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Abstract: Fertility potential of spermatozoa depends on maintenance of the mitochondrial membrane potential ( m) 

that provides energy for sperm hyperactivation immediately prior to successful fertilization. Mitochondrial structure and 

integrity are associated with sperm motility and reduced fertility, and measurement of m may be suitable for 

determining bull semen quality. Mitochondrial membrane potential in four commercial AI bulls was assessed using JC-1 

and propidium iodide in the presence of the glycolytic inhibitors 2-deoxy-D-glucose (DOG) and iodoacetamide (IAM) 

and the respiratory inhibitor valinomycin (VAL) to determine the maximum m at minimum incubation. Flow 

cytometry recorded m within a unified population for all treatments that represented sperm with low and high m 

respectively. Maximum m was seen at 40 min incubation. Mean high fluorescence intensity (MFI) (orange) was 

significantly greater for untreated compared to the treated sperm, at 40 and 80 min incubation, in both fresh and frozen-

thawed semen. In sperm treated with VAL and IAM, m was lowered significantly, and the proportion of sperm with 

high: low m ratio was higher in control and DOG- treated samples representing more active mitochondria. In samples 

treated with VAL and IAM, the ratio was reversed, representing loss in activity. Cryopreservation increased the high:low 

m ratio only in bull 1 by 30% and lowered it in bulls 2, 3 and 4 by 20% - 70% compared to fresh semen. The rise in 

bull 1 may relate to be the product of sperm demonstrating a capacitation- like effect of the freeze-thaw process which 

stimulated sperm hyperactivity.  

We conclude that mitochondrial function was affected adversely on freeze-thaw process. The 40 min incubation is 

satisfactory for future studies. Furthermore, IAM, a known glycolytic inhibitor, has a similar effect to VAL, a recognized 

respiratory inhibitor, which should provide a basis for further research. 

Keywords: Mitochondria, cryo-preservation, bull semen, flow cytometry. 

INTRODUCTION 

Cryopreservation alters the integrity and functionality of 
some sperm through damage to the plasma and acrosomal 
membranes and associated disruption of mitochondrial 
function [1, 2]. Consequently, the percentage of fully 
functional sperm with intact cell and organelle membranes is 
reduced after the freeze-thawing process [3]. On freezing, ice 
crystals form in the extra-cellular medium, increasing the 
osmolarity of the unfrozen solution. As intra-cellular water 
diffuses out in response to this change in osmotic gradient, 
the cell and plasma membranes become dehydrated [4]. At 
thawing, this phenomenon is reversed as the extra-cellular 
ice crystals melt and water re-enters the sperm. The ionic 
permeability and enzyme activity within the plasma 
membrane are disrupted creating lipid phase transitions at 
around 17-36°C [5-7]. Working with boar semen Guthrie et 
al., [8] increased the extender osmolarity from 300 to 
600mOsm/kg, and found a 50% reduction in mitochondrial 
membrane potential. After freeze/thaw, Bilodeau et al., [9] 
found that sperm glutathione (GSH) concentration was  
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reduced by 78% and superoxide dismutase activity by 50%, 
suggesting that oxidative stress had occurred. Premature 
ageing and capacitation have been associated with impaired 
acrosomal and/or mitochondrial membrane integrity, 
lowering ATP synthesis and reducing motility [10], as does 
bacterial contamination within an ejaculate [11]. 

Mitochondrial respiratory activity has been investigated 
in vitro using drugs that uncouple oxidative phosphorylation 
(OXPHOS), either by inhibiting electron transport chain 
(ETC) or blocking the essential link between the respiratory 
pathways and phosphorylation. One such drug, carbonyl 
cyanide m-chlorophenylhydrazone, markedly reduced 
mitochondrial membrane potential ( m) in both mouse and 
boar spermatozoa [8, 12]. A similar reduction has been 
observed in human sperm, treated with potassium cyanide 
that blocks cytochrome C oxidase within complex IV of the 
ETC, or p-trifluoromethoxy carbonyl cyanide phenylhydra-
zone, and valinomycin that both uncouple OXPHOS [13].  

ATP synthesis pathways may be investigated in sperm 
using a number of specific enzyme inhibitors. One example 
is 2-deoxy-D-glucose (DOG), a competitive inhibitor of 
glycolysis that targets hexokinase within the reaction glucose  
glucose 6-phosphate by competing with glucose during 
phosphorylation: the resulting product is DOG-6-phosphate 
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which cannot be metabolized further [14, 15]. When bovine 
sperm are re-suspended in a medium containing DOG and 
pyruvate and incubated at 37°C for 10 minutes, at least 70% 
of sperm cells remain motile, demonstrating that 
spermatozoa maintain motility utilizing mitochondrial ATP 
without employing the glycolytic pathway at this level [16] . 
By comparison, mouse sperm incubated similarly show a 
significant reduction in their motility, even in the presence of 
pyruvate and lactate [12, 15]: this suggests that glycolytic 
ATP is crucial for sperm motility, or the decrease in motility 
might be due to utilization of mitochondrial ATP by DOG 
when phosphorylated with hexokinase. Investigating 
mitochondrial membrane potential in mouse sperm labelled 
with JC-1, Mukai and Okuno [12] found no change in m 
in the presence of DOG and either glucose or pyruvate 
substrates, suggesting that DOG had no effect on 
mitochondrial respiration.  

Another glycolytic inhibitor is iodoacetamide (IAM) 
which inactivates the enzyme glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) by binding irreversibly to cysteine 
residues [15]. IAM can deprive rat astrocytes of glutathione 
(GSH), inhibit cellular GAPDH activity, and reduce cell 
lactate synthesis. It may cause cell death after a long 
incubation period [17] and should not be used to inactivate 
GAPDH and interrupt glycolysis because it lowers the GSH 
content of cultured cells. IAM has no effect on sperm ATP 
concentrations and motility if oxidizable substrate is 
provided but it does lower ATP concentrations and motility 
in the presence of glucose suggested that IAM had no effect 
on mitochondrial ATP that sperm utilize to maintain their 
motility, but it interrupted glycolysis, preventing an adequate 
supply of respiratory substrate for mitochondria, thereby 
decreasing ATP synthesis and motility [15].  

Another group of drugs that can be used to investigate 
mitochondrial function are the K

+ 
ionophores. One of these is 

valinomycin (VAL), a dodecadepsipeptide that induces 
mitochondrial swelling especially in the presence of acetate 
[18] through an increased uptake of K

+
. Inhibition of ETC in 

mitochondria occurs, due to loss of inner membrane 
potential, oxidation of pyridine nucleotides, and induction of 
apoptosis [19]. In nature, dodecadepsipeptides are found as a 
cellular toxins produced by several Streptomyces species of 
bacteria and have a similar effect on mitochondrial activity 
as VAL [20]. VAL is a passive carrier for K

+
, when it 

encounters the cell membrane surface: it transports these 
ions across membranes, thereby inhibiting oxidative 
phosphorylation by antagonizing the proton motive force. To 
give a true measure of mitochondrial activity sperm 
incubated with VAL should produce a base fluorescence 
value, which can be subtracted from, or compared with, that 
for the same sample incubated without VAL.  

In our preliminary experiments to obtain maximum 
uptake of JC-1 in sperm population at minimum incubation 
time, variable results were observed with same bull 
examined on different days as well as fresh and post thaw 
semen. Selection of motile sperm by Bovipure showed 
maximum m at 30 minutes in fresh and post-thaw sperm 
labelled with JC-1, while maximum m was observed at 
150 and 90min corresponding fresh and post-thaw semen 
washed with Ruthin extender, a glycolysis supporting 
medium (data not shown). Uprating of m in motile sperm 

of 3/4 bulls was seen in post-thaw semen. This was 
consistent with the results of Garrett et al., [21] who 
observed higher oxygen consumption rate in post-thaw 
semen. Whereas, semen washed in Ruthin medium: m 
has been increased with increase in incubation time in all 
bulls of fresh sperm and 2/6 bulls of post-thaw sperm 
respectively. Uprating of m in bulls might be sperm that 
initially were dependent on ATP generated by glycolysis 
accumulating its end product pyruvate/lactic acid, later with 
increase in incubation time the sperm demonstrated 
capacitation like changes and became hyperactive [22], 
which result in increased demand for ATP and relied on 
mitochondrial ATP for long time.  

This paper investigated the effect of freeze/thawing on 
sperm m obtained from bulls incubated in the presence of 
respiratory and glycolysis inhibitors. The use of these 
inhibitors may help to determine the maximum 
mitochondrial potential at a minimum incubation time after 
restricting glycolysis activity, thus forcing the sperm to 
derive their energy from respiration and also the extent of 
background fluorescence by comparing fluorescence when 
incubated with and without inhibitors.  

MATERIALS AND METHODS 

Four treatments were examined using JC-1 and 
propidium iodide (PI): control and 90 nM valinomycin 
(VAL) providing 44 mM sorbitol as a glycolytic substrate 
and 5 mM 2-deoxy-D-glucose (DOG) and 0.5 mM 
iodoacetamide (IAM) providing 9 mM pyruvic acid as a 
respiratory substrate. 

Preparation of Fresh and Frozen/Thawed Semen 

Ejaculates were collected from four mature commercial 
AI bulls using an AV. From each bull, an aliquot of 1-2 ml 
of raw semen after first dilution in 20% egg yolk-tris-
glycerol (EYTG) extender was taken according to semen 
concentration range 400-800x10

6
/ml in a centrifuge tube. 

Phosphate-buffered saline (PBS) was added to give a volume 
of 10ml. This suspension was centrifuged at 600 x g for 10 
minutes at room temperature. The supernatant was removed 
and the resulting pellet transferred to a fresh test tube in a 
water bath at 39°C. PBS extender was added to the pellet to 
give a suspension volume of 2ml and the resulting 
concentration of sperm was estimated using a nucleocounter 
(Chemometec A/S, Denmark). The concentration was 
adjusted to 24 x10

6
 per ml by adding warmed Ruthin 

extender to Control and VAL and PBS extender to DOG and 
IAM treatments (Fig. 1). ‘Ruthin’ extender is the same as the 
‘Reading’ extender [23] except for the substitution of 
sorbitol for glucose and the removal of trehalose [24]. From 
this suspension, 250 l from each in duplicate for each 
treatment was removed for investigation that contained 
6x10

6
 sperm. 250 l of Ruthin extender and DOG and IAM 

suspension were added to semen as per treatment. Samples 
were labelled as Control (C1, C2), Valinomycin (VAL1, 
VAL2), 2-deoxy-D-glucose (DOG1, DOG2) and 
Iodoacetamide (IAM1, IAM2). The labelled samples were 
left for 15 minutes before staining.  

Thirty straws, each containing 0.25ml, of frozen bull 
semen were received in liquid nitrogen and thawed by 
immersing them in a water bath at 39°C for 30 secs. The 
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contents of each straw were transferred into a centrifuge tube 
in water bath at 39°C and thereafter processed as for the 
fresh semen (Fig. 1). 

Fluorescence Staining of Sperm and Flow Cytometry  

After semen preparation, 360 l was taken from 500 l 
semen into fresh test tube and 40 l of JC-1 were added, 
together with 4 l VAL as appropriate (Fig. 1), 
approximately 2 minutes apart to accommodate running time 
on the flow cytometer. Each sample was incubated at 39°C 
for 40 and 80min and 40 l of JC-1 incubated stirred semen 
from each treatment was added to 995 l of warmed 
Ruthin/PBS extender as per treatment and 5 l PI in flow 
tube (Fig. 1). The readings were then taken at each 
incubation time. The final stain concentrations of JC-I and PI 
were 0.1 M and 12 M respectively. Samples were analyzed 
on a Partec Cyflow Space Flow Cytometer (Partec GmbH, 
Gorlitz, Germany). Regional and logical gates were set to 
select live sperm population and exclude non-sperm specific 
events and dead cells.  

Statistical Analysis 

The real time data acquisition, analysis, and display was 

performed using FloMax®, the PC based FCM software. 

Mean fluorescence intensity measured in Relative 

Fluorescence Units (RFU) of green (low m) and 

orange/red (high m) appeared in log-X and log-Y 

respectively, stored in an Excel spreadsheet. After cleaning 

the data, differences between fresh and frozen-thawed 

samples, within and between bulls after incubation with or 

without inhibitors were investigated using ANOVA, 

applying Tukey and Dunnett’s comparison test within a 

general linear model procedure in Minitab16. Significant 

differences was accepted when P <0.05. 

RESULTS 

Flow cytometry recording of mitochondrial membrane 
potential in fresh and frozen-thawed sperm incubated with 
JC-1, presented all dot plots within one single population in 
CON, VAL, DOG and IAM treatments. This one parameter 
fluorescence display included both green and orange 
fluorescence but to varying degrees representing sperm with 
low and high m respectively (Fig. 2). The orange and 
green populations in dot plots were difficult to separate. 
Therefore orange:green (high m: low m) fluorescence 
ratio was performed to integrate green and orange 
fluorescence value in fresh and freeze-thaw semen. 

Comparison of Control (CON) with Treatment 

To compare m of untreated spermatozoa in a medium 
supporting glycolysis (CON) with the treated spermatozoa 
after suspending their anaerobic (DOG, IAM) and aerobic 
(VAL) metabolic pathways: mean fluorescence intensity 
(MFI) of monomers was significantly higher in IAM and 
VAL and DOG and VAL as compare to CON at 40 min 
incubation in spermatozoa of fresh and freeze-thaw semen 
respectively (Figs. 3a & 4a). Similar trend at 80 minutes 
incubation was seen in all treatments of fresh and freeze-
thaw (except IAM) semen (Figs. 3b & 4b). In contrast MFI 
of aggregates appeared to be significantly higher in CON as 
compared to IAM and VAL treatments at 40 min incubation 
in fresh (excluding VAL) and freeze-thaw semen and only 
against IAM at 80 min incubation in sperm of fresh and 
freeze-thaw semen (Figs. 3ab & 4ab). A shift in m from 
high to low was found in samples treated with VAL and 
IAM. The high: low m (h m:l m) ratio was higher in 
CON and DOG treated samples representing more active 
mitochondria, while in samples treated with VAL and IAM 
the h m:l m fluorescence values were reversed to 
distinctly lower representing less active mitochondria at both 
incubation times in fresh and freeze-thaw semen (Figs. 3ab 
& 4ab). High: low m ratio was significantly higher in 

 

Fig. (1). Flow chart for JC-I and PI protocol after treatment with control (CON), valinomycin (VAL), 2-deoxy-D-glucose (DOG) and 

iodoacetamide (IAM). 
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CON than other treatments in all incubation times and 
semen. To get a true measure of JC-1, after subtracting the 
h m:l m ratio of VAL from the h m:l m ratio of 
CON at both incubation times (data not presented), it was 

revealed that even though VAL causes a significant 
reduction in sperm mitochondrial activity, this has not been 
abolished completely. 

 

Fig. (2). Dot plots resulting from flow cytometric analyses of spermatozoa stained with JC-1. Dot plot of population with highly functional 

mitochondria displayed oval outline (A, C) and elongated in less functional mitochondria (B, D). A) population in presence of glycolytic 

substrate. B) population treated with IAM in presence of pyruvate. C) population treated with DOG in presence of pyruvate. D) population 

treated with VAL in presence of glycolytic substrate.  

 

 
 

Fig. (3). (a & b) Comparison of control with treatments of fresh for 40 and 80 minutes incubation times of low and high mitochondrial 

membrane potential (l m and h m) and h m:l m ratio. Bars with the superscripts are significantly different to control; * = p<0.05; 

** = p<0.01 and *** = p<0.001. 
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Comparison Between Incubation Times Within Bull 

Although no significant differences were observed in 
h m:l m ratio between 40 and 80 min incubation times 
within each treatment of fresh and freeze-thaw semen except 
h m:l m ratio of Con freeze-thaw semen and DOG 
fresh and freeze-thaw semen (Fig. 5). However, maximum 
h m:l m ratio was seen at 40 min in all treatments and 
semen, but slightly lowered with VAL, fresh semen. When 
incubation time was compared within bulls, there was a 
reduction of h m:l m ratio over time in untreated sperm 
(CON) of fresh and fresh-thaw semen of all bulls excluding 
bull 3 fresh semen (Fig. 6). These variations in h m:l m 
values were only significant within bull 2 fresh semen and 
bull 3 and bull 4 freeze-thaw semen. 

Comparison Between Fresh and Frozen-Thawed Semen 
Within Bulls 

In this section the results are presented at 40 min 
incubation because the maximum h m:l m ratio was 
observed at this point. The effect of cryopreservation on the 
proportion of h m:l m in identical samples of sperm 

before and after cryopreservation in the presence of 
glycolysis supported medium (CON), glycolysis (DOG, 
IAM) and respiratory (VAL) inhibitors stained with JC-1 
observed variable results (Fig. 7a & b). Cryopreservation 
increased h m:l m ratio only in bull 1 (30%) and 
decreased in bulls 2 (70%), 3 (20%) and 4 (30%) compared 
to fresh semen. The rise in bull 1 may be the product of 
sperm demonstrated capacitation like changes and became 
hyperactive [22], which result in increase in demand for ATP 
and relied on mitochondrial ATP for long time. Whereas 
decrease in h m:l m ratio in remaining bulls may be the 
involvement of an oxidative stress due to significant drop in 
antioxidant level during a freeze/thaw cycle [9]. Freeze-thaw 
also caused drop in h m:l m ratio in all bulls’ sperm in 
presence of DOG that forced sperm to generate their energy 
exclusively via mitochondria (Fig. 7a & b). In contrast 
h m:l m ratio of all bulls seemed to be higher in freeze-
thaw sperm treated with VAL but comparable in bull 4 (Fig. 
7a & b). Interestingly, similar change in h m:l m close 
to VAL observed with glycolysis intermediate inhibitor IAM 
(Fig. 7a & b). This variation in h m:l m ratio likely to 

 

 

Fig. (4). (a & b) Comparison of control with treatments of frozen-thawed semen for 40 and 80 minutes incubation times of low and high 

mitochondrial membrane potential (l m and h m) and h m:l m ratio. Bars with the superscripts are significantly different to 

control; * = p<0.05; ** = p<0.01 and *** = p<0.001. 
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be the IAM effect on mitochondria or freeze/thaw process 
that changed mitochondrial status, which lessen the JC-1 
accumulation in sperm mitochondria, increase green 
fluorescence and ultimately reduced h m:l m ratio.  

Comparison of High: Low m Ratio Between Bulls 

In spermatozoa of fresh semen at 40 min incubation: a 

higher h m:l m ratio was observed in bull 4 for all 

treatments except DOG, while a lower ratio was seen in bull 

1 and bull 2, at all treatment (Fig. 7a & b). This ratio was 

only significant between bull one and four, bull four and all 

bulls and bull one, three and four for CON, IAM and VAL 

respectively (Fig. 7a & b). Inconsistency in h m:l m 

ratio was observed between the bulls in freeze-thaw semen at 

each treatment and incubation times. At 40 min incubation 

h m:l m ratio of freeze-thaw spermatozoa was higher in 

bull 1 treated with CON and IAM, this was significant with 

bull 2 at CON level; and lower in bull 2 at CON, DOG and 

VAL treatments, which was only significant with bull 3 at 

DOG level (Fig. 7a & b). It seemed that inconsistency in 

h m:l m ratio between the bulls is a characteristic of 

individual bulls rather than the effect of treatment or 

incubation time or sperm may switch energy demand from 

respiration to glycolysis for a while.  

 

Fig. (5). Comparison of high: low m (h m:l m) ratio of fresh and freeze-thaw semen between 40 minutes (0) and 80 minutes (1) 

incubation within bulls. Bars with the superscripts are significantly different between incubation times; a= P<0.05; aa= P<0.01. 

 

 

Fig. (6). Comparison of high: low m (h m:l m) ratio of fresh and freeze-thaw semen between 40 minutes (0) and 80 minutes (1) 

incubation within bulls. Bars with the superscripts are significantly different between incubation times; **= P<0.01.  
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DISCUSSION 

In this investigation, we demonstrated for the first time 
bovine sperm mitochondrial function following inhibition of 
glycolytic pathways in the presence of respiratory substrate 
in fresh and frozen-thawed semen. Each dot plot of 
treatments showed a single cell population of membrane 
intact spermatozoa and each population displayed both green 
and orange fluorescence but to varying degrees. The orange 
and green populations in dot plots were difficult to separate. 
Therefore examination of orange:green (high:low m) 
fluorescence ratio was performed to integrate green and 
orange fluorescence value in fresh and post-thaw semen. 

Bovine spermatozoa incubated with JC-1 exhibited 
significant differences between treatments at low and high 

m and incubation times. An increase in the population 
with active mitochondria has been observed in samples 
either provided with only glycolytic substrate (sorbitol) or 

with glycolytic inhibitor (DOG) and pyruvate. Similar results 
have been observed by Mukai and Okuno [12] when mouse 
sperm were incubated with JC-1 in presence of either 
glucose or DOG and pyruvate. Consistency in m between 
treatments Control and DOG might be due to presence of 
sorbitol in the former treatment, which is reduced to fructose 
by the polyol pathway and fructose further reduced into 
pyruvate/lactate, providing respiratory substrate to sperm 
like the DOG treated sample. In addition the increase in 

m in DOG treated sperm may be due to inhibition of 
glycolysis which in turn may cause the sperm to force 
mitochondria to work at a higher level to generate energy 
and the reduction in m at 80 min incubation might be due 
to sperm having utilized all the respiratory substrate pyruvate 
as a marked reduction in seminal pyruvic acid has been 
observed after 60 min [25].  

Addition of carbonyl cyanide m-chlorophenylhydrazone 
(CCCP) reduced the mitochondrial inner-membrane 

 
Fig. (7). (a & b) Comparison of high: low m (h m:l m) ratio between bulls and fresh (A) and freeze-thaw (B) sperm within bulls at 

40 minutes incubation. Bars with the superscripts are significantly different to freeze-thaw semen; *= P<0.05 and **= P<0.01. Bars that do 

not share a superscript letter are significantly different between bulls. 
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potential as an uncoupler demonstrated as green emission 
from mitochondria [12]. Change in state of JC-1 from 
aggregates to monomers has been observed in human sperm 
[26] and stallion sperm [27], using VAL to validate the JC-1 
probe. In the present study, VAL reduced m in bull 
spermatozoa resulting in a shift in fluorescence from orange 
(high m) to green (low m). When subtracting the 
aggregate of valinomycin from control, the true value for 
mitochondrial potential was lower as compared to control 
(data not shown) indicating that valinomycin has not 
completely abolished mitochondrial activity and or the 
presence of aggregates fluorescence could be background 
fluorescence of JC-1 due to the sensitivity of the 
fluorescence detectors; it is unlikely that sperm populations 
would ever show zero fluorescence. Increase in VAL 
concentration may help to differentiate the mitochondrial 
and fluorochrome activity.  

Hathaway [28] observed that IAM completely reduced 
respiration in sea urchin spermatozoa within 45min. IAM, an 
inhibitor of GAPDH, did not reduce motility in presence of 
pyruvate and lactate but inhibited ATP produced from 
glycolysis with no effect on ATP produced by mitochondrial 
respiration in mouse sperm [15]. Recently Schmidt and 
Dringen [17] found that IAM markedly reduced glutathione 
(GSH), cellular GAPDH and lowered cellular lactate 
production in astrocytes and reduction in GSH level resulted 
in loss of mitochondrial membrane potential in mice sperm 
[29]. It has been reported that the sperm mitochondrial 
cysteine-rich protein (SMCP) and phospholipid 
hydroperoxide glutathione peroxidise are the proteins 
localized in the mitochondrial capsule and enhances sperm 
motility [30]. Like GAPDH, IAM may alter SMCP, GSH 
level and decrease m. SMCP gene knockout in mice 
sperm reduced sperm motility and fertility [31]. In our study, 
IAM disrupted the mitochondrial activity in the presence of 
pyruvate and also shifted fluorescence from orange (high 

m) to green (low m). It reveals that IAM might be 
involved in the reduction of mitochondrial activity or 
restricting pyruvate oxidation, therefore depriving 
mitochondria of respiratory substrate.  

Freeze-thaw cycle is the basis of major changes in 
spermatozoa such as increases in osmotic and oxidative 
stress, and membrane permeability, thereby significant 
decrease in sperm viability and mitochondrial membrane 
potential [32, 33]. Using JC-1 probe to evaluate the 
functional potential of mitochondria of bovine sperm, 
Celeghini et al., [34], observed that for the percentage of 
spermatozoa with greater mitochondrial function, potential 
was approximately five fold less in frozen-thawed semen 
than in fresh semen. Similar results were found by Arruda 
and his colleagues [35] in cattle semen after cryopreservation 
with Tris–egg-yolk extender and another extender containing 
glycerol. Disappearance and significant reduction in 
aggregates, shift to monomers and marked change in 
aggregates:monomers ratio was also observed in frozen-
thawed bull sperm [33, 36] suggesting that the bulls had low 
cryopreservation tolerance. In this study washed frozen-
thawed spermatozoa diluted in extender supporting 
glycolysis showed significant increase (30%) in 
h m:l m ratio than that of the fresh spermatozoa in bull 
1 but decrease (20 to 70%) in remaining three bulls. Changes 

in sperm membrane occur during the freezing process, 
similar to those that occur during capacitation and may 
induce damage to the mitochondria [22, 37]. Oxidative stress 
is another factor that influences sperm mitochondrial 
function during freeze-thaw process [9]. Motility, 
mitochondrial function, and viability are the most likely all 
interrelated aspects of the overall physiological status of the 
spermatozoa [38, 39]. Therefore high level of h m:l m 
in bull 1 might be due to the capacitation- like effect of 
freeze-thaw, which moved sperm towards hyperactivation 
and consequently a rise in mitochondrial activity, whereas 
low level in other three bulls perhaps be the sperm 
mitochondria encountered to oxidative stress produced on 
decrease in antioxidant level during a freeze/thaw cycle.  

On comparing incubation times using h m:l m ratio 
as factor of variation: maximum h m:l m ratio observed 
at 40 min incubation in all treatments and slightly lowered 
with VAL. Within the bulls at control level, decrease in 
h m:l m ratio from 40 to 80 min has been observed in 
all bulls of fresh and freeze-thawed sperm but increased in 
bull 3 in fresh semen, suggesting that variation in 
h m:l m is a characteristic of individual bulls or sperm 
of bull 3 may initially fulfil their energy demand via 
glycolysis for a while. Similarly among the bulls the ratio of 
h m:l m, was higher in bull 4 followed by bull 3 and 
comparable in bull 1 and 2 of fresh semen; and for frozen-
thawed semen, this ratio was comparable in bull 1, 2 and 4 
but markedly reduced in bull 2. Generally the commercial 
testing bull semen is based on post-thawed progressive 
motility, which has never correlated well with fertility [40, 
41]; therefore highly functional mitochondria after prolonged 
incubation of any bull pre or post freeze/thaw cycle may be a 
good indicator of bull selection and fertility prediction.  

CONCLUSION  

Mitochondrial function was significantly decreased on 
freeze-thaw process. Maximum mitochondrial potential has 
been found at 40 min incubation in fresh and frozen-thawed 
semen, suggesting that the 40 min incubation will be 
satisfactory for assessment of mitochondrial membrane 
potential in future. Mitochondrial activity was markedly 
reduced in samples treated with IAM and VAL indicating 
that IAM which is a known glycolytic inhibitor has a similar 
effect to VAL, recognized as a respiratory inhibitor, which 
can be validated by looking at either sperm oxygen 
consumption or ATP production or motility in the presence 
of IAM.  
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