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Abstract

MTT (3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl t@izolium bromide) assay is commonly used to
validate the viability of metabolically active cellThe study was conducted to examine and valitdtete
MTT test to assess the sperm viability of Nili-R&uffalo bulls and compare the efficiency of thst teith
the supra-vital staining technique (eosin-nigrasiaed hypo-osmotic swelling test. Fresh semen szsnpl
from breeding Nili-Ravi buffalo bulls (n = 20) weoellected using an artificial vagina. After aséegghe
quality of semen for normal parameters, the MTTapsgas carried out in phosphate buffer saline. Resu
revealed a high significant correlation (r = 0.988jween the viability of sperm and the rate oltin of
MTT. The other proportions of some semen samplesvetl a weak relationship between the eosin-
nigrosine method (r = -0.32), hypo-osmotic swelltegt (r = -0.12) and motility (r = -0.08). Howey¢he
MTT assay was found to be superior to other tesit\was able to determine those sperm which weneem
than 90% viable. In conclusion, the MTT assay @naple, robust test that can be used to selectRdii
buffalo bulls on the basis of sperm quality.
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Introduction

It is very important to have high quality semersperm quality correlates positively with the fetyil
in bovines (Garnegt al., 1997). Most of the methods that are currentlyduseevaluate the quality of semen
such as supa-vital staining and the hypo-osmotallswy test (HOST) are subjective in nature and easily
be influenced by the experience of the analyst (MeNet al., 1992). On the other hand, computer-assisted
analysis of sperm requires special instrumentssaftivare that provide rapid and objective evaluatbthe
semen quality. However, these techniques are eikgeasnd sometimes not readily available on average
breeding farms. Therefore, it has becomes imperati look for some other techniques that may e=&ph
objective and can easily be performed without g®séance of any sophisticated instrument.

In this regard various analytical techniqgues hagenbdeveloped to evaluate the sperm quality in
bovines. Among others, assessment of metaboliasstit sperm is one of the technigues that can geovi
valuable information regarding the sperm charasties. Reduction activity of sperm depends on thiktya
of metabolically active sperm to reduce the spedifains. The ability of sperm to reduce the resazedox
dye (Foote, 1999; Zrimsedt al., 2004) and methylene blue dye (Chandteal., 2000) had been employed
to evaluate the semen quality in boars and bulispectively. MTT (3-(4, 5-dimethylthiazol-2-y1)-8;
diphenyltetrazolium bromide), a yellow water-sokilétrazolium salt dye, is converted to water-inbig
purple formazan by the succinate dehydrogenaseryst an active mitochondria by the reductive chegy
of its tetrazolium ring (Slateet al., 1963). The amount of formazan formed can, thesdetermined
spectrophotometrically and it serves as an estiohtihe number of active mitochondria and hence the
living cells in a sample (Denizot & Lang, 1986; §anal., 2007).

Although the MTT assay has been evaluated sucdbssfudifferent animal species (Aziet al.,
2005; Aziz, 2006; Byumt al., 2008) the literature pertaining to the use of technique for buffalo semen is
still lacking. Therefore, we evaluated the viakilaf buffalo sperm using the MTT reduction assag an
compared it with eosin-nigrosin staining (E&N), HD&nd motility.
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Materialsand Methods

Nili-Ravi buffalo bulls from the Semen Productiomit) Qadirabad, Punjab-Pakistan were used in the
study. The bulls have been used routinely for ctibe of semen, which was supplied to various Avitd
Insemination Centres throughout the Punjab, Pakidtae breeding bulls were divided into two groufise
age of group A bulls (n = 13) was about five yearsile the bulls in group B (n = 7) ranged betwé&en8
years. The circumferences of both testes of bregebirffalo bulls were measured. The experimentasbul
were maintained under naturally prevailing climatonditions with free access to drinking water.cliehull
was fed seasonal green fodder (Berseem) and winaat s

Semen from the experimental bulls was collected @week with two ejaculates per collection using
an artificial vagina. Each bull was given suffidi¢ime for sexual preparation before semen cobectwhile
one to two false mounts were allowed for sexuahwsl@tion. Each collection that comprised of two
ejaculates was pooled and divided into variousualis; Following the determination of ejaculate voéuand
the concentration of sperm in each semen sampémsmotility, plasma integrity of sperm in terms of
hypo-osmotic swelling (HOS) test, live and deadbrat sperm and MTT reduction assay of each ejaeula
were determined.

Plasma membrane integrity of fresh sperm was asdessing a hypo-osmotic swelling (HOS) assay
as described earlier (Adeetl al., 2009: ljazet al., 2009;). Briefly, the hypo-osmotic solution wagpared
by dissolving 0.735 g of sodium citrate and 1.35ftugtose in 100 mL distilled water (osmotic prasss
190 mOsm/kg). For assay, f0 of semen was mixed with 5QQ. of the pre-warmed (37 °C) HOS solution
and incubated at 37 °C for 45 minutes. Two slidesefach sample were prepared and examined under a
phase contrast microscope (X 40). Two hundred spegne counted per sample and the number of sperm
showing characteristic swelling of tail, an indigatof intact plasma membrane, was recorded.

To determine the spermatozoal viability, a drop@hen sample was mixed with a larger drop of the
eosin (1%; Merck, Germany) and nigrosin (5%; Mer@ermany) stains on a pre-warmed slide using
applicator stick and a thin smear by smooth drawifithe edge of another slide (Khan & ljaz, 200&fter
air-drying, the smear was studied under a phasgastrmicroscope (X 400) for unstained heads ofrspe
(live) and stained/partial stained heads of spetead). A total of 200 sperm was counted to detezrtiue
and dead percentages of sperm.

The MTT assay was performed according to the metifofllosmann (1983). The semen samples
were diluted with phosphate buffer saline (PBS)kitain a concentration of 30 x%1€perm/mL. Six wells of
the 96-well microplate were used. A 100 of semen sample plus 3@ of MTT stock solution (5 m
MTT/mL of PBS) was placed in each well. Six replésaof each collection were placed in six diffenestls
of the same plate. The rates of MTT reduction vieken immediately and after incubation at 37 °Cdioe
hour (Naser-Esfahamt al., 2002; Aziz, 2006) using a spectrophotometer (\R8ader) at a wavelength of
550 nm. A small drop of the semen sample afternteasurement of second optical density (OD) was
observed under the microscope (X 1000) for the Igiaiells that gained coloured formazan upon the
reduction of MTT solution. MTT reduction rate (am@l density) for each sample was calculated by
concurring the difference between the first andedaeading of the spectrophotometer.

The statistical programme, SPSS for window (verdi0m.1, SPSS Inc., Chicago, lllinois, USA) was
used for data analysis. The Kolmogorov Smirnov ves$ used to test the normal distribution of theada
Results are expressed as means + s.e. Pearsolatoanreoefficients and regression analysis weedus
evaluate the efficacy of the MTT test for the asswnt of sperm viability of buffalo semen. The
independent Student’'s t test was used to compaemibans between two groups for each parameter.
Probability value at P <0.05 was considered sigaift.

Results
The volume of semen collected was more in grouf.A + 0.5) compared to that from bulls of group

B (5.29 + 0.6). However, concentration of sperm2(56+ 31.6vs. 642.2 + 66.4 millions/mL) and
circumference of testes of bulls (34.7 £ 0v6434.47 £ 0.2 cm) were comparable (P >0.05) in lgotups.
There was no significant difference between the tywoups for the remaining spermatozoal variables
studied. Therefore, data were pooled for both gso(lp = 20) for subsequent analysis. The means of
percentages of live sperm for MTT, E&N, HOS and ititptwere 74.7 + 1.9, 68.8 £ 0.7, 59.5 £ 1.0 arid¥

+ 0.5, respectively. After incubation of semen ske®pfor one hour, a regression equation for the
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relationship between MTT reduction rate and thecgetage of viable sperm was calculated
(y = 90.403x -0.109); the corresponding curve isspnted in Figure 1 that was later used to deterthie
viability of the sperm based on other diagnostitse
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Figure 1 Relationship between MTT reduction rate and pedegsn of viable spermatozoa. The regression
curve shown is y = -0.109+90.402x; r =0.995; n QD = optical density.

The optical density (OD) was significantly (P <Ql®@orrelated (r = 0.995) with the percentage of
viable sperm. Results showed a very low negativeetadions (P >0.05) between the results of MTT
reduction rate and percentage of viable sperm &srdmed by either eosin and nigrosin staining (032,
Figure 2), HOST (r = -0.12; Figure 3) or perceetawptility (r = -0.08; Figure 4).
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Figure 2 Relationship between MTT reduction rate and peegenof viable sperm as determined by eosin
and nigrosin staining. The regression curve shawp # 77.15-10.15x; r =- 0.32; n = 20; OD = optical
density.
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Figure 3 Relationship between MTT reduction rate and paeggnof viable sperm as determined by HOST.
The regression curve shown is y = 64.74-6.36x0rE2; n = 20; OD = optical density.
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Figure 4 Relationship between MTT reduction rate and pdeggn of viable sperm as determined by
motility. The regression curve shown is y = 73.5692xI; r =-0.08; n = 20; OD = optical density.

The distribution of experimental breeding bulls dghson various percentages of viable sperm
determined by different diagnostic tests is pre=e@mt Table 1. Most of the animals exhibited thespnce
of viable sperm at the range of 60 - 80% in allecbeducted tests. However, MTT was able to detezrthe
>90% viable spermatozoa in two bulls (Table 1).

Discussion

The data presented here provide evidence of aiaeshiip between MTT and semen quality.
Different tests or methods have been developedifterentiation and selection of viable sperm (WHO,
1992). Some of the tests have only diagnostic véikee dye exclusion tests while others carry clabic
application such as HOST. The dye exclusion tagth as eosin—nigrosin are based on the cell peilitgab
and, therefore, the viable sperm remain colourl&@& non-viable sperm, on the other hand, eithain st
accordingly or red. However, in HOST, sperm areoseg to a hypo-osmotic condition, thus an influx of
water results in swelling of the cytoplasmic spazassing curling of viable sperm tail fibres (Hdes al.,
1998). Therefore, we investigated the diagnosticievaf MTT to select the viable sperm in Nili-Ravi
buffalo bulls and compared it with E&N, HOST andtitiy. Mosmann (1983) used MTT tetrazolium salt
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Table 1 Distribution of breeding bulls based upon the petage of viable spermatozoa as determined by
different diagnostic tests

Diagnostic tests

Percentage of

viable MTT E&N HOST Motility
spermatozoa No. %age No. %age  No. %age  No. %age
50-60 0 0 0 0 9 45 0 0
60-70 7 35 11 55 11 55 1 5
70-80 7 35 9 45 0 0 19 95
80-90 4 20

90-100 2 10

Table 2 Distribution of breeding bulls based upon the petage of viable spermatozoa as determined by
different diagnostic tests

Diagnostic tests

Percentage

viable MTT E&N HOST Motility
Spermatozoa No. %age No. %age No. %age No. %age
50-60 0 0 0 0 9 45 0 0

60-70 7 35 11 55 11 55 1 5
70-80 7 35 9 45 0 0 19 95
80-90 4 20

90-100 2 10

for assessment of cellular viability as well as fooliferation and cytotoxicity assay of lymphocyte
Additionally, the MTT assay has also been used &myrstudies to evaluate the viability of differeetls
(Carmichaelet al., 1987; Camplinget al., 1988; Freimoseet al., 1999). This study hopes to present a new
diagnostic test using MTT for sperm viability inliNRavi buffalo bulls. Formation of MTT formazan
granules or spikes around the sperm mid-piece dhathat sperm mitochondria contained succinate
dehydrogenase system which is capable of conveifig to formazan. The presence of formazan granules
in the mid-piece region identifies the viability eperm. Results indicate a high correlation (r €96)
between the MTT reduction rate and sperm viab{lRigure 1). High correlation between MTT and sperm
viability has also been found in bovine (Aziz, 2p0&allions (Azizet al., 2005), boars (Byust al., 2008),
fowls (Hazaryet al., 2001) and humans (Naser-Esfahanial., 2002). The MTT reduction rate was
determined after one hour of incubation that wasrteh than the method of Mosmann (1983). It seems
logical as sperm are highly active cells that ciontaore mitochondria. Therefore, less time may eeded

for the reduction of the dye. A similar observatigas also noted in bovines (Aziz, 2006) and equ({Aeiz

et al., 2005) where optimal time for formazan reading was hour. Naser-Esfahagtial. (2002) found that
the optimal time for formazan reading was betweé&rahd 2.5 h after addition of sperms to MTT.

As E&N and HOST are based on the functional asipgetyrity of sperm, while MTT is based on the
mitochondrial activity of the sperm, high signifitacorrelation coefficients were expected betwdersé
tests and sperm motility. However, very weak relahips were noted between MTT and other tests
(Figures 2; 3 & 4). There is a dearth of reportgarding the relationship between MTT and otherstased
in the present study. A high correlation (P <0.06&)ween MTT test and E&N was noted in boar semen
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extended with the Beltsville thawing solution. Ore tother hand, a weak correlation (r = 0.4) wagahot
between these two variables in the semen samplbaréns in HAM'S F10 solution instead of PBS that
was used in the current study. It seems that theaaf the medium in which the MTT is carried algo
affects the outcomes of the test. Similarly, theklaf any correlation between MTT and HOST migisbabe
due to the nature of the HOST test. It has beegesigd that during the HOST procedure, hypo-osmotic
shock on its own induces membrane damage andfdherincreases the percentage of false positieensp
which means that the percentage of dead spermgh&hthan the expected value (Rameeal., 1992).

The results of the present study also suggestMfdt can be used to evaluate the sperm quality in
Nili-Ravi buffalo bulls. An additional advantage tfis test is that it can determine the sperm lgawvitore
than 90% viability that could not be observed wather traditional tests used for the evaluatiomuffalo
semen (Table 1). This characteristic may be exgiotb increase the doses of the semen to be used fo
insemination.

Conclusion

In conclusion, the MTT test was found to be a #amethod for the evaluation of semen in buffalo
bulls and can be used successfully in routine aiglywhere practical aspects like time, costs and
practicability are important.
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