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Introduction
Androgenetic alopecia is the most common hair loss disease; 

however, insufficient treatments have been established. 

Therefore, various treatments are being developed and applied 
in addition to the use of Food and Drug Administration-approved 
treatments, such as finasteride and topical minoxidil. Growth factor 
cocktail (GFC) is also an effective treatment for AGA, and GFC with 
microneedling is more effective than GFC alone [1]. Microneedling is 
an effective treatment for AGA because it stimulates hair growth and 
facilitates drug delivery [2]. We evaluated the effects of scalp penetration 
via iontophoresis using GFC including FGF5s.

Materials and methods
Patients

Twenty-one patients who were diagnosed with mild-to-moderate 
AGA at the Alopecia Clinic of Department of Dermatology, Hanyang 
University Medical Center, Myongji Hospital, Goyang, Korea, between 
October 2018 and May 2019 inclusive, were enrolled. The exclusion 
criteria for this study included receipt of treatment for AGA within the 
previous year and having an infectious disease, immunodeficiency, or a 
history of keloids. This study was approved by the Institutional Review 
Board of Myongji Hospital, and was performed in accordance with the 
guidelines of the Declaration of Helsinki.
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Abstract
Background: Growth factor cocktail (GFC) in combination with microneedling is an effective and safe treatment for patients with androgenetic alopecia (AGA). 
However, few studies have been conducted on the absorption of GFC into the scalp through iontophoresis. 

Objective: The aim of this study was to evaluate the effect of iontophoresis with GFC, including fibroblast growth factor 5-short (FGF5s), on hair growth in AGA 
patients.

Methods: The study was performed on AGA patients who were treated with a topical solution and iontophoresis once per day for 24 weeks. The scalp was divided 
into right and left sides, and treated with GFC including FGF5s (right side) and normal saline (left side). Iontophoresis was performed on the scalp using the 
headset for 15 min daily. In total, 21 patients (10 men and 11 women) were enrolled. Treatment efficacy was evaluated through analyses of phototrichograms and 
digital photographs every 4 weeks for 24 weeks.

Results: Phototrichogram images showed that 24 weeks of treatment with GFC including FGF5s with iontophoresis increased hair density from 179.2±5.5/cm2 to 
193.9 ±5.3/cm2 (p<0.0001) and hair diameter from 54.9±2.3 µm to 55.3±2.3 µm (p<0.0565). The phototrichogram images of the region treated with saline after 24 
weeks were not significantly different from baseline in hair density.

Conclusion: Absorption of GFC including FGF5s following iontophoresis was effective for patients with AGA in a time frame of 12 weeks. However, further 
study is needed on the long term efficacy of absorption of GFC through iontophoresis. 
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Materials and treatment regimens

All subjects underwent treatment with GFC including FGF5s, 
applied by using an iontophoresis headset once per day for 24 weeks. 
The scalp was divided into the right and left sides, to which separate 
treatments were applied: GFC including FGF5s to the right side; and 
normal saline to the left side. Iontophoresis was applied to the scalp 
via the headset every 15 min per day and no other treatments (e.g., 
topical minoxidil solution or systemic administration of finasteride or 
dutasteride) were administered.

1) GFC

The GFC used in this study (Cellcurin™; PnP Biopharm, Seoul, 
Korea) consisted of basic fibroblast growth factor (bFGF, 3.125 μg/mL), 
vascular endothelial growth factor (VEGF, 3.125 μg/mL), keratinocyte 
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growth factor-2 (KGF-2, 3.125 μg/mL), stem cell factor (SCF, 3.125 
μg/mL), insulin-like growth factor-1 (IGF-1, 1.25 μg/mL), superoxide 
dismutase-1 (SOD-1, 6.25 μg/mL), noggin peptide (10 μg/mL), 
fibroblast growth factor 9 (FGF9, 3.125 μg/mL) and fibroblast growth 
factor 5-short (FGF5s, 10 μg/mL).

2) Iontophoresis

The headset consisted of a helmet with a removable pads and 
a wristband controller operated by a 3 V battery. It was set to apply 
treatment for 15 min (Figure 1).

3) Treatment

GFC including FGF5s was provided as a liquid. Approximately 2.5 
mL of the GFC solution was topically applied on the right side of the 
scalp, and 2.5 mL of normal saline on the left side of the scalp (Figure 2). 
Treatment was applied to each side of the scalp by using an iontophoresis 
headset once per day for 24 weeks. The daily iontophoresis treatment 
was applied to the entire head for 15 min every day.

Measurement of parameters
To ensure reproducibility, a tattoo point was placed on the 

right and left sides of the scalp of each patient before treatment. A 
phototrichogram (Folliscope 2.8; Lead M, Seoul, Korea) was taken 
from a fixed area marked by the tattoo on each sides to measure hair 
density and the diameter at the baseline and at the end of treatment. An 
investigator blinded to the study counted the number of hairs and the 
hair diameter from the phototrichogram images.

Statistical analysis
ll data were expressed as the mean±standard deviation. Wilcoxon 

matched-pairs signed-rank test was computed by using STATA/
SE ver.12 (Stata Corp LP, College Station, TX, USA) to evaluate the 
effectiveness of treatment on each patient. Student’s t-test (p-value<0.05) 
was performed to analyze the difference between the effect of treatment 
applied to the right and left sides of the scalp.

Results
Patient characteristics

Twenty-one patients, from 24 to 45 years of age (mean, 34.5±7.4 
years of age) completed the 6-month study. The patients comprised: 
10 men, with a mean age of 38.7±7.2, and male pattern hair loss type 
IIa (1 patient) type III (4 patients), type IIIv (4 patients), and type IV 
(1 patient) according to the Norwood-Hamilton classification; and 11 
were women, with a mean age of 30.8±5.4 years, and female pattern hair 
loss type I (7 patients) and type II (4 patients) according to the Ludwig 
scale (Table 1). 

Treatment efficacy and adverse effects

Split test was conducted to determine the efficacy of GFC including 
FGF5s in patients with AGA. The patient’s scalp was divided into the 
right and left sides: both were treated with iontophoresis; however, 
the right side was treated with GFC and the left side was treated with 
normal saline with iontophoresis. The density and diameter of hair were 
measured at baseline and after 24 weeks. The phototrichogram images 
showed that the treatment increased the density of hair on the right side 
(GFC) and the diameter of hair on the left side (normal saline) of the 
scalp (Figure 2). Increased growth was observed on the right side of the 
scalps treated with GFC, which included FGF5s (Figure 3). The changes 
in the density and diameter of hair between the right and left sides after 
24 weeks of treatment are shown in Table 2. Phototrichogram images 
showed that 24 weeks of treatment with GFC including FGF5s and 
iontophoresis increased hair density from 179.2±5.5/cm2 to 193.9±5.3/
cm2 (p<0.0001) and hair diameter from 54.9±2.3 µm to 55.3±2.3 µm 
(p<0.0565). The phototrichogram images of the region treated with 
saline after 24 weeks were not significantly different from baseline in 
both hair density and diameter. There were no adverse reactions related 
to the treatment. These results were evaluated after consultation with 
two hair specialists in other hospitals (Figure 4).

Discussion
AGA, also known as androgenic alopecia or male pattern hair loss, 

is the most common type of progressive hair loss. Patients who have 
prominent thinning of the hair are perceived as older, which affects 
self-esteem and leads to psychosocial morbidity [3]. Although many 

Figure 1. The headset model consists of a helmet with a removable pads and a wristband 
controller

Figure 2. Schematic diagram of the division of the scalp into right and left sides for the 
split test

Total Men Women
Patients 21 10 11

Mean age 34.5±7.4 38.7±7.2 30.8±5.4
Pattern hair loss

MPHL IIa - 1 -
MPHL III - 4 -

MPHL IIIv - 4 -
MPHL IV - 1 -

FPHL I - - 7
FPHL II - - 4

Table 1. Baseline characteristics of the study patients

MPHL: Male pattern hair loss; FPHL: Female pattern hair loss.
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are emerging as new options for AGA treatment. The growth factors 
studied in relation to hair follicle growth include vascular endothelial 
growth factor (VEGF), epidermal growth factor (EGF), insulin 
like growth factor-1 (IGF-1) beta-fibroblast growth factor (bFGF), 
wingless-related integration site (Wnt), noggin, keratinocyte growth 
factor, and copper tripeptides. These growth factors may be safe, cheap, 
and nonallergenic tools for the management of alopecia [5-7].

Hair follicles in the anagen phase contain several growth factors, 
such as IGF-1, EGF, FGFs, and Platelet-derived growth factor (PDGF), 
which bind with the relevant tyrosine kinase receptors and are activated 
through two signaling pathways—the Ras-Raf-MEK-ERK pathway 
and the phosphatidylinositol-3-kinase (PI3K)-PDK1-Akt pathway; 
the Ras pathway is known to regulate cell migration and proliferation, 
survival, differentiation, and senescence [8]. Of the various growth 
factors, FGF9, initially secreted by T cells, modulates hair follicle 
regeneration following induction of a skin wound in adult mice. FGF9 
from T cells triggers Wnt expression and subsequent Wnt activation 
in wound fibroblasts, and has been reported to be a triggering factor 
for Wnt expression and a hair follicle regenerator [9]. Recently, our 
group reported that GFC including FGF9 was effective for improving 
hair growth and thickening on patients with pattern hair loss in clinical 
study [10].

The treatment solution used in this study contained bFGF, VEGF, 
KGF-2, SCF, IGF-1, SOD-1, noggin peptide, FGF9, and FGF5s as the 
main ingredients. These factors can promote the cell cycle, regenerate 
hair cells, and protect hair follicles from apoptotic signals. 

 Xiaolin He et al. [11] reported that FGF5s inhibits function of 
FGF5, which regulates the transition from anagen to catagen phase 
in dermal papilla cells of cashmere goats. FGF5 is a key determinant 
of the anagen:telogen ratio, and hair length, in human hair follicles. 
In addition, FGF5 acts as a stimulus for catagen entry, by binding 
to Fibroblast growth factor receptor1 (FGFR1) located within the 
dermal papilla, a mesenchymal signaling center located at the base of 
the hair follicle. FGF5s introduction can antagonize this effect [12], 
presumably by competitively binding the FGF5 receptor, FGFR1 [13]. 
Overexpression of FGF5 suppressed the mRNA expression of IGF-1, 
versican, and noggin, but enhanced bone morphogenetic protein 4 
in primary hair follicles and secondary hair follicles - dermal papilla 
cells of cashmere goats [11]. FGF5s overexpression attenuated the 
FGF5-induced changes in expression in these genes [11]. In this study, 
we have more clearly identified the significant increase in hair count 
resulting from treatment with GFC containing FGF5s. 

In the past, GFC has been injected intracutaneously using 
microneedles; recently, various methods have been used to increase 
permeation efficiency, including mesotherapy, diode laser, and 
microneedle roller.

Kapoor R et al. [14] reported that the intradermal injection of hair 
growth formulation resulted in a significant increase in total hair count 
in patients with male pattern hair loss and with female pattern hair 
loss. However, these injection methods may be accompanied by pain, 
the most common side effect; therefore, various methods have been 
considered to solve this problem.

In recent years, many studies have been reported on the high 
efficiency of intradermal permeation via iontophoresis. There are three 
proposed mechanisms for transdermal delivery through iontophoresis 
[15]. The first proposes that the drug is forced across the skin by simple 

Baseline 24 weeks
Mean±SD Mean±SD Δ p-Value

Hair density GFC 179.2±5.5 193.9±5.3 14.6±1.4 <0.0001
(number/

cm2)
Normal 
saline 167.1±4.8 167.8±4.7 0.7±0.35 <0.0001

Hair 
diameter GFC 54.9±2.3 55.3±2.3 0.47±0.24 0.0565

(µm) Normal 
saline 53.85±2.33 54.43±2.25 0.57±0.23 0.0244

Table 2. Statistical analysis of the changes in hair density and diameter between baseline 
and at 24 weeks after treatment

GFC: Growth factor cocktail; SD: Standard deviation; Δ: Change.

Figure 3. Evaluation of phototrichogram images after treatment for 24 weeks (A: Baseline, 
right side of the scalp; B: Baseline, left side of the scalp; C: After 24 weeks, right side of the 
scalp; D: After 24 weeks, left side of the scalp)

options are available to treat AGA, the medications approved by the 
Food and Drug Administration are limited to oral finasteride and 
topical minoxidil. Therefore, new options, such as stem cell therapy and 
recombinant growth factor techniques [4], continue to be evaluated for 
safe and effective treatments. Through research into various cytokines 
that contribute to hair growth and differentiation, biochemical therapies 

  Hair density (number/cm2) Hair diameter (µm) 
  Right Left Right Left 

Baseline 167 151 50 48 
Follow-up 189 154 51 48 

 

Figure 2. Schematic diagram of the division of the scalp into right and left sides for the 
split test
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electronic repulsion of similar charges. The second suggests that the 
electric current enhances the permeation through an inhibition of the 
skin’s ability to perform its protective barrier function. The third states 
that iontophoresis causes water, a very effective penetration enhancer, 
to enter the stratum corneum by electroosmosis.

In our study, the count of hairs was increased significantly at the 
site of injection of GFC including FGF5s on the scalp by iontophoresis 
compared with that at the site treated with normal saline. We found that 
each protein component of our GFC had a different isoelectric point. 
Based on this, the iontophoresis headset was designed to produce an 
alternating current rather than a direct current, to obtain more efficient 
scalp penetration of every protein component. 

he limitations of this study were the relatively small number of 
enrolled patients. The iontophoresis headset used in our study was made 
in a uniform size. If the headset was made in various sizes to contact 
with the scalp more tightly, more significant results may be obtained. In 
addition, unlike conventional studies of the effect of other components 
of iontophoresis on the skin (e.g., vitamin C), the thick scalp skin and 
many hairs made it hard to apply the effects of iontophoresis directly. 

Conclusion
In this study, we have provided the first evaluation of the effect of 

iontophoresis after the application of GFC to the scalp. In addition, 
we tried to find a clearer using GFC that included FGF5s, which was 
recently identified to delay the growth phase. As a result, the number 
of hair counts was significantly increased after infiltration through 
iontophoresis of GFC including FGF5s. Hence, iontophoresis could 
be another alternative to the GFC injection in the future, as it can be 
applied more easily by itself than conventional injection methods that 
cause pain or are reliant on the clinician’s skill. 
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