
Arch. Derm. Forsch. 251, 155--164 (1974) 
© by Springer-Verlag 1974 

The Regulation of Sebum Excretion in Man 

H. Ebe rha rd t  

Forschungslaboratorien der Dr. Karl Thomae GmbH, Biberach/Ril3 (FRG) 

Received May 3, 1974 

Summary. The refatting curve of 21 test persons shows that the sebum excretion is highest 
during the first hour and decreases continously with every following refatting interval. 
Refatting after regular defatting every hour reveals a constant excretion rate over 7 hrs. Thus 
the conclusion can be drawn that sebum excretion is regulated by the excreted sebum itself. 

Prints of the forehead on slides show that the sebum is excreted in the form of droplets. 
Scbum is an oily liquid. The water content of sebum is so low that the assumption of spontane- 
ous formed water-sebum emulsions is not justified. 

One of the physical properties of sebum, the viscosity or the surface tension, might 
regulate its excretion. We determined the pressure, needed to overcome the viscosity and 
surface tension in the sebaceous gland. The results indicate that the surface tension regulates 
sebum excretion. 

Zusammen]assung. :Die Rfickfettungskurve yon 21 Versuchspersonen zeigt, dab die 
Talgausscheidung in der ersten Stunde am grSBten ist und mit jedem weiteren Rfickfcttungs- 
intervall abnimmt. Die Rfickfettung nach stfindlicher Entfettung ergibt dagegen eine kon- 
stante Ausscheidungsrate fiber 7 Std. Daraus kann geschlossen werden, dab die Talgausschei- 
dung dutch den ausgeschiedenen Talg reguliert wird. 

Abdrficke der Stirn mit Glaspl~ttchen zeigen, dab der Talg in Form yon Tr6pfchen aus- 
geschieden wird. Talg ist eine 61ige Flfissigkeit, dessen Wassergchalt so gering ist, dab die 
Annahme einer spontanen Emulsionsbildung mit SchweiB nicht gerechtfertigt ist. 

Eine dcr beiden physikalischen Eigenschaften des Talges, ngmlich die Viscosit~t oder die 
Oberfli~chcnspannung, sollte die Ausscheidung regulieren. Wir haben den Druck gemessen, 
der notwendig ist, die Viscosit~it and die Oberfl~ehenspannung in der Talgdrfise zu iiberwinden. 
Die Resultate zeigen, da$ die Oberfl~chenspannung die Talgausseheidung reguliert. 

As a rule, the  refa t t ing of defat ted h u m a n  skin leads to the  same level of 
sebum at  the  surface of the  skin after several hours as prior to defatt ing.  This 
level varies for each individual ,  as well as for every par t icular  par t  of the body, 
symmetr ica l  ar ranged areas revealing identical  excretion. W i t hou t  external  inter-  
ferences, e.g. cleaning of the  skin, the sebum level remains  constant .  Slight 
interferences e.g. wiping off a t  unpro tec ted  areas are ei ther of little impor tance  
or are compensa ted  quickly : this is explaining the  relat ive constancy o f thc"casua l  
level". The cons tancy  of surface fat  levels suggests a decrease of the  sebum 
excret ion with increasing levels of excreted sebum. This is in agreement  with the  
clinical pa t t e rn  of skin fa t tening.  The decrease means  t h a t  the sebum excret ion 
mus t  be regulated.  Such regulat ion has been claimed by  Miescher and  Sch6nberg 
and  denied by  K l igman  and  Shelley. 

The Quantitative Determination of Sebum Excretion 
Dur ing  our exper iments  on the  influence of substances inhibi t ing  sebum ex- 

cretion we found tha t  controls always showed a f la t tening of the  excretion-~ime 
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Fig. 1. Refatting curve of 21 test persons (Standard deviations, confidanee limits 950/o are 
given) 

function. As this observation offered us a chance to collect valuable information 
on the physiology of sebum excretion, which was examined more closely using 
the following procedure. 

The test  person's forehead was defat ted by  ten successive applications of 
strips of clear plastic under pressure. The remaining sebum was determined by 
the ground glass method of Schaefer and Kuhn-Bussius. After refatting times 
of 1, 3, 5 and 7 hrs, the amount  of excreted sebum was measured on consecutive 
days. Daily measuring was performed to avoid misleading results from the 
wiping-off-effect arising from the measuring method. Fig. 1 shows the refatting 
curve obtained from 21 test  persons over a 7 hrs-period. 

The excretion rate  was highest during the first hour of the experiment and 
decreased continuously with every consecutive fatt ing interval. 

From these data it can be concluded tha t  either the sebaceous gland is rapidly 
exhausted or tha t  the excreted sebum itself inhibits further excretion. Since the 
test  persons were not immobilized a certain amount  of wiping-off during the 
refatt ing t ime had, of course, to be taken into consideration. However,  the 
constancy of the individual measurements shows tha t  the natural  loss of sebum 
cannot, by  any means, explain the flattening of the curve. 

The test  persons were divided into four groups according to their sebum ex- 
cretion. 1. very strong excretion (30--50°/0 transmission after 1 hr), 2. strong 
excretion (20--30o/0 transmission after 1 hr), 3. weak excretion (10--20°/0 trans- 
mission after 1 hr) and 4. very  weak excretion (below 10°/0 transmission after  1 hr). 
Fig. 2 shows the four groups. 

In  the first group a considerable inhibition could already be noted; in the 
second group the inhibitory effect was still stronger and in the third group the 
excretion had completely stopped at  the t ime of the last reading. Group four, as 
well, fits into this general picture, however exact quanti tat ive data on the results 
could not be obtained, due to considerable scattering of the values. 
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Fig.2. Refatting curve of different exeretors (Standard deviations, confidance limits 950/0 
are given) 

These data raised the question whether an exhaustion of the sebaceous gland 
plays an important role in sebum regulation. To clarify this point, further ex- 
periments were performed. 

Exhaustion o/Sebaceous Glands 

The skin was defatted as described above and the residual sebum was deter- 
mined by the ground glass method. After 1 hr the refatting was measured. 
Subsequently the skin was defatted again and allowed to refat for lhr. Then 
the excretion was measured as previously. This procedure was repeated over 
7 hrs. The results (Fig.3) indicate that  the excretion rate is constant during the 
whole experiment and equals the initial rate in Fig. 1. 

These data prove that  there is no exhaustion of the sebaceous gland, at least 
not during our reading period of 7 hrs. Subdividing the test persons into strong and 
weak excretors and plotting the respective results separately reveals the same 
general pattern (Fig.4). Sebum excretion is constant in both groups, the ex- 
cretion rate being equal to the respective initial rates in Fig. 1. 

The rate of sebum excretion remains constant, if the sebum is removed con- 
tinually, whereas it decreases when the sebum is not removed. There is only one 
possible explanation for this fact, that  is that  the sebum excretion is regulated 
by the excreted sebum itself, the regulation being more effective in weak 
excretors than in strong ones. The results presented here are not necessarily in 
disagreement with those of Kligman and Shelley. These authors used "seba- 
ceous athlets", whose weak regulation probably escaped detection by the authors 
methods. 
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Fig. 4. Refatting curve by defatting each hour; different excretors 

Sebum Excretion on the Forehead 

I n  accordance with Kl igman and Shelley we found a droplet  shaped excret ion 
of  sebum on the  forehead of our tes t  persons. While Kl igman and Shelley looked 
at  the  forehead direct ly with a stereoscopic microscope, we examined prints of  
the forehead on glass plates, e.g. slides, under  the  stereoscopic microscope, whereby 
we made  the  following observations (Fig. 5). 

1. There  is no coherent  film, but  ra ther  a lot of little droplets to be seen; this 
is in agreement  with Kl igman and Shelley's results who used cigarette paper  
prints. 

2. The excreted scbum is a clear and t ransparent  oil which does not  contain 
any  emulgated  droplets of  water.  
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Fig.5. Prints of the forehead on Slides, strong excretor (left), weak excretor (right), taken 
15 rain after defatting of the forehead 

3. In the sebum solid particles are visible, presumably remainders of cell 
walls from the sebaceous gland or horny cells of the infundibulum. 

4. Strong and weak sebum excretors differ mainly in the size of the droplets ; 
the number of droplets was about the same in both series. 

In  a second experiment, when we wiped off the forehead immediately before 
taking a print, again only droplets could be detected on the slides. This observation 
indicates that  the droplets are located in funnel-like depressions of the skin 
surface, namely in the openings of the sebaceous gland follicles. I f  they would 
be located on the skin surface, the droplets would have been wiped off and would 
have disappeared. 

From these experiments, sebum excretion on the forehead can be described 
as follows : 

The available sebum is mainly located in the openings of the sebaceous gland 
follicles and constitutes an oily liquid. Under the stereoscopic microscope little 
droplets can be seen, which are located in the duct openings as shown in Kligman's 
and Shelley's paper. These droplets are partly removed with glass plates. Accord- 
ing to these morphologic observations, the sebnm does not spread over the sur- 
face of the skin. Moreover, the horny layer cannot act as an important reservoir 
for sebum, as no film-like, homogeneous print could be obtained. There is no 
film-like spreading of the sebum over the skin surface. Only with strong excretors 
can a overflow into the furrows of the skin occur. The measurement of the so 
called skin surface fat by various methods therefore amounts to a more or less 
complete extraction of the available sebum from the sebaceous gland follicles. 

The Properties of Sebum 
As shown in Figg. 1--3, sebum regulates its own excretion, i t  can be assumed 

that  this regulation is effected by the physical properties of the oily liquid. The 
sebum needed for our studies was readily attained in the following way. 
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Table 1. Water content of scbum samples 

Subject mg Sebum °/0 water 

As 0.87 3.2 

B1 1.05 0 

Ga 1.34 1.2 

Hb 0.65 1.4 

Hz 0.90 1.8 

Ja  0.70 0 

Po 1.79 0 

Si 1.12 1.1 

St 1.55 0 

Su 1.25 0 

a) Collection o/the Sebum 

F r o m  the  p r in t s  t a k e n  f rom the  forehead  the  sebum drop le t s  were col lected 
b y  means  of  a ben t  razor  blade.  

F r o m  the  razor  b lade  the  sebunl  was t r ans fe r red  into  a na r row capi l lary ,  
whe reby  the  scales of  h o r n y  l aye r  r e m a i n e d  on the  razor  blade.  W i t h  no rma l  
excre tors  eve ry  p r in t  p rovides  mi l l ig ram quant i t i es  of  fresh, unchanged  sebum. 
The sebum ob ta ined  b y  this  p rocedure  st i l l  conta ins  solid par t ic les ,  which can be 
r emoved  b y  cen t r i fuga t ion  in a mel t ing  po in t  t ube  a t  3000 rpm.  The  s u p e r n a t a n t  
consists  of  clear  sebum.  

b) Measurement o] the Water Content o/the Sebum 

I t  has r e p e a t e d l y  been  c la imed t h a t  sebum and  sweat  form an emulsion.  W i t h  
our  pr in t s  of  sebum drople ts ,  we were unable  to  de t ec t  a n y  signs of  such an  
emulsion,  i .e.  d rop le t s  of  wa te r  in t he  sebum.  However ,  i t  seemed wor thwhi le  
to ga the r  some in format ion  on the  wa te r  con ten t  of  sebum,  using a v e r y  sensi t ive  
me thod .  

Sebum was col lected f rom 10 t e s t  persons and  i ts  wa te r  con ten t  was deter-  
mined  b y  in f ra red  (IR) spec t ro scopy  according to Meeker  et al. The samples  of  
sebum were dissolved in 0.4 ml ace ton  and  the i r  I R  absorp t ion  measured  a t  
1910 nm and  1 m m  p a t h  length.  The  resul ts  are  summar ized  in Table  11. 

The  low wate r  con ten t  found  in a few samples  does no t  ju s t i fy  t he  a s sumpt ion  
t h a t  sebum forms emuls ions  spontaneous ly .  I t  is even  possible  t h a t  t he  respec t ive  
I R - b a n d s  s tem f rom hydroxy l i c  groups  belonging to  componen t s  o the r  t h a n  water .  
Accord ingly ,  i t  was no t  poss ible  to  r emove  the  bands  b y  evapora t ing  the  sample  
"As"  of  Table  1 in a vacuum,  which means  t h a t  t he re  is no wa te r  p re sen t  which 
could form an  emulsion.  These  resul ts  do no t  encourage  fu r the r  bel ief  in t h e  
fo rma t ion  of  an  emuls ion  f rom sebum and  sweat .  

1 We wish to thank Mr. W. Huppertz of our Analytical Laboratories for measuring the 
IR spectra. 
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Fig. 6. Apparatus for measuring viscosity and surface tension 
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c) The Regulating Properties o/the Sebum 

In  principle, two properties of the liquid sebum could be responsible for the 
regulation of excretion, i.e. viscosity and surface tension. 

We have determined the pressure necessary to overcome the viscosity and the 
surface tension in a capillary, simulating a sebaceous gland follicle. Both measure- 
ments were made with the same apparatus using a normal thermometer capillary 
(Fig.6). The temperature was held constant at 35°C. 

Pressure and Viscosity 

We determined the pressure-time function of the viscosity. The length of 
the sebum column as well as the distance over which it was moved in the capillary 
were kept constant. 

The dimensions of the in vitro experiment: 

Radius of the capillary (r) 0.12 mm 
Length of the scbum column (h) 10.00 mm 
Distance moved in the capillary (l) 10.00 mm 

The experiment in vitro. 
The experiment was carried out with sebum samples of ten different persons 

in the following way. After removal of the solid particles by centrifugation, 
sebum was transferred to the capillary where it formed a column of 1 cm length. 
Subsequently the column was moved over a distance of 1 cm by applying a 
certain pressure; the time necessary for this movement was registered. Fig. 7 
shows the average pressure-time-function. From this curve the following pressure- 
time-function can be derived: 

1 
p : 282 • ( ~  13.9) + 16.3 ( t  1.93) 
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Fig. 7. Pressure-time function of sebum viscosity 

The  in t e r cep t  in t he  p lo t  of  t he  e x p e r i m e n t a l  d a t a  is an  in t eg ra t ion  cons tan t  
and  does no t  the re fore  influence the  eva lua t ion  of  t he  equat ion.  Subs t i t u t ing  h 
and  l in to  i t  we ob ta in :  

1 
p = 2.82 • h • l .  T 

This equa t ion  is a special  form of  t he  equa t ion  of  Hagen-Poiseui l le .  
Assumed  d imensions  of  t he  sebaceous  g land :  
I n  o rder  to  compare  t he  above  men t ioned  d a t a  wi th  t he  physiological  con- 

d i t ions  of  sebum excre t ion ,  t he  following d imensions  were a s sumed:  

R a d i u s  of t he  duc t  (r) approx .  0.10 m m  
L e n g h t  of t he  sebum column in t he  duc t  (h) approx .  1.00 m m  
Dis tance  (excessive value)  moved  b y  the  column 

in t he  duc t  in 1 hr  (3600 sec) approx .  0.10 m m  

Compar ison  of  t he  i n  vi tro d a t a  to  t he  ac tua l  sebum secre t ion:  
The  resul ts ,  ob t a ined  i n  vi tro,  shall  now be app l i ed  to t he  sebaceous gland.  

Subs t i t u t i on  of  these  va lues  in to  t he  expe r imen ta l l y  ob ta ined  equat ion ,  yields  
the  pressure  which is needed  to  overcome the  v iscos i ty  in t he  sebaceous  gland.  

1 
p = 2.82 × 1 × 0.1 • 360~ --~ 7.8 • 10 -5 m m  wa te r  co lumn 
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Subject Pressure in mm watercolumn 

As 49 
B1 52 
Es 51 
Ja  48 
Ma 46 
Me 48 
Po 55 
Qu 49 
Sw 57 
Wa 53 
average 51 

I t  has to  be t a k e n  into  considerat ion,  however ,  t h a t  the  original  sebum 
conta ins  solid par t ic les ,  which m a y  increase  its viscosi ty.  

Pressure and Sur/ace Tension 

The pressure  has been  de t e rmined  which was necessary  to increase  the  surface 
of t he  sebum from 0.05 m m  2 in t he  capi l la ry  (r = 0.12 ram) to  0.5 m m  ~ in i ts  
funne l - shaped  opening (r = 0.4 mm).  These  resul ts  are shown in Table  2. 

F o r  t he  increase  of t he  surface agains t  the  surface tension,  an average  pressure  
of a 51 m m  wate r  column is required.  This means,  t h a t  a s imilar  pressure  has  to  
be gene ra t ed  b y  the  sebaceous g land for sebum excre t ion ,  when the  same di- 
mensions  are  assumed,  as app l ied  in th is  in vitro exper iment .  

These resul ts  d e m o n s t r a t e  t h a t  the  outflow resis tance,  due to  t he  v iscos i ty  
is several  orders  of  magn i tude  smal ler  (7.8 - 10 -5 vs 51 m m  wa te r  column),  t h a n  
t h a t  due  to t he  surface tension.  Therefore  the  surface tens ion  mus t  be t he  phys ica l  
p rope r ty ,  which regula tes  t he  sebum excret ion.  

The  t ime  for the  increase  in surface tens ion  of the  sebum in the  widening  duc t  
openings  corresponds to t he  decrease  in sebum excre t ion  (Fig. 1). The  influence 
of  t he  viscosi ty,  which would be a l inear  one, could no t  account  for the  f la t tening 
of  t he  excre t ion- t ime  curve (Fig. 1). 

Considering the  surface tension,  i t  is easy  to  expla in  why  a weak  sebum 
excre tor  exhib i t s  a s t ronger  r egu la to ry  effect, t h a n  a s t rong excretor .  This effect 
mani fes ts  i t se l f  a l r e ady  a few hours  af ter  de fa t t ing  (Fig. 2): the  surface tens ion  
is more  effective in t he  na r row sebaceous g land ducts  of  weak  excretors ,  t h a n  in 
the  wider  duc ts  of  the  s t rong excretors .  

The r egu la to ry  mechan i sm can be v isual ized as follows. The  sebaceous g land 
del ivers  the  sebum into the  duct .  Since the  duc t  widens towards  i ts  opening,  the  
surface tens ion  increases wi th  t he  filling of the  duct .  As soon as t he  surface tens ion 
reaches  a cr i t ical  level, t he  g land  s tops  fu r the r  excret ion.  This leads to  t he  so 
called "casua l  level" ,  which in fac t  is an uncasual  level, as is d e m o n s t r a t e d  b y  i ts  
r emarkab l e  constancy.  

This r egu la to ry  mechanism of  sebum excre t ion  migh t  influence the  sebum 
produc t ion  b y  feed back.  The  a m o u n t  of sebum presen t  in t he  duc t  could regula te  
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t h e  p roduc t ion  in t he  g land  v ia  a chalon mechanism.  This would cor respond to  
the  common view, t h a t  p ro l i fe ra t ing  sys tems  are  r egu la t ed  v ia  an inh ib i t ion  of  
the  pro l i fe ra t ion  b y  ehalons,  p roduced  in t he  d i f fe ren t ia ted  p a r t  of  these  t issues.  

I wish to thank Dr. W. G. Eberlein and Dr. H. Machleidt for discussing the physical part. 
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