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Therapeutic effects of bone marrow—derived mesenchymal stem cells
transplanted via different routes on canine type I diabetes mellitus
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Abstract: This study investigated the therapeutic efficacy of bone marrow mesenchymal stem cell ( BMSC) transplantation in canine
insulin-dependent diabetes mellitus (IDDM) , by comparing the therapeutic effects of intravenous infusion versus rectus sheath injection. A
canine IDDM model was established by surgically removing 85%—90% of pancreatic tissue. Twelve model dogs were randomly divided into a
positive control group, a BMSC intravenous infusion group, and a rectus sheath injection group, with four dogs in each group. A negative
control group consisting of four healthy Chinese native dogs was also established. The BMSC treatment lasted for 8 weeks, with monitoring of
blood glucose, C—peptide, biochemical indicators, and histological changes. The results showed that both the transplantation methods signifi-
cantly reduced blood glucose levels in the dogs, with the rectus sheath injection yielding superior efficacy. Post—transplantation, the treated
dogs exhibited enhanced glucose metabolism, normalized blood glucose levels, improved liver and pancreatic function, partial restoration of
islet structure, and increased B—cell repair and proliferation. These findings indicated that BMSC transplantation effectively treated canine
IDDM by regulating blood glucose, restoring islet function, and promoting tissue repair. The results provided theoretical and technical support
for clinical treatment of canine IDDM, demonstrating a significant clinical application value.
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diabetes mellitus, IDDM) . IDDM J&—Fh i E 5 % 5
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MAEAK-, 28 B IMBERFLE 7 d & T 11,1 mmol/L, C
[INIERTE N N R A TR vl e TN (1 = e
i 11. 1 mmol/L HHBLZEK . £IR . REEEAEE A
WERPIEAR, ok IDDM BRIy, BRSNS, #
12 H IDDM R BEHLST . BHPEXT L (PC 4, n=
4), BMSCs FrlikfmiEdl (i 1 41, n=4) A
BMSCs I B SA (IR 4L, n=4), &IRIT
A 1x107 cells/mL, T AR TEF G 1 mL BAEYH
M, B2 R 1K,
1.5 BFFAE
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RV VR A 4 R e VR B, (T P o VR O G ot 7 %
T, TE30~60 min ZEME | A8 Hb s 4 8 0 i A
[UNS
1.5.2 BMSCs ML AU, 2 4F
FEARSMNE SR | P34 IF 58 % E 1Y BMSCs FH C A
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fH=11.1 mmol/L, 7EEMR] (0d) FIAEH 15 K,

M7E NC 40F1 IDDM A RIZH (1) %5 i C BR/KSF, IDDM
BORZAAR G 15 d C BRAKF 83 PR, 250 1],
SN 2 Hils R AR E, FFESE 3, 6, 9, 12,
15 KidsRghHR, IDDM ARIL] [ 55 6 KRR FE LG T
B, 9 9~15 R FRBERE, IARUWE R, IDDM A
RIR IR 22 PRI AR a2 A HL R g R IR
25 B R IDDM A 2 ~7 i
2.2 FEMEITA IDDM BIETHR
2.2.1 #HHamfest K A ey iR

£ 8 JE IR IDDM 697, fifi FH BMSCs #7178
M, BEFRAGTN LR BEALGLRE, L8k (£ 3), 4
s, B TR I 4 A BE ML I 25K T PC 4,
56 JERE, I TS THEFWEE (P<0.001);
S8 JEmE, R T HS NTHAREES (P<0.05),
RIS AL T BRI B ek

F3 RITHEARINESL (n=4) mmol/L
]/ & NC 4 e 124 R T4 PC 4
1 5.26+0. 44 10. 680. 25 10. 48=0. 18 13.500. 55
2 5.190. 35 9. 83x0. 27 9.48=0.31 14. 000. 51
3 5.15+0. 20 8.99+0. 28 8.72+0. 36 14. 46+0. 48
4 5.25+0. 39 8.05+0. 27 7.80+0. 36 15. 14x0. 53
5 5.15+0.32 7. 67+0. 30 7.26+0. 33 15. 63=0. 50
6 5.19+0. 33 7.230. 39 6.07£0.24* % * 16. 18+0. 35
7 5.21+0.20 6. 52+0. 49 5.59£0.32"* 16. 85+0. 25
8 5.20+0. 22 5.82x0. 38 5.15£0. 14" 17.72+0. 26

T R THS 1AM,

* 7N P<0. 05,
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FEIRIT EIREE 4 J . 56 8 A, XF& 4l R it
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x4 ETHREXOREGEENEIXE mmol/L
VRITHTE/E SRAEATE]/min NC 4 W T4 R M4l PC 41
0 5.46+0. 52 9.98=0. 38 9.99+0. 13 14.59+0. 45
30 8.29+0. 39 12.92+0. 16 12.51+0. 27 17.75+0. 56
! 60 6.54+0. 42 12.13+0. 52 11. 48+0. 31 16.39+0. 60
120 5.49=0. 55 10. 97+0. 60 9.91+0.30* * 15.90+0. 65
0 5.33+0. 25 6.62+0. 26 6.59+0. 43 14.77+0. 26
30 8.02x0. 36 9.04+0. 22 8.39+0.32" 18. 65+0. 24
’ 60 6. 68+0. 39 8.35+0.27 7.0220.37* ** 17. 48+0. 26
120 5.39+0. 20 7.59+0. 46 6.46+0.33" " " 16. 84+0. 16

2.2.2 et KATAE, MAEZE L2 6948 % A LR
Fa:a A

R RE RN R BRAR A AL FR PRXTPEAL T BOBE IR 1)
R KR IR RS SR T RCR B OCHE
2 AMFRAERITIARITAET (0 /) |, Ry 4 A,
TRITHA 8 JAl 3 A Bof [) A A K ] 4 R S L Tl
(AST) ., N & MR & A 5% B W ( ALT) . JE B i
(AMY) | fBlWifE (LPS) SR FE., JEIEZ 248 ¢
AR R AL, SRR S,

s s, [ ZHR0 I 40 A4 AST (HAEIG T 1]
(0~8 Ji) LT PC A, 7E3RY7 4 JAES, {5 1 4
FUIT 4 AST {H 25 5 B 3 (P<0.001), R77 8 Ji
B, R T 4R I 419 AST {H 20 3R (87.50 +
12.97) U/L 1 (48.25+14.36) U/L, 25k B3

(P<0.001), Hoo IT 415 32300 1E % K

ALT 8RR fb a4 5 AST AL, 697 4 ),
I M4l ALT (225 83 (P<0.01), AT 8
JAR, X8 0 4H ALT /% %= (88.25+7.09) U/L,
WE B TIRE 140 (P<0.001), HANTIE#TEH,

AMY F LPS {E 2 VP4l R B 400 0 518 52 1% SC B4
bro 3697 8 FERT, 5 T4 AMY {EFEZE (1 500. 00+
102.08) U/L, #h i # (8 Tik5 1 4 (P<0.001),
HHEEGRIEFERE, LPS AR AR LR B2, 1677 4 )8
Bf, 50 1T 41 LPS A W F ML Tl [ 4 (P<
0.001), 3 J7 8 J Ay, B I 41 LIPS {H [ =
(214.00+15.12) U/L, 7EIEHGHE

TRYTHAIE], NC 4L E A R A AL 6 AR PR R 1 5
K

x5 ATHREAEXELERQNER u/L
A A fE bR ikl HY7 0 A fIT 4 HI7 8 )4
AST NC 26.50+7. 14 25.00+5. 48 25.75+6. 18
w1 157. 00+3. 65 138. 00+4. 83 87.50+12.97
R 1 156.25+11. 12 112.75£11.35* " 48.25+14.36" " *
pPC 157.75+9.43 207. 00+38. 29 247.50+4. 80
ALT NC 63.50+19. 36 65. 00+20. 70 65.00+21. 48
iR 1 162. 50+10. 47 152.25+10. 81 124.00+9. 35
W 161.75+9. 74 108.00+13.52* " * 88.25+7.09" "
PC 183.25+14.97 187.75+11. 32 235.25+7. 14
AMY NC 1 161.25+192. 10 1 077.50+112. 35 1 119. 00£137. 86
g 1 2 907. 50+94. 04 2 733.00£69. 94 2 389.50+292. 59
w1 2 912.00£223.71 2 418. 00+305. 94 1 500.00+£102.08 * * *
PC 2 889.50+126. 94 3 445.00+224. 37 3 898.75+£101. 24
LPS NC 79.00+23.93 82.25+24.10 82.50+26. 10
R 1 359.50+38. 23 341.25+37.85 268. 75+45.91
g I 360. 75+22. 20 263.00£25.26™ * 214.00+15. 12
pPC 369. 00+47. 21 440.00£15. 43 509.75+12.28

. AST B#{H N 0~50 U/L, ALT Z#{lH 5~125 U/L, AMY S%{l )y 400~1 500 U/L, LPS Z%{# % 0~216 U/L,
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2.2.3 #rimmpast Kk 5o s e % oa

TEIRIT 4 JEAN 8 JEI, XHREe R4 T C BRASI LA
PEAli BMSCs BAH X R & DI Re k8, C IO PEAN R
5 B AT R S AR A, KPS Ak L S R
BINREIRE R, R 6 A R C KA
gE ) SEREoR, BRI 4 BN, B TAmI4gc
WOKSFE21m T PC 4, 697 8 WG, K5 T 41f T 41
C WA —2 T, HAaks 1 40p 8 2 o il 1
41 (P<0.001), 5 PC AL, W5 TAHMI4 C
WROKSFAEIR I7 B ) 34 W 35 T, R W] BMSCs B4l A
WAL B AT BRI, (R R, R
L HAEIBIT 8 JE I C IRZK-F- B 423 NC 4k % /K-,
TN RORE S % . 0 PC 4 C BRK P Hp2E
&F, 697 8 & ZE (0.14+0.04) ng/mL,

RITEEHE, MNC AL, R T4, 5 4R
PC G K 1Y IR A AT R A, S FAL H )5 31T
HE QLS 3R IHC 7087 (181 1) o M HE Ze@ [ rh
AILLVE Y, NC HIEMRES W, JosH; PC AKES
R > | HESIZEEL . ZE4E, MROEAnM K ik

NC4 R T4

55 T 200 11 40 8 &5 S5 M 8 o Wk 2, 22 B30 I ih 70
BT, R A R T N A HES ) T
¥ MRS ZE THC 45 50T H, NC 24 mT DL & K
AR A e R HE R N, RZ, PC 4Lk
B 2 R A JBR % 2R TR W L WD Y A L R A
M BAPE N, AT RS T 24, HBRE N2
[ 5 Z A B A L PC A i £, K50
ITZH R IR & B 4 A A% R 5 28 3Rk A ks, &84
I 5 P9 AT L S AR € P RO, R T L, AT
5 T 4H, iR I 2R 0 BRAR 0 20y Re R B2 AR L3 AT

F6 ATEIRIEA C REKMNER ng/mL
25 YBIT 4 BT 8 JA
NC 2.48+0.18 2.49=0.23
e 1 1.19+0. 16 1.47+0. 16
g I 1.4420.17 2.21£0.33***
PC 0.31+0. 05 0. 140. 04

T LLOFAE RS A, SERTAERIE .

B1 SARKAKRAS HE $65 HC 4R (100%)

2.2.4 BT R IR R
T I RRE I 40 (WBC) R 4L 40 g
(RBC) EHMYZE4L, 4381 BMSCs F& A8 X R LA (1) 52

W, FEVRIFRT (0 J&) . 3RI7 i 4 ARG I 8 JE it
XA BI R FETIE (7).
WBC ¥ @7~ , 3897 4 FBF, 856 T 450 11 40
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RN (27.40+1.65) x10°/L Fl (24.06+2.43) x
10°/L, #HRT PC 4, 1HBy7 8 Ry, g [ Al
4 WBC H— TR, X5 1 HEEIEE uH (6x
10°~17x10°/L), 5B T AEZFHEE (P<
0.001) ,

RBC Rl 7, 697 4 JEEE, il 145 T4
ZHRE (P<0.01), jAJ7 8 JAAY, W5 T 4f I 4
RBC {42 K (4.16£0.39) x10"/L Fl (5.40 +
0.50) x10"/L, X5 I 20 $£30 1E % 75 Fl (5.10 %
10" ~8.50x10"/L) ,

x7 BITRPRBALEMRLER
G bR 4151 ¥RI7 0 RIT 4 ¥RIT 8 Jl
NC 11.02+2. 18 10. 54+1.48 10. 57+0. 96
R 1 29.49+1. 66 27.40+1. 65 24.08+1. 67
WBC/ (10° - L")
R 1 29.81+1.52 24.06+2. 43 18.10+1.94* **
PC 30.08+1. 46 39. 88+2. 63 27.01x1. 80
NC 6. 47+0. 61 6.30=0. 42 6. 47+0. 59
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