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Synopsis

The effect of the iontophoresis of ascorbic acid (Vitamin C; VC) derivative with frequent-reversal bipolar 
electric stimulation on the production of collagen in rat skin was evaluated in terms of hydroxyproline con-
tent through high-performance liquid chromatography. First, a control group was not given electrical stimu-
lation and four groups were stimulated with a unipolar pulse for 0.5–10 min every day for one week. The 
hydroxyproline level in the skin was increased depending on the length of the stimulation. Second, a control 
group was not given any electrical stimulation, and three groups were treated with (a) VC solution without 
any stimulation, (b) a bipolar pulse for 10 min with saline, or (c) a bipolar pulse for 5 min with the VC solu-
tion. Signifi cant increases were found in all the stimulation groups, although these treated with the VC solution 
without any stimulation did not have any effects compared to the control. Thus, in order to increase the hy-
droxyproline levels in skin, a VC must be delivered with bipolar stimulation as a method of iontophoresis. 
These results suggest that our newly developed electric stimulation is effective at increasing skin collagen 
content, and that bipolar stimulation is more effective on the iontophoresis of not only VC but also some 
medicines such as low- and high-molecular drugs directed to the target organ (7).

INTRODUCTION

Collagen is a major constituent of the dermis, and is therefore involved in many facets of 
skin disease as well as the recovery process. Collagen also plays an important role in main-
taining the moisture content and the elasticity of skin, although collagen is altered and 
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damaged by aging and/or ultraviolet rays (1,2). Generally, in order to avoid such damage 
and changes, attempts have been made to regenerate collagen in skin by stimulation with 
either a laser or far-infrared rays (3). However, these treatments induce erythema or red-
ness of the skin for a few weeks to several months (4,5).

Meanwhile, it has been already reported that ascorbic acid (vitamin C; VC) promotes the 
synthesis of collagen. Furthermore, in the fi eld of esthetics, VC derivatives, which have a 
high affi nity for skin cells, have been used to regenerate skin collagen because they are 
highly effective and safe, as shown in previously reported papers (6,7). However, treat-
ment with VC takes a long time to obtain effects because of its weak activity. Recently, a 
method of treatment using VC derivatives with a weak electric current has been devel-
oped for improving the absorption of VC derivatives by the skin, so-called iontophoresis, 
although satisfying effects have yet to be obtained (7,8). Recently, we developed a fre-
quent-reversal electric stimulation machine, and in preliminary human studies, the ef-
fects of the VC derivative iontophoresis with this machine were much more satisfying 
than those of the VC derivative alone, although the actual increased amount of skin col-
lagen could not be detected (Watanabe, Hori, Oh-I, Urushibata, Akiyama, and Kamiya; 
unpublished data, 2008). In addition, frequent-reversal electric stimulation is much more 
harmless and can be used as sequential stimulation for a much longer period than fre-
quent unipolar stimulation.

The main purpose of this study is to prove the effects of a newly developed electric stim-
ulation, “Gunpatsu pulse®” (Application number 2006-048423; fi ling date, May 26, 
2006; registration number 5026198, Japanese Patent Offi ce) on the regeneration of col-
lagen by measuring the hydroxyproline content of the skin using high-performance liquid 
chromatography (HPLC) with a fl uorogenic agent, 7-fl uoro-4-nitrobenzo-2-oxa-1,3-di-
azole (NBD-F) (9). Furthermore, we compared the effects of unipolar Gunpatsu pulse 
stimulation and bipolar Gunpatsu pulse stimulation either with or without VC deriva-
tive (aminopropy1 ascorbyl phosphate) on the increase of rat skin hydroxyproline content 
within the most effective and shortest duration (one week).

MATERIALS AND METHODS

ANIMALS AND GUNPATSU PULSE STIMULATION

Healthy seven-week-old male Sprague-Dawley rats (SPF) (Charles River Japan Inc., 
Yokohama, Japan) were used in this experiment. These rats were housed in wire-
mesh-bottom cages in an animal room with controlled temperature, humidity, and light-
ing, with food and water available ad libitum. At breeding, plain tap water was supplied. 
All rats were anesthetized with pentobarbital-Na (45 mg/kg, i.p., Abbot Laboratories, IL, 
U.S.A) until unconscious and removed of hair on the abdominal and dorsal skin before 
the experiment, since the electrode for the Gunpatsu pulse was tied around the abdomi-
nal and dorsal skin. Before any stimulation, circular dorsal skin samples 8 mm in diam-
eter from the right of the midline as a control were stored at −80°C until analyzed. Electric 
stimulation (4800 Hz, 5 V; duty: 50% and 1.2 mA) was then applied for one week, and 
more than one week later, dorsal skin samples from the left of the midline were stored as 
above (9). This paper is focused on the evaluation of the several effects of Gunpatsu pulse 
stimulation on the increases in rat skin collagen using the following two experiments:
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Experiment 1: Electric stimulation with unipolar Gunpatsu pulse (Figure 1) (time course). A total 
of 50 rats were randomly divided into fi ve groups and housed individually. The control 
group (10 rats/group) did not receive any electric stimulation. The other four groups (10 
rats/group) received the unipolar Gunpatsu pulse stimulation (see Figure 1) for 0.5, 2, 5, 
and 10 min every day for one week.

Experiment 2: Electric stimulation with bipolar Gunpatsu pulse (combined with a VC solution). A 
total of 40 rats were randomly classifi ed into four groups and were housed individually. 
The control group (10 rats/group) was treated with a saline solution without any electric 
stimulation. The other three groups (10 rats/group) were treated with (a) the VC deriva-
tive (aminopropyl ascorbyl phosphate, pH 7.4) solution without any Gunpatsu pulse 
stimulation, (b) bipolar Gunpatsu pulse stimulation (see Figure 1) for 10 min with saline, 
or (c) bipolar Gunpatsu pulse stimulation for 5 min with the VC solution. Gunpatsu 
pulse stimulation was performed at 4800 Hz and 5 V every day for one week.

MEASUREMENT OF THE AMOUNT OF COLLAGEN IN SKIN

Most methods for determining collagen levels are based on measurements of the quanti-
ties of proline and/or hydroxyproline, the principal amino acid components of collagen. 
Recently, we developed a simple and highly sensitive method of measuring the amount 
of hydroxyproline in skin by using isocratic HPLC with NBD-F (9).

REAGENTS

NBD-F was purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan). The 
standards for HPLC were hydroxyproline (Wako Pure Chemical Industries Ltd.) and a 
standard amino acid mixture, Type AN-2 (Wako Pure Chemical Industries Ltd.). The 
Wako standard amino acid solution is an equimolar mixture of Asp, Cys, Glu, Ser, Gly, 

Figure 1. Typical pulse pattern of either unipolar or bipolar stimulation of Gunpatsu pulse. Unipolar stim-
ulation shows the only positive site of 4800 Hz, and the bipolar stimulation shows the both positive and 
negative sites at each 1.5 sec. Electric stimulation (4800 Hz, 5 V, duty: 50% and 1.2 mA) was obtained by 
the new device (see photograph).
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His, Arg, Thr, Ala, Tyr, Val, Met, Ile, Leu, Phe, Lys, Pro, and hydroxyproline. All other 
chemicals were of HPLC grade. Hydrochloric acid (HCl), acetonitrile, potassium dihy-
drogenphosphate, sodium tetra borate decahydrate, and boric acid were purchased from 
Wako Pure Chemical Industries Ltd. Ethylenediamine tetra acetic acid disodium salt 
dehydrates (EDTA-2Na) was purchased from Pharmacia Biotech AB (Uppsala, Sweden).

HYDROLYSIS OF PROTEIN AND DERIVATIVE

Tissue samples were hydrolyzed for 22 h at 108°C in evacuated fl ame-sealed Pyrex tubes 
with 400 µl of 6 N HCl, to which 1% phenol was added. The hydrolysates were dried 
in vacuo. For the HPLC analysis, the dry residue of each hydrolysate was re-suspended in 
500 µl of 50 mM borate buffer containing 20 mM EDTA-2Na (pH 8.0). The resuspended 
samples were diluted to 1/2000 with a 50-mM borate buffer containing 20 mM EDTA-
2Na and 7.5 µM of L-homoserine (pH 8.0). Next, 30 µl of either the hydrolyzed sample 
or a mixed amino acid standard solution diluted to 1/100 with a 50-mM borate buffer 
containing 20 mM EDTA-2Na (pH 8.0) was poured into a 500-µl conical tube. Then 
10 µl of NBD-F (10 mM in acetonitrile, freshly prepared) was added to this solution and 
the tube was capped and covered with aluminum foil. The vessel was heated to 60°C for 
1 min, and after it had cooled in ice water, 40 µl of 0.05 M HCl was added to the reaction 
mixture. Finally, 10 µl of the solution was injected into the column.

HPLC CONDITIONS

Briefl y, an EP-300 (Eicom Corp., Kyoto, Japan) pump equipped with an L-7200 auto 
sampler (Hitachi, Tokyo, Japan) was employed. A guard column (200 mm × 3.9 mm) and 
a main column of SC-5ODS (200 mm × 4 mm, 10 µm; Eicom Corp., Kyoto, Japan) were 
used. All solvents were fi ltered and degassed prior to use. The fl ow rate was 0.8 ml/min, 
and the column temperature was kept at 30°C using a column oven. A Hitachi L-7485 
spectrofl uorometer equipped with a 12-µl fl ow cell was used with an excitation wave-
length of 470 nm and emission at 540 nm. A phosphate buffer (pH 5.0) containing 8% 
acetonitrile was used as the mobile phase.

STATISTICAL ANALYSES

Results are presented as the mean ± SE. All results were analyzed with Dunnett’s multi-
ple comparison test of the Pearson correlation after an analysis of variance.

RESULTS

During this experiment, there was no signifi cant difference between the groups in body 
weight or quantity of water ingested. No adverse effects were observed in any of the rats 
(data not shown). All results, particularly for the analysis of hydroxyproline content, ob-
tained by HPLC are clearly documented in Figure 2. The retention times of hydroxypro-
line and Pro were about 8 and 34 min, respectively. L-homoserine, as an internal standard, 
was eluted for about 12 min.

Experiment 1: Changes in hydroxyproline levels in the skin and increase in body weight. In the 
control group (Figure 3; control: the electrode for Gunpatsu pulse was tied around the 
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abdominal and dorsal skin but with no Gunpatsu pulse stimulation), hydroxyproline lev-
els in the skin were 102.6 ± 9.3 nmol/mg (10 rats/group). These levels were increased 
depending on the length of stimulation with a unipolar Gunpatsu pulse, with signifi cant 
increases when the stimulation lasted longer than 5 min (Figure 3). In addition, the in-
creases in body weight seen in the Gunpatsu pulse groups were likely to be less than those 
seen in the control group. More than 10 min of Gunpatsu pulse stimulation seems to 
prevent a gain in body weight (Figure 4).

Experiment 2: Changes in hydroxyproline levels in skin stimulated by iontophoresis using Gunpatsu 
pulse. In the control group (Figure 5; saline + non-Gunpatsu pulse: the electrode for Gun-
patsu pulse was tied around the abdominal and dorsal skin but with no Gunpatsu pulse 
stimulation), the hydroxyproline levels in rat skin were 102.8 ± 11.9 nmol/mg (10 rats/
group). Signifi cant increases (p < 0.05) were found in two Gunpatsu pulse-stimulated 
groups (Figure 5). In the bipolar Gunpatsu pulse 5-min + VC group, a signifi cant increase 

Figure 2. Chromatogram of derivatized rat skin sample (control group) analyzed by isocratic HPLC with the 
NBD-F method. Homoserine is the internal standard amino acid. Hydroxyproline was eluted at about 8 min.

Figure 3. Changes in hydroxyproline levels in skin stimulated by unipolar Gunpatsu pulse stimulation. 
Each column shows the mean ± SE of 10 animals. The dotted line expresses the value of 100% of the control 
group. ∗Signifi cant difference from the control group. ∗p < 0.05.

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



JOURNAL OF COSMETIC SCIENCE420

(p < 0.05) in the concentration of hydroxyproline in skin was detected compared to the 
control group (Figure 5). Also, a signifi cant increase (p < 0.05) was seen in the group that 
received bipolar Gunpatsu pulse stimulation for 10 min with saline (no VC derivative), 
although treatment with VC derivative without any Gunpatsu pulse stimulation did not 
have any signifi cant effect compared to the control group. Thus, in order to increase the 
amount of hydroxyproline in skin, the VC derivative must be administered with bipolar 
Gunpatsu pulse stimulation through iontophoresis.

From the results of Experiments 1 and 2, it is clear that the greatest increase in hydroxy-
proline levels occurred in the group treated with unipolar Gunpatsu pulse stimulation for 
10 min (164 ± 20% increase), followed by the group treated with bipolar Gunpatsu pulse 

Figure 4. Changes in rat body weight during unipolar Gunpatsu pulse stimulation. Data show the mean ± SE 
of 10 animals: ⦁, control group; �, 0.5-min group; �, 2-min group; �, 5-min group; ○, 10-min group.

Figure 5. Changes in hydroxyproline levels in skin stimulated by iontophoresis using Gunpatsu pulse stim-
ulation. Data show the mean ± SE of 10 animals. *Signifi cant difference from the control group. *p < 0.05.
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stimulation for 5 min with VC (144 ± 21% increase), and then the group treated with 
bipolar Gunpatsu pulse stimulation for 10 min without VC treatment (129 ± 11%), al-
though the values did not differ signifi cantly between the three groups. Gunpatsu pulse 
stimulation with either a unipolar or bipolar pulse is effective at increasing skin hydroxy-
proline levels and can also be useful for enhancing the iontophoresis of VC. In general, 
however, a longer electric stimulation can have adverse effects, such as a suppression of 
body weight gain, as shown in Figure 4. The decrease in body weight can be seen in the 
10-min Gunpatsu pulse group alone, and the correlation between the duration of treat-
ment and the changes in body weight cannot be seen in other groups. Additionally, a 
bipolar Gunpatsu pulse for 5 min showed no disturbance of growth and a more effective 
increase in hydroxyproline levels compared to those of a 10-min Gunpatsu pulse. There-
fore, the iontophoresis of VC using a bipolar Gunpatsu pulse (5 min) is the best way to 
produce skin collagen.

DISCUSSION

In this paper, we evaluated the usefulness of the iontophoresis of a VC derivative for regen-
erating collagen in skin by using a newly developed method of electrical stimulation, Gun-
patsu pulse, with either unipolar or bipolar pulses. To measure levels of collagen in skin, we 
used a newly developed, highly sensitive HPLC with NBD-F for detecting the quantity of 
hydroxyproline. This method clearly showed the changes in hydroxyproline levels in rat 
skin following Gunpatsu pulse stimulation and/or treatment with the VC derivative.

Two approaches to the regeneration of collagen, a laser/far-infrared ray technique and the 
iontophoresis of VC derivatives, are widely used in the fi eld of cosmetic dermatology and 
esthetic training, although they have weak effects and can cause skin damage (10–15). 
Thus, the techniques of producing collagen in skin require some improvements (5,15).

As shown in Figure 3, daily treatment for 5 or 10 min with unipolar Gunpatsu pulse 
stimulation promoted the production of collagen, although stimulation for longer than 10 
min may suppress body weight gain. Furthermore, as shown in Figure 5, the iontophoresis 
of the VC derivative was completely achieved with 5 min of bipolar Gunpatsu pulse stim-
ulation without any severe damage (e.g., burn and body weight gain) to rat skin. These 
results suggest that collagen can be regenerated by the iontophoresis of a VC derivative 
potentiated by a short bipolar Gunpatsu pulse stimulation without any adverse effects.

Gunpatsu pulse stimulation (4800 Hz pulse) is patented, since it differs from ordinary 
pulse stimulation, and also can be reversed as unipolar or bipolar (see Figure 1). As our 
preliminary data, between 1200 and 4800 Hz, the increase in the VC-derivative ionto-
phoresis was seen in a frequency-dependent manner. Between 4800 Hz and 50,000 Hz, 
such increases were not shown to be signifi cant. Furthermore, Gunpatsu pulse stimula-
tion did not induce any signifi cant damage in the skin.

Attempts to increase the amount of collagen in skin have mostly used pulses for stimula-
tion. For instance, pulses of UV rays and infrared rays are more than 10,000 Hz, whereas 
pulses widely used in iontophoresis are between 1 and 500 Hz (3–8). Gunpatsu pulse 
stimulation uses moderate pulses of 4800 Hz.

In this experiment, we demonstrated that Gunpatsu pulse is neither weak nor strong,  
requires less stimulus to regenerate the collagen in skin, and can be used for the ionto-
phoresis of VC derivatives. Additionally, bipolar Gunpatsu pulse stimulation is useful for 
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the iontophoresis of VC derivatives and some medicines directed to not only the skin but 
other tissues, since the different polarities between skin/target organs and VC derivatives/
medicines can be regulated by bipolar stimulation.

CONCLUSION

Gunpatsu pulse was effective at increasing the amount of collagen in skin with either 
unipolar or bipolar stimulation for less than 10 min. Furthermore, in terms of the ionto-
phoresis of VC derivatives, bipolar Gunpatsu pulse stimulation for 5 min was most effec-
tive. These results suggest that our methods can be used to increase the amount of 
collagen in skin, particularly in the case of iontophoresis of substances to the target organ, 
where bipolar stimulation was more effective. Furthermore, Gunpatsu pulse stimulation 
has much less of an adverse effect compared to ordinary pulse stimulation. This method 
can be developed as a novel and safe treatment for the application of medicines. This is 
the fi rst report that substantiates that the amount of collagen in skin is increased by elec-
tric stimulation, Gunpatsu pulse.

REFERENCES

 (1) W. D. Tian, R. Gillies, L. Brancaleon, and N. Kollias, Aging and effects of ultraviolet A exposure may be 
quantifi ed by fl uorescence excitation spectroscopy in vivo, J. Invest. Dermatol., 116(6), 840–845 (2001).

 (2) T. Quan, T. He, S. Kang, J. J. Voorhees, and G. J. Fisher, Solar ultraviolet irradiation reduces collagen 
in photoaged human skin by blocking transforming growth factor-beta type II receptor/Smad signaling, 
Am.J. Pathol., 165(3), 741–751 (2004).

 (3) L. Reinisch, J. A. Muccini, Jr., and T. Fuller, Quantitative and qualitative evaluation of skin laser, Lasers 
Surg. Med., 167(Suppl. 11), 41 (1999).

 (4) J. A. Muccini, Jr., F. E. O’Donnell, Jr., T. Fuller, and L. Reinisch, Laser treatment of solar elastosis with 
epithelial preservation, Lasers Surg. Med., 23, 121–127 (1998).

 (5) K. M. Kelly, J. S. Nelson, G. P. Lask, R. G. Geronemus, and L. J. Bernstein, Cryogen sprays cooling in 
combination with nonabrasive laser treatment of facial rhytides, Arch Dermatol., 135, 691–694 (1999).

 (6) L. Zhang, S. Lerner, W. V. Rustrum, and G. A. Hofmann, Electroporation mediated topical delivery of 
vitamin C for cosmetic applications, Bioelectrochem. Bioenerg., 48(2), 453–461 (1999).

 (7) P. Batheja, R. Thakur, and B. Michniak, Transdermal iontophoresis, Expert Opin. Drug Deliv., 3(1), 
127–138 (2006).

 (8) M. Ebihara, M. Akiyama, Y. Ohnishi, S. Tajima, K. Komata, and Y. Mitsui, Iontophoresis promotes 
percutaneous absorption of L-ascorbic acid in rat skin, J. Dermatol. Sci., 32(3), 217–222 (2003).

 (9) M. Kakinuma, Y. Watanabe, Y. Hori, T. Oh-I, and R. Tsuboi, Quantifi cation of hydroxyproline in small 
amounts of skin tissue using isocratic high performance liquid chromatography with NBD-F as fl uoro-
genic reagent, J. Chromatogr. B, 824(1–2), 161–165 (2005).

 (10) G. Menaker, Treatment of facial rhytides with a nonabrasive laser: A clinical and histologic study, Der-
matol. Surg., 25, 440–444 (1999).

 (11) S. N. Doshi and T. S. Alster, 1,450 nm long-pulsed diode laser for nonablative skin rejuvenation, Der-
matol, Surg., 31, 1223–1226 (2005).

 (12) M. A. Trelles, I. Allones, J. L. Levy, R. G. Calderhead, and G. A. Moreno-Arias, Combined nonablative 
skin rejuvenation with the 595- and 1450-nm lasers, Dermatol. Surg., 30(10), 1292–1298 (2004).

 (13) E. F. Rostan, Laser treatment of photodamaged skin, Facial Plast. Surg., 21(2), 99–109 (2005).
 (14) N. N. Byl, A. L. McKenzie, J. M. West, J. D. Whitney, T. K. Hunt, H. W. Hopf, and H. Scheuenstuhl, 

Pulsed microamperage stimulation: A controlled study of healing of surgically induced wounds in 
Yucatan pigs, Phys. Ther., 74(3), 201–218 (1994).

 (15) L. J. Bernstein, A. N. Kauvar, M. C. Grossman, and R. G. Geronemus, The short- and long-term side 
effects of carbon dioxide laser resurfacing, Dermatol. Surg., 23(7), 519–525 (1997).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)


