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Background: Current treatment modalities are limited in their approach and suc-
cess for hair loss. QR 678 & QR 678 Neo are new formulations, consisting of a com-
bination of growth factors and peptides. This study demonstrates safety analysis
of QR 678 & QR 678 Neo formulation, using in vitro cytotoxicity assay and in vivo
animal efficacy.

Methods: Factors including vascular endothelial growth factor, basic fibroblast
growth factor, insulin-like growth factor-1, keratinocyte growth factor, and copper
tripeptide 1 (QR 678) or their biomimetic peptides (QR678 Neo) were suspended
in a sterile injectable vehicle. The 3-2,5-diphenyl tetrazolium bromide assay was
used to explore the cytotoxic effects of each factor used in the compositions in
human keratinocyte cell and human fibroblast cell assays. An in vivo analysis,
wherein study animals were given intradermal QR 678 & QR 678 Neo injections,
was conducted to assess whether the formulations produce hair growth. Also, hair
follicle viability was checked by intradermal injection of the pharmaceutical com-
positions in secondary alopecia.

Results: In both formulations, a positive response was observed with respect to the
number of mice exhibiting hair growth at the injection sites. The injections caused
retention of hair in a 0.25-cm radius around the injection site. On cytotoxicity
study, all the factors were found to be safe in human keratinocyte cell and human
fibroblast cell assay. A positive response was demonstrated in animals on treatment
with the chemotherapeutic agent.

Conclusions: Intradermal injections of QR 678 & QR 678 Neo hair growth fac-
tor formulations are a safe and efficacious option for alopecia. Results seem
encouraging enough to warrant a trial in humans with secondary alopecia, post
cancer chemotherapy. (Plast Reconstr Surg Glob Open 2020;8:e2843; doi: 10.1097/
GOX.0000000000002843; Published online 25 August 2020.)

INTRODUCTION
The most common cause of baldness or hair loss (95%)
is androgenetic alopecia.' The current surgical, medical,
and cosmetic interventions are limited in approach and
success.” There are several growth factors that have been

found to stimulate or inhibit different stages of the hair
growth cycle. Various growth factors studied for hair folli-
cle growth are vascular endothelial growth factor (VEGF),*
epidermal growth factor, insulin-like growth factor-1 (IGF-
1), fibroblast growth factor (FGF),” wingless-related inte-
gration site, noggin, keratinocyte growth factor (KGF),
copper tripeptides, and more. These growth factors are
safe and cheap nonallergenic tools in the management of
alopecia.*®

We have prepared a bioengineered, recombinant for-
mulation, consisting of a combination of growth factors,
called the QR 678 hair growth factor formulation. A QR
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code is a code used in medicine derived from “Quick
Response.” 678 in the Morse code that signifies “there is
no answer.” This formulation has been named QR 678
to signify a “Quick Response to a disease which earlier
had no answer,” that is, to alopecia. The formulation is

Disclosure: The authors have been awarded a patent from
the United States Patent and Trademark Office (USPTO)
and from the Indian Patent and Trademark Office for the
wmvented hair formulations used in this study.
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injected in the intradermal layer of the skin of the scalp
and may prevent hair loss and stimulate hair growth. The
first clinical trial in humans demonstrated a significant
reduction in hair loss in 83% of the patients using the
hair-pull test. Videomicroscopic image evaluation showed
that most patients had a decrease in the number of vel-
lus hairs but an increase in the number of terminal hairs
and shaft diameter. Seventy-five percent of the patients
believed that the injections reduced or stabilized the hair
loss. A positive effect on the hair loss was seen in post-
hair-transplant patients. At 1 year, a statistically significant
increase in total hair count (P=0.002) was seen. The treat-
ment was well tolerated.”®

This formulation was also compared with the subse-
quently prepared QR 678 Neo formulation, made up of
biomimetic peptides, which demonstrated efficacy equiva-
lent to that of QR678. The results of both the QR 678 and
the QR 678 Neo formulations were subsequently also com-
pared with the results of Platelet Rich Plasma (PRP), in a
split head human trial and results were almost 80% better
with the QR 678 treatment and QR 678 Neo treatments,
when compared with PRP therapy.’

Considering that the QR 678 and QR 678 Neo have
already demonstrated encouraging clinical results in
human trials and have been awarded a composition pat-
ent by the United States Patent & Trademark Office and
Indian Patent & Trademark Office & have also secured
Indian FDA approval for commercial use, we thought it
pertinent and necessary to publish the preceding animal
trial and cytotoxicity data.

MATERIALS AND METHODS

Before conducting the aforementioned pilot human
study,”* the QR 678 formulation was tested on cellular assays
and animal models to establish the optimum concentration
of the multiple growth factors, its safety, and efficacy. The
current article documents the same animal study.

Kapoor and Shome”® have also introduced a new varia-
tion of the same formulation called QR 678 Neo. Itis a plant
derivative consisting of biomimetic peptides, including
Sh-Polypeptide 9 (biomimicking VEGF), Sh-Polypeptide 1
(biomimicking basic FGF), Sh-Oligopeptide 2 (biomimick-
ing IGF-1), copper tripeptide-1, Sh-Polypeptide 3 (biomim-
icking KGF-1), Sh-Oligopeptide 4 (biomimicking thymosin
[4), vitamins, minerals, and amino acids."” Although it has
been proved that plant derivatives are biomimetic polypep-
tides of the growth factors and changing the source does
not affect the efficacy of the products,'"'* we wanted to
confirm the same through our study. A similar animal and
cytotoxicity trial was carried out using QR 678 Neo, and it
was interesting to note that the results obtained were simi-
lar in both QR 678 and QR 678 Neo.

Reported therapeutically acceptable ranges of the
growth factors used in QR 678 and QR 678 Neo are as
follows:

i. VEGF (human oligopeptide-11): 0.01-100mg/L

ii. Basic FGF (human oligopeptide-3): 0.01-100mg/L
iii. IGF (human oligopeptide-2): 0.01-100mg/L
iv. Copper tripeptide-1: 0.1-500 mg/L
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v. KGF (human polypeptide-3): 0.01-100mg/L
vi. Thymosin 4: 0.005-100mg/L

Determination of the Cytotoxic Effects of the Individual
Growth Factors to Determine Safe Levels

Method

The 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetra-
zolium bromide assay was used to explore the cytotoxic
effects of each of the growth factors used in the composi-
tion in human keratinocyte cell and human fibroblast cell.

Preparation and Physicochemical Characterization of the
Growth Factor Formulation

In a preferred embodiment, the growth factor formu-
lations included the growth factors in the concentrations,
as given in Table 2, additionally along with vitamins, min-
erals, nucleic acids, amino acids, diluents, and/or carriers
along with pharmaceutically acceptable diluents and/or
carriers.

The formulations as described were formulated for
intradermal injection to the treatment area. Suitable vehi-
cles for injection include, but are not limited to, saline
and distilled water.

Preparation of the Formulation

Adequate concentrations of VEGF, basic FGF, IGF-
1, copper tripeptide-1, KGF, and thymosin (34 addition-
ally with pharmaceutically/cosmetically acceptable and
appropriate dose of vitamins, minerals, amino acids, and
nucleic acids were added to 1L of distilled water to yield
the concentrations of the solutions as given in Table 2.
The formulation was then biologically sterilized and bot-
tled into vials of 5mL each. The formulation was stable at
all concentrations of growth factors and could be stored at
room temperature (below 25°C).

Sample Size

The sample size was calculated through the standard-
ized protocol of a priori power analysis using the G*
Power Software.” The effect size was duly adjusted at 0.5
during computation of power analysis. The power analysis
was based on 1-mm hair growth length. The sample size
derived was a minimum of 15 for in vivo study arm 1 and
50 for in vivo study arm 2.

In Vivo Study Arm 1: Stimulation of Hair Growth by
Representative Growth Factors and Biomimetic Peptides in
Mammals

Method. The following study arm evaluated stimula-
tion of hair growth in warm-blooded animals after intra-
dermal injection of representative growth factors and
peptides of the formulation.

In this experiment, 15 C3H mice were divided into 5
groups. The backs of the C3H mice (60 days old, telogen
hair growth phase) were closely clipped on day 1 with an
electric clipper. In mice with an agouti coat, such as C3H/
He]J mice, hair clipping allows easy distinction between
anagen and telogen phases, due to the fact that hair fol-
licles switch from light-colored pheomelanin to dark-col-
ored eumelanin production during anagen. A black band
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of anagen hairs enables visualization and monitoring of
the timing of the anagen-spreading wave. These mice
therefore represent an excellent model to study the hair
cycle.

When the hair is in telogen, it can grow again only
when the hair root enters the anagen phase on its own
again after a specific interval of time. So, if a particular
substance or molecule needs to demonstrate that it actu-
ally stimulates hair growth, it has to be administered in
the telogen phase so that it can stimulate the follicle to
enter the anagen growth phase, thus shortening telogen
and causing premature entry of the resting follicles into
the anagen phase. Usually, the dorsal part of the animals
is used for testing.'* As a standard, hair follicles from the
dorsal skin from postnatal days 1 to 12 are typically used to
represent anagen, from day 17 to represent catagen, and
from day 21 to represent telogen.

Most importantly, the 3 stages of the hair cycle are well
characterized in the mouse: anagen (growing phase), cata-
gen, and telogen (resting phase). The first 2 cycles of the
mouse hair follicle are synchronized; that is, all hair fol-
licles are in one stage of the development. The mouse hair
cycle is short, lasting for only 3 weeks, and the hair follicles
can be examined at specific time points in the cycle."”

A sterile solution of the chosen formulation concen-
tration was then injected intradermally (ie, infiltrated
within the skin) at 2 locations within the clipped areas of
the mice. Injection at 2 locations provided 2 test locations
within the clipped area of each mouse. Each injection
(0.1 mL) contained different proportions of IGF 1, VEGF,
bFGF, KGF, thymosin (34, and copper tripeptide-1 in dis-
tilled water, labeled as solutions 1-4. A group of saline-
injected mice (0.1 mL) served as controls. The mice were
kept under observation and evaluated at days 1, 3, 7, 14,
and 28 (Table 1).

In Vivo Study Arm 2: Hair Follicle Viability by Intradermal
Injection of the Pharmaceutical Composition in Secondary
Alopecia

Method. The following study arm evaluated mainte-
nance of hair follicle viability by intradermal injection of
the pharmaceutical composition in secondary alopecia.
The following experiment illustrated the localized main-
tenance of hair follicle viability (growth) by intradermal
(local) injection of the pharmaceutical composition dur-
ing treatment with chemotherapeutic agent cytosine ara-
binoside (Ara-C).

In this experiment, Sprague-Dawley rat pups (age: 8
days) were maintained in 5 litters (n = 10-12 rat pups per
litter) for the duration of the study. On day 0, the litters

received intradermal injection of the pharmaceutical
composition in distilled water (solutions 1, 2, 3, or 4 as
described in example 3) or a saline control (1 injection
per animal, 0.05 mL per injection). Each litter contained 2
normal control animals, which received neither the phar-
maceutical composition nor Ara-C; they received saline
injection only. On day 1, the designated animals began
a series of 7 consecutive daily intraperitoneal injections
of Ara-C 25 mg/kg. On day 10, all animals were evaluated
for the extent of hair loss at the injection sites by using the
below rating:
Grade degree of alopecia

0 normal (no loss of hair),
1 slight thinning,

2 moderate thinning,

3 sparse hair cover, and

4 total loss of hair.

RESULTS

Determination of the Cytotoxic Effects of the Individual
Growth Factors to Determine Safe Levels

Reported oral toxicity here is defined as the amount
of a material, given all at once, which causes the death of
50% (one-half) of a group of test animals.

i. In vitro, human keratinocyte cell (Fig. 1) and human
fibroblast cell (Fig. 2): bFGF is safe (no cellular toxic-
ity) tested up to 10 ppm (pg/mL)—reported oral tox-
icity, rat: lethal dose, 50% (LD50) > 10,000 mg/kg.

ii. In vitro, human keratinocyte cell (Fig. 3) and human
fibroblast cell (Fig. 4): IGF-1 is safe (no cellular toxic-
ity) tested up to 10 ppm (pg/mL)—reported oral tox-
icity, rat: LD50 > 10,000 mg/kg.

iii. In vitro, human keratinocyte cell (Fig. 5) and human
fibroblast cell (Fig. 6): KGF is safe (no cellular toxic-
ity) tested up to 10 ppm (pg/mL)—reported oral tox-
icity, rat: LD50 > 10,000 mg/kg.

iv. In vitro, human keratinocyte cell (Fig. 7) and human
fibroblast cell (Fig. 8): VEGF is safe (no cellular toxic-
ity) tested up to 10 ppm (pg/mL)—reported oral tox-
icity, rat: LD50 > 10,000 mg/kg.

v. In vitro, human keratinocyte cell (Fig. 9) and human
fibroblast cell (Fig. 10): thymosin 34 is safe (no cellu-
lar toxicity) tested up to 10 ppm (pg/mL)—reported
oral toxicity, rat: LD50 > 10,000 mg/kg.

vi. In vitro, human keratinocyte cell (Fig. 11) and human
fibroblast cell (Fig. 12): copper tripeptide-1 is safe (no
cellular toxicity) tested up to 10,000ppm (pg/mL)—
reported oral toxicity, rat: LD50 > 10,000mg/kg.

Table 1. Solutions with Varied Concentrations of Growth Factors Injected in Mice in In Vivo Study 1

VEGF (mg/L) bFGF (mg/L) IGF-1 (mg/L) Cu Tripeptide-1 (mg/L) KGF (mg/L) Thymosin 4 (mg/L)
Solution 1 0.01 0.01 0.01 0.1 0.01 0.005
Solution 2 2 1 1 5 0.5 0.001
Solution 3 5 2 2 10 1 0.01
Solution 4 15 5 5 30 2 0.1
Solution 5 50 20 20 100 10 1
1mg/L means 1 ppm.

Cu, copper.
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Fig. 1. Cytotoxic effects of bFGF on human keratinocyte cells in vitro.

Fig. 2. Cytotoxic effects of bFGF on human fibroblast cells in vitro.

Fig. 3. Cytotoxic effects of IGF-1 on human keratinocyte cells in vitro.
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Fig. 4. Cytotoxic effects of IGF-1 on human fibroblast cells in vitro.

Fig. 5. Cytotoxic effects of KGF on human keratinocyte cells in vitro.

Fig. 6. Cytotoxic effects of KGF on human fibroblast cell in vitro.
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Fig. 7. Cytotoxic effects of VeGF on human keratinocyte cells in vitro.

Fig. 8. Cytotoxic effects of VeGF on human fibroblast cell in vitro.

Fig. 9. Cytotoxic effects of thymosin 34 on human keratinocyte cells in vitro.



