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A B S T R A C T  

The electron microscopy of human eccrine sweat glands has been studied before and after 
stimulation by pilocarpine iontophoresis. The  identity of the dark and clear cells in the 
secretory segment as defined by Montagna  et aI. (23) was determined by studying serial 
sections, thin for electron microscopy and thick for light microscopy. Cells with numerous 
apical secretory vacuoles are termed mucoid (dark) cells, since these vacuoles stain positively 
for acid mucopolysaccharide. Clear cells are intimately associated with intercellular can- 
aliculi. The  "cuticular  border" of surface cells of the duct is a condensation of tonofilaments 
and granules. Numerous mitochondria are concentrated in basal cells of the duct. The  
presence of mucoid cells in the secretory segment may bear on the interpretation of the 
pathologic findings in the disease cystic fibrosis of the pancreas, and suggests that this disease 
may be due to a basic disorder of mucopolysaccharide production. The  possible roles of the 
various cellular components in the elaboration of sweat arc discussed. 

I N T R O D U C T I O N  

The histology of human eccrine sweat glands has 
recently been summarized by Montagna  (22), 
and the secretory products of these glands have 
been characterized chemically (32) and physio- 
logically (33) in other recent reviews. One of the 
problems confronting any at tempt to correlate 
the structure of eccrine sweat glands with the 
chemistry and physiology of sweat has been the 
inability to establish the functional role of cells of 
the secretory segment by light microscopy. Two 
different cell types have been postulated to be 

present in the secretory segment, based on light 
microscopy (literature reviewed by Montagna  
(22)). Electron microscopic studies published to 
date (4, 13) have not demonstrated significant 
differences within cells of the secretory coil of 
human eccrine sweat glands. The  present study 
was undertaken in order to correlate the light 

microscopy, ultrastructure, chemistry, and phys- 
iology of these glands. 

M A T E R I A L S  A N D  M E T H O D S  

Two techniques were used to obtain samples of skin 
for examination : (a) The volar aspect of the forearm 
of unanesthetized volunteers was cleansed with 70 
per cent alcohol and a 3 or 5 mm disc of skin was 
excised, using the high speed rotary punch biopsy 
(36) ; and (b) the skin of patients under general anes- 
thesia for surgery was cleansed with soap, alcohol, 
and iodine, and an ellipse of skin was excised adja- 
cent to the original surgical incision. 

Sweat secretion was stimulated by pilocarpine 
iontophoresis according to the method of Gibson 
and Cooke (12). Iontophoresis avoids the injection 
of solutions into the dermis and provides adequate 
stimulation for the determination of sweat sodium 
and chloride in clinial application (12). Two- 
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tenths  per  cent  pi locarpine nitrate and,  as a control, 
0.9 per  cent  sod ium chloride were used under  the  
electrode, and  the  cur ren t  passed for 5 minutes .  
T h e  areas of skin thus s t imula ted  were biopsied at 
5, 15, 30, and  60 minu tes  after complet ion of s t imu-  
lation. T wo  or three samples for each t ime period 
were examined  by electron microscopy. 

Following excision, the  skin specimen was cut  
into small  cylinders perpendicular  to the skin sur- 
face by slicing with a sharp  blade and  placed in 
Dal ton ' s  ch rome-osmium fixative (6) for 1 hour  at 
room tempera ture .  O the r  blocks were fixed in neu-  
tral  formol or Zenker-formol and  embedded  in 
paraffin. T h e  osmium-f ixed  specimens were dehy-  
dra ted  t h rough  graded  alcohols, embedded  in a 
mix tu re  of bu ty l -methyl  methacry la te  (7"1), and  
polymerized at 60°C, using benzoyl peroxide as a 
catalyst,  or  in Epon  812 according to the  me thod  
developed by Luf t  (18). Th ick  sections from the 
blocks were cu t  on a Porter-Blum micro tome and  
examined  in a phase  microscope for localization of 
sweat  glands.  T h i n  sections of appropr ia te  areas 
were cu t  and  m o u n t e d  on grids coated with collo- 
dion or Formvar ,  examined  with and  without  
s ta in ing by uranyl  acetate  (37) in either an  R C A  
E M U  3B or 3D electron microscope, and  photo-  
g raphed  at initial magnif icat ions of 1400 to 20,000. 

For the  demons t ra t ion  of cytoplasmic basophil ia  
in 1 to 2 micron sections f rom the methacry la te -  
e m b e d d e d  tissue, numerous  techniques  were tried; the 
most  successful m e t h o d  was the  gal locyanin chrome 
a lum stain of  Einarson (10) prepared  as described by 
h im and  used fresh. Sections 1 to 2 ~ thick were 
m o u n t e d  on glass slides by floating on 10 per cent  
acetone and  f lat tening wi th  the  aid of mild heat.  
T h e  slides were t reated with benzene for 2 hours  to 
remove  the methacry la te ,  then  with xylene and  al- 
cohols of descending s t rength to water,  and  stained 
with gal locyanin ch rome  a lum for 4 to 5 days. Stain- 
ing for the  usual  period of 24 to 48 hours produced  
only faint s taining in osmium-f ixed tissue. After 
comple t ion  of staining, the sections were rinsed in 
water ,  dehydra t ed  in graded  alcohols, cleared in 
xylene, and  m o u n t e d  in Permount .  

For the  s tudy  of various ca rbohydra te  compo-  
nents  in sections of sweat  g lands  several techniques  
were employed.  M e t ach romas i a  in both  osmium-  
and  formol-fixed tissue was s tudied by s ta ining sec- 
tions with buffered toluidine b lue  at p H  5.0, using 
McI lvane ' s  buffer  as r e c o m m e n d e d  by M o n t a g n a  
et al. (23). T h e  periodic ac id-Schi f f  t echnique  was 
used as described by M c M a n u s  (19). T h e  Alcian 
blue technique  for acid mucopolysacchar ides  (24) 
was found to be applicable only on formol-fixed 
tissue, since the  o smi um fixative used conta ined 
ch roma t e  which  precipi ta ted the  dye. Superb re- 
suits were obta ined  by use of the  modif ied Hale  

colloidal i ron stain (25) on osmium-f ixed tissue. 
T h e  intensity of s taining is greatly increased with 
no loss of specificity when  0.5 or 1 cc of concen-  
t ra ted nitric acid is subst i tu ted for acetic acid in 
the  s ta ining solution. The  washing  was also changed,  
the  entire procedure  being as follows: (a) Place in 
xylene or benzene  to remove methacryla te ,  1 to 2 
hours.  (b) Hydra t e  sections with graded  alco- 
hols. (c) Stain l hour  in colloidal iron made  as follows : 
stock colloidal iron (29), 22 cc; distilled water,  17 ec; 
nitric acid, 1 cc. (d) W a s h  in r unn ing  tap  water  for 
5 minutes .  (e) Place in potass ium ferrocyanide and  
hydrochloric  acid, equal  parts  of 2 per  cent  solutions 
of each, for 20 minutes .  (f) W a s h  in r unn ing  tap  
water  for 5 minutes .  (g) Dehydra te ,  clear, and  
mount .  

Control  sections were always s ta ined with the  
ferrocyanide step alone to de termine  whether  any  
s ta ining was due to iron present  in the  tissue section. 

O B S E R V A T I O N S  

Identification of Cell Types 

H u m a n  eccr ine  swea t  g l ands  a re  s imple  t u b u l a r  

g l ands  c o m p o s e d  of two d i s t inc t  pa r t s :  a d u c t  

l ined  by  a d o u b l e  l ayer  of  cubo ida l  cells, a n d  a 

secre tory  s e g m e n t  c o m p o s e d  of  a layer  of  c o l u m n a r  

or  p y r a m i d a l  cells. T h e  g r ea t e r  p a r t  of  the  g l a n d  

is coiled in to  a loose " g l o m e r u l u s "  a t  t he  de r rno-  

s u b c u t a n e o u s  j u n c t i o n ,  w i th  t he  d u c t  e x t e n d i n g  

f rom the  skin sur face  in to  the  coil itself; t he  re-  

m a i n d e r  of  the  coiled pa r t  is the  secre tory  seg- 

m e n t ,  in  w h i c h  two cell types  a re  present .  

M o n t a g n a  et al. (23) t e r m e d  t h e m  d a r k  cells a n d  

c lear  cells, re fer r ing  to the i r  aff ini ty  for bas ic  

dyes.  T h e  basoph i l i a  of  d a r k  cells is abo l i shed  by  

r i bonuc lea se  (23), sugges t i ng  t h a t  t he  m a t e r i a l  

w h i c h  is respons ib le  for t he  basoph i l i a  is r ibo-  

nuc le ic  acid.  T h e  d a r k  cells a p p e a r  to c ap  or  

cover  c lear  cells, a n d  this  o v e r l a p p i n g  resul ts  in  an  

a p p a r e n t  s t ra t i f icat ion.  

T o  ident i fy  d a r k  a n d  c lear  cells in  e lec t ron  

m i c r o g r a p h s ,  serial  sect ions were  cut ,  t he  first 

one  t h in  for e x a m i n a t i o n  in t he  e lec t ron  mic ro -  

scope,  a n d  the  a d j a c e n t  sec t ion 1 ~ th ick  for 

e x a m i n a t i o n  in t he  l igh t  mic roscope  af ter  s t a i n ing  

w i th  g a l l o c y a n i n  c h r o m e  a l u m  as desc r ibed  above.  

Pa i r ed  serial  sect ions,  t h in  for e lec t ron  mic ros -  

copy  a n d  th ick  for g a l l o c y a n i n  s t a in ing  a n d  l igh t  

mic roscopy ,  a re  i l lus t ra ted  in Figs. 1 a n d  2. I n  

t he  l igh t  m i c r o g r a p h  (Fig. 2) cells w i th  basoph i l i c  

c y t o p l a s m  a p p e a r  d a r k  grey.  T h e s e  " d a r k  cel ls"  

a l t e rna t e  w i th  cells h a v i n g  on ly  the  nuc le i  s t a ined ,  
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i.e., "clear cells." Cytoplasmic basophilia is 
reticulated, and numerous small unstained 
vacuoles are present in the apical cytoplasm. Two 
types of cells can also be seen in the electron 
micrograph of the adjacent section (Fig. 1). One 
type, containing numerous apical vacuoles, corre- 
sponds to the dark cells of the light micrograph, 
and the second, showing a very electron opaque 
cytoplasm, corresponds to clear cells in the light 
micrograph. In addition, the clear cells in the 
electron micrograph (Fig. 1) are associated with 
tubular channels into which microvilli project; 
these channels are intercellular canaliculi (de- 
scribed in detail later). Thus cells with numerous 
apical secretory vacuoles seen in phase and electron 
micrographs are the dark cells of light mi- 
croscopy, while cells with very electron opaque 
cytoplasm associated with intercellular canaliculi 
are the clear cells of light microscopy. 

Mucopolysaccharide Content 

The modified Hale reaction applied to 1 
sections of osmium-fixed tissue stains specifically 
1 to 2 /~ round bodies in the apex of dark cells 
(Fig. 3). These darkly stained bodies correspond 
exactly in size and distribution to the secretory 
vacuoles seen in electron micrographs (Fig. 1) and 
to the clear areas of cytoplasm seen in gallocyanin- 
stained sections (Fig. 2). In addition to staining 
the secretory vacuoles, the Hale method stains 
the contents of the glandular lumen and also the 
small spaces between adjacent clear cells (Fig. 3) 
that are identical in size and shape with inter- 
cellular canaliculi seen in Fig. 1. A very faint 
staining of nuclei and a stippling of the cytoplasm 
of duct cells are also seen after staining by the Hale 
method. The stain is also localized in the con- 
nective tissue surrounding the gland, where it is 
present in the material around collagen fibers but 
not within the fibers themselves. The  cytoplasm 
of clear cells and myoepithelial cells fails to show 
any coloration. Control sections stained with 
ferrocyanide were negative for intrinsic iron. 

A very faint but definite metachromasia is 
present in the zone of secretory vacuoles in the 
dark cells of the secretory segment in osmium- 
fixed tissue sections. After PAS staining, the 
glycogen in clear cells could be beautifully demon- 
strated, but only questionable staining could be 
seen in the secretory vacuoles of dark cells. Both 
the PAS and Alcian blue stains demonstrated 

some positive-staining material in the secretory 
segment in paraffin sections of formol-fixed 
tissues, but the exact cytologic localization could 
not be determined. 

Since the so-called dark cells (23) contain 
secretory vacuoles which stain positively for acid 
mucopolysaccharide, these cells are considered to 
be a type of mucus-producing cell. The  terminol- 
ogy of light microscopy is confusing when electron 
micrographs are considered, for the dark cell 
looks clear in the electron micrograph owing to 
the numerous secretory vacuoles. Thus to avoid 
confusion these cells will be designated in the 
present report as mucoid (dark) cells. The term 
"clear cell" as defined by Montagna et aI. (23) 
will be used for cells with electron dense cyto- 
plasm. 

Ultrastructure of Normal Eccrine Gland Secretory 
Segment 

Mucoid (dark) cells are tall columnar cells with 
irregularly shaped nuclei situated beneath apical 
secretory vacuoles that measure 1 to 2/z  in diam- 
eter (Fig. 1). Secretory vacuoles have a limiting 
membrane that surrounds the greater part of the 
vacuole, but the extent of this limiting membrane 
varies (Fig. 4). Confined within the limiting 
membrane of secretory vacuoles is a relatively 
scant amount  of faintly fibrillar and granular 
material which cannot be resolved as any or- 
ganized structure. In occasional mucoid cells 
secretory vacuoles appear to be in the process of 
being liberated from the cytoplasm into the gland 
lumen (Fig. 5). Secretory vacuoles being extruded 
from the cell are more commonly seen following 
stimulation. 

The cytoplasm surrounding the secretory 
vacuoles of mucoid (dark) cells is finely granular; 
many of the granules are dense and discrete and 
measure about 150 A, resembling the particles of 
ribonucleoprotein associated with the ergasto- 
plasmic membranes of protein-synthesizing cells 
(30; Figs. 4 and 5). Most of these granules are 
free in the cytoplasm and not associated with 
membranes, but  occasionally ergastoplasmic sacs 
are present. 

A well defined Golgi apparatus is present in 
mucoid ceils and consists of a loose array of 
flattened agranular membranous sacs, vacuoles, 
and vesicles (Fig. 4). These agranular membranous 
sacs are interspersed with small secretory vacuoles 
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containing fibrillar and granular material indenti- 
cal with that  in the apical secretory vacuoles 
(Fig. 4). These small vacuoles appear  to be 
analogous to prozymogen granules (26) in pan- 

creatic acinar tissue and are termed prosecretory 
vacuoles. A continuity can be traced between 

prosecretory vacuoles and apical secretory 
vacuoles, suggesting that  secretory vacuoles are 
formed in the Golgi zone and migrate to the 
apical cytoplasm. 

Rod-shaped mitochondria  with tightly packed 
cristae are sparsely scattered throughout the 
apical cytoplasm of mucoid cells (Fig. 4). Only 

rarely do mitochondria contain dense mitochon- 
drial granules. 

Occasionally the luminal surface of mucoid cells 
is thrown into irregularly disposed microvilli, 
but most of the free surfaces of these cells are 
relatively smooth (Fig. 4). Terminal  bars are 
present between adjacent cells as they abut on 
the lumen (Fig. 5). 

A few mucoid cells have large globules of 
homogeneous material of moderate  density (Figs. 
1 and 12). This material is presumed to be some 
form of lipid and most likely corresponds to the 
solvent-resistant, fluorescent lipid reported to be 
found in cells of the secretory segment (22). 

The shape of mucoid (dark) cells is that  of an 
inverted pyramid, the apical end of the cell being 
larger than the base. The basal part  of these cells 

FIGURES 1 AND 

These micrographs are from serial sections of the secretory segment of a human cccrine 
sweat gland. Fig. 1 is an electron micrograph at a magnification of 3000, and Fig. 2 
is a light micrograph, at a magnification of 1500, of an adjacent l # section stained 
with gallocyanin chrome alum. Comparable areas of the two sections arc illustrated. 
The lumen (L) in Fig. 1 is filled with granular material, and in Fig. 2 contains no 
stainable material. The arrows in Fig. 1 indicate secretory vacuoles that fill the apex 
of certain cells, and in Fig. 2 indicate the secrctory vacuoles which appear as clear 
areas in the midst of heavily stained cytoplasm. The cells containing secretory vacuoles 
in Fig. 1 are stained by gallocyanin in Fig. 2; these are the dark cells as defined by 
light microscopists. The cells with uniform electron opaque cytoplasm in Fig. 1 appear 
as unstained cells in Fig. 2, with only the nucleus (N) staining with the gallocyanin. 
These cells lack cytoplasmic basophilia in Fig. 2 and are thus the clear cells. Adjacent 
to the (right) clear cell in Fig. 1 are several intercellular canaliculi (IC). These canalic- 
uli are not visible in Fig. 2 owing to lack of coloration of the cytoplasm of clear cells, 
Near the myoepithelial cells labeled Y in Fig. 1 are intercellular canaliculi between 
other clear cells; corresonding areas of myoepithelial cells are also indicated by (Y) 
in Fig. 2. A prominent basement membrane (BM) surrounds the secretory coil in 
Fig. 1, and its contour is scalloped by projections of myoepithelial cell cytoplasm. 
At the periphery of the gland, both clear and mucoid (dark) cells can be observed to 
be in contact with either the basement membrane or myoepithelial cells. The round 
clear areas (F) in Fig. 2 are unstained lipid accumulations of undetermined nature, 
and the corresponding areas in Fig. 1 also contain lipid globules, although the same 
globules are probably not present in both sections. The connective tissue investment 
surrounding the gland in both sections has been disrupted during fixation or embed- 
ding. 

FIGURE 3 

Light micrograph of a l # section of a secretory segment stained with the modified 
Hale colloidal iron stain, osmium-fixed, methaerylate-embcdded; black areas in the 
micrograph are dark blue under the microscope. Numerous small, round bodies fill 
the apical part of certain cells (arrows). These intensely stalned bodies correspond 
exactly in location, distribution, and size to the secretory vacuoles seen in Fig. 1 
and to their negative image in Fig. 2. Thus these cells with apical secretory vacuoles 
are mucoid (dark) cells. The nuclei of some cells are very faintly stained. The con- 
tents of the lumen of the gland and of intercellular canaliculi (IC) arc also stained in- 
tensely. The connective tissue around the gland stains positively for acid mucopolysac- 
charides in this preparation. X 975. 
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rests on either a myoepithelial  cell or the base- 
men t  m e m b r a n e  of the gland (Fig. 1). I t  is im- 
possible to de termine  whe ther  every dark  cell 
makes contact  with  the basement  m e m b r a n e  or a 
myoepithelial  cell in the present study, since serial 
reconstructions were not done. These areas of 
contact,  however, are so frequently seen tha t  they 
probably  exist for every cell. 

Clear  cells (as defined by light microscopy) 
are cells tha t  have large irregular  nuclei and  a 
cytoplasm tha t  is electron opaque and  filled with 
numerous  small, closely packed granules and small 
vesicles of varying size and density (Fig. 6). The  
150 A granules seen in mucoid  (dark) cells tha t  
presumably represent  R N P  particles are only 
rarely seen in clear cells. Glycogen and protein 
are present in the cytoplasm of clear cells (22), 
however,  and  a considerable par t  of the granu-  
larity is p robably  due to these components.  Ir-  
regular  masses of moderately electron opaque 
mater ia l  though t  to represent glycogen are scattered 
th roughout  the cytoplasm of some clear cells, 
especially near  intercellular canaliculi. Organized 
intracytoplasmic m e m b r a n e  systems are absent  in 
clear cells as in mucoid (dark) cells. No ergasto- 
plasmic sacs are seen and  only a small  Golgi 
appara tus  is present in these cells. Globules oi 
lipid mater ia l  similar to tha t  seen in mucoid cells 
are also present in clear cells (Figs. 1, 6, and 12). 

Intercel lular  canaliculi  are a remarkable  spe- 
cialization of these cells. Canalicul i  originate 1 to 
2 /~ above the bases of the clear cells and  course 
between adjacent  cells to empty into the lumen 
of the secretory coil (Fig. 6). The  canal icular  
lumen measures 1 to 2 ~ in diameter ,  and nu- 
merous closely packed microvilli  project into it. 
Extensive and complex interdigitat ions of the 
membranes  of adjacent  cells form a massive double  
m e m b r a n e  system surrounding the canaliculi  

(Fig. 6). Te rmina l  bars are frequently seen be- 
tween adjacent  cells as they abut  on  the can- 
aliculus. Thus,  more  than  one cell part icipates in 
the format ion of a canaliculus, and the eanaliculi  
are indeed inter- and not  intracellular (Fig. 6). 
This par t ic ipat ion of cells to form intercellular  
canaliculi  explains the peculiar  dis t r ibut ion of 
clear cells into groups. The  cytoplasm of clear 
cells, though very a t tenuated,  sur round the 
canaliculus to its junc t ion  with the gland lumen.  

The  basal plasma membranes  of clear cells are 
folded in a complex m a n n e r  as they rest on  
myoepithelial  cells or basement  m e m b r a n e  (Fig. 
1). The  membranes  of adjoining mucoid  (dark) 
and  clear cells are interdigitated,  but  these inter- 
digitations are not so extensive as those between 
adjacent  clear cells sur rounding the intercel lular  
canaliculi.  Occasionally desmosomes are seen 
between adjacent  clear and  mucoid  cells, and  
between clear cells and  myoepithelial  cells. No 
desmosomes (or terminal  bars) have been observed 
between mucoid cells and myoepithel ial  cells. 

Both types of secretory cells rest on myo- 
epithelial cells or, in areas where  there are no 
myoepithelial  cells, on a basement  membrane .  A 
description of the myoepithelial  cell of eccrine 
glands and its changes with contract ion will be 
presented as a separate report. 

Ultrastructure of Normal Eccrine Duct 

The  epi thel ium of the duct  of eccrine sweat 
glands consists of a double  layer of cuboidal  cells; 
the two cell layers are designated as surface ceils 
(in contact  with  the lumen) and  basal cells (rest- 
ing on the basement  membrane) .  

Surface cells have  large, i rregular  nuclei and  
relatively scant cytoplasm that  is largely granular  
and devoid of intracytoplasmic membranes .  T h e  

FIGURE 4 

Apical cytoplasm of mucoid cell, Epon-embedded, uranyl acetate-stained, hnme-  
diately above the nucleus (N) is a large Golgi apparatus (G) associated with small 
vacuoles (P) similar in appearance to secretory vacuoles (S), and thought to be secre- 
tory vacuoles in the process of formation, or prosecretory vacuoles. A definite limiting 
membrane usually can be seen surrounding secretory vacuoles, but in some areas the 
vacuoles appear to fuse with one another (arrows). Small ergastoplasmic granules 
(E) are free in the cytoplasm. Occasional bundles of fibrillar material (FB) course 
through the cytoplasm. The contents of the lumen (L) are stained intensely with the 
uranyl acetate. Small microvilli (V) project into the lumen from the apical part of the 
cell. Mitochondria (M) are scattered throughout the cytoplasm. X 54,000. 
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FIGURE 5 

Apical cytoplasm of a mucoid cell, Epon-embedded, uranyl acetate-stained. A secretory vacuole 
(at the arrow) appears to be emptying into the lumen (L). Other secretory vacuoles (S) appear nor- 
mal. Terminal  bars (T) are seen between adjacent mucoid cells as they abut on the lumen. Nu- 
merous crgastoplasmic granules (E) arc present between secretory vacuoles. X 40,000. 

cytoplasmic granules are of varying size and  
density (Figs. 7 and 8). Numerous  rod-shaped 
mi tochondr ia  having  rare mi tochondr ia l  granules 
are scattered th roughout  the  cytoplasm. A few 
agranular  membranous  vesicles are present tha t  
migh t  represent  a Golgi apparatus ,  bu t  no discrete 
Golgi appara tus  is identified. The  luminal  port ion 
of surface cells is specialized into wha t  has been 
te rmed the "cu t icu la r  border"  in l ight  microscopic 
studies (22). The  "cu t icu la r  border"  appears  

hyaline and  eosinophilic in sections stained with 
hematoxyl in  and eosin. By electron microscopy 
the "cu t icu la r  border"  is seen to be a dense 
condensat ion of small tonofilaments,  granules, 
and  small vesicles (Fig. 8) conta ining occasional 
mitochondria .  T h e  individual  filaments are ap- 
proximately 60 A in d iameter  and  are connected 
to the numerous  desmosomes between adjacent  
surface cells (Fig. 8). Thus,  these filaments are 
tonofilaments (a terminal  web). The  structure of 
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FIGURE 6 

Interccllular canaliculus between clear cclls in a methacrylate-cmbcddcd section. Two portions 
of thc intercellular canaliculus (IC) are present and they are surrounded by numcrous intcrdigita- 
tions (1) of the membranes of adjacent cells. Whcrc these membranes abut on the canaliculus, they 
appear to have terminal bars (T). The background cytoplasm of the clear cell is granular and con- 
tains small vesicles. The basement membrane (BM) surrounding the gland is prominent and ap- 
pears to be scalloped. Occasional lipoid droplets (F) are present. X 32,800. 

the dcsmosomcs of these cells is identical with that  of the surface cells in that  it is largely granular  
of the a t tachment  plaqucs described by Odland and devoid of membrane  elements. A few vesicular 
(29) for squamous epithelia (Fig. 8). profiles are present which are agranular, but no 

The basal cells of the ducts have large, ir- discrete Golgi apparatus. The mitochondria are 
regular nuclei, and their cytoplasm resembles that more numerous than in surface cells and are 
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FIGURE 7 

Eccrine duct  in a me thac ry la t e -embedded  section, T h e  wall of the  duc t  is sectioned perpendicu-  
larly so as to show the double  layer of cuboidal  cclls tha t  composes its wall. T h e  l u m e n  of the  duc t  
(L) is at the  top, and  the  basemen t  m e m b r a n e  (BM) su r round ing  the  duct  is a thin,  diffuse line of 
low densi ty seen at the  lower left. T h e  nuclei  of  surface cells (Ns) and  basal  cells (Nb) indicate the  
extent  of the  cell laying. T h e  "cut icu lar  border"  (CB) of surface cells is a prominent ,  dense b a n d  
of cytoplasm adjacent  to the  lumen.  Small  microvilli (V) project from the  cell surface into the  lumen.  
N u m e r o u s  mi tochondr ia  (M) are present  t h roughou t  the  cy toplasm of both cell types, bu t  they 
are especially p rominen t  in the basal  ceils. Desmosomes (D) are seen between ad jacent  cells in the  
mids t  of interdigi tat ions of ceil membranes .  Extending  from the cell m e m b r a n e s  in the  area of desmo-  
somes are dense masses of mater ia l  similar to tonofibrils in desmosomes of squamous  epithelia (ar- 
rows). X 13,400. 

closely packed ,  especia l ly  a t  t he  base  of t he  cell A l t h o u g h  the re  a re  sca t t e red  d e s m o s o m e s  b e t w e e n  

(Fig. 9). M a n y  of  t hese  c o n t a i n  m i t o c h o n d r i a l  su r face  ceils a n d  basa l  cells, on ly  ra re ly  do  they  

g r a n u l e s  in sect ion.  I n  no o t he r  cells of  t he  en t i re  a p p e a r  b e t w e e n  a d j a c e n t  basa l  cells. Basal  cells 

g l a n d  are  m i t o c h o n d r i a l  g r a n u l e s  so p r o m i n e n t ,  res t  on  a de l ica te  b a s e m e n t  m e m b r a n e  (Fig. 7). 
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Dermal  attachment plaques are occasionally seen 
on the plasma membrane of basal duct cells, but 
these are much more prominent in the cat (27). 

Around the coiled part of the sweat gland are 
numerous capillaries, nerves, fibroblasts, and mast 
cells. Immediately adjacent to the basement 
membrane surrounding the sweat gland are 
numerous collagen fibers and elongated cyto- 
plasmic processes of fibroblasts (Fig. 1). Small 
groups of unmyelinated nerves invested by 
Schwann cells are found in close apposition to the 
sweat gland, but nerves have never been identified 
within the basement membrane. Nerves lacking 
a Schwann cell investment are difficult to identify 
with certainty, but suggestive forms have been 
seen around the sweat glands. A moderately rich 
network of capillaries surrounds the gland, but 
capillary endothelium is not intimately associated 
with glandular epithelium. 

Five and Fifteen Minutes after Stimulation 

Mucoid (dark) cells show signs of active ex- 
trusion of secretory vacuoles, a decrease in the 
number of apical vacuoles, and contraction of the 
apical cytoplasm. The limiting membrane of 
secretory vacuoles frequently appears to have 
fused with the cell membrane at the luminal 
border, and in some areas the vacuoles protrude 
into the lumen, suggesting their extrusion into it 
(Fig. 10). Often bits of cytoplasmic and mem- 
branous debris are seen in the lumen of the gland. 
The  degree to which these changes are visible 
varies from cell to cell. 

In clear cells the major alteration is vacuoliza- 
tion of mitochondria. The cristae of mitochondria 
appear normal, but "holes" are present between 
groups of cristae, as though the mitochondrial 
matrix had dropped out at these points (Fig. 11). 
Virtually every mitochondrion examined in clear 
cells demonstrates this change, in both meth- 
acrylate- and Epon-embedded material, but 
differences in the extent of the alteration do exist. 

No changes have been seen in the intercellular 
canaliculi or in the cells of the duct of the sweat 
gland. 

Thirty Minutes and One Hour after Stimulation 

The most striking change in the secretory coil 
is the decrease of density of the cytoplasm of clear 
cells. The general configuration of the cytoplasmic 
contents is identical with that of unstimulated 

clear cells, but the granules that comprise the 
bulk of the cytoplasm appear to be diminished in 
number or are separated from one another (Fig. 
12). Mitochondrial  vacuolization in clear cells is 
more pronounced at 30 minutes than at 5 minutes 
after stimulation, and in some cells scant cristae 
are arranged only around the margin of mito- 
chondria. At this stage the mitochondria appear 
to be swollen and there is an extreme loss of 
matrix. Intercellular canaliculi between adjacent 
clear cells appear occasionally to be dilated. In 
general, these three changes (decrease of cyto- 
plasmic density, vacuolization and swelling of 
mitochondria, and dilatation of intercellular 
canaliculi) occur together in a given clear cell, 
but they occasionally exist singly. One hour after 
stimulation, mitochondrial vacuolization is much 
less. 

Mucoid (dark) cells 30 minutes after stimulation 
show a marked decrease in the number of secretory 
vacuoles (Fig. 12). Secretory vacuoles and pro- 
secretory vacuoles are still prominent in the Golgi 
zone, although fewer secretory vacuoles are present 
in the apical cytoplasm. 

D I S C U S S I O N  

Electron microscopy reveals that two completely 
different cell types are present in the secretory 
segment of human eccrine sweat glands, ho  and 
Iwashige (15) observed two cell types by light 
microscopy, but they believed that mucoid (dark) 
cells were actually superficial and rested upon 
clear cells. By using toluidine blue to distinguish 
the two cell types, Montagna  et al. (23) demon- 
strated that the mucoid (dark) cells did indeed 
make contact with the basement membrane and 
that clear cells did make contact with the lumen. 
The  conclusion reached by Cormia and Kuyken- 
dall (5), however, that these cell types were 
merely stages of the same cell could not be dis- 
proved. 

The  basic difference between these two cells, as 
described by Montagna et al. (23), was a con- 
siderable amount  of cytoplasmic basophilia in 
mucoid cells which was removed by ribonuclease 
and thus considered to be ribonucleic acid. The  
identity of the two cell types was established by 
comparing serial thin sections for electron micros- 
copy and thick (1 /~) sections for light microscopy 
after staining with gallocyanin. In electron micro- 
graphs, the cells containing numerous apical 
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secretory vacuoles are mucoid (dark) cells, and 
the cells between which intercellular canaliculi  
course are clear cells. 

The  nature  of the secretory products of these 
two cell types in humans  has long been debated  
(22). Dobson et aL (8) have described diastase- 
resistant, PAS-positive mater ia l  released from the 
apical cytoplasm of mucoid (dark) cells dur ing  
secretion. Lee (17) has described Alcian b lue-  
positive mater ial  in the apical cytoplasm of some 
cells in the secretory segment (24). The  ultra-  
s tructure of mucoid cells resembles in general 
tha t  of goblet cells as described by Palay (31). 
The  present study has localized the mucopolysac- 
charide to the contents of secretory vacuoles and  
gland lumen. J i rka  and Kotas  (16) have identified 
glucosamine as a componen t  of h u m a n  sweat (23 
to 30 ~ g / m l  in s t imulated secretion), and  the 
histologic observations are consistent with  this 
finding. 

The  presence of mucoid cells in the secretory 
segment of h u m a n  sweat glands is also consistent 
with  the theory that  in the disease cystic fibrosis 
of the pancreas,  which is character ized by patho-  
logic alterations of the mucus-producing glands 
(pancreatic,  bronchial ,  salivary, lachrymal,  
Brunner 's ,  etc.) (3), a basic defect of mucopolysac- 
charide product ion is present (11). The  sweat of 
patients affected with this condit ion contains an  
abnormal ly  high concent ra t ion  of NaCI and  the 
total osmolarity of the sweat is nearly isotonic, 
whereas normal  sweat is hypotonic  (7). A detailed 
account  of the ul t ras t ructure  of the eccrine sweat 
glands in cystic fibrosis of the pancreas  will be 
presented elsewhere. 

Clear cells are character ized by their  asso- 
ciation with intercellular canaliculi. Intercellular 
canaliculi  and intracellular canaliculi  have been 
described in sweat glands (22), bu t  the cellular 
relationships and the existence of such small 
channels are difficult to determine by l ight  
microscopy. By electron microscopy these channels  
are found to be definitely intercellular. The  evi- 
dence for the intercellular na ture  of these canaliculi  
is tha t  terminal  bars connect  the areas of apposi- 
tion of adjacent  cell membranes  as they abut  on 
the canaliculus. At  no time has a canaliculus been 
seen without  this dist inguishing feature. 

Both types of cells of the secretory coil demon-  
strate morphologic alterations accompanying  
active secretion, r[he mucoid cells l iberate secre- 
tory vacuoles into the lumen,  as evidenced by a 
decrease in the n u m b e r  of secretory vacuoles in 
the cytoplasm, fusion of secretory vacuoles wi th  
the cell membrane  at the luminal  border,  and  
bulging of the vacuoles into the lumen. Thus,  the 
mucopolysaccharide contained within the secre- 
tory vacuoles, in addi t ion to other  unidentif ied 
components,  is l iberated into the lumen following 
st imulat ion (16). 

Clear cells also demonst ra te  morphologic 
changes tha t  can be correlated with functional  
alterations accompanying the state of active 
secretion. Mitochondr ia l  vacuolizat ion in clear 
cells is the earliest change detected after stimula- 
tion, occurring in mater ia l  biopsied 5 minutes 
after st imulation and still being evident 30 minutes  
after stimulation. Mi tochondr ia l  vacuolization is 
seen in diverse circumstances (20, 21, 28), how- 
eve r ; and  at this t ime no conclusion can be reached 

FIGURE 8 

"Cuticular  border" of surface cells of the duct in an Epon-embedded, uranyl acetate- 
stained section. The lumen (L) is cut tangentially at the upper part of the micro- 
graph. Numerous desmosomes (D) connect adjacent surface cells, and inserting into 
the area of the desmosome are masses of tonofilaments (arrows). Tonofilaments (TF) 
are present in the apical cytoplasm in addition to numerous granules (GR) of varying 
size and appearance. The cell membranes (CM) of the adjacent surface cells are cut 
tangentially. Small blunt  microvilli (V) project into the lumen. X 52,000. 

FIGURE 9 

Basal cell of duct in an Epon-embedded, uranyl acetatc~stained section. The numer- 
ous mitochondria (M) with many mitochondrial granules (arrows) are present in 
the basal cytoplasm of these cells. Small bands of tonofilaments (TF) course through 
the cytoplasm. The background cytoplasm is filled with small granules. >( 42,000. 
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as to wha t  it represents in the eccrine sweat gland 
other  than  indicat ing tha t  s t imulat ion has cc- 
cuffed. 

The  lessening of the density of the cytoplasm of 
clear cells which accompanies  g landular  secretion 
can be accounted for if it is assumed tha t  the clear 
cells imbibe  water  dur ing  states of active t ransport  
of fluid. If  they do t ranspor t  water  and solutes, 
these clear cells could be ei ther  pour ing fluid into 
the lumen of the intercel lular  canaliculus or 
actively resorbing components  secreted by mucoid 
cells. The  direct ion of fluid t ranspor t  cannot  be 
de termined  on the basis of the present study. 
Examina t ion  of numerous  sections of sweat glands, 
however,  gives the impression that  an  insufficient 
n u m b e r  of secretory vacuoles exist in mucoid cells 
to explain the volume of secretion produced by a 
single gland, which has been estimated to be from 
5 X 10 -9 to 4 X 10 -6 cm 3 in 15 minutes (9). Thus,  
the most likely conclusion is tha t  clear cells secrete 
into the intercellular canaliculi  a product  con- 
ta ining water  and various solutes. T he  function 
of the intercellular canaliculi  would thus be to 
increase the surface area available for secretion 
wi thout  using the luminal  surface of the cell. 

Normal  h u m a n  sweat is chemically a hypotonic  
solution of NaC1 conta ining small amounts  of 
potassium, glucose, amino acids, etc. (32, 33), and  
it has recently been demonst ra ted  to contain 
glucosamine (16). U p o n  st imulation,  the concen- 
t ra t ion of sodium increases as the rate of secretion 
increases (32). Adams et al. (2) have studied the 
relationship between rate of sweat secretion and  
the concentra t ion of chemical  constituents. On  
the basis of this study they postulated tha t  two 
different kinds of sweat exist, one kind predominat -  

ing at low rates of secretion, and  the other  kind 
at h igh rates. The  presence of two different cell 
types in the secretory coil of eccrine sweat glands 
could support  the thesis of Adams et al. (2) tha t  
two distinct secretory mechanisms exist, each 
producing sweat of characterist ic composition. 

The  chemical  alterations accompanying  secre-- 
tion can  also be considered to be due to active 
reabsorpt ion of a precursor solution by the eccrine 
duct. Schwartz and  Thaysen (34) came to such 
a conclusion on the basis of the fact tha t  the init ial  
sample of sweat collected after s t imulat ion always 
contains a lower concentra t ion of sodium than  
any subsequent  sample. To explain the steadily 
increasing concentra t ion  of sodium achieved after 
several minutes  of secretion, they considered the 
reabsorptive capacity of the duc t  to be limited. 
Basal cells of the duc t  have large numbers  of 
mi tochondr ia  with  p rominen t  mi tochondr ia l  
granules, as compared  with other  cells of the sweat 
gland. The  unproved  hypothesis of Weiss (38) 
tha t  the mi tochondr ia l  granules represent  cat ion 
exchange resins would certainly be intr iguing 
to invoke in the present case, since sodium re- 
absorpt ion by the duc t  would explain the observed 
chemical  changes. A considerat ion of the ul t ra-  
s tructure and  of the chemistry of the secretion of 
the eccrine sweat glands of the foot pad in cats 
provides evidence in favor of ductal  reabsorpt ion 
of ions (27). 

The  eccrine sweat glands are seen to be richly 
innervated  when  examined by classical silver 
techniques (22), and cholinesterase is specifically 
found to be present in a net  sur rounding  the gland 
(1, 14). As seen in the electron microscope, how- 
ever, the only identifiable nerves are those which  

FIOURE 10 

Secretory segment 5 minutes after stimulation, methacrylate-embedded section. 
The lumen (L), adjacent to several mucoid cells, contains membranous debris (O) 
in addition to the usual granular and filamentous material. The apical part  of the 
central mucoid cell contains secretory vacuoles (S) which appear to be bursting into 
the lumen. X 30,000. 

FIGURE 11 

Secretory segment 15 minutes after stimulation, Epon-embedded, uranyl acetatc- 
statincd section. The nucleus (N) of one clear cell appears in the lower part  of the 
micrograph. Surrounding the nucleus arc numerous mitochondria (M), the matrix 
of which has areas of decreased density (arrows). A part  of an intercellular canaliculus 
(IC) and the terminal bars (T) between adjacent cells as they abut on the canaliculus 
are present in the upper part  of the micrograph. X 42,000. 
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FIGURE 1~ 

Secretory segment 30 minutes after stimulation, mcthacrylatc-cmbcdded section. Secretory vacuoles 
(S) are concentrated in a suprannclcar (Golgi zone) part of the mucoid cells. Intercellular canaliculi 
(IC) appear to be dilated. The decrease in density of the cytoplasm of the clear cells that surround 
the intercellular canalicnli is evident when Fig. 12 is compared with Figs. 1, 6, and 11, and is espe- 
cially marked in the clear cell with the nucleus labeled (N). The mitochondrial vacuolization in 
clear cells is visible even at this magnification (lower arrow). The lumen (L) contains granular 
material, and a secretory vacuole (upper arrow) is being liberated into the lumen. Lipid material 
(F) is present in both mucoid and clear cells. Myoepithelial cells (Y) or secretory cells are in con- 
tact with the bascmcnt membrane (BM). X 6100. 

surround the gland; no nerves have ever been 
seen within the basement membrane.  Among 
glandular tissues, only the salivary and lacrimal 
glands have been described by electron micros- 
copy as having intimate contacts between nerves 

and secretory cells (35). Nerves have never been 
seen in contact with the pancreatic acinar tissue 
(26), yet the pancreas responds to vagal stimula- 
tion. Since the eccrine sweat glands show definite 
physiological evidence of innervation (33), the 
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possibility exists tha t  the nerves sur rounding the 
gland release an  excitatory substance which dif- 
fuses th rough  the connect ive tissue and  basement  
m e m b r a n e  to the secretory cells wi thout  a direct  
synapse between neuron  and secretory cell. 

The author wishes to thank Dr. David Bodian, 
Department of Anatomy, The Johns Hopkins Uni- 

B I B L I O G R A P H Y  

1. AAVIK, O. R., Cholinesterases in human skin, 
J. Invest. Dermatol., 1955, 24, 103. 

2. ADAMS, R., JOHNSON, R. E., and SARGENT, F., 
II,  The osmotic pressure (freezing point) of 
human sweat in relation to its chemical com- 
position, Quart. J. Exp. Physiol., 1958, 43, 241. 

3. BOmAN, M., Fibrocystic Disease of the Pancreas, 
New York, Grune and Stratton, 1953. 

4. C~ARLES, A., An electron microscope study of 
the eccrine sweat glands, J. Invest. Dermatol., 
1960, 34, 81. 

5. CORMIA, F. E., and KUVKENDALL, V., Cyto- 
chemical studies of eccrine sweat tubules: 
cellular differentiation and glycogen content, 
J. Invest. Dermatol., 1955, 24, 527. 

6. DALTON, A. J., A chrome-osmium fixative for 
electron microscopy, Anat. Rec., 1955, 121, 
281. 

7. DARLING, R. C., DI SANT' AGNESE, P. A., PE- 
RERA, G. A., and ANDERSEN, D. H., Electro- 
lyte abnormalities of sweat in fibrocystic 
disease of the pancreas, Am. J.  Med. Sc., 
1953, 225, 67. 

8. DOBSON, R. L., FORMISANO, V., LOBITZ, W. C., 
JR., and BROPHY, D., Some histochemical 
observations on the human eccrine sweat 
glands. III.  The effect of profuse sweating, 
J. Invest. Dermatol., 1958, 31, 147. 

9. DOLE, V. P., and THAYSEN, J. H., Variation in 
the functional power of human sweat glands, 
J. Exp. Med., 1953, 98, 129. 

10. EINARSON, L., A method for progressive selec- 
tive staining of Nissl and nuclear substance in 
nerve cells, Am. J. Path., 1932, 8, 295. 

11, FARBER, S., Some organic digestive disturbances 
in early life, J. Michigan ivied. Soe., 1945, 
44, 587. 

12. GIPSON, L. E., and COOKE, R. E., A test for con- 
centration of electrolyte in sweat in cystic 
fibrosis of the pancrease utilizing pilocarpine 
by iontophoresis, Pediatrics, 1959, 23, 545. 

13. HIBBS, R. G., The fine structure of human 
eccrine sweat glands, Am. J.  Anat., 1958, 
103, 201. 

14. HURLEY, H. J., SRELLEY, W. B., and KOELLE, 

versity School of Medicine, for the use of the elec- 
tron microscope laboratory facilities during a part  
of this investigation. Assistance in the procurement 
of human specimens and techniques for stimulation 
was graciously given by Dr. Robert  E. Cooke and 
Dr. L. E. Gibson, Department  of Pediatrics, The 
Johns Hopkins Hospital. 

Received for publication, October 7, 1960. 

G. B., The distribution of cholinesferases in 
human skin with special reference to eccrine 
and apocrine sweat glands, J. hwest. Derma- 
tol., 1953, 21, 139. 

15. ITO, T., and IWASHIGE, K., Zytoligische Unter-  
suchung fiber die ekkrinen Schweissdrusen 
in menschlicher Achselhaut mit besonderer 
Berficksichtigung der apokrinen Sekretion 
derselben, Okajima Folia Anat. Japon., 1951, 
22, 273. 

16. JmKA, M., and KOTAS, J., The occurrence of 
mucoproteins in human sweat, Clin. Chirn. 
Acta, 1959, 2, 292. 

17. LEE, M. C., Histology and histochemistry of 
human eccrine sweat glands, with special 
reference to their defense mechanisms, Anat. 
Rec., 1960, 136, 97. 

18. LUVT, J. H., personal communication. 
19. McMANuS, J. F. A., Histological and histo- 

chemical uses of periodic acid stain, Stain 
Technol., 1948, 23, 99. 

20. M/SLBERT, E., Die Herzmuskelzelle nach akuter 
Oxydationshemmung im elektronenmikrosko- 
pischen Bild, Beitr. path. Anat., 1957, 118, 
421. 

21. MOLBERT, E., and GUERRITORE, O., Elektronen 
mikroskopische Untersuchungen am Leber- 
parenchym bei akuter Hypoxie, Beitr. path. 
Anat., 1957, 117, 32. 

22. MONTAGNA, W., The Structure and Function 
of Skin, New York, Academic Press, Inc., 
1956. 

23. MONTAGNA, W., CHASE, H. B., and LOBITZ, 
W. C., Histology and cytochemistry of human 
skin. IV. The eccrine sweat glands, J. Invest. 
Dermatol., 1953, 20, 415. 

24. MOWRY, R. W., Alcian blue technics for the 
histochemical study of acidic carbohydrates, 
J. Histochem. and Cytochem., 1956, 4, 407. 

25. MOWRY, R. W., Improved procedure for the 
staining of acidic polysaecharides by Mfiller's 
colloidal (hydrous) ferric oxide and its com- 
bination with the Feulgen and periodic acid- 
Schiff reactions, Lab. Invest., 1958, 7, 566, 

B. L. MUNGER Human Eccrine Sweat Glands 401 



26. MUNGER, B. L., A phase and electron micro- 
scopic study of cellular differentiation in the 
pancreatic acinar cells of the mouse, Am. 
d. Anat., 1958, 103, 1. 

27. MONOER, B. L., and BRUSILOW, S. W., An elec- 
tron microscopic study of eccrine sweat 
glands of the cat foot and toe pads--Evi-  
dence for ductal reabsorption in the human, 
J. Biophysic. and Biochem. Cytol., 1961, 11, 
403. 

28. OBERLINO, C., and ROUILLER, C., Les effects 
de l 'intoxication aigne au tetrachlorure de 
carbone sur le foie du rat. Etude au micros- 
cope 61ectronique, Ann. anat. path., 1956, 1, 
401. 

29. ODLAND, G. F., The fine structure of the inter- 
relationship of cells in the human epidermis, 
J. Biophysic. and Biochem. Cytol., 1958, 4, 
529. 

30. PALADE, G. E., and SIEKEVITZ, P., Pancreatic 
microsomes, J. Biophysic. and Biochem. Cytol., 
1956, 2, 67l. 

31. PALAY, S. L., The morphology of secretion, 
in The Frontiers in Cytology, (S. L. Palay, 

editor), New Haven, Yale University Press, 
1958, 305. 

32. ROBINSON, S., and ROBINSON, A. H., Chemical 
composition of sweat, Physiol. Rev., 1954, 34, 
202. 

33. ROTI-IMAN, S., Physiology and Biochemistry 
of the Skin, Chicago, University of Chicago 
Press, 1954. 

34. SCHWARTZ, I. L., and THAYSEN, J. H., Excre- 
tion of sodium and potassium in human 
sweat, J. Clin. Invest., 1956, 35, 114. 

35. SCOTT, B. L., and PEASE, D. C., Electron micros- 
copy of the salivary and lacrimal glands of 
the rat, Am. J. Anat., 1959, 104, 115. 

36. UREACn, F., and SHELLEY, W. B., A rapid and 
simple method for obtaining punch biopsies 
without anesthesia, J. Invest. Dermatol., 1951, 
17, 131. 

37. WATSON, M. L., Staining of tissue sections for 
electron microscopy with heavy metals, J. 
Biophysic. and Biochem. Cytol., 1958, 4, 475. 

38. WEiss, J. M., Mitochondrial changes induced by 
potassium and sodium in the duodenal ab- 
sorptive cell as studied with the electron 
microscope, J. Exp. Med., 1955, 102, 783. 

402 THE JOUaNAI~ OF BIOPHYSICAl, AND BIOCaEMICAL CYTOLOGY • VOLUME 11, 1961 


