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Doxorubicin-induced hair loss in the Angora rabbit:
a study of treatments to protect against the hair loss

G. Powis and K. L. Kooistra

Department of Pharmacology, Mayo Clinic & Foundation, Rochester, MN 55905, USA

Summary. An animal model for anticancer drug-induced
hair loss has been developed using the Angora rabbit given
1.v. doxorubicin, 2 mg/kg, twice weekly for 3 weeks. There
was a 167% increase in the weight of hair collected by
grooming between weeks 2 and 5, and a 72% inhibition of
new hair growth at week 6 compared with non-treated ani-
mals. The hairs that grew in the doxorubicin treated rab-
bits did so at the same rate as in non-treated rabbits and
appeared normal by light microscopy. Topical application
of dimethylsulfoxide (DMSO), of 10% a-tocopherol in
DMSO, of 0.5% naphthazoline hydrochloride in DMSO,
of 0.1% fluocinolone acetonide in a propylene glycol base
and local hypothermia did not provide any protection
against doxorubicin-induced hair loss. Angora rabbits fed
an a-tocopherol-deficient diet for 6 weeks showed de-
creased hair growth compared with animals fed a normal
diet or a diet supplemented with 100 mg a-tocopherol ace-
tate twice a week for 6 weeks. Some rabbits fed the a-to-
copherol-deficient diet died when given doxorubicin. Rab-
bits fed the a-tocopherol-supplemented diet showed evi-
dence of protection against doxorubicin-dependent
inhibition of new hair growth.

Introduction

A side effect of many anticancer drugs is shedding of hair
(effluvium) and hair thinning or baldness (alopecia). Al-
though not life-threatening, the loss of hair can be emo-
tionally devastating for a patient and may lead to a refusal
of chemotherapy [25, 33, 39, 42]). Doxorubicin probably
causes most problems, and all patients receiving doxorubi-
cin experience some degree of alopecia [3]. Other antican-
cer drugs that cause alopecia are cyclophosphamide, ni-
trogen mustard, methotrexate, 5-fluorouracil, vincristine,
bleomycin and hydroxyurea [14, 33]. A correlation has
been reported between the toxicity of anticancer drugs to
bone marrow and damage to hair follicles [10]. There is no
standard treatment for anticancer drug-induced alopecia
[14, 331

Human scalp hair grows at about 0.3 mm a day, and
the activity of each hair follicle is independent of that of
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adjacent hair follicles [22]. Between 85% and 95% of scalp
follicles are in the growing (anagen) phase whiles 5%—15%
are in the non-growing or shedding (telogen) phase. Club
hair (non-growing hair with a keratinized club at the base)
is retained for about 4 months before being shed. Cytotox-
ic drugs cause alopecia by injuring the mitotically active
anagen follicles and, depending on the degree of injury,
hair may be shed within a few days due to excessive con-
striction of the shaft, or hair growth may continue at a
slower rate [16]. There may also be excessive shedding of
club hairs (telogen effluvium) [31].

Research into treatments to limit or prevent anticancer
drug-induced hair loss has been hampered by the lack of a
suitable animal model in which to study the hair loss. Hair
growth in most wild animals and nearly all domestic and
laboratory animals is synchronous with adjacent hair folli-
cles in the same phase of growth. The animals experience
waves of hair growth and periodic moulting, and are inap-
propriate models for the study of hair growth and drug-in-
duced hair loss that occurs in the human. Among com-
monly used laboratory animals only guinea pig and Ango-
ra rabbit have asynchronous hair growth similar to that in
the human [5, 8, 17]). We have used guinea pig and Angora
rabbit to study doxorubicin-induced effluvium and alope-
cia. The Angora rabbit was found to provide the best mod-
el in which to study both aspects of hair loss. A number of
treatments designed to protect against drug-induced hair
loss have been studied.

Materials and methods

Animals. Animals used in the study were Angora rabbits of
both sexes, weighing 2.0-3.0kg (Boomerang Rabbitry,
Hector, Minn), and male guinea pigs weighing 300-500 g
(Biolab, White Bear Lake, Minn). In an initial study, insti-
tutionally bred New Zealand white rabbits of both sexes
weighing 1.5-2.5 kg were used. All animals were weighed
weekly. Animals were housed individually in stainless steel
cages and allowed free access to food and water.

Drugs and treatments. Doxorubicin (Adria Laboratories,
Columbus, Ohio) was administered as a 2-mg/ml solution
in 0.9% NacCl into the peripheral ear vein of rabbits. An
upper dose was chosen based on a report that i.v. doxoru-
bicin at 1 mg/kg twice a week causes mid-dorsal alopecia
in the New Zealand white rabbit but is associated with tox-
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icity [6]. New Zealand white rabbits received doxorubicin
at a dose of 0.25—1 mg/kg (4.4-17.5 mg/m?) twice a week
for 13 weeks, and the Angora rabbits received doxorubicin
at a dose of 2 mg/kg (35 mg/m?) twice a week for 3 weeks.
Doxorubicin at the same concentration was administered
i.p. to guinea pigs at a dose of 0.12-1mg/kg
(1.3-10.8 mg/m?) twice a week for 13 weeks.

The treatments used to protect against doxorubicin-in-
duced hair loss in the Angora rabbit were topical applica-
tion of 5ml dimethylsulfoxide (Burdick and Jackson,
Muskegan, Ohio), 5 ml 0.5% naphthazoline hydrochloride
(Ciba Pharmaceutical Co., Summit, NJ) in dimethylsulfox-
ide, 5ml 10% o-tocopherol succinate (Sigma Chemical
Co., St. Louis, Mo) in dimethylsulfoxide and 2 ml 0.1%
fluocinolone acetonide in a base of propylene glycol with
citric acid (Synalar Topical Solution, Syntex Laboratory,
Palo Alto, Calif). The treatments were applied twice a
week to the left flank of the animal 10 min before the ad-
ministration of doxorubicin. The right flank of the animal
was untreated. Animals receiving a-tocopherol succinate
in dimethylsulfoxide were washed with shampoo 24 h later
to prevent matting of the hair by excess a-tocopherol suc-
cinate and dried with warm air. The skin on the left flank
of some animals was shaved and sensitized [20] by treat-
ment with 5ml 2% 2,4-dinitrochlorobenzene (Sigma
Chemical Co., St. Louis, Mo) in acetone 1 week before the
first dose of doxorubicin. The same area was treated with
5 ml 0.1% 2,4-dinitrochlorobenzene in acetone by topical
application at weekly intervals.

Local hypothermia was achieved using a 10x15cm
pack of Blue Ice Gel (Divajex, Tustin, Calif) held in place
against the left flank of the animal with an adjustable wrap
for 2 h, commencing 15 min before administration of dox-
orubicin. The ice pack was kept in a freezer at —20° C un-
til use. Some Angora rabbits were fed an a-tocopherol-de-
ficient diet (ICN Nutritional Biochemicals, Cleveland,
Ohio), while other rabbits were given 100 mg (136 1U) o-
tocopherol acetate (Sigma Chemical Co.) by mouth twice a
week for 6 weeks before, and during the study. a-Tocoph-
erol in plasma was measured by the method of Jansson et
al. [21].

Hair growth in the New Zealand white rabbit was mea-
sured by shaving the flanks of each animal with an electric
hair clipper at the start of the study and then shaving a
4 x 6 cm patch on either flank at 13 weeks and weighing
the hair. Hair growth in the Angora rabbit was measured
by shaving the flanks of the animal at the beginning of the
study and then shaving a new 4x6cm patch on either
flank of the animal at weekly intervals and weighing the
hair. In animals receiving topical treatments the weight of
hair collected from the untreated right flank acted as the
control for hair collected from the treated left flank. In ad-
dition, every week 20 hairs were epilated with forceps
from four different sites between the shaved patches on
both flanks of the animal. The length of the epilated hairs
was measured with calipers and the hairs were examined
under a light microscope. Angora rabbits were groomed
weekly as part of their normal care. Grooming was per-
formed in a consistent manner using a bristle brush with
each non-shaved area of the animal receiving ten strokes
of the brush. The hair gathered on the brush was collected
and weighed.

Groups of results were analyzed for statistical signifi-
cance using Student’s r-test [34].

Results
Guinea pig

Attempts to produce inhibition of hair growth with doxo-
rubicin in the guinea pig were unsuccessful. Although
there was thinning of the hair in some animals at the high-
est dose of doxorubicin, the effect was not consistent and
most animals died without signs of hair loss. The median
survival of groups of four guinea pigs receiving twice-
weekly i.p. injections of doxorubicin at 0.12 mg/kg was 85
days, at 0.25 mg/kg 60 days, at 0.5 mg/kg 32 days, and at
1 mg/kg 16 days.

New Zealand white rabbits

Doxorubicin was administered to groups of three New
Zealand white rabbits at doses of 0.25, 0.5 and 1 mg/kg
twice a week for 13 weeks. At each of the 0.5 and 1 mg/kg
dose levels one of the three animals died. The increase in
weight of the surviving animals over 13 weeks was 87%,
50% and 37% at doxorubicin doses of 0.25, 0.5 and 1 mg/
kg, and 82% in non-treated animals. There was noticeable
thinning of the hair in rabbits receiving 1 mg doxorubicin/
kg, particularly on the dorsal surface. This has previously
been reported to be a sensitive area for doxorubicin-in-
duced hair loss in this strain of rabbit [6]. The mean weight
of hair that had grown on a 4 x 6 cm patch on either flank
of the animal at the end of 13 weeks was 1.61, 1.53 and
0.38 g at doses of doxorubicin of 0.25, 0.5 and 1 mg/kg,
and 1.45 g in non-treated animals. The new hair growth
was patchy and the amount of hair collected depended
very much on the area shaved. For this reason the New
Zealand white rabbit is not a good model for the quantita-
tive study of doxorubicin-induced hair loss.

Angora rabbit

Preliminary studies showed that doxorubicin at 2 mg/kg
twice a week for 3 weeks was well tolerated by Angora
rabbits with no lethality. The normal gain in body weight
was inhibited by the doxorubicin treatment, but there was
no loss of body weight (Fig. 1) and the animals appeared
healthy. Noticeable thinning of the hair started a few
weeks after doxorubicin treatment, together with shedding
of hair in the cage.

Different methods for measuring hair growth and ef-
fluvium were studied. The length of epilated hairs in-
creased at the same rate in non-treated and doxorubicin-
treated rabbits (Fig. 2). Thus, although new hair growth in
doxorubicin-treated animals was less than in control ani-
mals, the hairs that grew did so at the same rate as in con-
trol animals. When the epilated hairs were examined by
light microscopy there were no histological changes that
could be consistently ascribed to the administration of
doxorubicin. There was no decrease in the diameter of the
hair bulb or keratogenous zone, and no measurable con-
striction of the distal hair shaft, which has been reported in
hair of humans receiving cytotoxic drugs [10].

There was a significant decrease in the weight of hair
collected by shaving a 4 x 6 cm patch on the flanks of An-
gora rabbits given doxorubicin compared with that collect-
ed in the same way from non-treated rabbits (Fig. 3). There
was a maximum 72% inhibition of new hair growth at 6
weeks. Angora rabbits treated with doxorubicin shed more
hair on grooming than untreated rabbits (Fig. 4). The ef-
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Fig. 1. The Change in body weight of Angora rabbits produced by
doxorubicin. O, Untreated rabbits; @, rabbits receiving doxoru-
bicin, 2 mg/kg, i.v. twice a week for the first 3 weeks. Values are
means + SE of four animals and are shown normalized to initial
body weight (untreated 2.4z0.1kg; doxorubicin-treated
2.540.1kg)
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Fig. 2. Effect of doxorubicin on hair length in the Angora rabbit.
O, Untreated rabbits; @, rabbits given doxorubicin, 2 mg/kg, i.v.
twice a week for the first 3 weeks. Animals were shaved at the start
of the study and the length of 40 hairs epilated from both flanks
of the animal was measured at weekly intervals. Values are means
+ SE from four animals
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Fig. 3. Effect of doxorubicin on hair growth in the Angora rabbit.
Both flanks of the animal were shaved at the start of the study.
Hair was then shaved from a new patch 4 x 6 cm in area on either
flank of the animal at weekly intervals and weighed. O Left, O,
right flank of treated rabbits; @ left and, M right flank of rabbits
given doxorubicin, 2 mg/kg, i.v. twice a week for the first 3
weeks. Values are means = SE from four animals. *P <0.05 for
the combined values of both flanks of non-treated animals com-
pared with doxorubicin-treated animals

o
r

293

03r

— *

=

02

<

o

@

z

E

L

g

£

Q

o

st

%+ 2 3 L 56 7

Time (week)

Fig. 4. Effect of doxorubicin on shed hair weight in the Angora
rabbit. O, Non-treated rabbits; @ rabbits given doxorubicin,
2 mg/kg, 1.v. twice a week for the first 3 weeks. Values are means
+ SE from four animals. Shed hair was collected by grooming the
animals at weekly intervals and weighed. *P <0.05 compared
with the non-treated value

fect was significant only at week 2 and the amount of hair
collected had returned to control values by week 6.

Prevention of doxorubicin-induced hair loss

The effect of 2 number of topical treatments on doxorubi-
cin-induced inhibition of new hair growth was studied in
Angora rabbits 5 weeks after the start of doxorubicin ad-
ministration (Table 1). Each animal served as its own con-
trol, new hair growth on the treated left flank being com-
pared with new hair growth on the non-treated right flank.
Effluvium was also measured as the cumulative weight of
hair collected by grooming between weeks 2 and 5. The
topical treatments studied were dimethylsulfoxide, dimeth-
ylsulfoxide containing 10% a-tocopherol, dimethylsulf-
oxide containing 0.5% naphthazoline hydrochloride, 0.1%
fluocinolone acetonide in a propylene glycol base, 2,4-di-
nitrochlorobenzene skin sensitization, and local hypo-
thermia. 2,4-Dinitrochlorobenzene treatment was lethal,
all the animals dying the week after the first sensitization
with 0.1% 2,4-dinitrochlorobenzene. Whether this repre-
sents a direct toxicity of the treatment to Angora rabbits or
an interaction with doxorubicin is not clear, since no rab-
bits were given 2,4-dinitrochlorobenzene alone.

None of the topical treatments offered significant pro-
tection against doxorubicin-induced inhibition of new hair
growth. Dimethylsulfoxide treatment and hypothermia sig-
nificantly inhibited new hair growth on both the treated
and the non-treated flanks of the animals. This may be a
stress response to the treatment. None of the topical treat-
ments protected against doxorubicin-induced effluvium.
This is not surprising, since hair loss was measured over
the entire body and not just the treated area.

The effects of an a-tocopherol-deficient diet and an o-
tocopherol-supplemented diet on inhibition of new hair
growth by doxorubicin in the Angora rabbit are shown in
Table 2. a-Tocopherol deficiency itself led to a 58% de-
crease in new hair growth compared to animals fed a nor-
mal diet. An a-tocopherol-supplemented diet did not stim-
ulate new hair growth more than a normal diet. When dox-
orubicin was administered to rabbits receiving an a-toco-
pherol-deficient diet two of the three animals died within 3
weeks and no accurate assessment of the effect of a-toco-
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Table 1. Effect of topical treatments on doxorubicin-induced effluvium and inhibition of hair growth in the Angora rabbit

Doxorubicin, 2 mg/kg, was administered to Angora rabbits i.v. twice a week for 3 weeks. Treatments were applied to the left flank of the
animal at the same time as doxorubicin. The untreated right flank acted as a control. DMSO is dimethylsulfoxide. Local hypothermia
employed an ice pack held against the left side of the animal for 2 h. n, number of animals surviving at 5 weeks/original number of ani-
mals. Groomed hair weight is the cumulative weight of hair collected by weekly grooming between weeks 2 and 5. Shaved hair weight is
the weight of hair collected by shaving a 4 x 6 cm patch on either flank of the animal at week 5. Values are means & SE

Treatment n Body weight at Groomed hair Shaved hair weight
week 5 as % weight
of initial weight mg Non-treated Treated
right flank left flank
mg/24 cm? mg/24 cm?
Control 4/4 126.1+ 3.9*%* 80+ 9* 988 4 109%* 1042+ 101%*
Doxorubicin
No treatment 3/3 95.8+ 2.6* 214+ 71* 486+ 31* 411+ 46*
DMSO 3/3 94.6 +£20.1 268 £+ 109* 310 8% ** 215+ 50% **
DMSO0/10% a-tocopherol 3/3 90.6+ 4.3*% 178+ 38* 476 +159* 262 +250*
DMS0/0.5% naphthazoline 3/5 98.0+17.0 117+ 53 474+ 42* 550+ 25*%
2,4-Dinitrochlorobenzene 0/3 - - - -
0.1% Fluocinolone acetonide 3/3 100.6+19.4 ND 453+ 57* 262+ 41*
Hypothermia 3/3 93.7+ 8.2*% 157+ 60 153+ 56* ** 133 47% %%

* P <0.05 for compared to the appropriate treated non-doxorubicin control value; ** P <0.05 compared to the value in doxorubicin-
treated animals. None of the treatments produced a significant difference in the values for the treated and the non-treated flanks of the
animal

ND, not determined because of matting of the hair over the treated area

Table 2. Effect of dietary a-tocopherol on doxorubicin-induced inhibition of hair growth in the Angora rabbit

Angora rabbits were fed either a normal diet or an a-tocopherol-deficient diet, or were given oral a-tocopherol acetate 100 mg/kg twice a
week for 6 weeks before and then during the study. Doxorubicin, 2 mg/kg, was administered twice a week for 3 weeks. Hair growth was
measured as the mean weight of hair collected by shaving 4 x 6 cm patches on both flanks of the animal 5 weeks after doxorubicin admin-
istration. n, number of animals surviving at week 5 after doxorubicin/original number of animals. Values are mean + SE

Treatment n Body weight at week 5 Shaved hair weight
(% of initial weight) mg/24 cm?

Control

Normal diet 3/3 119.5+ 9.6 841+ 40

o-Tocopherol-deficient diet 3/3 139.2+ 7.0 357+ 11*

a-Tocopherol-supplemented diet 3/3 133.0+ 3.4 745+ 85

Doxorubicin

Normal diet 3/3 87.5+11.2% 3L+ 117*

a-Tocopherol-deficient diet 1/3 754 468

a-Tocopherol-supplemented diet 3/3 82.2+15.7* 745+ 70

* P <0.05 compared with the value in non-doxorubicin-treated animals receiving a normal diet

pherol deficiency on doxorubicin inhibition of new hair
growth could be made. An o-tocopherol supplemented
diet completely prevented the inhibition of new hair
growth by doxorubicin. To confirm that the dietary modi-
fication produced changes in the a-tocopherol status of the
animals plasma a-tocopherol concentrations were mea-
sured at weekly intervals (Fig. 5). The a-tocopherol defi-
cient diet produced an 85% decrease and the a-tocopherol
supplemented diet a 258% increase in the plasma concen-
tration of a-tocopherol at 6 weeks.

Plasma otocopherol {pg/ml)

0T 23 L 567 890 Discussion

Time lweek) . . .
Doxorubicin was chosen as the drug with which to study
loss of hair because large numbers of patients receive dox-
tocopherol-deficient diet, and O rabbits receiving 100 mg a-to- orgblcln gmd 1t has_ been reporte(.l to cause some degree of
copherol acetate p.o. twice a week. Values are means + SE from hair loss in all patients who receive the drug [3]. A loss of

three animals. Doxorubicin treatment was given in weeks 6-9 hair produced b}_’ cytotoxic dru'gs in the human can result
(bay). T animals dying from a combination of mechanisms [10]. Severe damage to

Fig. 5. The effect of dietary modification on plasma a-tocopherol
levels in Angora rabbits. O, Control rabbits; @, rabbits fed a a-



the hair follicle can lead to complete cessation of hair
growth and the loss of existing hairs with a necrotic ana-
gen sheath adhering to them (true anagen effluvium). If the
damage is less severe or of brief duration the hair contin-
ues to grow but with a weak and constricted area in the
shaft. When this constriction grows above the follicular or-
ifice the hair breaks with minor trauma, producing hair
shedding.

The guinea pig exhibits asynchronous hair growth
similar to that in the human [8] and has been used to study
problems pertaining to loss of hair in the human caused by
infection and hormonal disturbances [5], although not loss
of hair due to cytotoxic chemicals. We found that the guin-
ea pig was unsuitable for the study of doxorubicin-induced
loss of hair because of the sensitivity of the guinea pig
compared with other species to the lethal effects of chronic
doxorubicin administration [18]. There have been reports
of effluvium and inhibition of hair growth caused by
chronic doxorubicin administration in New Zealand white
rabbits, but only at doses of doxorubicin producing lethai-
ity in 40%-50% of the animals [4, 6]. We saw effluvium
and inhibition of new hair growth in New Zealand white
rabbits administered close to lethal doses of doxorubicin.
The effect was difficult to quantify because of the synchro-
nous nature of hair growth in the New Zealand white rab-
bit with the new hair growing in irregular patches [9]. Be-
cause of these problems the New Zealand white rabbit is a
poor model with which to study the loss of hair caused by
doxorubicin.

The Angora rabbit, unlike other breeds of rabbit,
shows asynchronous hair growth [7, 17]. A single gene con-
trols the continued growth of hair at a normal rate all over
the body and the hair becomes several times longer than
normal. We found the Angora rabbit was a good model for
studying effluvium and inhibition of new hair growth
caused by doxorubicin. Doxorubicin, 2 mg/kg, i.v. twice a
week for 3 weeks produced a 72% inhibition of new hair
growth at week 6 and a 167% increase in hair collected by
grooming between weeks 2 and 5. The hairs that grew on
the doxorubicin-treated rabbits did so at the same rate as
on non-treated animals and appeared histologically nor-
mal. The lack of histological changes may reflect the way
in which doxorubicin was administered, as several closely
spaced injections that does not produce a well-defined
constriction of the distal hair shaft, as has been reported in
the hair of humans receiving cytotoxic drugs [10]. It is
noteworthy that another anticancer drug, cyclophospha-
mide, has been used commercially to depilate Angora rab-
bits for collection of their wool [32].

A number of topical treatments were studied for their
ability to prevent inhibition of hair growth by doxorubi-
cin, but all were found to be ineffective. The treatments
were; dimethylsulfoxide, which applied topically de-
creases skin necrosis caused by s.c. infiltration of doxoru-
bicin in the rat, pig and human [13, 29]; 10% a-tocopherol
succinate in dimethylsulfoxide, which applied topically al-
so decreases doxorubicin-induced skin necrosis in the rat
and guinea pig [27, 36]; 0.5% naphthazoline hydrochloride,
a vasoconstrictor which applied to skin dissolved in
dimethylsulfoxide causes local vasoconstriction [35] and
might, therefore, limit delivery of doxorubicin to the hair
follicles; and 0.1% fluocinolone acetonide in a propylene
glycol base, a synthetic corticosteroid that causes hypertri-
chosis [15]. Topical 2,4-dinitrochlorobenzene has been
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used as an immunostimulant to treat alopecia areata in the
human [20], but under the conditions used in rabbit it was
lethal. Scalp hypothermia employing ice packs, cooled wa-
ter and refrigerated air to produce local vasoconstriction
and decreased delivery of doxorubicin to the hair follicles
has been used in attempts to prevent doxorubicin-induced
alopecia in cancer patients, with varying degress of success
[2, 11, 12, 19, 37, 41]. The technique can only be used in
patients who are not at risk of developing subsequent scalp
metastases and, thus, excludes patients with leukemia and
multiple myeloma [33]. In the Angora rabbit we found that
local hypothermia did not prevent doxorubicin-induced
inhibition of hair growth. The treatment itself produced in-
hibition of hair growth in arcas not exposed to the hypo-
thermia, perhaps as a response to the stress of the treat-
ment.

The only treatment tested which provided protection
against doxorubicin-induced inhibition of hair growth in
the Angora rabbit was dietary a-tocopherol. Topical a-to-
copherol has been reported to stimulate hair growth in the
rabbit [1] but, as previously noted, we found that applied
in dimethylsulfoxide it did not protect against doxorubi-
cin-induced inhibition of hair growth. a-Tocopherol is a
free radical scavenger and has been reported to protect
rabbits against the acute cardiotoxicity of doxorubicin [38],
which is thought to be a free radical-mediated process [28],
without affecting the antitumor activity of doxorubicin
[26]. While promising, the protection offered by dietary a-
tocopherol against doxorubicin-induced inhibition of hair
growth in the Angora rabbit may not extend to the human.
Clinical trials of a-tocopherol have shown no protection
of patients against doxorubicin cardiotoxicity [23, 40]. In
one of these studies Legha et al. [23] reported that a-to-
copherol did not protect patients against doxorubicin-in-
duced alopecia, although the patients also received cyclo-
phosphamide which causes alopecia by a mechanism that
does not involve free radicals [14]. A preliminary report by
Wood [42] indicated that large doses of oral a-tocopherol
may protect patients against doxorubicin-induced alope-
cia. Based on this report, studies were conducted by Perez
et al. [30] and Martin-Jimenez et al. [24] on the ability of
large doses of oral a-tocopherol to protect patients against
doxorubicin-induced alopecia. No protection was found
in either study. However, the patients received other cyto-
toxic drugs in combination with doxorubicin, including
cyclophosphamide, 5-fluorouracil, vincristine and cisplat-
in. It is possible that these drugs cause alopecia by a
mechanism that is not affected by o-tocopherol.

In summary, an animal model for doxorubicin-in-
duced effluvium and inhibition of hair growth such as oc-
curs in cancer patients has been developed using the An-
gora rabbit and a 3-week treatment with doxorubicin. Top-
ical treatment of the rabbits with a number of drugs or lo-
cal hypothermia gave no protection against the hair loss.
Supplementation of the diet with a-tocopherol completely
prevented doxorubicin-dependent inhibition of hair
growth.
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