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ABSTRACT

A standard electroejaculation procedure was developed to collect 

semen from bush babies. The method involved a gradual increase in voltage 

administered by a bipolar rectal electrode from 0 to 8 v, with a stimulus 

duration of 1,7 sec and interval between stimuli of 0,4 sec. Ejaculation 

was sequential with a clear viscous seminal fluid preceeding a less 

viscous fluid containing some sperm, then a sperm-rich fraction. The 

average volume of sperm-rich fractions was 12.9p 1+6.13 S.D. with an 

average concentration of 2.0 x 108 sperm/m£ + 1.4 S.D.

Bush baby sperm are 40p long with heads about 3.6p long and 2.7p wide. 

Their general morphology conforms to a pattern common to primates with 

two striking exceptions, (1) the anterior portion of the acrosome is 

folded ventrally forming a hood, and (2) an intricate membranous complex 

in the neck region which contains a discrete phospholipid body demon

strable by staining with malachite green.

The proteolytic activity of guinea-pig and bush baby sperm was 

investigated by using the gelatin membrane technique. Activity was 

detected as a clear digested area around the head of the sperm on a 

red background. The activity was quantitated as the percentage of sperm 

exhibiting gelatin digestion. The time course of the expression of 

activity was pH dependent and species specific. At optimum pH (8), 

the activity of guinea-pig sperm was detected as early as 5 min and 

reached maximum in 1 hr. Activity was first detected in bush baby 

sperm at 30 min and reached maximum at 6 hr. No activity was detected 

at pH 2 or 4, and at pH 6 activity was retarded.
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Observations of sperm morphology revealed that only sperm with 

disrupted acrosomes exhibited proteolytic activity. The presence of 

1 nig/m£ soybean trypsin inhibitor or 3.81 x 10-2M benzamidine hydro

chloride completely inhibited the expression of activity although 

acrosome disruption occurred. Heat pretreatment of sperm at 70 C 

completely inhibited expression of enzyme activity but also prevented 

disruption of the acrosome.

There was no difference in the time course of expression of 

enzyme activity before and after incubation of sperm in capacitating 

media (guinea-pig, MCM, 2-1/2 — 3 hr; bush baby, heat pretreated 

blood serum, 8 hr). However, the percentage of sperm exhibiting 

activity decreased during these incubations. The decrease in activity 

was apparently related to a decrease in the percentage of live sperm, 

and in the guinea-pig, also to the occurrence of acrosome reactions.
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INTRODUCTION

Use of primates as laboratory animals in biological research 

generally requires special laboratory and animal care facilities. 

In 1963, Austin called attention to the potential usefulness of small 

primates, such as the bush baby (Galago senegalensis), as laboratory 

animals, both from the practical viewpoint of more simplified hand

ling and care and in consideration of their closer relationship 

to man than laboratory rodents of equivalent size. The suitability 

of the bush baby for in vitro sutdies of fertilization was investigated 

by Keating (1975), who demonstrated that the species can be reasonably 

maintained and studied without special physical facilities.

The present studies represent investigation of the morphology 

and proteolytic activity of bush baby sperm and consist of (1) the 

development of a standard electroejaculation procedure, using a circuit 

modification in the power supply to permit selection and automatic 

control of the duration and interval between stimuli, (2) electron 

microscopic examination of bush baby sperm, primarily intended to 

clarify the form and spatial relationship of the acrosome and nucleus 

but because of a special structural characteristic of the neck region 

of bush baby sperm, extended to test for the presence of a malachite 

gree stainable phospholipid which may relate to the fertility of 

sperm (Cummins and Teichman, 1974), and (3) the detection and investiga

tion of acrosomal proteolytic activity of bush baby sperm, using a mod

ification of the Benitez-Bribiesca and Velazquez-Meza (1972) gelatin membrane 

technique. Guinea-pig sperm were used in this series of experiments
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for comparative purposes and as procedural controls, since proteolylic 

activity of guinea-pig sperm has been demonstrated (Gaddum and 

Blandau, 1970) and the ability of guinea-pig sperm to undergo capacita- 

tion and acrosome reaction in defined medium has been clearly established 

(Barros, 1974).



REVIEW OF PERTINENT LITERATURE

Electroejaculation

The first successful electroejaculation procedure was developed 

by Gunn (1936) to obtain semen from rams. The procedure involved 

intermittent stimulation (10-40 v a.c.) between a metallic rectal 

electrode and a lumbar needle electrode. Consequently, muscular 

contractions were severe and the animals had to be restrained on 

their sides.

A bipolar rectal electrode consisting of 30 metallic-ring 

contacts, each separated by an ebony disc and alternately charged 

was used by Thibault and his colleagues (1948, cited by Dziuk et al. 

1954a) to electroejaculate bulls. Stimuli were administered at 

3-5 sec intervals and were manually regulated from 0-30 v, a.c. and 

back to zero.

Subsequent design modifications in the bipolar rectal electrode 

were of two main types, (1) a plastic probe with four longitudinal 

brass-strip electrodes, alternately charged (Marden, 1954), and 

(2) a plastic probe with six metallic-band contacts, alternately 

charged (Dziuk et al., 1954a). The latter was adapted for use with 

boars, goats, and sheep as well as bulls (Dziuk et al., 1954b), and 

a similar but smaller electrode was later developed to electro

ejaculate guinea-pigs, mice and rats (Scott and Dzuik, 1959) .

Attempts to collect semen from laboratory primates were largely 

unsuccessful until Mastroianni and Manson (1963) obtained ejaculates 

from macaques (rhesus monkeys) by electrical stimulation (20-40 v, 

a.c., 10-20 cps) of restrained animals with electrodes placed at 
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the base and glans of the penis. This method is still preferred 

by several investigators since it does not require sedation of 

the subject. In 1965, Weisbroth and Young constructed a bipolar 

rectal electrode for use with macaques. The probe was constructed 

as a in dia. plastic rod in which were mounted four copper-band 

contacts. The contacts were grouped within a span of 2 in at the 

insertion end, with contacts 1 and 3 wired as one pole and contacts 

2 and 4 the other. The electrical stimuli were varied manually 

from 0 to 9.1 v.

Fussell et al. (1967) constructed four similar bipolar rectal 

electrode of different sizes ranging in diameter from 1/8 to 1 in. 

The two smaller electrodes contained only two contact bands instead 

of four. The four sizes were found adequate to electroejaculate 

14 different species of primates, ranging from a small primate (tree 

shrew) to a full-grown chimpanzee (Roussel and Austin, 1968). The 

power source consisted of a variable transformer in circuit with 

a 10:1 stepdown transformer. This permitted selection of any 

electrode voltage between zero and 11 v (60 cps, a.c.). A duplicate 

of this power source was used by Keating (1975) to stimulate ejacula

tion of bush babies. However, the smallest bipolar electrode (1/s in 

dia.) was altered to decrease the distance between the two copper 

contacts from 1.0 to 0.5 cm. Ejaculation of bush babies was ob

tained by intermittent application of stimuli, initially 1-2 v then 

increasing to 5-7 v in a rhythmic manner. In all, 86 ejaculates were 

obtained from 15 males.
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Morphology of Mammalian Sperm

The morphology of mammalian sperm has been studied extensively 

at the electron microscope level (see review by Fawcett, 1975) , 

but with the exception of humans (e.g., see Anberg, 1957; Chrzanowski, 

1966; Pedersen, 1969, 1972; Zamboni et al., 1971) few detailed or 

comprehensive fine structure studies of primate sperm have been 

published. Zamboni et al. (1971) compared several morphological 

details of human and macaque sperm, and Bedford (1974) described 

the general structural organization and differences among sperm in 

representative species of eight nonhuman primate families. As 

shown by Bedford, the main structural components of primate sperm 

conform to the pattern which is common to all eutherian mammals. 

These features can be seen in figures 5-7 and 10-12 of bush baby 

sperm, and are: (1) the head which is usually ovoid and flattened 

dorscventrally, and which consists of an anterior cap-shaped acro- 

some and the highly condensed nucleus, (2) the neck, which contains 

the proximal centriole of the flagellum and segmented connecting 

piece. These lie in an implantation fossa at the base of the 

nucleus and join the base of the nucleus to the flagellum, (3) the 

midpiece which represents the anterior portion of the tail or 

flagellum, and is delineated by a sheath of mitochondria arranged 

in gyres, and (4) the principal piece of the tail. This region is 

distinguished by a complex fibrous sheath. A 9+2 microtubular axial 

filament extends through the mid and principal pieces, terminating 

as a relatively short end piece. In mammals, the axial filament 

is surrounded by nine course fibers which extend from the neck into 

the principal piece. The entire sperm is enveloped by a plasma membrane.
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Among the primate species examined by Bedford (1974) sperm of 

various cercopithecids (Old World monkeys) were quite similar in 

form, but different from those of hominoids (Gibbon chimpanzee and man) 

in having a more flattened nucleus, a longer head and midpiece (more 

mitochondrial gyres). Sperm of the gibbon and chimpanzee were inter

mediate between the cercopithecids and man in these characteristics. 

Sperm of platyrrhine species (New World monkeys) were very similar 

in form to those of cercopithecids except for marked species 

differences in the number of mitochondrial gyres (three species, 

29, 38 and 53 gyres; five cercopithecids, 38-43 gyres).

The greatest departure in sperm form was found in prosimians 

and was most pronounced in the galagos, including the bush baby 

(Galago senegalensis). Unlike sperm of other primate groups, the 

sperm head in galagos is asymmetric and the acrosome was initially 

described as hook-shaped. A second distinguishing feature of galago 

sperm is the concentration of membrane and tubular elements in the 

neck region (Bedford, 1967, 1974).

During condensation of the mammalian spermatid nucleus, a 

portion of the nuclear envelope ("redundant nuclear envelope", 

Fawcett, 1965) becomes extended or folded back from the base of the 

nucleus into the neck region (Franklin, 1968), In several species,• 

the excess nuclear envelope forms one or two elaborate membranous 

scrolls oi* concentric circles of membrane (Fawcett, 1970). The most 

extreme development of this membranous complex found to date is in 

the bush baby (Bedford, 1967), In view of the amount of membrane 

and the presence of tubular structures in the system, Bedford (1974) 
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has suggested that It derives from the manchette Ca spermatid structure 

rich in microtubules) and the membranous contents of the cytoplasmic 

droplet rather than from the redundant nuclear membrane.

Teichman et al. (1972) demonstrated the presence of a material 

in sperm of several mammals, which is stained by malachite green 

(also by pyronine B and pyronine Y) and is not preserved during 

fixation unless fixed with glutaraldehyde containing the stain(s). 

The stainable material was localized in the postacrosomal region 

of the sperm head, between the nuclear envelope and postacrosomal 

dense lamina in rabbits, hamsters, rats and mice, but in sperm of the 

mongoose and guinea-pig, the material was localized below the base 

of the nucleus and in the mongoose was associated with the membranous 

complex in the neck region (Teichman et al., 1972; Cummins and Teichman 

1974). The malachite green stained material in rabbit sperm was 

characterized as a phospholipid, predominantly a choline plasmalogen 

(Teichman et al., 1974), and was shown to accumulate in rabbit sperm 

during maturation in the epididymis. The stainable material was re

tained in live sperm incubated up to 24 hr in vitro in modified Hank's 

solution, but was no longer present in live sperm incubated 12 hr 

in an estrous uterus, i.e., was utilized or lost during capacitation 

(Cummins and Teichman, 1974), Whether or not the sperm phospholipids 

demonstrable with malachite green may function as an energy source 

(see Mann, 1967) or are functionally linked to capacitation is not 

known.
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Acrosomal Proteolytic Activity

In mammals, sperm must undergo some physiological change while 

in the female reproductive tract to become capable of fertilizing 

an egg ("capacitation", Austin, 1952).

The study of acrosomal enzymes has in recent years become an 

active and interesting field in reproductive biology. A variety 

of hydrolytic enzymes have been identified as acrosomal by histo

chemical methods and through studies of acrosomal extracts. During 

capacitation and as fertilization begins, acrosomal enzymes of the 

sperm must become activated, exposed and/or released as needed to 

assist sperm passage through each egg investment (see review by 

McRorie and William, 1974).

The acrosomal enzyme, hyaluronidase, can disperse the outer

most investment, the cumulus oophorus (see Austin, 1948). Zaneveld 

et al. (1968, 1969a) and Zaneveld and Williams (1970) reported a 

corona penetrating enzyme in extracts of rabbit sperm, which disperses 

the next investing layer, the corona radiata. The zona pellucida 

of mouse eggs is dissolved in vitro by mercaptans (Inoue and Wolf, 

1974), and sulfated polysaccharides have been detected in the zona 

pellucida and between cells of the corona radiata (Wislocki et al., 

1947; Konecny, 1959; Harper, 1970; cited by McRorie and Williams, 

1974). This suggests a possible role for the acrosomal enzyme, 

aryl sulfatase, in sperm passage through the corona radiata and zona 

pellucida (see discussion by McRorie and Williams, 1974). The 

identification of neuraminidase in acrosomal extracts (Srivastava 

et al., 1970) is of interest in view of the prevelance of neuramic 
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acid residues in cell membrane glycoproteins, but there is not yet any 

substantial indication of neuraminidase function in fertilization. 

The most extensively studied acrosomal enzyme is a trypsin

like proteolytic enzyme CStambaugh and Buckley, 1968, 1969;

Zaneveld et al., 1969b) or acrosin (Zaneveld et al,, 1971), Properties 

of the enzyme are similar to those of pancreatic trypsin (Stambaugh 

and Buckley, 1968, 1969, 1972; Zaneveld et al,, 1972a; Polakoski 

et al., 1973). The activity of enzyme is inhibited by soybean and 

ovomucoid trypsin inhibitors (Stambaugh et al,, 1969) and by the 

synthetic trypsin inhibitor a-N-tosyl-L-lysine chloromethylketone (TLCK) 

but not by the chymotrypsin analog a-N-tosyl-L-phenylalanine chloro- 

methylketone (TPCK) (Polakoski et al., 1972). Stambaugh and Smith (1974) 

reported that the amino acid content of rabbit acrosin is quite similar 

to human pancreatic trypsin, and that immunological cross reactions 

of rabbit anti-bovine pancreatic trypsin antiserum with acrosin from 

rabbits, bulls, rhesus monkeys and humans also occur. Although acrosin 

is trypsin-like, it differs from pancreatic trypsin in sensitivity to 

ovomucoid trypsin inhibitor (less sensitive), undergoes rapid auto

proteolysis when in highly purified form and hydrolyzes benzoyl 

arginine ethyl ester (BAEE) twice as rapidly as tosyl arginine methyl 

ester (TAME), where as pancreatic trypsin hydrolyses TAME at a 20 

fold greater rate than BAEE (Williams, 1972),

Acrosin has been extracted with the cation detergent Hyamine, 

and Triton-X 100 from the sperm of rabbit (Stambaugh and Buckley, 

1969; Zaneveld et al,, 1969b; Zaneveld and Polakoski, 1971; 

Zaneveld et al., 1972a), boar (Zaneveld and Polakoski, 1971;
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Polakoski and McRorie, 1973; Schleuning and Fritz, 1973; Schleuning 

et al., 1973), ram (Srivastava et al., 1965; Zaneveld and Polakoski, 

1971; Brown et al., 1975), Stallion, rat (Zaneveld and Polakoski, 

1971), bull (Garner et al., 1971; Multamaki and Niemi, 1972; Garner, 

1973), hamster (Zaneveld et al., 1973a; Meizel and Mukerji, 1976), 

mouse (Zaneveld and Polakoski, 1971; Brown and Hartree, 1976), and 

human (Stambaugh and Buckley, 1970a, b; Zaneveld et al., 1972b). 

Acrosin has also been detected in fowl (Ho and Meizel, 1970;

Palmer and Howarth, 1973) and in an amphibian (Penn and Gledhill, 

1972b). It is well established that the role of acrosin in fertiliza

tion involves hydrolytic action on the zona pellucida. Stambaugh 

and Buckley (1968) observed complete dissolution of the zona 

pellucida of rabbit ova incubated in Tyrode’s solution containing 

rabbit acrosin, and Meizel and Mukerji (1976) reported complete 

removal of the zona pellucida of hamster eggs incubated with hamster 

acrosin. The percentage of rabbit eggs fertilized in vitro by 

capacitated sperm decreased in the presence of soybean or ovomucoid 

trypsin inhibitors (Stambaugh et al., 1969) and Zaneveld et al. 

(1970a) obtained a 50% decrease in fertilization of rabbit eggs in 

vivo when capacitated sperm were incubated with bovine pancreatic 

trypsin inhibitor before insemination.

Acrosin was extracted from rabbit epididymal sperm by Stambaugh 

and Buckley (1969). Zaneveld et al. (1969b) at first failed to 

find acrosin activity in extracts of ejaculated rabbit sperm, but 

upon further purification of the extract (DEAE column chromato

graphy) found activity. In the same study, acrosin activity was 
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found in extracts of capacitated rabbit sperm. This suggested that 

a seminal plasma inhibitor is added to acrosin during ejaculation 

(Zaneveld et al., 1970b) and is removed during capacitation

(Zaneveld et al., 1969b; Polakoski et al., 1971). An acrosin inhibitor 

has been reported in human seminal plasma (Suomin and Niemi, 1972; 

Zaneveld et al., 1972b). Zaneveld et al. (1973a) suggested that the 

inhibitor is present both in free form and complexed with acrosin. 

Polakoski et al. (1971) had earlier demonstrated that an acrosin

inhibitor complex is present in boar ejaculates and that it dissociates 

under acidic conditions. The same property was demonstrated for the 

human acrosin-inhibitor complex (Zaneveld et al., 1973b).

Recently, Meizel and his co-workers have demonstrated that 

most of the acrosin in rabbit testis and cauda epidiymal sperm is 

present as an inactive zymogen (proacrosin, Huang-Yang and Meizel, 

1975). The rate of autoactiviation of proacrosin was dependent upon 

pH, the concentrations of the active and inactive forms, and was 

enhanced by Ca2+ and inhibited by Zn2+ (Meizel, 1972; Meizel and 

Huang-Yang, 1973; Huang-Yang and Meizel, 1975; Mukerji and Meizel, 

1975a,b; Meizel and Mukerji, 1975). Polakoski (1974) presented pre

liminary evidence of the presence of proacrosin in ejaculated boar 

sperm, and Meizel and Mukerji (1976) have obtained proacrosin from 

cauda epididymal sperm of the hamster

Polakoski et al. (1972) reported the molecular weight of highly 

purified rabbit sperm acrosin to be 55,000 as determined by 

Sephadex Chromatography and 27,300 by SDS-polyacrylamide gel 

electrophoresis indicating the possible existence of monomeric and 



12
dimeric forms. Stambaugh and Buckley (1968) and Stambaugh and Smith 

(1974) obtained similar values, but values obtained by Meizel and 

Mukerji (1975) were considerably higher, i.e., 73,000 and 38,000. 

The latter investigators obtained similar values (70,000 and 41,000) 

for hamster sperm acrosin, and have suggested that the discrepancies 

stem from differences in methods of enzyme purification and molecular 

weight determinations. Other reported molecular weight values are 

human, 76,000 (Gilboa et al., 1973), 30,000 (Zaneveld et al., 1972b), 

boar, 30,000 (Polakoski et al., 1973), 34,000, 37,000 and 38,000 

(Schlening and Fritz, 1974).

Localizations of proteolytic activity in sperm have involved 

different approaches. Yanagimachi and Teichman (1972) used the silver 

proteinate method described by Takamatsu et al. (1963) to identify 

sites of proteolytic activity in sperm of the golden hamster, 

mouse and deer mouse, rat , dog, guinea-pig, rabbit, bull, human 

and cock. In each case the final reaction product (silver bromide) 

was associated with the acrosome cap with no indication of activity 

in the equatorial segment or other regions of the sperm.

A more specific approach to acrosin localization was used by 

Stambaugh and Buckley (1970c) who employed fluorescein labelled 

trypsin inhibitors (soybean and lima bean). After treatment, green 

fluorescence was reported in the acrosome of rabbit, rhesus monkey 

and sea urchin sperm. No differences were detected among epididymal, 

ejaculated and capacitated (uterine) rabbit sperm. Garner et al. 

(1975) used the indirect immunofluorescent technique to localize 

bovine acrosin with rabbit anti-bovine acrosin immunoglobulin.
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According to the authors, the entire acrosomal region, including 

the equatorial segment, was labelled. Similarly, Schill et al. (1975) 

used the indirect immunofluorescent technique to localize acrosin 

in sperm of the boar, ram, goat, bull and human with rabbit anti

boar acrosin immunoglobulin. As in the report by Garner et al., the 

entire acrosomal region appeared to be labelled. Interestingly, 

there was no cross reaction of the boar acrosin antibodies with 

hamster or rabbit sperm.

Gaddum and Blandau (1970) introduced a gelatin membrane method 

for demonstrating proteolytic activity of individual sperm. Sperm 

were smeared over a thin layer of gelatin impregnated with India 

ink. Proteolytic activity was observed directly as a lightening 

of the gelatin around the sperm head caused by dispersion of India 

ink particles as hydrolysis occurred. Release of proteolytic 

enzyme(s) was demonstrated for ejaculated sperm of the rabbit and 

human, and epididymal sperm of the guinea-pig, rat, mouse and hamster. 

Although the method is relatively simple and direct, results were 

somewhat inconsistent and cytological details of the sperm were 

obscure. Penn et al. (1972) further simplified the gelatin method 

by substituting commercial photographic film (Kodak AR-10 autoradio

graphic film) as the gelatin substrate. The film was exposed and ■ 

processed. Then suspensions of rabbit, rat, mouse and guinea-pig 

sperm were applied to the gelatin membranes, which were mounted on 

clean slides with a camel's hair brush. Proteolytic activity was 

indicated by dissolution of the emulsion around the sperm heads. 

Allen et al. (1974) similarly substituted photographic plates
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(Kodak P300, exposed, processed and fixed with glutaraldehyde) as 

the the substrate and expanded the species examined to include 

boars and rams.

In a simple method introduced by Benitez-Bribiesca and Velazquez- 

Meza (1972), sperm suspensions (human and rat) were spread on clean 

slides, air dried and immersed once in a 5% gelatin solu

tion prepared in veronal acetate buffer. After incubation, the slides 

were stained and at the same time the sperm were fixed in Ponceau 

staining solution. This procedure gave good preservation of cytolog

ical detail and revealed regions of proteolytic activity as clear 

halos in a red background.

The gelatin substrate method has shown that the mode and time 

course of release of proteolytic activity from sperm is pH and 

species dependent. The activity of testicular sperm was found to 

be appreciably less than that of epididymal and ejaculated sperm 

(Penn et al,, 1972; Allen et al., 1974). The expected difference 

in activity of epididymal and ejaculated rabbit sperm owing to the 

presence of an acrosin inhibitor in seminal plasma was not detected 

by this method (Penn, 1975), nor was any marked difference found 

between the activity of ejaculated and uterus incubated (capacitated) 

sperm of boars and rabbits (Landa, 1975).



MATERIALS AND METHODS

Electroejaculation of the Bush Baby 

Ejaculates were obtained from adult males by the rectal 

electrode method of electrical stimulation described by Fussell 

et al. (1967). The electrode used was described by Keating (1975) 

and consisted of a I/8 in dia. plastic rod with two copper-band 

contacts separated by a distance of 0.5 cm. The power supply, 

described in detail by Fussell et al. (1967) was modified to permit 

selection and automatic control of the duration and interval between 

stimuli (Figure 4). The calibration of the power supply was performed 

with a Tektronix Oscilloscope Model 561D, Type 3A72, dual trace 

amplifier Type 354. The character of the stimulus was observed 

and photographed with a Tektronix Oscilloscope Camera Model C12 

with polaroid land pack film type 107 (Figure 2).

The animals received no water during 24 hr preceding electro

ejaculation to minimize risks of urine contamination of the semen 

sample. The animals were anesthetized before proceeding by intra

peritoneal injection of 0.5 m£ Nembutal (Abbot Laboratory) previously 

diluted with normal saline to a concentration of 10 mg/m£. If 

necessary, the anesthetized state was maintained by inhalation of 

Metofane (Pittman-Moore). The rectal electrode was sterilized 

with 95% ethanol, dried, then coated with H-R water soluble jelly 

(Holland Rantos Company) as a lubricant, and inserted to a depth 

of about 0.5 cm beyond the copper contacts. The duration and 

interval between stimuli was selected and set for automatic control.
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While the electrode was maintained in proper position with one hand, 

the stimulus voltage was slowly increased from zero to the desired 

trial voltage. If more than one trial was conducted, the animal 

was allowed to rest a minimum of 15 min between each 20 min trial 

period.

Ejaculates were collected from the glans with an Eppendorff 

pipette (5 or 10 tips to estimate volume) , placed under 

mineral oil in a Falcon #3030 culture dish, and diluted with a 

known volume of normal saline. A small sample was withdrawn for 

assessment of sperm concentration and motility with a phase contrast 

microscope.

Preparation of Bush Baby Sperm for Morphological Studies

Samples of bush baby sperm obtained by electroejaculation were 

suspended in 10 times their volume of 0.9% normal saline, and were 

washed gently by centrifugation (MSB minor centrifuge, GT-2, 5 min, 

approx. 600 rpm). Sperm damage was assessed with a phase contrast 

microscope, and undamaged washed sperm samples were fixed 2 hr in 

Karnovsky's (1965) fixative modified to consist of 2.0% glutaralde

hyde, 2.0% paraformaldehyde and 0.05% calcium chloride in 0.1 M 

sodium cacocylate buffer (pH 7.4). Fixed samples were washed in two 

changes of 0,2 M buffer and divided into two portions, for trans

mission and scanning electron microscopy.

For transmission microscopy, samples were post-fixed 1 hr in 

1.0% osmium tetroxide in 0.1 M buffer, rinsed once in 0.2 M buffer 

and dehydrated in a graded series of acetone solutions (30% to 
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100%). Dehydrated specimens were infiltrated overnight with hn 

equal volume mixture of acetone and Spurr's (1969) epoxy resin 

embedding medium. The samples were then transferred to pure embed

ding medium and polymerized (70C, 8 hr). Thin sections were cut 

with an LKB Ultrotome, recovered on 300 mesh copper grids and stained 

sequentially with aqueous uranyl acetate (Frasca and Parks,196 5 ) and 

lead citrate (Reynolds, 1963). Specimens were examined and photo

graphed with a Hitachi HS-8F-2 electron microscope.

For scanning microscopy, fixed samples were dehydrated in a 

graded series of acetone solutions and stored in 100% acetone. A 

small drop of sperm suspension in acetone was deposited on the 

surface of an aluminium specimen stub and allowed to dry. The 

specimens were then coated with gold in a vacuum evaporator and ex

amined and photographed in a Cambridge S4-10 scanning electron 

microscope.

To test for the presence of malachite green stainable material 

in bush baby sperm, electroejaculated sperm were washed as previously 

described and fixed 3 hr in modified Karnovsky fixative buffered 

at pH 6,8 and containing 6.1% malachite green (Matheson Coleman & 

Bell). Control samples were fixed in an identical manner but without 

malachite green. After fixation specimens were washed in several 

changes of 0.2 M buffer (pH 6.8) and were post-fixed in 1.0% 

osmium tetroxide in 0.1 M buffer (pH 6.8), then processed as 

described for transmission electron microscopy.
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Gelatin Membrane Procedure for

Detection of Proteolytic Activity

Guinea-pig sperm were obtained from lacerations of the cauda 

epididymis and vas deferens. The sperm were allowed to disperse 

in Ca2+ free minimum capacitation medium (CF-MCM, Barros, 1974). 

Bush baby sperm were collected by electroejaculation as previously 

described and were suspended in Ham's F-10 cell culture medium (GIBCO). 

Sperm suspensions were washed twice by centrifugation (MSB minor 

centrifuge, GT-2, 5 min, approx. 600 rpm) and were resuspended in 

original media to a final concentration of 5 x io7sperm/nA. The 

percentage of live-dead sperm was determined with a phase contrast 

microscope (50 counted/sample).

The gelatin membrane technique was modified from the procedure 

described by Benitez-Bribiesca and Velazquez-Meza (1972). Gelatin 

solutions (5.0%) were prepared at 40 C in veronal acetate buffers 

of different pH values ranging from 2.0 to 10.5. Gelatin solution 

(10 ]1£) was placed on a clean microscope slide, then 5 )li of a 

sperm suspension was added and dispersed in the gelatin by brief, 

vigorous agitation of the slide. The mixture was smeared in the same 

manner as a blood cell sample, and incubated in a humid chamber at 

room temperature for a specified time. After incubation, the slides 

were fixed and stained 2 min in a Ponceau S staining solution (10 nA 

of 1.0% Ponceau S, 1 nA glacial acetic acid, 89 nA deionized water). 

The stained slides were air dried and examined with a phase contrast 

microscope. Proteolytic activity was detected as a clear digested 

area on a red background. Percentage counts of proteolytic activity 
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were made for sperm populations at different time intervals and 

pH's, and the optimum pH was determined. The morphological state 

of the acrosome was carefully examined and correlated to enzyme 

activity.

To explore the effect of trypsin inhibitors on the expression 

of sperm proteolytic activity, soybean trypsin inhibitor (SBTI, 

SIGMA Chem. Co.), and benzamidine hydrochloride (Eastman Kodak Co.) 

were added to gelatin solutions buffered at optimum pH (8.0) in 

concentrations of 1.0 and 0.5 mg/m£ (SBTI), and 1.27 x 10-2M and 

3^1 x 10-2M (benzamidine HC&). Control slides lacking inhibitor 

were also prepared at pH 8.0. In these experiments, slide incubation, 

time was 24 hr.

To test whether sperm motility is necessary for expression 

of enzyme activity, sperm were preheated in a water bath for 2 min 

at 50, 60 or 70 C. Heat inactivation of motility did not cause 

rupture or detachment of acrosomes. In these experiments, slides 

were prepared at pH 8.0 and incubated 24 hr.

The proteolytic activity of sperm incubated under conditions 

which support capacitation was compared with untreated samples. 

Samples (50 p£) of guinea pig sperm, twice washed and resuspended 

to a concentration of about 108 sperm/m£ in CF-MCM (which does not 

support capacitation or acrosome reaction) were introduced into 

450 of minimum capacitation medium (MCM) in Falcon #2095 culture 

tubes which were then sealed and incubated 2-1/2 — 3 hr at 37 C to 

effect capacitation and acrosome reaction. After incubation, the 

sperm were centrifuged and resuspended to a concentration of
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5.0 x io7 mi, and the percentages of live-dead and live acrosome 

reacted sperm were determined (50 counted/sample), Sperm smears 

were prepared in gelatin (pH 8,0) as previously described. Un

incubated controls were prepared by dilution of the original 

108 speriq/mS, samples to a concentration of 5.0 x io7 sperm/m£.

Ejaculated bush baby sperm were washed once by centrifugation

in Ham's F-10 and innoculated into 50 of heat pretreated (60 C, 1 hr) 

human blood serum under mineral oil in Falcon #3001 culture dishes. 

Final sperm concentrations were adjusted to about 2.0 x 107/m£ 

and the suspensions were incubated 8 hr at 37 C to support capacita- 

tion (Keating, 1975). After incubation, the sperm were washed by 

centrifugation and resuspended in Ham's F-10 to a concentration of 

about 5.0 X 107/m£. The percentage of live-dead sperm were determined, 

but no acrosome reactions (detachment, see Discussion) were detected. 

Smears were prepared in gelatin (pH 8.0) as previously described.

Control slides were prepared before incubation from the original 

washed sperm suspension. The slides were incubated 24 hr.



RESULTS

Electroejaculation of the Bush Baby

Proper positioning of the bipolar rectal electrode was recognized 

as an important requirement in earlier development of ejaculation 

procedures for the bush baby (Keating and Damey, unpublished) and 

proved to be of paramount importance in development of the procedure 

used in this study. If positioning resulted in stimulation of the 

sciatic nerves to extend the legs, ejaculation did not occur. Proper 

positioning was indicated by flexure of the legs toward the abdomen 

together with contraction of the scrotum. Full erection did not 

usually precede ejaculation but instead was found to indicate too 

deep positioning of the electrode, and generally resulted in urination. 

Ejaculations were obtained after moderate erection in company with the 

muscular contractions mentioned previously.

The optimal electrode potential, duration of stimulus and interval 

between stimuli were determined empirically over a period of several 

months. Ejaculation attempts with any particular animal were not 

permitted at intervals less than two weeks because of the attendant 

anesthesia and non-expendable nature of the animal. Stimuli of 1.7 sec 

duration and an interval of 0.4 sec between stimuli were found to produce 

satisfactory results. The electrical stimulation was gradually increased 

from 0 to 8 v in the most successful trials (30 ejaculates in 38 

trials). If the potential were maintained in the lower range (2-5 v), 

ejaculation did not occur (one exceptional instance, male No. 10, 2.0 v, 

ejaculated at 30 min). Electrode potentials greater than 14 v caused



TABLE I

CHARACTERISTICS OF SPERM-RICH FRACTIONS OBTAINED WITH ELECTRODE POTENTIAL
8.0 v, STIMULATIONS 1,7 SEC AT 0,4 SEC INTERVALS

Animal Trial No,
Semen

Volume 
(uJO

Sperm 
Concentration/m£

Estimated
Percent Motile

3 1 10 4.1 x 107 . 85
2 15 3.4 x 107 70

9 3 5 2.4 x 108 85
4 15 2,6 x 108 85
5 15 2.0 x 108 80

10 6 25 1,6 x 108 80

11 7 10 1.9 x 108 85
8 8 4,8 x 108 80

Means 12,9 + 6.13 S.D. 2.0 x 108 + 1.40 S.D. 81.3 + 5.18 S.D.

to N)
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severe muscular contractions and in some instances, urination, but no 

ejaculations.

Ejaculation was generally observed as a three stage sequential dis

charge beginning with a clear, viscous seminal fluid, then with continu

ing stimulation, additional seminal fluid containing a few sperm and 

finally a milky white droplet of highly concentrated sperm. During the 

studies 38 electroejaculates were obtained from 11 different males in 

52 attempts. Properties of some typical electroejaculates are presented 

in Table I. Ejaculates which contained fewer than 3.0 x 107 sperm/m£ 

or with less than 70% progressively motile sperm were not used in the 

studies.

The viscosity of the seminal fluid varied, with the portion first 

ejaculated being most viscous. When sperm were occasionally present in 

the viscous portion they seemed immotile but became motile 10-15 min after 

addition of normal saline. When present in the less viscous portion of 

the ejaculate, as was the usual case, sperm exhibited a vigorous pro

gressive motility. The firm coagulum which usually forms in ejaculates 

of primate species (Roussel and Austin, 1968) did not form in bush baby 

ejaculates. Irregularly shaped secretory granules (Fig. 3) were often 

present in the ejaculates.

Morphology of Bush Baby Sperm

Bush baby sperm are relatively small. They are about 40p long with 

sperm heads about 3.6p long by 2.7p wide. In lateral views, the acrosome 

of the sperm head appears hook-shaped (Fig. 5), but when viewed dorso- 

ventrally (Fig. 6) the head appears more ovoid.



Figure 1. Bush Baby (Galago senegalensis), adult female 
and juvenile offspring.



♦
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Figure 2. The sine wave pattern of the electrical stimulus 
produced by the electroejaculator power supply. 
60 cps, 8v.

Figure 3. Phase contrast micrograph of globular bodies usually 
found in the ejaculates. The source and nature of 
these bodies are not known. x280.

Figure 4. The electroejaculator used in this study. The 
stimulus duration and interval between stimuli are 
automatically controlled. Various voltages can 
be selected from 0 to 60 v. The rectal electrode 
is shown to the right of the power supply.
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A high concentration of membranous material gives the neck region 

a swollen appearance in ejaculated sperm viewed with the phqse contrast 

microscope (Figs. 5 and 6), A second region of concentrated cytoplasm , 

the residual cytoplasmic droplet (Figs, 5 and 6), is generally present 

at the lower portion of the midpiece.

The hooked shape of the acrosome which is indicated in phase contrast 

micrographs was also seen in sagittal sections examined with the 

transmission electron microscope (Figs. 10 and 14), but observations 

with the scanning electron microscope revealed that the head is quite 

typically primate in form (Fig. 7) with the striking exception that the 

anterior region of the acrosome is folded ventrally as a hood (Figs. 8 

and 9).

As shown in Figures 8 and 9, the acrosome comprises the anterior 

two-thirds of the head. The anterior segment of the acrosome represents 

the hood-like fold, the principal segment covers the anterior half of the 

nucleus (not visible in scanning micrographs), and the terminal or 

equatorial segment encircles the nucleus as a narrow, constricted band. 

The head tapers anteriorly from the relatively thick postacrosomal 

region (Fig. 8).

The residual cytoplasmic droplet was not retained by sperm prepared 

for scanning microscopy, and the membrane complex CMC) of the neck region, 

though retained by several sperm, was displaced back along the mid-piece 

(Fig. 7), The helical arrangement of sperm mitochondria delineate the 

mid-piece (Fig. 7) which constitutes the anterior fifth of the flagellum 

and contains 42-46 mitochondrial gyres.
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The hood-like fold of the acrosome is quite apparent in sagittal 

sections of the sperm head (Figs. 10 and 14), and the acrosomal contents 

appear homogeneous and lack structural elements, The plasma membrane is 

closely applied to the sperm surface (Figs. 10—17) except in the acrosomal 

region where it was often observed separated from the ventral surface of 

the folded area, as in Figure 10 (P), Fragmentation of the plasma 

membrane was observed in the acrosomal region of several sperm (Fig. 14) 

but is generally regarded as a preparative artifact.

As in all mammalian sperm so far examined, the nuclear material is 

very condensed and amorphous in appearance (Figs. 10—14), and is en- 

sheathed by a thin "postacrosomal dense lamina" (Fawcett, 1965) posterior 

to the acrosome (Fig. 12). The implantation fossa, a concavity in the 

base of the nucleus (Figs. 10—13) contains a dense basal plate closely 

applied to the base of nucleus (Figs. 11 and 12), the proximal centriole 

which lies at an oblique angle to the central axis of the head (Fig. 11), 

segmented connecting pieces (Figs. 12 and 13), and at least one longi

tudinally oriented mitochondrion (Fig. 12).

A simple fold of redundant nuclear envelope extends into the neck 

region from the base of the nucleus (Fig. 11), but the most conspicuous 

feature of the neck region is the complex array of concentric membranes 

which extend several microns from the neck region into the mid-piece 

(Figs. 10—13). At some points the membranes appear to coverge as 

tubular bundles (Figs. 13 and 15). Transverse sections of the membrane 

complex are shown in Figures 16 and 17.

The mid-piece is relatively short (8-9p) as is typical of primate 

sperm. Part of the residual cytoplasmic droplet is shown near the
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Figures 5 Phase contrast micrographs of bush baby sperm, 
and 6

Fig. 5 Lateral view of bush baby sperm showing the
hook-like acrosome; membraneous complex (MC) 
at the neck region and the cytoplasmic drop
let (CD) at the lower midpiece. x2,750

Fig. 6 Bush baby sperm viewed ventrally, the true form
of the acrosome is not clearly visible. x2,750

Figure 7 Low magnification scanning electron micrograph
of bush baby sperm. Membraneous complex (MC), 
midpiece (MP). x4^70
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Figures 8 
and 9

Scanning electron micrographs of the head of the 
bush baby sperm. The anterior segment of the 
acrosome (^>) is folded ventrally in the form 
of a hood. The principal segment of the acro
some (Pr) covers the anterior half of the 
nucleus and the equatorial segment (Eq) is apparent 
as a narrow band. The post acrosomal region is 
indicated (PA) and the posterior ring (PR) de
lineates the posterior limit of the head.

Fig. 8 lateral view. xl5,930.

Fig. 9 ventral view. xl6,370.
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Figure 10 Sagittal section of the bush baby sperm.
The acrosomal(A) is folded ventrally 
and appears hook-shaped. The plasma membrane 
(P) is closely applied to the sperm except 
along the ventral surface of the folded region 
of the acrosome. The membraneous complex (MG) 
is seen at both sides of the neck region.
Nucleus (N) . x2Q)160
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Figure 11 Horizontal section of a bush baby sperm. The 
redundant nuclear envelope (NR) extends into 
the neck region. The obliquely oriented 
proximal centriole (PC) is shown at the 
base of nucleus. The cytoplasmic droplet (CD) 
is shown at the lower portion of the midpiece. 
X18.707.

Figure 12 Sagittal section of the neck region of a bush 
baby sperm. Part of the basal plate (BP) is 
shown at the base of the Nucleus (N) which is 
surrounded by the nuclear envelope (NE). 
Segmented connecting piece (SC). Membranous 
complex of the neck region (MC) . x45,000.
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Figure 13 Bush baby sperm prepared as a control for the 
malachite green staining technique. No 
electron dense malachite green stainable 
material was detected in the membraneous 
complex of the neck region of control sperm, 
but the structural details of the sperm are 
otherwise comparable to those stained with 
malachite green (Figs. 14-16). The arrows 
show regions of tubular profiles of the 
membranous complex (MC). Nucleus (N). 
x26300.
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Figures 14-
16

Fig. 14

Fig, 15

Fig. 16

Figure 17

Bush baby sperm showing the electron dense 
malachite green stainable material (arrows) 
in the membranous complex of the neck region. 
Note the convergence of membranes into the 
stained material.

Sagittal section of the sperm. xl7,780.

Section showing the membrane complex at the 
upper midpiece. x27,830.

Cross section through the midpiece. x2 6^250.

Cross section through 
baby sperm at a level 
through the stainable 

the midpiece of a bush 
which does not pass 
material. x33,000.
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posterior limit of the midpiece in Figure 11. The axial filament, which 

contains the 9+2 arrangement of microtubules common to cilia and flagella, 

can be seen in cross-section in Figures 16 and 17. Figure 17 also 

demonstrates the nine dense fibers which are peripheral to the axial 

filament and extend from the segmented connecting piece, through the mid

piece (Fig. 13), and terminate at some point in the principal piece of the 

flagellum. The principal piece and end piece of the flagellum are not 

pictured but have the same structural organization found in all eutherian 

sperm (see Fawcett, 1970, 1974).

Malachite green stainable material was found as a spherical electron 

dense body within the membrane complex of the neck region (Figs. 14—16). 

The body was discernable in thick sections at the light microscope level 

as well as in thin sections viewed with the electron microscope. The 

material was invariably situated at the dorsal side of the neck region 

(Fig. 14). Surrounding membranes apparently converge into the material 

(Figs. 14 and 15).

No comparable body or region of membrane convergence was found in 

control sperm. In other respects control and malachite green treated 

sperm were indistinguishable.

Photeolytic Activity of Bush Baby 

and Guinea-Pig Sperm

In the gelatin membrane digestion experiments, proteolytic activity 

of sperm were evidenced by a clear digested area on a red background. 

Enzyme activity under different conditions was quantitated as the per

centage of sperm which exhibited activity. Proteolytic activity of
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guinea-pig sperm was detected as early as 5 min after incubation at 

pH 7.0, 8.0, 9.0 and 10.5, with highest activity (13.6% + 7.40 S.D,) 

occurring at pH 8.0 (Fig. 18a). Proteolytic activity of bush baby sperm 

was first detected after 30 min of incubation in gelatin at pH 7.0, 

8.0, 9.0 and 10.5, with highest activity (16,0% + 7.07 S.D.) expressed 

at pH 8.0 (Fig. 18b).

Activity was first detected as a small digested area around the 

acrosome (Figs. 20 and 32). The digested area became larger in time 

(Figs. 23, 33 and 34) and the percentage of sperm showing digestive 

activity also increased (Figs.18a,b).

The effect of pH was clearly noticeable. No enzyme activity was 

detected at pH 2.0 or 4.0. At pH 6.0, activity was retarded, i.e., was 

first detected at 30 min in guinea-pig sperm and 60 min in bush baby 

sperm, and the size of the digested area was smaller in comparison to 

those incubated at higher pH values for the same period of time (Figs. 

24 and 25). The percentage of sperm showing digestive activity at 

pH 6.0 did not reach the maximum obtained much earlier at optimum 

pH (pH 8.0), even after 24 hr of incubation. Sperm incubated in gelatin 

at higher pH values than 6.0 approached the maximum percentage of 

expression of proteolytic activity shown at pH 8.0 after 24 hr incubation 

(Fig. 18a,b).

The data from incubation periods of 1 hr and less for guinea-pig 

sperm (Fig. 18a) and 6 hr and less for bush baby sperm (Fig. 18b) more 

clearly show that optimum activity was expressed at pH 8.0. At this 

pH, guinea-pig sperm exhibited activity within 5 min (13.6% + 7.40 S.D.) 

and reached the maximum level within 1 hr (44.4% +5.37 S.D.); bush baby
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Figures 18a 
and b

The percentage of sperm showing gelatin digestion 
at different time intervals and at different pH 
values. At pH values of 2 and 4, no digestion 
was observed even after 24 hr of incubation (not 
shown in the figure). The bar graph represents 
pH values of ; 7, ; 8  ; 9, ; and
10.5, g .

Figure 18a Guinea-pig sperm. Each 
+ standard deviation of 

point represents the mean 
5 different experiments.

Figure 18b Bush baby sperm. Each point represents the mean
+ standard deviation of 5 different experiments.
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Figures 19a The percentage of sperm showing gelatin digestion 
and b (40 C, pH 8.0 for 24 hr) before, ; and after,

Q ; incubation in capacitating media (2-1/2 —
3 hr in MCM for guinea-pig sperm and 8 hr in blood 
serum for bush baby sperm).

Figure 19a Guinea-pig sperm. The percentage of live sperm before 
(Tq) and after (Tg) incubation in MCM, and the per
centage of acrosome reacted sperm (A.R.) are shown 
at the far right. Each point represents the mean + 
standard deviation of 4 different experiments.

Figure 19b Bush baby sperm. The percentage of live sperm 
before (To) and after (Tg) incubation in blood 
serum is shown at the far right. Each point represents 
the mean + standard deviation of 4 different experiments.
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sperm showed activity after 30 min (16.0% + 7,07 S.D,) and reached a 

maximum level by 6 hr (42.4% +7.67 S.D.).

The morphology of guinea-pig sperm in the gelatin films buffered 

at different pH’s was carefully examined. The state of the sperm head 

was assigned to one of three categories, (1) sperm showing various 

degrees of acrosome disruption (Figs, 20, 21, 22 and 23), (2) sperm 

showing a completely intact acrosome (Fig. 26), and (3) sperm showing 

complete loss of the acrosome (Fig. 27). Digestion of the gelatin was 

caused only by sperm showing different degrees of acrosome disruption 

(Table II and Figs. 20, 21,22 and 23). Sperm which showed no proteolytic 

activity were found to have either an intact acrosome or had completely 

lost the acrosome (Figs. 26 and 27) although a few inactive sperm with 

disrupted acrosomes were observed (Table II).

The small size of bush baby sperm was previously mentioned. Since 

bush baby sperm heads are only one-fourth the width of guinea-pig sperm 

heads, morphological details of acrosome disruption in bush baby sperm 

were obscure to a greater degree by the gelatin film and were more 

difficult to discern. However, in sperm showing proteolytic activity 

the heads were more elongate and noticeably larger (Figs. 32, 33 and 34), 

whereas heads of inactive sperm were smaller and round in appearance 

(Fig. 35).

The effects of trypsin inhibitors on expression of proteolytic 

activity are shown in Table III, All incubations were at pH 8.0 for 

24 hr. At concentrations of 0.5 mg/m£ soybean trypsin inhibitor (SBTI) 

in the gelatin, both the diameter of the digested regions and the 

percentage of sperm showing proteolytic activity slightly decreased. 

At SBTI concentrations of 1 mg/mi, gelatin digestion was completely
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TABLE II

RELATION OF GELATIN DIGESTION TO THE MORPHOLOGY

OF THE ACROSOME OF GUINEA-PIG SPERM INCUBATED IN GELATIN

(40 0, pH 8.0, FOR 24 HR)

Morphology of the Acrosome Gelatin Digestion 
(%)

Non Digested
(%)

Acrosome disrupted 44.4 + 5.37 2.0 + 2.0

Completely intact acrosome 0 8.0 + 1.41

Complete loss of acrosome 0 45.6 + 7.92

Total 44.4 + 5.37 55.6 + 5.37

Each calculation represents the mean of 4 experiments + S.D.
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TABLE III

THE EFFECT OF TRYPSIN INHIBITORS AND TEMPERATURE

ON THE PROTEOLYTIC ACTIVITY OF GUINEA-PIG AND BUSH BABY

SPERM INCUBATED IN GELATIN

(40 C, pH 8.0, FOR 24 HR)

Inhibitors

Treatment Gelatin Digestion (%)
Guinea-pig sperm Bush baby sperm

Each calculation represents the mean of 4 experiments + S.D.

0.5 mg/m£ soybean trypsin 35.0 + 2.58 31.5 + 5.26
inhibitor

1.0 mg/mi soybean trypsin 0 0
inhibitor

1.27 x 10-2M Benzamidine. HC& 36.5 + 3.41 33.0 ± 1.41
3.81 x 10-2M Benzamidine, HC£ 0 0

Heat (2 min)

50 C 44.0 + 1.63 40.5 + 7.19
60 C 34.0 + 2.83 28.5 -F 4.44
70 C 0 0

Control 46.5 + 3.00 43.0 + 8.72
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inhibited. The effects of benzamidine.HC£ were similar. At concentra

tions of 1.27 x 10-2M, the digested areas were smaller and fewer sperm 

showed activity . Complete inhibition of activity occurred at con

centrations of 3.Six 10“2M. Examination of the acrosomes of guinea- 

pig sperm in these experiments revealed that disruption of acrosomes 

occurred (Fig. 29) in all preparations, including those where expression 

of proteolytic activity was completely inhibited.

The effects of heat immotilization of sperm on expression of 

proteolytic activity are also shown in Table III. Sperm of both 

species were completely immotilized by preheating at 50 C, 2 min in a 

water bath, but expression of activity was not significantly decreased 

(,P > 0.1). In sperm preheated at 60 C, the digested areas were slightly 

smaller and the percentage of sperm showing activity was significantly (P<0.01) 

decreased. Complete inhibition of enzyme activity was obtained when 

sperm were preheated at 70 C. Unlike the sperm completely inhibited 

by SBTI and benzamidine,HC£, no disruption of acrosomes occurred in 

preparations completely inactivated by heat (Fig. 31).

Preincubation of guinea-pig and bush baby sperm in capacitating 

media (2—1/2 — 3 hr in MCM, and 8 hr in heat pretreated blood serum, 

respectively) did not alter the pattern and time course of expression 

of proteolytic activity (Fig. 19a,b), i.e., in guinea-pig sperm, activity 

was still detected at 5 min incubation in gelatin and reached the maxi

mum level by 1 hr, and in bush baby sperm, activity was detected by 

30 min and reached the maximum level at 6 hr. However, the percentage 

of sperm showing proteolytic activity was decreased, 14.0% + 7.10 S.D.
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in the guinea-pig and 8,0% + 0.05 S.D, in the bush, baby, Acrosome 

reactions, occurred in 38.3% + 7,20 S.D, of the live MCM incubated guinea- 

pig sperm, but no reactions were detected in bush baby sperm incubated 

in blood serum.

Phase contrast microscopic examination of the 2-1/2 — 3 hr MCM 

preincubated guinea-pig sperm in the gelatin film again revealed that 

only sperm with disrupted acrosomes exhibited enzyme activity. No sperm 

which lacked the acrosome exhibited activity.
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Figure 20 Guinea-pig sperm incubated 30 min in gelatin 
(40 C, pH 8.0). A small digested area surrounds 
the disrupted acrosome. xl,960.

Figure 21 Guinea-pig sperm incubated 1 hr in gelatin (40 0, 
pH 8.0). The digested area has become larger. 
The acrosome is disrupted. x],960.

Figure 22 Guinea-pig sperm incubated 1 hr in gelatin (40 C, 
pH 8.0) as in Fig. 21 but exhibiting different 
degree of fragmentation of the acrosome. xl^60.

Figure 23 Guinea-pig sperm incubated 24 hr in gelatin (40 C 
pH 8.0). The area of digestion is quite large 
and the acrosome quite fragmented, but the rem
nants of the acrosome can still be seen. xl^)60.



*
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Figure 24 Guinea-pig sperm incubated 24 hr in gelatin (40 0, 
pH 8.0). Most of the acrosome is still present. 
The digested area surrounds the entire head. xl^60.

Figure 25 Guinea-pig sperm incubated 24 hr in gelatin (40 C, 
pH 6.0). The digested area is small in comparison 
to sperm incubated at pH 8.0 for 24 hr (see Figs. 
23 and 24). xl,960.

Figure 26 Guinea-pig sperm with a completely intact acrosome. 
No digestion has occurred. The lighter region 
around the sperm is an optical artifact. The 
sperm was incubated 24 hr in gelatin (40 C, pH 8.0). 
xl,960.

Figure 27 Guinea-pig sperm which lacks an acrosome. No
digestion has occurred. The lighter area around
the sperm is an optical artifact. The sperm was
incubated 24 hr in gelatin (40 0, pH 8.0) •
xl,960.
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Figure 28 Guinea-pig sperm preincubated 3 hr in MCM before 
incubation 24 hr in gelatin (40 0, pH 8.0). The 
digested area is small and the acrosome is dis
rupted. xl,960.

Figure 29 Guinea-pig sperm incubated 24 hr in gelatin 
(40 C, pH 8.0) containing 1 mg/m£ soybean 
trypsin inhibitor. No digestion has occurred, 
but the acrosome is disrupted. xl,960.

Figure 30 Guinea-pig sperm preheated at 60 0 for 2 min 
before incubation 24 hr in gelatin (40 C, 
pH 8.0). Enzyme activity is slightly impaired 
as evidenced by the smaller halo than in controls, 
(c.f. Fig. 24). x],960.

Figure 31 Guinea-pig sperm preheated at 70 C for 2 min
before incubation 24 hr in gelatin (40 0, pH 8.0).
Proteolytic activity is completely inhibited.
The acrosomes are intact. x],960.
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Figure 32 Bush baby sperm incubated 30 min in gelatin 
(40 C, pH 8.0). Only a small digested area 
is detected around the head region. x^OOO.

Figure 33 Bush baby sperm incubated 6 hr in gelatin 
(40 C, pH 8.0). The digested area is larger. 
The acrosome is not clearly distinguishable, 
but a protrusion of the head portion indicates 
the presence of the acrosome. x2,000.

Figure 34 Bush baby sperm incubated 24 hr in gelatin 
(40 C, pH 8.0). The digested area is large 
compared to Figs. 32 and 33. x2,000.

Figure 35 Bush baby sperm incubated 24 hr in gelatin 
(40 C, pH8.0). No digestion is detected. 
The head of the sperm is small compared to 
those which exhibit proteolytic activity 
and indicates that the acrosome is absent. 
x^000.





DISCUSSION

Bush, babies are small primates (about 300 gm) and can be electrically 

stimulated to ejaculate while completely anesthetized. These circum

stances together with incorporation of automatic stimulation controls 

into the electroejaculator power supply permitted development of a simple, 

standard electroejaculation procedure. The standard values of electrode 

potential, durations of stimulus and interval between stimuli were 

selected through monitoring appropriate muscular responses of the 

subjects. The values 8 v, 1.7 sec and 0.4 sec for these three vari

ables elicited ejaculations within 15-20 min, The significance of the 

procedure is that it is highly repeatable, involves a stress period of 

less than half an hour and does not require assistance in handling the 

animal.

Various factors affect electroejaculation, including the physical 

condition of the animal (Weisbroth and Young, 1965) and the type 

anesthetic used (Roussel and Austin, 1968). Electroejaculates from two 

of the eleven males used in this study contained no sperm. One of these 

(male No. 6) had previously had its left epididymis excised, and 

the other, though of adult size and age, has noticeably smaller testes 

than other adults of the colony.

Sperm of male No. 14 were immotile in 2 of 5 ejaculates, and 

ejaculates of male No, 2 were of poor quality (5 30% motile sperm). 

Although the reasons for these failures are not clear, male No. 14 

died some time later from causes unknown and male No. 2, which was 

purchased in 1973, had been repeatedly subjected to electroejaculation
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(21) prior to this study and was perhaps approaching old age, The 

fertile life span of bush babies is not known but has been estimated 

from a zoo specimen to be about 10 yr (see Butler, 1971),

According to Roussel and Austin (1968), the type anesthetic used 

affects the volume of semen obtained by electroejaculation. Best 

results in their experiments were obtained with Sernylan (Parke, 

Davis & Co.) but they did not test the anesthetics that were used in this 

study. Keating (1975) commented that the volume of ejaculates obtained 

from the bush baby by electroejaculation may not represent the normal 

volume but is within the range obtained by electrical stimulation of 

rats (Scott and Dziuk, 1959) and mice (Snyder, 1966).

Normal ejaculation of boars involves discharge of a sperm-free 

seminal fluid then a sperm-rich fraction (Nalbandov, 1964). The . 

same sequential pattern of ejaculation has been observed in farm 

animals when semen is colelcted with an artifical vagina (Weisbroth 

and Young, 1965). The same ejaculation sequence was observed during 

electroejaculation of bush babies, but does not occur during electrical 

stimulation of rhesus monkeys (Weisbroth and Young, 1965).

Secretory particles of various sizes and forms have been found in 

semen of several marsupials (Rodger and White, 1975) and in tree 

shrews (Barros, unpublished). The nature of the globular bodies 

found with sperm in ejaculates of the bush baby is not known, nor has 

their accessory gland origin been determined. The motility of sperm 

in samples which contain the globular bodies was found to be more 

vigorous, suggesting that these globules may represent an exogenous 

source of energy for the sperm.
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Although bush baby sperm conform to the basic anatomical pattern 

common to primates and other eutherian mammals, they exhibit striking 

morphological departures in their small size (about two-thirds the 

size of human sperm), the hooded form of their acrosomes and the 

highly developed system of membranes in the neck region.

The sperm head in primate species is typically ovoid, flattened 

dorsoventrally and has bilateral symmetry (see Bedford, 1974). The head 

of bush baby sperm, however, has been described as asymmetric (Bedford, 

1967, 1974; Keating, 1975), owing to the hook-like appearance of the 

acrosome in sagittal sections (e.g.. Figs. 10 and 14) and in sperm 

suspensions viewed with the phase contrast microscope (e.g,. Figs. 5 and 

6). Since the bush baby is a prosimian and sperm of most rodent 

species have hook-shaped acrosomes, the form of the bush baby acrosome 

at first seemed to suggest retention of a rodent-like characteristic. 

However, the scanning electron microscope observations described in 

the present study revealed that the bush baby sperm head is actually 

ovoid, has bilateral symmetry, and that the acrosome has the form of 

a hood. This particular acrosomal configuration is unique to sperm of the 

Galagidae among the various primate families, and consequently 

the dorsal and ventral sperm surfaces can only be distinguished in 

membersof that family (Bedford, 1967, 1974). Bedford (1967, 1974) 

demonstrated the presence of a large aggregate of flocculent material 

on the ventral surface of the folded acrosome in epididymal sperm. 

The material was not observed in ejaculated sperm which were used 

in the present study, but was found in sections of epididymal sperm 

cut from samples provided by Dr. Keating. Whether or not there are
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differences in the molecular composition of the dorsal and ventral 

acrosomal surfaces, differences in surface absorbed components acquired 

during sperm passage through the epididymis or any functional differences 

in the two surfaces is only a matter of speculation at the present time.

After condensation of the nucleus, sperm of several mammals exhibit 

excess or redundant portions of nuclear envelope which extend back into 

the neck region (Fawcett, 1965). In some species the scroll or con

centric circles of excess membrane are too extensive to be reasonably 

accounted for as redundant membrane resulting from nuclear condensa

tion (Fawcett, 1970). In sperm of the bush baby, the array of neck 

region membranes is developed to an extent not seen in an other species 

(Bedford, 1967, 1974). According to Bedford (1974) microtubes are asso

ciated with the membrane complex, and he suggests that the complex may 

derive from microtubules of the manchette which is a transient cyto

plasmic structure in spermatids, and from membranous elements of the 

cytoplasmic droplet rather than redundant nuclear envelope. No micro- 

tubles were observed within the membrane complex during the present 

study. However, in some sections, tubular profiles which represent 

closely associated or converging membranes were observed (Figs. 13 

and 15).

The presence of malachite green stainable material in sperm of 

various species was demonstrated by Teichman et al. (1972). In sperm 

of the mongoose, which contain a scroll-like concentration of membrane 

in the neck region, the material was localized within the scroll. 

In the bush baby, it was similarly localized within the membranous 

complex of the neck (Figs. 14, 15 and 16). The material has recently
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been characterized in rabbit sperm as phospholipid, predominantly 

a choline plasmalogen (Teichman et al., 1974), According to Mann 

(1964) sperm utilize endogenous phospholipids as an energy source, 

under aerobic conditions in the absence of exogenous carbohydrate, 

and semen phospholipids, which are rich in choline plasmalogen are 

primarily associated with the sperm fraction. Fawcett (1970) had 

suggested consequently that the concentrations of membrane in the 

neck region of several species of sperm may represent an endogenous 

lipid energy reserve. However, Cummins and Teichman (1974) found 

that live rabbit sperm retain malachite stainable material during 

24 hr incubation in Hank’s solution, whether or not glucose is present. 

In the same study, the stainable material was reported to disappear 

from rabbit sperm incubated 12 hr in the estrous uterus, a treatment 

known to capacitate rabbit sperm (see Bedford, 1970).

A. possible relationship between malachite green staining material 

and the infertility of sperm was also suggested by Cummins and Teichman 

(1974) from observations that sperm of rabbits made artificially 

cryptorchid for 3 or 4 days appeared normal but lacked the stainable 

material. Such sperm are known to be incapable of fertilizing eggs 

(Cummins and Glover, 1970). Although Cummins and Teichman’s observa

tions are of interest, the presence, absence or disappearance of 

malachite green stainable material from rabbit sperm has not yet been 

shown to have a functional relationship to either infertility of 

sperm or the capacitation process.
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The gelatin membrane technique used was modified from Benitez- 

Bribriesca and Valezquez-Meza (1972) and is a relatively simple, in

expensive method. It has an advantage over India ink impregnated 

gelatin (Gaddu.m and Blandau, 1970) and photographic emulsions (Penn 

et al., 1972; Allen et al,, 1974) in that morphological details are 

clearly visible both in sperm which show proteolytic activity and those 

that do not. Gaddum-Rosse and Blandau (1972) subsequently used clear 

gelatin to facilitate observations of the morphology of sperm which 

exhibited enzyme activity.

In the cited method^ sperm were smeared or brushed onto dry gelatin 

membranes or were smeared on glass slides and air dried before applica

tion of the gelatin film. In the studies where sperm were smeared 

onto fixed gelatin membranes, observations were restricted to the area 

near the origin of the smear , because onset of digestion and the size 

of digested areas varied along the length of the smear (see Gaddum 

and Blandau, 1970; Allen et al., 1974). At the beginning of this 

study, direct smearing of guinea-pig sperm was observed to cause 

detachment of acrosomes. Consequently, a technique was developed 

to maintain the original, live state of the sperm through the period 

of slide preparation. Sperm were mixed with the warm (40 0) gelatin 

solution before the smear was made. This innovation provided more uni

form preparations and protected the sperm during smearing.

Although proteolytic activity has been detected over a wide pH 

range, most species exhibit rapid and intense activity at alkaline pH 

values, i.e,, rabbit, human, hamster from 7.5 to to 9.5; rat from 

8.55 to 9.5 (Gaddum and Blandau, 1970), human at 8 and rat at 9 
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(Benitez-Bribiesca and Valezquez-Meza, 1972). No activity was 

detected in sperm of several species at pH values below 3,6 (Penn and 

Gledhill, 1972). In all previous studies, relative activity was 

determined from the size of the digested area around the sperm head. 

In the present study, proteolytic activity was quantitated as the 

percentage of sperm showing activity. The preparation had to be assessed 

with a phase contrast microscope since enzymatically inactive sperm were 

not clearly visible with standard bright field illumination. This 

suggests that inactive sperm may have been obscure and overlooked in 

studies where gelatin containing ink or photographic emulsions were 

used as substrates.

Bush baby and guinea-pig sperm incubated at pH values from 7.0 

to 10.5 approached the same maximum activity after prolonged incuba

tion (24 hr). Consequently, the optimum pH was determined on the 

basis of earliest detectable activity. Both bush baby and guinea-pig 

sperm were found to show optimum activity at pH 8.0, which is within 

the range reported previously for most species of sperm.

The time course of expression of activity was reported to be 

species, specific (Gaddum and Blandau, 1970; Allen et al., 1974). Data 

presented (Fig. 18a,b) show that the time course of expression of 

activity is pH dependent as well, i.e., at optimum pH the activity 

of guinea-pig sperm was detected as early as 5 min and reached a 

maximum level within 1 hr, and in bush babies was first detected 

at 30 min and reached maximum within 6 hr. Though activity was 

also detected in the sperm of both species when incubated at pH 7.0, 

9.0, and 10.5, it was highest at pH 8.0. On the other hand, no 



68

activity was apparent at pH 2,0 or 4.0, and at pH 6,0 activity was 

retarded and did not reach the normal maximum level even after 24 hr 

of incubation,

In the case of the guinea-pig, the gelatin procedures used by 

Gaddum-Rosse and Blandau (1972) and Allen et al, (1974) lead to somewhat 

different results than the procedure used in this study and by Penn 

et al, (1972) and Penn (1975). The former investigators fixed gelatin 

films with 0.05% buffered glutaraldehyde before use, whereas substrate 

used in this study were unfixed, and Penn’s (photographic film) were simply 

exposed and processed with Kodak D-19 developer and hypo. Gaddum- 

Rosse and Blandau reported good reactions (digestion) by 1 hr but with 

considerable variation. Allen et al. reported onset of digestion at 

2—2-1/2 hr. Both reported initial digestion at the equatorial 

segment region (posterior segment of the acrosome) without acrosomal 

disruption, in most instances, until sometime later. Penn reported 

onset of digestion at 1—5 min and data from this study indicated onset 

by 5 min. Penn also stated that in most cases digestion was first de

tected at the anterior edge of the head (acrosome). In the present study 

activity at 5 min and all later stages was invariably restricted to sperm 

which had disrupted acrosomes and the digested area surrounded the whole 

acrosome. It is tempting to suggest that the discrepancies may relate 

to use of glutoraldehyde by Gaddum-Rosse and by Allen et al, Glutaral- 

hyde is a non-coagulating histological fixative but gels proteins 

by forming cross linkages within and between the molecules. It might 

have stabilized the acrosomal membrane to some extent. It might also 

be expected to partially denature the released enzyme and render the
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Morphological observations with the phase contrast microscope 

revealed that activity was detected from sperm with disrupted acrosomes 

suggesting that the release of enzymeCs) into the medium results from 

acrosomal disruption. No specific point of origin of proteolytic 

activity was observed. When detected even at 5 min, the digested 

area uniformly surrounded the acrosome. The sperm which lacked 

acrosomes did not show any activity. This seems to suggest that the 

enzyme(s) is located within the contents of the acrosome or is 

associated with the outer acrosomal membrane. Proteolytic activity 

has been localized with silver proteinate at the outer acrosomal 

membrane of rabbit sperm at the electron microsope level (Yanagimachi 

and Teichman, 1972) and within the acrosome at the phase contrast 

microscope level (Stambaugh et al., 1975),

The expression of proteolytic activity only by sperm which had 

disrupted acrosomes also held in the experiments which involved 

use of trypsin inhibitors and heat pretreatment. At the highest 

concentrations of both trypsin inhibitors, disruption of acrosomes 

still occurred, but no enzymatic activity was detected. This suggests 

that the enzyme(s) was released into the medium but that its activity 

was inhibited by the presence of the inhibitors in the substrate. . To 

the contrary, heat pretreatment at 70 C stabilized the acrosome so 

that no disruption occurred. Whether the heat pretreatment inactivated 

the enzyme(s) is not known, but no activity was detected,

Gaddum-Rosse and Blandau (1972) earlier reported that the 

degree of proteolytic activity expressed (size of digested area around
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the sperm head) by guinea-pig sperm was quite variable within a given 

preparation. This was also observed in the present study and in the 

bush baby sperm preparations, but to a lesser degree,

Landa (1975) reported that onset of gelatin digestion occurred 

5 min earlier in rabbit and boar sperm which had been incubated in 

the uterus but no marked change in the sizes of digested regions was 

observed. No change in the time-course of expression of activity 

was found in guinea-pig or bush baby sperm following incubation in 

capacitating media (MOM, and heat pretreated blood serum, respectively). 

There was, however, a significant decrease in the percentage of sperm 

which exhibited activity. In the bush baby the decrease in activity 

may be explained by the decrease in the percentage of live sperm during 

incubation in serum (Fig. 19b), since no acrosome reactions were observed. 

In guinea-pigs, the decrease in percentage of enzymatically active 

sperm following incubation in MCM appears to represent the percentage 

of live sperm (47.5% + 1.9 S.D.) minus the percentage of live acrosome 

reacted (acrosome lacking) sperm (38.25% + 7.23). The resulting 

percentage of live sperm with acrosomes (29.3% + 3.30 S.D.) was very 

close to the observed percentage of enzymatically active sperm 

(30.5% + 1.91 S.D.), This suggests that virtually all the live non- 

acrosome reacted sperm may be capable of expressing enzyme activity, 

presumably as a result of incubation in MCM, since not all the unincubatd 

live sperm showed enzymatic activity. These interpretations are 

consistent with the observation that only sperm with acrosomes 

(disrupted) exhibited proteolytic activity.



SUMMARY

(1) A standard procedure for collecting semen samples from 

the bush baby by electroejaculation was developed,

(2} The average volume of the sperm rich portions of ejaculates 

was 12.9p£ + 6.13 S.D, and the average concentration was 2.0 x 10® sperm/mU. 

+ 1.4 S.D.

(3) The general morphology of bush baby sperm was found to con

form to the pattern common to primates with the striking exceptions

of the hood-like shape of the acrosome and the highly developed membranous 

complex of the neck region,

(4) Malachite green stainable phospholipid which may be involved 

in capacitation was detected in the membraneous complex of the neck 

region.

(5) Proteolytic activity of bush baby and guinea-pig sperm was 

studied using a modification of gelatin membrane technique described 

by Benitez-Bribiesca and Valezquez-Meza (1972).

(6) Proteolytic activity was evidenced as a clear digested 

area surrounding the head of the sperm. Activity was expressed only 

by sperm which had disrupted acrosomes,

(7) Both bush baby and guinea-pig sperm exhibited optimum 

proteolytic activity at pH 8,

(8) The time course of the expression of the activity was pH 

dependent and species specific,

(9) Proteolytic activity of bush baby and guinea-pig sperm was 

completely inhibited by soybean trypsin inhibitor (1 mg/m£) and 



72

benzamidirie hydrochloride (3,81x 10-2M) and by heat pretreatment at 

70 C.

(10) There was no difference in the time course of expression of 

proteolytic activity of sperm before and after incubation in capacitating 

media. However, the percentage of sperm exhibiting proteolytic activity 

decreased. The decrease in activity apparently related to a decrease in 

the percentage of live sperm, and in the guinea-pig also to the occurrence 

of the acrosome reaction.
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