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Summary Palmar, plantar and axillary hyperhidrosis, though benign, may be burdensome and occupationally
restrictive, even hazardous. Treatment modalities range from topical antiperspirants, iontophoresis, systemic
medications such as anticholinergics and benzodiazepines and injections of botulinum toxin, to thoracic sympathec-
tomy. Intradermal injections of botulinum toxin (BTX), though effective, are painful especially when multiple
injections are required. Iontophoretic administration of BTX has been described, the BTX entering the eccrine sweat
glands via the sweat pores and through the sweat ducts. We postulate that BTX can be administered topically, either
unassisted or assisted by application of an electrical gradient, low-frequency ultrasound or excipients such as
dimethylsulfoxide. We examine the rationale and feasibility for such a treatment modality and route of administration.�c 2006 Elsevier Ltd. All rights reserved.

Introduction

Hyperhidrosis, a condition characterized by exces-
sive sweating, can be generalized or focal. When
generalized, it usually occurs in association with
an infectious, endocrine or neurologic disorder
[1]. Focal hyperhidrosis is idiopathic, and occurs
in otherwise-healthy individuals, affecting the
palms, soles or axillae [1]. A recent survey of
150,000 households in the United States estimated
the overall prevalence at 2.8%, with the highest

rate in the 25–64 age group [2]. Focal hyperhidro-
sis is a benign, socially rather than medically bur-
densome condition, associated with a decreased
quality of life [3]. In extreme cases, it can result
in social isolation or occupational disability [4].

Pathophysiology

The pathophysiology of hyperhidrosis is poorly
understood. Sweat is produced by the eccrine, apo-
crine and apoeccrine sweat glands of the body. Ec-
crine sweat glands produce an odourless, clear
fluid, whose main function is the regulation of body
temperature. Apocrine sweat glands are scent
glands, confined to the axillary and urogenital
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regions, that produce odoriferous secretions. Mixed
or apoeccrine sweat glands, are mainly found in the
axillary and perianal regions [5]. Eccrine sweat
glands are innervated by cholinergic fibers from
the sympathetic nervous system. The function of
apocrine sweat glands is mainly mediated through
hormones. Eccrine sweat glands are responsible
for focal hyperhidrosis. Eccrine sweat glands are
most densely located in the forehead and soles of
the feet, followed by the palms and cheeks [1,5].

The sweat glands of patients with focal hyperhi-
drosis have not been shown to differ in structure,
size or number from normal [1]. Instead, the condi-
tion is thought to represent a complex dysfunction
of the autonomic nervous system, involving both
the sympathetic and parasympathetic pathways [1].

Current treatment modalities

The current treatments for focal hyperhidrosis vary
in efficacy, duration of effect, side effects, cost,
ease of administration and performance. These
are summarized in Table 1. Therapy can be divided
into medical (topical, iontophoresis, intradermal
injections, systemic) and surgical options.

Hypothesis: using topical botulinum
toxin (BTX) to treat hyperhidrosis

Intradermal injections of botulinum toxin (BTX) are
the best-studied treatment to date for focal hyper-
hidrosis [1]. Though effective, intradermal injec-
tions of botulinum toxin are very painful and
often require the use of topical [6], vibrational
[7] or regional anesthesia [1,8] for patient comfort.
Kavanagh et al. have described the successful ion-
tophoresis of BTX to treat palmar hyperhidrosis in
two patients [9]. We hypothesize that BTX can be
administered topically, without the need for ionto-
phoresis. If topical application works, then BTX can
be prepared in an inert vehicle and applied as a
cream or gel and the effective, painless treatment
of hyperhidrosis will be possible.

BTX: mode of action

BTX is derived from the exotoxin of Clostridium
botulinum. It comprises a light and heavy chain,
linked by a disulphide bond. Commercially avail-
able BTX contains complexing proteins that stabi-
lize the preparation [10]. After gaining access
into target tissues, BTX is internalized after the

heavy chain binds to glycoprotein receptors on cho-
linergic nerve terminals [11,12]. The light chain of
BTX then binds with high specificity to the SNARE
(soluble N-ethylmaleimide-sensitive factor attach-
ment protein receptor) protein complex, after
which it proteolytically cleaves target proteins,
which normally serve to allow the docking of the
acetylcholine-containing vesicles to the inner sur-
face of the synaptic membrane (Fig. 1). This chem-
ical denervation is terminated when SNARE protein
complex turnover is restored [11,13]. BTX has been
described to have a duration of action of up to 2
years in treating focal hyperhidrosis [14].

BTX without needles

Although usually injected, either intramuscularly,
intradermally or subcutaneously, BTX can be
administered without needles. Systemic botulism
has been described to occur after the ingestion of
contaminated canned food, as well as by the inha-
lation of intranasal BTX [13].

Focal hyperhidrosis has been successfully treated
in two patients by iontophoresis of BTX. It is believed
that BTX can traverse the sweat ducts (Fig. 2) which
open onto the surface [9,15], hence it can be di-
rectly delivered to the eccrine sweat glands.

Topical administration of BTX

Topically administered drugs may be absorbed by:
(1) penetration of the cutaneous layer, e.g. testos-
terone [16] and estradiol [17] or (2) transport via
the sweat pores, e.g. acetylcholine or lidocaine
[1]. Topically-administered BTX would reach target
eccrine glands via the latter method. The palmar
glabrous skin has the highest density of sweat pores
[18], making it eminently suitable for topical BTX
treatment. Intuitively, (1) pore size and (2) osmo-
tic gradient would be directly proportional to rate
of absorption of BTX, whereas (3) size of the mole-
cule would bear an inverse relationship. Applica-
tion of an electrical gradient (iontophoresis), or
low-frequency ultrasound (sonophoresis) [19], can
also positively influence transport of BTX into the
sweat glands.

How can BTX be topically administered
to treat focal hyperhidrosis?

Topical administration of BTX can be unassisted
(i.e. without external influences) or assisted. In

28 Lim et al.



T
a
b
le

1
C
u
rr
e
n
t
th
e
ra
p
e
u
ti
c
m
o
d
al
it
ie
s
fo
r
fo
ca

l
h
yp

e
rh
id
ro
si
s
[1
]

T
e
ch

n
iq
u
e

W
h
a
t
te
ch

n
iq
u
e

e
n
ta
il
s

M
e
ch

an
is
m

o
f

a
ct
io
n

E
as
e
o
f

ad
m
in
is
tr
at
io
n

o
r
p
e
rf
o
rm

an
ce

E
ffi
ca

cy
D
u
ra
ti
o
n
o
f

b
e
n
e
fi
t

Si
d
e
e
ff
e
ct
s

C
o
st
/

d
is
ad

va
n
ta
ge

s

M
e
d
ic
al

A
lu
m
in
iu
m

ch
lo
ri
d
e

2
0–

25
%
A
lu
m
in
iu
m

ch
lo
ri
d
e
so
lu
ti
o
n

a
p
p
li
e
d
to
p
ic
al
ly

(p
a
lm

/s
o
le
/a

xi
ll
a
e
)

e
ve

ry
2
4
–
4
8
h

M
e
ch

a
n
ic
al

o
b
st
ru
ct
io
n
o
f

e
cc

ri
n
e
gl
an

d
o
r

a
tr
o
p
h
y
o
f

se
cr
e
to
ry

ce
ll
s

E
as
y

Im
p
ro
ve

m
e
n
t

w
it
h
in

3
w
e
e
ks

Sh
o
rt
-t
e
rm

.
B
e
n
e
fi
t

d
is
ap

p
e
ar
s
w
it
h

ce
ss
at
io
n
o
f

tr
e
at
m
e
n
t

(w
it
h
in

48
h
)

Lo
ca

li
ze

d
b
u
rn
in
g,

st
in
gi
n
g
an

d
ir
ri
ta
ti
o
n
(3
3%

o
f
p
at
ie
n
ts
)

In
e
xp

e
n
si
ve

/
m
e
ss
y

Io
n
to
p
h
o
re
si
s

P
la
ci
n
g
h
an

d
s/

fe
e
t
in

a
sh
al
lo
w

co
n
ta
in
e
r
o
f

w
at
e
r,

th
ro
u
gh

w
h
ic
h
a
n
e
le
ct
ri
c

cu
rr
e
n
t
is

p
as
se
d

P
o
st
u
la
te
d

o
b
st
ru
ct
io
n
o
f

d
u
ct

b
y
ch

ar
ge

d
p
ar
ti
cl
e
o
r

d
is
ru
p
ti
o
n
o
f

e
cc

ri
n
e
gl
an

d
se
cr
e
ti
o
n
b
y

ch
a
rg
e
d

p
ar
ti
cl
e

Fa
ir
ly

e
as
y,

b
u
t
re
q
u
ir
e
s

30
–
40

m
in

p
e
r

tr
e
at
m
e
n
t,

4X
/

w
e
e
k
fo
r
at

le
as
t

6–
10

tr
e
at
m
e
n
ts

b
e
fo
re

b
e
n
e
fi
t

N
o
la
rg
e

ra
n
d
o
m
iz
e
d

co
n
tr
o
ll
e
d
tr
ia
ls
.

80
–
10

0%
e
ffi
ci
e
n
t

in
u
n
co

n
tr
o
ll
e
d

tr
ia
ls

M
e
d
iu
m
-t
e
rm

(m
o
n
th
s)

E
ry
th
e
m
a,

ve
si
cl
e
s,

b
u
rn
in
g,

ti
n
gl
in
g,

ac
ro
cy
an

o
si
s

an
d
e
d
e
m
a

Fa
ir
ly

in
e
xp

e
n
si
ve

/
ti
m
e

co
n
su
m
in
g.

C
o
n
tr
ai
n
d
ic
at
e
d

in
p
re
gn

an
t

w
o
m
e
n
o
r

th
o
se

w
it
h

p
ac
e
m
ak
e
rs

In
tr
ad

e
rm

a
l

b
o
tu
li
n
u
m

to
xi
n

In
je
ct
io
n
(p
al
m
s,

so
le
s,

a
xi
ll
ae

)
w
it
h
b
o
tu
li
n
u
m

to
xi
n
in
tr
ad

e
rm

al
ly

(u
p
to

10
0
U

a
n
d
2
0
in
je
ct
io
n

si
te
s
p
e
r
p
al
m
)

In
h
ib
it
s
re
le
as
e

o
f
ac

e
ty
lc
h
o
li
n
e

fr
o
m

(p
re
sy
n
ap

ti
c)

sy
m
p
a
th
e
ti
c

n
e
rv
e
s

Fa
ir
ly

e
as
y

V
e
ry

e
ff
e
ct
iv
e

M
e
d
iu
m
-t
e
rm

(m
o
n
th
s)

T
ra
n
si
e
n
t
in
tr
in
si
c

m
u
sc
le

w
e
ak

n
e
ss
,

co
m
p
e
n
sa
to
ry

h
yp

e
rh
id
ro
si
s

E
xp

e
n
si
ve

/
p
ai
n
fu
l

A
n
ti
ch

o
li
n
e
rg
ic

m
e
d
ic
at
io
n
s

In
ge

st
io
n
o
f
o
ra
l

a
n
ti
ch

o
li
n
e
rg
ic

m
e
d
ic
a
ti
o
n
s

In
h
ib
it
io
n
o
f

sy
n
a
p
ti
c

ac
e
ty
lc
h
o
li
n
e

an
d
in
te
rr
u
p
ti
o
n

o
f
n
e
u
ro
gl
an

d
u
la
r

si
gn

al
li
n
g

E
as
y

Fa
ir
ly

e
ff
e
ct
iv
e

Sh
o
rt
-t
e
rm

.
B
e
n
e
fi
t

d
is
ap

p
e
ar
s

w
it
h

ce
ss
at
io
n
o
f

tr
e
at
m
e
n
t

D
ry

m
o
u
th
,

b
lu
rr
e
d
vi
si
o
n
,

u
ri
n
ar
y
re
te
n
ti
o
n
,

co
n
st
ip
at
io
n
an

d
ta
ch

yc
ar
d
ia

In
e
xp

e
n
si
ve

/
Li
m
it
e
d
b
y

si
d
e
e
ff
e
ct
s

(s
ys
te
m
ic
)

Su
rg
ic
a
l

E
n
d
o
sc
o
p
ic

th
o
ra
ci
c

sy
m
p
at
h
e
ct
o
m
y

D
e
st
ru
ct
io
n
o
f

th
e
sy
m
p
at
h
e
ti
c

ga
n
gl
ia

b
y

e
xc

is
io
n
,
cl
am

p
in
g,

tr
an

se
ct
io
n

o
r
a
b
la
ti
o
n
w
it
h

ca
u
te
ry

o
r
la
se
r

Sy
m
p
a
th
e
ti
c

d
e
n
e
rv
a
ti
o
n

D
if
fi
cu

lt
.

R
e
q
u
ir
e
s

sk
il
le
d
su
rg
e
o
n

V
e
ry

e
ff
e
ct
iv
e

Lo
n
g-
te
rm

(y
e
ar
s)

C
o
m
p
e
n
sa
to
ry

h
yp

e
rh
id
ro
si
s,

gu
st
at
o
ry

sw
e
at
in
g,

p
h
an

to
m

sw
e
at
in
g,

n
e
u
ra
lg
ia
,
H
o
rn
e
r’
s

sy
n
d
ro
m
e
,
h
e
m
o
/

p
n
e
u
m
o
th
o
ra
x

E
xp

e
n
si
ve

/
o
p
e
ra
to
r-

d
e
p
e
n
d
e
n
t

Topical botulinum toxin to treat hyperhidrosis 29



the former technique, the hyperhidrotic hand (or
foot) can be immersed in a shallow container of
BTX reconstituted in normal saline. Factors that
are likely to influence the success of this method
of administration include: (1) concentration, (2)
temperature of the solution and (3) size of the
sweat pores. In order to ensure large sweat pore
size, it may be necessary to warm the surface of
the palm or sole first (e.g. with a heat lamp).

Assisted techniques of application of BTX in-
clude the application of a small electrical current
(iontophoresis), low-frequency ultrasound (sono-
phoresis), or the use of excipients such as dimethyl
sulfoxide in the diluent to increase absorptive
properties.

Recently, Benecke et al. have described effi-
cacy of Xeomin, a form of BTX free of complex-
ing proteins [20]. This smaller molecule of BTX
may allow greater absorption of the toxin
through the sweat pores. It may well be that
the light chain of BTX, which is the active com-
ponent of the molecule that cleaves the SNARE
proteins, may be all that is required to decrease
eccrine secretion. Therefore, it is possible that
formulations containing only the light chain of

botulinum toxin (reconstituted in gel or cream
form), may be all that is required to treat hyper-
hidrosis in the future.

Summary

Focal hyperhidrosis, which is a social rather than
medical burden, may effectively be treated by
multiple intradermal injections of BTX. This pro-
cedure is painful, and physicians have resorted
to local as well as regional anesthesia in an effort
to ameliorate the pain. Iontophoresis of BTX has
been successful in two patients. BTX is thought
to enter the eccrine sweat glands via the sweat
pores, traversing the sweat duct. It is possible
that application of low-frequency ultrasound
may likewise be useful in increasing the rate at
which BTX enters the sweat gland, and that the
osmotic gradient alone may achieve this. The
development of BTX, free of complexing proteins
(resulting in a smaller molecule), may allow this
technique for treating focal hyperhidrosis to be-
come a reality.

Eccrine sweat gland

Synapse

Cholinergic neuron

Acetylcholine

Acetylcholine

Synaptic
vesicle

Synaptobrevin II

Syntaxin

receptor

citpanyserP
enarbmem

F,G,D,B

C

E,A

SNAP 25

orPERANS t xelpmocnie

Figure 1 Action of Botulinum toxin at the presynaptic neuroglandular terminal. The scissors indicate cleavage sites
of the various Botulinum exotoxins (indicated in bold below) [7].
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