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Summary. Fowl semen was diluted  :% and stored at o° to 2° C for
24 and 48 hr before insemination. The diluents were two modifications
of a glutamate-containing saline solution calculated to have an osmotic
pressure equivalent to 0-98 to 1 % sodium-chloride solution. The
concentrations of sodium, potassium, magnesium and glutamate in the
diluents were of the same order as those found in seminal plasma
uncontaminated with cloacal gland fluid. Calcium was not added and
the chloride concentration was low compared with undiluted seminal
plasma. One modification of the diluent contained added fructose and
the other was fructose-free.

Pullets were inseminated with o-i ml of the diluted semen. The
proportion of fertile eggs laid by all pullets during days 2 to 6 following
insemination with semen stored for 24 and 48 hr in the solution con¬

taining fructose was 64 and 47 %, respectively. Fertility was significantly
lower in pullets inseminated with semen stored in the fructose-free
solution.

INTRODUCTION
Fowl semen can be diluted with several synthetic or biological fluids without
impairing its fertilizing potential, provided it is used within a few hours of
collection; the number of spermatozoa estimated to be necessary for maintain¬
ing optimal fertility after a single insemination varies between 80 and 170
million (Polge, 1951; Schindler, Weinstein, Moses & Gabriel, 1955; Rowell &
Cooper, 1957; Wilcox, 1958; Allen & Skalier, 1958). Recently Allen (1957)
and Allen & Skaller (1958) have described the satisfactory application of
artificial insemination to poultry breeding on a large scale with Tyrode's
solution as diluent.

The dilution of fowl semen for prolonged storage in vitro, however, has been a

more difficult problem, partly because of the lack of fundamental information
about the physiology and biochemistry of the activity of spermatozoa. It has
been shown that the various diluent media which have been used in the past
either have a different osmotic pressure or pH from the semen or else their

* Read at the Annual Conference, 1959, of the Society for the Study of Fertility.
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PLATE I

Fig. i. Apparatus used for semen collection and insemination.

(Facing p. 31)
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buffering power has been unsatisfactory under the particular conditions
employed in the storage methods (Schindler et al., 1955; Wilcox & Shaffner,
1957)·

In order to investigate the content of the main inorganic ions, amino acids
and the guanidine base creatine, Lake, Butler, McCallum & Maclntyre (1958)
and Lake & Mclndoe (1959) have recently analysed fowl seminal plasma.
Glutamic acid and creatine account for about 80 % of the non-protein nitrogen
and, owing to its high concentration (about 1 g/100 ml), it is probable that
glutamic acid plays a major part in maintaining the osmotic pressure.

Work is in progress to produce a saline solution of known composition
isotonic with seminal plasma and containing essential ions and compounds
suitable for investigating different methods and conditions for prolonging the
life of spermatozoa in vitro. A preliminary account has been given of the use of a

glutamate-containing saline solution with fowl semen ; encouraging results from
studies of fertility were obtained after 24 hr-storage (Lake, i960). The present
paper describes some results of storing semen for 24 and 48 hr at o° to 2° C in a

simplified form of this diluent.

MATERIALS AND METHODS

COLLECTION, DILUTION AND STORAGE OF SEMEN

Uncontaminated semen (Lake, 1957) was collected and pooled from five 8-
month-old Brown Leghorn cocks, precautions being taken against temperature
shock to the spermatozoa. The semen was collected into a glass funnel (PI. 1,
Fig. 1) pre-warmed to 35o C and held in the palm of the hand. A measured
volume of semen (1 part) was taken in a warm pipette and placed immediately
into a glass tube (0-7x7-5 cm) containing the appropriate diluent (3 parts),
the whole being kept in a water bath at 35

o C. After mixing the contents by
gentle stirring with a small glass rod, the tubes were tightly corked and, within
5 minutes and still in the water bath, carried to the laboratory and placed in a

refrigerator at o° to 2° C for 24- and 48-hr storage.
To ensure uniform semen samples, cocks were collected from at frequent

intervals and only allowed 1 or 2 days' rest before they were required to give a
test sample.

The semen used for the present work was not contaminated with cloacal
gland fluid and contained little or no fructose and glucose. However, because
the spermatozoa, like those of the mammal, can metabolize these sugars
(Winberg, 1939 ; Lorenz, 1958) and thus derive energy for motility, and because
future studies on the in vitro and in vivo activities of spermatozoa were contem¬
plated, two fluids were investigated as suspending media for spermatozoa : one

(A) contained added fructose, the other (B) was fructose-free (Table 1). Both
A and  contained sodium glutamate and, when freshly made, were at pH 7 as
estimated by the Cambridge pH meter. In A, the concentrations of sodium,
potassium and magnesium were adjusted to the levels found in seminal plasma,
i.e. 380, 46 and 8 mg/100 ml (Lake et al., 1958). Calcium was omitted and the
chloride level was low (24 instead of 200 mg/100 ml). In B, the fructose was
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replaced by a quantity of sodium chloride calculated not to alter the osmotic
pressure of the total fluid. Preliminary determinations of the freezing-point
depression on a few samples of uncontaminated seminal plasma, by Ramsay's
micro-method (1949), gave values between —0-59° and —o-6° C, which are

equivalent to a sodium-chloride solution of 0-98 to i-o%. The composition of
diluents A and  was therefore adjusted so that they had an osmotic pressure (by
calculation) as close as possible to these values.

Table i

composition of diluents

Constituent

Sodium glutamate, monohydrate
Potassium citrate, monohydrate
Sodium acetate
Magnesium chloride, 6H20
Fructose
Sodium chloride

1-92
0-128
0-5132
0-0676
I-OOO

1-92
0-128
0-5132
0-0676
0-1665

pH7

Concentrations given in g/ioo ml distilled water.

With the exception ofsodium glutamate and acetate, the materials used were

analytical-reagent grade and they were dissolved without heating. The diluents
were kept at o° to 2° C and fresh batches made up every 5 days.

INSEMINATION

Pullets obtained by crossing two lines (B and I) of the Edinburgh Brown Leg¬
horn flock (Blyth, 1954) were inseminated with o-i-ml portions of the stored
semen mixtures ; the mixtures were allowed to reach air temperature and gently
agitated before use. The semen was placed at least 4 cm into the oviduct with a

graduated 4-mm bore glass cannula, attached by means of rubber tubing to the
end of a 5-ml syringe (PI. 1, Fig. 1). Generally, the cannula was not withdrawn
from the oviduct until peristaltic movements had been induced by oral blowing
at the cloaca ; there was then less risk of expulsion of the semen by the pullet.

Pullets were used repeatedly at random for insemination with semen samples
diluted and stored in the various ways. They were not given second and sub¬
sequent insemination treatments until they had laid five successive infertile
eggs after the previous insemination. A few pullets proved persistently infertile
even to a dose of undiluted semen and were excluded from the results.

Eggs were collected daily and either incubated to hatching or broken open to

permit examination of the germinal discs for evidence of fertilization. The
number and percentage offertile eggs laid by the pullets receiving the different
stored semen samples were noted from days 2 to 6 inclusive after a single
insemination. This procedure was adopted since only a very small number of
fertile eggs was laid after the 6th day.
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RESULTS

A drop in fertility is revealed when the results with semen stored for 24 hr are

compared with those obtained by the immediate use ofdiluted semen (Table 2).
The fertility following use of semen stored for 24 and 48 hr in diluent A was

surprisingly good considering its simple composition. If all pullets inseminated
are considered, the level of fertility obtained after 48 hr tended to be lower than
that after 24-hr storage of semen. The difference would appear to be caused by
the number of pullets remaining sterile after a particular insemination. How¬
ever, the chi-squared test shows this difference not to be significant ( ^ = I-Ö2,
with Yates's correction for small numbers).

Table 2

record of fertility

Treatment of semen

Diluent A:
24-hr storage
48-hr storage

Total No. $0
inseminated

38
27

No. ÇÇ
producing one
or more fertile
eggs from days

2 to 6 incl.

34
20

% fertile eggs laid during
days 2 to 6 incl.

By all ??

64 (126)
47(80

By $? pro¬
ducing one or

more fertile eggs

71 (114)
65 (69)

Diluent B:
24-hr storage
48-hr storage

21
14

18(72)
26 (45)

50 (26)
48 (25)

Immediate insemination after
dilution with A 15 91-3 (46) 9i-3(46)

Dilution rate: 1 part semen to 3 parts diluent. Insemination dose: o-i ml of the mixture. Figures
in parentheses show the number of eggs laid.

The results with diluent B, which contained no sugar, show that after storage
a great proportion of the spermatozoa were, for unknown reasons, incapable of
fertilization. However, it was interesting to note that one or two of the pullets
laid a normal number offertile eggs during the 5-day experimental period.

DISCUSSION
Previous workers have stored fowl semen in various diluents for 24 hr or more
before insemination but it is difficult to compare the results with those obtained
in the present study. Polge (1955) reported promising fertility levels with a 50 %
solution of milk in either Ringer's fluid or citrate-glucose-saline buffer, but the
insemination dose was 0-4 ml of semen diluted fourfold. Wilcox & Shaffner
( 1958) used a diluent containing only sodium phosphate and antibiotics. They
obtained good results, but before insemination the diluted semen was centri-
fuged and the spermatozoa were resuspended in a phosphate-buffer solution
containing fructose, equal in volume to that of the original semen sample.
Schindler et al. (1955) used milk, Locke's solution and Ringer's fluid and ob¬
served that the proportions offertilized eggs laid were 19, o and o %, respectively.
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Thus the present results show that with a simple saline medium it is possible to
maintain sufficient spermatozoa in vitro to produce a more satisfactory fertility
level after 24- and 48-hr storage than has been previously obtained with the same
conditions of storage temperature, dilution rate and insemination dosage. This
has been achieved merely by attempting to provide the spermatozoa with a

suspending medium similar to the vas deferens fluid in osmotic pressure and
content of potassium, sodium, magnesium and glutamate. It remains to be
determined how far the spermatozoa are dependent on certain constituents of
the diluent for their survival, and whether improvements will occur when the
osmotic pressure is exactly adjusted to that of seminal plasma. The importance
of osmotic pressure of diluents is indicated by the work of Wilcox & Shaffher
(1957) who showed that, with simple sodium-phosphate buffer mixtures and
tenfold dilution of semen, fowl spermatozoa retained their fertilizing ability
best in media having freezing-point depression values between —0-607° and
—0-639° C. From the graph in their paper it is also evident that pH 7 was about
the optimal hydrogen-ion concentration of the medium for maintaining the
fertilizing capacity of the spermatozoa.

One noticeable feature in a comparison between the fertility results obtained
with semen before and after 24- and 48-hr storage is the increase in the number
of hens laying either no fertile eggs or only one after insemination with the
stored semen. With a nigrosin-eosin staining technique, it has been possible to
demonstrate death of about 20 % of the spermatozoa during 24-hr storage in
vitro. However, on the basis of the numbers ofspermatozoa required for optimal
fertility the dosage used would have been expected to have produced more
fertile eggs than were in fact found. From work in progress it appears that,
during storage, some spermatozoa develop a weakened midpiece; this is not

adequately revealed in nigrosin-eosin preparations. It is possible that such
spermatozoa do not have the same chance of ascending the oviduct to effect
fertilization, especially since it has been suggested that fowl spermatozoa rely
on their own powers of motility to get from the vagina to the uterus (Allen &
Grigg, 1957).

It would appear that spermatozoa were rarely able to fertilize ova after
storage in a medium containing no fructose (diluent B) ; whether they were

irreversibly damaged or not is an interesting point for future investigation.
Wilcox & Shaffher (1958) found that the fertility level of semen stored in a pure
sodium-phosphate buffer could be improved if fructose was added at the end of
storage prior to insemination. Fructose thus appeared to activate a certain
proportion of the spermatozoa after they had been suspended in a phosphate
medium.

Further work on the composition of diluent solutions should make it possible
to devise methods for the storage of fowl spermatozoa in vitro for prolonged
periods.
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