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The seminal fluid of the male has been associated with procreation
since antiquity,
but the scientific knowledge on fertilization really starts from Leeuwenhock's
early observations when he discovered living motile cells in the seminal fluid of all species examined
under the microscope and also in the uterus of the dog after mating (12, 13). He reported
two types of spermatozoa in the seminal fluid and thought that they represented the male
and the female of the species. The next notable advance was made by Spallanzani (25, 26)
when he filtered the semina! fluid, and demonstrated
that the filtrate was incapable of procreation. He put breeches on the male frogs and found living cells from the fluid collected
after the frogs had mated.
To blm we ow lh fR,'~
ncept ot arti~cia) insemination.
These pioneer workers were subjected to the usual doubts, and painstaking researchers
had
to establish that cells like spermatozoa
are not seen anywhere except in the seminal fluid.
At first the spermatozoa were thought to be the seed which just required
the proper
place
for development either in the egg or in the female genital tract.
The work of Hertwig and
Fol (9) showed the actual penetration

and union of egg and sperm nuclei.

Morphology
Morphology of the sperm has been studied quite extensively.
The head is the real vital
part of the sperm and contains the nucleus. There is an articulation socket in the head in which
the articulation plate of the tail fits (20). The tail gives the sperm its motion and carries
the head to its ultimate destination.
The head containing
the nucleus must be carried and
thus without the propulsive power of the tail, it is lost for all practical purposes.
The most
constant component of the tail is a ring of nine doublet fibres called the a or primary fibres.
There is a central pair of two fibres called the f1 or secondary fibres, and an outer ring of nine
coarse longitudinal fibres, the y or tertiary fibres. The fibres are composed of two subunits,
one member is a hollow tubular structure, whereas the other has a compact appearance and it
is from this part that side arms usually project laterally towards adjacent
doublet fibres.
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Also spokes extend radially inwards from the a fibres towards the central f3 fibres. The central pair of f3 fibres may be the skeletal or supporting units as well as the conductile
elements. The y fibres are well developed in higher species but are rudimentary in lower
species and may not be present at all in marine invertebrates and fishes which practise
external fertilization. It is possible that they have developed to meet the viscous fluid through
which they must swim to reach the ovum in the female genital tract.
The mammalian spermatozoa are characterised by the presence of mitochondrial sheath.
By the end of sperm development the mitochondria adopt a more condensed appearance than
the mitochondria of a somatic cell, probably to meet the peculiar metabolic requirement of the
mature sperm.
In the barnacle, the sperms do not possess the f3 fibres. These can swim in either
direction, head first or tail first. Therefore, it has been postulated that these fibres are concerned with directing the movement (1). Randall et al (17) used proflavine to produce spermatazoal mutations in a variety of animals. These mutants sink to the bottom of the liquid
culture media. The mutant sperms do not show the projections and side arms of a fibres, and
the f3 fibres are completely disorganized. These observers attribute the immobility of sperm
to the lack of formed f3 fibres. The y fibres, on teleological grounds may be considered to
have developed to give strength to the sperm so that it can move in more viscous atmosphere
than water. The a fibres are present in all types of sperms and possibly are the essential
elements required for movement.
Sources of Energy
The sperm motility is dependent upon ATP whose breakdown provides energy for
movement. The energy derived from oxidative processes does not contribute to movement
but to the synthesis of ATP. The energy derived from glycolysis may be used by cells but
that from oxidative phosphorylation is stored (5, 7). In addition to ATP, ADP and AMP,
creatinine phosphate and, 1:3 diphosphoglyceric acid have been demonstrated to be present in
the sperm. These substances may be responsible for regeneration of ATP via the following
reaction (6) :
(a) diphosphoglycerate
(b) creatinine phosphate

+

creatine ~ phosphoglycerate and creatinine phosphate.

+ ADP

--+

ATP

+ creatine

Creatinine phosphokinase is found in high amount in mammalian seminal plasma. Phosphatase, lactic acid dehydrogenase, succinic dehydrogenase, malic dehydrogenase, glucose-S
phosphate dehydrogenase have all been demonstrated in sprem smears (3, 14). A fairlj
high amount of acetylcholinesterase activity has been demonstrated in the tail fractions;
and physostigmine has been shown to increase the rate of flagellation (2, 15, 22). The improtance of this will be again discussed later.
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Fertilization

The external fertilization as seen in marine animals, is characterised
by immediate dilution. Oxygen uptake and rate of motility of sea-urchin spermatozoa increases on dilution and
viability decreases. It is obvious that here the sperms have to encounter
a much more unfavourable circumstance including factors of dilution, pH changes, presence of trace metals in
sea water etc. (18). A substance in jelly water called jelly subtance'
or fertilizin increases
motility of the sperms (8). A non-specific sperm stimulating effect for fishes has been described (27).
In higher animals, the spe~m is deposited inside the female genital tract where it may
proceed to fulfil its destiny at once or may be stored in the uterovaginal glands as in birds. In
the latter instance the conditions in the female tract maintain the sperm in a functional
state,
but once they are released from the glands, they have a relatively
short life span (4). In
other animal species, the sperm has two phases of life-one in the male genital tract, and the
other in the female. The factors affecting the sperm motility in these cases will include the pH
of secretions, viscosity and effect of hormones and autacoids.
Extraneous
factors like temperature changes, trace elements or drugs in the surrounding
environment
also affect the sperm
motility.
Factors Affecting Motility

and Survival

The spermatozoa are terminal cells which are the end-product of a complicated differentiation process and cannot undergo further cell division.
Having jettisoned the ribonucleoprotein apparatus necessary for protein synthesis, they cannot repair or regenerate.
Their total
biochemical capacity is principally directed to maintain an ATP level adequate for its mechanical requirement of a limited span of life, following which they must die and disintegrate.
When
spermatozoa are stored under conditions of constant pH, they ultimately lose their motility.
This is not due to accumulation of toxic products as fresh sperm cells added to this do not
die, but survive for an almost equal time. The spermatozoa live for a considerably
long time
in the male body and it seems that mitochondria
function to maintain the structural integrity
of spermatozoa at this immature stage, but cannot do so once they have been fully developed.
The functional

and creatinine phosphate.

Spermatozoa

life of the spermatozoa

is longer

in

the

female

genital

tract.

Sperms

have been shown to be alive upto 7 days after in vitro insemination
in cervical mucus(16).
Their motility increases if the pH is alkaline and decreases if it is acid. Oestrogen administration
increases the quantity and clarity of cervical mucus.
It is possible that semen contains proteolytic enzymes which facilitate sperm penetration.
Sperms survive about 6 hr in vitro, 10-12
hr in vaginal fluids and may retain their motility upto 96 hr in cervical mucus.
unpublished observations).

tamine.

(10, our

own

The seminal fluid contains a considerable amount of prostaglandins and a trace of hisThe exact role of histamine in this context is not clear. Prostaglandins
indirectly

I
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I

i

affect fertilization by acting on the uterus and fallopian tubes after absorption from vagina by
retaining the ovum in the fallopian tubes.
The action on sperm motility is not clear. Clinical
studies have shown that semen of oligospermic individuals is inhibitory to normal sperm, and
normal seminal plasma

I
I
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increases motility of oligospermic
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sperm (19).

Surface active agents produce a reduction in the speed of movement probably due to
leakage of cell contents.
Cold shock produces
similar effects. High temperatures
lead to
enzyme denaturation.
Steroid hormones, like progesterone
or testo~eron
educe.Lcxzgen
consumption, and one wonders at the role of these substances in normal transport through the
~male tract. Bacitracin and spiramycin reduce sperm motility, while penicillin, streptomycin
or tetracyclines have little effect (21). These substances have been used to reduce bacterial

I.
2.
3.

contamination.

4.

Our Investigations

5.

During the short period of its vigorous life, what is the ultimate control of its motility?
In parallelism with other cells, one naturally turns to cholinergic mechanisms.
Cholinesterase
is present particularly in the tail fractions, but is acetylcholine the real motive force?
We
studied the effect of acetylcholine
on human spermatozoa.
We diluted seminal fluid and
charged the same to haemocytometer chamber and counted the number of spermatozoa crossing
the meridian line in a unit time. Acetylcholine in concentrations
of 10-7 to 10-11 produced an
increase in motility of cells. The effect on round cells was insignificant, and the alteration in
motility was entirely due to the effect on oval cells, the motility of which was increased
several times. These effects were demonstrable, in general, within 30 min to 1 hr of incubation and lasted for 4-5 hr. There was no effect on in vitro life span of the cells. The action
was potentiated by physostigmine and was blocked by atropine.
Low doses of carbachol
or
nicotine had similar effects, but they were quantitatively
weaker than the effects produced by
acetylcholine.

6.
7.

S.
9.
10.
11.
12.
13.
14.
15.
16.

439,
17.

Several questions may be asked: why the delay before an action becomes manifest?
Is
it due to increase in permeability of cells produced with time which allows drugs to penetrate
the cells? The effect of pH changes could be ruled out as similar results were obtained in
buffered solution.
Why the different
effects on oval and round cells?
cal significance of these cell types?
Do they really represent male and

What is the physiologifemale types?
Shettles

(23,24) apparently thinks so. He has found only round cells in sperms in a family of only
male off springs for 5 generations.
My colleague Khanna, who actually studied the sperm
specimens, reports similarly in an Indian family. These findings are not however, universally
accepted, and patterns other than the oval have been thought to be aberrant cells types (I l ).
Still another question which remains to be answered is why there is a sudden increase in
activity of tail fraction after shedding.
Is there a sudden increase in acetylcholine
synthesis?
Studies will have to be done with choline acetylase enzyme of sperms at various stages of
development to answer this. The intense interest in population control has given a tremendous.
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