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Summary. Ductuli efferentes epithelium of the hamster consists of a single layer of cells 
resting upon a typical basement membrane. Two cell types, ciliated and non-ciliated, which 
are held together by a junctional complex, are distinguished in this epithelium. 

The ciliated cells present numerous cilia having prominent basal bodies. These lie in the 
apical cytoplasm surrounded by a feltwork of filaments. Throughout the cell dense particles 
of the glycogen type are abundant. 

The non-ciliated cells are interspersed among the others without regular sequence. They 
are consistently more numerous toward the ductus epididyruidis. The luminal surface shows a 
variable number of microvilli, canaliculi and vesicles. Colloidal mercuric sulfide (SHg) was 
injected into the rete testis as particulate tracer material, in order to identify the cellular 
type specializing in absorption and to study the mechanism of transport of these particles. 
Particles of the tracer were selectively incorporated into non-cfliated cells (apical vesicles, 
eanaliculi and vacuoles). The functional significance of these morphological and experimental 
findings is discussed. 

Introduction 

The duc tu l i  efferentes of hamste rs  cons t i tu te  a complex sys tem of tubules  
t h rough  which spermatozoa  pass from the tes t is  towards  the  epididymis .  These 
ductu les  in the  ra t ,  were s tud ied  b y  voN MSLLENDORFF (1920) who found t r y p a n  
blue wi th in  the  ep i the l ium af ter  subcutaneous  inject ion.  VON MOLLENDORFF 
pos tu l a t ed  the  s imi la r i ty  of this  epi the l ium and  the  cells of the  p rox imal  convoluted  
tubules  of the  k idney ,  as to thei r  capac i ty  of reabsorpt ion .  Since then,  in spite  of 
numerous  indi rec t  observa t ions  of reabsorp t ion  a t  the  level of the  efferent  duc ts  
(VAN WAOENEN, 1925; WAGENSEIL, 1928; YOUNG, 1933; MASON and SHAVERS, 
1952; HOLSTEIN, 1964) a d i rec t  demons t r a t ion  was given as la te  as 1959 by  
BURGOS et  al., when t hey  found incorpora t ion  of Fe  59 t h a t  had  been in jec ted  
two hours  before in to  re te  testis.  The non-ei l ia ted cell t ype  seemed to be in charge 
of Fe  59 absorpt ion .  The s imi la r i ty  in the  s t ruc ture  of this  cell t ype  and  t h a t  of the  
p rox ima l  convolu ted  tubules  of the  k idney  was po in ted  out  b y  BURGOS (1957), 
YOUNG and  LADMAN (1957), LADMAN and  YOUNG (1958). I n  this  pape r  we offer 
d i rec t  proof  b y  demons t r a t i ng  the  incorpora t ion  of previous ly  in jec ted  colloidal 
par t ic les  b y  non-ci l ia ted cells. A t  the  same t ime we describe the  u l t r a s t ruc tu ra l  
charac ter i s t ics  of bo th  cellular types  of the  epi the l ium and  advance  an  inter-  
p re t a t ion  on the  mechanism of t r anspo r t  of the  colloidal part icles .  
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Materials and Methods 
Twenty five male hamsters (Cricetus auratus) 6 months old and weighing 120 grams, were 

used. They were anesthetized with nembutal administered intraperitoneally. On exposing the 
vascular pole of the testis, the fete testis was injected with a 0.1 ml solution of colloidal mer- 
curic sulfide, 8 % (Hille Laboratories, Chicago) in distilled water containing 2 mg of mercuric 
sulfide (BuRGos, 1964). Five minutes later the efferent tracts were fixed "in situ" in cold 1% 
OsO 4, phosphate buffered to pH 7.3 (MmLO~m, 1961), administered by drops placed upon the 
tissue simultaneosty with its injection into the rete testis. After 10 min fixation, ductuli 
efferentes were removed and placed in fresh fixative to complete 2 hours of fixation. The ma- 
terial was dehydrated in ethyl alcohol and embedded in epon (LvFT, 1961). Ultrathin sections 
were obtained with a Huxley ultramicrotome and were stained with lead citrate and uranyl 
acetate (REYNOLDS, 1962); they were covered with a thin layer of carbon and examined in a 
Siemens Elmiskop I electron microscope operated at  60 KV and low amperage acceleration, to 
avoid sublimation, of mercury through the beam's action. 

Results 

Histology 
The 5 to 12 efferent  dnctu l i  of the  h a m s t e r  or ig inate  near  the  vascu la r  pole of 

the  tes t is  b y  pa r t i t i on ing  of the  ex t r a t e s t i cu la r  cone of the  re te  tes t is  (MoNTORZI 
and  STATI, 1964). I n  the  ra t ,  ductu l i  efferentes or iginate  f rom m a n y  ex t r a t e s t i cu l a r  
cones of the  re te  tes t is  (Roos~N-RuNQE, 1961). 

Due tu l i  efferentes a re  l ined b y  a s imple co lumnar  ep i the l ium consist ing of two 
cell t ypes ;  c i l ia ted  a n d  non-ci l ia ted .  Bo th  res t  on a well-defined basemen t  mem-  
brane  (Fig. 1 b). I n  the  region p rox ima l  to  the  test icle  there  is a cor responding  
c i l ia ted cell for each non-c i l ia ted  cell (1/1), while in  the  d is ta l  region the  p ropor t ion  
of the  non-c i l ia ted  cells increase  up  to double  (1/2). Close to  the  re te  tes t i s  the  
d i ame te r  of the  lumen of each duc tu le  is a b o u t  300 microns;  in the  v ic in i ty  of the  
capu t  e p i d y d y m i s  the  lumen d i ame te r  decreases to  150 microns.  The he ight  of the  
ep i the l ium remains  a lmos t  cons tant .  

Outs ide the  ep i the l ium some pla in  muscu la r  f ibers are  a r ranged  in a single 
l ayer  sur rounding  each ductule .  This l aye r  becomes more  ev iden t  in  the  d i s ta l  
t h i rd  (Figs. 1, 1 b, 9). 

Cytology 
Ciliated and  non-c i l ia ted  co lumnar  cells have  the  following u l t r a s t r u c t u r a l  

character is t ics :  Non-ciliated cells: Their  nuclei  t end  to lie in the  basa l  region and  
are of ten i r regular  in out l ine {Fig. 1). Nuc lea r  pores  are inf requent .  The apical  
border  of the  cells shows th in  microvi l l i  t h a t  are f r equen t ly  fused in pairs.  These 
microvi l l i  v a r y  in n u m b e r  and  pa t t e rn .  I n  some cells (Fig. 5) t h e y  are  numerous ,  
long and  regular ,  while in others  t h e y  a p p e a r  short ,  i r regular  and  less numerous  
(Fig. 4). 

The la te ra l  p l a sma  m e m b r a n e  has  few sinuosi t ies;  there  are junc t iona l  com- 
plexes wi th  ne ighbour ing  cells. These junc t ions  are  of three  types :  Zonula  occlu- 
dens, desmosome and  zonula  adhaerens  as descr ibed for o ther  epi the l ia  (B~IGHT- 
MAN and  PALAY, 1963; FARQUHAR and  PALADE, 1963; ROlG DE VARGAS-LINARES 
and  BURGOS, 1965). The 100/k in terce l lu lar  space widens occasionsal ly  forming 
small  d i l a ta t ions  wi th  which some p inocy to t i c  vesicles anas tomose  (Fig. 8). I n  the  
basa l  region the  cy top lasmic  m e m b r a n e  shows a few folds and  scan ty  in terdigi -  
ra t ions  (Figs. 1, 10). 
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Fig. 2. Sagittal section of a ciliated cell (apical cytoplasm) Ci cilia; M V microvilli; Bc Basal 
body; Ve vesicles. 40,000• 

Fig. 3. Cross section of a ciliated cell (apical cytoplasm). The basal bodies (BC) are surrounded 
by a feltwork of filaments (F). M V  mierovilli. 33,000• 

A t  the  apical  region, the  p l a sma  membrane ,  a p p r o x i m a t e l y  100/~ in thickness,  
carr ies an  i r regular  ex t raneous  coat  made  of del icate  f i laments  which con t r ibu te  
to  increase the  t o t a l  th ickness  of the  cell wall  to abou t  200/~  (Figs. 4, 6, 7). The  
p la sma  m e m b r a n e  and  i ts  cover show invag ina t ions  which are cont inuous  wi th  
canalicul i  and  p inocy to t i c  vesicles be tween  the  bases  of ad j acen t  microvil l i .  These 
canal icul i  and  vesicles show an  even th icker  wall due to the  add i t i on  of a cy toplas -  
mic  g ranu la r  ma te r i a l  l ining the  inner  aspec t  of the i r  m e m b r a n e  (Figs. 4, 6, 7). 
The  eanalicul i  are f r equen t ly  connected  to  the  vesicles (Fig. 4). Canal icul i  and  
vesicles are much  more  a b u n d a n t  t h a n  those in non-c i l ia ted  cells which have  ir- 
r egu la r  and  s can ty  microvfl l i  (compare  Figs .  4 and  5). 

Fig. 1. Low power electronmicrograph of the epithelium of the ductuli efferentes showing 
ciliated and non-eiliated cells. Non-ciliated cells contain a number of vacuoles some of which 
enclose SHg particles (arrow). B M  basement membrane; Ci cilia; M mitochondrion; M V 
microvilli; N nucleus; Va vacuole; S M  smooth muscle. 6,000 •  At higher magnification a 
portion of the ciliated cell cytoplasm shows bundles of filaments (F); ciliary rootlets with 
periodic structure (arrows); endoplasmic reticulum (ER) and mitochondria (M) (inset 1 a) 
32,000 •  A photomicrograph of ductuli efferentes shows the nuclear arrangement of the 

columnar cells (1 b). 1,700 • 
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Fig. 5 (for Legend see p. 63) 
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Fig. 6. Non-ciliated cell (apical cytoplasm) Ca eanaliculus; Co filamentous covering with 
adherent SHg particles (arrows). M V  microvilli; Ve vesicles; Gr Cytoplasmatic coating. 

80,000 • 
Fig. 7. High power electron micrograph of a non-eiliated cell (apical cytoplasm) Co filamentous 

coating; Gr cytoplasmic coating; M V  mierovilli; UM unit membrane. 464,000 • 

Vacuoles of different sizes whose wMls are formed of an 80 A membrane  and 
which contain delicate filaments and granules present an increasing densi ty  and 
smaller size as they  approach the nuclear region (Figs. 1, 8). Around the vacuoles 
one finds lengthened or ovoid mitochondria  with a dense and granular  mat r ix  and 
transversal  or irregular cristae (Fig. 8). Nex t  to the vacuoles and mitoehondria,  
cisternae of rough endoplasmie ret iculum can be observed which occasionally 
show an apparent  cont inui ty  with the lumen of the vacuoles (Fig. 8). Besides, there 
are Golgi elements and dense bodies, bounded by  a single membrane,  ten ta t ive ly  
identified as lysosomes. 

Fig. 4. Non-ciliated cells (apical surface), showing irregular microvflli (MV), eanaliculi (Ca) 
and vesicles (Ve) which contain SHg particles (arrows). A thin filamentous coating is apparent 
on the outer aspect of the apical plasmalemma (Co). I vesicular invagination; Lu lumen. 

40,000 • 

Fig. 5. A second type of non-ciliated cell (apical surface). The slender mierovilli (MV) are 
closely packed. The canalieuli (Ca) and vesicles (V e) present smaller diameter than the ones 

shown in Fig. 4.40,000 • 



Fig. 8. Parts of ciliated (left) and non-ciliated cells (right). The ciliated cell possesses a glubolar 
nucleus containing dense granules (G). Pores (P) are abundant at the nuclear envelope (NE). 
The nonciliated cell encloses large supranuclear vacuoles (Va) intermingled with mitochondria 
(M). The latter are surrounded by cisternae of the endoplasmic reticulum (ER) which may be 
in apparent continuity with vacuoles (*). R ribosomes; arrows: SHg particles; Ve vesicles; 

F filaments; IS intercellular cleft; N nucleus. 28,000 • 
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Fig. 9. Ciliated ceU (basal part). Glycogen particles (Gl) conglomerate toward this zone of the 
cytoplasm. M mitochondrion; F filaments. The lower side of the micrograph comprises a 
capillary surrounded by basement membrane (BM). The endothelium encompasses pynocitosis 

vesicles (Ve) and is interrupted by a typical pore (P) 24,000 • 

The cytoplasm also contains numerous polyribosomes (Figs. 8, 10), and cyto- 
plasmic filaments in contact with the desmosomes. No secretory granules were 
observed. 

Ciliated cells. These have a large nucleus, in the central or apical region. In  
general, nuclei are similar to those of the non-ciliated cells. They usually show a 
higher number  of dense granules and pores (Figs. 1, 8). 

At the apical surface of these cells, long cilia with well defined basal bodies and 
rootlets are observed (Figs. 1,2, 3). Among the cilia, variable in number, short and 
irregular microvilli are found (Figs. 1,2, 3), and the apical cytoplasm contains some 
vesicles and canaliculi, whose walls do not show the covering found in non-cfliated 
cells. 

The cytoplasm has numerous elongate mitochondria with transverse cristae 
and a dense matrix.  These are located in the apical region in close topographical 
relation to dense bodies. The cytoplasm contains filaments, 50 A thick, which are 
apparently related to desmosomes. They form an apical fettwork surrounding the 
basal bodies of the cilia (Fig. 3), or bundles within the cytoplasm (Fig. 8). Very 
abundant  200 to 300/~ particles, deeply stained with lead, having the character- 
istics of particulated glycogen, may  be seen distributed throughout the cytoplasm 
(Figs. l, 9). 

5 Z. Zellforsch., Bd. 83 
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Fig. ! 0. Non-ciliated cell (basal part). Mitochondria (M) are surrounded by rough surfaced 
cisternae (ER). Va vacuole; BM basement membrane, IS intercellular cleft. 29,000 • 

The lateral borders of these cells are slightly sinuous and exhibit the three 
types of junctional complexes as described for non-ciliated cells. The basal part  
is rather  smooth, occasionally with invaginations or interdigitations (Fig. 9). 

Basement Membrane. Both cellular types rest on a well-defined basement 
membrane that  has an amorphous component of moderate electron density and 
borders on fibrils of the subjacent connective tissue (Figs. 9, 10). Quite nearby, 
isolated muscular fibers may  be seen. Blood capillaries arc near the epithelium, 
having a thin endothelium with pores and vesicles and its own basement membrane 
(Fig. 9). 

Absorption o/ Colloidal Particles 

The particles of colloidal mercuric sulfide, injected at  the level of the rete testis 
five minutes before fixation, were recognized among the microvilli, canaliculi and 
apical vesicles and in cytoplasmic vacuoles of non-ciliated cells (Figs. 1, 4, 6, 8). 
These particles adhere to the extraneous coat of filaments which lines the plasma 
membrane at  the cell surface and at the internal face of the eanaliculi and apical 
vesicles (Figs. 4, 6). The colloidal particles adhere to the internal wall of the apical 
vesicles and canaliculi without forming conglomerates. Inside the large vacuoles, 
conglomerate of particles are formed in the lumen with no adherence to the inter- 
nal wall of the vacuoles; they are intermingled with other substances of low elec- 
tron density. Among these substances, electron lucent spaces are observed (Fig. 8). 
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We have observed no vacuoles with these particles to open up in the basal 
region, nor colloidal particles incorporated by  ciliated cells. In  no case were free 
particles found in the cytoplasm. 

Discussion 

This paper contributes the first direct demonstration, at the electron micro- 
scopic level, of absorption by specific epithelial cells of the efferent ducts of the 
testis. Previous studies had offered only indirect proof. B tT~os  et al. (1959) had 
shown incorporation of Fc 59, but  were unable to determine the cellular type in 
charge of the process. 

The non-ciliated cells, now shown to specialize in this process of absorption, 
exhibit ultrastructural  similarities to the cells of the proximal convoluted tubules 
of the kidney, i.e. : the presence of microvilli, apical canaliculi, vesicles and vacuoles 
with contents of variable density. This similarity was already pointed out by 
BURGOS (1957) and LAI)MAN and YouNG (1958), and an important  role in absorp- 
tion processes was predicted for these structures (BuRGOS, 1957; MILLW~, 1960; 
MILLER and PALADE, 1964). 

I t  is notewothy that  the characteristics and distribution of microvilli should 
vary  from one cell to another and tha t  this variation is accompanied by  changes 
in the apical vesicles and canaliculi. We found tha t  fewer microvilli correspond to 
more apical vesicles and canaliculi, and vice versa. There is then a probable 
interrelation between membranes projecting into the cell and ones evaginating 
from it. 

The mechanism of absorption must  involve displacement of underlying cyto- 
plasm, consumption of energy and a flux of membrane similar to those postulated 
by B ~ N ~ T ~  (1956). 

The surface of the microvilli presents a clear filamentous covering in some pla- 
ces similar to the covering described by  BRANDT and PAre'AS (1960) in the cell 
membrane of the amoeba. This filamentous coat becomes more constantly visible 
between the implantation bases of the microvilli. Colloidal particles do not make 
direct contact with the cell membrane but appear to be incorporated in the fila- 
mentous extraneous coat in a way resembling the uptake of colloidal particles by 
cells of the epididymis (BuRGOS, 1964). 

In  the large vacuoles, the filamentous material  loses adherence to the vacuolar 
membrane and conglomerates freely in the lumen. We have not observed vacuoles 
as dilated and as numerous as those pointed out by LADMAN and YOUNG (1958) in 
cells of the efferent ducts of guninea pigs. 

The eiliated cells possess characteristics somewhat similar in several respects 
to those described by  other authors in different epithelia (FAwcETT and PORT~, 
1956; RHODIN and DALHAMN, 1956; LADMAN and YGUNG, 1958; RHODIN, 1962; 
BRIGHTMAN and PALAY, 1963) but  one's at tention is called to the presence of 
abundant  particulate glycogen in the cytoplasm. This abundance in the efferent 
ducts of the hamster  is not observed in other ciliated epithelia. I t s  function 
escapes us, but  one could think of an energy source for ciliary function. 

The existence of a network of filaments among the basal bodies was pointed out 
by  ALLEN (1965) in Tetrahymena pyri]ormis and interpreted as a sustaining appa- 
ratus for the basal bodies and a coordinator and propagator of ciliary movements.  

5* 
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T h e  sur face  coa t  of t he  non-c i l i a t ed  cells and  i ts  a p p a r e n t  role in  t h e  incorpo-  
r a t i o n  of col lo idal  pa r t i c les  sugges ts  t h a t  i t  con ta ins  subs tances  specia l ized  for  

a d h e r e n c e  of specif ic  t y p e s  of molecules .  A s imi la r  conc lus ion  was  d r a w n  by  
BRANDT a n d  PAPPAS (1960); BURGOS (1960, 1964); FAVARD and  CARASSO (1964); 

a n d  FAWCETT (1965). 
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