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TEN P'IGURES 

Chemical and histochemical studies have demonstrated a 
striking complexity of organization in the epididymal canal 
of the mouse (Allen and Slater, ' 57 ) .  Alkaline phosphatase 
arid aliesterase were present in significantly different amounts 
(or activities) in the head, and body and tail of the epididymis. 
Marked lobal variation was observed in the activities of these 
enzymes in the head segments of the epididymal duct. Non- 
ciliated, club-shaped cells, enzymatically distinct from other 
cells were demonstrated in head lobe 3. These results ap- 
peared to  warrant investigation of other enzymes in this 
tissue. The present paper deals with the behavior of chem- 
ically and histochemically determined acid phosphatase in 
the epididymis of intact, castrate and hormone replaced cas- 
trate mice. 

MATERIALS AND METHODS 

All work was carried out on epididymides from 90-180 
day old BALB/c Jax  male mice. Animals for castration 
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studies were utilized 60 days following operation. Animals 
for hormone replacement studies were implanted subcuta- 
neously with a single pellet containing 1 mg testosterone 
propionate and 9 mg cholesterol 30 days after orchidectomy. 
These animals were utilized 30 days following implantation 
of the hormone pellets. 

Acid phosphatase was determined histochemically using 
the method proposed by Gomori ( '52). Preparation of the 
substrate solution was modified as follows; 120 mg Pb(NO,), 
were dissolved in 100ml 0.05M acetate buffer of pH 4.7, 
next 300 mg of sodium-P-glycerophosphate were added and 
the substrate mixture was incubated at  37°C for one to  two 
hours, filtered and used immediately. Prior to  incubation 
of tissue sections the pH of the substrate was adjusted to 
exactly 4.7 with a glass electrode. Substrate prepared in 
this manner showed little precipitation and gave consistent 
results. Tissues to  be studied for the localization of acid 
phosphatase were sectioned at  1 0 ~  in a microtome cryostat 
at  -20°C. Prior to sectioning, these tissues were quick 
frozen by placing them in a test tube immersed in a slush 
of dry ice and acetone. Sections were mounted on glass slides 
with no adhesive. Chemical fixatives mere not employed. 
Before immersion in the substrate solution sections were re- 
moved from the cryostat and allowed to dry at room tem- 
perature for 5-10 minutes. Optimum incubation time f o r  
these sections was one hour at 37°C. Sections treated with 
water at  90°C f o r  10 minutes or sections incubated in sub- 
strate solutions containing 0.005 hf sodium fluoride served 
as controls. These control sections showed no histochemical 
reaction. 

Acid phosphatase was determined quantitatively using an 
adaptation of the method proposed by Shinowara et  al. ('42) 
and substituting N-phenyl-p-phenylenediamine hydrochloride 
(Dryer et al., '57) for the original reducing agent. Enzyme 
activity mas determined using crude tissue homogenates sus- 
pended in 0.9% NaCl. The activity of these homogenates was 
determined immediately after preparation. The substrate 
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solution was adjusted to pH 4.7 using a glass electrode. 
One part of crude tissue homogenate was incubated with 
9 parts of substrate solution at 37°C for three hours. After 
incubation two parts of 30% trichloroacetic acid were added 
to each tube and the tubes were centrifuged at 2500 G for 
10 minutes. One part molybdate solution, three parts of the 
above supernatant solution, and 6 parts of N-phenyl-p-phenyl- 
enedianiine hydrochloride reagent were mixed in this order 
and color was allowed to develop for 1 C  minutes. Color was 
measured spectrophotometrically at 700 my using a Coleman 
Model 6A spectrophotometer (intact animals) or at 350 my 
using a Beckman Model DU spectrophotometer (castrate and 
hormone replaced castrate animals). Low acid phosphatase 
activity in tissues from castrate and hormone replaced cas- 
trate animals made it necessary to take advantage of the 
greater optical density of the color reaction at  350my. Iden- 
tical results were obtained when homogenates of normal con- 
trol tissues were measured under the two spectrophotometric 
conditions. Epididymides used for quantitative determination 
of acid phosphatase activity were divided as follows: (a) 
samples of proximal portions contained the head and anterior 
half of the body of the epididymis and (b) samples of distal 
portions contained the posterior half of the body and the 
tail of the epididymis. Total nitrogen was determined by 
direct Nesslerization (Levy, '36). Color developed was meas- 
ured at 460 mp using a Coleman Model 6A spectrophotometer. 
Enzyme activity was expressed as micrograms of phosphorus 
liberated per hour per milligram of total nitrogeh in the 
homogenate used for analysis. Data were analyzed using 
standard statistical methods. 

HISTOCHEMICAL RESULTS 

Normal males 

Histochemically determined acid phosphatase, when present, 
was concentrated almost exclusively in the Golgi region of 
ciliated epithelial cells (figs. 1 and 2). However, the non- 
ciliated epithelial cells found primarily in head lobe 3 (Allen 
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and Slater, '57) showed not only a concentration of the 
enzyme in the Golgi region but, in addition, appreciable levels 
of activity in the general cytoplasm. Isolated epithelial cells 
found in the lower body and in the tail regions of the epid- 
idymal canal showed a homogeneous distribution of acid 
phosphatase throughout the cytoplasm (see below). Under 
the conditions employed in this study a nuclear localization 
of acid phosphatase was never observed. Basal cells and 
connective tissue cells contained no demonstrable acid phos- 
phatase activity. 

Marked regional differences in the activity of histochem- 
ically determined acid phosphatase were observed. The en- 
zyme appeared to be absent from the epithelial cells found 
in head lobe 1 (fig. 3). Moderate acid phosphatase activity 
was observed in head lobe 2 (fig. 3). Enzyme activity dropped 
to low levels in the ciliated cells of head lobe 3, but the 
non-ciliated epithelial cells of this lobe showed an intense 
reaction (fig. 4). Increasing acid phosphatase activity was 
observed in head lobes 4, 5, and 6 (fig. 5 ) ,  activity in the 
latter region being comparable to or higher than that ob- 
served in head lobe 2 (fig. 3). Enzyme activity fell pre- 
cipitously in head lobe 7 and the majority of the cells in this 
region showed no demonstrable activity (fig. 6). Isolated 
cells or groups of cells, however, showed activity comparable 
to that observed in the immediately preceding se,pents. 

Histochemically demonstrable acid phosphatase activity was 
absent from the majority of epithelial cells of the body and 
tail segments of the epididymal canal. However, isolated cells 
or groups of cells in the lower body and all tail portions of 
the epididymal canal possessed intense acid phosphatase ac- 
tivity (fig. 7). These cells appeared to be morphologically 
identical to neighboring cells of low activity. 

Castrate males 
Histochemically determined acid phosphatase in epididym- 

ides from castrate animals showed activity comparable to that 
seen in normal control animals (fig. 8). The atrophic condi- 
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tion of these tissues made the determination of lobal changes 
in enzyme activity in head segments difficult. The lobal dif- 
ferences in acid phosphatase activity observed in head seg- 
ments from normal control animals, however, appeared to  
be abolished by castration. Also, the intensely active cells 
in head lobe 3 and in the distal segments of the epididymal 
canal were no longer visible. The enzyme was concentrated 
in the reg5on of the cell apex but low to moderate levels of 
activity were present in the general cytoplasm. 

Tes tos terone  propionate  t rea ted  cas tra te  males 

The distribution arid activity of histochemically determined 
acid phosphatase in sections of epididymides from testo- 
sterone propionate-replaced, orchidectomized animals were 
indistinguishable from those of normal animals save in two 
respects. (a) I n  all head segments (except lobe 1) large 
numbers of isolated cells of intense activity were present 
(fig. 9). These cells were similar to those non-ciliated club- 
shaped cells found primarily in head lobe 3 of intact animals. 
The enzyme was localized in the apex of the cell in the region 
of the Golgi body. (b) I n  the body and tail segments of the 
epididymal canal a marked increase in the number of cells 
of intense activity was observed (fig. 10). These cells were 
morphologically similar to those observed in these regions in 
normal control animals. The enzyme was homogeneously dis- 
tributed throughout the cytoplasm. 

QUANTITATIVE CHEMICAL RESULTS 

Chemical determinations of acid phosphatase activity (table 
1) confirmed and extended the above histochemical observa- 
tions. Significantly greater specific activity of acid phos- 
phatase was present in proximal portions than in distal 
portions of epididymides from normal control animals (0.02 < 
P < 0.05) and hormone replaced castrate animals (0.02 < 
P < 0.05). The quantitative difference between proximal and 
distal portions was abolished by orchidectomy (P = 0.5). 
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Castration significantly lowered the specific activity of 
acid phosphatase in proximal portions (P < 0.001) and in 
distal portions (P < 0.001) of epididymides when compared 
to normal control tissues. Testosterone propionate treatment 
of castrate animals significantly raised the activity of acid 
phosphatase in proximal portions of epididymides over cas- 
trate levels (0.02 < P < 0.05). Proximal portions of epid- 
idymides from normal control animals, however, showed sig- 
nificantly greater enzyme activity than did proximal portions 

TABLE 1 

H e a n  specific act iv i ty  of acid phosphatase in mouse epididymis 

INTACT 
CASTR.4TE 30 DAYS 

PLUS TESTOSTERONE 
PROPIOXATE 30 DAYS 

CASTRATE 
60 DAYS 

Proximal segment 1.939 & 0.371 (15) 1.158 % 0.346 (13) 1.415 2 0.176 (10) 

Distal segment 1.604 _t 0.382 (13) 1.057 2 0.356 (11) 1.219 2 0.197 (7)  

'Expressed as log (pg P liberated per hour per mg total N) followed by 
standard deviation. Effective N for  each experimental group follows in brackets. 

of epididymides from testosterone propionate replaced cas- 
trate animals (P < 0.001). Testosterone propionate treat- 
ment of castrate animals did not significantly increase the 
level of acid phosphatase activity in distal portions of ep- 
ididymides over that found in distal portions of epididymides 
from castrate animals (0.3 > P > 0.2). Distal portions of 
epididymides from hormone treated castrate animals con- 
tained significantly less acid phosphatase activity than did 
equivalent samples from normal control animals (0.02 < P < 
0.05). 

DISCUSSION 

These results are compatible with the previous suggestion 
(Allen and Slater, '57) that the epididymal canal of the 
mouse possesses a high degree of biochemical differentiation 
along its length. As in the case of alkaline phosphatase and 
aliesterase, acid phosphatase showed marked lobal variation 
in the head portions of the epididymal canal. Also a clear 
differentiation between the head segments and the body and 
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tail segments of the epididymal canal may be made on the 
basis of acid phosphatase activity. Nicander ('56) has de- 
monstrated the existence of marked regional differentiation of 
both a morphological and a histochemical nature in the epid- 
idymis of the rabbit. Nicander's work and our own suggest 
that various portions of the epididymal canal may be involved 
in diverse physiological function. Although the exact nature 
of these physiological activities is unknown it seems likely 
that this tissue makes an important contribution to sperm 
maintenance. This contribution may be adapted to  meet dif- 
ferent (and as yet undemonstrated) metabolic requirements 
of immature sperm in the proximal portions of the epididymal 
canal and of more mature sperm in the distal portions of 
the canal. 

The localization of acid phosphatase in the Golgi region 
of the epithelial cells of the epididymal canal is of interest. 
An association between histochemically determined acid phos- 
phatase and the Golgi material has been reported in such 
diverse tissues as mouse ventral prostate (Brandes and 
Bourne, '54), duodenal epithelium of several species (Deaiie 
and Dempsey, '45), and the epithelial cells of pregnant uterus 
from the cat and sow (Deane and Dempsey, '45). Cell frac- 
tionation studies have demonstrated appreciable concentra- 
tions of this enzyme in the Golgi fraction of rat epididymides 
(Schneider and Kuff, '54). Evidence from these sources and 
from this laboratory (Allen and Slater, '57) indicate that 
the Golgi material, like the mitochondria (Schneider, ' 53) ,  is 
biochemically heterogeneous. 

The physiological role of acid phosphatase in epididymal 
cells of the mouse, as in other localities, is unknown. Bio- 
chemical and cytochcmical studies have shown phosphatases 
of the acid variety to  have activity against a number of met- 
abolically important phosphate esters (Sumner and Somers, 
'53 ; Bourne, '54). Deane and Dempsey ( '45) feel that Golgi- 
associated phosphatases are destined to  become secretory 
products and are not concerned with cellular metabolism. 
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Acid phosphatase in the epididymis of the mouse appears 
to be under the control of androgenic hormones. It will be 
recalled that histochemical determinations did not indicate 
lowered activity of this enzyme following orchidectomy. Quan- 
titative determination of specific activity, however, indicated 
that significant depression of activity followed orchidectomy. 
On the other hand, doses of testosterone propionate sufficient 
to restore cytological integrity in the epididymis of castrate 
animals caused a significant increase in specific activity only 
in proximal portions of this tissue. The apparent contradic- 
tion in these results may be resolved. The presence of sper- 
matozoa in homogenates of epididymides from intact control 
animals probably accounts for the highly significant drop in 
acid phosphatase activity seen when such tissues are compared 
to those from castrate animals. The presence of phosphatases 
in sperm has been demonstrated both cytochemically (Fried- 
laender and Fraser, '52) and chemically (Mann, '45). Samples 
of distal portions of epididymides from hormone treated an- 
inmals probably failed to  show significant elevation of en- 
zyme activity over castrate levels because of the inclusion 
of large numbers of cells of low activity in these regions. 
The most valid demonstration of the hormone dependency 
of this enzyme seems to reside in comparisons of data derived 
from castrate animals and testosterone propionate treated 
castrate animals. The failure of histochemical preparations 
to show depression of acid phosphatase activity in ciliated 
epithelial cells following orchidectomy may be an example 
of one pitfall encountered in the visual quantitation of dye 
deposits in tissue sections. The hormone independence ob- 
served histochemically is probably due to the concentration 
of a less active enzyme population into a smaller space with 
consequent maintenance of intensity of dye deposition. Gomori 
('52) has discussed this type of histochemical artifact. Acid 
phosphatase activity in the non-ciliated cells of head lobe 3 
and in those isolated cells found in the body and tail portions 
of the epididymal canal is clearly under the control of an- 
drogenic hormones. That these cells are not discernible in 



HISTOCHEMISTRY O F  MOUSE EPIDIDYMIS 739 

histochemical preparations of epididymides from castrate an- 
imals may be due both to  a loss of acid phosphatase activity 
as well as to a reversion to a basic morphological type not 
distinguishable from other cells in the atrophied epithelium. 

The presence of two cell types in the body and tail portions 
of the epididymal canal was indicated by the occurrence of 
intensely acid phosphatase positive cells in an otherwise his- 
tochemically negative epithelium. Previous work (Allen and 
Slater, '57) has demonstrated that certain cells or groups 
of cells in these same regions showed very low aliesterase 
activity in contrast to the intense reaction of the rest of the 
epithelium. It seems likely that these cells of low esterase 
activity are the same as those showing high acid phosphatase 
activity. Chessick ('53) has also demonstrated the presence 
of two cell types in the body and tail portions of mouse 
epididymides using Naphthol AS acetate as substrate. 

The development of large numbers of intensely acid phos- 
phatase positive cells in both the head and tail segments 
of the epididymal canal following treatment of castrate an- 
imals with pellets of testosterone propionate was surprising. 
The origin of these cells, the relation between those found 
in the head and those found in the body and tail portions 
of the epididymal canal, and the physiological functions of 
these cells are unknown. Failure to observe these transforma- 
tions previously (Allen and Slater, '57) may be due to the 
fact that lower total hormone doses were employed in replace- 
ment studies. 

SUMMARY 

The distribution and specific activity of acid phosphatase 
in epididymides of normal, castrate, and testosterone propi- 
onate-replaced castrate animals has been investigated. 

Histochemically determined acid phosphatase was con- 
centrated in the Golgi region of ciliated epithelial cells. The 
non-ciliated epithelial cells found in head lobe 3 also showed 
a concentration of the enzyme in the Golgi region. Isolated 
epithelial cells found in the body and tail segments of the 
epididymal canal showed a homogeneous distribution of the 

1. 
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enzyme throughout the cytoplasm. Basal cells and connective 
tissue cells contained no acid phosphatase activity. A nuclear 
distribution of the enzyme was never observed. 

Regional differences in the activity of acid phosphatase 
were observed. Head lobe 1 contained no acid phosphatase 
activity but moderate levels were observed in head lobe 2. 
Ciliated epithelial cells of head lobe 3 showed low activity 
but the non-ciliated cells in this segment were intensely active. 
Moderate levels of activity mere found in epithelial cells of 
lobes 4, 5 ,  and 6. Abrupt depression of activity was observed 
in the cells of head lobe 7. The majority of cells found in 
the body and tail segments of the epididymal canal were 
negative but isolated epithelial cells showed intense activity. 

Histochemical preparations showed no lowering of acid 
phosphatase activity following orchidectomy but quantitative 
determinations of specific activity indicated significant de- 
pression of activity following this treatment. 

Testosterone propionate reversed the changes observed 
following orchidectomy. 

2. 

3. 

4. 
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PLATE 1 

EXPLANATION OF FIGURES 

1 Golgi apparatus in head of epididymis from normal intact mouse. DeFano 
silver preparation. X 360. 

2 Localization of acid phosphatase in lobe 5 of head of epididymis from 
normal intact mouse. Compare the distribution of precipitate in this figure 
with the position of the Golgi apparatus seen in  figure 1. x 360. 

3 Distribution of acid phosphatase in head lobe 1 ( top)  and head lobe 2 
(bottom) of epididymis from normal intact mouse. Little or no enzyme 
is present in lobe 1 but  moderate levels of activity are t o  be seen in lobe 2. 
x 120. 

Distribution of acid phosphatase in head lobe 3 of epididymis from normal 
intact mouse. The ciliated epithelial cells possess low activity but  the non- 
ciliated epithelial cells show an  intense reaction. 

Distribution of acid phosphatase in head lobe 5 of epididymis from normal 
intact mouse. Enzyme activity is comparable to tha t  seen in head lobe 2 
(fig. 3, bottom). X 120. 

Distribution of acid phosphatase in head lobe 7 of epididymis from normal 
intact mouse. Activity of the enzyme, when present, is comparable with 
tha t  seen in  head lobe 5 (fig. 5 ) .  Note, however, tha t  portions of the 
epithelium show no enzyme activity (top and lower right) .  X 120. 

4 

x 120. 

5 

6 
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7 Distri1)ution of acid phosp1i:it:isc: in tlic body of epiclidymis f rom noriiinl 
intact animal. The iiiajority of q)itlielial cells show no activity but isolated 
c~ells give an intense reaction. A particularly large iiumher of these isolatctl 
c ~ i l s  of iiitriiscx activity are iiiclutlcd i n  this field. x 120. 

8 1)istril)ution of acid pliosp1i:rtase in tlir head of c.pididyinis f roni aiiini:il 

wliich has been orchidcctoiniztvl f o r  GO clays. Enzyme activity is distributctl 
throughout the general cytoplasm but :Lppears to  concentrate in the regions 
of tlic c e l l  apex. Compare activity sreii in this sccstioii with tli:it seen i n  
lic>:itl lo lw 2 (fig. 3, bottom) and liead lobe 5 (fig. 5) .  x 120. 

9 1)istribution of acitl pliospliatase ill head lobe 4 ( t o p )  and liead l o l x  5 
(bottom) of epididpiiiis from orchidectorniztvl mirnal wliicli 1i:itl hcen trentcitl 
with tc,stosterone propioiintc. Note the prcwricc of large nunibrrs of crlls 
sliowing iiitensc acid pliosphatnsr activity and compare with figure 4. x 120. 

Distribution of acid pliospliatase in body of epididyniis f rom orchiclectoiiiizctl 
aiiiiii:il which hail lwen treated with testosterone propioiiatc. Kote tlic 
~ n ~ s e i i c e  of large nuni1)crs of cells sliowiiig intense ciizymr activity. x 120. 

10 
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