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Abstract
Osmotic stress caused oxidative stress in rhesus macaque sperm, which was alleviated by
antioxidant supplementation. The objective of the present study was to demonstrate that
cryopreservation of rhesus macaque sperm also induces (reactive oxygen species) ROS
production, and to determine whether ROS have an important role in cryopreservation-induced
membrane. Additionally, we evaluated the antioxidant capacity of TEST buffer (with 20% egg
yolk and 13% skim milk) and supplementation with antioxidants, superoxide dismutase (SOD),
catalase (CAT), and α-tocopherol. There was a substantial level of ROS production in both the
presence (15% increase in superoxide, P < 0.01; 14% increase in hydrogen peroxide, P < 0.01) and
absence of egg yolk (EY) and skim milk (SM; 33% increase in superoxide, P < 0.001; 48%
increase in hydrogen peroxide, P < 0.001). Superoxide dismutase provided little membrane
protection against ROS, but increased post-thaw total and progressive motility by 10% (P < 0.01)
and 15% (P < 0.05), respectively. Supplementation with CAT and α-tocopherol in the presence of
EY and SM decreased H2O2 by 55% (P < 0.01) and 49% (P < 0.001), whereas supplementation
with CAT and α-tocopherol in the absence of EY and SM reduced the level of lipid peroxidation
by 61% (P < 0.05) and 28% (P < 0.01). In conclusion, this is apparently the first report that
cryopreservation of rhesus macaque sperm induced a significant increase in ROS and that
antioxidant supplementation can significantly decrease the extent of ROS-induced membrane
damage.
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1. Introduction
The rhesus macaque provides an important model for human biomedical research; therefore,
the ability to preserve and store the genetics from this non-human primate (NHP) is
imperative. Maintaining NHP populations by conventional breeding in most cases is
resource intensive, leaving sperm cryopreservation as a more viable option. Further,
development of cryopreservation media without animal products is desirable for biosecurity
of preserved and transported semen, for a variety of medically and economically important
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species. Despite the advances that have been made, cryopreservation still induces
considerable damage to sperm as a result of the extreme temperature and osmolality changes
to which cells are exposed [1–3]. With rapidly decreasing temperatures, extracellular solutes
begin to freeze and the cell is exposed to an increasingly hyperosmolal environment, which
turns extremely hypo-osmotic during thawing [4,5]. This fluctuation in osmolality causes
substantial membrane stretching, which can disrupt the actin cytoskeleton and decrease the
lateral packing of the lipids, leaving the cell membrane extremely vulnerable to oxidative
damage [3,6,7].

There are several low-molecular weight antioxidants (enzymatic and non-enzymatic) present
in seminal plasma to help protect sperm against oxidative damage by reactive oxygen
species (ROS) [8–12] However, during preparation for cryopreservation, sperm are washed
out of seminal plasma and re-suspended in cryopreservation extender, which leaves them
vulnerable to oxidative stress due to loss of antioxidant protection [13]. The absence of
seminal plasma, in combination with a membrane high in polyunsaturated fatty acids
(PUFA), makes sperm particularly susceptible to lipid peroxidation and cell damage during
cryopreservation [14]. Two significant types of ROS free radicals are generated under
conditions of cellular stress are superoxide anion (O2

−·) and hydrogen peroxide (H2O2),
both of which have been associated with cryopreservation [15,16] and ensuing oxidative
lipid and DNA damage [17–19].

Previous work in our laboratory demonstrated that osmotic stress of rhesus macaque sperm
resulted in significant ROS production; therefore, we inferred that cryopreservation will also
result in ROS production. Our primary goal was to demonstrate that cryopreservation of
rhesus macaque sperm induces ROS production and to determine whether ROS have an
important role in membrane damage sustained during cryopreservation. Additionally, we
evaluated the antioxidant capacity of our cryopreservation buffer and whether
supplementation with the antioxidants superoxide dismutase, catalase, or α–tocopherol,
would provide additional protection against these ROS during cryopreservation.

2. Materials and methods
2.1. Chemicals

Superoxide dismutase (SOD), catalase (CAT), and α-tocopherol (Type IV, from vegetable
oil) were obtained from Sigma Chemical Co. (St. Louis, MO, USA). Dihydroethidium
(DHE), 2’,7’-dichlorodihydrofluorescein diacetate (H2DCFDA), SYTOX® Green, 4,4-
difluro-5-(4-phenyl-1,3-butadienyl)-4-bora-3a,4a-diaza-s-indacene-3-undecanoic acid
(BODIPY® 581/591), and the LIVE/DEAD sperm viability kit (Propidium Iodide and SYBR®

14) were obtained from Invitrogen (Eugene, OR, USA). In order to minimize premature
oxidation, DHE and H2DCFDA were initially solubilized in DMSO, held under N2, and
stored at −80°C until needed.

2.2. Experiment 1: cryopreservation of rhesus macaque sperm and the evaluation of ROS
production

One ejaculate from each of five male rhesus macaques (Macaca mulatta) were obtained by
electroejaculation, as previously described [20]. Animals were housed at California National
Primate Research Center and maintained according to Institutional Animal Care and Use
Committee protocols at the University of California. Semen samples were collected directly
into 50 mL centrifuge tubes containing 5 mL of HEPES-Biggers, Whitten, and Whittingham
(BWW) media [21]. Following semen collection, semen samples were diluted in an
additional 5 mL HEPES-BWW containing 2 mg/mL polyvinylalcohol (PVA) for a final
concentration of 1 mg/mL PVA. The samples were gently rocked for 5 min, after which the
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coagulum was removed and the sample was maintained at room temperature for 10 min to
allow particulate matter to settle to the bottom. The upper 9.5 mL of semen was then
transferred into a separate tube for determination of initial motility. Cells were then washed
by centrifugation for 5 min at 300 × g and re-suspended to 100 × 106/mL in one of two
diluents: 1) complete TEST buffer (4.325% TES, 1.027% Tris, 1.0% dextrose, pH.7.4)
supplemented with 30% (v/v) fresh egg yolk (EY) and 20% (v/v) skim milk (SM) + 3%
glycercol [22]; or 2) TEST buffer (no EY or SM) + 3% glycerol as a control. The complete
TEST medium is routinely used for NHP sperm cryopreservation. It was unknown whether
EY or SM would affect the level of ROS; therefore, we included a ‘no EY/no SM’ control
TEST buffer.

Pre-freeze samples were diluted 1:1 with fresh cryopreservation media in the absence of
glycerol, washed once by centrifugation for 5 min at 300 × g, and re-suspended in BWW + 1
mg/mL PVA to 25 × 106/mL. The following end points were then evaluated before and after
cryopreservation: motility (CASA), viability (SYBR 14/PI), level of lipid peroxidation
(BODIPY), and level of ROS production (DHE, and DCF).

Cells were taken for pre-freeze evaluation, as above, or loaded into 0.5 mL
polyvinylchloride straws (IMV; Minneapolis, MN, USA) and sealed with polyvinyl chloride
sealing powder (IMV). Straws were then transferred to a controlled rate programmable
freezer (Planar Products, Ltd, Middlesex, UK) and frozen according to the following
freezing curve: −0.5 °C/min from 22 °C to 8 °C, −17 °C/min from 8 °C to −110 °C, after
which they were plunged into liquid nitrogen (−196 °C) for storage. Following
cryopreservation for 24–48 h, one straw per treatment was thawed for 30 s in a 37 °C water
bath. The samples were diluted 1:1 with fresh cryopreservation media in the absence of
glycerol and washed once with BWW + 1 mg/mL PVA by centrifugation for 5 min at 300 ×
g. Cells were then re-suspended in BWW + 1 mg/mL PVA to 25 × 106/mL for post-thaw
evaluation. After thawing, samples were equilibrated for 5 min prior to further evaluation.

2.3. Experiment 2: antioxidant supplementation of rhesus macaque sperm during
cryopreservation

Five additional semen samples were collected from each of the previously used rhesus males
and were processed as described above (in Experiment 1). All ejaculates were extended in
complete TEST buffer + 3% glycerol or TEST buffer (no EY or SM) + 3% glycerol, with or
without the following antioxidants: SOD (200 U/mL), CAT (200 U/mL), and α-tocopherol
(100 μM) for 15 min prior to cryopreservation. Motility, viability, lipid peroxidation, and
ROS production were evaluated both pre- and post-thaw.

2.4. Motility
Sperm motility was evaluated by means of computer-assisted sperm analysis (CASA) with
HTM Ceros, version 12.2 g (Hamilton Thorne Biosciences, Inc, Beverly, MA, USA). At
least 200 cells in a minimum of four fields were evaluated for each treatment. The following
instrument settings were used for CASA analysis: frame rate, 60 Hz; frames acquired, 30;
minimum contrast, 80; minimum cell size, 4 pixels; static VAP cutoff, 20 μ/s; static VSL
cutoff, 10 μ/s; progressive VAP threshold, 25 μ/s; progressive STR threshold, 80%; static
intensity limits, 0.6 – 1.4; static size limits, 0.6 – 2.31; and static elongation limits 0–80.
Percent total motility (TM) and percent progressive (forward) motility (PM) were
determined at all time points.

2.5. Viability
The membrane-permeant nucleic acid stain, SYBR-14, and the membrane-impermeant dye,
propidium iodide (PI), were added to 500 μL of each sample, for final concentrations of 0.1
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and 12 μM, respectively. Sperm were incubated for 10 min at room temperature, diluted to 1
× 106/mL, and analyzed by flow cytometry. The excitation wavelength used for both
fluorochromes was 488 nm and the emission maxima of SYBR-14 and PI was 516 nm and
617 nm, respectively [6].

2.6. Measurement of ROS: the DHE and H2DCFDA assay
To measure the superoxide anion, dihydroethidium (DHE) (2 μM) and SYTOX green (0.05
μM) were added together for 15 min; thereafter, sperm were diluted to 1 × 106/mL and
analyzed by flow cytometry [6,23]. Hydrogen peroxide was measured by evaluating the
oxidation of the cell-permeant probe 2’,7’-dichlorodihydrofluorescein diacetate
(H2DCFDA). Both H2DCFDA (50 μM) and PI (5 μM) were added for 15 min after which
sperm were diluted to 1 × 106/mL and analyzed by flow cytometry [6].

2.7. Measurement of lipid peroxidation: the BODIPY581/591C-11 assay
Lipid peroxidation was evaluated using the fluorescence lipid probe BODIPY581/591C-11
(4,4-difluro-5-(4-phenyl-1,3-butadienyl)-4-bora-3a,4a-diaza-s-indacene-3-undecanoic-acid).
When this probe became incorporated into the sperm membrane, it fluoresced red until lipid
radicals peroxidized the membrane, at which time the probe underwent an emission shift to
green (red: non-peroxidized, green: peroxidized). Before cryopreservation, sperm were
incubated in 1 μM BODIPY581/591C-11 for 30 min at room temperature to load the probe
into the cell membrane. Sperm were then washed two times (300 × g, 5 min) to remove
excess probe, and re-suspended in TEST buffer and processed for cryopreservation. Upon
thawing, sperm were diluted to 25 × 106/mL in the presence of the lipid peroxidation
promoters’ ferrous sulfate (1 μM) and sodium ascorbate (5 μM) for 30 min. During the last 5
min, PI (12 μM) was added, after which sperm were diluted to 1 × 106/mL and analyzed by
flow cytometry.

2.8. Flow cytometric analysis
Flow cytometry was performed using a FACScan flow cytometer (Becton-Dickenson,
Franklin Lakes, NJ, USA), equipped with a 488 nm excitation laser, and data was analyzed
using CellQuest software (Becton-Dickenson, Franklin Lakes, NJ, USA). The SYBR 14,
SYTOX green, and DCF were measured with a 530/30 bandpass filter, whereas PI was
measured with a 585/42 bandpass filter and DHE was measured with a 650LP bandpass
filter. Adjustments were made to address and eliminate fluorochrome spectral overlap, so
that each cell population was seen as distinct. To limit the evaluation of DHE, DCF, and
BODIPY fluorescence to viable sperm, only the subpopulation outside of SYTOX green or
PI positive cells, respectively, were included in the evaluation. A total of 10,000 gated
events were analyzed per sample.

2.9. Statistical analysis
Data were analyzed by a one-way analysis of variance (ANOVA) and individual means
were compared using Tukey’s multiple range post-hoc test, by use of the Minitab statistical
software (Minitab Inc, State College, PA, USA). In Experiment 2, the level of interaction
between the cryopreservation media and supplemented antioxidant were determined using
two-way ANOVA. All data were blocked by individual male and due to the absence of male
differences, data for each treatment was pooled. Data are expressed as the mean ± SEM and
the level of significance was set at P < 0.05.
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3. Results
3.1. Experiment 1: cryopreservation of rhesus macaque sperm and the evaluation of ROS
production

Cryopreservation of rhesus macaque sperm in complete TEST buffer + 3% glycerol
increased both O2

−·;. (P < 0.01) and H2O2 (P < 0.01) production; however, there was no
increase in lipid peroxidation in this medium (Fig. 1). To determine whether EY and SM
provided protection from ROS, rhesus macaque sperm were also cryopreserved in TEST
buffer + 3% glycerol in the absence of those two components. Analysis of post-thaw
samples revealed an increase in both O2

−·. (P < 0.01) and H2O2 (P < 0.01), with a very high
level of lipid peroxidation (P < 0.01). Comparison of post thaw ROS production between
both mediums revealed a higher level of ROS production (P < 0.01), as well as higher levels
of lipid peroxidation (P < 0.001; Fig. 1) in cells cryopreserved in the absence of EY and SM.
There was also a noticeable decrease in both total (P < 0.01) and progressive (P < 0.01)
motility when cells were cryopreserved in the absence of EY and SM, although there was no
difference in viability (P = 0.49; Fig. 2).

3.2. Experiment 2: antioxidant supplementation of rhesus macaque sperm during
cryopreservation

The addition of antioxidants to rhesus sperm cryopreserved in TEST buffer + 3% glycerol in
the absence or presence of EY and SM affected both total and progressive motility. Whereas
α-tocopherol decreased both total (P < 0.05) and progressive (P < 0.05) motility, the addition
of SOD increased both total (P < 0.05, data not shown) and progressive (P < 0.05) motility
to control levels (Fig. 3). No affect on viability was observed (P = 0.843, data not shown).
Antioxidant protection against ROS was variable (Fig. 4 and 5). In the EY and SM free
TEST buffer without antioxidants, O2

−·. was increased (P < 0.05), and although SOD
appeared to decrease the level of O2

−·. production in both types of media, the effect was not
significant (complete TEST, P = 0.03; TEST no EY or SM, P = 0.255). Interestingly, when
compared to complete TEST buffer, rhesus sperm cryopreserved in the absence of EY and
SM exhibited increased O2

−·. production in all treatments (control, P < 0.05; α-tocopherol, P
< 0.05; SOD, P < 0.01), except those with CAT added (P = 0.109; Fig. 4).

Addition of antioxidants in the absence of EY and SM did not significantly affect production
of H2O2 (Fig. 5). However, the presence of EY and SM in combination with α-tocopherol or
CAT had a synergistic effect; these antioxidants reduced H2O2 production well below
control levels. The interaction between EY/SM and α-tocopherol (P < 0.05) decreased the
levels of H2O2, as did the interaction between EY/SM and CAT (P < 0.01; Fig. 5). The most
dramatic effect of antioxidants was observed at the level of lipid peroxidation (Fig. 6). In the
presence of EY and SM, there was no increase in lipid peroxidation among any of the
treatments. However, in the absence of EY and SM, the levels of lipid peroxidation
increased dramatically for α–tocopherol and CAT (control, P < 0.01; α-tocopherol P < 0.05;
CAT P < 0.01), but not SOD (P > 0.01). Addition of α-tocopherol to TEST buffer absent of
EY and SM decreased the level of lipid peroxidation near levels of those observed in the
complete TEST buffer. Addition of CAT (P < 0.01) also decreased lipid peroxidation,
whereas SOD had little effect (P = 0.741; Fig. 6).

4. Discussion
Sperm cryopreservation has become an extremely important tool for preserving the genetics
of valuable animals, especially in the case of genetically unique, valuable, and endangered
species. However, although commonly used, sperm cryopreservation still induces substantial
cell damage as a result of cold stress, osmotic change, and intracellular ice crystal formation.
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Furthermore, current research has shown that cryopreservation-induced ROS may also be an
important source of post-thaw cell damage, although this phenomenon has never been
investigated for rhesus macaque sperm [16,24,25].

In the present study, we evaluated the effect cryopreservation on ROS production by rhesus
macaque sperm and whether addition of antioxidants would reduce ROS production. To
determine whether our cryopreservation extender (more specifically, the EY and SM) was
acting as an ROS scavenger, comparisons were made between sperm frozen in a rhesus
macaque sperm cryopreservation buffer [22] and sperm frozen in the same media without
EY and SM (control TEST buffer + 3% glycerol). There was a significant increase in post
thaw ROS production in both media; however, in the absence of EY and SM, the level of
ROS production was much higher and a significant level of lipid peroxidation was also
observed. Therefore, we inferred that EY, SM, or both, were playing an important
antioxidant role in rhesus sperm cryopreservation.

The specific roles of EY and SM on sperm cell protection during cryopreservation were not
clear. Although the casein component of milk was a strong inhibitor of lipid peroxidation
[26], the majority of the protection was most likely the result of the EY. It is generally
accepted that low-density lipoproteins (LDLs), more specifically phosphatidlycholine,
present in EY provide protection against lipid peroxidation by associating with the
membrane and stabilizing it [27]. This phenomenon appeared to be especially apparent
during cryopreservation of rhesus macaque sperm. It is also notable that macaque sperm
cryopreservation using TEST-yolk medium benefitted from a rather high concentration of
EY (20%), which certainly was a higher concentration than that used for cryopreserving
sperm of most species, except humans. Lower concentrations of EY in this medium have not
been established to be beneficial regarding antioxidant and lipid peroxidation activity,
although one study reported varying EY concentrations affected motility [28]. In our
laboratory, osmotic stress alone, in the absence of EY and SM, caused significant increases
in ROS and lipid peroxidation of rhesus macaque sperm [6]. However, cryopreservation-
induced osmotic stress in the presence of TEST buffer did not produce the same levels of
lipid peroxidation, even in the presence of substantial levels of ROS. This further
emphasized the important role that EY and SM have in cell membrane protection.
Additionally, Dong et al [28] recently demonstrated that in the absence of the permeable
cryoprotectant glycerol, TEST buffer with EY provided sufficient protection during
cryopreservation, effectively recovering 70–80% of the sperm samples compared to
controls. Although post thaw motility was decreased by approximately 50% compared to
samples frozen with glycerol and EY, these results clearly illustrated the high level of
protection EY provided during cryopreservation of rhesus macaque sperm.

In an effort to decrease the level of cryopreservation induced ROS, antioxidant use has been
investigated, with varying levels of success. Antioxidant supplementation during
cryopreservation of equine [29], canine [25], bovine [30], and Iberian Red Deer sperm [31]
increased post-thaw motility and viability. Although ROS were not specifically measured,
we inferred that ROS were present and antioxidant supplementation was successful in
protecting sperm against damage from these free radicals. Additionally, Li et al [24]
reported that addition of ascorbate or CAT during cryopreservation of human sperm
significantly decreased ROS, improved motility and viability, and concurrently decreased
DNA damage and early apoptotic events.

In the presence of EY and SM, supplementation with SOD, CAT, or α-tocopherol had little
effect on O2

−·. production or lipid peroxidation, presumably due to the antioxidant effects
exerted by EY and SM. Alternatively, in the absence of protein and lipids, CAT was an
effective O2

−· Scavenger, whereas both CAT and α-tocopherol were dramatic inhibitors of
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lipid peroxidation, even in the presence of high levels of ROS. It was noteworthy that
alpha;-tocopherol was so effective in protecting cells against lipid peroxidation that the
levels were brought down to near control levels. Addition of α-tocopherol during osmotic
stress also elicited the same dramatic inhibition of lipid peroxidation [6]. In that study, the
addition of 100 μM α-tocopherol to media without lipids and proteins significantly
decreased the level of lipid peroxidation observed under both hypo- and hyperosmotic stress.
These results were not surprising, since α-tocopherol is a powerful chain-breaking
antioxidant that can scavenge O2

−·, H2O2, and hydroxyl radicals that contribute to lipid
peroxidation of the sperm membrane [32,33]. In the presence of O2

−·, H2O2 can be broken
down to form the hydroxyl radical (OH·), whereas the product of the interaction between
O2

−· and nitric oxide (NO.), peroxynitrite (ONOO−), can decompose to form OH· [34].
Although there are many intermediary ROS in the lipid peroxidation cascade, the dominant
free radical initiator is OH· [34–35]. That neither CAT nor SOD were as effective as α-
tocopherol in protecting against membrane damage, we inferred that OH· was the dominant
ROS involved in the observed lipid peroxidation, and that α-tocopherol effectively
scavenged this ROS.

Interestingly, the addition of α-tocopherol or CAT acted synergistically with EY and SM,
maximizing antioxidant protection. This phenomenon could be the result of additional α-
tocopherol naturally present in the EY [36], the antioxidant properties of EY phospholipids
[37], or both. The lipid profile of EY can fluctuate, depending on the laying-hen diet [38–
40]; however, a high level of the phospholipids, phosphatidylcholine (PC) and
phosphatidylethanolamine (PE) are always present [39]. Additionally, EY contains varying
levels of lipid soluble carotenoids and vitamins [39,41], and α-tocopherol, which can range
as high as 100 to 300 μg/g of EY [36]. Egg yolk clearly provides antioxidant protection
during cryopreservation of rhesus macaque sperm; however, the chemical composition of
EY can vary considerably. Based on the current studies, perhaps this variation could be
minimized with the development of a non-biological cryopreservation medium using α-
tocopherol in lieu of EY and SM.

The effect of α-tocopherol in the presence of EY and SM was less dramatic and even had a
negative effect on total and progressive motility. Although there is a large body of evidence
supporting the positive effect of α-tocopherol on post thaw sperm motility, Iberian Red Deer
sperm, like rhesus macaque sperm, also exhibited decreased (albeit not significant) post-
thaw motility in the presence of α-tocopherol [25,31,42–44]. Perhaps the effects of α-
tocopherol on post thaw motility were species specific, to at least some extent. Since, the
cryopreservation protocol for Iberian Red Deer sperm also included high EY content,
perhaps supplemented α-tocopherol levels combined with levels present in the
cryopreservation extender were just high enough to affect the motility of Iberian Red Deer
and rhesus macaque sperm. Alternatively, the addition of SOD to complete TEST buffer
enhanced motility. Sperm exposed to O2

−· have increased levels of hyperactivation/
capacitation, but the addition of SOD has been shown to prevent those effects [45]. By
incubating and cryopreserving sperm with SOD, we may have prevented any premature
hyperactivation resulting in improved post-thaw motility.

In conclusion, this is apparently the first report that cryopreservation of rhesus macaque
sperm induced a significant increase in ROS. We also demonstrated that the addition of
exogenous lipids and proteins had a significant protective effect against cryopreservation-
induced cell damage. Both EY and SM exhibited a synergistic effect with α-tocopherol and
CAT supplementation, resulting in a decrease in ROS production and a dramatic reduction
in lipid peroxidation. These results clearly supported the protective effect of EY and SM
when used in sperm cryopreservation; furthermore, in the absence of EY and SM, α-
tocopherol or CAT were effective alternatives.
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Fig. 1.
Mean (± SEM) pre- and post-thaw ROS (superoxide - O2

−· and hydrogen peroxide -
H2O2)and lipid peroxidation (LPO) measured in rhesus macaque sperm cryopreserved in
complete TEST buffer + 3% glycerol, or TEST buffer with 3% glycerol, but no egg yolk
(EY) or skim milk (SM) + 3%.
a–cMeans without a common superscript between treatments differ (P < 0.05).
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Fig. 2.
Mean (± SEM) pre- and post-thaw total (TM) and progressive (PM) motility of
cryopreserved rhesus macaque sperms in TEST buffer + 3% glycerol in the absence of egg
yolk (EY) or skimmed milk (SM).
a,bMeans without a common superscript differ (P < 0.05).
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Fig. 3.
Mean (± SEM) progressive motility of cryopreserved rhesus macaque sperms in TEST
buffer + 3% glycerol in the presence of the following antioxidants: α-tocopherol (Vit E),
catalase (CAT), and superoxide dismutase (SOD).
a–cMeans without a common superscript among antioxidant treatments differ (P < 0.05).
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Fig. 4.
Post-thaw superoxide production (O2

−·: DHE positive) in rhesus macaque
spermcryopreserved in the presence or absence of egg yolk (EY) or skimmed milk (SM),
with the addition of antioxidants α-tocopherol (Vit E), catalase (CAT), and superoxide
dismutase (SOD).
a,bMeans without a common superscript among antioxidant treatments differ (P < 0.05).
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Fig. 5.
Post-thaw hydrogen peroxide (H2O2: DCF positive) production in rhesus macaque
spermcryopreserved in the presence or absence of egg yolk (EY) or skimmed milk (SM),
with the addition of the following antioxidants: α-tocopherol (Vit E), catalase (CAT), and
superoxide dismutase (SOD).
a,bMeans without a common superscript among antioxidant treatments differ (P < 0.05).
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Fig. 6.
Post-thaw lipid peroxidation (% BODIPY581/591C-11 positive cells) levels in rhesus macaque
sperm cryopreserved in the presence or absence of egg yolk (EY) or skimmed milk (SM),
with the addition of antioxidants: α-tocopherol (Vit E), catalase (CAT), and superoxide
dismutase (SOD).
a–dMeans without a common superscript among antioxidant treatments differ (P < 0.05).
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