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CONTROL OF FREE FATTY ACIDS IN HUMAN SURFACE
LIPIDS BY CORYNEBACTERIUM ACNES*®
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ABSTRACT

Aerobic bacteria were excluded as o major source of lipases when it was found, in a
previous study, that their virtual eradication by tepical neomyein did not lower the free
fatty acids (FFA) in sealp Lipids. We now report the reciprocal experiment in which an
oral tetraeycling was used to suppress the anderobic organisms.

Nine healthy adults received 600 mgm of demethylehlortetracyeline (DMCT) daily
for 6 weeks. During this time we followed the eompozition of sealp lipid by thin layer
chromatography and the densities of C. acnes, aerobes and yeasts on sealp and forehead.

Six subjects had high initial levels of C. aenes, In these the FFA fell from 43% to 23%
with a more than 99% reduction in the density of €. acnes, In three who mitially had
insignificant quantities of C. aenes the FFA were at the start only 25% and did not
deeline with treatment.

The density of the aerobie population was not affected by DMCT owing to develop-
ment of resistance. Yeasts were also unafiected. The finding that the FFA were pro-
portional to the level of . acnis suggests that these organisms are the chief source of
Lipolvtic enzymes. The FFA levels began to deeline earlier than the density of C. acnes.
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Tliis might be explained either by enzyme inhibition or by bacteriostatic effects.

In the passage of lpid from the sebaceous
gland fo the surface, free fatty acids (FFA) are
liberated from triglycerides by lipases which are
ahmost certainly derived from microorganisms
(1, 2, 3). Three groups of microorganisms -
habit sebaceous follicles: coagulase negative
cocci, the anaerobie diphtheroid Corynebacte-
rium qenes and veast=like fungl of the genus Puty-
rogporum, Produetion of lipases has been dem-
onstrated in eulture for each of these: coeei (4,
5), C. aenes (5, 6) and P. ovdle (7). Studies i
pitro, however cannot determine which of these
are important in lipolvsis in living humen skin,
In 4 previeus study we found that practically
complete elimination of the aerobic coceal sealp
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flora by topical neomycin did not change the
proportion of FFA in the surface lipids (8).
Since the populations of the other two members
of the flora were not reduced, we concluded that
aerobes do not normally participate in lipolysis.
The purpese of this present study was to evalu-
ate the role of C. acnes by selectively suppress-
mg thiz component of the flora with an anti-
biotie.  Svstemic  demethylehlortetracyeline
(DMCT) treatment was chosen because the
eoeel quickly develop resistance so that the pop-
ulation density is not altered (9), while C. genes
remains suseeptible and its numbers gradually
decline over a period of weeks (10). Yeasts are
not susceptible to this antibiotie.

MATERIALS AND METHODS

Subjects. Nine healthy adult male negro in-
mutes of the Philadelphia County Prison at
Holmesburg served as volunieers,

Treatment. Egch subject received 600 mgm of
(DMCT) daily in two doses for 6 weeks. Medi-
cated soaps and cosmeties. were prohibited for
three weeks prior to starting the study. The scalp
was washed at weekly intervals with & non-madi-
eated shampoo.

Surface lipids. A) Collection. Eiher washings of
the scalp were made on two successive days follow-
ing each bacterial sampling and shampoo day as
previously described (8). The washings were fil-
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tered through a Millipore HA47 to remove particu-
late matter, before the ether was driven off by gen-
tle heat and finally in a nitrogen stream. The lipid
sample was stored frozen in screw capped tubes
with teflon cap liners until analysis.

B) Lipid analysis. The major components were
resolved using a triple development quantitative
thin laver chromatographic method as previously
described (8, 11).

Bacteriological methods. A) Quantitative sam-
pling. The deiergent scrub technique of William-
son and Kligman was used (12). Two sites on the
vertex of the scalp were clipped and a glass cyl-
inder 3.8 =q. ¢m. in area held to the skin. Each site
was sampled with two sueecessive one minute gerubs
in one ml of 01% Triton X-100 in phosphate
buffer and the two suspensions pooled. Duplicate
samples were taken twice before treatment and
after 1. 2. 4 and 6 weeks of treatment from the
secalp and the forehead.

B) Culiural methods. Four tenfold dilutions
were made in half strength wash fluid and 0.25 ml
guantities incorporated into the following media:

Trypticase Soy Agar (BBL) for aerobes.

TEA with 05% ‘Tween 80' (Atlas Chemical) as

& growih supplement for lipophilic diphtheroids.

Thioglyeollate agar with 1% glucose for Coryne-

bacterium acnes.

TSA containing 10 gem/ml of DMCT to de-

teérmine the number of resistant organisms.

Surface inocult and methods of identification

were us previously deseribed.

C) Yeasi Counis. The quantity of veasts was
assessed by a modification (13) of the cornsocyte
eount technique before and after treatment.

TABLE 1

Percentage af coceal cells resistant to 10 pgm/ml
nDMcT
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RESULTS

It soon became obvious that the nine subjects
did not form a homogenous group bacteriologi-
cally. Three subjects (7, 8 and 9) had very low
initial densities of C. acnes. Counts ranged from
10° to 10" organisms per sq. cm. on the sealp
with 3 of 12 samples yielding no C. acnes. The
densities were even lower on the forehead (107 to
10°) with 9@ of the 12 prefreatment samples
vielding no C. acnes. These values are very
mueh less than the 10" usually found, a level
present in the remaining six subjects. In our
experience less than 10% of randomly selected
subjects display such low levels. These three
subjects are thus ¢uite unusual with regard to C.,
acnes populations, although they did have a nor-
mal density of aerobes. Their data were treated
separately.,

Pretreatment microflora. The aerobic flora
was typieal in all subjects, being dominated by
coagulase negative cocel. On the sealp the Baird
Parker type (14) principally found was Micro-
coceus type 3, but Staphylococcus type 11 (3 11)
was abundant in & of the nine subjects. The
forehead flora was dominated by 8 1T whieh was
most numerons in 5 and second in the remaining
4 subjects. Small numbers of other Baird Parker
types were also recovered.

Effect of treatment on the composition of the
microflora. Fssentially the aerobie flora of both
sealp and forehead remained a coceal flora,
Some inerease in the preporfion of 8 IT was
evident within the coeci:

Tlie major eflect of treatment was 1o inerease

FPreteatment Wecks of treatment the proportion of coceal cells resistant to 10
) pem/ml of DMCT from less than 10% on the
! ‘ . sealp and from 25% on the forehead to S0-90%
{ i ? 3 AS AS Hectatie
Sealp a1l o I 2 2 | g, % L5 ‘ 92.0 (;1::];]9 i!)wThxs m;re;;e was ;ﬂetliagt"\lzlc 11821112
Forehead 23.1 | 20.4 | 38.3 | | 76.0 | 73.2 | go.2  Week and was practically complete by two
‘ | of treatment,
TABLE II
Effect of DMCT on the density of resident arganisms
Pretreatment Weeks of treatment
1| \ 1 | 2 1 2 J 4 ’ 6
Aerobes Sealp 1,570,000 | 6,488,000 | 3,648,000 | 1,581,000 | 2,335,000 | 2,373,000
Forehead i, 430 5,610 9,430 10,320 21,880 26,330
C. arnes Scalp 2,023,000 | 1,080,000 | 4,013,000 817,000 23,900 15,400
Forehead | 3,330,000 | 1,226,000 | 8,441,000 | 2,677,000 | 174,400 30,670
Yeas(s Sealp 340,000 = — — = 361,000
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TABLE 1II
C. acnes per sq em on scalp
[ Pretreatment ‘Weeks of treatment
Subject
1 ! 2 1 | 2 | 4 ] 6
i %, 535,000 | 2,797,000 | 15,750,000 | 5,790,000 \ 133,100 | 25,780
2 1,688,000 | 1,506,000 2,059,000 | 1,095,000 | 11,530 | 36,460
3 474,500 35,000 1,551,000 | 1,053,000 | 20,770 | 5,000
4 7,800,000 594,200 | 10,690,000 2,008,000 | 18,230 | 1.370
5 ] 083, GO0 440,400 1,837,000 | 77,000 3,720 -
6 ‘ G534, 800 \ 2,260, 000 2,939, 000 ‘ 273,700 [ 60,000 | 148,800
7 ‘ 1,050 \ 631 1,580 ~ “ 2,100 \ 1,800
8 | 1,050 = 263,000 | = | s ‘ =
9 l 8,710 80,130 77,600 | 2,630 | 5,260 1,050
\ 1
TABLE 1V
Effect of DMCT on the percentage of free faily Acids
Pretreatment ‘ Weeks of treatment
Subjects* - |
| 1 J 2 J i ‘ 3 \ 4 6
1 | 4125 | 304 | s 295 %5 20,4
2 42,5 35.1 39,85 22 4 } 24,85 22.8
3 | s | 424 35.95 31.25 | 3825 | 23.0
4 | 44.15 35.85 o 2 | 259 L 2nas 22.0
5 TS 56.15 493 I 354 —
i —= .75 ‘ 24.7 | 23.1 | 2400 2%.15
\
Average i 43.1 42.5 344 | 281 ‘ al4 23 .45
7 224 20.1 ( 18.7 26.85 | 32.05 23.5
8 2.0 30.1 ws | = \ g s
a I IT® 18.6 I 30.5 | 28 .45 32.6 | 2.7
\
Average [ 22,0 24.7 | 20.5 | [ 32.63 25.1

| s

* Subjects 7, 8 and & had unusually low anaerobic counts.

Effects of treatment on microbial population
density. The data are summarized in Table 1T
which shows the geometric means for each sam-
pling occasion. The averages of the duplicaie
results for €. acnes on the zealp for each subjeet
are tabulated in Table 111 as an example of the
data.

The density of aerobes showed no significant
chunge through the treatment period althongh
the proportion of resistant cells was rising. The
density of C. acnes, however, fell dramatically
on both the sealp and forehead. This decline was
first detectable at 2 weeks on the scalp, and at 4
weeks on the forehead. By 6 weeks the count

had been reduced by more than 997 at both
sites. The density of veasts was unaffected.,

Effect of treatment on surface lipid. Changes
were found only in the preportion of FFA and
the reciprocal change in triglyeerides. The values
of FFA for each subject are listed in Table IV,
In the 6 subjeets with high initial densities of C.
acnes the FFA averaged more than 40%. Treat-

ment reduced this by almoest 507 (average =
23.5%). The FFA in the three unusual subjects
with low C. acres counts were not reduced by
the antibiotic. Indeed, instead of a decline a
slight inerease could be appreciated.
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Fio. 1. Changes in C, acnes density and free
fatty acids on the scalp. Upper curve: Density of
C. acnes in 6 subjects with mitially high C. acnes
levels. Lower continuous eurve: Free futty scid
levels in the same 6 subjects. Lower broken curve:
Free fatty neid levels in the 3 subjects with low
initial €. @enes levels. Bars represent 95% confi-
dence limits of the mean. C; and C: indicate the
two pratrentment controls.

DISCUSETON

The microbiologieal effects of treatment with
DMCT were similar to our previous studies (9,
10). Ins the coecal dominated sealp and forehead,
the most sensitive indicator of arrival of the
antibiotic at the skin surface is the rise in the
proportion of coccal cells resistant to the anti-
biatic. Because resistant cells are usually present
initially, little change in aerobie density oecurs
as these proliferate to replace sensitive coeci
when the latter are eliminated from the flora. €.
acres on the other hand remains sensitive to
DMCT but the decline i density is delaved
becanse the route of delivery of the antibiotics is
by holoerine exeretion (10). Yeasts should not
be directly affected. In the previous study, when
the aerobes were suppressed, veasts appeared to
inerease in density. In this study no change was
found, suggesting that Pifyrosperum occupies a
niche more like that of the eocel than that of C.
acnes.,
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It was shown in a previous investigation (15)
that the composition of the suriace lipid of dii-
ferent individuals ie remarkably eonstant over
long periods, and that composition differs be-
tween individuals only in triglveerides and FFA,
Free fatty acids in different subjects ranged
from 8 to 39%. The factors controlling the gen-~
eration and level of FFA are of great interest,
not only to investigators, but also to clinicians
since FFA are strongly implicated in the patho-
genesis of aene. These substances probably con~
tribute 1o the induetion of comedones and to the
inflammatory lesions as well.

FFA arise secondarily through the splitting of
triglycerides synthesized by sebaceous glands

2). Mierobial lipases are certainly involved in
this process for there are no free fatty acids in
sterile eysts such as steatoeyvstomas (1), though
these eontain sebaceous seeretions. Any of the
three resident mieroorganisms of lipid rich areas,
veasts, cocel or C. acnes could theoretically par-
ticipate in lipolysis. Our previous study excluded
the aerobes. An important finding at that time
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was a significant relationship between the pro-
portion of FFA and the C. aenes count. Such
correlations, of course, do not prove a functional
relationship, The results of the present study,
Figure 1, provide more substantive evidence
that it iz the density of €. aenes which controls
the amount of FFA in the surface lipids. When
DMCT euused u great reduction in the anaero-
hie population, the FFA correspondingly de-
glined, Moreover, the correlation between FFA
and (. aenes was evident both before and after
DMCT (Fig. 2). lmportant guestions sill re-
main. For example, the FFA began {o decline
hefore the . acnes count (Fig. 1), Perhaps this
reflect= mhibition, but not seinal deatli of 1he
grganisms, Prolonged bacteriostasis of course
eventually kills. An alternative explanation is
that tefraevelines diveetlyv inhibit baecterial h-
pases as Shalita et al. (16) and Kellum et al.
(17) hyve demonstrated in their in vitro studies,

While we ihink that €. acnes plavs a domi-
nant role in lipolysis, it cannot be the sole agent
regulating FFA in surface lipid. Despite the vir-
vual elimimation of this orgamism the reduction
in FFA did not exceed 50%, This agrees with the
earlier findmgs of Strauss and Pochi (18). In
those subjeets with initially high values of FFA
and C. aenes, the percentage of FFA fell only to
the Jevels normally obtaining for the three sub-
jects with unusually low C. genes eounts. Tetra-
eyeline had no effect in these three. This limited
¢ffeet can be interpreted in different ways. It has
been adequately demonstrated that eocei and Pi-
tyrosporym can elaborate lipases in  witro.
Thoueh unsually of slight account, these might
become important when the nermally dominant
anaerobic flora is absent or is artificially sup-
pressed by antibioties. It is still possible that
lipages could arise from the skin itself.

Finally, percentage measurements may be
very misleading. Though more than 99% of the
original anaerobic population was destroyed, this
still left sizeable numbers of organisms.
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