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Effect of betaine on wound healing and AMPK/SIRT1/FoxO1 pathway in
diabetic foot rats
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Abstract: Objective To explore the effects of betaine on wound healing and AMPK/SIRT1/FoxO1 pathway in diabetes foot rats.
Methods SD rats were randomly grouped into control group, model group, betaine (low and high) dose group (50, 100 mg-kg™") and
metformin group (200 mg kg™"), with 18 rats in each group. Except the control group, the rats in the other groups were constructed
with diabetes foot models. The fasting blood glucose level and wound healing rate were measured. The levels of serum inflammatory
factors (IL-6, TNF-a, CRP) were detected by ELISA. HE staining was applied to detect the histopathological changes of the wound
skin. Immunohistochemical staining was applied to detect the positive expression of CD31 protein in the wound skin tissue of rats.
The level of oxidative stress index (SOD activity, MDA content) in rat wound skin tissue was detected by commercial kit. Western
blotting was applied to detect the expression of AMPK/SIRT1/FoxO1 pathway related protein in rat wound skin tissue.Results After
administration, compared with the control group, the fasting blood glucose, serum IL-6, TNF-a, CRP levels, and the MDA content
and p-FoxO1/FoxO1 ratio in the wound skin tissue of the model group were higher, the wound healing rate, the positive expression
rate of CD31, the activity of SOD, the ratio of p-AMPK/AMPK and the expression level of SIRT1 protein in the wound skin tissue

were lower (P < 0.05), the histopathological damage of the wound skin was serious. Compared with the model group, the fasting
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blood glucose, serum IL-6, TNF-a, CRP levels, and the MDA content and p-FoxO1/FoxO1 ratio in the wound skin tissue of rats in

betaine (low and high) dose groups and metformin group were lower, the wound healing rate, the positive expression rate of CD31,

the activity of SOD, the ratio of p-AMPK/AMPK and the expression level of SIRT1 protein in the wound skin tissue were higher

(P < 0.05), in addition, the histopathological damage of the wound skin was improved to varying degrees, the changes of the above

indexes were more obvious in betaine high-dose group and metformin group. Conclusion Betaine can activate AMPK/SIRT1/FoxOl1

pathway, alleviate oxidative stress and inflammatory reaction, promote angiogenesis and accelerate wound healing in diabetes foot

rats.

Key words: diabetes foot; betaine; wound healing; AMPK/SIRT1/FoxO1 pathway; inflammation; oxidative stress
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*F1 BAKBRZTEMEKFE LS (75, n=18)

Table 1 Comparison of fasting blood glucose levels of rats in each group (x+s, n=18)

25 5 1L HE/ (mmol L)

AL Rt/ (me ke $250d 42144 w7528 d
X HE — 5.72+0.38 5.64+0.39 5.78+0.41
LT — 22.48+2.65" 22.09+2.37" 21.63+2.04"
[iER 50 23.61+2.34 17.12+1.53" 12.27+1.15
100 22.95+1.93" 12.68+1.29" 7.14+0.52"¢
- HUIR 200 23.04+2.417 11.5441.377% 6.47+0.46"

SxR 4L " P<<0.05; SRR L - P<0.05 ; 5 FH SRR ) 4L L - 4P <<0.05

P <0.05 vs control group; “P < 0.05 vs model group; P < 0.05 vs low-dose group of betaine

x2 BHXREUEREEILE (Ts,n=18)
Table 2 Comparison of wound healing rates among

groups of rats (r+s, n=18)

. . BT A /%
Ml FE/(mgkeg ) e e
of iR — 65.36+1.24  89.48+1.36
R — 21.69+0.78"  46.37£1.51°
A ST 50 40.52+1.05%  67.96+1.85%
100 52.68+1.317%  79.65+2.06™
TR 200 53.07+1.46™%  80.5242.32"

5L L P<<0.05; SR LE AL - *P<<0.05 5 Sl SRBHAK
M 2E HAL: “P<<0.05

P < 0.05 vs control group; “P < 0.05 vs model group; “P < 0.05
vs low-dose group of betaine
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Table 3 Comparison of serum IL-6, TNF-a and CRP levels of rats in each group (r+s, n=18)

205 fll&E/(mg-kg D IL-6/(ng-L™") TNF-a(ng-L™") CRP(ug-L™)
oyl — 56.28+4.57 14.57+1.83 3.62+0.45
7Y — 176.15+9.62" 53.94+5.16" 22.85+1.36"

A ST 50 108.36+7.83" 34.18+3.97" 13.07+0.94"

100 72.19+6.05"
68.43+5.89™

ZHIXUIT 200

7.11+0.82"%
6.76+0.83"

21.03+2.98
19.65+3.01°%

EXHBA H R - P<<0.05 5 SR ZH L P P<<0.05 s 5 B SERRAR 7 B 4 L % - 4P <<0.05

P <0.05 vs control group; “P < 0.05 vs model group; “P < 0.05 vs low-dose group of betaine

FSERR/ (mg kg )

1 FHEKXREEEKALREFNE(HE, X200)
Fig. 1 Pathological changes in wound skin tissue of rats in each group (HE, x200)
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Fig.2 Positive expression of CD31 protein in wound skin tissue of rats in each group (Immunohistochemistry, x400)

x4 BHRREOEREKELF CD3IAERIERLR
(z£s,n=6)
Table 4 Comparison of CD31 positive expression rates in

wound skin tissues of rats in each group (xr+s, n=6)

R5 RAXRUEEKAAHSODEE MDA SELL
835 (s ,n=6)
Table 5 Comparison of SOD activity and MDA content in

wound skin tissue of rats in each group (r+s, n=6)

2H 5 flE/(mg-kg')  CD31FHMERIER/%
Xt e — 20.45+2.13
i) — 5.89+0.65"
ST 50 11.57+1.06"
100 16.43+1.35"%
IR 200 17.52+1.46™

SX AL # - TP<<0.05; SRR LA - PP <<0.05 5 5 SRR A
Pl AL - 4P<<0.05
P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05

vs low-dose group of betaine
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5550 R 2H A, B AR A KRR A T R R 4L 4
SOD i P . 2 P K , MDA & &2 18 3 F+ = (P<0.05) 5
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ST o 751 B 4H AN U K R G T R Jk 2H 23
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FoxO1 B XxEHRIE

W 3.3 6 FITor , 55 0 R 2H L e , B 7R 21 K R B
T Jbk 20 27 p-AMPK/AMPK {# F1 SIRT1 & A %
KK T 2 PR, p-FoxO1/FoxO1 15 & & 7t i/ (P<
0.05) ; SR ZH LA, S ML v 751 2 2L A — FA XL
I 4H K B A T Rz bk 2H 23 b p-AMPK/AMPK {H FH
SIRT1 £ [ R I& KV & & Ft &1, p-FoxO1/FoxO1
2 PR (P<<0.05) s 5 FlF S ms 0 77 2 41 b e, Bl =
gl e 751 LR U 4L K B ) T R Pk 2 4

sl &/ SOD/ MDA/
(mg-kg™") (U-mg™") (nmol-mg™)
X HEE — 4.58+0.61 6.37+0.68
LY — 1.63+0.35"  29.58+2.43"
e 50 2.97+0.41"%  18.34+1.85™
100 3.86+0.52"¢  11.15+1.087
ZHOBUIR 200 4.0240.47"¢  10.43+1.26™

5t LU TP<<0.05; ST LA - *P<0.05 ; 5l S AIC
AL “P<0.05
*P < 0.05 vs control group; “P < 0.05 vs model group; “P < 0.05

vs low-dose group of betaine

p-AMPK R s smmmn - o 1< 0
AMPK WD S S S < 10’
SIRTI ™R s s s same  1.1X10°

p-FoxO1 W S S s — <1
Foo! S W - 7510
pactin  SEE_—— - 210

i A 50 100 —FEIXUR
B/ (mg kg ™)

E3 EHAXREIEEKALS S p-AMPK.AMPK,SIRT1,
p-FoxO1.Fox0O1 & H &%

Fig.3 Expression of p-AMPK, AMPK, SIRT1, p-FoxOl1,

FoxO1 proteins in wound skin tissue of rats in each group

p-AMPK/AMPK {5 1 SIRT1 & [ R IE KVt — 5T+
7 > p-FoxO1/FoxO1 18 F#{% (P<<0.05) .
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FR6 BAKXREITERKALEF p-AMPK/AMPK . p-FoxO1/FoxO1{E#1 SIRT1 & B R ik 7k F bb 8 (1+s, n=6)
Table 6 Comparison of p-AMPK/AMPK, p-FoxO1/FoxO1 ratio, and SIRT1 protein expression levels in wound skin

tissues of rats in each group (r+s, n=6)

2H 1) FE/(mg-kg ") p-AMPK/AMPK SIRT1/B-actin p-FoxO1/FoxO1
X i — 0.84+0.07 0.58+0.06 0.55+0.06
R — 0.21+0.04° 0.14+0.03" 0.97+0.08"
LB 50 0.46+0.06" 0.35+0.04" 0.78+0.07"
100 0.63+0.06"¢ 0.49+0.05"¢ 0.65+0.07"
L F O 200 0.70£0.05™¢ 0.52+0.06"¢ 0.62+0.06"¢

5 LLE"P<<0.05; SR L AL - "P<<0.05 s 15 T ST 7 B 2H L % ©P<<0.05

P <0.05 vs control group; “P < 0.05 vs model group; “P < 0.05 vs low-dose group of betaine

4 g
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