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ABSTRACT

The heat conduction microcalorimeter can be useelvtduate the metabolic rates of the sperm celb Ejaculates
of four stallions were cooled to ¥6 and checked for sperm motility (bright field naiscopy), viability (eosin 3%),
functional membrane integrity (hyposmotic swelliegt), and heat production (microcalorimetry). Gdse and
sperm cell concentrations were determined in otdemeasure the heat outputs resulting from speritalmodism.
Sperm viability, membrane integrity and sperm riptiid not differ among the different glucose cemications
tested. Nevertheless, the highest heat output t@etdy the microcalorimeter was obtained with 6 giitose and
10° spermatozoa/mL. Since conduction microcalorimenfjered additional information on equine sperm
metabolism, it could be used as a method to stqdine semen preservation.
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INTRODUCTION does not detect damage on the sperm membrane or
sperm metabolism caused by a decrease in
Studies on sperm cells have been undertaken temperature, necessary for cryopreservation
increase the success in “in vitro” and “in vivo” (Pickett and Back, 1973; Jasko et al., 1990;
reproduction.  Further studies on semerMckinnon and Voss, 1992).
preservation are necessary, due to lower fertilitppermatozoa rely primarily on extracellular
rates with cryopreserved equine semen asubstrates to meet their energy requirements. This
compared to fresh semen. Fertilization suitabilityenergy is mainly derived from carbohydrates
of spermatozoa has been evaluated “in vitro” ifMann, 1975). Spermatozoa readily metabolize
routine practices by parameters such as spermonosaccharides such as glucose and fructose but
motility and morphology (Pickett and Back, 1973;do not metabolize all sugars or more complex
Mckinnon and Voss, 1992). Although spermcarbohydrates (Hammerstedt, 1975). Stallion
motility evaluated by microscopy offers spermatozoa, however, possess limited capacity to
information on spermatozoa metabolic activity, ituse fructose when compared with spermatozoa
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from other species and use other exogenoudicrocalorimetry has been an important tool for
substrates including lactic acid, glycerol, fattythe study of metabolic activities of cells and
acids and amino acids (Yanagimachi, 1974)biological tissues (Backman et al., 1992; Kemp
Nevertheless, equine  spermatozoa canne@ind Guan, 2000; Kemp , 2001; Lee and Kaletunc,
metabolize sorbitol, the major component 0f2002). Isothermal heat rates have been measured
stallion seminal plasma. On the other hand, rarfor the intact cells by both batch and flow
spermatozoa in neat semen metabolize all thealorimetry and relate to such properties as growth
available monosaccharides in seminal plasmeates, thermodynamic parameters and effects of
within 15 to 20 min at 37°C and, then, they stomactivators (Kemp, 1991; Krzyzoiak et al., 1999;
swimming. However, this does not occur withWadst et al., 2001). As an alternative, the
stallion spermatozoa (Squires et al., 1988). characterization of cellular metabolism
Cells obtain supplies of Gibbs free energy in thenicrocalorimetry has been studied by the
form of carbon substrate from their environment irdetermination of the total sum of metabolic events
order to stay alive. The cell mitochondria appearsn a cell population. Since conduction
to be the major site where most of the usefumicrocalorimetry quantifies the energy produced
energy is captured in the form of high—energyoy spermatozoa, the aim of this work was to test
intermediate  ATP (Mann and Lutwak-Mann,its usefulness in evaluating sperm cell metabolism
1981; Fontana et al., 1990; Gnaiger and Kemmf equine semen cooled under conditions in which
1990). In the overall processes involvingthe level of initial Q concentration in the diluent
oxidation of metabolic fuel, production of ATP was constant.

and macromolecule synthesis, a proportion of

energy is returned to the environment in the form

of heat (Mann and Lutwak-Mann, 1981). MATERIALS AND METHODS

ATP synthesis is a central process in metabolic

heat production. The amount of heat released by@alorimetry

specific metabolic reaction can be precisely relateThe conduction microcalorimeter (Mares-Guia et
to the stoichiometry of theeaction (Hammerstedt, al., 1990; Kemp 1991) consisted of two glass
1975; Inskeep and Hammerstedt, 1985)vessels, each one serving as a reference for the
Therefore, the stoichiometry for ATP yield perother. The vessels were 35 mm in diameter and 5
mole of substrate transformed permits calculatioro 7 mm in thickness. The two vessels were
of the rate of ATP synthesis for any givenlocated between two Seebeck thermopiles. The
pathway. Each rate of substrate consumptioneference vessel was connected opposite to the
expressed in glucose equivalents, is multiplied bgample vessel. Each vessel had two chambers
values for heat released (mJ/pmol glucose) to yielgs mL total). The smaller chamber held 0.5 — 1.0
the heat production rates (Mann and LutwakmL, while the larger chamber could receive 1.0 —
Mann, 1981; Inskeep and Hammerstedt, 1985R.0 mL.

The sperm cell provides an ideal model system dfhe instrument had a calorimetric constant close to
biosynthesis, since it has no pathways ofuw/uvolt output signal. The production of total
intermediate metabolism (Mann, 1975; Mckinnorheat was calculated starting from the integrated
and Voss, 1992). area of the curve. Amplifiers transformed signals
Nevertheless, there are different conditions fer thof 1 pVolt into 7 uW. The calorimeter was housed
metabolism pathways among spermatozoa ah a constant temperature box under isothermal
various species. Boar and guinea pig spermatoz@anditions under a temperature of 80C (Irving

can maintain motility only in the presence of, O andwadso, 1964; Inskeep and Hammerstedt,
whilst human and bovine spermatozoa maintain983). Calibration was  performed by
their motility under aerobic and anaerobicneutralization  of  Tris  (hydroxymethyl)
conditions (Krzyzoiak et al., 1999). aminomethane by HCI based with a heat of (-)
Thus, the metabolic efficiency of a system coult7234 J/mole of neutralized HKemp, 1991).

be assessed from the ratio of oxygen consumed to

the heat producedn which the more efficient Semen Evaluation

system displays the higher ratio (Gnaiger andwo ejaculates of four stallions were collected
Kemp, 1990; Backman et al., 1992). (n=8), by means of a “Hannover” artificial vagina.
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Semen samples were evaluated for appearancamaller chamber received 0.5 mL of solution of
volume, sperm cell number with a different glucose concentrations diluted in PBS.
haemocytometer chamber, and for progressivim order to determine the optimal sperm number to
motility by bright field microscopy (100x). Only be put in the cell, the same glucose concentration
ejaculates containing a minimum of 50% of(6 mM) in 0.5 mL of PBS buffer was added to the
spermatozoa with progressive motility were used. smaller chambers of R and S vessels. The larger
Then, the semen was then diluted with Kenneyeference chamber received one mL of Kenney
extender (Kenney et al., 1975) in order to obtaiextender, whereas in the S vessel, the larger
samples containing a sperm cell number o€hamber received different amounts of sperm
approximately 19 spermatozoa/mL. Semen diluted in 1.0 mL of the extender.
samples were cooled to°G within two hours, Glucose and semen samples were mixed with the
according to the following procedure: from 35 toaid of a system consisting of a handle attached to
20°C (1°C/min), and from 20 to%& (0.08C / min).  the inner side of the calorimeter.
After cooling, the semen samples were analysed
by microcalorimetry within two to four hours. Lactate estimation
The heat production of equine spermatozoa loadethe measurement of the lactate concentration was
in the conduction microcalorimeter was assessechrried out after the calorimetric experiments
in semen samples of one mL. Before and after thesing the 2300 STAT PLUS Glucose and L-
microcalorimetric assays, sperm motility, viability Lactate Analyzer (YSI Incorporated, Yellow
and membrane integrity were evaluated. Th&prings Ohio)
control group consisted of semen samples
evaluated before the microcalorimeter assaystatistical analysis
Eosin staining (3%) was used to evaluate equin€he regression curves for the cooled semen and
sperm viability. A total number of 200 calibration of the calorimeter were calculated with
spermatozoa were evaluated by brightfieldhe software (Origin version 5). The same program
microscopy (400x), in which unstained sperm celivas used to analyze and prepare the graphs shown
was considered viable (Blom, 1950). Thein Results and Discussion.
hyposmotic swelling test (HOST) (Lagares et al.The nonparametric analysis of the Friedmann test
2000) was used to analyze the membraneas used to evaluate the percentage of progressive
functional integrity of equine spermatozoa. Sememotile spermatozoa. The parameters of viable and
samples were diluted in the proportion of 1:3 withintact plasma membrane of spermatozoa were
distilled water during five minutes at®7and 200 analysed by ANOVA.
spermatozoa were evaluated by bright field
microscopy (400x) for sperm tail swelling.

RESULTS AND DISCUSSION
Sperm number and glucose concentration
determination for the calorimetric assay Calorimeter Calibration
In order to determine the highest heat outpufo determine the reproducibility of the
produced by equine sperm cells detected byalorimetric experiment, four calibrations using
microcalorimetry,  different  numbers  of different concentrations of HCI (0.5 mM; 1.0 mM;
spermatozoa (1xIp5x10; 1x10; 5x10; 1x16 2.0 mM; 4.0 mM) were performed (Irving and
spermatozoa/mL) were studied. Since glucose M/adso, 1964). The heat released, between 2 and
considered as the carbohydrate of choice to indu@s mJ, corresponded to the neutralization energy
equine sperm motility, the heat outputs produce@detween 0.2 pmol and 2.5 mol of H,
by equine sperm cells, in different glucoserespectively. The resulting calibration curve is
concentrations (3, 6 and 12 mM), were testecshown in Fig. 1. The energy produced by the
The number of sperm cell/mL was determined byalibration process demonstrated that the
haemocytometry. calibration data obtained were similar to the
One milliliter of diluted semen sample with thecalculated data as shown in Fig 1. Therefore, the
same number of spermatozoa was added to thalibration data obtained did not need any
larger reference (R) chambers and sample (Sbrrection. Standard calibration plots were
vessels. The smaller reference chamber receiveldscribed as follows: A=1.028xq+0.0266, in
0.5 mL of PBS buffer, whereas in the S vessel, th&hich A is the integrated area under the output
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envelope, and ¢ is the amount of heat release8perm cell concentration effect

These results were also reported by Mares-Guia &€he highest heat output detected by the conduction
al., 1990 and Irving and Wadso , 1964, in whichmicrocalorimeter was obtained with %10
calibration was also performed by neutralization ospermatozoa/mL (Table 1).

Tris by HCI, based on heat of (-) 47234 J/mole of

neutralized H.
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Figure 1 - Microcalorimeter calibration curve based on heatpced at 3T by neutralization of
the base Tris (hydroxymethyl) aminomethane by hghliaric acid (HCI).

Table 1 -Heat output detected by the conduction microcaletémand lactate determination as a function ofrape
cell concentration

Spermatozoa/mL 1x10 5x10' 1x1C 5x10 1x10
Lactate (nmol/L) 0.87 1.10 1.14 1.16 1.26
Heat output (mJ) 15@ 43.1 2360+ 76.3 3011+ 185.9 2018+ 78.6 256+ 32.9

Data with different superscript letters within tb@me line were statistically different (p<0.05)u@lse concentration=6 Mm.
(meanzSD). One replicate of two ejaculates (n=Hichs).

Similar results were also reported for bovineanimal cells (Kemp 1991; Kemp, 2001). In order
spermatozoa (Inskeep and Hammersted, 1983). to evaluate the “crowding effect” at °0
While the lowest number of spermatozoa/mL’{10 spermatozoa/mL, the semen samples were diluted
barely produced enough heat to be detected by théth Kenney extender to @permatozoa/mL. The
calorimeter, the highest spermatozoa concentratidreat outputs from these semen samples, before and
tested (18) did not produce the higher heat outputafter ten-fold dilution, were 256+32.9 mJ and
as expected. This effect was probably due to th&116+174 mJ, respectively. When the sample with
large number of spermatozoa in small volumesan animal sperm number of ®16permatozoa/mL
which was denominated “crowding effect”. Thus,was tested, as shown in Table 1, a similar result
cell decantation and oxygen depletion occurred asas observed (3011+185.9 mJ). Thus, it could be
reported inLeishmania(Mares-Guia et al., 1990), concluded that f0spermatozoa/mL was the ideal
human leukaemia cells (Nittinger et al., 1990), andperm number to be used under these conditions.
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Glucose concentration obtained for the sperm endogenous metabolism
As observed in Fig 2, metabolic rate changes werg-109.642.0 mJ) (Table 2). Endogenous

induced by different glucose concentrations. At ametabolism of the spermatic cell was due to the
concentration of 10spermatozoa/mL, addition of oxidation of phospholipids in the mitochondria

3 mM glucose produced the lowest values of hedlyanagimachi, 1974; Mann, 1975; Hammerstedt et
output (+113.9£15.0 mJ) detected by theal., 1988).

microcalorimeter, whereas the addition of thdnskeep and Hammerstedt (1985) estimated that
highest glucose concentration (12 mM) did nott0% of the heat produced by sperm with a
result in the highest energy valuesfunctional electron transport system was the result
(+748.1+£93.5 mJ). of endogenous substrate mobilization.

The heat released by the spermatozoa with the

addition of 3 mM glucose was similar to that

+3011.0 +185.9 mJ (6 mM)
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Figure 2 - Heat production of Iperm cells in response to different glucose camatons. The
values (mJ) were obtained by numerical integratiérthe areas under the curves,
between 300s and 1500s. (mean + SD). One repli¢adteo ejaculates (n=4 stallions).

Table 2 - Percentage of sperm viability, intact membranersperogressive motile, lactate concentration, lagalt
production of spermatozoa in different glucose emiations.

Glucose Viable sperm Intact Progressive Lactate Heat Output
concentration ((y)p membrane motile (nmol/L) (mJ)
(MM) ° (%) (%)
0 758 32+5 34+% 0.89 109.6+ 12.0
3 77+8 347 48 £ 6° 0.9¢’ 113.9+ 15.0
6 816 376 56 + 6% 1.14 3011.G+185.9
12 786 326 51+5% 119 748.P+ 935

An amount of 18 spermatozoa/mL was used in each experiment. Digtedifferent superscript letters within the sanoéumn
were statistically different (p<0.05) (mean + SDhe replicate of two ejaculates (n=4 stallions).
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On the other hand, at a high glucose concentratiomas necessary for the cellular metabolism
an inhibitory effect on sperm metabolism wasmaintenance (Table 2).

observed. The heat flow is directly linked toSperm motility subjectively evaluated by the
cellular metabolism and this is related to themicroscopy did not differ at the three different
number of viable cells (Kemp, 2001). Lardy andglucose concentrations. Nevertheless, it was higher
Philips (1941), cited by Mdjica et al.,, (1991),compared to the control sample (Table 2). The
showed that glucose decreased oxygehighest heat production detected by the
consumption in bull spermatozoa, named as thmicrocalorimeter could be observed by adding
"glucose effect" and that glucose shifted the sper® mM of glucose, after 30 min. However, this
metabolism to the glycolytic pathway (Table 2).energy increase could not be detected by the sperm
This effect was also reported fdreishmania motility analysis. It could be possible that af8€r
(Mares-Guia et al., 1990) and mammalian cellsninutes, glucose was metabolized and, therefore,
(Wads6, 1988). It induces the anaerobimo sperm motility difference among the semen
metabolism by spermatozoa due to a low oxygesamples was observed. The time required by the
concentration (Gnaiger and Kemp, 1990equine spermatozoa to return to the baseline heat
Krzyzoiak et al., 1999). Thus, the low energyvalues established during the calorimetric run
production observed could reflect the change ifbefore the contact of the semen samples with
the metabolic route from aerobic to anaerobicglucose) was 45, 45, 80 and 60 min for control; 3,
when the cells were in the presence of a largé and 12 mM of glucose addition, respectively. At
substrate concentration (Fig 2). This explained thé mM glucose, equine spermatozoa showed the
relationship between the amount of lactate antighest energy values as well as the greatest sperm
heat output (Table2), as a large amount of lactatengevity (80 min). Therefore, 6 mM could be
might lower the solvent pH, as suggested by Kemponsidered the best glucose concentration to be
(2001), although it did not affect cell viability. used in microcalorimetric studies of stallion
The largest amount of heat released by thepermatozoa metabolism.

spermatozoa in the presence of 6 mM of glucosBince the conduction microcalorimeter offered
(+3011.0485.9 mJ) (Fig 2). Similar calorimetric additional information on equine sperm
results were also obtained adding 6 mM of glucosmetabolism, it could also be used as a method to
to bovine sperm cells (Inskeep and Hammerstedstudy the spermatozoa metabolic pathways for
1983; Hammerstedt and Lovrien, 1983). Thidifferent periods of time and submitted to differen
strongly implied a ready-to-go cell machinery tosubstances and conditions.

use glucose. Since the amount of heat released by

a specific metabolic reaction could be precisely

related to the stoichiometry of the reactionACKNOWLEDGEMENTS
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al. (1990) with bull sperm, which determined theg microcalorimetro de conducio pode ser usado
heat production for different operational metabollcpara avaliar as taxas metabdlicas do

pathways. , _ espermatozoide equino. Dois ejaculados de quatro
The percentage of viable and intact plasm@aranhges foram avaliados quanto a motilidade
membrane spermatozoa did not differ in th§yogressiva pela  microscopia,  viabilidade

various glucose concentrations (p>0.05). Thus, gspermatica (eosina 3%), integridade funcional da
was possible that the control of hexose_—transport%embrana (teste hiposmoético) e producdo de calor
across the plasma membrane did not improve theyicrocalorimetria). Concentragdes 6timas  de

sperm membrane integrity and viability in theglicose e de células espermaticas foram
presence of glucose (Angulo et al., 1998)determinadas, para mensurar o calor liberado
Therefore, a minimum of substrate concentratiopegitante do metabolismo espermatico em relacdo
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a capacidade de deteccdo do calor peloaltered cellular ATP requirements.Cell.Physiol,
microcalorimetro. N&o foi observada diferenca da 123180-190. ) .
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