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Description

[0001] This invention relates to a method of determining spermatozoa qualities, and is particularly useful for deter-
mining the viability and fertilising ability of avian spermatozoa.
[0002] Methods for assessing the quality of spermatozoa from domestic fowl and other animals, and estimations of
their value as predictors of sperm fertilizing ability have been established for many decades (Cooper and Rowell, 1958;
Wilson et al., 1979).
[0003] Earlier tests (Cooper and Rowell, 1958; Wilson et al., 1979) were perceived to be highly subjective, involving
operator-dependent 'scoring' of a particular sperm parameter, with poor agreement between operators. More recently,
this criticism has been answered by the introduction and application of a range of objective tests of chicken sperm
quality (Bilgilli and Renden, 1985; Wishart and Palmer 1986; Chaudhuri and Wishart, 1988; Froman and McLean,
1996; Barbato et al., 1997). These tests have additionally shown that sperm quality in individual domestic fowl is a
'trait' which is repeatable between ejaculates in the short and longer term and can be linked to fertilizing ability (Wishart
and Palmer, 1986; Chaudhuri et al., 1988; Froman et al., 1997; 1998).
[0004] Dlumb et al (Cancer Research 49, 4435-4490) discloses a study of the effects of pH on MTT reduction over
which the invention is characterised.
[0005] A limitation of these objective tests of sperm quality is that they require laboratory facilities such as centrifuges
and/or lack the robustness required for use 'on the farm'. The INT-tetrazolium dye test introduced by Chaudhuri and
Wishart (1988) is relatively robust, and its outcome is easily interpreted as the intensity of colour produced by sper-
matozoa during a short incubation. INT-reduction was also strongly correlated with other tests of sperm 'quality', in-
cluding their fertilizing ability (Chaudhuri et al., 1988). However, reagents involved in the test are unstable and some
(e.g. cyanide) are highly toxic. An additional disadvantage is that samples require to be centrifuged before they are
sufficiently optically clear to be read with a colorimeter. These problems have limited the practical applicability of the
INT-reduction assay.
[0006] The present invention provides a method of assessing sperm quality as claimed in claim 1.
[0007] The reaction between the sperm and the dye is preferably carried out for about 1 hr at 37-40°C, and preferably
at near neutral pH such as pH 6-8, e.g. pH 7.4.
[0008] The solubilizing agent preferably comprises a detergent such as SDS, or some other agent capable of sblu-
bilizing the sperm cells. Solubilizing the sperm cells or otherwise releasing their contents enables colorimetric assess-
ment of the extent of reduction of the tetrazolium dye without centrifugation of the reaction mixture. The solubilizing
agent conveniently also stops the reaction.
[0009] The colorimetric assessment of dye reduction is preferably carried out as a separate step in slightly more
acidic conditions than the reaction of the dye with the sperm, such as pH 5-7 and in an especially preferred embodiment
the colorimetric assessment of the dye reduction is carried out at around pH6.
[0010] The results of the colorimetric measurement of the dye reduction can be quantified against a standard of
known sperm quality assayed by other means.
[0011] The sperm quality assessed is typically viability, but indicators of fertilizing ability and other characteristics of
the sperm may be obtained from the colourimetric assessment of the dye reduction.
[0012] The sperm is typically avian sperm, but the method is suitable for use on other types of sperm, e.g. mammalian
sperm.
[0013] Certain embodiments of the invention avoid the need for unstable and toxic reagents such as cyanide and/
or the requirement for laboratory facilities like centrifuges. The addition of a reagent such as SDS clears the sperm
suspension sufficiently for direct reading of the optical density of the colour produced, thereby enabling a test that can
be performed on farm premises without laboratory facilities.
[0014] Examples of the present invention will now be described by way of illustration and with reference to the fol-
lowing drawings:

Figure 1 shows the optical densities developed during an INT-tetrazolium assay following solubilisation with Tri-
ton-HCl, then centrifugation (triangles: y = 0.0002x2 + 0.011x + 0.012; R2 = 0.96); solubilisation with 10%SDS-
0.1mol/l HCl, then centrifugation (squares: y = 0.0002x2 + 0.022+ 0.010; R2 = 1.0); and solubilisation with SDS-HCl,
without centrifugation (diamonds: y = 0.0002x2 + 0.023+ 0.020; R2 = 1.0).

Figure 2 shows the development of MTT-formazan colour during incubation at 37°C with 10 (diamonds), 20
(squares) and 40 (triangles) µl of the same sample of semen. Colour development is linear over 60 min: where y
= OD570 and x = incubation time in min, the regression equations are y = 0.0061x - 0.016 (R2 = 0.99), y = 0.0113x
- 0.034 (R2 = 0.97) and y = 0.0191x + 0.01 (R2 = 0.99) for 10, 20 and 40 µl samples, respectively.

Figure 3 shows correlation, in samples of semen from 25 individual male domestic fowl, between INT-formazan
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produced per h in the standard INT-reduction assay (by 50 l semen at 20°C) and MTT-formazan produced in the
standard MTT-reduction assay (by 50 µl semen at 20°C). MTT-formazan = 039 INT-formazan + 4.81; R2 = 0.92)

Figure 4 shows the relationship between MTT reduction potential and sperm ATP content in spermatozoa from
individual males. The relationship shown is y = 52.2x - 4.2; r = 0.89; n = 21.

Figure 5 shows the relationship between MTT reduction potential and sperm mobility, measured as the ability of
spermatozoa to penetrate a solution of Accudenz, in spermatozoa from individual males. The relationship shown
is y = 56x + 5.6; r = 0.76; n = 21.

Figure 6 shows the relationship between MTT reduction potential and the ability of spermatozoa to hydrolyse holes
in the inner perivitelline layer in vitro in spermatozoa from individual males. The relationship shown is y = 0.11x +
19; r = 0.86; n = 21.

Figure 7 shows the relationship between fertilising ability (x) measured as fertilised eggs laid by inseminated hens ,
expressed in Arcsin percentage values and MTT reduction potential (y) of spermatozoa from individual males .
The relationship shown is y = 38.08x + 9.44; r = 0.74; n = 7.

Materials and Methods for examples 1-5.

Birds and Semen collection

[0015] Males were an ISA Brown commercial cross, aged between 25 and 40 weeks. They were fed a breeders
ration ad libitum and kept on a 14 h photoperiod. For birds in routine use, semen was collected (Lake, 1957) twice-
weekly. The semen was diluted 4-fold in NaCl/TES (Chaudhuri and Wishart, 1988) and incubated aerobically for up to
2 h before use in a shaking water bath at 30°C.

Assays

[0016] INT-tetrazolium reduction was carried out as described by Chaudhuri and Wishart (1988), except that, as
required, the Triton X-100 / HCl reagent was replaced with 10%SDS / 0.01MHCl at pH 6.0 (see Table 1). MTT-reduction
was carried out in an assay volume of 1.2 ml at 37°C. The final assay protocol is shown in Table 1, although variations
in the constituents, described in the Results Section, were made without diminishing the efficacy of the assay. Optical
densities (OD520 for INT-formazan; OD520 for MTT formazan) were measured in a CO colorimeter (Cambridge In-
struments, Cambridge).
[0017] INT-formazan production was assessed as before (Chaudhuri and Wishart, 1988); MTT-formazan using the
molar extinction coefficient of 17.7. Sperm concentration was estimated by haemocytometer counts and by light scat-
tering at OD550.

Statistical Analyses

[0018] All statistical analysis was done using MINITAB 10 for Windows.

TABLE 1.

MTT reduction assay for domestic fowl spermatozoa

Stock solution Volume In assay (ml) Final conc'n in assay mixture (mM)

150 mM NaCl with 20 mM TES, pH 7.4 0.90 123.8
100 mM Glucose 0.10 9.2
4 mM MTT 0.05 0.18
4- fold diluted semen 0.04

Total volume 1.09
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Procedure :

[0019]

1. The assay constituents apart from MTT were mixed thoroughly in a test tube.
2. The mixture was equilibrated in a water bath at 37°C and MTT was added and mixed thoroughly.

1. After one hour the reaction was stopped by the addition of 200 l of 10% SDS in 0.01 mol/l HCl pH 6.0, mixed
and allowed to stand at room temperature for 15 minutes.
4. The absorbency was measured on a CO colorimeter at 570nm.

Results

Example 1

Solubilisation of INT assay sperm suspensions

[0020] Figure 1 shows the optical densities developed during incubation of a sample of 10 µl of semen (containing
approximately 40 million spermatozoa) under the standard INT assay conditions, with solubilisation of the sperm sus-
pensions by 10% SDS in 0.1mole/l HCl as well as by Triton-HCl. Differences between the latter two sets of figures
were not significant (Paired t-test; t = 0.00231; n = 8). The correlation coefficients for the Triton-solubilised samples
and the SDS-solubilised samples, before and after centrifugation, were 0.98 and 0.97, respectively. Regression of the
SDS-solubilised samples before centrifugation (x) and those after centrifugation (y) gave the equation y = 0.940x-
0.005 (r2 = 0.994).
[0021] For 10 replicate samples treated in the same way for 20 min incubation, the mean ± SD OD520 values for
Triton-solubilised (+ centrifugation) and SDS-solubilised (- then + centrifugation) were 0.128 ± 0.016, 0.114 ± 0.009
and 0.068 ± 0.015, respectively, and the corresponding coefficients of variation were 12.5, 7.89 and 22.06, respectively.
The OD520 of Triton-solubilised samples was 46.9% of SDS-solubilised samples before centrifugation and 40.4% of
SDS-solubilised samples after centrifugation. The mean loss of OD520 in the SDS-solubilised samples following cen-
trifugation was 10.93%, but this increased to 14.2% and 41% when 15 and 20 µl semen was used and was >50% when
more spermatozoa were added to the assay.
[0022] Increasing the concentration of SDS in the solubilisation reagent beyond 10% did not give greater optical
clarity, since the solutions became more viscous and centrifugation had no effect.
[0023] Thus solubilisation of sperm suspensions in the INT-reduction assay with 10% SDS in 0.1 mol/l HCl solubilised
more than twice the amount of formazan and, furthermore, produced optically clear solutions in which the OD520 could
be read without centrifugation.

Example 2

Assay with MTT

[0024] In the standard Triton-solubilised assay, around 44% more colour was developed by MTT reduction (at OD520)
compared to that of INT (at OD520) at the same concentration. When 10% SDS in 0.1 mol/l HCl was used to solubilise
the formazan product, the colour produced by MTT formazan was quenched. However, when the pH of the solution
was raised to about pH 6.0 by addition of any suitable alkaline product e.g. NaOH, this colour was restored. Indeed,
if 10% SDS in 0.01 mol/l HCl at pH 6.0 MTT-formazan colour development was good and the sperm suspensions
solubilised efficiently: when 10 µl semen was used in the assay, the loss of OD520 after centrifugation was only 2.2%
(mean of 2 results). This increased to 4.0 and 6.7% when 15 and 20 µl semen were used, respectively.
[0025] A modification to this protocol was made to determine the most effective pH for colour development; in the
modified protocol, sperm was added to reaction mixtures of different concentrations of HCl, and therefore different pH
and the resultant colour was read off on a spectrophotometer. The results were as follows:

Table 2:
pH - OD570
7.25 - 0.25
7.05 - 0.22
6.03 - 0.21
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[0026] Thus, at pH of less than 5, the purple MTT formazan (purple) colour at 570nm, and below pH 4, the colour
disappears rapidly.
[0027] An acidic pH is preferred in order to solubilise the suspension, but need not be added if the OD is to be
measured only semi-quantitatively, and the pH is preferably kept in a range of pH 5-7.4 for colour development.

Example 3

Effect of KCN, PMS, MTT and calcium on INT- and MTT-reduction assays

[0028] The addition of 20nmol KCN to the MTT-reduction assay above increased formazan production by only 13.8%
and raising the cyanide content of the assay mix up to 5-fold increased this to a maximum of 31%. Conversely, during
a 60-min assay, the addition of 2 nmol KCN to an INT-reduction assay increased the colour production 4.2-fold more
than the effect of a similar addition to an MTT-reduction assay performed under the same conditions.
[0029] The addition of 9.9 nmol PMS increased the rate of MTT-formazan production by 22.9% and increasing the
amount of PMS by up to three-fold only reduced the rate of formazan production.
[0030] The addition of 200 nmol MTT to the assay increased the rate of formazan production by 20% compared to
100nmol and further increases in MTT did not increase the assay rate further.
[0031] The addition of 4 mol calcium chloride to the MTT assay only increased the rate of MTT-formazan production
by 5.7% (mean of 6 assays).

Example 4

Effect of sperm concentration and time of incubation on MTT-reduction assay

[0032] The development of colour during incubation of samples with different sperm concentrations is shown in
Figure 2. Within the range of semen volumes of 10 to 40 µl (approximately 40 to 160 million spermatozoa), the assay
showed a linear development of colour over 60 min. The rates of colour development over this period, at 0.37, 0.68
and 1.15 OD units per h, were highly correlated with the semen volume added to the assay (r = 0.96).

Example 5

Comparison of original INT-reduction assay and MTT-reduction assay on same ejaculates from individual male
domestic fowl

[0033] The amounts of formazan produced by reduction of INT and MTT in samples of semen from individual male
domestic fowl are shown in Figure 3 and are highly correlated. When these samples were corrected for the sperm
concentration in each sample of semen, the regression equation was y = 1.64 x + 0.19 (R2 = 0.74) where y = MTT-
formazan produced per h per million spermatozoa at 37° C and x = INT-formazan produced per h per million sperma-
tozoa at 20°C.

Discussion

[0034] The MTT-reduction assay of domestic fowl sperm quality has several advantages over the earlier INT-reduc-
tion assay (Chaudhuri and Wishart, 1988). The extinction coefficients are similar for both formazan pigments, but the
higher incubation temperature employed in the MTT-reduction assay enables faster accumulation of reduced pigment.
More importantly, the oxidoreduction potential of MTT compared to INT allows efficient MTT reduction without the need
for an oxidoreduction intermediate, such as phenazine methosulphate: in the original INT assay, PMS increased the
rate of formazan production nearly 3-fold (Chaudhuri and Wishart, 1988), whereas in the present work with MTT, a
maximum increase of only 23% was found. Furthermore, MTT reduction seems less dependent on the blocking of
cytochrome-based electron transport by cyanide, since KCN only increased the rate of MTT-formazan production by

Table 2: (continued)
4.67 - 0.18
3.25 - 0.07
2.83 - 0.05
2.23 - 0.10
2.02 - 0.05
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13%, compared to 67% for INT-formazan production in the present study and 120% in a previous study (Chaudhuri
and Wishart, 1988). Thus, in this study, the addition of KCN and PMS (or PES or MeoM PMS) produced only a limited
increase in the reaction rate and were therefore omitted from the reagent mix with little loss of efficiency, but with
elimination of the assays most unstable and toxic components.
[0035] Tetrazolium-reduction assays used for cultured cells rely on extraction of formazan pigments into organic
solvents (Mossman, 1983) or the use of tetrazolium salts which produce a soluble formazan pigment such as XTT,
which is released from monolayered cultured cells (Scuderio et al., 1988). When sperm suspensions are used, either
system would require centrifugation to produce an optically clear sample. In embodiments of the present assays, sol-
ubilisation of the reaction mixture using e.g. SDS has the added advantage of solubilising the sperm suspension, to
produce an optically clear sample without the requirement for centrifugation.
[0036] The assay is linear over 60-min incubation and over a 4-fold range of sperm concentrations (Figure 2) which
should enable comparisons of a range of samples with different sperm concentrations. Finally, the MTT-reduction assay
shows good correlation with the INT-reduction assay (Chaudhuri and Wishart, 1988), which has, in turn been highly
correlated with sperm motility, morphology, ATP content and fertilising ability (Chaudhuri et al, 1988). The omission of
unstable and toxic reagents from the MTT-test and the elimination of the need for centrifugation to render samples
optically clear for reading on a colorimeter, make the MTT assay highly amenable for application outside the laboratory.

Example 6

[0037] In the following two examples, the ability of semen to reduce MTT tetrazolium to its coloured formazan was
compared with other tests of sperm quality and fertilising ability. It was found that MTT reduction was highly correlated
with sperm ATP content (r = 0.92); sperm mobility to penetrate Accudenz (r = 0.79); sperm:perivitelline layer interaction
(r = 0.86) and fertilising ability (r = 0.74).

Materials and Methods for Examples 6 and 7

[0038] Males were bred from commercial ISA Brown hens and were 20-28 weeks at the time of the experiments.
These birds were caged individually, given a 14:10 h light:dark photoperiod and fed a commercial breeders ration ad
libitum.
[0039] Semen was collected by abdominal massage (Lake, 1957), diluted 1:4 in 0.15 mol/L NaCl with 20 mmol/L
TES (N-tris(hydroxymethyl)methyl, 2 aminoethane suphonic acid), pH 7.4, and incubated shaking at 22°C for up to 1h
before assay of MTT reduction (Hazary and Wishart, 1999), ATP content (Wishart, 1982) and sperm:IPVL interaction
(Robertson et al., 1998). Samples assayed by the Accudenz sperm mobility test were 5 X108 sperm per millilitre con-
centration and was estimated by light scattering at 550nm in a spectrophotometer (Froman and McLean ,1996).

Example 7

[0040] Birds were a White Leghorn type. Males were 70 weeks old and the hens were 64 weeks. Samples of semen
were collected as above, diluted 1:4 in NaCl/TES and the sperm concentration calculated (as above). An insemination
dose of 30 million spermatozoa from each male in 50 µl of NaCl/TES was inseminated into 10 hens. Eggs were collected
and stored for up to 5 days before incubation. Fertility was estimated by candling between days 4 and 8 of incubation.

Results for Examples 6 and 7

[0041] The relationship between sperm MTT reduction potential and sperm ATP content, ability to penetrate Accu-
denz, hydrolytic activity towards the IPVL and fertilising ability of spermatozoa in semen samples from individual males
are shown in Figures 4-7 respectively. These are all highly correlated.
[0042] Thus, sperm ATP and INT-reduction potential were found to be significantly correlated with the proportion of
fertilised eggs laid by hens inseminated with a low dose of 10 million spermatozoa. This low dose of spermatozoa was
useful to exaggerate differences in sperm fertilising ability, since the relationship between the number of inseminated
spermatozoa and the proportion of fertile eggs laid by inseminated hens is saturating - so that differences in the fertilising
ability of semen samples of different quality are minimised at higher insemination doses.
[0043] An alternative to 'proportion of fertilised eggs' for measuring sperm function in vivo is to measure, in the laid
egg, the numbers of intravaginally-inseminated spermatozoa which reach and penetrate the perivitelline layers of the
egg at fertilisation (see Wishart, 1999). This can be shown to be linearly correlated with the insemination dose of
spermatozoa under conditions in which the proportion of fertile eggs is asymptotic (Wishart, 1995; Wishart and Staines,
1999) and is therefore a useful measurement for sperm function in vivo. Thus, the numbers of spermatozoa which
interact with the perivitelline layers in vivo have been shown to be linearly correlated with the sperm quality test of their
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ability to hydrolyse the perivitelline layer in vitro, under conditions in which the relationship of these parameters with
fertilising ability was asymptotic and non-linear (Robertson et al., 1998). The high correlation of MTT-reductive ability
with in vitro sperm:perivitelline interaction (Figure 3) links the former test with the above assays of sperm function in vivo.
[0044] The fertilising ability of chicken spermatozoa has been reported to be correlated with sperm motility, measured
by subjective 'scoring' systems (Cooper and Rowell, 1958; Wilson et al., 1979), and by objective light-scattering tech-
niques (Wishart and Palmer, 1986). More recently, a simple sperm mobility assay, based on the ability of spermatozoa
to penetrate, and thus increase the turbidity of, solutions of the viscous polymer, Accudenz, has been applied to test
poultry sperm quality (Froman and McLean, 1996). On the basis of this assay, semen from males was divided into
average and high mobility groups, which differed by 10% in the proportion of fertilised eggs laid by inseminated hens
(Froman et al., 1997). Our current findings, that MTT-reduction by semen from individual males is highly correlated
with their ability to penetrate Accudenz, also adds credence to the value of the MTT reduction test as a predictor of
domestic fowl fertilising ability.
[0045] Certain of the above parameters of individual male domestic fowl sperm quality have been demonstrated to
be repeatable within different ejaculates taken from the same male and to be quantitative traits which describe a normal
distribution. Furthermore, since these same studies have demonstrated up to 10-fold differences in sperm quality pa-
rameters in populations of males, these tests are valuable tools for selecting or de-selecting males to optimise fertility
or cut down on the numbers of males used for breeding programmes.
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Claims

1. A method of assessing sperm quality, comprising exposing spermatozoa to MTT to permit reduction of the MTT
by the spermatozoa, solubilizing the spermatozoa to release their contents into the reaction mixture, determining
the colour change in the reaction mixture as a result of the reduction of the MTT by the spermatozoa, and correlating
the colour change in the reaction mixture with the quality of the sperm, characterised in that the spermatozoa
are solubilized at a pH of 5-7.4.

2. A method as claimed in claim 1, including the step of determining the extent to which the sperm reduces the MTT.

3. A method as claimed in any preceding claim, wherein the reaction between the spermatozoa and the MTT is carried
out at 37-40°C, and at a pH within the range of pH 6-8.

4. A method as claimed in any preceding claim, wherein the determination of the colour change is carried out as a
separate step at a lower pH than the reaction between the spermatozoa and the MTT.

5. A method as claimed in any preceding claim, wherein the sperm quality assessed is viability or fertilizing ability.

6. A method as claimed in any preceding claim, wherein the sperm is avian sperm.

Patentansprüche

1. Ein Verfahren zum Beurteilen von Sperinaqualität, das Exposition von Spermien an MIT zur Ermöglichung der
Reduktion des MTT durch die Spermien, Löslichmachen der Spermien zur Freigabe ihrer Inhalte in die Reakti-
onsmischung, Bestimmen der Farbänderung in der Reaktionsmischung infolge der Reduktion des MTT durch die
Spermien und Korrelieren der Farbänderung in der Reaktionsmischung mit der Qualität des Spermas, beinhaltet,
dadurch gekennzeichnet, dass die Spermien bei einem PH von 5-7,4 löslich gemacht werden.

2. Verfahren gemäß Anspruch 1, das den Schritt des Bestimmens des Ausmaßes auf das das Sperma das MTT
reduziert, umfasst.

3. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei die Reaktion zwischen den Spermien und dem
MIT bei 37-40 °C und bei einem pH innerhalb des Bereichs von pH 6-8 durchgeführt wird.

4. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei das Bestimmen der Farbänderung bei einem
niedrigeren pH als die Reaktion zwischen den Spermien und dem MIT als ein separater Schritt durchgeführt wird.



EP 1 218 738 B9 (W1B1)

5

10

15

20

25

30

35

40

45

50

55

9

5. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei die beurteilte Spermaqualität Lebensfähigkeits-
oder Befruchtungsfähigkeit ist.

6. Verfahren gemäß einem der vorhergehenden Ansprüche, wobei das Sperma Vogelsperma ist.

Revendications

1. Un procédé d'évaluation de la qualité du sperme, comportant exposer des spermatozoïdes à du MTT pour per-
mettre la réduction du MTT par les spermatozoïdes, solubiliser les spermatozoïdes afin de libérer leur contenu
dans le mélange réactionnel, déterminer le changement de couleur dans le mélange réactionnel suite à la réduction
du MTT par les spermatozoïdes, et corréler le changement de couleur dans le mélange réactionnel à la qualité
du sperme, caractérisé en ce que les spermatozoïdes sont solubilisés à un pH compris entre 5 et 7,4.

2. Un procédé tel que revendiqué dans la revendication 1, comprenant l'étape de déterminer le degré de réduction
du MTT par le sperme.

3. Un procédé tel que revendiqué dans n'importe quelle revendication précédente, dans lequel la réaction entre les
spermatozoïdes et le MTT est effectuée entre 37 et 40 °C, et à un pH dans la gamme de pH allant de 6 à 8.

4. Un procédé tel que revendiqué dans n'importe quelle revendication précédente, dans lequel la détermination du
changement de couleur est effectuée en tant qu'étape distincte à un pH inférieur à celui de la réaction entre les
spermatozoïdes et le MTT.

5. Un procédé tel que revendiqué dans n'importe quelle revendication précédente, dans lequel la qualité du sperme
évaluée est la viabilité ou la capacité de fécondation.

6. Un procédé tel que revendiqué dans n'importe quelle revendication précédente, dans lequel le sperme est du
sperme aviaire.
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