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Effects of Electrical Stimulation on Wound Healing and Skin Mast Cells in
Streptozotocin-Induced Diabetic Rats

Seung-Joo Jekal', Kyung-Sun Lee', Ok-Bong Chungz, and Jae-Hyoung Lee’

Department of Clinical Laboratory Science, Wonkwang Health Science College, lksan 570-711, Kored'
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The aim of this study was to investigate the effect of electrical stimulation on healing of impaired wound
and alteration of mast cells in experimental diabetic rats. Thirty male Sprague-Dawley rats were divided into
three groups : incision (control), diabetestincision (diabetes) and diabetes + incision + electrical stimulation
(D/ES). Diabetes was induced in rats by streptozotocin (STZ) injection (60 mg/kg, one time) and 20 mm
length incision wounds were created on the back after shaving hair. The electrical stimulation rats were
treated with a current intensity of 30~50 V at 120 pps and 140 ps for 10 days from 3 days after STZ
injection. The lesion and adjacent skin tissues were fixed with 10% buffered formalin, embedded with
paraffin. For wound healing analysis, hematoxylin-eosin (HE) and picrosirius red staining were performed.
Mast cells (MC) were stained with toluidine blue (pH 0.5) and quantified at x200 using a light microscope.
The density of keratinocyte proliferation and microvessels in skin tissues were analyzed using a
computerized image analysis system on sections immunostained with proliferative cell nuclear antigen
(PCNA) and a-smooth muscle actin (a-SMA), respectively. The results showed that the wound healing rate,
collagen density and neoepidermis thickness, density of PCNA-positive cells and density of a-SMA-positive
vessels were significantly higher in D/ES rats than in diabetic rats. The density of MCs and degranulated
MCs in D/ES rats were also significantly higher than those in diabetic rats. These findings suggest that the
electrical stimulation may promote the tissue repair process by accelerating collagen production, keratinocyte
proliferation and angiogenesis in the diabetic rats, and MCs are required for wound healing of skin in rats.
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Fig. 1. Blood glucose level and body weight in rats (n=10 in each group) receiving, respectively, saline only (10 daily Lp. injections),
STZ (65 mg/kg, Lp. injection) and STZ/ES in conjunction with 10 daily electrical stimulation). Rats were treated with single dose
of STZ to induce hyperglycemia that was lasted until the time of the experiment (A). Diabetic and D/ES rats showed the more body
weight loss as compared to control rats (B). ***, p<0.001 vs control.
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Fig. 2. Wound healing rate of full-thickness incisional skin in
respective groups.  Healing of full-thickness incisional skin
wound is impaired in diabetic rats as compared to control and
D/ES rats. **: p<0.01 vs diabetes group, *<0.05 vs diabetes
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Fig 3. Histologic change and collagen density in control, diabetic and D/ES groups at day 10 after incision wounding (A). Diabetic
group shows a higher amount of fibroblasts, inflammatory cells and collagen fibers in granulation tissue of dermal papillary layer
than control and D/ES group. Hematoxylin-eosin staining, *200. Picro-sirius red staining, x200. The collagen density was

significantly lower in diabetic group than in control and D/ES groups (B). **: p<0.01 vs control group, **: p<0.01 vs diabetic
group.
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Fig. 4. Mast cells in control (a), diabetic (b) and D/ES group (c). Toluidine blue, pH 0.5. x200 (A). The density of mast cells and
degranulated cells were significantly higher in D/ES group than in diabetic group (B). **: p<0.01 vs control group, *: p<0.05 vs
diabetic group.
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Fig. 5. PCNA-postive cells in control (a), diabetic (b) and D/ES group (c) at day 10 after incision wounding. Immunohistochemical
staining, x200. PCNA-positive cells present along basal cell layer of epidermis and hair follicles (A). The density of PCNA-positive
cell was significantly higher in D/ES group than in diabetic group (B). Neoepidermis thickness was also significantly higher in D/ES
group than in diabetic group (C). ***: p<0.001 vs control group. *: p<0.05 vs diabetic group
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Fig. 6. Microvessel density in control (a), diabetic (b) and D/ES group (c) at day 10 after incision wounding. Immunohistochmical
satining, x200. a-SMA-positive microvessels show a small dark brown ring in dermal papillary layer. The density of a-SMA-positive
microvessel was significantly higher in D/ES group than in diabetic group (B). ** : p<0.01 vs control group, *: p<0.05 vs diabetic

group.
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