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The protective effect of Qizhi hypoglycemic tablet on foot ulcer in
streptozotocin-induced diabetes in rats
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Abstract: This study aimed to determine the protective effect of Qizhi hypoglycemic tablet (QZHGT) on foot
ulcer in diabetic rats and explore its possible mechanism. Diabetes was induced by streptozotocin injection in rats.
The rats received QZHGT (780 mg-kg™"), metformin hydrochloride tablet (Metf, 200 mg-kg™") or glibenclamide tab-
let (Glib, 1.5 mg-kg™") alone via intragastric administration once a day for three months. Food ulcer was pre-
pared by foot skin excision after drug therapy lasted for two months, and the dynamic changes in food ulcer heal-
ing were determined. During the experiment, blood glucose, serum levels of vascular endothelial growth factor
(VEGF) and inducible nitric oxide synthase (iNOS), factor III (FIII) and four coagulation parameters [thrombin
time (TT), activated partial thromboplatin time (APTT), prothrombin time (PT), fibrinogen (FIB)] were detected.
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Finally, the protective mechanisms of QZHGT against diabetes and foot ulcer were analyzed by network pharma-
cology, and immunohistochemistry was used to confirm the expression of transforming growth factor-f (TGF-/f)
and nuclear factor kB (NF-«xB) in pancreatic tissue. All animal procedures were approved by the Animal Experi-
mentation Ethics Committee of Henan University (permission number HUSAM 2016-288). The results showed
that the lasting hyperglycemia, polydipsia, polyphagia, polyuria and body weight lost took place in model rats
compared to those in normal rats. These model rats also showed an increase in serum VEGF and iNOS, FIII, TT,
APTT and PT, and a reduction in FIB and wound healing. Metf or Glib significantly improved hyperglycemia,
polydipsia, polyphagia, polyuria and emaciation, but failed to ameliorate hypercoagulation and wound healing.
QZHGT showed a similar effect on polydipsia, polyphagia, polyuria and emaciation to Metf or Glib, although it
was inferior to them in hypoglycemic action. Importantly, QZHGT significantly improved hypercoagulation and
wound healing, and attenuated serum VEGF and iNOS. Network pharmacology revealed that QZHGT decreased
hyperglycemia through "insulin resistance pathway", improved coagulation status through "HIF-1 signaling
pathway", prevented diabetic foot ulcers through "VEGF signaling pathway", "MAPK signaling pathway" and
"NF-«B signaling pathway". Immunohistochemistry showed that QZHGT could inhibit the expression of TGF-/
and NF-«B in pancreatic tissue to maintain islet function in diabetic rats. In summary, these data suggest that
QZHGT can prevent pancreatic injury for adjunctive hypoglycemia and diabetic foot ulcer treatment, and is a
better preventive and therapeutic drug for diabetic foot ulcer.
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Table 1 QZHGT decreases water and food intake in diabetic rats. n = 18, x £ 5. "P<0.05, *P<0.01 vs DM; *P<0.05, #P<0.01 vs Cont.
Cont: Control group; DM: Diabetes model group; QZHGT: Qizhi hypoglycemic tablet group; Metf: Metformin tablet group; Glib: Gliben-

clamide tablet group

Group Water/mL Food intake/g

10 day 40 day 90 day 10 day 40 day 90 day
Cont 32.00 +2.87 33.25+5.56 29.44 +7.04 15.00 +2.83 16.59 + 3.56 18.52 +3.38
DM 128.65 +£9.71% 125.27 £10.20% 145.2 £10.93" 30.65 +3.10" 34.59 +3.23" 35.64 + 8.00"
QZHGT 113.35+7.27* 109.61 £9.26™ 113.23 £ 8.65™ 25.53 +£1.39™ 28.23 £4.26™ 30.31 + 5.74%
Metf 108.71 £ 9.29" 95.58 +8.68"" 99.58 +7.38" 25.98 +1.92" 25.55+3.13™ 27.06 £ 1.48"

Glib 122.57 +7.29* 127.71 + 5.46"

142.31 +9.613%

29.02 + 2.55% 29.50 + 4.14" 33.34 + 6.42%
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Table2 QZHGT decreases urine output and body weight in diabetic rats. n = 18, x £ 5. "P<0.05, “P<0.01 vs DM, *P<0.05, #P<0.01 vs Cont

Group Urine output/g Body weight/g
10 day 40 day 90 day 10 day 40 day 90 day
Cont 14.33 +4.84 16.80 + 1.16 15.17+4.20 226.44+8.15 268.00 £ 10.25 301.25+9.87
DM 111.55 + 5.44% 125.41 £ 4.11% 124.88 £2.67% 178.92 + 8.88" 208.84 +7.27" 220.70 + 5.65"
QZHGT 98.59 + 6.227% 96.63 +3.70"* 80.65 +3.96" 192.25+9.16 227.11 +7.35™ 232.77 +3.87"
Metf 85.56 + 5.66™* 78.97 £ 5.44"* 79.64 +5.08" 197.20 £ 9.72" 223.73 £10.74™* 262.28 +£3.12°
Glib 112.5 +4.32% 111.33 +5.03"% 121.61 +5.19% 198.45 +5.32" 222.62+7.72"* 224.25 + 9.66"

Table 3 QZHGT promotes wound healing in diabetic rats. n = 18,

x 5. 'P<0.05, ""P<0.01 vs DM; #P<0.05, #P<0.01 vs Cont

Table 4 QZHGT decreases blood glucose in diabetic rats. n = 18,
x£s.7P<0.01 vs DM, *P<0.05, #P<0.01 vs Cont

Wound healing/% Blood glucose/mmol - L
Group Group
1 day 5 day 10 day 15 day 10 day 40 day 90 day

Cont 0 66.67+12.78 87+3 99 +2 Cont 5.41+0.59 5.51+0.56 5.12+0.59

DM 0 21 +9* 47.33 +7.33% 85 + 5% DM 24.04 + 4.44" 23.98 +4.98" 25.17 £ 5.40"
QZHGT 0 44,67 +8.78"  80.67+5.78"  98.33+3.33" QZHGT 22.44 + 4.39% 18.73 + 5.87"# 16.82 £ 5.60"*
Metf 0 45.67 +5.78% 76 £ 6 95.33 £2.33" Metf 16.96 + 4.40"* 13.62 +4.79" 10.71 +5.73"
Glib 0 36.33 + 8.33" 65+ 6" 93.67 + 3.78"* Glib 20.92 +5.91% 18.01 +5.09"* 14.83 £6.57™

1 Day 5 Day 10 Day 15 Day Table 5 QZHGT decreases serum levels of VEGF and iNOS in

Figure 1 QZHGT promotes wound healing of skin excision in

diabetic rats
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Cont. VEGF: Vascular endothelial growth factor, iNOS: Inducible

nitric oxide synthase

iNOS/U-mL"! VEGF/pg-mL"
Group
40 day 90 day 40 day 90 day
Cont 1798 +1.33  18.51+426 6524+11 67.92+5.16
DM 25.13 £14.36* 25.15+8.81% 125.81 £33.7% 159.89 + 62.13*
QZHGT 21.23+9.01  20.22+3.48" 118.45+12.16* 105.84 +26.64"
Metf 20.6 +7.05 22+£3.5%  123.7+40.52% 111.47 +28.09%
Glib 22+1.84"  23.7+1.43" 113.22+30.86" 136.76 + 57"
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Table 6 QZHGT improves coagulation parameters in diabetic rats. n = 18, x £ 5. “P<0.05, “P<0.01 vs DM; *P<0.05, #P<0.01 vs Cont.

FIII: Factor III; TT: Thrombin time; APTT: Activated partial thromboplatin time; PT: Prothrombin time; FIB: Fibrinogen

Group Flll/pg-mL"! TT/s APTT/s PT/s FIB/g-L"
Cont 2.79 £0.074 21.28+5.43 21.30+0.85 7.80+£0.36 3.73 £0.61
DM 4.24+0.18" 32.85+7.01% 32.58 +3.08" 14.66 £ 3.16" 1.47 £ 0.64"
QZHGT 2.68 +0.38" 26.15 +4.72% 23.56 +£2.51" 9.32 +£0.58™ 212+ 0.42"
Metf 3.82 £ 0.36" 22.97 +4.45 23.05 +1.24™ 9.14 +0.88™ 221+037"
Glib 3.64 +0.54% 21.4+8.01" 24.58 £2.00"* 11.73 + 3.99%# 2.99 +0.40"*
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Figure 2 Component-compound-target network of QZHGT
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Figure 3 Disease-target-compound-component network of QZHGT-associated active compounds involved in the roles of hypoglycemic

and wound healing
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Figure 4 Targets interaction network of QZHGT-associated active compounds involved in the roles of hypoglycemic and wound healing
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Figure 5 The related targets and biological processes of QZHGT-associated active compounds involved in the roles of hypoglycemic and

wound healing. A: Active compounds-involved biological processes; B. Compound-target-biological processes network
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Figure 6 The related targets and signaling pathways of QZHGT-associated active compounds involved in the roles of hypoglycemic and

wound healing. A: Active compounds-involved signaling pathways; B: Compound-target-pathway network
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Figure 7 QZHGT prevents islet injury in diabetic rats. A: HE staining shows that QZHGT prevents islet injury in diabetic rats; B: Immuno-

histochemistry reveals that QZHGT decreases the expression of NF-«B and TGF-£ in islet of diabetic rats; C: Semi-quantitative immunobhis-
tochemical score of NF-xB and TGF-f. n = 18, X 5. "P<0.05 vs DM; P<0.05 vs Cont
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