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Studies on the Stimulative Effect of 3,000 Volts Alternating Current on Granuloma Formation
and Collagen Synthesis

Yoshioka Koga (Department of Anesthesiology, Saitama Medical School, Moroyama, Iruma-gun, Saitama
350-0495, Japan)

Rats raised on a 6% protein diet (low-protein diet) for three weeks have a reduced ability to synthesize
collagen, and because the levels of this diet-induced reduced collagen synthesis are comparable to those
for normally aged rats, low-protein diet-fed rats can be used as a model for aged rats. In the present
study, 6-week-old male Wistar rats were raised on a low-protein diet for three weeks, and the effects of
applying 3,000 V of alternating current and supplementing the low-protein diet with Eucommia ulmoides
leaves on collagen synthesis were determined. 1. By applying 3,000 V of alternating current to the rats
on the low-protein diet, the weight of granulation tissue and levels of hydroxyproline increased in a
time-dependent manner when compared with the control group. After six weeks of applying 3,000 V of
alternating current, the weight of granulation tissue and levels of hydroxyproline increased significantly
by 187 and 171%, respectively (p < 0.05). 2. By applying 3,000 V of alternating current to rats on the low-
protein diet supplemented with Eucommia ulmoides leaves (0.75%), the weight of granulation tissue and
levels of hydroxyproline increased significantly within four weeks by 136 and 163%, respectively (p <
0.05 and 0.001, respectively). The results of the present study suggest that adding Eucommia ulmoides
leaves facilitates collagen synthesis and formation of granulation tissue in aged rats. The fact that levels
of hydroxyproline in granulation tissue increased significantly suggested that reduced collagen synthesis
in aged rats was activated. The formation of granulation tissue is indicative of the early stages of wound
healing, and this formation facilitates wound healing.

Keywords: Aged rat, Eucommia ulmoides leaves, 3,000 V of alternating current, Collagen synthesis,
Granuloma formation
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Table 1. Composition of Experrimental Diet (%)

Ingredient 6% protein diet 20% protein diet
Milk casein® 7.0 23.5
Cornstarch 63.0 46.5
Granulated sugar 10.0 10.0
Corn oil 6.0 6.0
Cellulose powder 5.0 5.0
a-Starch 1.0 1.0
Vitamin mix® 1.0 1.0
Mineral mix® 7.0 7.0

a) 85%purity
b) Diet NO.B10000,Japan Clea,Co.,Tokyo,Japan.
c) Diet NO.C10000,Japan Clea,Co., Tokyo,Japan.
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Fig. 1. Schematic diagram of the 3,000 volts alternating
current apparatus.
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Fig. 2. Experimental Schedule. Experiment 1: The effect of 3,000 volts alternating current for 4week and 6week
on granuloma formation and collagen synthesis in false age model rats. Experiment 2: The combination effect
of 3,000 volts alternating current and Du-Zhong Leaf for 4week on granuloma formation and collagen synthesis

in false age model rats.
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Table 2-a. Effect of 3,000 volts alternating current for 6 weeks on the body weight and organ

weights of false age model rats

1
control group 3,000V group
Body Weight (g) 263+5.0 260+7.7
Liver(g) 8.08+0.28 7.79+£0.32
(g/100gbodyweigh+) 3.08+0.08 2.99+0.06
Kidney(g) 1.51£0.05 1.42+0.03
(mg/100gbodyweigh+) 576+ 15 550+9.9
Thymus(mg) 390+ 12 399+24
(mg/100gbodyweigh+) 148+33 153+6.8
Spleen(mg) 446+ 15 446+ 14
(mg/100gbodyweigh+) 170+4.4 172+47

Values are mean = SE of six rats(control group)and seven rats (3000V group).

Table 2-b. Effect of 3,000 volts alternating current and Du-zhong for 4 weeks on the body weight

and organ weights of false age model rats

2 control group Du-zhong 3,000V+Du-zhong
Body Weight (g) 254+85 244+10 237+6.1
Liver(g) 8.64+0.51 7.89+0.20 8.27+0.48
(2/100gbodyweigh +) 3.42+0.21 3.25+0.06 3.48+0.14

Kidney(g) 1.54+0.08 1.42+0.05 1.35+0.03

(mg/100gbodyweigh +) 606+ 14 586+20 572+ 11
Thymus(mg) 426+ 36 382+56 388+37

(mg/100gbodyweigh +) 167+ 10 155+ 17 163+ 12
Spleen(mg) 444+33 388+24 418+21

(mg/ 100gbodyweigh +) 175+9.4 159+6.5 176+5.2

Values are mean == SE of six rats of each group.
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Fig. 4. Morphlogic effect of 3,000 volts alternating current for 6 weeks on the granuloma formation of false age model rats
compared with controls. Serial sections from control group (a and ¢) and high voltage group (b and d). Granulomas were
stained with hematoxylin-eosin (a and b) and with Masson trichrome (c and d). (Magnification=300 X)
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each control value along with the standard
error. *=p<0.05, **=p<0.001, compared
with the control of the same week by ANOVA
(Fisher’s PLSD).

Fig. 5. Development of Granulomas ([_]) and Hydroxyproline
(M) Contents in Granulomas for 4 Weeks of Du-Zhong Leaf
and 4 Weeks of 3,000V + Du-Zhong Leaf compared with
Controls.
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