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studies were made of semen samples from subfertile RR and
normally fertile rr cockerels. These samples were obtained either by abdominal massage or
directly from the tip of papillae. The numbers of collected sperm did not differ between
genotypes and the sperm from RR cockerels were less motile than those from rr cockerels
irrespective of the semen collection method. The uric acid concentration of seminal plasma
was influenced by the semen collection method (massage >
papillae) but no variations
were induced by the genotypes. The ATP-ase and acid phosphatase activities found in the
seminal plasma were influenced respectively by the genotype (rr > RR) and the semen
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Introduction.

According to Cochez (1951) the low fecundity observed in the White Wyandotte
breed is due to the subfertility of those cockerels which are homozygous for rose combb
(RR). This male subfertility influences both the egg fertility level and the duration of the
fertile period in the hen (Crawford and Smyth, 1961a, b, c). A deficiency in the semen
quality of RR cockerels can explain their low fertility, because the sperm motility
observed after dilution and storage of semen has been found to be subnormal (Petitjean and Cochez, 1966). The fumarase activity of sperm is also depressed in RR cockerels (Buckland et al., 1968). In contrast, no anomaly has been found in the seminal
plasma of these cockerels (Crawford and Smyth, 1964c ; Peyre et al., 1968 ; Petitjean,

1970).
The present work reports a comparison of several biochemical constituents of
collected from RR and rr cockerels : uric acid, ATP-ase, acid phosphatase
fumarase and acrosine. Uric acid is a normal contaminant of semen collected by the
semen

massage method. ATP-ase and acid phosphatase are particle-linked enzymes found inn
the seminal plasma itself, while fumarase is chiefly an intracellular enzyme associated
with mitochondria. Its activity could therefore explain the depressed motility of the
sperm collected from RR cockerels. Acrosin was studied as it is a component of the
acrosome.

Materials and methods.
Cockerels from two lines were used (M88 S
single comb ; M88
derived from the M88 strain in which the males are dwJdw.
The experiments involved 29 cockerels of each line, at 22 weeks of age. They were
raised under 16 hrs of light daily, individually caged, with food and water available
ad libitum.
Each line was divided into 4 groups of 7-8 cockerels. The ejaculates were pooled
for each group. After 3 days of habituation to pelvic massage, sperm collections were
carried out once a day for 4 consecutive days (D1 to D4). On the following day, the
cockerels were killed and their semen was collected directly on the tip of their ejaculaAnimals.

R

=

rose

=

-

comb)

tory papillae at autopsy.

sample, the volume, the sperm concentration, the total number of
motility was determined.
Semen sample preparation. - After centrifugation (1 500 X g, 10 min, 0 !C) the
seminal plasma was decanted, then filtered (Millipore, 0.45 ym) to eliminate any sperm
debris. The sperm pellet was resuspended in phosphate buffer pH 7.0 and centrifuged
again. The filtered plasmas and the washed pellets were frozen, then stored at&horbar;18 °C
until assayed.
In each

semen

spermatozoa and their

Assays.

1) In the filtered frozen-thawed seminal plasma fractions, uric acid was assayed
the
uricase method (Praetorius, 1963). Other fractions from each seminal plasma
by
were centrifuged again after thawing at 40 000 X g, 30 min, at 0 °C to separate a particle pellet in which acid phosphatase and ATP-ase were assayed by spectrophotometry.
The first enzyme (E.C. :3.1.3.2) was assayed at À
400 nm in the presence of sodium
3
M) in citrate buffer (0.1 M, pH = 5.25, 25 °C).
paranitrophenyl phosphate (4.75 X 10340 nm, pH
The second enzyme (E.C. 3.6.1 .3) was assayed at À
8.0, in the presence of ATP-Mg
4 M) and the auxiliary enzymes pyruvate and lactico++ (5 X 10=

=

=

dehydrogenase (Horgan et al., 1972).
2) After thawing, the sperm pellet was washed at 0 !C using Tris-HCI buffer
(0.02 M, pH 8.2), then sonicated (5 x 30 sec with 30 sec of delay between consecutive
treatments). The sonicated sperm were then centrifuged (30 min, 40000 x g, 0 O
C). Two
were
in
the
in
Fumarase
enzymes
assayed
supernatant : 1)
(E.C. : 4.2.1 .2) the presence of 1-malate 0.05 M (Hill and Bradshow, 1969) ; 2) Acrosine (E.C. : 3.4.21 .10) in
3 M,
the presence of «-N-benzoyl-dl-arginine para nitroaniline HCI (DL-Bapna) 10dissolved in 10 p. 100 (V/V) dimethylsulfoxide and Tris-HCI buffer (0.1 M, pH = 8.2)
(Erlanger et al., 1961).
=

) and fumarase
9
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also assayed after extraction from the sperm cells.
An analysis of variance was performed using the following model :
Futhermore, uric acid
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where D
1, 2, 3, 4) ; G
i is the day of the semen collection (i
, the genotype of the
j
cockerels (S or R) ; (DG)ij, the day X genotype interaction ; ,
jk the K° group of
C
cockerels within the J
o genotype ;;(DC)ijk,thedciy x group interaction ;Eijkb residual
assumed to be independent with a mean of zero and the same variance normally distributed ; Y;!xl, factor to be analyzed, for example no. of spermatozoa.
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of ejaculates (volume, sperm concentration, total number of
motility). The genotype strongly influenced the volume of ejacu-

tion in the characteristics

sperm per

the 1st to the 4th

lates (1.8 ml in RR vs 2.44 ml in rr) and sperm motility (14.7 vs 47.4). The day of collection, however, had no influence upon sperm motility, while the volume ofthe semen and
the total number of sperm per ejaculate were significantly decreased from days 1 to 4.
The differences found in the sperm concentration from days 1 to 4 were also significant
but not clearly related to the day of semen collection.

b) Biochemical assays. The day of collection significantly influenced the ATP-ase
and the fumarase activities. The ATP-ase was highest on day 1 and then became relatively stable in both genotypes. The fumarase activity decreased from day 1 to day 4 in
both genotypes but was exceptionally high on day 3 in rr cockerels, which explained
the days X genotype interaction for this semen characteristic,
Significant differences between genotypes were observed in the ATP-ase and acrosine activities, the first being higher in the rr cockerels while the second was, by
contrast, lower in this strain.
-

results of the two semen collection techniques. - The following
the results obtained for semen collection by massage compared to those obtained
for semen collected at the tip of the papillae. Between-genotype differences are also
considered (table 3).
2.

Comparison between the

are

a) Biophysical results. The volume of the semen collected at the tip of the papillae
significantly higher than that of samples collected by massage technique. The same
trend was observed for sperm concentration, and thus, in the total number of sperm per
9 sperm in RR and rr cocke9 sperm vs 10.57 and 8.85 x 10
sample (3.34 and 4.64 x 10
rels, respectively). Interestingly, there were no significant differences between the
techniques for motility results.
Irrespective of the semen collection technique, the volume of the semen samples
was higher in rr than in RR cockerels, while the reverse was observed for the sperm
-

was

concentration results. This resulted in

a

the total number of sperm per sample.
higher in rr than in RR cockerels.

non-significant difference between strains for
Sperm motility was more than three times

b) Biochemical assays. - A considerable between-technique difference was
observed for the uric acid concentration which was 3 to 4 times higher in the massage
samples than in the papillae samples. The acid phosphatase activity was significantly
higher in the latter case than in the former. No significant differences were observed
for the other enzymes (ATP-ase, acrosine, fumarase).
Only one significant difference was observed between the genotypes : ATP-ase was
25 to 30 p. 100 higher in rr than in RR cockerels.
3. Correlations between

a)

characteristics

Particle-linked enzymes.

activities of the
semen

semen

samples

(table 4).

Positive correlations were observed between the
particle-linked enzymes in the seminal plasma and the volume of the
for RR cockerels and for RR + rr cockerels taken together.
-

The ATP-ase activity was negatively correlated with the sperm concentration, but
positively correlated with motility in RR -! rr cockerels taken together. However, no
significant correlation was found within individual genotypes.
Acid phosphatase was significantly correlated with the total number of sperm per
semen sample but not with the sperm concentration.
In the case of rr cockerels only, there was a negative
correlation between acrosine activity and either the volume of the semen samples or the
total number of sperm in these samples. The fumarase activity was positively correlated
with the semen sample volume, but only in the RR cockerels.
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-

Discussion.
The present results agree with previous observations (Petitjean and Cochez, 1966).
While the RR genotype has no significant influence upon the amount of semen, this
genotype strongly depresses the sperm motility observed after dilution and storage. In
the present work, similar results were found for semen directly collected from the
papillae. The lower motility found in the sperm from RR cockerels is therefore not due
to contamination of the semen at the time of collection.
The concentration of uric acid found in the seminal plasma from semen collected
by either the massage method (350 vs 375 mg/I in RR vs rr cockerels, respectively).
or directly from the papillae (124 vs 97 mg/I, respectively) are the same or slightly
higher than those found by Lake (1971) in semen samples either contaminated
(375 mg/I) or uncontaminated (78 mg/I) with transparent fluid. As the difference between RR and rr cockerels for uric acid concentration is not statistically significant, this
component would not appearto be implicated in the low fertility found in RRcockerels.
It is known (Lake, 1962) that acid phosphatases are secreted throughout the genital
tract of the cockerel but the relationships between these enzymes and the spermatozoa
are still obscure. Our observations on particle-linked acid phosphatase cannot clarify
the relationship between the activity of this enzyme and the subnormal motility and
fertility found in the spermatozoa from RR cockerels. It was found that the acid phosphatase activity is 1.5 higher in semen samples collected directly from papillae than in those
collected by massage. For the latter, there are positive correlations between the activity
of acid phosphatase and either the volume of ejaculates or their total number of spermatozoa. However, ATP-ase activity varied independently of acid phosphatase activity
yet both enzymes are particle-linked. ATP-ase activity depends upon the semen collection method and its activity is positively correlated with the volume of ejaculates but
negatively correlated with their sperm concentration. Although ATP-ase activity and
motility was less in RR than in rr cockerels, no correlation was found between ATP-ase
activity and motility.
No consistent relationships were found between acrosin activity and either genotype or fertilizing ability or semen collection method. The same was true for fumarase
activity, despite a previous report of depressed fumarase activity in RR cockerels
(Buckland et al., 1968). Differences between strains and techniques (extraction and
assay of the enzyme) might explain the discrepancy.

Conclusion.
This work has confirmed that the motility of the spermatozoa is depressed in RR
cockerels. This depression is not due to the semen collection method, although this
modifies the semen characteristics.
ATP-ase activity, like motility, is depressed in RR cockerels : this activity could therefore be useful in predicting the fertilizing ability of the spermatozoa or for diagnosing
the status of the genital tract of cockerels.
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Résumé. Les spermes de coqs RR (subfertiles) et rr (fertiles) sont étudiés comparativement. Les échantillons sont obtenus d’une part, par massage abdominal, d’autre part, directement à la papille. Les quantités de spermatozoïdes collectées ne diffèrent pas significativement entre les génotypes et ceci pour les deux modes de collecte mis en oeuvre. La motilité
subnormale des spermatozoïdes des coqs RR est très nette quelle que soit la technique de prélèvement du sperme. Le mode de collecte influe considérablement le taux d’acide urique
(massage > papille), mais sans effet significatif du génotype. L’activité de l’ATP-ase est
significativement influencée par le génotype (rr > RR) tandis que le mode de collecte a une
action significative sur l’activité de la phosphatase acide (papille >
massage). Le mode de
collecte et le génotype n’ont pas d’effet significatif sur l’activité de la fumarase. Il en est de
même pour le mode de collecte de l’acrosine, mais une différence significative de l’activité
de cette enzyme est observée entre les génotypes (RR > rr). Les corrélations entre les caractères observés sont étudiées.
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