 pm,
% [E| Thermo Fisher Scientific 2v &) JH T 4 B £ 4 K,
A AH A h 10 mmol/L % B W sk & il (pH=9, %
K 5 ), B2k 10 mmol/L 4 g %% 19 90% & M 7k % ik
(pH=9, ZUKIHM). RIVELEEVENL, AMaTRaIHH A 3%B,
12 min J5 71458 100%B Jf-4EfF 14 min, i f5iR B 5 3%B 4
i 18 min -l 4 {4, (%K A 0.3 mL/min, 3% SMRM
PR SRUE A I E A ofle i e FEAS [RIIN AR 2 b7, it

AB Sciex 2\ ] Analyst Wdﬁ#“?ﬁlﬂl“‘ REHIEHH—P
X} ATP_ ADP F1 AMP & &t frE &0,
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KBNS BREE 1L 3 HASZHAAEEAY)
. B RS, s UL G 55 HlbRiC Connexind3

CD39, P2X7 Jx P2Y2, JiixiefpyEdnft+
ARG UL WIS EA TR . Bl TR A% 21 B S S A U
brAs 65k, BEok bl T 5B PRENLIEEL S SHLER, HHI%
CD39, P2X7 J P2Y2 BH
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TR E,

1.2.7 Bl & A& PF
L30T

T2 3 Bt 457 €1 v S 7 Al £ 24

H R 55 Ja 48 1 14 H, HITC B 7% WSR2
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FA /NS G E A2 S AT MR 49, E T Image T 4K

ﬁcﬁr%iﬁuﬁﬁ’lﬁ PR, P G A A 40 B PR O i A 1
e WWRAR: Q&4 E b = (946 60 i fm AR — W

%Elﬁl AR /WA EITH AL x 100%,

1.2.8 HIEEF UL WEHGES 7T HEISHLM

H-E Qeta P brAs, T4 R g @ ikl gl

A ZEAE AR,

L3 el )itk

R SPSS 11.0 -3t W se ettt A e it oo br . i
PORHH x£5 0w, 2 HIRILLECR A e, ZA M SR
HENZRT; 200, P<0.05 ZonZRBAGII#E L.

2.1 vk A s e e -5k

OIS H-E ()5 Pl B TSR, R
SiE B ROZ i B (0 i35 G 1 P B R T ARAR 4T 20, HES S5 LA
g, GIZA LR RIEANIRA R i by K5 EoR,
JasB 1 H, BERFEONE (DCH) ik an i &b
TIE®E G (NC4) (P=0.000), %555 3 HWIZ T NC
41 (P=0.002) (E 1),

B

100 0O ™C group
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£ 2
2 60f
A
s @
o 40F
2 T
3 2}

0 Di D3

Note: A. Distribution of neutrophils of mice in the two groups by light microscope. B. Numbers of neutrophils of mice in the two groups. * P=0.000, ® P=0.002, compared

with NC group.

1 DC #1 NC A/NRIBESE 1. 3 HMEIEPHMMEES T RITE (X200, H-EZE)
Fig 1 Distribution and counting of neutrophils in the DC and NC groups on the first and third day after being wounded (x200, H-E staining)

2.2 Gh#E MPO sk Pkl
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Note: © P=0.000, * P=0.002, compared with NC group.

2 ELISA #ill DC H#1 NC A/NR5/ESE 1. 3 HEIEH MPO &8
Fig 2 MPO level in the DC and NC groups on the first and third day after being
wounded by ELISA

2.3 @hmgdlgih ATP, ADP il AMP & kSl

i it UPLC-MS/MS #51ll DC 41 Jz NC 41/hNEL4 1 |
Ol Ff ATP, ADP fi1 AMP [y & &, &5 R 2R DC 41/hi
B R Y ATP &5 88 B A% T NC 44 (P=0.010), ifif ADP,
AMP &8 7E 2 HZER LG #E (1),

NC group

DC group

Note: A. Expression of Connexin43. B. Expression of Pannex

3 RBBELRLFENE DCAMNC HNRIGHEE 1. 3 B
Fig 3 Positive expressions of Connexin43 and Pannexinl in tis:
immunohistochemistry (x200)

25 QIEALST CD39 WIPE kM EE
S G LU e fa bRIE CD39 G RBL, ()5
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# 1 UPLC-MS/MS #: il DC 4170 NC 4N 55 45 1 H QIZEH4UR ATP,
ADP } AMP & &

Tab 1 Level of ATP, ADP and AMP in the DC and NC groups on the first day after
being wounded by UPLC-MS/MS

Item NC group (n=6) DC group (n=6) P value
ATP/ (g - ) 1.08+0.09 0.69+0.11 0.010
ADP/ (pg - ™) 4.40+0.99 422+1.41 0.900
AMP/ (pg - g ) 6.91+1.11 4.78+0.65 0300

2.4 @418 Connexind3, Pannexinl FHPE K5

WF 95 @ i s, Connexin43, Pannexinl ¥ 3% ik T 40
MR, AS B 50 ik G o2 2H 20 4 e (i AR ic Bk 2 Fb
HE, W RS HL MR PER B O, &
BB ok, @ A Connexind3 F1 Pannexinl [ 22 35 &5
e B 58 1 H G 3 H, Bl J5 H 3Rk &R i
W HAEMGEEE 1 HAZE 3 H, DCAH /MR 614 4
2 b Pannexinl Jz Connexind3 fJ 2% ik & ¥ {iX T NC £
(E 3),

WL group

DC group

of wound margin of the DC and NC groups on the first and third day after being wounded by

1 HF1% 3 H, DC4/NR BG4 dnfie b CD39 PR

BEUIEALT NCA (K 4),

AR AR (BRERR), 2020, 40 (1)
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4 SRALALFEVE DC A NC ANRGRESE 1. 3 HEIKALYF CD39 fAERIE (Xx200)
Fig 4 Positive expression of CD39 in tissues of wound margin of the DC and NC groups on the first and third day after being wounded by immunohistochemistry (x200)

2.6 GIZA180 1 P2X7 Fl P2Y2 FIIPER KM 5% HAE GG A A PGS, RS 1 AfE 3 A,
W7 @or, P2XT FIP2Y2 Btk R L FAINE  DC UM OIS S 4nlat P2XT, P2Y2 Z R [P M A
B, e UL e (prid P2XT FI P2Y2 Z R W5 BT NC A (& 5).,

DC group

Note: A. Expression of P2X7. B. Expression of P2Y2.
5 SRAL L FEIE DC AR NC AMRIGESE 1.

Fig 5 Positive expressions of P2X7 and P2Y2 receptors in
immunohistochemistry (x200)

BILALRLAR P2X7, P2Y2 Z{RHIBAMERIE (X 200)
es of wound margin of the DC and NC groups on the first and third day after being wounded by

2.7 G GA T AN 6), AFEMGIRE T HRIIYE %R, (EE

it 2 AL A AU G A B R T, SER4L 14 B, DAGUNRIGIFA AT Hh (86.630+4.200)%,
ANBURRE, ¥ SRR/ 0T it B R AESR, T ST DC 41((72:390+2.862) %] (P=0.000), {H{AET:
HiET DC 41, DA 4UNRIIRE RGO A A MR NA 41[(98.998+1.650) %] (P=0.000), i NC 21 fil NA 1
e, 6it, BB, 440NRIOOIRTEENS  WEREAIHAEYL (£2),
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MNA group
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Fig 6 Wound healing conditions of the mice in the four groups at different time points

22 AH/PRES 1L 3, 7. 14 HAY O @& R

ATP AR B BRIV AR 5 52 WA AL R PR 01 A2 £ 9 e S IO ¥y B 25

D3 D7 D4

Tab 2 Wound healing rate on the first, third, 7th and 14th days after being wounded in each group

Group D1 D7 D14
DC 12.898 +1.452 15.849+2.747 49.183+3.309 72.390 £2.862
DA 14.552+1.077 22.034+1.499 64.259+2.628% 86.630+4.200"
NC 15.071+1.723 26.300+1.111 74.373£1.759 94.831+£2.962
NA 15.599+0.856 26.930+1.539 81.405+2.997° 98.998 +1.650

Note: * P=0.000, compared with DC group; ® P=0.000, compared with DA group.

2.8 4181 HB LS
T R TR ARG R 7 B GIZ 48
TR, NC 4R NA 478G 12040 41 wT DK S A 1 28
HA KA BAMmE, DCH/NR OIS L (L w] W&

MNC group

WEZFHS, HRREMRmR R, MERESRELD; mh
DC 20 AL, DA 2/ P 22 21 v 5 Js A5 Ko A vf 4 55 HL
MAEFEAYE L, B3R NC F1NA iﬂ (B 7).

DA group

B7 AFEMETUE 4 HDIRGEE 7 BUKERPRFARERMFEMESFERL (X200, H-ELE)

Fig 7 Growth of granulation tissue and distribution of neovascularization in the wound tissues of the mice in the four groups on the 7th day after being wounded by the light

microscope (%200, H-E staining)
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MR B R R 2 S, A R R R R Eh R
- E - EWPER, RARBICIENES. R
N, AN AR S S B 2 B HA S g T T IS PR R
IR A BT, B 55 4 56 85 A 2r F (damage associated
molecular patterns, DAMPs), £ 5 P[] 846 %: RBE &
Ge S AR S Ty ], AP AUE B B EAY A T IR
8, Horr, ATP AOURABLRE T 4EFRr g AR AL ZhReRY 3
TERERAI, PCIRAE T I 1Eh) DAMPs 5y 1L B £
Fhm i A ", Hah ATP BBk IEA 2 Mgz,
B2 46, SR AR A BRI SR E 15 5 A S T ik
B ", ok, LT PTG AR AR E AR T
Byl B ATP s 17, I, 52 AR EUR R I s ik
Ji ATP fERENS 2 fk P2 {45 T Tt SR A AR =2 61 T 20
GUBEHRAER B, IS5 @bk S ko i " ifi)a
fitg 4 ATP 75 W W i 5 il CD39 fY 1 L 9 7k it b AMP
SR LA R P2 {5 5 1, HAR Ik B ATP 8 B figt =
Y (AMP FIREF) W55 LA A s 8 T e o,
V2 BT A AR AR I B, JRRE S L 1o B A 280 I ) ey e
15 6 T A AT AT A B P, 0 2 AE R LR O 1 R
WIRIENT B, ATP AL R PRV 55 00 B 0 A /£ — 1Y
SRR AW R A S g A KB, [
DR B A A B TR IERY B (5538 1 H ), ATP B
JiiE 2 14 (Pannexinl, Connexin43). @4 ATP sk fif s
(CD39) KEEW{E 55 P2 (P2X7, P2Y2) HIZRiA#EL
1E G W 298 /b5 ik UPLC-MS/MS A& B, # xk
M Bl ATP, ADP & AMP (& &AEG R4 1 HAK
TAEH G s i E U5 45 T /N B YR ATP J,
WIS AR 1 e G TR A . ARt R, fERE
105 B WO ML S ATP {55 rlfE — & B B R ERw Ik s
Ol E

RIIIRIEZE 0 R WA, ARER TR H 61, B R O
IR RIER Y. (R 1 H) fFE—ERAR, miE
RIEFLANTBE (53 H), RIEHBHEIH —ER
B, VB4 Mk an i BRI bR, MPO & PR R
9 S I 58 B P PR AR e ASTT 9 s et v PR 40 e -
HOF PG MPO 7K Pkt LURE b 95 €1 11 55 15 61 @ 4 ik
Ferh RE R LRI ZE S, SRR B SImA LRSS
£ 1 H A WRFE R4l IREE, MPO KF8E, i)
553 B rp b AN AL & K MPO JK ¥ B i 5 1E
GUmAREL, BRI BV LED RS 1 H AP dn i
& N MPO KPR R, 5558 3 Hllk 2, FAss
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RFFRFE R, B8 DR 9 O 1 Y L0 2 R Y A2, B Bh i
FHARIE 5 G A FriE iR, B JE TR A 0 O i A Bt
R

i 1f UPLC-MS/MS #; M| 6 1 ATP K H: R i 7 4
(ADP, AMP) &&kH, (/% 1 H, ¥R & &
TR QI AL, (0 ARG LR R R, BA T
Bl e &5 R P B on i A I N IR A Eve, DL H R 5 E i
AR S ATP (P4 &5 5, i B IEEE 2 5 ah 20tk R9E K
B, 1SRRI S R R S S ATPY R,
R — A5 A Q5 H S b ATP BB EE A, Hash
ATP K fiff B I SR 15 552 08 P2 3Rk R AT 25 A o0 #7,
RIFZEEAE IS ATP RIS KT,

FERREA R  Ja, ATP AR LG i il 43 0 2 R
SRR B Z, & e AR R ATP B &
PEAT T4 PR T, Pannexinl Fi1 Connexind3 & ZH 2140 i v
JHZ IR 2 B ATP Biol B R H, 2B ATP £
HbE R AR e R i I E A A, G gL
Sy RN, IR 1. 3 H BRSO A A
Pannexinl F1 Connexin43 BH 14 2% i & WA &A% T 1F % 61 1,
PR RAE SRy B 283 18 RS M A ATP A 52/,
CD39 X FRIMEHE = iklR BEBR /K il -1 (ectonucleoside
triphosphate diphosphohydrolase 1, ENTPD1), {EU4fE{t Kk
fiEhash ATP ) ADP Je AMP"™, Guis i gk 2 e (o g L
R, FEE 1. 3 HOBEIR R G 2 240 i v CD39 1 BH
FORFEIRBAR TR G, 2708 R G H ATP 17y
oy FRARISTRE D AL TR . 26 LRSS REBL, fER
iE SR BOAHEE T-1E % G, 98 R Gl 2l 21 b g o ATP
RUHRAATE

WFge ™ @R, RIS ATP 35 550 1o s e
R P2 RISIEES S 5 R AEME M, HAHL R RIE B
MESES, (EEImaA RAER T B, MIA ATP 3G
P2Y2 R SR ittt SR8, B AR
1R BUIMR ™ H SR P2XT Z ka2 5 L R RAE
AR T IR TN 2R A R RE i ™ S b et
LERWor, A 1. 3 HMER N O 4 240 iz P2Y2
1 P2XT Z AR PR B B AR TR G, $RR{ER
iE SR BERREIS A5 St AR AR A

AW ST ok 3 — 2P 45 T /N BB T AN ATP Y2
PRI/ B A A SO, ZEREB, fEGEE 14 HEER
Jpa 2L/ IN B 6 T Ao EEORAN SOE /N, {H DA 4
HIE & T DC 4, $&7RoMEMERNE ATP "] fE—E R B
Pl RIA G & RN, @i AR5 % 7 H
BN B KB, DA /N T A I B
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