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The effect of botulinum toxin type A in different dilution on
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Email: rungsima.wan@mahidol.ac.th (ONA), abobotulinumtoxin (ABO), prabotulinumtoxinA (PRABO), incobotulinumtoxinA

(INCO), and letibotulinumtoxin A (LETI) in dilutions used in real-world practice. Fifty

amined different type of BoNT-A and their effects on dermal fibroblast contraction.

fibroblasts per dilution were photographed and measured the length to demonstrate
their contraction every 2 hours from baseline (0 hours) to 12 hours post-treatment.
Results: ONA did not significantly decrease fibroblast lengths, at any timepoint or dilution.
At 1:7 dilution ratios, ABO decreased fibroblast lengths after 2 hours and significantly after
10-12 hours. At 1.7, 1:8, 1:9, and 1:10 dilution, PRABO decreased length, and most rapidly
at 1:7 and 1:8. At 1:6, 1:8, 1:9, and 1:10 dilution, INCO decreased lengths almost immedi-
ately. At 1:6 dilution, INCO decreased lengths almost immediately. At 1:7 dilution, INCO de-
creased lengths after 2-4 hours, while at 1:8, 1:9, and 1:10 dilution, INCO decreased lenghts
nearly imediately. LETI decreased lengths at all dilutions except 1:9, with near-immediate
effects at 1:6, 1:7, 1:8, and 1:10. At 1:4 dilution, LETI decreased lengths from 1 hour.
Conclusions: Different commercial preparations of BONT-A toxins cause different
fibroblast contractions in vitro. Product selection and dilution used may affect the
clinical outcome of intradermal injection of BoNT-A for face lifting.
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1 | INTRODUCTION hyperhidrosis, and® eccrine gland abnormalities, such as multiple ec-

crine hidrocystomas,2 Raynaud phenomenon,3 and cutaneous leio-
Botulinum toxin type A has been used to treat noncosmetic indi- myomas.* However, BoNT-A is most well-known among the general
cations including cervical dystonia, blepharospasm, strabismus, public for its effects in esthetic medicine, as a result of its ability to
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relax facial muscles and improve cutaneous elasticity, pliability, and
viscoelasticity, and to re-organize and re-orientate facial collagen fi-
bers.® For dermal indications, BoNT-A has been used to change skin
texture and sebum production at the site of injection ®’ to resolve
severe cystic acne,® and reduce sebum production and pore size in
patients with oily skin.?

Several studies have demonstrated the biological impact of
BoNT-A in directly targeting nonneuronal cell types'® including skin
cells and tissues that express at least one BoNT-A-binding proteins,
such as the SV2 vesicular protein or FGFR3.™ Some dermal cells
may also express the BoNT-A cleavage target, SNAP-25, including
epidermal keratinocytes and subcutaneous adipose tissue mesen-
chymal stem cells.'> BoNT-A remodels connective dermal tissue
and its cutaneous effects are exploited in cutaneous flaps where
it produces specific biological responses in dermal fibroblasts. This
includes the expression of cytokines and growth factors such as
vascular endothelial growth factor, platelet endothelial cell adhesion
molecule 1, CD31, CD34, interleukin (IL)-1, and tumor necrosis fac-
tor-a.**> In dermal fibroblasts, BONT-A may directly facilitate tissue
remodeling, wound closure, and scar formation. BoNT-A induced a
loss of normal fibroblast morphology and cytoplasmic retraction and
spread in experiments on cultured 3T3 fibroblasts.® It decreased
senescence-related proteins in human dermal fibroblasts exposed to
ultraviolet B radiation and induced premature senescence in anti-
photoaging studies. These fibroblasts subsequently had less matrix
metalloproteinase (MMP)-1 and MMP-3 but more collagen types |
(Col-1) and 11 (Col-111). 7 In wound healing experiments on cultured
human fibroblasts, BoNT-A prevented Col-I and Col-Ill expressions
but improved MMP-2 and MMP-9 expressions, ‘¢ although this ob-
servation requires clarification as others have shown the opposite
that BoNT-A upregulated Col-I expression but decreased MMP ex-
pression. 19 BoNT did not, however, stimulate dermal fibroblast pro-
liferation or cause inflammatory effects.

BoNT-A also inhibited Smad2 phosphorylation during silicone
implant capsule formation, while inhibited TGF-1 signaling to dis-
rupt fibroblast-to-myofibroblast differentiation.?’ Rat injury mod-
els demonstrated reduced wound and graft contraction following
BoNT-A treatment, and improved and faster healing, and less se-
vere scarring of burn wounds, with faster regeneration, less inflam-
mation, and more fibroblasts.?22 Animal studies showed reduced
hypertrophic scars thickness?® due to BoNT-A modifying fibroblast
growth and differentiation. In human fibroblasts, BoNT-A upreg-
ulated Rac1, Cdc42, and RhoA?*: inhibited fibroblast proliferation
and fibroblast-to-myofibroblast differentiation®”; and stimulated
apoptosis, but reduced myosin expression. It also regulated Col-I
but downregulated TGF-b1, VEGF, MMP-1, and PDGFA and other
genes involved in invasive proliferation of keloid fibroblasts.2628
At a clinical level, a slight increase in type | procollagen has been
observed following the use of abobotulinumtoxin (ABO).%

In the cosmetic treatment of hyperfunctional facial lines induced
by muscle hyperactivity, BONT-A is typically delivered by intramus-
cular injection.30 However, reports of intradermal BoNT-A inducing
a dermo-lifting effect, such as midface lifting, have surfaced® even

with the use of different forms of the toxin (ABO and onabotulinum-
toxin (ONA)).%2 Intradermal BoNT-A injections in facial rejuvenation
can correct the downward pull of midfacial depressor,29 platysmal,
and lateral orbicularis oculi muscles. Interestingly, toxin interventions
in platysmal and lateral orbicularis oculi muscles also increase the
lifting effect of the levators to produce the visible midface lift. Our
group has also previously demonstrated a significant face-lifting ef-
fect following the use of ABO in a split-face investigation.®® This lifting
effect was not physically induced by the pricking of the toxin-deliv-
ery needle®* as more recent investigations indicate better clinical im-
provements with BoNT-A than with normal saline and an effect at the
dermal level. As stated above, one potential mechanism for this lifting
may have been the stimulation of collagen production.>”3> Frontalis
lifting has also been achieved by injecting ABO in the hair-bearing

areas of the scalp, in the origin of the frontalis and in the glabella.36

TABLE 1 Different types and dilutions of botulinum toxin A
used in this study

Botulinum toxin A Dilution Toxin (unit vial) NSS (cc)
OnabotulinumtoxinA 1:2.5 100u 2.5
1:3 100u 3.0
1:3.5 100u 3.5
1:4 100u 4.0
1:4.5 100u 4.5
1:5 100u 5.0
AbobotulinumtoxinA 1:5 500u 5.0
1:6 500u 6.0
1.7 500u 7.0
1:8 500u 8.0
1:9 500u 9.0
1:10 500u 10.0
PrabotulinumtoxinA 1:5 100 u 5.0
1:6 100u 6.0
1.7 100u 7.0
1:8 100u 8.0
1:9 100u 9.0
1:10 100u 10.0
IncobotulinumtoxinA 1:6 100 u 6.0
1.7 100 u 7.0
1:8 100u 8.0
1:9 100 u 9.0
1:10 100 u 10.0
LetibotulinumtoxinA 1:4 100u 4.0
1:5 100u 5.0
1:6 100u 6.0
1.7 100u 7.0
1:8 100u 8.0
1:9 100u 9.0
1:10 100u 10.0



Journal of
Cosmetic Dermatology

WANITPHAKDEEDECHA ET AL, JCD W 1217
ILEY

[E=2(Ecn =]

CCD Camera (NIS-
elements software)
imaging every 2 hours
for 24 hours

ced
4 C1-D4.01if (400%) =la=s

2063.84x1023.66 um (1280x1024); 16-DI; 2.5MB

Image J used to
measure 20
fibroblasts per field

Cl ) )
v(f‘)(
)I~IClc |
(()f‘(

FIGURE 1 Measurement of fibroblasts. (Left) Fibroblasts were photographed with NIS-elements imaging software at baseline and every
2 h for 24 h after the intervention. Twenty fibroblasts per field were then measured using the imaging software, image J (right vertical panel).
Image J was used to calculate cell length (top) and area (bottom) to determine the contraction of selected dermal fibroblasts
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FIGURE 2 Mean length of fibroblasts over 12 h following ONA treatment (left) or ABO treatment (right). NSS and H,O, were used as
positive and negative controls
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However, the mechanism by which intradermal BoNT-A
achieves this lifting effect, aside from its capacity to block mus-
cle-contracting nerves, remains unclear. Several investigators
have proposed mechanisms including the paralysis of depressor
muscles, the increase in collagen synthesis, and fibroblast con-
traction.?'? Whether and how intradermal BoNT-A injections
induce fibroblast contraction, and which toxin types or dilutions
potentially achieve this effect, remain to be seen. We therefore
set out to examine the effect of BoNT-A on dermal fibroblast

contraction.

2 | METHODS AND MATERIALS

2.1 | Cellculture

Normal human dermal fibroblasts (NHDFs; LONZA) derived
from adult female skin were cultured in Dulbecco's Modified
Eagle Medium (DMEM; Invitrogen) supplemented with 10%
fetal bovine serum (Invitrogen), 1% penicillin (100 units/mL;
Sigma-Aldrich), and streptomycin (100 pg/mL; Sigma-Aldrich) and
were maintained at 37°C in a humidified Forma Scientific CO,
Water-Jacketed Incubator (Thermo Scientific Forma), with 5%
CO, (PCO2 = 40 Torr). Upon reaching 80%-100% confluency in
a 75 cm? tissue culture flask (Corning), cells were washed with
phosphate-buffered saline, trypsinized (Sigma-Aldrich), into a
single cell suspension. The suspension was washed twice with
10% DMEM to remove trypsin by centrifuging at 1500 rpm for
5 minutes and discarding the supernatant. The cell pellet was re-
suspended in 10% DMEM, and cells were counted on a haemo-
cytometer. 5 x 10* cells/well were seeded in 6-well plate and
cultured for 24 hours.

2.2 | Sample preparation and testing

Normal saline (NSS) and 250 pmol/L hydrogen peroxide (H,0,) solu-
tions were used as a negative and positive control, respectively. The
cultured fibroblasts were mixed with five different BONT-A: onabot-
ulinumtoxinA (ONA; Botox®, Allergan Inc.), abobotulinumtoxinA
(ABO: Dysport®, Ipsen Biopharm Ltd.), prabotulinumtoxinA (PRABO;
Nabota®, Daewoong Pharmaceutical), incobotulinumtoxinA (INCO;
Xeomin®, Merz Pharmaceuticals, GmbH), and letibotulinumtoxinA
(LETI; Botulax, Hugel Inc.) in dilutions that are routinely used by the
authors in their real-world clinical practice (Table 1). Photographic
documentation of fibroblast length were collected at baseline, im-
mediately after mixing the solution into fibroblast well, 2-, 4-, 6-, 8-,
10, and 12-hour after mixing. Fifty fibroblasts were randomly se-
lected from each dilution, and photographs of each cell were taken
with NIS-elements imaging software, at baseline (O hours), immedi-
ately after mixing, and every 2 hours until 12 hours after the inter-
vention. Finally, the Image J software 37 was used to measure the
lengths of 50 fibroblasts. The mean fibroblast length per timepoint
was then used to construct graphs that depict the impact of toxin
treatment over the 12-hour duration. Of note, only 20 fibroblasts

could be captured per field of view (see Figure 1).

3 | RESULTS

Fibroblasts treated with toxins were measured at each two-hourly
timepoint over a duration of 12 hours. The positive control treat-
ment with H,O, significantly decreased fibroblast length (Figure 2)
at any dilution, whereas fibroblasts treated with normal saline did not
demonstrate any significant contraction at all evaluation timepoints.
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FIGURE 3 Response of fibroblasts

to ABO. Mean length of ABO-treated
fibroblasts over a 12-hour period (top).
Shortening of fibroblasts overa 12 h
period (bottom). NSS and H,O, were used
as positive and negative controls
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FIGURE 4 Mean length of PRABO-treated fibroblasts. PRABO
was diluted 1:5, 1:6, 1:7, 1:8, 1:9, and 1:10 and analyzed together
with fibroblasts treated with NSS or H,O, controls
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Compared with the positive control, no dilution of ONA caused a sig-
nificant decrease in the mean fibroblast length, at any of the tested
timepoints.

However, in fibroblasts treated with a 1:7 dilution of ABO, a de-
crease in fibroblast length commenced 2 hours post-treatment and
became significant between 10-12 hours post-treatment (Figures
2 and 3). ABO did not decrease fibroblast lengths at all timepoints
when used at 1:5, 1:6, 1:8, 1:9, and 1:10 dilutions.

PRABO (Figure 4) caused a decrease fibroblast length when used
ata 1:7,1:8, 1:9, and 1:10 dilutions, with the fastest effects occurring
at a 1:7 and 1:8 dilutions. When used at multiple dilutions (1:6, 1:8,
1:9, and 1:10; Figure 5), INCO caused a decrease in fibroblast length
almost immediately upon administration (between 0-1 hours). Unlike
ABO, at a 1:7 dilution, INCO caused fibroblast contraction and short-
ening between 2 to 4 hours after administration. Ata 1:8, 1:9, or 1:10
INCO dilutions, contraction and shortening were detected between
0 and 1 hour postadministration. LETI caused fibroblast contraction
at all dilutions except 1:9 (Figure 6), with contraction commencing
between O to 1 hour postadministration of 1:6, 1:7, 1:8, and 1:10
LETI dilutions. At 1:4, LETI caused fibroblast shortening from 1 hour
onwards.

4 | DISCUSSION

To the best of our knowledge, this is the first report that demon-
strates the effect of different types and dilutions of BoNT-A toxin
on fibroblast contraction. In previous comparisons of ONA to ABO,
statistically significant improvements were observed for forehead
lines, glabellar frown lines, and crow's feet compared with placebo
groups,®®*® and a recent comparison of intradermal versus intra-
muscular BoNT-A by Sapra et al showed significantly improved skin
texture concomitant with a mild midfacial lift. We propose that one
potential cellular mechanism underlying this positive outcome is the
fibroblast contraction observed here.

Toxin dilutions have not previously been compared in this man-
ner. In our study, we experimented with dilutions that we routinely
use in our day-to-day clinical practice. For example, for intrader-
mal injections in our patients, we usually deliver ONA and several
other toxin brands, by using a 1:4 to 1:10 dilution, whereas ABO is
diluted 1:7.

Although more diluted toxins may seem to produce better and
faster fibroblast contraction, in reality, more diluted toxins deliver
lower total toxin dosages, thereby reducing toxin efficacy and lon-
gevity in clinical practice. We observed that, at a 1:7 dilution ratio,
PRABO immediately induced a significant decrease in fibroblast
length; however, this speed was not observed at any other PRABO
dilution. At 1:7 dilution, ABO also induced significant fibroblast
contraction, albeit only after 10-12 hours while no other dilution
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demonstrated the same extent of cell shortening. This shortening
was not noticeable with other ABO dilutions, at any timepoint. In
contrast, ONA did not induce fibroblast contraction, as shown by

the lack of any meaningful change in cell length, at any timepoint.
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FIGURE 5 Mean length of INCO-treated fibroblasts. INCO
was diluted 1:6, 1:7, 1:8, 1:9, and 1:10 and analyzed together with
fibroblasts treated with NSS or H,0, controls

Importantly and almost immediately, INCO was the only toxin able
to significantly shorten cells at all dilutions investigated. For pa-
tients, this shortening translates into potentially near-immediate
lifting effects that may coincide with the entire duration of reported
toxin efficacy. INCO's capacity for significant and near-immediate
fibroblast contraction can thus be used a treatment endpoint in
clinical settings. In the author's opinion, 1:6 is the most practical
dilution for clinical use, considering that pan-facial toxin injections
require a total dosage of 50-60 U. Using fewer than 50 units for
pan-facial treatments produces no visible lifting effects at 2 weeks,
even if some lifting is observed immediately postinjection. In ad-
dition, although many dilutions of LETI and PRABO reported here
cause fibroblast contractions, most dilutions were greater than 1:6
and expected to be clinically effective only in the short-term.

We therefore conclude that different BONT-A types induce fi-
broblast contraction to different extents and at different speeds.
Whether this was a consequence of the particular toxin type or
whether the nontoxin components of the commercial preparations
were responsible for this disparity, remains to be established. Of clin-
ical significance was our finding that, while the fibroblasts displayed
ameasurable decrease in length, their overall size did not change and
they did not disappear from the field of view. We therefore believe
that BoNT-A had no cytotoxic effect on fibroblasts, in agreement
with the observations by other investigators.36 Due to these varying
outcomes observed here, physicians should carefully consider the
speed at which they hope to achieve an outcome, especially if fibro-
blast contraction may produce a visible tissue “lifting.”

It would also be interesting to determine and compare the tran-
scriptome and/or proteome profile of human dermal fibroblasts
treated with these different botulinum toxins. An in-depth profile
of these changes can provide botulinum toxin users with an under-
standing of the molecular mechanisms behind the outcomes of differ-
ent toxin-based esthetic interventions and also clarify why different
commercial preparations produce different results. For example,
the mRNAs for collagen 19a1, nitric oxide synthase 2 (NOS2), chro-
mosome 13 open reading frame 15, and FBJ murine osteosarcoma
viral oncogene homolog (FOS) were all upregulated in a recent tran-
scriptome analysis of BoNT-A-treated human dermal fibroblasts.*
In comparison, the expression level of ficolin (collagen/fibrinogen
domain containing lectin) 2 (hucolin), E2F transcription factor 1, and
baculoviral IAP repeat containing five (BIRC5) was downregulated.
The drop in NOS2 levels was thought to be associated with the reg-
ulation of cell proliferation, while a rise in FOS levels was linked with
the regulation of proliferation and cellular senescence.’®>> BIRC5
may have participated in reducing apoptosis, while PLAC8 may have
regulated the cell cycle and assisted with fibroblast apoptosis and
division. Levels of the FGFR3P long noncoding RNA were found to
progressively increase in fibroblasts treated with increasing doses
of BoNT-A (from 2.5 U/10° cells to 7.5 U/10° cells),*® with a similar
concurrent and gradual increase also observed in COL19A1 levels.

Our interpretations would benefit from the analysis of a much
larger sampling of cells; currently, our study is limited by the mea-
surement of 20 fibroblast per field of view even though 50 fibroblasts
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FIGURE 6 Mean length of LETI-treated fibroblasts. LETI was
diluted 1:4, 1:6, 1.7, 1:8, 1:9, and 1:10 and analyzed together with
fibroblasts treated with NSS or H,0, controls
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are selected from each dilution. In addition, there are many more
dilutions that can be used in practice. Unfortunately, our study was
designed to test only particular dilutions of each toxin as listed in
Table 1. Our study was entirely based on cell culture, and further
investigations need to be performed to establish repeatability—
since the cell cultures and individual toxin assays were performed
on separate occasions, direct comparisons (e.g. to directly compare
PRABO- and INCO-treated fibroblasts) to establish the relative de-
gree of fibroblast shortening were not possible. Although we have
performed this same experiment with other toxins at a 1:1 dilution,
none yielded a significant contraction except INCO, which produced
the greatest contraction within the shortest time (data not shown).
As such, further work is needed to directly compare between toxins.
Finally, it was also challenging to collect measurements of the same

fibroblast over a 24-hour period due to its proliferation.

5 | CONCLUSION

To our knowledge, this is the first demonstration of different effects
on fibroblast contraction by different commercial preparations of
BoNT-A toxins. We have shown that different types and dilution of
BoNT-A provided variable degree of fibroblast contraction in vitro.
Therefore, product selection and dilution used may affect the clini-
cal outcome of intradermal injection of BoNT-A for face lifting.
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