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Summary .  The f luid c o m p o s i t i o n  of  five ep id idyma l  
spe rmatocoe les ,  one ep id idyma l  cyst and  a hyd rocoe l e  
was examined .  The  f luid o b t a i n e d  f rom the spe rma to -  
coeles was a di lute  suspens ion  o f  ma in ly  immot i l e  spe rma-  
tozoa .  The  sperm-free  f luid con ta ined  less p ro te in ,  phos-  
pha te ,  glucose,  t r ig lycer ide  and  choles terol  than  serum 
bu t  more  t es tos te rone  and  chlor ide  than  pe r iphe ra l  b lood .  
I t  con ta ined  no ep id idyma l  secre t ion  p roduc t s .  Pro te ins  in 
the f luid differed f rom those  in serum. F r o m  the f luid 
c o m p o s i t i o n  these cysts a p p e a r e d  to be con t inuous  with 
the rete testis, e i ther  d i l a t a t ions  of  efferent  ducts  or  
Ha l l e r ' s  super io r  a b e r r a n t  duct  (vas abe r rans  of  the rete 
testis). F l u i d  f rom an ep id idyma l  cyst con ta in ing  no 
s p e r m a t o z o a  was ma in ly  o f  s imi lar  compos i t i on .  In  
cont ras t ,  hydrocoe le  f luid resembles  b l o o d  serum. 

Key words:  H u m a n  ep id idymis  - S p e r m a t o c o e l e  - Cyst  
f luid - H y d r o c o e l e  - F lu id  c o m p o s i t i o n  

Clar i f ica t ion  o f  the recent  deba te  a b o u t  the r61e of  h u m a n  
ep id idymis  in sperm m a t u r a t i o n  [6] requires  more  infor-  
ma t ion  a b o u t  the c o m p o s i t i o n  of  fluids in different  
regions  o f  the h u m a n  male  r ep roduc t ive  t ract .  E p i d i d y m a l  
secre t ions  in pa r t i cu l a r  m a y  be i m p o r t a n t  for  inf luencing 
the m a t u r a t i o n  and  s torage  of  spe rma tozoa .  Some com-  
ponen ts  o f  f luid f rom the h u m a n  vas deferens are k n o w n  
[16, 17] but  there  are only  a few repor t s  of  h u m a n  
ep i d idyma l  f luid ob t a ined  by  mic ropunc tu re  [11, 19, 20]. 
A l t h o u g h  access to h u m a n  tes t icular  fluids is rare ,  some 
so-cal led  ep id idyma l  cysts con ta in ing  s p e r m a t o z o a  are  
t hough t  to be in con t inu i ty  with the testis i tself  [23, 31], so 
s tudy o f  these cysts m a y  p rov ide  i n f o r m a t i o n  on the 
c o m p o s i t i o n  o f  tes t icular  f luid in man.  

* Supported by funds from the Deutsche Forschnngsgemeinschaft 
(DFG) Ni 130/11-1 C. 

M a t e r i a l s  and m e t h o d s  

Epididymal cysts 

A large fluid-filled spermatocoele, located between the testis and 
epididymis, became available for study after castration for prostatic 
carcinoma and was analyzed for many components of serum and 
semen. This cyst was the first large one to be seen after examining the 
scrotal contents of 54 men over 3 years. A smaller spermatocoele 
from another patient and three spermatocoeles (Table 1, no. 5 from 
the right side and nos. 3 and 4 from the left side) obtained from a 
third patient pre-treated with anti-androgens were also analysed. 
Spermatocoeles 3 and 4 were apparently unconnected since with- 
drawal of fluid from one did not lead to the collapse of the other. A 
sperm-free epididymal cyst from a 93-year-old patient was exam- 
ined. A pedunculated cyst from a 54-year-old, a pedunculated 
spermatocoele from a 75-year-old and a larger spermatocoele 
(ruptured on excision) from a 26-year-old man were too small for 
fluid collection, but were fixed for observation by light and electron 
microscopy. Hydrocoele fluid was obtained from a 72-year old 
patient operated on for prostatic carcinoma. 

The first cyst was transported to the laboratory (60 rain) in Ham's 
F-12 medium on ice; the others took 15 min to reach the laboratory 
from the local hospital. The fluids were aspirated through 23 or 22- 
gauge needles, examined microscopically, and cells were counted in 
a Fuchs-Rosenthal haemocytometer and smears were stained (Papa- 
nicolou stain [33]). After centrifugation at 1000 g for 10 min the fluid 
was frozen at --20~ and where necessary the cellular pellet was 
stained by technicians familiar with morphology of ejaculated 
spermatozoa. 

Seminal plasma 

A pool of seminal plasma from men attending our infertility clinic 
was used for comparison of protein profiles. 

Biochemical analysis 

Clinical chemical analyses were performed on the fluid by an 
autoanalyser and measurements of testosterone [4] and oestradiol 
(without chromatography) [1] were made as described previously. 
Semen markers were assayed as described before [7]. Proteins were 
separated by sodium dodecyl sulphate - polyacrylamide gel electro- 
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Table 1. Source and characteristics of spermatocoeles from prostatic carcinoma patients 

Spermatocoele 

1 2 3 4 5 

Age (years) 70 36 81 81 81 
Volume (ml) 40 8 1.5 1 4 
Sperm concentration (106/ml) 0.3 15.8 18.9 16.3 2.7 
Normal heads (%) 35 31 11 13 14 
Mid-piece defects (%) 21 4 5 20 7 
Tail defects (%) 8 14 3 2 0 
Motile (%) 30 40 7 9 23 

Fig. 1. Proteins (3 lag) separated by sodium dodecyl sulphate gel 
electrophoresis (12.5 % gels) and stained with silver nitrate. Lanes: 1, 
molecular weight standards; 2, spermatocoele 5;3, spermatocoele 
4;4, spermatocoele 3; 5, cyst; 6, spermatocoele 2; 7, spermatocoele 1; 
8, hydrocoele; 9, seminal plasma pool; 10, serum; 11, molecular 
weight markers. Numbers on the left refer to molecular weight 
standards (kDa); small arrowheads indicate protein bands in cyst 
fluids that are not present in blood 

phoresis (SDS-PAGE) in t2.5% gels [22] and stained with a 
modified [14] silver nitrate method [2, 15]. Cyst fluids were com- 
pared with pools of serum and semen from normozoospermic 
patients. 

Microscopy 

A piece of cyst walt from spermatocoele 1 was fixed in Bouin's fluid 
and embedded in paraffin. Portions of spermatocoele 2 and the 
epididymal cyst from which fluid was collected, together with the 
three other cystic structures, were fixed in 5% glutaraldehyde, 
embedded in Epon and prepared for electron microscopy [34]. 

Resul t s  

Composition of fluids 

Epididymal spermatocoeles. A few sperm cells displayed 
forward progression in spermatocoeles 1 and 2. The cell- 
free fluid was clear and colourless and its composit ion is 
given in Table 2. Protein concentration was low in com- 
parison with serum, and electrophoresis revealed the 
presence of albumin as a major component  as judged from 
densitometric tracings (Table2, Fig. 1). Several protein 
bands in the fluid were absent from serum and other blood 
proteins were absent from the fluid (Fig. 1). Glutamate-  
oxaloacetate transaminase (GOT), glutamate-pyruvate 
transaminase (GPT) and 7-glutamyl transferase (GGT)  
were of  similar activity to blood. The activities of alkaline 
phosphatase and lactate dehydrogenase (LDH) were 
variable with mean values lower than serum. 

Na + concentrations were in the range found in blood. 
K +, and especially C l - ,  were above the normal range, and 
Ca 2+ was below it, with inorganic phosphate especially so. 
Total  androgens were present at about  five times the mean 
peripheral serum concentrations for normal men but no 
oestradiol-17 [3 was detected in one sample assayed. Little 
triglyceride, cholesterol or glucose was present in sperma- 
tocoele fluid, and uric acid and bilirubin were marginally 
below serum values. Urea concentrations fell within 
normal  serum limits, whereas creatinine exceeded them. 
Secretions of the seminal vesicles (fructose), prostate 
(citrate) and epididymis (neutral a-glucosidase, glycero- 
phosphocholine and L-carnitine) were absent from all 
samples. 

Epididymat cyst. About  1 ml of  a straw-coloured fluid 
containing no spermatozoa was obtained. There was more 
total protein than in the sperm-containing cysts but the 
protein profile was similar to that of the sperm-containing 
cysts (28% albumin; Fig. 1). The activities of L D H  and 
GOT were much lower than in the spermatocoeles, and 
those of GPT and alkaline phosphatase non-detectable; 
conversely, G G T  was much higher than in blood. Sodium, 
K + and C1 concentrations were higher than blood, and 
calcium lower, but the phosphate concentration was 
higher than in spermatocoele fluid although still lower 
than that  in blood. Triglyceride, cholesterol and glucose 
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Constituent Unit Fluids 

Spermatocoeles 

Mean + SEM (n) 

Cyst Hydrocoele Serum 
(range) 

Protein mg/ml 2.3 + 0.2 (5) 
Albumin % 29.3 + 1.0 (5) 
Giutamate-oxaloacetate transaminase U/1 8.6 _+ 4.5 (5) 
Glutamate-pyruvatetransaminase U/1 14.8 _+ 5.4 (5) 
7-Glutamyltranspeptidase U/1 12.6 _+ 4.8 (5) 
Alkaline phosphatase U/1 62.4 +_24.8 (5) 
Lactate dehydrogenase U/1 55.2 + 33.1 (5) 
Acid phosphatase (AP) U/1 1 (1) 
Prostatic AP U/1 1 (1) 
Chloride mM 139.6 • 3.9 (5) 
Sodium mM 148.4 _+ 4.2 (5) 
Potassium mM 5.9 + 0.4 (5) 
Calcium mM 1.87_+ 0.06 (5) 
Phosphate ~tM 27.3 + 10.8 (5) 
Androgen nM 66.0 _+ 13.2 (5) 
Oestradiol pM nd 
Triglyceride mg/dl 1.2 _+ 0.8 (5) 
Cholesterol mM 0.01 _+ 0.01 (5) 
Glucose mM 0.15+ 0.14 (5) 
Urea mM 3.52 + 0.45 (5) 
Uric acid mM 0.18 _+ 0.03 (5) 
Total bilirubin mg/dl 0.02+ 0.02 (5) 
Creatinine gM 150.5 _+ 11.5 (5) 

7 
28.1 

1 

ND 
96 
ND 

2 
NM 
NM 

142 
168 

5.8 
1.2 

31.5 
19.9 
NM 

4 
0.38 

ND 
8.32 
0.34 

ND 
NM 

37 (66-87)" 
22.3 20.6 
4 (2-18) a 
6 (2-22) a 

16 (6-28) c 
9 (70-175) c 

137 (120-240) ~ 
NM (4.8-13.5) c 
NM (0-3.7) c 

114 (97-107) a 
151 (132-155) a 

4.8 (3.6-5.4) a 
2.0 (2.1-2.9) a 

357.8 (263-474)" 
3.2 (10-30) a 

NM (55-165) b 
23 (74-172) c 

1.24 (6.7-7.7) ~ 
5.49 (3.9-6.1) a 
3.83 (1.7-8.3) c 
0.3 (0.28-1.37) ~ 
0.5 (0.1-1) a 

115 (60-120) ~ 

aNormal serum range from clinical laboratory controls 
bIndividuat values from a patient pool 
cCited by Thomas [27] 
NM, Not measured; ND, not detectable 

concentra t ions  were still low compared  to b lood  but  the 
urea concent ra t ion  was at the higher end of  the serum 
range. 

Hydrocoele fluid. A b o u t  45 ml of  deep yellow fluid was 
obtained f rom within the tunica vaginalis. The protein,  
triglyceride and cholesterol concentrat ions o f  this fluid 
were much higher than in the other  fluids, but  still lower 
than in serum. The protein profile was similar to that  in 
serum (22% albumin:  Fig. 1). Glucose,  urea, uric acid, 
creatinine, total  bilirubin and phosphate  concentra t ions  
were all in the serum range. The activities o f  the enzymes 
L D H ,  GOT,  G P T  and G G T  were in the serum range but  
the activity o f  alkaline phosphatase  was low. Of  the 
electrolytes C1-  was at a marginal ly higher concent ra t ion  
than in serum. 

Seminal fluid Only the protein composi t ion  o f  seminal 
fluid was analyzed by SDS-PAGE.  All fluids differed 
markedly  f rom seminal plasma with regard to protein 
profile (13.6% albumin; Fig. 1). 

Epithelial structure 

In the light microscope the epithelium lining spermato-  
coele 1 (the large spermatocoele)  was extremely at tenuat-  
ed, resembling an endothelium. The epithelium lining the 
second spermatocoele  was variable in height, in places 
cuboidal,  in places a low columnar  epithelium with some 
regions of  low, a t tenuated epithelium. The sperm-free cyst 
was lined by cuboidal  or  co lumnar  epithelium with no 
evidence of  a t tenuated cells. Epithelial structure in the 
three cysts f rom which no fluid was aspirated was similar, 
in that  the sperm-conta ining cysts had epithelia o f  vari- 
able height with areas with low epithelium, and the sperm- 
free cyst had a more  regular epithelium with no a t tenuated 
cells. 

With the electron microscope,  it was possible to 
discern within the epithelium non-ciliated cells and cells 
bearing a single cilium (Fig. 2). Both  cell types contained 
what  appeared to be glycogen. True ciliated cells (Fig. 3) 
were also seen. 
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Fig. 2. Electron micrograph of cells lining a pedunculated epididym- 
al cyst from a 54-year-old patient having received 100 mg cyprote- 
rone acetate for 10 days before castration. A cell bearing a single 
flagellum (large arrowhead) is evident and this, and the other cells, 
contain dark deposits (small arrowheads) resembling glycogen. 
Mitochondria (m) and Golgi apparatus (g) are present in the cells 
with a highly lobulated nucleus. )<5720 

Fig. 3. Several cilia (arrowheads) of a true ciliated cell from the same 
cyst as in Fig. 2. This more pale-staining cell has darker mitochon- 
dria (m) than the non-ciliated cells. )<7725 

Discussion 

Congenital anomalies of the human testis and eipididymis 
include the appendix testis (sessile hydatid of Morgagni), 
comprising a blind remnant of the cephalic portion of the 
miillerian (paramesonephric) duct; the appendix epididy- 

mis (or pedunculated hydatid of Morgagni), a blind 
remnant of the cephalic portion of the mesonephric 
(wolffian) duct; the aberrant ducts (Haller's organs), of 
which the superior (the vas aberrans of the rete testis) is a 
remnant of the most cranial mesonephric duct and lies in 
the caput epididymidis and the inferior lies in the corpus 
or cauda epididymidis; and paradidymis (Girald~'s organ 
or Henle's paraepididymis), derived from the most caudal 
portion of the mesonephric ducts [23, 31]. In addition to 
these structures, failed congenital connections between 
individual efferent ducts and the epididymis also lead to 
"simple cysts" in the caput epididymidis, which, when 
containing spermatozoa in the adult, are termed sperma- 
tocoeles [23]. 

As the appendix testis, appendix epididymis and 
paradidymis are blind-ending structures, unconnected to 
the excurrent duct system, they should not contain 
spermatozoa. By contrast, the aberrant ducts and dilata- 
tions of the ductuli efferentes are continuous with the 
excurrent duct system and should contain spermatozoa 
and luminal fluid. The presence of spermatozoa can thus 
help to establish the nature of the cystic structure, and the 
fluid composition can provide information about intra- 
luminal fluids in the human genital tract. 

In a detailed study of the classification and location of 
aberrant ducts in man Wollin et al. [32] described them 
mainly in association with failed testicular descent, 
although rare cases occur in normal descent [24], as found 
here. Of sperm-containing cysts, Griffiths [10] dis- 
tinguished between multiple, small cysts on the coni 
vasculosi and the larger, single cysts originating as 
dilatations of the efferent ducts leaving the testis. Wakeley 
[31] referred to the latter as the "vas aberrans of the rete 
testis", and they are lined by a simple cuboidal epithelium 
[25]. 

From the low protein concentration and absence of 
established epididymal markers in the fluid obtained in 
this study, it can be argued that the large cyst examined 
was not continuous with the corpus epididymal lumen, 
where these products accumulate [11, 12, 28, 35], and thus 
is unlikely to represent the "inferior aberrant duct of 
Hailer". The electrophoretic pattern of protein also 
differed from that reported for human epididymal fluid 
collected by micropuncture [19, 20]. On the other hand, 
similarity with reports in the literature supports the view 
that this fluid was of testicular origin: a colourless dilute 
suspension of weakly motile spermatozoa is recovered 
from the rete of many species and the fluid composition is 
characterized by low concentrations of protein, phos- 
phate, glucose and cholesterol, and by relatively high 
concentrations of chloride and testosterone [29]. The 
protein spectrum of the fluid resembled that found in 
human testicular fluid obtained at autopsy [19] and low 
activities per unit volume of serum enzymes have also 
been reported in this fluid from other species [26]. 

The non-sperm-containing cyst was similar in many 
respects to the fluid in the spermatocoeles. However, the 
much lower activity of LDH,  GOT and GPT in the fluid 
suggests that these enzymes originate from within the 
testis and cannot enter the cystic structure owing to the 
lack of direct continuity with the rete. The source of the 
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high activity o f  G G T  in this sample is unclear and needs to 
be confirmed in other samples of  cyst fluid. 

The hydrocoele  fluid was more  similar to serum than 
the other  fluids and had markedly  higher concentra t ions  
of  bilirubin, glucose, cholesterol,  triglyceride, phosphate  
and protein than the luminal fluids. Nevertheless, protein,  
cholesterol and triglyceride concentra t ions  were still ap- 
preciably lower than equivalent serum levels. Lower  
protein concentra t ion and electrophoretic profiles similar 
to serum (45% albumin) have also been described for 
~ vaginalis fluid", an intrascrotal  fluid bathing the 
epididymis [9]. However ,  androgen  concentrat ions re- 
por ted for "tunica vaginalis fluid" by both  Karpe  et al. [21] 
and Gerris and Schoysman  [9], which exceeded serum 
levels 26- to 58-fold, were far greater than the concentra-  
t ion in our  samples. We do not  know if the low concentra-  
t ion we found  reflects loss by diffusion during t ranspor t  of  
the material  or  the testicular funct ion of  these part icular  
patients. 

The present results extend the observations on epidi- 
dymal  cysts o f  similar size by Griffiths [10] and Wakeley 
[31], bo th  o f  w h o m  noted, but did not  quantify,  the low 
albumin content  of  the fluid. More  informat ion  is avail- 
able on the composi t ion  of  fluid f rom smaller epididymal 
cysts. In  these, Huggins  and Johnson  [18] reported little 
protein and phosphate ,  traces of  glucose and relatively 
high chloride and calcium levels. There is no other  
informat ion  regarding the composi t ion  of  rete testis fluid 
in man,  but in macaque  monkeys  concentra t ions  of  Na  + 
and K + are similar to those found here [30]. The 
testosterone concent ra t ion  in the spermatocoeles was 
26% of  that  repor ted to be present in h u m a n  spermatic 
venous b lood of  men with prostat ic  cancer [13], and thus 
higher than the equivalent percentage (10%) in the 
monkey  [30]. 

The epithelium lining these cystic structures also 
provides evidence for their being associated with the testis 
or extratesticular ducts. Firstly, the presence o f  glycogen 
deposits and a single cilium is a c o m m o n  feature o f  cells 
f rom the rete testis of  a number  of  species [8]; secondly, 
the nuclei of  some of  the epithelial cells resemble that  of  
the extratesticular rete in man  [3, 36]; thirdly the presence 
of  ciliated cells is characteristic o f  epithelia in the efferent 
ducts, not  epididymis proper  [36]. Together,  these data  
suggest that  the cystic swellings arise as evaginations o f  
rete or efferent duct cavities, at the junct ions of  these 
structures or, most  likely, f rom the fine, blind-ending 
tubuli that  b ranch  f rom the main ductuli  efferentes 
emanat ing  f rom the testis [36]. When  continui ty with the 
testis is maintained (as in a spermatocoete)  spermatozoa  
are present and the cont inued accumula t ion  of  fluid may  
extend and compress the epithelium. Dilatat ions of  the 
duct system bearing no connect ion with the testis contain 
fluid and no spe rmatozoa  and do not  display the disten- 
sion seen in the spermatocoeles,  as reflected by the 
regularity of  the epithelial 'height. 

Testicular fluid in man thus differs markedly  f rom 
luminal fluid present in more  distal parts  o f  the h u m a n  
male tract (the vas deferens [16, 17]), where concentra-  
tions of  K +, phosphate  and carnitine are much  higher and 
Na  + and C1-  lower. Similar changes in concentrat ions of  

these substances occur  along he length o f  the human  
epididymis as in other  species [5]. 
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