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Background: The pathogenesis of androgenic alopecia is not fully understood. A microbial- 
driven inflammatory reaction abutting on the hair follicles might participate in the hair status 
anomaly. Objective: The aim of our study was to determine if ketoconazole (KCZ) which is 
active against the scalp microflora and shows some intrinsic anti-inflammatory activity might 
improve alopecia. Method: The effect of 2% KCZ shampoo was compared to that of an un- 
medicated shampoo used in combination with or without 2% minoxidil therapy. Results: Hair 
density and size and proportion of anagen follicles were improved almost similarly by both 
KCZ and minoxidil regimens. The sebum casual level appeared to be decreased by KCZ. Con- 
clusion: Comparative data suggest that there may be a significant action of KCZ upon the 
course of androgenic alopecia and that Malassezia spp. may play a role in the inflammatory 
reaction. The clinical significance of the results awaits further controlled study in a larger group 
of subjects. .................... 

Introduction 

The pathobiology of androgenic alopecia 
(AGA) is uncertain. The genetic predisposi- 
tion and the influence of androgens is beyond 
doubt. However, these factors do not explain 
the presence of a substantial lymphoid infil- 
trate abutting on the infrainfundibulum and 
isthmus of transitional hair follicles [ l ,  21. 
Histological observations suggest a putative 
role of the AGA inflammatory cells on the 
follicular stem cells [ l ,  21. In addition inter- 
leukin I has been proposed to be a cytokine 
inducing hair loss [3].  The negative influence 
of inflammation on AGA hair status is further 
supported by clinical observations showing 
AGA exacerbation following intercurrent 
episodes of other inflammatory dermatoses, 
particularly seborrheic dermatitis. 

Currently, there is near unanimous recog- 
nition that ketoconazole (KCZ) is highly ef- 
fective for treating dandruff and seborrheic 
dermatitis. Improvement in the skin con- 
dition is accompanied by a reduction in 
Malaue:icr spp. colonization of the skin sur- 

face [46].  A direct anti-inflammatory effect 
of KCZ is also part of the mechanisms under- 
lying the efficacy of topical KCZ [7-91. As 
the surface of the scalp and the follicular in- 
fundibula normally harbor a microflora of the 
same nature as in  seborrheic dermatitis [lo, 
1 i],  we hypothesized that the inflammation 
abutting on the AGA hair follicles might also 
be related to the presence of some members 
of that microflora [2]. Hence, antimicrobials 
might reduce inflammation typical of AGA, 
and, in turn, improve the hair status [2]. 

In the present study, we tested this hy- 
pothesis using KCZ shampoo in AGA and 
evaluating changes in the hair status. 

Materials and Methods 

Sr1rdy I 
A total of 39 men aged between 21 and 33 

years who presented with grade III vertex 
AGA according to the Hamilton-Norwood 
classification [12, 131 were included in the 
study. The duration of alopecia ranged from 2 

to 6 years. None had presented dandruff or se- 
borrheic dermatitis i n  the previous 6 months. 
Twenty-seven subjects used exclusively 2% 
KCZ shampoo (Nizoral@ shampoo, Janssen 
Pharmaceutica) 2 4  times weekly over a 21- 
month period. Twelve other subjects used the 
unmedicated Wash and Go@ shampoo (Vidal 
Sassoon) in  a similar way. Controls included 
22 age-matched men who had no family 
history of AGA and who were unaware of 
changes in hair quality, density or shedding. 
They did not complain of dandruff and sebor- 
rheic dermatitis. Half of them received the 
KCZ shampoo and the other half the nonmed- 
icated shampoo. The products were used ad 
libitum. No AGA and nonalopecic subjects 
had applied products known to influence hair 
growth either before or during the study. 

Hair samples were obtained from the ver- 
tex area at inclusion and every trimester dur- 
ing the 21-month study period. Precise re- 
location of the sample site was achieved by 
employing a 3-point midline and facial coor- 
dinates. Trichograms yielded the proportion 
of hairs in anagen phase (A, %). Cornputer- 
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ized image analysis (MOP Videoplan Kon- 
tron, Eching, Germany) was applied to the 
same samples to derive the average diameter 
(D, Hm) of the hair shafts at 1.5 cm from 
the bulb. Both hair variables employed are 
known to decrease during AGA progression. 
Hence, an AGA pilary index (PI) was derived 
to combine these variables following PI= 
AxD. 

Seborrhea is often present in AGA [i41 
and fuels growth of lipophilic microorgan- 
isms. It is therefore not desirable for both 
biological and cosmetic reasons. The sebum 
casual level at the skin surface was measured 
at each evaluation time using the Sebumeter" 
(Courage and Khazaka, Cologne, Germany). 
Four measurements were taken at random on 
the alopecic vertex and the average was cal- 
culated. There was a treatment-free interval 
of at least 36 h between the last shampoo and 
sebumetric measurements. 

Study 2 
In light of the data yielded by the first 

study, a comparison was made between ef- 
fects of KCZ and minoxidil on the AGA hair 
status. Two groups of 4 men, aged between 
24 and 29 years, who showed grade III ver- 
tex AGA, were selected after giving their 
informed consent. A 4-mm punch biopsy was 
taken from the vertex area at inclusion in the 
study and after a 6-month treatment using 
either the 2% KCZ shampoo (Nizoral) or the 
combination of 2% minoxidil lotion (Ro- 
gaineo, Upjohn) once daily and the unmed- 
icated shampoo Wash and Go. Shampoos 
were used ad libitum. Biopsies were forma- 
lin-fixed and paraffin-embedded. Step sec- 
tions were cut parallel to the skin surface. 
Computerized image analysis (MOP Video- 
plan Kontron) was applied to the section 
where the sebaceous glands had the largest 
relative area. For each pilary unit, both the 
hair shaft diameter and the sebaceous gland 
area were recorded. 

Statistical Analysis 
The distribution of each variable was 

characterized by the median, 95% confi- 
dence interval and mode. When the distribu- 
tion was normal, the mean (M), standard de- 
viation (SD) and the coefficient of variation 
(V = 1 O' SD . M-') were calculated. Group dif- 
ferences at entry in the study were compared 
statistically employing the Mann-Whitney U 
test for unpaired samples. Variance (ANOVA) 
and regression model analyses were applied 
to determine the relationship between vari- 
abies. All results were considered to be sig- 
nificant at the 5% criticai level. 
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Fig. 1. Variations in time of the PI (median and 95% confidence 
interval) in  subjects with AGA. The use of 2% KCZ shampoo (i) is 
associated with a significant increase in PI, while the natural evolution 
of the alopecia on unmedicated shampoo (U) shows a slow progres- 
sive decrease in PI. O, 0 = 9 5 %  confidence intervals. Values in non- 
alopecic subjects (N) are presented by the 10th and 90th percentile 
boundaries. 

Results 

Study 1 
At entry in the study, subjects with AGA 

had a significantly lower PI (p<O.OOI) than 
controls (fig. 1). No significant difference 
was then found between PI of the two AGA 
subgroups. In control subjects without AGA, 
the PI remained unchanged during the study, 
whether they used the KCZ or the unmed- 
icated shampoo. The PI of AGA subjects 
using the unmedicated shampoo showed a 
slow linear (r=0.56, p<O.OS) decrease in 
time (fig. 1). Large interindividual differ- 
ences were evidenced in the AGA evolution 
as evaluated by the PI. In contrast to such a 
disease progression, the KCZ group yielded 
a progressive PI increase that became evi- 
dent after a 6-month survey and apparently 
reached a plateau value after about 15 months 
(fig. I). However, the overall relationship 

between KCZ PI and time was best fitted by a 
linear regression model (r=0.69, p<O.OI). 

The mean sebum casual level was sig- 
nificantly ( ~ 1 0 . 0 5 )  higher in AGA subjects 
(115+47 pg/cm') than in controls (69144 
pg/cm2). It did not show any evidence for 
meaningful variation in AGA and normal 
volunteers using the unmedicated shampoo. 
A trend in logarithmic decrease (r=-0.43, 
p<0.07) was found in KCZ-treated AGA 
subjects, reaching a median reduction of 18% 
at the completion of the study. 

Study 2 
At entry into the study, the AGA hair den- 

sity reached 250+38/cm2 in the KCZ group 
and 276+33/cm' in the minoxidil + unmed- 
icated shampoo group. No significant dif- 
ference in both hair shaft diameter and seba- 
ceous gland area was present between the 
two allocated groups receiving one of the 
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two treatments. The median hair shaft diam- 
eter was 46.7 pm (confidence interval: 
29.6-71.8). The distribution of that hair var- 
iable was bimodal in most AGA subjects. 
The intraindividual coefficients of variation 
ranged from 32 to 68%. A normal distribution 
of sebaceous gland area was found with a 
mean of 1,6141491 pmZ. In both subgroups 
of AGA subjects, a negative linear relation- 
ship was found between the hair shaft diam- 
eter and the area of the corresponding seba- 
ceous glands (fig. 2). 

f 
T6 

TO T6 
KCZ 

TO T6 
Minoxidil 

3 

Fig. 2. Negative linear relationships between hair shaft diameter 
and area of sebaceous glands in AGA. a=Before KCZ treatment 
(n= 126, r=-0.46, slope=-0.52, p<O.Ol); b=after a 6-month KCZ 
treatment ( n =  149, r=-0.42, slope= -0.39, p<O.Oi); c=before mi- 
noxidil+ unmedicated shampoo treatment (n= 144, r=-0.65, slope= 
-0.63, p<O.OI); d=after a 6-month minoxidil + unmedicated shampoo 
treatment (n= 155, r=-0.54, slope=-0.54, p<O.Ol). , 

Fig. 3. Median and 95% confidence interval of the hair shaft di- 
ameter in AGA: evaluations before (TO) and after a 6-month treatment 
(T6) using either 2% KCZ shampoo or a combination of minoxidil 
with an unmedicated shampoo. 

Fig. 4. Mean and standard deviation of the sebaceous gland area 
in AGA: evaluations before (TO) and after a 6-month treatment (T6) 
using either 2% KCZ shampoo or a combination of minoxidil with an 
unmedicated shampoo. 

At completion of the 6-month trial, the 
hair density reached 296?22/cm2 (+18%) in 
the KCZ group and 3061 29/cmZ (+i 1%) in 
the minoxidil +unmedicated shampoo group. 
A 7% increase in the median hair shaft diam- 
eter was yielded by both the KCZ shampoo 
and minoxidil +unmedicated shampoo com- 
bination (fig. 3). The bimodal distribution 
in the values of hair shaft diameter was still 
present. A 19.4% decrease in the mean seba- 
ceous gland area was observed in the KCZ 
group (fig.4). In contrast, the same variable 
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increased by 5.3% in the minoxidil+unmed- 
icated shampoo group. A negative linear 
correlation between hair shaft diameter and 
sebaceous gland area was still present at com- 
pletion of the study (fig. 2). 

Discussion 

AGA is the androgenically driven hair 
loss in genetically predisposed adults. An in- 
flammatory intiltrate rich in immunocompe- 

Piérard-Franchimonte Doncker/ 
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tent T lymphocytes is also present in the bald- 
ing area [ l ,  21. It has been postulated that 
both hormonal and immunoregulatory mech- 
anisms act synergistically to potentiate follic- 
ular injury in AGA [ I ] .  The reason why im- 
munocompetent T cells abut on the external 
root sheath of transitional AGA hairs remains 
elusive. However, lipophilic microorganisms 
harbored in the infundibulum might represent 
the triggering factor [2]. KCZ was tested in 
AGA because it is active against Malassezia 
spp. and Staphylococcus spp. which are part 
of the scalp microflora. It also shows some 
direct anti-inflammatory effect [7-91. 

The reduction in ‘hair volume’ is a no- 
tabie feature of AGA. It depends on the hair 
number per unit area, hair diameter and dura- 
tion of the anagen phase. PI and cross-section 
analysis of punch biopsies explored these as- 
pects of the hair status. Left untreated, andro- 
gen-dependent alopecia progressively dete- 
norates [15]. This was found in the AGA 
subgroup using the nonmedicated shampoo 

alone. In contrast, both present studies concur 
to show an unequivocable effect of a 2% 
KCZ shampoo on hair variables affected by 
AGA. Hair density and size, and proportion 
of anagen follicles were all improvcd. Al- 
though the number of subjects was limited in 
the second study, results obtained with KCZ 
shampoo compare with minoxidil. It  has been 
stated that medications capable of maintain- 
ing the existing hair population should be re- 
garded as effective treatments for AGA [i51. 
The present data suggest that KCZ should 
enter this group of drugs. This indication is 
also supported by the fact that sebumetric 
analysis and morphometric evaluation of the 
volume of sebaceous glands indicate a trend 
in the decrease in sebum production by KCZ. 
Such a seboregulatory effect of KCZ has 
previously been suggested [ 161. However, a 
more recent study did not uncover such an as- 
pect but rather indicated an increase in scalp 
lipid content after a 4-week treatment of seb- 
orrheic dermatitis 1171. This finding was ex- 

plained by the improvement of sebum de- 
livery onto the skin surface as a result of 
the elimination of the follicular occlusion. It 
could also be arsued that the squames present 
at entry of the study served as a reservoir 
to sebum, thus artificially reducing the mea- 
surable sebum flow at the skin surface. In 
addition, the 4-week treatment phase is, in 
our experience. too short to reveal any sebo- 
suppressive actil ity of KCZ. 

In the ultimate analysis, data gained by 
the two present comparative studies are en- 
couraging. On the basis of the aforemen- 
tioned observations, we are compelled to 
conclude that the regular use of a 2% KCZ 
shampoo may participate to improve the 
AGA presentation. However, a further con- 
trolled study is necessary to confirm the find- 
ings in a larger group of patients, both to eval- 
uate the ideal KCZ dosage and formulation, 
and to fully assess the desirability of routine 
treatment with topical KCZ in this condition. 

..................................................................*.............*................*...................................*.... 
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