1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny Yd-HIN

NATIG,

o
R HE

s sy,
D

10

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Fertil Steril. 2010 November ; 94(6): 2359-2361. doi:10.1016/j.fertnstert.2010.04.017.

Antioxidants, Oxyrase, and mitochondrial uncoupler 2, 4-
dinitrophenol improved post-thaw survival of rhesus monkey
sperm from ejaculates with low cryosurvival

Qiaoxiang Dong, Ph.D.2P, Theodore L. Tollner, Ph.D.2¢, Sarah E. Rodenburg, B.S.2, Dana
L. Hill, B.S.2, and Catherine A. VandeVoort, Ph.D.2d

aCalifornia National Primate Research Center, University of California, Davis, California

bSchool of Environmental Science and Public Health, Wenzhou Medical College, Wenzhou,
China

¢Center for Health and the Environment, University of California, Davis, California

dDepartment of Obstetrics and Gynecology, School of Medicine, University of California, Davis,
California

Abstract
Various antioxidant strategies such as supplementation of antioxidants, limiting oxygen
concentration with Oxyrase, and reducing reactive oxygen species (ROS) through mild
mitochondrial uncoupling had significant beneficial effects on sperm cryopreservation from rhesus
monkeys with low cryoresistant ejaculates. Individuals or species that have higher sensitivity to
cryodamage may derive the most benefit from these treatments.

Keywords
Macaca mulatta; semen; reactive oxygen species; electron transport

The process of sperm cryopreservation leads to an increase in ROS production (1, 2) and a
decrease in the antioxidants levels in sperm (3, 4). Thus, oxidative stress or lipid
peroxidation associated with increased ROS production during the freezing-thawing process
is now considered as one of the major causes of sperm damage in addition to cold-shock and
osmatic stress (5). In response to the evidence for ROS-mediated sperm damage, many
approaches have been used to prevent ROS production and thus potentially reduce sperm
damage during the freeze-thaw process. One of the most popular methods applied so far is
antioxidant supplementation of extenders and/or medium. While straightforward in
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approach, antioxidant supplementation has produced widely varying results on post-thaw
sperm quality depending on the species, and the type and dose of antioxidants. (6). Another
approach for eliminating ROS production is to reduce the oxygen level in media by
supplementation of an Escherichia coli membrane fraction (Oxyrase) which has been shown
to be beneficial for frozen-thawed mouse sperm (7). A third strategy to minimize oxidative
stress is to treat sperm with mitochondrial uncoupling agents. Incomplete or mild
mitochondrial uncoupling has been shown to reduce oxidative damage (8) and improve in
vitro embryo development (9, 10). However, this approach has not been explored for its use
in sperm cryopreservation.

The possibility of ROS-mediated damage in cryopreserved monkey sperm has not been
studied. To evaluate whether the three different approaches stated above for ROS damage
amelioration will produce beneficial effects in post-thaw survival for monkey sperm, we
studied the effect of various antioxidant additives, oxyrase, and 2,4-dinitrophenol (DNP,
mitochondrial uncoupler) on sperm cryopreservation of rhesus macaques.

Ejaculates were collected from 10 adult males that were individually caged at the CNPRC
with lights on from 06:00 to 18:00 h at 25-27 °C. All procedures for maintenance and
handling of the animals were reviewed and approved in advance by the Institutional Animal
Use and Care Administrative Advisory Committee at the University of California at Davis.
The males were trained to chair restraint and semen was collected by direct penile
stimulation with a Grass 6 stimulator equipped with ECG pad electrodes (30-50 V, 20 ms
duration, 18 pulses s1). Samples were allowed to liquefy for 30 min before processing.
Sperm suspensions were washed twice with Tyrode’s medium supplemented with bovine
serum albumin (TL-BSA) at 300 g for 10 min, and resuspended to 2 x 108 cells/mL of total
motile sperm (sperm density x initial motility) with TEST solution (43.25 g TES, 10.265 g
Tris, 10g glucose in 1L distilled water, pH 7.4, 350 mOsm/kg) before being subjected to
various treatments. Sperm were frozen at a final concentration of 5 x 107 cells/mL based on
our previous method (11). Except for vitamin E (DL-a-tocopherol acetate, Alexis
Biochemicals, Farmingdale, New York) and Oxyrase (Oxyrase, Inc. Mansfield, Ohio), all
other chemicals were purchased from Sigma (Sigma Chemical Corporation, St. Louis,
Missouri).

After a preliminary screening, glutathione (reduced GSH and oxidized GSSH), superoxide
dimutase (SOD), catalase (CAT), Oxyrase, and vitamin E were selected for addition to the
cryopreservation medium for freezing trials. Sperm samples from eight ejaculates (one
ejaculate per male) were used in this trial, and samples were suspended in TEST-yolk with
3% glycerol. For testing with the mitochondrial uncoupler, 10 ejaculates from 7 males were
compared for post-thaw survival when DNP was supplemented in TEST-yolk-glycerol
medium at 0.01, 0.1, 1, 10, and 50 uM. Motility was evaluated immediately after thawing.
Data were analyzed using paired t-test (SAS 9.1). Percent motility was arcsine-square root
transformed (=asin(sqrt(humber))) and means of 3 straws per treatment were used for
analysis. Values are presented as means + SEM.

When data were analyzed across all ejaculates, significant improvement in post-thaw
motility was found in vitamin E treatment group (P = 0.011), but not for samples with the
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additives of GSH, GSSH, SOD, CAT and Oxyrase. However, when data were allocated into
two categories based on post-thaw motility of the controls (< and = 60%), there were
significant improvements in post-thaw motility for 200 U/ml SOD (P = 0.049), 200 U/ml
CAT (P =0.007), and 0.3 U/ml Oxyrase (P = 0.004) in ejaculates with low post-thaw
survival (n = 4) (Fig. 1a), but not in ejaculates with high post-thaw survival (n = 4) (Fig. 1b).
For DNP treatment, the sperm from most males exhibited improved post-thaw motility,
however, the optimal dose varied considerably among ejaculates. When motility values
associated with the optimal dose of DNP for each ejaculate were compared to the ethanol
controls, post thaw motility of DNP treatment was significantly higher than that of solvent
control for ejaculates with low post-thaw survival (< 50%, n = 3), but not in ejaculates with
high post-thaw survival (= 50%, n = 7) (Fig. 1).

Antioxidants play an important role in preventing the formation and scavenging of free
radicals. They usually can be classified as enzymatic and non-enzymatic compounds. The
enzymatic compounds include SOD, glutathione peroxidase, glutathione reductase, and
CAT. Previous studies with bulls (3) and rams (4) found that glutathione peroxidase and
glutathione reductase activities were less affected by cryopreservation, while a significant
decrease was observed for SOD in samples after freeze-thaw (4, 12). As SOD dismutates the
free radical O~ into H,O,, CAT is responsible for converting the still highly disruptive
oxidant H,0, into H,0 and O,. Catalase has also been found to be beneficial for post-thaw
sperm quality in boars (6), dogs (2), and buffalo bulls (13). The present study revealed
significant beneficial effects for these two enzymes in post-thaw survival of monkey sperm
from ejaculates with low post-thaw survival in the controls, but only marginal beneficial
effects for ejaculates with high post-thaw survival.

Non-enzymatic antioxidant compounds include vitamin C (ascorbic acid), vitamin E (or
Trolox), glutathione (reduced GSH and oxidized GSSH), cysteine, taurine, alpha
monothioglycerol etc. Of these, vitamins C, E, glutathione, and cysteine are the most
commonly tested compounds in previous studies. In general, vitamin C was found to have
no positive effect on post-thaw survival, while vitamin E or its analogue Trolox has usually
been reported as beneficial (see 6 for review). The present study revealed no significant
beneficial effect in post-thaw survival with vitamin C, GSH, GSSH but significant
improvement in post-thaw survival with vitamin E when these compounds were
supplemented in the freezing media.

Oxyrase is an enzyme derived from the cytoplasmic membrane of E. coli, and is often used
to produce anaerobic conditions in a wide variety of environments (14). The sperm
cryopreservation handling process is often conducted without controlling the oxygen level;
in contrast, sperm within the epididymides or female reproductive tract are restricted to low
oxygen concentrations (15). Therefore, it is possible that the relatively high oxygen level in
the ambient air may induce substantial free radical formation, and thus partially contribute to
the motility loss in frozen-thawed sperm. Studies with mouse sperm revealed that Oxyrase
provides substantial protection to motility of sperm exposed to cryoprotectants and the
freezing process (7). In the present study, post-thaw survival in the treatment group
supplemented with 0.3 U/ml Oxyrase was significantly higher than controls for ejaculates
with low post-thaw survival. In addition, supplementation of Oxyrase in the post-thaw
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suspension medium prolonged post-thaw motility up to 24 h (data not shown), which
suggests that high oxygen concentration in the ambient environment may lead to high ROS
production, which in turn may contribute to the rapid decline of sperm motility after
thawing.

The mitochondrial uncoupling agent DNP allows protons to cross the inner mitochondrial
membrane in a manner not coupled to oxidative phosphorylation, resulting in increased
electron transport and oxygen consumption rates (16). Though severe uncoupling could
reduce ATP production significantly, mild uncoupling has been shown to decrease
mitochondrial ROS dramatically through many mechanisms (17). A recent study with DNP
on mitochondrial function in mice further supported the theory of marked ROS reduction
associated with mild uncoupling (8), and supports the theory that preventing mitochondrial
generation of ROS by uncoupling may be a far more effective antioxidant strategy than
attempting to remove or neutralize these species with supplemental antioxidants. In the
present study, DNP treatment yielded significantly higher post-thaw survival than ethanol
solvent controls. Similar to treatments with antioxidant and Oxyrase supplementation,
ejaculates with low post-thaw survival usually benefit more from DNP treatment than those
with high post-thaw motility. In addition, we also found that a higher DNP dose (50 uM)
was necessary for the beneficial effect to occur when samples were frozen in the absence of
egg yolk compared with the presence of egg yolk (with a mode of 10 pM) (data not shown).
As the absence of egg yolk in the freezing medium represents less optimal freezing
conditions (18), the requirement of high DNP dose may compensate the protective effect
associated with egg yolk as if it were present. These findings suggest that the beneficial
effect of DNP treatment could be due to reduction of ROS through mitochondrial
uncoupling, however, the beneficial DNP dose varied widely among ejaculates.

Our findings of the most beneficial effects observed with antioxidant additives, Oxyrase, or
DNP on ejaculates with low post-thaw survival in controls supports the view that individuals
or species with low resistance to cryodamage will benefit most from optimized freezing
conditions (19, 20). It is possible that these various treatments could have additional
beneficial effects on other aspects of sperm function that were not measured in this study. In
addition, findings in this study may have important clinical applications for men requiring
sperm cryopreservation.
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Fig. 1.
Post-thaw motility of rhesus monkey sperm samples frozen in TEY-3% glycerol with

additives (closed circles) of 200 U/ml superoxide dimutase (SOD), 200 U/ml catalase
(CAT), 0.3 U/ml oxyrase, 10 mM vitamin E (VE), and dinitrophenol (DNP) at the
concentration range of 0.01, 0.1, 1, 10, 50 pM vs. controls without these additives (open
circles). Controls for VE and DNP additives were 0.1% ethanol solvent control. Males with
low post-thaw maotility in controls (less than 60% for SOD, CAT, and oxyrase or less than
50% for VE and DNP groups) were shown in Panel (a), and males with high post-thaw
motility in controls (equal or above 60% for SOD, CAT, and oxyrase groups or 50% for VE
and DNP groups) were shown in Panel (b). Asterisks indicate significant difference between
controls and treatment groups.
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