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I .  INT RODUC TION AN D LI TERAT URE RE VIEW 

Anatomy of Guinea Pig Sperm 

The spermatozoo.n has been the subj ect  of numerous inve sti

gations b e c ause of  its remarkable spec i ali zation for locomotion and 

fertiliz ation. Although the spermato zoon of the guinea pig is 

relatively large wt1en compared w ith other  mammalian spermatozoa,  

its sm all size has hidden many of the details of i ts struc ture from 

the light microscopi s t. I t  was not until the i nvention of the ele ctron 

mic ros cope that a tho rough study of spe rm ato zoon structure could be 

accomplished.  The following anatomic al des cription is based on the 

works of F awcett and Holle nb e rg ( 1 9 6 3 ) ,  F awcett  ( 1 9 6 5 ) ,  and F awcett 

( 1 9 70 ) .  The principl e  parts of the guinea pig spermatozoon are the 

head and the tail with the tail being subdivided into the neck,  m iddle 

pie c e ,  princ ipal-piece,  and the end-piece . These and other 

anatomical s tructures which will be dis cu s sed are depicted in figures 

I and II which were taken from the work by F awc ett ( 1 9 6 5  ) .  

1 .  Head 

The head cons i s ts of two maj o r  c omponents ,  the nucleus and 

the ac ros omal cap .  The nucleus is flattened . I t s  b road oval outli ne 

is rounded anteriorly and truncated pos teriorly. On the caudal 

surfac e of the nucleus there is  an e c centrically placed shallow 

concavity for the reception of the convex articular surface  of th e tail . 

1 
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This concavity, the implantation fos sa,  is  lined by the two membr anes  

of the nuclear envelope .  The outermos t membrane forms a basal plate 

which may be  distinguished by a thickened layer of dense amorphous 

material on the outer aspe ct .  The guinea pig i s  one of the few 

mammals  in which the fo rm of the head is not determined prim arily 

by the shape of the condensed nucleus , but rather by the unusually 

large acrosome.  I t  extends both an teriorly and laterally to the 

margins of the nucleus . The border curv e s  downward producing a 

concavity on the ventral surface.  The dorsal surface is di s tingui shed 

by a hors es hoe-shaped elevation which parallels the margins of the 

nucleus and opens to the posterior .  

The ultrastruc ture of  the a c rosome i s  more complex than was 

evident by light microscopy . This c ap shaped s tructure i s  lim ited by 

a continuous memb rane which is closely adherent to the outer  

membrane of  the nuclear envelope as  i t  c our s es along the inner 

surface of the acrosomal cap.  At the thin edge of the nucleus, there 

is a narrow recess present between the two memb ranes known as the 

acrosomal spac e .  I n  the guinea p ig thi s  space usually appe ars empty, 

but in other species it contains a dense subs tance  which is referred 

to as the " apical body. " 

2 .  Tail 

The tail is subdivided into four regions : the neck,  middle

piece,  princ ipal- pie c e ,  and end-piec e .  

The neck i s  the region between the nucleus and the fi rst gyrus 



of the mitochondrial helix of the middle-piece . This region als o  

contained mitochondria, but th ey are irregular in  shape and are 

oriented longitudinally. The connecting piece i s  the principle 

structural component of the neck.  I t  i s  formed by the conv e rgence 

and fus ion of nine longitudin al segmented c olumns. Four of the 

s egmented c olumns fuse  cephalad to form two major columns and five 

minor columns . Of the two maj o r  column s ,  one i s  expanded anter

i orly to form a capitellum which fus es with the basal plate and thus 

a ttaches the head to the tail .  The remaining columns fus e  with the 

c apitellum to support it .  Enclos ed within this s t ructu r e ,  immediately 

beneath its articular surface, is a c entri ole .  I t  is si tuated at  4 5° to 

the long axis of the tail and one end oppos e s  the inner surfa c e  of the 

capitellum while the other c on tac ts the inner aspect of the s econd 

major· column. 

An e c centrically plac ed implantation fos s a  i s  pres e nt on the 

caudal surface of the nucleus a nd it is here that the b a s e  of the tail 

and the head come togeth er .  The arti cular surface is  lined by two 

memb r anes of the nuclear envelope . The out ermos t of  the s e  i s  

thickened o n  i t s  ou ter aspe c t  to fo rm a basal plate .  

Of intere s t  is  the obs erv ation tha t  a redundant portion of the 

nuclear envelope i s  reflected away from the c ondensed chromatin 

and extends back over the neck region. 

The middle-piece  region of the tail is c omposed prim arily of  

5 



mitochondria arranged in helical fas hion to form approximately forty

two gyri of two mitochondria each.  A flagellar membrane is  clos ely 

adapted to the s e  s truc tures except in the region of the cytopl asmic 

droplet ,  about midway along its length .  T his s t ru c ture h a s  a cyto

plasmic matrix in which numerous s mooth - surfaced membranes  may 

be found. These are believed to be remnants of endoplasmic 

reticulum and the Golgi complex. 

A dense  ring-like s tructure ,  the annulus ,  may b e  found distal 

to the last  gyrus of the mitochondrial s heath ,  and i t  i s  thi s s tructure 

that defines the posterior b order of the middl e pie c e .  

T h e  principal p i e c e  i s  characteri zed by a fib rous sheath ,  a 

s eries of closely- spaced fib rous elements arranged ci rcumferentially 

around the axial bundle of longitudinal fib r ils . These fib rils are 

divided into two groups , an inner group of eleven and an outer group 

of nine thicker dense fib rils . The inner group or axial filament 

complex is  further subdivided into two central s ingle fibril s  

surrounded by nine evenly spaced double fibrils . Each doublet  is 

divided into a subfibril A and a s ubfib ril B. Subfib ril A has a dense 

interior and it  b ea rs short divergen t  arms that proj ec t toward the 

next doublet . Subfibril B i s  the larger member of the pair. I t  has 

a clear center and bears no arms . 

The radial symmetry of the oute r fib ers changes in the 

principal piece .  This  is be cause all the  fibers taper from base to 

6 



tip. Fibers 3 and 8 terminate in the anterior part of the principal 

piec e while fibers 1 ,  5, and 6 appear to continue . 

The end piece cons ists  of the rem aining axial filament c omplex 

which is enclosed by the flagellar membrane . I n  the guinea pig,  the 

nine doublets divide to form eighteen s ingle u nits which e nd at various 

levels . 

Acrosome Formation 

The development of the a cros ome i s  an integral part of the 

four phas es of spermiogenesis , the dev elopmental eve nts by which 

spermatids are trans formed into mature  sperm. T he following 

des cription is  based on the works of Bloom and Fawcett ,  ( 1 9 6 9 ); 

Vilar,  ( 1 9 73 ) ;  and Z amboni ,  ( 1 9 7 1 ) . 

The first Golgi phase  is characteri z ed by the appearance of 

s everal small proacrosomal granules  w ithin the juxtanuclear G olgi 

apparatus of the spermatid. A s  development progres s e s , the 

proacros omal g ranules  c oal e s ce to form a s i ngl�, dense ,  PAS 

pos i tive acro somal granule within an a c ro somal ve sicl e  whi ch 

adhere s to the outer  aspect of the nucl ear envelope . The G olgi 

apparatus continue s to form these  proacro somal granule s which 

coal e s c e  with the acros omal ves icle contribu ting to its enlargement. 

The s e cond s tage i s  the cap s tage. During this tim e ,  the 

acrosomal vesicle incre a s e s  in its area of adherence to the nuclear 

envelope and thus forms what appears to b e  a head cap.  

7 
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In the acrosomal pha s e  ther e  i s  a redis tribution of the a c rosom al 

subs tance into the fold of membrane comprising the head cap. Once 

this is  complete ,  the ac ros omal granule and head cap are coextensive 

and therefore, form the acrosom e .  

T h e  m atu ration phas e o f  spermiogenesis  in the guinea pig is  

characterized by further alterations in the a c rosome.  I t  is here  that 

the acrosome a s sumes its chara c terist ic  s hape . 

Role of the Acrosome and Enzyme Studies 

M any pos sible roles  have been proposed for the acrosome.  

Perhaps the most popular has been the theory that  the acro s ome is  a 

specializ e d  lyso some which evolv ed to facilitate fe rtili zation in 

multic ellular organisms , (Alli son and Hartree, 1 9 7 0 ) .  According to 

Z amboni ( 19 7 1  ), " the Golgi-m ediated formation of the ac rosome, as 

well as the PAS positivity and enzymatic activity of thi s  organell e ,  

make the acrosome comparable t o  t h e  lyso somes o f  s omati c cells . 11 

In  1 9 70 ,  Alli son and Hartree demon s trated these  lysosomal 

properties by vitally staining the acrosomes of guinea pig, hamster, 

and several rodents with aminoacridine s .  I n  the developmental 

s tages of the spermatid they obs e rv e d  red-fluoresc ing gr anule s  

around the Golgi z one which c ondens ed to form the red-fluorescent 

proacrosome . In the mature spe rmato zoon, the acrosome 

fluoresced a brilliant  orange-red which is  typical of lysosome s .  

I f  the acrosome i s  indeed a special i z ed lysosome, then i t  



9 

b ecomes important to study no t only the enzymatic content, but also 

the function of the s e  enzymes .  P rob ably one of the most widely accepted 

concepts of fertili zation is  the sequential release of enzymes from th e 

acrosome which was propos ed by Bedfo rd ( 1 9 6 8 ) .  He demonstrate d 

an acrosomal rea c tion characterized by the fus i on of the plasma 

membrane and the outer acros omal membrane to form v e s i cles as 

the sperm atozoon penetrates the follicular c ells of ovulated rabbi t 

eggs . He postulated that hyaluronidas e ,  whic h  i s  to a large extent 

located on the plasma membrane and m ore readily released from 

acrosomes than is prote a s e ,  is available at this tim e  to digest  the 

interc ellular s ubs tan c e  b etwe en the cells of the cumulus oophorus . 

This enzyme, which appears to initiate the s tart of sperm penetration 

of the egg inve s tment s ,  affects neither the corona r adi ata nor the zona 

p ellucida (Allison and Hartree , 1 9 6 9 ;  Enders , 1 9 70 ) . Ac cording to 

Z aneveld and William s  ( 1 9 70 ) ,  the s econd phase  of fertilization,  as 

demon s trated i n  the rabbit and the hamster,  is effe cted by a corona 

p enetrating enzyme ( C P E ) ,  which is  capable of dige sting the 

cementing subs t ance between the coron a  c ells . Now, the a c rosomal 

reaction is cons ide red to be  complet e; the proteolytic enzymes 

which are released from the surface of the inner ac rosomal memb rane,  

are available to diges t  the  zona pellucida.  I t  has al so been reported 

that these  prote as es  facilitate penetration of the corona r adi ata 

(Allison and Hartree ,  1 9 70 ) .  This s hould not b e  misinterpreted as 
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evide nce  tha t  C PE i s  a protease.  There i s  no indication at  thi s point  

that  C PE might  be a p roteolyt ic  enzyme . Such a poss ibility is unlikely 

in l ight of the fact that s oybean tryp s in inhib itor did not affect  the 

activity of C PE (M c Rorie and William s , 1 9 74 ) .  

There are other enzymes i n  the acrosome which have been the 

subj e c t  of much inv e s tigation. A compara tiv e s tudy of the acrosomal 

enzymes of rabbit ,  rhesus monkey, and human spermatozoa was 

conducted by Stambaugh and Buckley ( 1 9 7 0 ) . They were abl e  to i s ol ate 

sub c ellular frac tions of the various spe rmatozoa by u s ing sucrose

density gradient s .  All thre e  species were found to have 

hyaluronidase and a spec ifi c " trypsin-like ' '  enzyme in the head 

frac tion, but i t  was only in rabbi t  and rhesus monkey tha t  both 

enzymes spe cifically were local i z ed in the a c ro s ome.  To avoid any 

c onfus ion on the part of the reader,  acros in i s  now the official term 

used to designate a tryp s in- like acro somal proteinase (M cRorie and 

William s ,  1 9 74 ) .  

A "chymotrypsin- like " e nzyme was found i n  ej aculated but not 

in epididymal sperm. This they hypothesized  was abs orbed from th e 

seminal plasma.  Allison and Hartree ( 1 9 70 )  confirmed the pre sence 

of s eve ral lysos omal enzymes in the ram from acros omal 

preparations and buffer was hings . They i nclude the following:  acid 

phosphatas e ,  aryl sulphatas e ,  {3-N-ace tyl-glucosaminida s e ,  phos 

pholipase A, and proteinases. They reported that the proteas e  

activity w a s  greatest  a t  pH 7 .  5 .  They als o  reported the presence of 



s everal acid hydrolas es : acid phosphatase,  5 bromo -

indoxylacetate esterase,  and 5 - bromo - 4 - chloroindoxylace tate 

in guinea pig ac rosomes . 

Perhaps the mos t  s ignificant enzymatic s tudy in view of the 

present investigation is that of Owers ( 1 9 70b ) and Owe rs ( 1 9 7 1 ). 

This researcher identified many of the proteolytic enzymes in the 

guinea pig ac rosome by fluorometric as say proc edures .  They include 

the following exopeptidas es : dipeptidylaryl-amidas es (DA P ), includ

ing DA P I, DA P II, DA P III, and DA P IV. The endopeptida ses 

obs erv ed were "tryps in, " cathep s in B' and cathepsin D.  

Apical Body and C ytoplasmic Droplet  

Othe r structures of the spermatozoon either have b een 

implicate d  in fertil ization or are closely related to the a c rosome . 

Gordon ( 1 9 6 9 )  s tudied the api cal body in both guine a pig and 

human spermatozoa with phosphotungstic acid . He hypothesized 

that this s tructure , whi ch is  located between the inne r ac rosome 

memb rane and the nucleus, may be impor tan t  for the movement of 

the sperm through the zona pellucida of the egg after vesi cul ation of 

the outer .memb rane of the ac rosome . He was able to loc ali ze the 

api cal body utili zing e thanolic phosphotungstic acid (E-FTA ) ,  and 

because E- FTA bonds to proteins, he suggested that  this 

proteinaceous s tructure might pos s e s s  enzym atic properties which 

promote the pas sage of the sperm through the zona pellucida of the 

ovum . 

1 1  



The cytoplasmic droplet is important in this study of the 

acrosome because it may be derived from degenerating G olgi 

apparatus and endoplasmic reticulum as seen by Bloom and Nicander 

( 1 9 6 1 ) .  Therefore,  this s tructure may facilitate a greate r insight 

into the enzymatic makeup of the ac ros ome.  Garbers, Wakabayashi ,  

and Reed ( 1 9 7 0 )  examined bovine cytoplasmic droplets and found them 

to be rich in hydrolas e enzymes which ope ra te over a wide  pH range . 

Thes e  droplets contained appreciable acid phosphatas e ,  {J-
glucuronidas e ,  acid protease,  and RNA s e  activity. Other enzyme s of 

/ 
a lysos omal nature which w ere found include 5 - nucleotida s e ,  {.3-

1 2  

galactosidas e,  and low l evels of oZ- m annosidas e ,  o(- D - glucosidase,  

{3- D - glucosidas e  and a neutral e s teras e .  These authors did not 

sugges t  a role for the s e  enzymes other than to s ay that they were of 

a lysosomal nature .  But they did s tate tha t  although the s e  droplets 

contained low activities  of s om e  enzymes linked to intermediary 

carbohydrate metabolism they appeared to be metabolically inert .  

Dingle and Dott  ( 1 9 6 9 ) ,  how ev e r, suggested that droplet lysis 

could contribute enzymatic activity to s eminal plasma. 

Gelatin M emb rane Studie s 

A gelatin memb rane technique for the dete ction of proteases  

released in  vitro was fir s t  developed by Owe rs ( 1 9 7 0 a ) ,  and later 

modified by Denke r  ( 1 9 74 ) .  I t  util i z es a gluta ral dehyde fixed 

gelatin film which is sus ceptible to digestion by proteinas es . The 



s ignificant feature of this technique i s  that protease  produced and 

released as a result of metabolism and function, or those released 

due to cell death or injury c an be detec ted for a single c ell . Howeve r, 

it must b e  noted that this technique i s  specifi c  for e ndopeptida s es . 

Only after the initial cleavage of the protein fiber by en zymes can 

the exopeptidas es  exert their  action. 

The application of this  te chnique has b e en very diversified 

including the s tudy of spermatozoa (Gaddum and Blandau, 1 9 70; 

Owe rs, 1 9 70b; Denker,  1 9 74 ) ,  the blas tocys t (Owers and Blandau, 

1 9 7 1 )  a nd certain b ac teri a, fungi, and mammalian cells (Ow er s ,  

1 9 7 0 a ) .  

Particular emphasis h a s  been given t o  the study of tes ticular, 

epididymal, and ej aculated spermatozoa of v arious species, Owers 

( 1 9 70b ) examined the ac rosomes of epididymal sperm from guinea 

pig, rat,  dog ,  monkey, quail ,  and roo s te r s  and found maximal 

activity with an optimum pH in the alkaline rang e  and reduc e d  

activity in  t h e  acidic range . H e  hypothesized that this reduced 

activity in  the acidic range was due to the presence of catheps in D 

/ 
and B . A s imilar s tudy by G addum and Blandau ( 1 9 7 0 )  s tudied the 

reactivity of sperm acrosomes from the ej acul ated spermatozoa 

from humans and the epi didymal spe rm from gui nea pigs, rats , mice, 

and hamsters.  The s e  authors stated  that the guinea pig sperm atozoa 

display large reac tion circles in four to six hours from pH 7. 5 to 

pH 9 .  5 ,  while only sligh t  to moderate reac tions were ob s e rved below 
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pH 7 .  5 .  Rabbit ej aculate has als o been s tudied and zones of 

reactivity reported ( Denker,  1 9 7 4 ) .  

Purpos e  

I t  has been w ell e stabli s hed that a c e rtain amount o f  enzymatic 

activity exists in the mammalian ac rosome of the spermato z oa from 

the male tes tis , epididymis ,  and ej aculate . Both his tochemical and 

biochemical s tu dies  h av e  b een utili zed to identify the nature of these  

enzymes ,  and gel a tin memb rane studi e s  have demons trated the 

pres ence and relative quantities of the proteolyti c  enzymes whi ch 

are present. However,  no extens iv e  s tudies hav e been performed to 

s tudy the proteolytic enzymes of the ac rosome once it  is  within the 

female reproductive tract.  

The purpose  of the pres e nt inves tigation i s  to conduct an 

i n-depth gelatin membrane study of the proteinase ac tivity of the 

guinea pig sperm acrosome in both the male and female reproductive 

tracts and in the ej aculate of the male.  Specifi c ally, thi s  re search 

will attempt to answer the followi ng que s tions : 

1 .  Does proteolytic enzym e  activity persist  in the 

acrosom e  while the sperm travels through the 

femal e  reproductive tract (vagina, uteru s ,  and 

oviduct ) ?  

2 .  Does this  enzymatic  ac tivi ty vary according to 

the location of the sperm in the male and female 
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reproductive tracts ? 

3 .  Does enzymatic activity vary for the pH value 

(4 . 5, 7. 0, or 8. 4 )  of the veronal acetate buffer 

used in vitro ? 

4 .  And finally, does proteolytic enzyme activity 

differ at any of the loc ations in the male and 

female reproductive tracts for e ach of the pH 

value s used in the v eronal ac etate buffer ? 
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METHODS AND MAT ERIA LS 

Gelatin M embrane Technique 

A .  Preparation o f  Gelatin M embr ane 

1 .  A mixture con s i s ti ng of 4 0 8mg of dry gelatin granule s  in 

6 ml of dis tilled  water wa s heated in a water bath at 

4 0°C until the gelatin dis s olved.  

2 .  0 .  3 3  ml of India ink (Higgins 44 6 5 )  was added to 6 ml 

dis tilled water . This mixture was als o  warmed to 40°C in 

a water bath. 

3 .  6 ml of gelatin s olu tion as given in S tep 1 and 6 ml of the 

ink s olution as given in Step 2 w er e  mix e d  and warmed to 

5 0°C (Fig.  2,  p .  2 9  ) .  

4. A 1 cc plasti c  tuber culin s yringe w as us ed to apply 0 .  1 ml 

of the warmed mixture to a clean, dry glas s microscope 

slide ,  c overing an are a  4 5  x 25  mm, and allowed to air dry 

for 1 8  hours (Fig .  3, p .  2 9 ) .  

B .  Fixation of  G elatin M embrane 

1. The slides were placed with the dry gelatin membranes in 

a solution of 0. 05o/o glutaraldehyde in veronal acetate 

buffer pH 7 .  0 � 0.  05  for 2 m inutes, then trans ferred to 

each of two changes of buffer only for 10 se conds each. 

Excess buffer was s haken off, and the slides wer e  allowed 
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to air dry for at least  one hour . 

2 .  The slides were then rins ed in thr e e  changes of distilled 

water for 1 0  s econds each . Excess  w ater was shaken off 

and the slides were allowed to dry for at least one hour 

(Figs, 4 and 5,  p .  3 1 ) .  

C .  Test  for Membrane S ens itivity 

One slide from each b atch of twenty prepared, was 

subje cted to quality control, as follows. Trypsin, 1 mg /ml 

in veronal acetate buffer pH 8. 0, was prepared and 1 0  

lambda drops of thi s enzyme were placed o n  2 separate 

portions of the gelatin membrane. The slides were then 

incubated at 3 7°C for one hour. The appearance of a clear 

zone in the m embrane s ignified the completion of 

dige s tion. The v eronal acetate buffer s w er e  al so used in  

control preparations where 10  l ambda drops of the buffer 

(withou t  trypsin)  were added to each of these slide s .  No 

dige s tion was obs erved for the buffer only, at pH 4 .  5,  7.  0, 

or 8 .  4 .  This completed the quality control test  for the 

gelatin membrane ( Fig. 6, p. 33 ) .  

Experimental and Operative Pro cedures 

Young, s exually m ature (Fox and Laird, 1970 ) male and 

female English short hair alb ino guinea pigs, C avia porcellus, 

weighing approxim ately 50 0gm were used in this inve s tigation. All 
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a nimals were hou s ed in hanging c ag e s  and received food and water 

ad l ibi tum. A supplemental dose of Vi tam in C ,  30mg/O. 5ml 

Mead- Johnson Tri-V i - Sol, was admini s tered intraorally to each 

guinea pig once daily (Lane- Petter and Po rter,  1 9 6 8 ) .  The animal 

room was maintained at a c onstant temperatu re of 2 1 °C and on a 

l ight- dark cycle of 1 4 : 1 0 hour s .  Prior to surgery a final body weight  

was  taken. 

The anim als we re divided i nto two experimental group s .  The 

firs t  group consisted only of m al e s  from which sperm was obtained 

directly by dis s ection or by el ec troejacul ation (1  ) .  The  s econd group 

consis ted of both mal e  a nd female animal s,  and sperm was obtained 

from the fem ale reproductive tracts after mating (2 ). 

1 .  . C ollec tion of T e sticular , Epididymal, and Ejaculated Sperm .  

The male animals were ane stheti zed w i th 50mg Icc of sodium 

p entobarb ital , intraperi tonally ( 0 .  0 74cc / 1 00gm body weight) 

(Valenstein, 1 9 6 1 ;  Phoen ix ,  1 9 70 ) .  The te ste s and epididymides 

(Fig. III,  p.  1 9 )  were then removed from the male guinea pigs after 

an incision w as made into the lower abdominal cavity .  The s e  two 

c omponents were then s eparated and each macerated  on the inner 

surface of a gla s s  funnel with a pair of iris s cis sors . The tis sue 

was then washed into a b eaker with a nutrient s olution (0 . 9o/o NaCl , 

0 .  5o/a glucos e )  which had been pre - w armed to 37°C .  Thi s  sperm

containing s olution was the n  plac ed in an incubator for 15  minutes to 
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FIGURE III . 

T e s tis  

Vas deferens 

;:;.._..t+-----Body of 
epididymis 

T ail of 
epididym is 

Diagr amatic Representation Showing the Tubular 
Arr angem ent of the T es tis , Epididymis, a nd Vas 
Defere ns (Adapted from Crafts, 1 9 6 6 ). 
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allow for separation of the sperm and mac erated tissue .  T hree 

samples of 0 .  5ml each were remove d from this sperm susp ension 

and added to three separate centrifuge tub es .  The samples were 

then spun down to form a pelle t  and the supe rnatant was disc arded . 

To each of these c entrifuge tubes a different veronal ace tate buffer 

solution (pH 4. 5, 7 .  0, or 8. 4) was added. These tubes were then 

agitated to produ c e  a homogenous buffered sperm suspension. A 

micropipette was used to deposit 2 0  lambda of each suspension onto 

2 0  

a gelatin membrane (pre-incubated to 3 7°C ) ,  and the drop was smeared 

over the membrane surface using a Fisher Beve - L- Edge microscope 

slide in much the sam e  manner as a blood smear is m ad e .  While the 

membrane w as still moist , one or two drops of mineral oil were added 

to the area to be studied and the slides were incubated  for 12 hours at 

3 7°C to allow for maxim al reactivity of the acrosomal proteinases . 

The males in the electroej a culation group, while unanesthe tized 

(Scott  and O z iuk, 1 95 9 ), were subje c ted  to  an intermittent square wave 

of 2 5  vol ts rms (root mean square )  at 1 ,  0 0 0  cycles with an automatic 

3 second "on pe riod" and a 12 second "off period. " The electro

ejaculation apparatus assembled by the au tho r ( Fig. 7, p. 3 5 )  was 

duplicated after that used by F reund ( 1 9 5 8  and 1 96 9 ), in his experiments 

on guinea pig semen. The hair w as clipped from the lumbar region of 

the animal and electrode j elly was appl i ed to the clipped area. The 

guinea pig was then strapped on i ts back to the a nimal board (Fig.  8 ,  

p .  3 5 )  and held b y  the pelvic c rest so that i t  contacted the lumbar 



elec trode (round b rass disc ). The anal electrode, a smooth b r ass 

tube, was inserted 4- 6 em into the rectum . 

The ej aculate was collected and prepared for study in two 

different ways. First ,  a sample was collected  in i ts natural 

physiologic al state . A smear was made o n  the gelatin membrane 

and mineral oil was added before incub ation. T he sec ond m ethod 

involved collecting the ej aculate in 2 ml of 4% sodium citrate (Scott 

and Oziuk, 1 9 5 9 ) . The ejacul ate was then transfer red to a 

graduate test tube containing 7ml of 4% sodium citrate and the spe rm 

was suspended by vib ration. This suspension was divi ded into three 

e qu al  portions e ach of which was spun down to form a pellet, and 

then the supernatant dis c arde d .  

To the first pellet 2ml of veronal acetate buffer, p H  4 .  5 ,  was 

added; to the second 2 ml of pH 7 .  0; and to the thi rd 2 ml of pH 8 .  4; 

and the pell e ts were resuspended. A 2 0  l ambda sample was remove d 

from each c e ntrifuge tub e; and a smear w as made on the gelatin 

memb r ane, covered with mineral oil and incubated for 12 hours . 

2 .  Collection of Sperm F rom the Femal e  Reproduc tiv e  Tract  

Two females w e re placed i n  a cage with a male guinea pig.  The 

females were examined at 1 0  hou r  i ntervals for evidence of mating. 

Two criteria were used to dete rm in e  the occuranc e of coitus ( Phoenix, 

1 9 7 0 ) .  Firs t ,  the animals were examined for the presence  of an  

ejaculation plug.  I f  this was not visibly present, then a c otton tip 
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applicator, which had been moistened with physiological saline , was 

inserted into the v agina, and the spe cimen ob tained was use d to m ake 

a smear on a gl ass slide for examination under the light mi c roscope . 

If the animal w as found to have either an  ejacul a tion plug or a sme ar,  

positive for sperm, then i t  w as c onsidered to  have mate d .  These 

females were then placed into one of two groups by random sel ection ; 

those to b e  operated upon imm ediately and those which would be  

operated upon after ten additional hours h a d  elapsed. The origin al 

intent for this division w as to examine spe rmatozoa for diffe rences in  

the amount of  proteinase a c tivity from 0- 1 0  hours and from 1 0 - 2 0  

hours post coitus. No difference between these two groups was 

noticed and therefore , the protocol was changed to include a period 

2 2  

of 0 - 2 0  hours post coitus . This time fram e  c oincides closely with the 

lim i t  of tim e ,  2 2  hours, during which fertiliz ing c apac ity is retained by 

guinea pig spermatozoa introduc ed into the genital tracts of females 

by artific al i nsemination prior to the b e ginning of heat (Soderwall 

and Young,  1 94 0 ) .  

Just prior t o  the oper ative procedure, the animals were 

sacrifi ced by a sha rp blow to the back of the head followed 

immediately by decapitation .  In the operativ e proc edure, the 

abdominal c avity of the female was opened and silk ligatures were 

placed around each of the uterine horns at  the o rigin of their 

bifurc ation and at  the junction of the uterine horns to the oviducts 

(Fig.  IV,  p. 2 3 ) .  The vagina was then lavaged with veronal acetate 



FIGURE IV.  

Ovi duct  

C e rvix 

Vagina 

Diagramatic Representation of the Reproductive 
Tract of the Female Guinea Pig (Adapted from 
Hafe z ,  1 9 70 ) .  
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buffer of a predete rmined pH and a smear made from this sample 

on the gelatin membr an e .  T h e  remaining portion of t h e  femal e  

reproductive tract was dissec ted fre e  and placed in a culture dish 

containing Hank's solution at 3 7°C.  Extraneous tissue was then 

remov ed under the dissecting microscope and the individual uterine 

horns and oviducts were flushed b y  a syringe containing 0. 1 cc of a 

veronal acetate buffer ( ei th e r  pH 4 .  5 ,  o r  7 .  0 ,  or 8 .  4 )  onto a gelatin 

memb rane .  Smears were made, mineral oil added ,  and the slides 

incubated for 1 2  hours at 3 7°C .  

Observational Procedure a n d  M ethod o f  Data Collection and Analysis 

An inverted phase contrast microscope (Fig.  1 ,  p. 2 7 )  was 

used to observe the gelatin memb r anes for reactive spe rm atozoa.  Th e 

slides were sc anned· at 1 00x to determine the area of reactivity which 

was most representativ e .  This dete rm ination was made a t  the 

discretion of the researcher and included those areas in which there 

were both maximal activity and the highest percentage  of ractive 

versus non- reactive spe rm (Figs .  1 0  and 1 1 ) . From this field, 5 0  

reactive sperm atozoa randomly w e r e  selected b y  m aking straight, 

uniform sc ans b ack and forth across the field ,  c ounting only those 

sperm which were intact and whi ch fell within the confines of a ne t 

microme ter reticle .  If l ess than 50  reac tive sperm were observ e d  

on  the entire sli de ,  then all reactive sperm w ere c ounted and 

measured . The only exc eption to this was one fem ale in whi ch 

c ounts taken from the uterus and ovi du c ts were in excess of 1 0 0 0 .  
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The diam eter of the z one of lysis for each of the re ac tive 

sperm was measured to the closest one- half of a unit on a l ine ar 

microme ter reticle where each unit was equal to 0.  01 mm a t  lOOx . 

For area the conv e rsion fac tor is 1 0  x 1 0-5mm2 
per square reticle 

unit ,  and this app ears in the e quation b elow. The diame ters then 

were averaged for each portion of the male and fem al e  reproductive 

trac t observed at e ach spec ific pH v alue, and the average diameter (d) 

was used in the following equation to compute the ave rage area (A ) of 

the zone of lysis. 

d 2 A = 7r ("'2") 

A statistical analysis was run on the data to dete rmine their 

signifi c an c e .  B ecause of t h e  many variables inv olved i n  this 

experiment, an analysis of variance was performe d .  
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FIG.  1 .  Inverted phas e and brightfi eld camera microscope 

used to make observations on the gelatin memb rane . 
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FIG. 2 .  

FIG .  3. 

Water bath containing separate gelatin and Indi a 

ink solutions at 40°C. Thes e later will be 

mixed and warmed to 50°C. 

India ink impregna ted gelatin solution being 

applied to glass  micros cope slides . The slides 

are then allowed to air dry on a level surface.  





30 

FIG .  4 .  

FIG .  5 .  

Fixation of the gelatin membranes with a solution 

of 0. 05 percent glutaraldehyde in veronal ac etate 

buffer of pH 7. 0 � 0. 0 5 .  The slides are then 

rinsed twice in buffer, allowed to air dry, and 

finally washed three times in distilled wate r .  

Excess water is shaken off and the slides are 

allowed to air dry for at least one hour. 
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FIG.  6 .  A gelatin membrane slide used in the test for 

membrane sensitivity. The two circles were 

the result of membrane digestion by trypsin in 

veronal acetate buffer. Buffer alone did not 

digest the membrane. 1 1/2 X. 
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FIG .  7 .  

FIG . 8 .  

Animal board and el ec troejaculation apparatus 

built by the author for the collection of the 

ej aculate from the guinea pig .  Note the lumbar 

electrode in the harness, center of animal board, 

and the anal electrode on the board to i ts right .  

Guinea pig strapped to the animal board with the 

lumbar and anal electrodes of the electro

ej aculation apparatus in place .  





III . RESULTS AND CONC LUSIONS 

C ontrol 

A quali tativ e  analysis of gelatin membrane sensitivity was 

performed util izing a specific quantity of a known proteinase 

dissolved in veronal acetate buffer on the gelatin membrane. A 

negative control was run utiliz ing an equal quantity of the same 

veronal acetate buffe r, but wi thout a proteinase . The details for 

the control w ere given previously in  the s e ction on mater ials and 

methods found on p age 1 7 .  

Effec t  o f  In  Vitro pH 

If the mean areas of the zones of lysis for all four locations 

analysed (epidi dymis, v agina, uterus, and oviduct)  are averaged for 

each of the pH values ( 4 .  5, 7. 0, and 8 .  4 )  of the ve ronal acetate 

buffer which was used, and an analysis of variance is run on these 

data, then there is a significant prob ab ility that the mean area of the 

z one of lysis does vary with a change in pH ( Table II, p.  42 ) .  This 

is true despite the standard deviation which is included in this 

analysis for significanc e .  No signifi cant difference was noted 

between the zones of lysis produced at pH 4.  5 and pH 7 .  0 or between 

pH 7 .  0 and pH 8 .  4 .  The signific ant difference  occurred between the 

areas produced by ac rosomes subjected  to the veronal acetate buffer 

at pH 4. 5 and pH 8 .  4 with the greatest mean are a being produc ed at 

the alkaline pH . 
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Effect of Loc ation of Sperm Removal 

The prob ability that the site from which spermatozoa are 

extracted has an effe c t  on the area of the zone of lysis is 0. 06 1 5  

where significance is determined by P = 0 .  0 5 .  The closeness of 

this v alue to the range of signifi c ance suggests that there may be  a 

difference in the quanti ty of active proteolytic  enzymes present in the 

a crosome at  different locations in the male and female reprodu ctive 

tracts.  Working under this assumption, the greatest quantity of  

active proteinases appears to  be  found i n  the acrosomes of  spe rm 

rem oved from the epididymis and from the uterus with those from the 

uterus exhibi ting the largest m ean area for the zone of lysis.  Sperm 

removed from the vagina and the ovidu c t  pro duced the smallest mean 

areas ( T able I, p.  42  ) .  

However,  the null hypothesis that no change in area does occur 

has not  been disproven; and therefo re a diffe rence in  enzyme activity 

according to location can not b e  demonstra ted under the conditions of 

this study. 

Effects of In Vitro pH and Loc ation  of Sperm Removal 

The prob ability that  the mean area of the z one of lysis will 

vary for sperm colle c ted  from each of the four different loc ations 

analysed when the mean area for each loc ation is determined fo r e ach 

of the three pH variables used,  a total of twelve mean areas in all, 

is insignificant ( T ables III and IV , pp.  43-44).  Howev er,  because the 
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probability is being determ ined for a s tati cal interaction betwe en 

both pH and location, the P value is considered to be clos e  enough to 

the region of s ignificance to lend some support to the s e  data. With 

this under standing ,  the data will be analys ed; but it mus t b e  

remembe red that the null hypothe sis ,  that n o  change i n  the mean 

areas does occur with a change in  b o th lo cation and in vitro pH, has 

not been disproven.  
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The apparent change in mean area c an bes t  be  unde rs tood if the 

mean areas for all the locations s tudied are  compared fo r only one of 

the three pH values used in the experim ent at a time (Table III ,  Fig .  V, 

p .  43) .  I n  addition , a compari son m ay b e  made of the mean areas for 

all three pH values a t  each individual lo cation (Table IV, Fig. V,  p .  44) .  

pH 4 .  5 .  A t  pH 4 .  5 there appears to b e  no relative change in 

the mean area of the zone of lysis for any of the loc ations from which 

sperm were remov ed (Fig .  V, and plate figs . 1 6, 2 3, 2 8 ,  2 9 , 32, and 

3 5 ) .  

p H  7 .  0 .  The m ean areas at  pH 7 .  0 appear t o  increase as  the 

sperm progr e s s  through the m al e  and fem ale reproduc tive tracts 

until the oviduc t i s  reached . The m ean area apparently dec reases  in 

the oviduc t after reaching its peak in  the uterus (Fig. V,  and plate 

fig s .  1 7, 2 5 ,  2 6, 30, and 3 3 ) .  

p H  8 .  4 .  The changes i n  mean area at  p H  8 .  4 are the mos t  

vari able .  In the epididymi s, the mean area for the zone of  lys i s  i s  



relatively greater than that obs e rved at either pH 4 .  5 or pH 7. 0 .  

The re is  then a pronounced decline in the vagina, followed by a peak 

in the uterus, and finally by a se cond decline in the oviduct ( Fig. V, 

and plate fig s .  1 8 ,  2 4, 2 7, 31,  and 34) .  

Epididymis. In the epididymis, the mean areas appear to 

differ considerably depending upon the pH value of the veronal acetate 

buffer which was used to test the sperm .  The gre ate st mean area 

was found to occur at pH 8. 4 and the s mallest at pH 4. 5 ( Fig .  V, and 

plate figs . 1 6- 1 8 ) .  

Vagina. The range of the mean areas decreases in the vagina 

with the areas for all three pH values  b eing clo s ely grouped together . 

At thi s location, the greatest mean area appears to occur at pH 7 .  0, 

but there is very little diffe rence between this area and the area that 

results at pH 8 .  4 (Fig .  V and plate figs . 23-2 7 ) .  

Uterus .  The uterus appears to b e  the loc ation at which the 

greatest range in mean areas for the zones of lysis o c cu r s .  It i s  at 

this location that the mean are as for both pH 7 .  0 and pH 8 .  4 reach 

thei r  peak. Again, as  in the epididymis, the largest mean area for 

the zones of lysis appears to coincide with pH 8. 4 and the smallest 

with pH 4 .  5 ( Fig.  V, and plate fig s .  28-3 1 ) . 

Oviduct. In the ovi duct, the ob se rvations are very s im ilar 
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to tho s e  seen in the vagina . The range for the mean areas  is  

relatively small, and at thi s  l ocation there appears to be a generali zed 



dec rease for the m ean areas at both pH 7 .  0 and pH 8 .  4 with little 

or no change at  pH 4. 5. It should be noted that the greatest  mean 

area was obs erved at pH 7. 0 and the least  at pH 8. 4 (Figs .  32 - 35 ) .  

Acrosomal Proteinas e s  i n  Tes ti cular and Ej acul ated Spe rm 

Tes tis . A trial was conducted on one male guinea pig to 

determ ine if there was proteinas e ac tivity in the acrosom e  of 

tes ticular spermatozoa. Only sperm of normal morphology were 

included in the ob serv ations , but no attempt was made to determine 

their  s tage of m aturity.  A s  in the previous expe riments , veronal 

acetate buffers of pH 4. 5 ,  7 .  0, and 8 .  4 w e re us ed ; and proteolytic 

e nzyme activi ty was found to b e  pre s ent  at  all three of these  pH 

values . The greatest mean area for the z one of lysis  was computed 

for pH 8. 4 (Table V, and plate F igs . 1 2 - 1 5 ) .  

Ej aculate.  The ej acul ated spe rmatozoa from three male 

guinea pigs was examined in e i ther i ts natur al phys iological state or 

in veronal acetate buffe r of pH 4. 5, 7 .  0, or 8 .  4 on the gelatin 

membrane (Table V ) .  Proteolytic  enzyme ac tivity was found to be 

pres ent in each of the above c a s e s  (Fig s .  1 9-22 ) .  When the sperm 

was tested  in its natural physiologi cal s tate,  the m ean area of the 

zone of lysis  was found to b e  relatively sm all compared to tho s e  

areas produced unde r the influence of the veronal acetate buffe r .  

The greates t m ean area w a s  found t o  occur at p H  8 .  4 and the s malles t  

a t  p H  4 .  5 .  
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Changes in  Tail M orphology 

On s everal occasions , the tail of the guinea pig sperm was 

obs erved to undergo a morphological change . This change whi ch 

occurred only in sperm removed from the uterus and the oviduct,  

consis ted of a s egmentation of the tail i n  the region of the principal 

pie c e  (Figs .  3 0 ,  34, and 3 6 ) .  I t  i s  o f  intere s t  t o  note that,  i n  each 

of the examples  which are pictured in this text, the tail is divided 

into two maj or divis ions with three or four s maller s e gments 

between them. 
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TABLE I 

EFFECT OF THE LOCATION OF SPERM REMOVAL ON THE AREA OF THE ZONE OF 
LYSIS FOR SPERMATOZOA EXTRACTED FROM THE MALE AND FEMALE REPRODUCTIVE 
TRACTS OF THE GUINEA PIG AT pH 4 . 5 ,  7 . 0 ,  AND 8 . 4  ( P = 0 . 0615 )  

NUMBER MEAN AREA :!: RANGE OF 
OF STANDARD DEVIATION MEAN AREAS 

LOCATION ANIMALS ( X  10-5 mm2 ) ( X  10-5  mm2 ) 

EPIDIDYMIS 18 25 . 07 :!: 15 . 13 10 . 7 5  - 61 .98  

VAGINA ll 24 . 10 + 5 . 97  17 . 66 - 34 . 62 -

24 33 . 54 
+ 

7 . 85 - 88 . 10 UTERUS - 23 . 5 5 

OVIDUCT 16 20 . 10 + 9 . 08  7 . 85 - 49 . 06  -

TABLE II 

EFFECT OF IN VITRO pH ON THE AREA OF THE ZONE OF LYSIS FOR SPERMATOZOA 
EXTRACTED FROM THE EPIDIDYMIS , VAGINA , UTERUS , AND OVIDUCT OF THE 
GUINEA PIG ( P, -= 0 . 0149 ) 

Nill-B ER MEAN AREA :!: RANGE OF 
OF STANDARD DEVIATION MEAN AREAS 

� ANIMALS ( X  10 -5 mm2) (X 1o-5 mm2) 

4 . 5  20 18 . 54 2: 5 . 66 7 . 85 - 31 . 40 

7 . 0  24 27 . 18 � 14 . 79 14 . 10 - 70 . 6 5  

8 . 4  25 32 . 80 2: 22 . 6 2  7 . 85 - 88 . 10 
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TABLE III 

EFFECTS OF IN VITRO pH AND LOCATION OF SPERM REMOVAL ON THE AREA OF THE 
ZONE OF LYSIS FOR SPERMATOZOA EXTRACTED FROM THE MALE AND FEMALE 
REPRODUCTIVE TRACTS OF THE GUINEA PIG ( P = 0 . 0945 ) 

NUMBER MEAN AREA ± RANGE OF 
OF STANDARD DEVIATION MEAN AREAS 

___12!!_ LOCATION ANIMALS (X lo-5 rnm2) (X lo-5  rnm2) 

4 . 5  EPIDIDYMIS 6 17 . 5 3 ± 4 . 07 10 . 7 5  - 22 . 69 

VAGINA 3 20 . 63 ± 5 . 15 17 . 66  - 26 . 58 

UTERUS 6 
+ 

18 . 6 5  - 7 . 81 �( .  85 - 31 . 40 

OVIDUCT 5 18 . 34 2: 6 . 10 7 . 85 - 22 . 69 

7 . 0  EPIDIDYMIS 6 21 . 25 2: 8 . 06 14 . 9 5  - 35 . 62 

VAGINA 3 26 . 25 + 7 . 51 20 . 10 - 34 . 6 2  -

UTERUS 9 + 32 . 68 - 20 . 51 14 . 10 - 70 . 6 5  

OVIDUCT 6 25 . 34 ± 12 . 02 16 . 96 - 49 . 06  

8 . 4  EPIDIDYMIS 6 36 . 43 ± 21 . 35 14 . 73 - 61 . 98 

VAGINA 5 24 . 88 � 5 . 86 17 . 66 - 31 . 40 

UTERUS 9 44 . 33 � 28 . 9 5 13 . 27 - 88 . 10 

OVIDUCT 5 15 . 59 � 4 . 57 7 . 85 - 19 . 60 
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TABLE IV 

EFFECTS OF LOCATION OF SPERM REMOVAL AND IN VITRO l'H ON THE AREA OF 
THE ZONE OF LYSIS FOR SPERMATOZOA EXTRACTED FR0!-1 THE MALE AND FEMALE 
REPRODUCTIVE TRACTS OF THE GUINEA PIG ( P  = 0 . 0945 ) 

LOCATION � 

EPIDIDYMIS 4 . 5  

7 . 0 

8 . 4  

VAGINA 4 . 5 

7 . 0 

8 . 4  

UTERUS 4 . 5 

7 . 0 

8 . 4  

OVIDUCT 4 . 5 

8 . 4  

NUMBER 
OF 

ANIMALS 

6 

6 

6 

3 

3 

5 

6 

9 

9 

5 

6 

5 

MEAN AREA :!: 
STANDARD DEVIATION 

(X 10-5 mm2) 

17 . 5 3 :!: 4 . 07 

21 . 25 : 8 . 06 

36 . 43 ± 21 . 35 

20 . 63 + 5 . 1 5 

26 . 25 + 7 . 51 

24 . 88 :!: 5 . 86 

18 . 6 5  + 7 . cl1 

32 . 68 + 20 . 51 

44 . 33 � 28 . 9 5  

18 . 34 + 6 . 10 

25 . 34 + 12 . 02 

+ 15 . 59 - 4 .  57 

RANGE OF 
MEAN AREAS 

(X 10-) mm2) 

10 . 7 5  - 22 . 69 

14 . 9 5  - 35 . 62 

14 . 73 - 61 . )8 

17 . 66 - <:6 . 58 

20 . 10 - 34 . ci2 

17 . 66 - 31 . 40 

7 .  b5 - 31 . 40 

14 . 10 - 70 . o 5 

13 . 27 - 88 . 10 

7 . 85 - 22 . 69 

16 . 96  - 49 .06  

7 . 85 - 19 . 60 
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TABLE V 

EFFECT OF IN VITRO pH ON THE AREA OF THE ZONE OF LYSIS FOR SPERM 
EXTRACTED FROM THE TESTIS AND EJACULATE OF THE MALE GUINEA PIG 

NUMBER 
OF MEAN AREA RANGE 

___E!i_ LOCATION ANIMALS ( x  lo-5 mm2) (X lo-5 mm2) 

4 . 5  TESTIS 1 15 . 9 0  7 . 85 - 31 . 40 

EJACULATE 1 12 . 98 7 . 135 - 17 . 66 

7 . 0 TESTIS 1 10 . 68 7 . 85 - 17 . 66 

EJACULATE 1 23 . 13 7 . 85 - 70 . 65 

8 . 4 TESTIS 1 25 . 59 7 . 85 - 49 . 06 

EJACULATE 1 29 . 25 7 . 85 - 70 . 65 

NONE* EJACULATE 2 15 . 52 7 .  b5 - 31 . 4o 

* The ej aculate was tested on the gelatin  membrane in  its  natural 
state without the addition of buffer . 
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FIGURE V 

EFFECTS OF IN VITRO � AND LOCATION OF SPERM REMOVAL ON THE AREA 
OF THE ZONE OF LYSIS FOR SPERMATOZOA EXTRACTED FROM THE MALE AND 
FEMALE REPRODUCTIVE TRACTS OF THE GUINEA PIG 
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IV. DISC USSION 

This investigation has a ttempted to answer s everal ques tions 

concerning the proteolytic e nzyme activity of the guinea pig ac rosom e .  

F i r s t ,  is acrosom al proteinas e activity present i n  spermatozoa 

recovered from different locations of the male and female reproductive 

tracts ? 

Second, does p roteinase ac tiv i ty differ at different pH levels  

which repre sent the acid, neutral, and basic  ranges ? 

Third, does the location of the spermatozoa in the male or 

female reproductive tract hav e  an affe c t  on proteinase activity of  the 

acrosome ? 

And finally, can both loc ation and pH be  shown to have a 

c ombined affect on proteolytic enzyme activi ty on the gelatin m embrane ? 

In all s egments of the m al e  and female repro duc tive tracts and 

in the ej acul ate ,  proteolytic e n zyme ac tivity was shown to be present 

in the acrosome (Figs . 1 2 - 3 7 ) .  I n  e ach c a s e ,  both reactive and non

reactive sperm atozoa were ob s e rved within the s ame microscope 

field on the gelatin membrane (Figs . 1 0 ,  1 1 , and 2 5 ) ;  and the 

p roteinase activity or area of the zone of lys is for the reac tive 

spe rmato zoa was  found to vary (Figs . 1 6  and 1 7 ) .  These  findings 

support the works of Owers ( 1 9 7 1 ) and Gaddum and Blandau ( 1 9 70 )  

who first  reported tha t  epididymal spermatozoa of the guinea pig 

exhibit proteolytic ac tiv i ty on the gelatin memb r ane . I t  als o  lends 



support to the work of Denker ( 1 9 74 )  who used a modific ation of the 

gelatin membrane techniqu e ,  which he called the proteinase substrate 

film test, to show proteinas e activity in the acrosome of the rabbit 

ej aculate . 
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I t  i s  important t o  note that this i s  the first report that acro somes 

of individual spermatozoa exhibit proteolytic en zyme activity in the 

testi s ,  vagina, uterus , and oviduct. This finding supports the view 

that the proteolytic en zymes in the acrosome are intrinsic  to the sperm 

and develop by differentiation at the cellular l evel . 

A crosomal Proteinase A ctivity and pH 

If  the sum total of prote inase activity for all four locations from 

which sperm were extracted ( epididymi s ,  vagin a ,  uterus , and oviduct) 

is compared for each individu al pH v ariable, a s ignificant difference 

in proteolytic enzyme activity is noted between pH 4. 5 and pH 8 .  4 .  

The greatest mean are a  i s  obs erved at the more alkaline pH . This 

supports an ob s erv ation made by Gaddum and Blandau ( 1 9 70 ) .  This 

difference is  activity on the gelatin membrane according to pH may 

very well mean that there is a greater quantity of proteinas es in the 

guinea pig acrosome which have their pH optima in the alkaline 

range.  This finding may have even greater s ign ific ance in that 

proteolytic enzymes with pH optima in the acidic, neutral , and 

alkaline ranges have been dis c overed in the guinea pig by Owers ( 1 9 7 1 )  

and McDonald,  Zeitman and Owers (unpublished ) .  It i s  pos s ible that 



s ome of thes e  e nzyme s may be  activate d at a particul ar pH, and 

therefore, the v ariable pH range of the female reproductive tract, 

acidic to slightly alkaline ,  might be one of the factors involved in 

the process of capacitation, a physiological change tha t  the sperm 

mus t  undergo before it  is capable of penetrating the egg (Aus tin, 1 95 2 ;  

Seitz,  Brackett,  and Mas troiann i ,  1 9 73 ) . 

Acrosomal Proteinas e A c tivity and Location 

The autho r was unable to disprove the null hypothesis which 

states that no s ignifi c ant  change in acro somal proteinase activi ty 

occurs on the gelatin membrane for sper.matozoa re.moved from 

different locations in the male and female reprodu c tive tracts .  This 

obs e rvation was based on the mean area of all thre e pH variables for 

e ach one of the four loc ations which were studied .  

Thi s  obs e rvation has two poss ible impli cation s .  Firs t ,  the 

probab ility that a change does exi s t  i s  very close to the region of 

s ignific ance and thus , under different experimental condi tions, a 

difference might very well be demonstrated.  Due to combining all the 

pH variables togethe r ,  any slight differences which might appear at 

different loc ations might be as sumed to re sult from the pre s ence or 

absence of enzymatic inhib itors whi ch are unaffe cted by pH. 

The s econd pos s ibility i s  that no change does take pla c e  in the 

acrosomal proteinase activity according to location . Thi s is the null 

hypothes i s ,  and it may indi cate that the enzymatic content of the 

4 9  



acrosomal package remains inta c t  with no significant los s of enzymes 

as the mature spermatozoon pas s es through the male and female 

reproductive  tracts . 

Effect of pH and Loc ation on A crosomal Proteinase A c tivity 

I t  i s  improbable that both pH and loc ation have a combined 

effe ct  on the acros omal proteinase activity . The obs e rved variability 

in proteolytic enzyme a c tiv i ty for any one of the three pH values used 

over the four locations s tudied i s  s tati s tic ally insignifi cant . However, 

the pH value , because it is based on a s tatis tical interaction, is  

considered to be  close to the region of significance . The refore,  thi s 

res e archer would like to give his impress ion or hypothesis  as to what 

may be occuring in the hope that it may help future res earchers . 

In  interpreting the data, an as sumption is made that the mean 

area c reated  by the proteinas es  i s  prob ably proportional to the 

quantity of enzymes at any particular locus . 

Epididymis. Those proteolytic enzymes which have their 

optimal reac tivity in an acidic environment (Barrett and Dingl e ,  1 9 7 1 )  

are probably the mos t s table becaus e of the l ittle variability in 

activity at different locations as  demonstrated in F i gure V .  I t  has 

b een reported by C annon ( 1 9 6 9 )  that human spermatozoa which are 

s tored in the ampullae are inactive metabolic ally because of the acidic 

environment and diminished oxygen supply . 
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Those  enzymes which have maximal reac tivity in a neutral or 

alkaline range (Barrett and Dingl e ,  1 9 7 1 )  are probably unaffected by the 

acidic environment of the epididymis and hen ce show greater protein

ase activity when exposed to their r e spective pH optim a. 

Ej aculate . The s eminal plasma of the ej aculate has 

remarkable effe cts upon the spermatozoa. To interpret  the changes 

in acrosomal proteinase ac tivity ,  i t  is neces s ary to take note of the 

various c omponents of the s em inal plasma and their  effe ct. 

The pH of the freshly ej acul ated s emen varies with the species . 

Hamne r ( 1 9 7 0 )  reported a range of anywhere from pH 6 .  1 - 7 .  0 in 

the dog and pH 7 .  0 - 7 .  2 in the cock, while C annon ( 1 9 6 9 )  s tated that 

human semen was slightly alkaline at about pH 7 .  7 .  Because the pH 

of guinea pig s emen has not b e en reported, i t  would be impossible to 

make any correlation according to pH. 

Z aneveld, Srivastava and Williams ( 1 9 70 )  demonstrated in the 

rabbit that  trypsin- like enzym e ,  corona penetrating enzyme , and 

neuraminidase activi ties are high in epididymal sperm extracts and 

are de creas ed by contact wi th seminal plasma. They attributed this 

finding to the pres ence in the semen of a trypsin inhib itor and a 

decapacitation fac tor (DF) ,  a sub stance which functionally reve rs es  

the capac i tation proc e s s .  The D F  inhib its corona penetrating enzyme 

and sperm neuramidina s e  while the trypsin inhibitor inhibits the 

trypsin- like enzyme. This observation is  supported by an earlier 

work (Chang , 1 95 7 )  in which s eminal plasma was found to be 



detrim ental to b oth motility and fertili z ing capacity in the rabb i t  

after c apacitation i n  the female tract.  Thi s  obs erv ation is 

important because a trypsin-l ike enzyme is  one of the proteinases  

found in the guinea pig  acro some and ac cording to Fritz ,  Trauts chold,  

Haendl e ,  and Werle ( 1 9 6 8 )  there i s  a heat- stable polypeptide trypsin 

inhibitor in the seminal ves icles of guinea pigs .  This i s  supported 

by anothe r obs e rvation that a trypsin-l ike activity is  high in 

epididymal spermato z oa ,  abs e nt in ejacul ated  spermatozoa and again 

pres ent in  c apacitated  spermatozoa in the rabbits ( Z aneveld ,  

S rivastava,  and William s ,  1 9 6 9 ) .  Becaus e this particular enzyme 

has been shown to h av e  its optimal activity at pH 8 .  0 in both the 

guinea pig (Mc Donald ,  Z ei tman, and Owe r s ,  unpublished) and in the 

rabbit (McRorie and Williams , 1 9  74 ) ,  this m ay very w ell explain the 

apparent drop in reactivity of the basic protei nases in the ejaculate 

and the vagina (Fig.  V ) .  The neutral proteolytic  enzyme s appe ar to 

be unaffected  by inhibitors and their  ac tivity increases  in both the 

ej aculate and vagina in a s teady fashion.  Both phenomena may be 

pH variabl e .  Tho s e  enzymes in the acidic range appear t o  show a 

slight  decrease in activity in the ej aculate with a light inc rease in the 

vagina. The se  changes  appear to be within the lim i ts of normal 

variability. 

Vagina.  Sperm atozoa were found in the vagina even though 

it has been reported that the guinea pig ej acul ates small amounts of 

gelled semen dire c t  into the u terus (Vicke ry and Bennett,  1 9 68 ; 
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Hamner,  1 9 70; H afe z, 1 9 7 3 ) .  This resea rcher finds thi s 

difficult to support because he has s een both spe rm ato zoa and an 

ejacul ation plug in the vagina. But thi s finding may be due either to 

reflux of sperm ato zoa or a miss by the animal. Howeve r, the 

acros omal proteinase a c tivi ty at all three pH value s in this hos tile 

envi ronment is  very clos ely grouped together and the changes  s een 

with respect to the epididymi s may merely be  an extension of the 

effe cts of the s eminal plasma.  

Uterus . The uterus has long been c ons ide red as one of the 

s ites of capacitation (Hamner,  1 9 70 ) .  Dukelow and C hernoff ( 1 9 6 9 )  

reiterated a theory that the presence o f  D F  i n  the s eminal plasma of 

a species is construed as an indi c ation of the need for capacitation 

of that species . Because i t  was  hypothesised that DF was a 

glycoprotein coat surrounding the sperm head and that thi s  must be 

removed during capacitation, he interpreted the ability of various 

l aboratory animal ute ri to remove t e tracycline fluore s cence from 

rhesus and human sperm as an indic ation of c apacitation. T he 

removal of thi s protective c oat  of glycoprotein and the refore, any 

i nhibitors as soc iated with it might v ery well account for the sudden 

upward surge in a c ro somal proteinase activi ty in the u te rus at 

pH 8 .  4 and 7. 0 .  Again, those enzymes with the i r  pH optima i n  the 

acidic range appea r  to be s t able and relatively unaffected  by the 

u te rine environment . 
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Hamner and Sojka ( 1 9 6 8 )  reported that rabbit uterine and 

oviductal secretions do not contain all the fac tors nec e s s ary for 

c apac itation. They concluded that  the factors needed to be  bound to 

the uterine a nd ov iduct  epithelium , requiring the sperm to have 

intimate contact with the epithelium . Thus,  the generalized peak in 

acrosomal proteinase ac tivi ty in the ute rus may be an indication of the 

first  s tep in capacitation . 

Ovi duct.  The oviduct plays many roles in the reproduc tive 

proc e s s .  I t  has been reporte d ,  l ike the uterus , to b e  another s ite of 

c apacitation (Hamner and Soj ka, 1 9 6 8 ;  Brackett,  1 96 9 ) , an d of 

cour s e ,  the site  of fertilization.  Other authors feel that the 

princ ipal means of capac itation here is via the follicular fluid of 

the egg (Edwards and Fowler, 1 9 70 ;  Y anagimachi, 1 9 6 9 ;  Barros 

andA ustin,  1 96 7 ) .  Bavister ( 1 96 9 )  however, fel t  that tubal or 

folli cul ar fluids may not capacitate spermatozoa direc tly, but 

s imply create s uitable e nviromental conditions for the spontaneous 

occurance of this proce s s .  He al so reported that  fertili z ation could 

be achieved in the hams ter over a pH range of 7. 2 to 7. 8 with the 

highes t  rate of fertili zation at pH 7. 6 to 7. 8 .  H amner and Fox ( 1 9 6 9 )  

reported that the oviduc t of the rabbit  had an alkaline pH while that  

of the human was neutral or slightly alkaline . Therefore,  in the 

oviduct, we most probably have an alkaline environment (Bishop, 

1 9 6 9 )  in whi ch capacitation is completed and fertili zation oc curs . 

How then can the sudden change in proteinase activi ty between the 
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ute rus and oviduct be explained ? I t  is very pos s ible that  the 

e nvironmental pH plays its major role in the oviduct .  Afte r 

c apacitation, the acro somal proteinases should be free of inhib itors , 

pH labile ,  and c apable of affe cting fertili z ation. The change s  in 

acrosomal proteinase activity seen at this loc ation indicate an 

actual util i zation or los s  of the se  enzyme s .  Again , those enzymes 

with a pH optim a at  an acidic pH are the mos t s table and appear to be  
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unaffected b y  the alkalinity of the ov iduct.  However, as pH increas es, 

enzymati c reac tivity appears to decrease with the mos t marked 

decrease being obs erved among alkaline groups of proteinas es . 

Change s  in T ail M orphology 

The s e gmentation of the tail of the guinea pig sperm w as 

obs erved only in  thos e sperm remov ed from the uterus and oviduct.  

I t  is  not known whether this i s  due to an in vitro effect  or whether it  

i s  part of the normal physiologic al aging process  for spe rm in the 

female reproductive tract.  I t  is,  however,  suspected tha t  this may 

indeed be linked to the deterioration of spe rm which have failed to 

fertil i z e  the female ' s egg.  

This obs e rvation may b e  s imilar to that reported by Joshi, 

Yaron and Lindner ( 1 9 7 0 ) .  They found that  the luminal fluid o f  the 

uterus of proes trous rats contained a non-dialyzable fac tor whi ch on 

incubation with epididym al spermatozoa of rat  or mice b rought about 

s eparation of the head from the midpiec e  - tail s egment; it did not, 



however, decapitate epididymal spermatozoa of the bull , ram, or 

guinea pig. It was also di s covered that sperm decapi tation was 

i nhibited by the secretions of the coagulating gland or the s eminal 

ves icles and that ej acul ated spermatozoa rem ained intac t in the 

ute rine lumen for at least  1 2  hours after mating. They concluded 

that the proteolytic ac tivi ty of the ute rine fluid was probably 

responsible for the sperm breakage effe c t .  

S ignificance o f  Re sults 

If i t  can be pre sum ed tha t  the enzyme package of the acrosome 

has its function in the process of fe rtil i zation and therefore,  needs to 

be preserved from the time of its o rigin until the time it reaches the 

egg,  then no significant chang e s  c an be expec ted  to occur from origin 

to des tination . The l arge p value s in the dete rmination of data 

significance may b e  due to the influence of the following factors : 

1 .  The passage of sperm through the male and female 

reproductive tracts is a biologi c al sys tem subj ect  to the 

same degree of variab ili ty as any othe r biologi cal system. 

Va riability exi s ts not only among the individual anim al s  

but als o  among the i ndivi dual spermatozoa (Simeone and 

Y oung,  1 93 1 ;  Young, 1 93 1 ;  Laurence and Carpuk, 1 963) . 

There i s  no guarantee that all the animal s ,  both male and 

female ,  are fe rtile or that all spe rmatozoa would contain 

the same enzymati c make up in terms of quantity of 
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enzymes ,  and the relative proportion of one en zyme to 

another.  

2 .  There may be  multiple as ye t unknown e nzyme inhibitors 

and a ctivators which are present at  various unknown sites; 

and even when modifying fac tors are known to be pre sent, 

they are diffi cult  to control. For example ,  Hamner ( 1 9 70 )  

recognized tha t  the capacitat ing ability of the female 

reproductive tract  is influenced by hormone s :  es trogen 

enhances it and proges terone inhibits it. 

3 .  There i s  al so the variable of time .  I t  i s  poss ible that  

changes may o ccur i n  the enzymati c make up of the 

acrosom e  as the spe rm ages . 

4 .  There i s  also a dis tinc t poss ibility that  addi tional 

proteinase ,  not s een in the epididymis , m ay have been 

absorbed from s eminal plasma and incorporated into or on 

the acrosome (Lundquist ,  1 9 53 ) .  

5 .  F inally, the gelatin memb rane technique is sensitive 

enough for determining the presence of proteinas e 

activi ty in a s ingle c ell but does not indic ate the numbe r of 

proteinases  present or their relative concentrations . 
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SUMMA RY 

The gelatin membrane te chnique was util ized to s tudy 

proteinase  ac tivity in the ac ros ome of guinea pig spe rmato zoa. It 

was shown that the individual spermatozoa exhibi t proteolytic 

enzymatic ac tivity in the region of the a c rosome when extrac ted from 

the testis ,  epididymis , ej aculate,  vagina,  uterus , and oviduc t .  This 

ac tivity was found to vary with pH for the se  spermatozoa recovered 

from the epididymis , vagina, uteru s ,  and oviduc t .  The greate s t  

reactivity w a s  found to be at  pH 8 .  4 and the least  a t  pH 4 .  5 .  There 

was no s ignificant diffe rence in reactivity b etween the diffe rent 

locations from which spermato z oa were removed and there also 

appeared to be  no s ignifi c an t  differ ence in reactivity for the different 

locations at different pH values from whi ch spe rm were removed.  

I t  s eems apparent tha t  the proteinas e package in  the acrosome 

has no particular func tion during the c ourse of its pass age through 

the male  and female  reproductive tract but only at the time of 

encounter with the e gg .  
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KEY TO TERMS 

A c - acrosome 

cd - c ellul ar debris 

gmd - gelatin m embrane defect  

N - nucleus 

t - tail 

Z L - zone of lysis 
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FIG.  9 .  Guinea pig spe rmato zoon extrac ted from the 

oviduct of the female and tes ted on the gelatin 

membrane . Note the acrosome , nucleu s ,  and 

tail. A zone of lysis may be observed 

surrounding the head region. (pH 8. 4) 8 00X. 
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FIG .  1 0 .  Example of a n  enzymatically reactive spermato zoon, 

as demonstrated by the zone of lysis .  800X. 

FIG .  1 1 .  Example of a spermatozoon showing no protei nase 

activity. 800X. 
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FIG . 1 2 .  A weekly reactive sperm (arrow) from the testi s  

of the male guinea pig .  (pH 4 .  5 )  400X.  

FIG .  1 3 .  The zone of lysis  i s  w ell delineated for this 

spermatozoon removed from the testis . (pH 4 .  5 )  

400X. 
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FIG . 1 4 .  These sperm atozoa were removed from the testis 

and subjected to a neutral environme nt on the 

gelatin membrane . Although the activity appears 

to be  minimal, the zone of lysis  in  the upper right 

hand corner is representative of the greatest 

activity observed at this  pH for the tes tis . (pH 7 .  0 )  

400X. 

FIG. 1 5 .  Tes ticular sperm tested at an alkaline pH exhibited 

the greatest overall reactiv ity . This obs erv ation 

is demonstrated by the zone of lysis for this 

spermatozoon. (pH 8. 4) 400X. 
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FIG .  1 6 .  Guinea pig spermato zoa extrac ted  from the 

epididymis . Varying degrees of reactivi ty are 

present here . Whenever a zone of lys is  was found 

to be the result of several sperm in combination, 

it  was not included in the ob servations ( arrows ) .  

(pH 4 .  5 )  4 0 0 X .  
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FIG. 1 7 . The zones of lysis  for thes e spermatozoa which 

were removed from the epididymis and tes ted at 

a neutral pH repre sent the spe ctrum of 

proteinas e reactivity from the least reactive , far 

left, to the mos t reactive, far right. This type 

of wide distribution in reactivity was typic al of 

most of the observations made in this  the s is . 

(pH 7. 0 )  400X. 

FIG .  1 8 .  The reac tivity of epididymal spermatozo� was greate s t  

when subj ected to a basic veronal acetate buffer. (pH 8 .  4 )  

400X. 
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FIG. 1 9 .  Guinea pig spermatozoon from the ej aculate. 

This amount of reactivity was typical for specimens 

tested at an acidi c pH . (pH 4 .  5 )  400X. 

FIG. 2 0 .  The ej aculate was tested  without the addition of pH 

adjusted buffers . The sperm pic tured here are 

lysing the gelatin membrane even though they have 

been exposed only to the seminal plasm a of the male 

guinea pig .  400X. 
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FIG. 2 1 .  Sperm from the ej aculate,  when tes ted with 

neutral pH veronal ac etate buffer, s howed 

greater reac tivity than ejaculated sperm to which 

no buffer was added. Note the gelatin membrane 

defe ct which is contiguous with a zone of lys i s ,  to 

the right of the photograph . (pH 7 .  0 )  400X. 

FIG. 2 2 .  Guinea pig spermatozoon from the ej aculate o f  the 

male.  (pH 8 .  4 )  400X. 
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FIG .  2 3 .  These sperm were recovered from the vagina within 

20 hours after mating . Note the multiple tails 

a s sociated with the spermatozoon in the upper left 

hand corner. This may be due to s tacking of the 

guinea pig sperm, and therefore was discounted 

as an observation. (pH 4 .  5 )  400X. 

FIG .  2 4 .  Guinea p i g  spermato zoon removed from the 

vagina and tested at  a basic pH . (pH 8 .  4 )  

4 00X. 





9 0  

FIG.  2 5 .  Both reactive and non- reactive guinea pig 

spermatozoa were often obs erved in the same 

micros copic field of the gelatin membrane . 

These particular sperm were removed from 

the vagina and tes ted at a neutral pH . (pH 7 .  0 )  

400X. 
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FIG . 2 6 .  The zone of lys is associated with this  

spermatozoon is  representative of  the  greatest 

reactivity ob served at  a neutral pH for specimens 

removed from the vagina. Note the unidentified 

cellular deb ris in the field . (pH 7 .  0 )  400X. 

FIG . 2 7.  Spermato zoa recov ered from the vagina and 

tes ted at a basic pH showed variable degrees 

of reactivity. This guinea pig spermatozoon is 

repres entative of the maximal reactivity which 

was observed. (pH 8. 4) 400X.  
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FIG . 2 8 .  Guinea pig spermatozoa recov ered from th e 

uterus 0 to 2 0  hours pos t coitus .  (pH 4 .  5 )  

400X. 

FIG. 2 9 .  The median reactivity ob served in the maj ority 

of the experiments  was the re sult of measuring 

zones of lysis similar to thos e shown here . These 

sperm were found in the uterus .  (pH 4 .  5 )  400X.  





9 6  

FIG.  30 . Reactive spermatozoon from the uterus  of the female 

guinea pig .  Note the apparent dislocation of  the tail 

from the nucleus and the segmentation ( arrow ) of the 

tail in the region of the principal piece .  (pH 7 .  0 )  

400X. 

FIG.  3 1 .  This rather large zone of lysis was produced by a 

spermatozoon recovered from the uteru s .  The tail , 

although faint, may b e  s een to proj ect from the 

nucleus towards the upper left hand corner of the 

picture . (pH 8 .  4) 400X . 





9 8  

FIG .  3 2 .  Guinea pig spermatozoon removed from the oviduct.  

(pH 4.  5)  400X. 

FIG . 3 3 .  These spermatozoa were recovered from the oviduct  

of  the female guinea pig. Note the relatively weak 

activity of the spermatozoon to the right when 

compared with that to the left (pH 7 .  0 )  400X. 
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FIG . 34 .  This large zone of  lysis was obs e rved for a 

spermatozoon recovered from the oviduct and 

tes ted at a basic pH. Note the segmentation 

(arrow ) of the tail . (pH 8. 4 )  400X. 

FIG .  3 5 .  Guinea pig spermato zoon removed from the oviduct.  

(pH 4. 5)  400X. 
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FIG . 3 6 .  Guinea pig spermatozoon recovered from the 

oviduc t.  Note the large zone of lys is and the 

s egmentation (arrow) of the tail. (pH 7. 0 )  400X.  

FIG.  37 .  Guinea pig  spermatozoa recovered from the  oviduc t .  

Note the large difference in  area between the zones 

of lys i s .  (pH 8 .  4 )  400X. 
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