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Oral zinc administration has been evaluated in the treatment of acne vulgaris in several
centres (1-9). Unfortunately, the results of these trials have been conflicting, and it
remains unclear whether zinc has any therapeutic role in this condition. We were never-
theless interested to investigate mechanisms by which such a therapeutic effect might be
produced. We were aware that zinc has been shown to inhibit pancreatic lipase (10), and
were therefore keen to determine whether zinc could inhibit the lipases of follicular
bacterial species in vitro, as it has in the past been suggested that free fatty acids (FFA) in
sebum may have a role in the pathogenesis of acne vulgaris (11, 12). We were also keen to
establish whether such in vitro inhibition of follicular bacterial lipase would be reflected in
a decrease in the proportion of FFA present in the skin surface lipid of zinc-treated
subjects in vivo.

METHODS

Subjects

Eight individuals with moderate-to-severe acne vulgaris (7 male. 1 female, age range 18-24 years)
received no treatment for at least 1 month prior to commencement of the investigation. Eight subjects
without acne (7 male, 1 female, age range 22-24 years) acted as controls. All were instructed not to
alter their dietary habits during the period of study. Both groups took capsules containing 220 mg of
zinc sulphate heptahydrate (Zincomed, Medo-Chemicals, London, England) 3 times daily, | hour
before meals, for a period of 1 month.

The following investigations were performed in all subjects immediately before and at the conclu-
sion of the period of zinc administration.

Skin surface lipid sampling

The method of removal of skin surface lipids was as reported previously (13). Subjects reported in the
morning having taken a bath the previous night. Casual sebum lipid was removed by solvent
extraction (hexane : dietyl ether 1 : 1) from test sites of fixed area overlying the right and left scapulae.
These test areas were protected from contact with clothing by means of polyethylene cups, and three
hours later, the excreted sebum was collected. Total sebum was estimated gravimetrically. Sebum
from the right and left scapular sites were processed separately.
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Estimation of FFA

Total sebum was dissolved in chloroform. and free fatty acids were estimated as the copper-compiex.
by the method of Duncombe (14).

Plasma zinc

Venous blood samples were taken in the early morning following a 12-hour fast. and then stored at
—20°C in special zinc-free polypropylene vials until analyzed. Plasma zinc was determined by atomic
absorption spectroscopy (Instrumentation Laboratories. 751 spectrometer) (15).

Isolation of lipase from skin bacteria

Propionibacterium acnes (Strain P37). Propionibacterium avidum (Strain SP771). and Propionibac-
terium granulosum (Strain 208) (isolated from patients with acne vulgaris. and supplied by Dr K.
Holland. Department of Microbiology. University of Leeds. England) were cultured in Brain Heart
Infusion broth (Difco®) containing 1% glucose. under anaerobic conditions. Following the establish-
ment of the stationary growth phase (approximately 1 weck). the bacteria were harvested by
centrifugation, and the supernatant (3 litres) was concentrated ten-fold by ultrafiltration. Ammonium
sulphate was added until 60 % saturated. and the pH adjusted to 6.0. After stirring for | hour at 4°C,
the precipitate was centrifuged down, redissolved in distilled water (10.0 ml) and dialyzed 3 times
against 0.005 mM dithiothreitol in 0.1 M sodium chioride. The dialyzed material was used for lipase
assay. without further purification.

Lipase assay

Lipase activity was determined by the method of Nilsson-Ehle & Schotz (16). using tri-(9-10H)
oleoylglycerol (Amersham. Bucks. England) as substrate. *H-labelled oleic acid liberated during the
incubation was isolated by liquid-liquid partition system as described by Belfarge & Vaughan (17).
and aliquots were assayed for radioactivity in a scintillation counter. Lipase from P. acnes was
assayed at pH 5.0. and lipases from P. avidum and P. granulosum were assayed at pH 7.0. For the
zinc inhibition studies, various concentrations of zinc sulphate (Sigma®) were pre-incubated at 37°C
with the enzyme for 15 min, and then incubated with the substrate. Enzyme activity was expressed as
umoles of *H-labelled oleic acid liberated/ml enzyme/hour. and each assay was performed in tripli-
cate.

RESULTS

Two subjects in the acne group (1 male and 1 female) did not complete the trial because of
nausea induced by the zinc sulphate.

For statistical analysis, Student’s r-test was used to compare pre- and post-treatment
values in each subject (paired), and pre- or post-treatment values between the acne and
control groups of subjects (unpaired).

Free fatty acid composition and sebum excretion rates from the right and left scapulary
regions were similar. For convenience, the results were pooled.

Plasma zinc (Table 1)

Fasting plasma zinc in the acne group was significantly lower than in the control group
(»<0.05), but in only | case did it fall below normal (10.6 umol/l; normal range 11.0-24.0
umol/l). After | month of treatment. plasma zinc levels were significantly raised in both
groups relative to pre-treatment values (control group: p<0.003: acne group: p<0.02).
There was no significant difference in post-treatment values between the two groups.

Total sebum excretion rate (Table I)

Prior to treatment, the acne group had higher total sebum excretion rates than the control
group (p<0.0S5). Zinc treatment did not reduce the total sebum excretion rate in either
group.
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Table 1. Effect of zinc treatment upon plasma zinc. and upon sebum excretion rate and
composition of free fatty acids in patients with acne and controls

All values are given as mean *SEM

Controls Acne patients
Pre- Post- Pre- Post
treatment treatment treatment treatment
Plasma zinc, pmol/l 16.91+1.35 26.08+2.28 13.36“+0.86 22.28+2.77
{normal range: p<0.005 p<0.02
11-24 pmol/l)
Sebum excretion rate, 28.98+2.82 29.82+6.36 40.239%+4.42 39.01+5.65
pg/cm*/3 h NS NS
Free fatty acid 2.59+0.47 2.49+0.37 4.219%20.52 3.65+£0.51
excretion rate, NS NS
ug/em?3 h
% of total lipid 9.14%1.68 9.48%+1.57 11.6”+2.88 9.50%1.41
NS NS

“ Significantly different (p<0.05) from pre-treatment values in the control group.
® Not significantly different (p>0.05) from pre-treatment values in the control group.

Free fatry acid (Table 1)

FFA is expressed both as the amount excreted per unit area over a 3-hour period (ug/cm?3
h), and as a percentage of the total sebum lipid. Absolute sebum FFA was significantly
higher before treatment in the acne group relative to the control group (0.01>p<0.05), but
there was no difference in the relative FFA content of sebum. Zinc treatment did not
significantly change free fatty acid composition in either group.

In vitro bacterial lipase studies (Table I)

Preliminary experiments showed the pH optimum for P. acnes lipase to be approximately
pH 5.0. P. granulosum and P. avidum lipase showed pH optima around neutrality. These
pHs were used for the zinc inhibition studies. P. acnes and P. avidum lipases showed
approximately 80% inhibition at a zinc concentration of 2.0 mM/l, while lipase from P.
granulosum was only inhibited by 36% at this concentration. At lower concentrations of
zinc, P. granulosum lipase was not inhibited at all, whereas inhibition of P. acnes lipase
was still detectable at 10 uM/i zinc sulphate.

DISCUSSION

It is unclear what role, if any, is played by zinc in the pathogenesis of acne vulgaris. or
whether oral zinc supplements provide effective therapy. A major obstacle in solving these

Table II. Inhibition of bacterial lipase in vitro by various concentrations of zinc sulphate

Zinc sulphate % inhibition of lipase activity®
Concentration
(pmol/l) P. acnes P. avidum P. granulosum
2000 86+8.2 78+6.5 36+2.9
100 41%3.1 19+2.0 0
10 32+29 0 0

¢ Mean * SEM, 3 determinations.



308 7. Rebello et al. Acta Derm Venereo! (Stockh) 66

problems has been the difficulty in establishing whether patients with acne vulgaris are in
fact zinc-deficient. A normal plasma zinc level does not preclude marked tissue zinc
depletion (18), and unfortunately. no more reliable index of body zinc status has yet been
established, though determinations of leucocyte (19) and skin (20) zinc levels are promising
approaches currently under evaluation. Marginal zinc deficiency may be prevalent in
Western communities (21-23). and would have its maximum effects at times of rapid body
growth, and during pregnancy and lactation. The question logically arises whether acne
vulgaris could, at least in some individuals, be a clinical manifestation of marginal tissue
zinc deficiency, precipitated by increased zinc requirements at puberty. Although low
serum or plasma zinc levels have been reported in a few patients with acne vulgaris (24).
the majority will be found to have levels within the normal range (4). In our own acne
patients. the plasma zinc levels were within the normal range. but were significantly lower
than those of the control group of individuals without acne. The prevalence of minor
degrees of zinc deficiency will be affected by a number of factors including age. and diet
(21-25), and this may partly explain the inconsistent findings of those who have investigat-
ed the value of zinc treatment for acne vulgaris.

The mechanism underlying the relationship between acne vulgaris and zinc is the subject
of speculation. Michaélsson et al. have, for example, suggested that zinc is beneficial in
acne as a direct result of its ability to increase the serum level of retinol binding protein
(24). An alternative explanation concerns the role of zinc in essential fatty acid (EFA)
metabolism. Zinc appears to be required for normal onward conversion of linoleic acid to
gammalinoleic acid (26), and at least some of the effects of zinc deficiency may result from
inhibition of this conversion (27). EFA deficiency induces hyperkeratosis in animal (28),
and there is good evidence that the initial lesion in acne vulgaris is hyperkeratosis of the
opening of the pilosebaceous follicle leading to its obstruction (29).

A further mechanism whereby zinc treatment might influence acne vulgaris is by
inhibition of FFA production within the pilosebaceous follicle. Sebum FFA is released
from triglyceride by the action of bacterial lipases (30. 31). particularly those derived from
Propionibacterium species. Our results show that, in vitro. the lipases of the three major
Propionibacterium species are inhibited by zinc. P. acnes is the most abundant of these
three bacteria, and the inhibitory effect of zinc was most marked in the case of lipase from
this species. Inhibition was detected at zinc levels of 10 uM. which is less than is present in
normal plasma. Technical difficulties prevented us from determining the zinc content of
sebum. Nevertheless it seems likely that body zinc status could influence P. acnes lipase
activity in vivo. Zinc treatment of our patients increased their plasma zinc levels, and
presumably would also have increased the level of zinc within the follicular micro-
environment. Pre-treatment free fatty acid excretion rates in acne patients were signifi-
cantly higher than in controls but this difference was abolished after zinc treatment.
Although we were able to show both an absolute and a relative decrease of FFA in the
surface lipids of our small group of zinc-treated acne patients, this failed to reach statistical
significance and we are therefore unable for the present to confirm that FFA production
within the pilosebaceous follicle is inhibited by zinc treatment. It is of course possible that
statistical significance would have been achieved had the study group been larger. Never-
theless, surface lipid sampling probably provides a poor picture of changes in sebum
composition deep within follicles. Little lipid emerges from obstructed follicles. in which
lipolysis is almost complete (32), and short-chain FFA's may diffuse out of follicles
without even reaching the surface.

We believe that further studies are needed to elucidate the relationship between zinc
metabolism and acne vulgaris. Particular attention should be directed to the possibility that
acne may in many patients reflect marginal zinc deficiency. Failure to identify such a
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subgroup among acne patients may underlie the apparently contflicting results of published
therapeutic trials of zinc in this disease.
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