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ABSTRACT

Blood sera of humans, rats, goats, and buffalo have been shown to possess a forward motility-stimulating
factor (FMSF) that markedly sti,nula:ed goat cauda epididymal sperm forward motility, as assayed by a micro-

scopic method in the presence of epididymal plasma (1.2mg protein/mI) that had sufficient anti-sticking activity to
eliminate the possibility of cell-sticking artifacts in motility assays. The spec (fic activity of FMSF was greatest in

buffalo blood serwn compared to the sera of the other species. Buffalo serum at a concentration as low as 8.5 mg
protein/mi induced forward motility in nearly 45% of the cells. The buffalo serum FMSF was heat-stable, nondia-

lyzable, and sensitive to the action of trypsin. Purified proteins - casein, serum albumin, oval bwnin, myoglobin,
and [3-lactoglobulin - showed little or relatively low FMSF activity. FMSF is a glycoprotein, as it binds with

high affinity to concanavalin A-agarose. A major portion of the serum protein (approx. 70%) did not bind to the
affinity matrix, and this unretained serum protein fraction showed little FMSF activity. The FMSF activity of
buffalo serum was confirmed by estimating sperm forward motility specrophotome:ricaliy: an objective method

of assessing sperm motility.

INTRODUCTION

Immotile testicular spermatozoa undergo a matura-
tion process in the epididymis when these cells acquire

forward progression and fertility. The studies of Hos-
kins and his associates (1978) suggest that elevated
intrasperm cyclic adenosine 3’,5’-monophosphate level
and an exogenous forward motility protein derived from
epididymal plasma are essential for the initiation of
flagellar motility during the epididymal transit. Recent
studies have provided evidence showing that there is an
increase of intrasperm pH during the epididymal matu-
ration and that this change in pH may play a vital role
in the maturation process (Pinto Ora et al., 1984).

The biochemical basis of the regulation of sperm
motility induced in the epididymis is not well under-

stood. Several lines of studies have demonstrated that

highly motile mammalian sperm suspended in epididy-
mal or seminal plasma lose motility upon dilution with
an isotonic synthetic medium. However, this loss of
flagellar motility from dilution can be reduced substan-
tially by the addition of seminal plasma, epididymal
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plasma, blood serum, or their fractions (Mann, 1964;
Yanagimachi, 1970; Morita and Chang, 1971; Morton

and Chang, 1973; Bavister, 1975; Muller and Kirchner,
1978; Morton et aL, 1979a,b; Brown and Senger, 1980).

These studies indicated the presence of motility-mainte-
nance or motility-promoting factors and sperm survival

factors (SF) in the male reproductive fluids. Morita and
Chang (1971) reported that the motility-maintenance
activity of the secretion of the rat seminal vesicles is a
high molecular weight (nondialyzable) and thermolabile
factor. To the contrary, Morton and Chang (1973) pro-
vided evidence that the active principle in the hamster

epididymal plasma (EP) and in human serum is a heat-
stable, low molecular weight (dialyzable) factor. Muller
and Kirchner (1978) demonstrated that serum albumin
present in rabbit seminal plasma markedly stabilizes the
motility of washed rabbit sperm derived from fresh
ejaculates. Morton et al. (1979a) partially purified low
and high molecular weight SF from hamster EP that
prevent loss of motility due to dilution by inhibiting
lysis of spermatozoa. Morton et al. (1979b) also dem-
onstrated the presence in human serum of an SF that
prevents loss of hamster epididymal sperm motility due
to dilution, presumably because of its efficacy in stimu-
lating respiration in these cells. Presence of a heat-
stable dialyzable factor in human serum was reported
by Yanagimachi (1970). The factor stimulates motility
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in hamster cauda epididymal spermatozoa that have lost

motility due to dilution with an isotonic synthetic medi-

um. Human serum has also been shown to possess a

motility promoting factor with molecular weight in the

range of approximately 100 - 200 (Bavister, 1975).

Brown and Senger (1980) reported that ejaculated bo-

vine spermatozoa (diluted in 2.9% sodium citrate, pH
7.0) markedly lose motility when stored at 37C for 8 h

and that motility can be regenerated in these aged cells

with the addition of blood serum. The biochemical
basis for this loss of spermatozoal motility during aging

or because of the serum-mediated reversal of motility is

not clear. Gaur and Talwar (1975) partially purified a

small molecular weight factor (dialyzable) from human

seminal plasma that promotes fertility in mouse sperm,

presumably by improving the motility and survival of

the epididymal sperm. Sheth et aL (1981) isolated a

progressive motility-sustaining factor (PMSF) from hu-
man epididymal homogenate by using 40- 60% satura-

tion of ammonium sulfate. This factor helps to sustain

forward motility of ejaculated human spermatozoa.

However, none of these motility factors derived from

serum and male reproductive fluids has been purified

and characterized.

It has been demonstrated that washed spermatozoa

derived from caput or cauda epididymides frequently

stick to the glass surface of the hemocytometer counter

that is commonly used for assessing sperm motility, and

this cell-sticking phenomenon may cause artifacts in

motility assays (Stephens et al., 1981; Roy et al., 1985).

Recent studies have demonstrated the presence of anti-

sticking factors (ASF) in goat epididymal plasma that

inhibit, with high affinity and specificity, sperm adhe-
sion to glass (Roy et al., 1985; Roy, 1987). Early

investigators who have reported the occurrence of types

of motility-regulating factors in the male reproductive

fluids and blood serum (Yanagimachi, 1970; Morita

and Chang, 1971; Morton and Chang, 1973; Bavister,

1975; Gaur and Taiwar, 1975; Muller and Kirchner,
1978; Morton et al., 1979a,b; Brown and Senger, 1980;

Sheth et al., 1981) have not estimated the effect of cell-

sticking to the hemocytometer on sperm motility. As

speculated by Roy et a!., (1985), the presence of varia-

ble amounts of ASF activity derived from seminal

plasma, epididymal plasma, or blood serum, or their
fractions in the motility assays, may lead to variable

amounts of sperm sticking to glass and thus may give

rise to artifacts in the motility assays. Further studies

are therefore necessary to determine the presence of

genuine motility-regulating factors in the biological flu-

ids by using an experimental condition that will rule out

the possibility of cell-sticking artifacts. This study dem-

onstrates conclusively the localization of a heat-stable

glycoprotein factor in blood serum that markedly stimu-

lates the motility of cauda spermatozoa.

Materials

MATERIALS AND METHODS

Trypsin (twice crystallized), pancreatic DNase 1, li-

pase, RNase A, penicillin, a-methyl-D-mannoside, and
dialysis sacks (cut off of 12 kDa) were obtained from

Sigma Chemical Co. (St. Louis, MO). Ficoll-400 was a
product of Pharmacia (Sweden). Concanavalin A-aga-

rose (ConA-agarose) was obtained from Hy-Gro Chem-

ical Pvt. Ltd., Calcutta, India. Fresh epididymides of

adult goats and fresh buffalo blood were obtained from

local slaughter houses. Unless otherwise specified, goat

spermatozoa were extracted from the tissue within 2 to

4 h after slaughter of the animals.

Preparation of

Buffalo Blood Serum

Blood samples obtained from adult buffalo were

allowed to clot at 5C overnight. Serum (approx. 85 mg

protein/ml) was obtained by centrifugation of the clot-

ted blood at 14,000 x g for 15 mm. Boiled serum
(approx. 15 mg protein/mi) was obtained by heating

serum at L0(YC for 2 mm prior to centrifugation at

14,000 x g for 15 mm to remove denatured proteins.

Preparation of Spermatozoa

and Epididymal Plasma

Spermatozoa were obtained from goat cauda epididy-

mides by the procedure described earlier (Roy et a!.,
1985). Spermatozoa were extracted at room temperature

(32 ± 1 ‘C) from the epididymides in a modified Ring-

er’s solution (RPS medium: 119 mM NaCl, 5 mM KC1,

1 mM CaCl2, 1.2 mM MgSO4, 10 mM glucose, 16.3

mM potassium phosphate, pH 6.9, penicillin, 50 units!

ml). Numbers of spermatozoa in the samples were

determined with a hemocytometer. Freshly extracted

sperm preparations contained 10-20 x 10� cells/mi

and nearly 60-80% of these cells showed some form

of flagellar motility. The sperm preparations were used

immediately (within 15 mm) for motility assays.

Goat cauda epididymal plasma (EP) was prepared by

the procedure described earlier (Roy et al., 1985).
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Freshly extracted sperm preparations were centrifuged
at 800 x g for 10 mm; then, most of the spermatozoa
were removed as pellet. The resulting supematants,
which were slightly turbid, were spun again at 14,000 x
g for 30 mm to obtain cell-free EP. A pooled sample of

EP concentrated at 4- 6C with polyethylene glycol (12

mg protein/mi) and preserved at - 10C was used for

these studies. The concentrations of EP in the assays

were expressed as its protein content.

Assay of FMSF

Unless otherwise specified, FMSF activity of serum
was estimated by estimating forward motility (FM) of
spermatozoa by the conventional microscopic method

using a hemocytometer as the counting chamber. To
eliminate the possibility of artifact due to sperm adhe-
sion to glass, motility assays were carried out in the
presence of EP (1.2 mg protein/ml) that contained

adequate anti-sticking activity to cause nearly 100%
inhibition of sperm adhesion to glass (Roy et al., 1985).
Spermatozoa (0.5 x 106 cells) were incubated with EP
(0.6 mg protein) in the absence or presence of 20 jil
buffalo serum at room temperature (32 ± 1’C) for 1 mm

in a total volume of 0.5 ml of RPS medium. A portion
of the cell suspension was then injected into the hemo-
cytometer. Immediately, spermatozoa that showed well-
defined FM (FM cells) (cells that moved in small or
large circles were excluded) and total cell numbers
were counted under a phase contrast microscope at 250
x magnification. The percentage of FM cells was then
calculated. Systems lacking exogenous serum served as
the blanks in all assays. A unit of activity of the FMSF
was defined as the amount of the factor that induced
FM in 10% of the cells under the standard assay
conditions. Unless otherwise specified, the data shown
are representative of at least three experiments.

Affinity Chromatography

Concanavalin A immobilized on agarose is known to
have high affinity for binding D-mannose and D-g!u-
cose residues of the glycoproteins. Serum FMSF activ-
ity was subjected to ConA-agarose affinity chromatog-
raphy by the procedure described earlier (Roy et a!.,
1985). A pasteur pipette column of ConA-agarose (0.6
x 3.4 cm: bed volume 0.5 ml) was equilibrated with 20

mM tris(hydroxymethyl)arninomethane (Tris)-HC1, pH
7.2, containing 1.0 mM CaCl2, 1.0 mM MgC12, and 1.0

mM MnCl2 (Buffer 1). Heated buffalo serum (0.2 ml)

that had been dialyzed extensively against Buffer 1 was
applied to the affinity column. As the sample passed
through, the column was washed with 0.8 ml of Buffer
1. The eluate from the column represented the un-

retained fraction (Fraction A). The column was washed
further with 2.5 ml of the equilibrating buffer to remove
residual unbound materials (Fraction B). Finally, the
glycoproteins that bound to the affinity column were

eluted with 3 ml of Buffer 1 containing a-methyl-D-
mannoside (30 mg/mi) (Fraction C). All the fractions
were dialyzed extensively against 10 mM Tris-HC1

buffer, pH 7.4, prior to assay for FMSF activity.

Spectrophotome:ric Assay

of Sperm Motility

FM of spermatozoa was estimated by a quantitative
method reported earlier (Majumder and Chakraborty,

1984). The microscopic method of motility assay de-
scribed above takes into consideration the numbers of
cells with forward progression but not their velocity,
whereas the spectrophotometric method is based not
only on the motile cell numbers but also on their
velocity. The method consists of layering 50 �.tl of
freshly extracted cauda epididymal spermatozoa (2.6 x
106 cells) suspended in RPS medium containing 1%
Ficoll-400 at the bottom of a standard optical cuvette
(3-mi capacity) containing 1.3 ml RPS medium, which
was sufficient to cover the entire width of the light
beam. Vigorously motile spermatozoa that moved up-
wards into the light beam were registered continuously
as an increase of absorbance at 545 nm with a Gilford
spectrophotometer equipped with a recorder. After
reaching maximal absorbance (A�), the contents of the
cuvette were mixed and the absorbance for all the cells
(AT) was noted. The percentage of cells that showed
vigorous FM was calculated as: AEq/AT X 100.

Estimation of Protein

The protein contents of EP and buffalo serum or its

fractions were estimated according to Lowry et al.

(1951), with bovine serum albumin as standard.

Statistical Analysis

Unless otherwise specified, the results were reported
as arithmetic means ± SEM. Differences between con-
trols and serum-treated samples were analyzed by the

Student’s t-test.
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TABLE 1. Effect of dialysis of buffalo serum on the activity of FMSF.
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FIG. 1. Effect of varying concentrations of buffalo serum on FM of goat
cauda sperm and its FMSF activity under standard assay conditions. The data
shown are means ± SEM of three experiments.
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#{149}()r.cmilliliter serum (85 mg proiein/ml) was dialyzed overnight in cold

temperature (4- 6’C) against 2 ml of RPS medium in a small test tube. The
surrounding RPS medium contained two-thirds of the dialyzable fraction of the
serum. The materials inside the dialysis tubing were then dialyzed extensively
against RPS medium to obtain the nondialyzable fraction of serum.
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TABLE 2. Effect of various enzyme treatments on FMSF activity of buffalo
serum.

RESULTS

Microscopic Method of Assay

Nearly 15 - 40% spermatozoa of the freshly ex-
tracted goat cauda sperm preparations showed forward
progression when analyzed in the presence of EP (1.2

mg protein/mI) by the microscopic method of motility
assay. As shown in Figure 1, numbers of FM cells
increased markedly with the increase in the concentra-
tion of buffalo blood serum (pd).Ol). Serum at a con-
centration as low as 10% caused nearly maximal stimu-
lation of sperm flagellar motility when nearly 75% of
the cells showed FM. A proportional increase in FMSF
activity was observed with approximately 3 units of the
factor (approx. 4% serum). Serum also showed a simi-
lar amount of FMSF activity when tested on fresher
preparations of spermatozoa (extracted from goat epi-
didymides immediately - within 30 mm - after the
slaughter of the animals, data not shown). Under the

Additions

Forward
motility
(%)

Increase
of forward
motility (%)

FMSF

activity
(units)

Nil (blank) 24 0 0
+Serum 42 18 1.8
+ Nondialyzable serum fraction* 42 18 1.8
+ Dialyzable serum fraction* 24 0 0

conditions of these assays (± serum), there was little
adhesion of spermatozoa to the glass surface of the
hemocytometer chamber, as estimated by the procedure
described earlier (Roy et a!., 1985). The data provided
evidence for the occurrence of a factor (FMSF) in
serum that induced FM in the goat canda epididymal
spermatozoa, and this factor was not an artifact of the
motility assays since there was no appreciable adhesion
of sperm cells to the counting chamber.

Table 1 shows the effect of dialysis on the FMSF
activity of serum. There was little loss in activity of the
factor following dialysis of serum, indicating that
FMSF is a nondialysable factor. Serum was heated for
3 mm at 60#{176}C,80#{176}C,or 100#{176}Cand then cooled to room
temperature prior to assay of FMSF activity under
standard assay conditions. FMSF was found to be heat
stable, since there was little loss of activity when serum
was subjected to these heat treatments. To elucidate the
molecular nature of the factor, serum was digested with
various enzymes (Table 2). Treatment of serum with
DNase, RNase, and lipase had no appreciable effect on
its FMSF activity, whereas trypsinization (50 �tg/ml) at
37#{176}Cfor 30 mm inactivated the factor completely. The
data showed the factor to be a polypeptide and not a
nucleic acid or lipid.

Treatment of serum* FMSF Activity (units)

Nil (control) 2.26
+ DNase (50 �tg/ml) 2.20

+ RNase (50 �tg/m1) 1.90
+ Lipase (50 i.Lg/ml) 1.90

+ Trypsin (25 �ig/inl) 0.20
+ Trypsin (50 Mg/mI) 0

5Boiled buffalo serum (1.Oml:15 mgprotein/znl) was pretreated with speci-

fied amounts of DNasc, RNasc, lipase, and uypsin (each in 10 �tl of RPS medi-
um) at 37#{176}Cfor 30mm. After incubation, the mixtures were boiled for 2 mm to
inactivate the enzymes prior to estimation of the FMSF activity in 20 p1 of the
treated or untreated serum under standard assay conditions.
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TABLE 3. FMSF activity in the sea of different species.
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It is possible that the observed motility-promoting
activity of serum may be due to nonspecific action of

the proteins. Studies were therefore carried out to esti-

mate the FM-promoting activity of several commer-

cially available purified proteins (Fig. 2). Casein, myo-
globin, �-lactoglobulin, and ovalbumin had little
motility-promoting activity, whereas bovine serum al-
bumin (BSA) was capable of stimulating sperm motility
to a small extent. The specific FMSF activity of the
boiled serum (7.8 ± 1.0 Units/mg protein) was nearly
six times greater than that of BSA (1.3 ± 0.3 Units/mg
protein). FMSF specifically bound to the ConA-agarose
column and could then be eluted with a-methyl-D-
mannoside (Fig. 3). Nearly 70% of the serum proteins
did not bind to the affinity column, and these proteins
had little FMSF activity. By this affinity chromatogra-
phy, the recovery of the FMSF activity was nearly
250%. Recovery of FMSF activity much greater than
the initial value (100%) suggests that during the chro-
matography some interfering substance(s) that directly
inhibit sperm FM and/or inactivate the serum FMSF
was removed. The data revealed that serum FMSF was
a glycoprotein with at least one D-mannose or D-
glucose residue at the sugar side chain.

Blood sera from several species were evaluated for
their FMSF activity (Table 3). The activity of the factor
was demonstrated in the sera of all the species tested;
however, the concentration, as well as the specific
activity of the factor, was maximal in buffalo serum.

Spectrophotometric Assay

Although the microscopic method of motility assays
as described above ruled out the possibility of cell-

SERUM FR-A FR-B FR-C

FRACTIONS

FIG. 3. ConA-agarose affinity chromatography of serum FMSF activity. A
portion of dialyzed boiled senan (3.00 mg protein) was subjected to ConA-
agarose affinity chromatography. Aliquols of the boiled serum and the chro-
matographic fractions (FR-A:unretained, FR-B:wash, FR-C:glycoprotein elu-
ate) were assayed for the FMSF activity under standard assay conditions. The
data shown are means ± SEM of three experiments.

sticking artifacts, this method provides a subjective
assessment of sperm motility. We also analyzed the
serum FMSF activity by quantitating vigorous FM of
spermatozoa with a spectrophotometric method (Fig. 4).

The addition of 20% boiled serum (3 mg protein/mi)
markedly stimulated (nearly 3-fold) the FM of spermat-

ozoa; it also caused a profound increase in the initial

slope of the curve as well as in the number of spermat-

ozoa displaying vigorous forward motility. The control

cells showed approximately 25% vigorous FM whereas
the addition of serum enhanced the proportion of FM

cells to nearly 70%. As shown in Figure 5, the serum

Concentration of Specific activity
FMSF activity of FMSF
(units/mi) (units/mg protein)

Source of serum Means ± SEM Means ± SEM

Buffalo 105 ± i0� 1.23 ± 0.12*
Goat 53 ± 2 0.47 ± 0.04
Rat 47± 1 0.59±0.02
Human 43 ± 2 0.47 ± 0.03

‘Significantly higher (p.d).01) than the other species.

ThC data shown are for three samples of each serum.
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cally. Absorbance for all the cells after mixing the contents of the cuvette (AT)
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FMSF caused a dose-dependent increase in FM of
spermatozoa (p<O.Ol).

Comparison of the two methods of FMSF assays
shows that addition of serum (native or boiled) in the
concentration range of 2 - 10% to the sperm prepara-
tions caused a dose-dependent increase in forward pro-
gression of sperm (Figs. 1 and 5). By the microscopic
method, serum (2- 10%) was found to induce forward
FM in nearly 15 -41% of the sperm (Fig. 1), whereas
the same concentration range of the serum induced FM
in approximately 8 - 37% of the cells as analyzed by
the spectrophotometric motility assay (Fig. 5).

DISCUSSION

Although earlier investigators reported different
types of motility factors in serum and male reproduc-
tive fluids (Yangimachi, 1970; Morita and Chang,
1971; Morton and Chang, 1973; Bavister, 1975; Gaur
and Talwar, 1975; Muller and Kirchner, 1978; Morton
et al., 1979a,b; Brown and Senger, 1980; Sheth et al.,
1981), the validity of these findings remains to be
proved in view of the recent observations that washed

(I)
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I-
0

0

0

LL

LL
0

I-
z
Lii
0

LU
a-

SERUM PROTEIN
CONCENTR1ATION (mg/mi)

FIG. 5. Effect of varying concentrations of serum (boiled) on sperm FM as
estimated spectrophotometrically by the procedure described in Materials and
Methods. Serum protein concentration of 1.5 mg/mI corresponds to 10% of the
boiled serum. The values shown are means ± SEM of three experiments.

spermatozoa extensively stick to the glass surface of the
hemocytometer; that this phenomenon of cell-sticking
may give rise to artifacts in motility assays (Stephens et
al., 1981; Roy et al., 1985; Roy, 1987). The present
study has demonstrated conclusively the presence of a
heat-stable glycoprotein factor (FMSF) in buffalo se-
rum that induces FM in the weakly motile and immotile

cauda spermatozoa. Both microscopic and spectropho-
tometric motility assays (Figs. 1 and 4) supported the
view that serum FMSF is�not an artifact of cell-sticking

to glass.
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Although albumin, the major, heat-labile serum pro-
tein, showed FM-stimulating activity (Fig. 2), the serum
FMSF cannot be attributed to albumin, because serum

FMSF activity remains unchanged after removal of
albumin by heat treatment of the serum. Specific FMSF

activity of BSA was markedly lower compared to that
of serum (Fig. 2), suggesting that albumin serves as a
less potent or nonspecific FMSF. The activity of FMSF
is not due to the nonspecific actions of proteins, since
most of the serum proteins (Fig. 3) and several purified
proteins showed low or little motility-promoting activ-

ity (Fig. 2). The serum FMSF is a glycoprotein (Fig. 3),

but the motility-promoting activity is not a general
characteristic of all glycoproteins, since purified glyco-
proteins such as casein and ovalbumin did not show any

FMSF activity (Fig. 2).
It is now well documented that specific serum pro-

teins filter into the rete testicular and epididymal fluids
(Muller and Kirchner, 1978; Setchell, 1970). It is thus
possible that serum PMSF may be present in male
reproductive fluids. The widespread distribution of
FMSF activity in the sera of different species suggests
that the factor may have a physiological role in activat-
ing FM in the mature cauda epididymal spermatozoa.

Buffalo are milch animals of considerable economic
importance in several countries. It has been recognized
for a long time that buffalo semen possesses a much
greater problem than cattle semen with respect to its
preservation for artificial insemination (Ganguli et a!.,
1973; El-Kafrawi and Barrada, 1974). To increase milk
production, it is essential to make full use of the semen
from the best buffalo bulls by devising highly effective
methods of preserving buffalo semen. Although it
would have been most appropriate to investigate the
effect of buffalo serum on the motility of spermatozoa
of the same species, it was not possible to use a buffalo

sperm model at the present time because of the unavail-
ability of fresh buffalo semen as well as unavailability

of mature epididymides from comparative species. Nev-
ertheless, the data from this study raised the possibility
that the serum FMSF may be extremely useful as a
diluent for the preservation of not only buffalo semen

but also semen from other species, since FMSF may
enhance fertility of spermatozoa by activating FM in

these cells. Serum FMSF may also be useful in elimi-
nating certain infertility problems in humans that are
due to poor sperm motility. Studies are in progress to

purify the factor from buffalo serum.
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