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Effect of deuterium depleted water combined with platelet-rich plasma on wound healing of diabetic
ulcer in rats

WANG Xiang-gi, ZHAO Chao-ran, XIONG Ai-bing
Department of Burn and Plastic Surgery, the Affiliated Hospital of Southwest Medical University, Luzhou 646000, China

[Abstract] Objective - To observe the effect of deuterium depleted water combined with platelet-rich plasma on wound healing of diabetic ulcer in rats,
and to explore its possible mechanism. Methods - Male SD rats were randomly divided into two groups, normal control group (group A, n=20) and
diabetic group (n=80). Rats in the diabetic group were fed with high-fat diet for 4 weeks, and the rat diabetic ulcer model was replicated by intraperitoneal
injection of streptozotocin (STZ) + skin full-thickness resection; then randomly divided into diabetic model group (group B), platelet-rich plasma group
(group C), deuterium depleted water group (group D), and deuterium depleted water combined platelet-rich plasma group (group E), with 18 rats for
each group. Group A with common feed was fed for 4 weeks after intraperitoneal injection of an equal volume of citric acid-sodium citrate buffer +
skin full-thickness resection to replicate the normal ulcer model. The animals were sacrificed after treatment for 3, 7 and 14 d, and the random blood
glucose was measured at each corresponding time point. The wound surface and wound margin tissue were taken to observe the wound healing and local
histomorphology of each group. The contents of matrix metalloproteinase-9 (MMP-9) and tissue inhibitor of metalloproteinase-1 (TIMP-1) in the wound
tissue of each group were detected by enzyme-linked reaction adsorption method. Results - Random blood glucose in group D and group E was lower
than that before intervention. The inflammatory response of the wounds in each diabetic group was slower than that in group A. The granulation ripening
effect of group E was faster than that of group B, C, and D. The effect was best in each intervention group, and the neovascularization and fibroblasts
appeared earlier and in large quantities. The content of TIMP-1 in group A was significantly higher than that in group B, C, D and E (P<0.05). The content
of TIMP-1 in group B was significantly lower than that in group C, D and E (P<0.05). The content of TIMP-1 was significantly higher than that of group
C and D (P<0.05). The content of MMP-9 in group B was significantly higher than that in group A, C, D and E (P<0.05). The content of MMP-9 in group
E was significantly lower than that in group C and D (P<0.05). Conclusion - Deuterium depleted water can promote the healing of diabetic ulcer wounds.
Deuterium depleted water combined with platelet-rich plasma can significantly promote the healing of diabetic ulcer wounds, which may be related to the
decrease of random blood glucose, the increase of TIMP-1 and the inhibition of MMP-9 expression.
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1.3 25y 41 K BERay it vy

i B 5 5 B pf v SD KRR 120 B, i B PEME R 1
i, 1% 100 HEAHLSy A IEF A A (n=20) FAdk IR 2
(n=80), 4> BIFREL 2 4 KB fA B, DUBEHLIMBE, Flsx

http://xuebao.shsmu.edu.cn

ARG STKCEBR £ 5 0L /I B 5 0 5K Bl 8 D i 15 €0 1 76 £ B 5 il | 327

20 HOKREUH T PRP, 5l fakh 35, A2 5l S
4,
1.3.1  BEIRIGR BRI B ST K 8 B R4k
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B PR K R 28 s i v W T R SR 4 J e, (s iR g g
EEIEH 6 B R BB s 1E 3 B R RAE AT IR IR - #7s
MR AhE RIS 7 d JEtR BUR RS A G, B O Z R B
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Tab 1 Changes in body weight of rats before and after modeling (x %, g)

.. . 1 d before 7 d after
Group n Initial weight L L
injection injection
Normal control 18 230.69+10.37 352.19+38.81 363.99+34.17
Diabetic 72 229.51+8.30 358.84+39.75 308.27 £45.37

WIRGAIRATT, Bl SRR R BB ML If B 5 1 5 % H
bbig, ZRESGHEE L (P>0.05); PERFH KRR L
I v B AR IR SR 4 JE i, L RS R O R B R e,
ERABEGIFE L (P>0.05), 1FSTZ/ il - 7
BRI NS (RIS 7 d S5, B DR 5 2EL A BRI A o o ke
HW B G, ZRAAZRIFREL (P<0.05), BHENNE
TR 75 AL A STZ 5 3119 2 B0 JR s K Bl ASE 20 2 57 1 2
(%2),

2 FERHTE KB FEML (x5, mmol/L)

Tab 2 Changes of blood glucose level in rats before and after modeling (x s, mmol/L)

. 1 d before 7 d after
Group n Initial glucose R L
injection injection
Normal control 18 7.11£0.68 7.14+0.50 7.06 +4.87
Diabetic 72 7.13+0.64 7.42+0.61 24.32+4.44°

Note: “ P=0.000, compared with normal control group.

2.3 BEDRFALR BB A 1k

A, B, CHEX THlk ] s FIBEHLITLHE K- 5 1 Fil i
FHEL, ZESTCGEF R (£ D A BT AEER], (E(K
SR T UG K BBENLIBE T 462218 TR, fET RS 14 H)m
BT HRTWRAER, ZRRA5HEEL (P<005) (£3),

23 T UG AR IR] 25 % 2K BB LI L (x5, n=6, mmol/L)
Tab 3 Random blood glucose changes in rats of different groups at different time
points after intervention (x & s, n=6, mmol/L)

G - Beforé - 3d afte.r ‘ 7d aﬁe-r ‘ 14d aft-er
intervention intervention intervention intervention
A 7.06+0.49 7.35+0.64 6.68+0.76 7.22+0.66
B 24.20+3.75 23.80+5.49 23.22+2.38 23.97+4.96
C 22.67+4.29 21.23+£3.70 21.50+3.98 22.68+2.76
D 24.42+5.24 22.73+4.67 21.80+4.70 19.50+4.66 "
E 26.00+4.07 24.25+4.19 22.5+2.93 22.10+3.34%

Note: © P=0.044, © P=0.038, vs before intervention in the same group.
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Fig 1 Comparison of wound healing in each group of rats
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Group A Group B

3d

7d

14d

2 BREKRREIEALR H-ERE (X200)

Fig 2 H-E staining of wound tissue in each group of rats (x200)

2.5 BHLKREE FIE

T 3 H e &b AR B Ol i A R B AR T
I (A4l) (P<0.05); C4l, D41k E 4100k &
aFEE T B (P<0.05), HMMH ZRMZESE TS
FEN BN E RS BRIR K A4 >E 4 >C
HA>DH>BH., THHETH: AABIHAAERKTB
. CHR DY (P<0.05); EAH@AREMT A, (H
2 FERICGE A s A2 O A A 3 s BRI
A >EH >DH >CH>BH, THH 14 H: AHEIH
MERKRT B, CHRE DY (P<0.05); EHMAH5R
IR A4, H2HEFLGIH AR KA maaEh
PRI A 4L >E 4 >C 4 >D 4 >BYL (k4).

4 T HUG AR ] A R LB & A B L (x5, n=6, %)
Tab 4 Changes of wound healing rate in rats of different groups at different time
points after intervention (x % s, n=6, %)

Group 3 d after intervention 7 d after intervention 14 d after intervention
A 9.25+1.91 52.20+3.67 86.25+5.23
B 2.04+0.87° 30.76£7.35° 61.00+2.15°
C 521+1.06"% 4438 +3.87°¢ 77.98+3.84°°
D 5.00+1.08"¢ 44.63+£2.73°° 76.38+£7.13%"
E 6.47+1.61%% 49.19+5.31° 82.40+6.81°

Note: “ P=0.000, * P=0.002, ® P=0.010, ® P=0.012, * P=0.013, * P=0.004, compared
with group A; © P=0.000, © P=0.001, compared with group B.
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Group D Group E

2.6 HHLK B ENIImA12! MMP-9 & Bt LSS

FHE PRI LR B Bl T 2 20 MMP-9 & i fE AL 22 1) %
IR B m T R B (Ad), C4. DHKE
AT 3d )G, MMP-9 & &4 B A BIRER (P<0.05);
T 3 d J5 E 41 MMP-9 & 5% C 41 D AW PR, 7d
JRERAGIU#EX (P<0.05) (£5),

S TR AR ]S % 2K BB 4H 90 MMP-9 & B AL (x+s,
n=6, ng/g)

Tab 5 Changes of MMP-9 content in wound tissues of rats in different groups at
different time points after intervention (x +s, n=6, ng/g)

Group 3 d after intervention 7 d after intervention 14 d after intervention

A 1032.79+42.84 995.85+£99.86 1104.57+35.60

270424+ 185.55° 2871.10+198.90° 258530+51.67°

1595.07 +124.97%% 1481.98 +146.67° 1688.55+97.01°

1678.32+111.92%° 1620.28 +94.37°° 1664.71 +181.88°¢

m O O w

1404.52 +58.17°%¢ 1222.10+86.35%°°°  1122.89+82.08°*

Note: ” P=0.000, © P=0.007, ® P=0.005, compared with group A; * P=0.000, compared
with group B; © P=0.002, © P=0.000, compared with group C; © P=0.009, “ P=0.000,
® P=0.003, compared with group D.
2.7 ARG 41 TIMP-1 & S EEEE

F B PRI B Bl T 2 2 rp TIMP-1 5 & £ 4 I ] A5,
PR TIER 3 Bl (Adl), mC4l. DAK ELATHE
TIMP-1 & &% B HFthmE (¥ P<0.05), EHTHI3d )G
TIMP-1 & & mK CH KX D AW B (P<0.05); {ETTi
l4d)5, 5AHERTESZUFEL (K6),
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# 6 TG A W ] 5 % 4K BB 414 TIMP-1 & 2 L (x+s,
n=6, ng/g)

Tab 6 Changes of TIMP-1 content in wound tissue of rats in different groups at
different time points after intervention (x s, n=6, ng/g)

Group 3 d after intervention 7 d after intervention 14 d after intervention
A 979.76 +59.42 1055.14+88.35 1102.83+98.35
B 574.68 +25.13% 531.70+23.46" 576.72+23.65°
C 702.04+17.32%° 28.33+54.93%° 688.24 £40.52°¢
D 634.45+24.05°°° 622.05+59.28 7% 697.92 +30.48°°
E 770.24 £42.37 %% 860.43 £59.26 ¢ 974.84 +89.70°*°

Note: * P=0.000, ® P=0.001, compared with group A; © P=0.000, “ P=0.010,
©P=0.016, ® P=0.001, compared with group B; ©° P=0.004, ® P=0.006, * P=0.001,
® P=0.002, compared with group C; “P=0.004, ® P=0.000, ® P=0.003, compared
with group D.
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PRI BB L WA TR A, AW WA 12—,
TERE PRI N TE R 26 B T pimeiids 15% s RV R PRI
&, (BB RTHTETT 5 R ORA R, WAVSMNRHGYT Tr ik
SO, BRIl gAmpEkr . AR T
BRNERA T, ALBF R R A SR R e

2 RUBE R R AR Y LU B, A RIS T SR B,
STZ xfiph iy B 20N B A i FEEFEPE TR PE(E AT, sl A
SRR S B AN, (BB A A s, B sk
WP . B m AR AR SR 1~ 2 A SRR B K
UG, BN — RPN IR S STZ e 19 &5 e,
AES A IMAE T, BEADL 2 TR IR R Y . oK
R DLE AR R SR 4 JF R, KRB R K
RS D, —RMENERETE S STZ 30 mg/kg, mI e Lh il
2 OB IR RUBETY, iy, BARRE, Toshist
T, SEE T 2 A0 ORI AR OGRS
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PR D o R Bl G T A SR T v AIRITOK RE A8 AR
By SEAHRPUE . WRACRE IR B R A T, Wang 2
i, ARGk AT IR AR A AL IE R 1| (NADPH: quinone
oxidoreductase-1, NQO1) Fy ik, M ifi il MMP-9 |y
Fik, AMFFMEI, ATOK TR K EBEYL IS E T 1
14 d JG WIS B, R4/ IR AR BT A 258 00 IR s
TUZA s U MR STOK nT PR AR PR R B B AL LW, x4
Joa K B TBT% B TR & A TR gk I

BFEE ™ MR, B SR B L B N, MMPs ik
W, HAMHIA - TIMPs Rkl S8 DML A
MMPs i —241 B A 2 [G] A 107V o mT B2 A 4 M 9 2 T
(extracellular matrix, ECM) [YEE(& K EE N YIEE, 25
5 ECM Ffigi) £2E A i 2 —; TIMPs ;& MMPs [ 5
PEANHIR 7, REUHST MMPs fUiGtE, MMP-9 &4 B EA
it I rh AR 43 - IR B KRB, wT VR AR TZ Y
BV, VoL X BRE, WK, REEA, HEER
A SRR [ %, X SR & AR Y, MMP-9
WLy iR ECM iy 2 5105 DAl Bt 5 R e B8 3
i v 5 ) MIMIP-9 RE (i v Mt 20 M A W 2 i 2 ik 1
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