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Hyperactivacion of sperm entails increases in the flagellar wave amplitude and the asymmetry 
of flagellar movement. In simple media on glass slides, hyperactivated sperm are not highly 
progressive. Nevertheless, we have evidence that hyperactivated sperm within the oviduct 
possess greater ability to reach the oocyte plasmalemma than normal activated sperm. First, 
hyperactivated rabbit sperm, flushed from the ampulla at the time of fertilization, have 
been found to swim in circles of greater radii in shallow chambers than in deep chambers. 
This behavior would tend to bring sperm away from the shallow chambers of the mucosal 
folds and into the deep chamber of the center of the oviductal lumen wherein lies the oocyte. 
Second, a study of mouse sperm, observed through the walls of the oviduct, has revealed 
that they bind to the mucosal surface, and we have now observed that only hyperactivated 
flagellar bending movements precede their release. Third, hyperactivated sperm may be more 
capable of penetrating proteoglycans present in the oviduct. A viscous mucus-like substance 
that traps sperm has been seen by us on the surface of oviductal mucosa from cows and 
pigs. In a recent study, we used Ficoll to increase the viscosity of medium to model the vis
cous environment of the oviductal mucus and cumulus matrix. Hyperactivated hamster sperm 
demonstrated greater ability to penetrate the viscous medium than activated sperm. Finally, 
an advanced state of hyperactivation may confer an advantage on sperm penetrating the 
zona pellucida. In an earlier study, hyperactivated hamster sperm were found to further 
increase flagellar bending after the acrosome reaction. This could confer an increased po
tential for generating thrust against the zona. In conclusion, it appears that hyperactivation 
enhances the ability of sperm to reach the site of fertilization and to penetrate the vestments 
of the oocyte. 

INTRODUCTION 

When m a m m a l i a n spe rm recovered f rom 
semen or f rom t h e caudal ep id idymis are 
d i lu ted in m e d i u m and p laced o n a mi
c roscope slide, t h e y usual ly exh ib i t a 
progressive fo rm of mo t i l i t y . T h e flagella 
bea t in a near ly symmet r i ca l p a t t e r n , 
genera t ing low a m p l i t u d e waves t h a t p rope l 
sperm in a straight o r slightly curved p a t h . 
This m o v e m e n t p a t t e r n m a y b e t e r m e d 
act ivated ( 1 , 2 ) . In con t r a s t , sperm recover
ed from t h e ampu l l a of t h e ov iduc t near 
the t ime of fer t i l izat ion display a v igorous 
b u t relat ively nonprogress ive m o v e m e n t 
p a t t e r n o n mic roscope slides. This move
m e n t , n a m e d " h y p e r a c t i v a t i o n " b y Yana-
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gimachi ( 1 , 3 ) , is t h e resul t of a flagellar 
wave p a t t e r n of increased a m p l i t u d e and 
a s y m m e t r y (Fig. 1) . O n e a p p r o a c h t o 
u n d e r s t a n d i n g w h e t h e r t h i s a p p a r e n t l y 
nonprogress ive p a t t e r n of mo t i l i t y enables 
sperm t o reach t h e o o c y t e p l a s m a l e m m a 
in vivo is t o tes t spe rm in e n v i r o n m e n t s 
t h a t m o r e closely resemble t h e oviducta l 
l u m e n t h a n does cu l tu re m e d i u m on a glass 
slide. T h e resul ts we ob ta ined b y using th is 
a p p r o a c h are discussed in th i s review. 

T h e ov iduc t and i t s lumina l c o n t e n t s 
cer ta in ly p re sen t spe rm w i t h a different 
phys ica l env i ronmen t t h a n a mic roscope 
slide. T h e r e are at least four features t ha t 
m a y be i m p o r t a n t cons ide ra t ions in in
vest igat ing t h e func t ions of hyperac t iva
t i on : 1) t h e convo lu t ed surface of t h e 
oviducta l m u c o s a ; 2 ) t h e ex i s t ance of 
b ind ing sites for sperm o n t h e mucosa l 
ep i the l ium; 3) the p resence of highly 
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viscous or viscoelastic fluids in t h e ov iduc t 
l u m e n ; and 4 ) t h e necessi ty for pene t r a t i ng 
t h e z o n a pel luc ida . 

Fig. 1: Movement patterns of rabbit sperm recovered 
from artificial vaginas (ejaculated sperm) and from ovi-
ductal ampullas during the periovulatory period (ampullar 
sperm). Dotted lines represent the curvilinear path of 
the head/midpiece junction, constructed b y joining the 
points locating the junction o n successive video frames 
(60 frames/sec). Dashed lines represent the average path 
or trajectory of the sperm, obtained b y visually judging 
the path of the center o f movement. Sperm heads are 7 
fjm long. A. Movement pattern of ejaculated sperm that 
rolled. B. Movement pattern of ejaculated sperm that 
glided along the surface of the slide. C. Movement pattern 
of hyperactivated ampullar sperm executing circles of 
approximately 5 jUm radii. D. Movement pattern of 
hyperactivated ampullar sperm executing circles of 
approximately 20 Jim radii. Reprinted with permission 
from Biology of Reproduction, reference (23). 

Firs t , t h e mucosa l surface is curved and 
convo lu t ed , r a the r t h a n s m o o t h and flat 
l ike a glass o r plast ic mic roscope slide. 
Sperm have b e e n observed t r a p p e d in 
p o c k e t s c rea ted b y mucosa l folds (Fig. 2) 
(4 , 7 ) . T h u s , mucosa l folds m a y fo rm 
physical barr iers t o sperm m o v e m e n t 
t o w a r d s t h e o o c y t e . T h e apical surfaces of 
t h e mucosa l epi thel ia l cells are also com
p lex , be ing di f ferent ia ted i n t o microvil l i 
and cilia which m a y be m o r e difficult for 
the sperm t o m o v e a long t h a n a s m o o t h 
ha rd surface. 

Second, t h e epi thel ia l surface m a y 
inhibi t sperm m o v e m e n t b y b inding sperm. 
Moti le m o u s e (6 ) , bovine ( 8 , 9 ) , and por
cine (10 ) spe rm have been observed t o b ind 
t ight ly t o mucosa l ep i the l ium in vitro. 
Scanning e lec t ron mic rographs of porc ine 
ov iduc t s ind ica te t ha t th i s m a y o c c u r in 
vivo as well (7 ) . 

Fig. 2: Tracing from a videotape of mouse sperm moving 
within the isthmus of an excised oviduct. Mucosal folds 
are indicated b y the densely stippled areas and a capillary 
is visible in the wall at the right. Most o f the sperm are 
attached to the mucosal surface in two pockets on the 
right. Two sperm that are headed out of the pockets 
are executing the acute bends characteristic o f hyper-
activation. 

Thi rd , sperm m a y be requ i red t o pass 
t h r o u g h highly viscous and viscoelastic 
fluids t o reach t h e o o c y t e . Oviduc t fluid 
con ta ins serum p ro t e in s such as a lbumin 
( 1 1 ) t ha t affect its viscosi ty and shear-
th inn ing p roper t i e s (2 ) . A m u c o u s subs
t a n c e has been de tec t ed in t h e i s thmic 
l u m e n s of h u m a n (12 ) , rabb i t ( 1 3 , 14) , 
bovine ( 8 ) , and porc ine (7) oviducts . 
In vitro, bov ine and porc ine sperm have 
been observed t o be t r a p p e d b y a m u c o u s 
subs tance p r o d u c e d b y mucosa l exp lan t s 
( 8 , 10) . After succeeding in passing t h r o u g h 
viscous oviduct fluids, sperm m a y also be 
requi red t o p e n e t r a t e t h e viscoelastic 
c u m u l u s m a t r i x in o r d e r t o reach t h e z o n a 
pe l luc ida of t h e o o c y t e . While it has been 
p roposed t h a t hya lu ron idase released from 
t h e ac rosome dissolves t h e m a t r i x , some 
r ecen t work indica tes t h a t t h e ac ro some 
reac t ion and its a c c o m p a n y i n g release of 
hya lu ron idase d o n o t occur in vivo unt i l 
t h e sperm has pene t r a t ed t h r o u g h t h e 
c u m u l u s t o t h e surface of t h e zona pel
lucida ( 1 , 15-17) and t h a t some t y p e s of 
sperm can p e n e t r a t e c u m u l u s ma t r ix 
w i t h o u t t h e aid of hya lu ron idase (18 ) . 

F o u r t h , o n reaching t h e o o c y t e , sperm 
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m u s t ut i l ize flagellar m o v e m e n t t o 
p e n e t r a t e t h e solid g lycopro te in n e t w o r k 
of t h e z o n a pel lucida . While e n z y m e s 
appa ren t ly play a ro le in z o n a p e n e t r a t i o n , 
sperm m o v e m e n t is requi red as well 
(19 -22) . 

In o rde r t o d e t e r m i n e w h e t h e r these 
features re la te t o t h e func t ion of hyper 
ac t iva t ion , sperm were ana lyzed as t h e y 
moved t h r o u g h t h e oviducta l l u m e n and 
artificial sys tems were used t o s imula te 
var ious physica l aspec ts of t h e oviducta l 
e n v i r o n m e n t . As a resul t , we have learned 
h o w hype rac t iva t i on m a y b e funct ional ly 
advan tageous t o sperm for get t ing o u t of 
mucosa l folds, b reak ing free f rom t h e 
ep i the l ium, passing t h r o u g h viscous and 
viscoelastic fluids, and pene t r a t i ng t h e 
z o n a pel luc ida . 

RESULTS AND DISCUSSION 

Escaping from mucosal folds 

Rabb i t ejaculated sperm recovered from an 
artificial vagina, o r f rom t h e oviducta l 
ampul la of na tu ra l ly m a t e d does shor t ly 
after ovu la t ion , were placed in e i ther 25 
jum or 100 iim d eep glass c h a m b e r s (23 ) . 
T h e d e p t h of t h e shallow c h a m b e r s was less 
t h a n half of t h e length of r abb i t sperm 
(60 jLim) ( 24 ) , whi le t h e d e p t h of t h e deep 
c h a m b e r s was a lmos t twice t h e lenght of 
t h e sperm. In b o t h t y p e s of chamber s , t h e 
freshly ejaculated sperm con t i nued swim
ming in l inear t ra jector ies . In con t r a s t , 
m o r e t h a n 93% of t h e free-swimming 
ampul l a r sperm were hype rac t iva t ed . T h e y 
pr incipal ly swam in circles (Fig. l ) ; h o w e v e r , 
spe rm in t h e shal low c h a m b e r s swam in 
significantly larger circles t h a n sperm in 
t h e deep c h a m b e r s ( 2 3 ) . 

Consider ing these resul ts in re la t ion t o 
t h e s i tua t ion faced b y sperm in t h e 
oviducta l l u m e n , t h e behav ior of hyper 
act ivated sperm cou ld be advan tageous for 
the fol lowing reasons . While t h e circling 
m o v e m e n t m a y n o t b e very progressive, it 
wou ld prov ide t h e sperm w i t h a p a t t e r n 
t h a t wou ld increase t h e l ike l ihood of 
e n c o u n t e r i n g t h e o o c y t e in t h e ov iduc t . 
Sperm swimming in l inear t ra jec tor ies 
wou ld b e less l ikely t o e n c o u n t e r a n 

o o c y t e , especially if t h e y were unab le t o 
t u r n . T h e y could b e m o r e likely t o b e c o m e 
lost d o w n in t h e space b e t w e e n mucosa l 
folds. T h e t e n d e n c y of t h e hyperac t iva ted 
sperm t o swim in circles of increased 
d i ame te r w h e n conf ined would br ing these 
sperm o u t of mucosa l p o c k e t s , wh ich are 
es t ima ted from the w o r k of El-Banna and 
Hafez ( 2 5 ) t o b e 25 iim in w i d t h and 2 0 0 -
3 0 0 /nm d e e p in t h e r abb i t ov iduc ta l 
i s thmus . Once o u t of t h e p o c k e t s , swim
ming in small circles wou ld b e likely t o 
keep sperm in t h e cen te r of t h e oviducta l 
l umen . 

T h e m o u s e ov iduc t is t r anspa ren t enough 
to p e r m i t observa t ion of sperm moving 
wi th in i t . Oviduc ts were removed from 
m a t e d mice , p laced in a 3 7 ° C c h a m b e r , 
and observed and v ideo taped t h r o u g h 
modif ied different ial in te r fe rence con t ras t 
op t i c s (6 , 2 6 ) . T h e m o v e m e n t s of t h e 
sperm wi th in each ov iduc t were v ideo taped 
for a few m i n u t e s , t h e n t h e record ings 
were ana lyzed . T h e record ings revealed t h a t 
sperm caught wi th in p o c k e t s c rea ted b y 
mucosa l folds changed d i rec t ion t o head 
in to t h e cen t ra l l u men af ter execu t ing 
deep flagellar b e n d s charac ter i s t ic of 
hyperac t iva t ion (26 ) (Fig. 2 ) . These observa
t ions s u p p o r t t h e h y p o t h e s i s t h a t hyper 
act ivated m o v e m e n t can serve t o m o v e 
sperm o u t of mucosa l p o c k e t s or c ryp t s 
and in to t h e cen te r of t h e oviducta l l umen . 

Release from the oviductal epithelia 

Mouse sperm observed wi th in oviducts , 
and bovine and po rc ine sperm incuba ted 
w i t h ov iduc ta l m u c o s a , have b e e n seen 
b ind ing t o t h e epi thel ia l surface (6 , 8, 10) . 
When washed ejaculated po rc ine sperm 
were i ncuba ted wi th exp lan t s of porc ine 
oviducta l mucosa , ne i the r hype rac t iva t ion 
no r release of sperm from t h e epi thel ia l 
surface were observed ( 1 0 ) . When pre
viously frozen bul l sperm were washed 
t h r o u g h Percoll and t h e n added t o p r imary 
cu l tu res of bov ine oviducta l ep i the l ium, 
m a n y qu ick ly b o u n d t o t h e ep i the l ium. 
After al least 12 h r of co- incuba t ion , 
30% of t h e u n b o u n d sperm appea red to 
b e hyperac t iva ted ( 9 ) . In a few ins tances , 
sperm were observed t o b reak away from 
t h e epi thel ia l surface and c o m m e n c e 
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swimming in a hype rac t iva t ed p a t t e r n 
(Pol lard and Suarez, unpub l i shed observa
t ions ) . F u r t h e r tes t ing is needed t o de
t e r m i n e w h e t h e r hype rac t iva t ion affects 
t h e release of sperm from bovine and 
po rc ine ov iduc ta l ep i the l ium. 

Observa t ions of t h e behavior of m o u s e 
sperm wi th in t h e ov iduc t offer s t ronger 
s u p p o r t for a ro le of hype rac t iva t i on in 
release from t h e ov iduc ta l ep i the l ium. 
Fo l lowing u p o n earlier obse rva t ions in 
situ ( 6 , 2 6 ) , a series of mice were m a t e d 
and t h e ov iduc t s r emoved , cu t away from 
t h e mesosa lp inx , and uncoi led before 
t h e y were observed (27 ) . This a l lowed t h e 
p a t h s of individual sperm t o b e fol lowed 
for longer per iods . Sperm in t h e ov iduc t 
were v ideo taped using Hof fman modu la 
t i o n con t ras t op t i c s . Sperm seen on t h e 
v ideo tapes were pr imar i ly s tuck t o the 
ov iduc ta l ep i the l ium and on ly a small 
pe rcen tage of t h e t o t a l n u m b e r of these 
sperm were seen t o b reak free (96 o u t of 
7 7 8 ) (27 ) . However , all b r e a k a w a y s were 
b y sperm showing acu t e flagellar b e n d s 
indicat ive of hype rac t iva t ion . Most of t h e 
sperm tha t b r o k e free were seen t o reat
t a c h t o t h e ep i the l ium wi th in 1-2 seconds . 
Progress appeared t o consist of long per iods 
of a t t a c h m e n t p u n c t u a t e d b y br ief pe r iods 
of free swimming . Hyperac t iva ted flagellar 
bea t ing seemed t o b e necessary for sperm 
t o b reak free, and , t h u s , t o progress a long 
t h e ov iduc t . 

In o r d e r t o provide a quan t i t a t ive 
eva lua t ion of t h e mot i l i t y p a t t e r n s of free 
and s tuck spe rm, t h e flagellar curva ture 
ra t io ( t h e straight-l ine d i s tance f rom t h e 
head midp iece j u n c t i o n t o t h e first inflec
t i o n p o i n t of t h e flagellar wave divided b y 
t h e d i s tance a long t h e tail b e t w e e n these 
t w o p o i n t s ( 2 6 ) was measu red for 108 
sperm in w h i c h t h e en t i re pr inc ipa l cur
va tu re of t h e flagellum was in focus. This 
ra t io reflects t h e degree of cu rva tu re in 
t h e tail , o r a m p l i t u d e of t h e wave, and 
decreases w i th increasing cu rva tu re . It 
serves as an ind ica to r of hype rac t iva t ion 
since t h e flagellar cu rva tu re increases 
dur ing h y p e r a c t i v a t i o n ( 2 3 , 2 6 , 28 -30 ) . 
F o r t h e 47 sperm t h a t were n o t a t t a c h e d 
t o t h e ep i the l ium, t h e m e a n curva tu re 
ra t io was 0 .729 ( 0 . 0 2 9 SEM). F o r t h e 61 

spe rm t h a t were s tuck t o t h e ep i the l ium, 
t h e m e a n curva tu re ra t io was 0 . 7 9 4 ( 0 . 0 1 9 
SEM). T h u s , t h e flagellar curva ture of free 
sperm was significantly sharper t h a n 
t h a t for sperm s tuck t o t h e ep i the l ium 
(1-factor A N O V A , p < 0 .05) . These 
values c o m p a r e well t o t h e resul ts ob ta in
ed for hype rac t iva t ed and act ivated m o u s e 
sperm in vitro, 0 . 7 5 8 and 0 . 8 4 0 respect ive
ly ( 2 6 ) (and Fig. 3 ) . 

0.9 -] 1 

Activ Hyper Bound Free 
In vitro In v ivo 

Fig. 3: A comparison of the flagellar curvature ratios 
(FC) of mouse sperm hyperactivated in vitro (data from 
reference (26)) and in vivo. Measurements o f sperm 
incubated in vitro were taken from 4 0 sperm (4 males) 
12-15 min after release from the caudal epididymis 
(activ) and from the same number of sperm 90 min after 
incubation under capacitating conditions {hyper). Mea
surements o f sperm hyperactivated in vivo were taken 
from videotapes of sperm in excised oviducts. Sperm 
that were observed to break free from the mucosal sur
face during 2 sec of vidotaping were classified as "free" 
(n = 47) , while those that remained bound during the 
videotaping period were classified as "bound" (n = 61) . 
The bars indicate the mean of the maximal ratios o f all 
sperm measured in each category. Vertical lines indicate 
the standard error of the mean. The ratios of sperm 
hyperactivated in vitro were significantly lower ratios 
than those of activated sperm (p < 0 .05 , 2-Factor 
ANOVA with male as the second factor), and the free 
sperm in the oviduct had significantly lower ratios than 
the bound sperm (p < 0 .05 ,1-Factor ANOVA). 

T h e qual i ta t ive observa t ions of sperm 
wi th acute ly b e n t tails b reak ing free from 
t h e ep i the l ium and t h e m e a s u r e m e n t s of 
flagellar cu rva tu re r a t io impl ica te hype r 
ac t iva t ion as a m e c h a n i s m for spe rm 
release from t h e oviducta l ep i the l ium in 
t h e m o u s e . Clearly, in o r d e r for a sperm 
t o reach t h e site of fer t i l izat ion and m a k e 
c o n t a c t w i th t h e egg, it m u s t be able t o 
b reak free of t h e ep i the l ium. Epi thel ia l 
b ind ing and hype rac t iva t ion m a y b e com
p l e m e n t a r y regula tory m e c h a n i s m s for 
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cont ro l l ing t h e t r anspor t of sperm i n t o t h e 
ampul la , ac t ing b o t h t o ensure availabil i ty 
of sperm at t h e t ime of ovu la t ion and to 
p revent p o l y s p e r m y , wh ich m a y o c c u r if 
large n u m b e r s of sperm e n t e r t h e ampul l a 
at ovu la t ion (31 ) . F u r t h e r m o r e , t h e re
q u i r e m e n t for vigorous hype rac t iva t ed 
m o v e m e n t m a y serve t o filter o u t ab 
n o r m a l o r weak sperm. 

Passage through viscous substances 

When added t o exp lan t s o f ov iduc ta l 
m u c o s a from the i r own species, previously 
frozen bull sperm (8) and washed ejaculat
ed b o a r sperm (10 ) b e c a m e caught in a 
m u c o u s subs tance p r o d u c e d b y t h e 
exp lan t s . In con t r a s t t o t h e ease wi th wh ich 
bull sperm p e n e t r a t e bovine cervical m u c u s 
(20 , 32 ) , t h e bull and boar sperm b e c a m e 
e n t r a p p e d in th i s m u c o u s subs tance and 
were n o t observed t o p e n e t r a t e it deep ly 
o r pass t h r o u g h it , even w h e n exp lan t s had 
been t aken from es t rous females and in
cuba t ed in es t radiol . Hyperac t iva t ion migh t 
enable sperm t o pass t h r o u g h th is subs tance , 
b u t th is has ye t t o be observed. 

In o rde r t o tes t w h e t h e r hyperac t iva t ion 
confers a physical advantage u p o n sperm 
for pene t r a t i ng viscous subs tances , Ficol l 
was used t o create a relat ively inert viscous 
fluid. H a m s t e r sperm were col lected f rom 
caudal ep id idymides and capac i ta ted in 
vitro ( 30 ) . T h e m o v e m e n t s of ac t iva ted , 
t rans i t iona l , and hyperac t iva ted h a m s t e r 
sperm in increasing c o n c e n t r a t i o n s of 
Ficoll were ana lyzed and c o m p a r e d . A t 
c o n c e n t r a t i o n s of Ficol l equivalent t o t h e 
viscosity of t h e c u m u l u s m a t r i x (33 ) , it 
was observed t h a t all of t h e sperm moved 
in a s inuous , l inear fashion ( Fig. 4 ) ( 2 ) . 
T h u s , hyperac t iva ted sperm had assumed 
a progressive p a t t e r n of m o v e m e n t . Fur
t h e r m o r e , a h igher pe rcen tage of hyper 
act ivated sperm were able t o p e n e t r a t e 
t h e Ficol l so lu t ion and did so a t a higher 
veloci ty t h a n act ivated sperm (2 ) . T h e 
behavior of t rans i t iona l sperm was inter
m e d i a t e . These observa t ions ind ica te t h a t 
hype rac t iva t ion confers an advantage on 
sperm e n c o u n t e r i n g m u c u s and c u m u l u s 
m a t r i x in t h e ov iduc t . 

Penetration of the zona pellucida 

H a m s t e r sperm were r emoved from t h e 
caudal ep id idymis and incuba ted in a defin
ed m e d i u m capable of induc ing hyper
ac t iva t ion and t h e a c r o s o m e reac t ion in 
vitro ( 34 ) . Hyperac t iva ted sperm were 
v ideo taped t h r o u g h phase con t ras t opt ics . 
By s topp ing t h e v ideo tapes o n individual 
f rames, t h e s ta te of t h e ac rosome cou ld 
be ascer ta ined o n mot i l e sperm, and fla-
geller bend character is t ics could b e measur
ed. I t was d e t e r m i n e d t h a t ac rosome-
reac ted , hyperac t iva ted sperm genera ted 
flagellar bends of greater a s y m m e t r y and 
amp l i t ude t h a n u n r e a c t e d , hyperac t iva ted 
sperm (34 ) . This increase in flagellar b e n d 
character is t ics can b e viewed as an increase 
in hype rac t iva t ion . Increases in flagellar 
b e n d amp l i t ude enable sperm to genera te 
grea ter propuls ive t h rus t (20 ) and , 
t he re fo re , provide t h e m wi th an increased 
abi l i ty t o p e n e t r a t e t h e zona pel lucida. 

Conclusion 

In t h e e x p e r i m e n t s descr ibed above , 
var ious sys tems were used to investigate the 
func t ions of hyperac t iva ted mot i l i ty . In 
m o s t of these s tudies , t h e ques t ion of 
func t ion was a p p r o a c h e d b y compar ing t h e 
behaviors of act ivated and hyperac t iva ted 
sperm. U n d e r cond i t ions designed t o 
represen t certain character is t ics of t h e 
oviducta l e n v i r o n m e n t , hype rac t iva t ed 
sperm appea red t o pe r fo rm b e t t e r t h a n 
act ivated sperm. In genera l , it can be 
conc luded t h a t hyperac t iva t ion is ad
van tageous in t h e oviduct . More specifical
ly, t h e resul ts of these s tudies ind ica te 
t ha t hype rac t iva t ion can serve to increase 
t h e abi l i ty of sperm t o move o u t of ovi
duc ta l p o c k e t s t o w a r d s t h e o o c y t e , t o 
release sperm from the epi thel ial surface, 
t o enable sperm t o p e n e t r a t e viscous fluids 
such as oviducta l " m u c u s " and c u m u l u s 
m a t r i x , a n d t o e n h a n c e p e n e t r a t i o n of 
the zona pel lucida. 
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