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ABSTRACT

Background: Sperm cryopreservation can impair sperm function and DNA/chromatin integrity, partly through oxidative stress.
Zingiber officinale (Z. officinale) contains bioactive compounds with antioxidant properties. We evaluated its potential protective
effect on sperm quality and DNA/chromatin integrity following cryopreservation.

Methods: Semen samples from 40 normozoospermic men were evaluated using a paired within-subject design. For each participant,
the same semen sample was divided into three aliquots: fresh post-gradient semen, cryopreserved semen without supplementation
(cryopreserved control), and cryopreserved semen supplemented with Z. officinale at a final nominal ginger powder-equivalent con-
centration of 5 mg/L (0.0005% w/v). Sperm viability, total and progressive motility, morphology, and DNA/chromatin status were as-
sessed in all three aliquots. DNA/chromatin status was assessed using acridine orange (AO) staining. The three paired conditions were
compared using repeated-measures analysis of variance with Greenhouse—Geisser correction and adjusted pairwise comparisons.
Results: Cryopreservation significantly reduced viability, motility, morphology, and AO-negative sperm compared with fresh semen
(all overall p<0.001). Compared with the cryopreserved control, ginger supplementation improved viability (42.50 £ 6.79% vs. 31.50
+7.08%), total motility (67.17 + 14.71% vs. 50.40 + 13.68%), progressive motility (57.20 £ 10.58% vs. 41.19 + 10.58%), normal mor-
phology (12.69 + 4.25% vs. 10.21 + 3.85%), and AO-negative sperm (64.49 + 10.60% vs. 45.67 + 12.68%; adjusted p<0.015).
Conclusions: Supplementation with Z. officinale at a final nominal ginger powder-equivalent concentration of 5 mg/L (0.0005% w/v)
improved post-thaw sperm viability, motility, morphology, and AO-assessed DNA/chromatin status. Further studies are needed to
determine the optimal concentration and underlying mechanisms.
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INTRODUCTION Sperm cryopreservation plays an important role in fertil-
ity preservation and ART. It enables long-term storage of
sperm samples, particularly in men undergoing potentially

gonadotoxic treatment, cancer patients, and individuals at

Infertility affects approximately 15% of couples of repro-
ductive age, and male factors are involved in around 30—

50% of cases, either alone or together with female factors
[1,2]. Semen analysis is the standard first-line assessment
of male fertility and routinely includes sperm concentra-
tion, motility, and morphology. However, these param-
eters provide only a limited view of sperm function and
do not directly assess the integrity of sperm DNA. For this
reason, sperm DNA integrity has become an important ad-
ditional parameter in the evaluation of male reproductive
potential. Previous studies have linked increased sperm
DNA damage with reduced fertility and have suggested
that it may also affect the outcomes of natural conception
and assisted reproductive technologies (ART) [3-5].

risk of future impairment of reproductive function [6,7].
However, the freezing and thawing stresses associated
with cryopreservation may adversely affect sperm mem-
brane integrity, mitochondrial function, motility, and viabil-
ity and may also compromise sperm DNA/chromatin integ-
rity [7-9]. Although several mechanisms may contribute to
cryopreservation-associated sperm injury, oxidative stress
is considered one of the potentially important processes
involved. The high content of polyunsaturated fatty acids
in sperm membranes, together with their relatively limited
cytoplasmic antioxidant capacity, makes spermatozoa par-
ticularly susceptible to oxidative damage [9—-11].
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Accordingly, antioxidant-based strategies have been in-
vestigated to reduce oxidative damage during sperm cryo-
preservation. Experimental and clinical studies evaluating
the addition of different antioxidants to cryopreservation
media have reported improvements in various aspects of
post-thaw sperm quality. However, substantial differences
exist among studies in terms of antioxidant type and con-
centration, sperm preparation methods, cryopreservation
protocols, and outcome measures. This heterogeneity
makes direct comparison of the available findings difficult
and contributes to the lack of a standardized antioxidant
approach for human sperm cryopreservation [10-12].

Plant-derived antioxidants have also been investigated as
potential cryoprotective agents. A recent systematic review
and meta-analysis found that several herbal antioxidants
may improve post-thaw sperm viability, motility, and DNA in-
tegrity [13]. However, the studies included in the review dif-
fered considerably in the type and dose of antioxidant used,
extraction procedures, and cryopreservation protocols.
These differences make it difficult to determine whether a
particular plant-derived antioxidant provides a consistent
benefit. Further studies using a defined extract and a stand-
ardized cryopreservation protocol are therefore needed.

Z. officinale Roscoe (ginger) contains several phenolic
compounds, including gingerols and shogaols, which have
been associated with antioxidant activity [14,15]. Experi-
mental studies have reported possible effects of ginger on
male reproductive function, including sperm-related out-
comes and oxidative stress [15,16]. However, data from hu-
man studies are still limited. In a randomized clinical trial of
infertile men, three months of oral ginger supplementation
reduced sperm DNA fragmentation, but did not significantly
change sperm concentration or motility [17]. These findings
provide some evidence for a possible effect of ginger on
sperm DNA integrity, but oral supplementation and direct
addition of ginger to a cryopreservation medium are differ-
ent approaches. Whether ginger can protect sperm during
the freezing and thawing process when added directly to
the cryopreservation medium remains unclear.

An important gap in the current literature is the lim-
ited evidence regarding the direct addition of Z. offici-
nale extract to human sperm cryopreservation media
and its potential effects on post-thaw sperm character-
istics. Unlike oral supplementation, direct addition to the
cryopreservation medium allows the extract to come
into contact with spermatozoa during the freezing and
thawing process. However, the potential effects of this
approach on sperm viability, motility, morphology, and
DNA/chromatin integrity should be evaluated together.

Therefore, the present study investigated whether sup-

plementation of the cryopreservation medium with Z. of-
ficinale preparation, resulting in a final nominal ginger

powder-equivalent concentration of 5 mg/L (0.0005% w/v)
in the sperm-containing cryopreservation mixture, affects
post-thaw sperm quality in normozoospermic men. Sperm
viability, total and progressive motility, normal sperm mor-
phology, and DNA/chromatin integrity assessed by acridine
orange (AO) staining were evaluated as the primary out-
come measures. Using a within-subject experimental design
in which samples obtained from the same individual were
compared under different experimental conditions, we
aimed to evaluate the potential effect of Z officinale sup-
plementation on sperm quality following cryopreservation.

METHODS

Ethics statement

The study protocol was approved by the Dicle University
Faculty of Medicine Non-Interventional Clinical Research
Ethics Committee (approval no. 187; June 14, 2023). Writ-
ten informed consent was obtained from all participants
before semen collection. The study was conducted in ac-
cordance with the principles of the Declaration of Helsinki.

Sample characteristics

This prospective, paired experimental study included 40
normozoospermic men aged 25-40 years who attended
the Department of Urology, Dicle University Hospital,
between January and February 2024.

Participants were eligible for inclusion if their semen param-
eters met the reference criteria specified in the World Health
Organization (WHO) 2021 laboratory manual [18]. Men with
a history of varicocele or recent hormonal or chemotherapeu-
tic treatment were excluded. Men who smoked, consumed
alcohol, or used vitamin supplements were also excluded.

For each participant, a single semen sample was pro-
cessed and divided into three aliquots, allowing each par-
ticipant to serve as his own control: (1) fresh post-gradient
semen, (2) cryopreserved semen without supplementa-
tion (cryopreserved control), and (3) cryopreserved se-
men supplemented with Z officinale at a final nominal
powder-equivalent concentration of 5 mg/L (0.0005%
w/v). Thus, all three experimental conditions were de-
rived from the same semen sample for each participant.

Semen collection and baseline semen analysis

Semen samples were collected by masturbation into ster-
ile, disposable containers following 2—7 days of sexual
abstinence. Samples were allowed to liquefy at 37°C for
approximately 30 minutes before analysis. Baseline semen
analysis was subsequently performed according to the pro-
cedures described in the WHO 2021 laboratory manual.
Semen volume, sperm concentration, total sperm
count, total motility, progressive motility, sperm viability,
and morphology were evaluated. Sperm concentration



was determined using a Makler counting chamber under
phase-contrast microscopy. At least 200 spermatozoa
were evaluated for motility and viability, and 200 sper-
matozoa were assessed for morphology. Only samples
meeting the WHO 2021 reference criteria for normozoo-
spermia were included in the experimental analysis.

Sperm preparation and experimental conditions

Following baseline semen analysis, spermatozoa were
prepared using discontinuous density-gradient centrifuga-
tion. A 45%/90% discontinuous silica-based density gradi-
ent (SpermGrad; Vitrolife) was used. Semen was laid onto
the gradient and centrifuged at 300 xg for 15 minutes.
The upper phases were removed, and the sperm pellet
was washed with sperm washing medium (SpermRinse;
Vitrolife) by centrifugation at 300 xg for 5 minutes.

Following sperm preparation, the sperm suspension
obtained from each participant was divided into three
aliquots, which were subsequently assigned to three ex-
perimental conditions:

1. Fresh post-gradient semen: sperm suspension subject-
ed to density-gradient preparation but not cryopreserved.

2. Cryopreserved control: sperm suspension cryopreserved
and subsequently thawed without ginger supplementation.

3. Ginger-supplemented cryopreserved semen: sperm suspen-
sion cryopreserved and subsequently thawed using freezing me-
dium supplemented with Z officinale, resulting in a final nomi-
nal ginger powder-equivalent concentration of 5 mg/L (0.0005%
w/v) in the sperm-containing cryopreservation mixture.

Thus, all three experimental conditions were derived
from the same semen sample from each participant. Each
participant therefore served as his own control, and com-
parisons among the three conditions were performed us-
ing a within-subject repeated-measures design.

Preparation of Z. officinale extract

Fresh Z. officinale rhizomes were obtained from a GMP-
certified supplier of medicinal herbal products. The rhi-
zomes were washed, peeled, sliced, and dried under
shade at room temperature. The dried rhizomes were
then ground into a fine powder.

An aqueous ginger extract was prepared by suspend-
ing 10 mg of dried ginger powder in 100 mL of sterile
phosphate-buffered saline (PBS), corresponding to 100
mg/L (0.01%, w/v) ginger powder equivalent. The sus-
pension was kept at room temperature for 12 h with
intermittent mixing and then filtered through What-
man No. 1 filter paper. The extract was stored at 4°C and
freshly prepared for each experimental procedure.

For the ginger-supplemented condition, 100 pL of the
freshly prepared extract was added to 900 pL of cryo-
preservation medium, giving a final volume of 1 mLand a fi-
nal concentration of 10 mg/L (0.001%, w/v) ginger powder
equivalent. For the control condition, 100 pL of sterile PBS
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was added to 900 pL of the same cryopreservation medium
to maintain the same vehicle volume in both conditions.

The concentrations of individual phytochemical constituents
in the extract were not determined. Therefore, the ginger con-
centration was expressed as ginger powder equivalent rather
than as the concentration of specific ginger constituents.

The final concentration of 10 mg/L (0.001%, w/v) was
selected based on a previous study in which ginger extract
was tested at 5, 10, and 20 mg/L during cryopreservation
of ram epididymal spermatozoa, with beneficial effects re-
ported at several concentrations [19]. Because that study
used ram spermatozoa and a different extract preparation
and cryopreservation protocol, 10 mg/L was used as an ex-
perimental starting concentration rather than as an estab-
lished optimal concentration for human spermatozoa [19].

Sperm cryopreservation and thawing

Following sperm preparation, each sample was divided into two
aliquots for cryopreservation: a vehicle-matched control aliquot
and a ginger-supplemented aliquot. SpermFreeze Solution (Vit-
rolife, Sweden) was used as the cryoprotectant in both groups.

For the cryopreserved control condition, 100 pL of sterile
PBS was added to 900 uL of SpermFreeze Solution. For the
ginger-supplemented condition, 100 pL of freshly prepared Z
officinale aqueous preparation was added to 900 pL of Sper-
mFreeze Solution, yielding an intermediate nominal ginger
powder-equivalent concentration of 10 mg/L (0.001% w/v).
This mixture was subsequently combined with the sperm
suspension at a 1:1 volume ratio, resulting in a final nominal
ginger powder-equivalent concentration of 5 mg/L (0.0005%
w/v) in the sperm-containing cryopreservation mixture.
Thus, the two cryopreservation conditions contained identi-
cal volumes of cryopreservation medium and vehicle, differ-
ing only in the presence or absence of ginger extract.

Sperm suspensions were mixed with the respective
cryopreservation preparations at a 1:1 ratio. Samples
were equilibrated for 15 minutes at room temperature
and then transferred into cryovials. The cryovials were
placed in liquid nitrogen vapor approximately 5-10 cm
above the liquid nitrogen surface for 45 minutes and
subsequently immersed in liquid nitrogen at -196°C.
Samples were stored for 1 week before thawing.

For thawing, cryovials were kept at room temperature for 1
minute and then placed in a 37°C water bath for 10 minutes.
Each thawed sample was washed with 2 mL of sperm washing
medium and centrifuged at 300 xg for 5 minutes. After remov-
al of the supernatant, the sperm pellet was resuspended in 0.2
mL of washing medium. Post-thaw viability, motility, morphol-
ogy, and DNA/chromatin integrity were then assessed.

Assessment of sperm motility

Sperm motility was evaluated using a Makler counting cham-
ber under phase-contrast microscopy at x200 total magnifica-
tion. Spermatozoa were classified as progressively motile, non-
progressively motile, orimmotile according to their movement.
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A total of 200 spermatozoa were evaluated for each sam-
ple. Total motility was defined as the percentage of sperma-
tozoa showing any movement, while progressive motility was
defined as the percentage showing progressive movement.

Assessment of sperm viability

Sperm viability was evaluated using eosin—nigrosin stain-
ing. Briefly, 10 L of semen was mixed with 20 uL of eosin Y
and incubated for 30 seconds, followed by the addition of
30 L of nigrosin. A smear was prepared immediately and
examined by light microscopy at x400 total magnification.

A total of 200 spermatozoa were evaluated for each
sample. Unstained spermatozoa were considered viable,
whereas red-stained spermatozoa were considered non-
viable. Viability was expressed as the percentage of vi-
able spermatozoa.

Assessment of sperm morphology

Sperm morphology was assessed using Spermac stain-
ing (Spermac Stain; FertiPro). Smears were prepared
on clean glass slides, air-dried, fixed, and sequentially
stained according to the manufacturer's instructions.

Morphological assessment was performed under oil
immersion at x1000 total magnification. A total of 200
spermatozoa were evaluated for each sample, and the
percentage of spermatozoa with normal morphology
was recorded according to strict morphological criteria.

AO staining for sperm DNA/chromatin integrity

Sperm DNA/chromatin integrity was assessed using AO
staining. After density-gradient preparation, 20 pL of the
sperm suspension was placed on a clean glass slide and
allowed to air-dry. The smears were fixed in Carnoy's fix-
ative for 1 hour and then stained with freshly prepared
AO solution for 5 minutes in the dark.

The stained slides were evaluated by fluorescence mi-
croscopy using a Motic BA410 fluorescence microscope
(Motic, Xiamen, China) equipped with a FITC filter set (ex-
citation, 480/30 nm; dichroic mirror, 505 nm; emission,
535/40 nm). Spermatozoa showing predominantly green
fluorescence were classified as AO-negative, whereas those
showing yellow, orange, or red fluorescence were classified
as AO-positive. Approximately 200 spermatozoa were eval-
uated per preparation, and the percentages of AO-negative
and AO-positive spermatozoa were calculated.

AO-negative spermatozoa were considered to have
preserved DNA/chromatin integrity, whereas AO-posi-
tive spermatozoa were considered to have altered DNA/
chromatin integrity. As these two categories represent
complementary proportions of the same sperm popu-
lation, their statistical comparisons are mathematically
reciprocal and therefore produce identical p values.

Because AO staining provides an assessment of sperm
DNA/chromatin status rather than a direct measurement
of sperm DNA fragmentation, the results were interpreted
as changes in DNA/chromatin integrity. Accordingly, the AO
findings were not considered equivalent to results obtained
using validated sperm DNA fragmentation assays such as the
terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assay or sperm chromatin structure assay (SCSA).

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics, version 22.0 (IBM Corp., Armonk, NY, USA). Continuous
variables were expressed as mean * standard deviation (SD).

Because each participant contributed spermatozoa to
all three experimental conditions, comparisons among
fresh post-gradient semen, cryopreserved control se-
men, and ginger-supplemented cryopreserved semen
were performed using one-way repeated-measures
analysis of variance (RM-ANOVA).

Sphericity was assessed using Mauchly’s test. When the
assumption of sphericity was violated, the Greenhouse—
Geisser correction was applied to the degrees of freedom.

Pairwise comparisons were performed using paired-sam-
ples t-tests with Holm adjustment for multiple comparisons.
The primary treatment comparison was between the gin-
ger-supplemented and cryopreserved control conditions.

For the ginger-versus-control comparison, the mean
paired difference was calculated as the value in the gin-
ger-supplemented condition minus the corresponding
value in the cryopreserved control condition. Accord-
ingly, a positive mean difference indicated a higher value
following ginger supplementation, whereas a negative
mean difference indicated a lower value. The corre-
sponding 95% confidence intervals (Cls) for the paired
mean differences were also calculated.

All statistical tests were two-sided, and a p value <0.05
was considered statistically significant.

RESULTS

Participant and baseline semen characteristics

A total of 40 normozoospermic men were included in the
study. The mean age was 32.98 + 3.86 years (range, 2640
years). Baseline semen characteristics are presented in Table 1.

Following density-gradient centrifugation, sperm
samples from each participant were evaluated under
three experimental conditions: fresh post-gradient se-
men, cryopreserved control semen, and cryopreserved
semen supplemented with Z. officinale at a final nomi-
nal ginger powder-equivalent concentration of 5 mg/L
(0.0005% w/v) in the sperm-containing cryopreservation
mixture. Comparative results are presented in Table 2.
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Table 1. Baseline demographic/ semen characteristics

Sperm viability differed significantly among the three Parameter Mean £+ SD Minimum Maximum
experimental conditions (overall repeated-measures Age (vears) 323-?3 % 40
ANOQVA, p<0.001). Post hoc analysis showed significantly ‘2 1'8
higher viability in the ginger-supplemented cryopre- Semen volume (mL) +0.44 1.50 3.00
served condition than in the cryopreserved control con- ) 43.59
dition (adjusted p<0.001). Sperm conc. (x106/mL) 1+3829 17.50 147.00
Similarly, both total and progressive sperm motility Sperm count (x10%/ejaculate) +99264718 41.00 348.00
differed significantly across the three conditions (both '65 é6
overall p<0.001). Ginger supplementation significantly Total motility (%) 11449 43.00 92.00
improved total and progressive motility compared with 57.01
. . P [ tility (% ' 31.00 88.00
the cryopreserved control condition (both adjusted rogressive motility (%) +16.85
p<0.001). The corresponding effect estimates and 95% Immotile sperm (%) +3f§6§8 8.00 5900
confidence intervals are presented in Table 2. = =2
o . Sperm viability (%) +76‘50 57.00 96.00
Effect of Z. officinale on sperm motility £11.53
. 12.21
Total and progressive sperm motility differed signifi- Normal morphology (%) +5.32 4.00 28.00

cantly among the three experimental conditions (both
overall repeated-measures ANOVA, p<0.001). Compared
with the cryopreserved control condition, ginger supple-
mentation was associated with significantly higher total
and progressive motility (both adjusted p<0.001).

Effect of Z. officinale on sperm morphology

The proportion of spermatozoa with normal morphology
differed significantly among the three experimental con-
ditions (overall repeated-measures ANOVA, p<0.001).
Representative sperm morphological features are shown
in Figure 1. Mean normal morphology was 20.64 +5.68%
in fresh post-gradient semen, 10.21 + 3.85% in the cryo-
preserved control condition, and 12.69 * 4.25% in the
ginger-supplemented condition.

The ginger-supplemented condition showed a mean
increase of 2.49 percentage points in normal morphol-
ogy compared with the cryopreserved control condition
(95% Cl, 0.51-4.46; adjusted p=0.015). Thus, although
the magnitude of the difference was relatively small, gin-
ger supplementation was associated with a statistically

Values are presented as mean + standard deviation (SD). n = 40.

significant improvement in the proportion of morpho-
logically normal spermatozoa compared with the cryo-
preserved control condition.

Effect of Z. officinale on sperm DNA/chromatin
integrity

The proportion of AO-negative spermatozoa differed sig-
nificantly among the three experimental conditions (over-
all repeated-measures ANOVA, p<0.001). Compared with
the cryopreserved control condition, ginger supplementa-
tion significantly increased the proportion of AO-negative
spermatozoa (adjusted p<0.001), indicating improved AO-
assessed sperm DNA/chromatin integrity following cryo-
preservation. The effect estimate and 95% confidence in-
terval are presented in Table 2. Because AO-negative and
AO-positive spermatozoa represent complementary pro-
portions of the same sperm population, AO-positive results
were not presented separately in Table 2. Representative
fluorescence microscopy images demonstrating AO-nega-
tive and AO-positive spermatozoa are shown in Figure 2.

Table 2. Effects of Zingiber officinale supplementation on post-thaw sperm quality and DNA/chromatin integrity

Parameter Fresh Cryo. Cryo. RM-ANOVA Overall Partial Mean diff. Cohen’s Adjusted
semen control  + Z. officinale F (df) p-value n? (95% Cl) dz p-value
83.49 31.50 42.50 706.270 +11.00
o
Viability (%) +6.59 +708 +6.79 (2,78) <0.001 0.917 (8.32-13.68) 1.314 <0.001
91.95 50.40 67.17 123.139 +16.76
S
Total motility (%) +241  +13.68 £1471 (1546, 60282) <0001 0686 1607 9345 0802 <0001
90.10 41.19 57.20 274.278 +16.00
. c o
Progressive mofility (%) ¢ 35 41058 £1058  (1.805,70.378) ~O0O001 0835 1404 9097 1031 <0001
20.64 10.21 12.69 48.463 +2.49
0,
Norm. morphology (%) 1568 +385 145 (2, 78) <0.001 0.483 (0.51-4.46) 0.401 0.015
76.69 45.67 64.49 75.797 +18.82
_ 0,
AO-neg. sperm (%) +908 +1268 +10.60 (2, 78) <0.001 0.573 (13.62-24.02) 1.157 <0.001

Data are presented as mean + SD. RM-ANOVA was used to compare the three conditions. Greenhouse—Geisser correction was applied for total motility and progressive motility because the sphericity assumption was
violated. Pairwise comparisons between ginger-supplemented and cryopreserved control samples were performed using paired comparisons, with Holm adjustment for multiple testing. Mean differences were calcu-
lated as ginger-supplemented cryopreserved semen minus cryopreserved control. Thus, positive values indicate higher values in the ginger-supplemented group. Partial n? represents the effect size for the overall re-
peated-measures ANOVA. P<0.05 was considered statistically significant. Abbreviations: AO — acridine orange, Cl — confidence interval, RM-ANOVA — repeated-measures analysis of variance, SD — standard deviation.
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Figure 1. Representative spermatozoa displaying normal and abnormal morphological features
Spermatozoa were examined by optical microscopy under oil immersion, using Spermac staining (total magnification x1000).

Figure 2. Representative acridine orange (AO) fluorescence patterns in spermatozoa

Samples were examined by fluorescence microscopy following AO staining to assess sperm DNA/chromatin status (total magnification
x630). AO-negative spermatozoa exhibited predominantly green fluorescence, whereas AO-positive spermatozoa exhibited yellow, or-
ange, or red fluorescence, indicating differences in DNA/chromatin status.



DISCUSSION

In the present study, we evaluated whether supplementa-
tion of the cryopreservation medium with Z. officinale ex-
tract could attenuate cryopreservation-associated injury in
spermatozoa from normozoospermic men. Using a within-
subject design, we found that Z officinale supplementa-
tion was associated with more favorable post-thaw sperm
quality and AO-assessed DNA/chromatin status compared
with the cryopreserved control condition. These findings
provide preliminary evidence that ginger extract may have
a protective effect during sperm cryopreservation.

The adverse effects of cryopreservation observed in
our study are consistent with previous reports [19-22].
Freezing and thawing expose spermatozoa to osmotic
and thermal stress and may disrupt membrane struc-
ture, mitochondrial function, and cellular homeostasis
[19-23]. Spermatozoa may be particularly susceptible to
oxidative injury because of their high content of poly-
unsaturated fatty acids and relatively limited antioxidant
capacity [21,23]. The deterioration in sperm quality fol-
lowing cryopreservation observed in the present study is
therefore consistent with the established biological con-
sequences of sperm cryoinjury.

The more favorable post-thaw sperm quality observed
following Z. officinale supplementation is consistent with
previous experimental evidence suggesting beneficial
effects of ginger on sperm function [24,25]. Amin and
Hamza reported protective effects of ginger against cis-
platin-induced reproductive toxicity in male rats, while
Morakinyo et al. observed improved sperm parameters
together with reduced testicular oxidative stress follow-
ing Z. officinale administration [24,25]. Although these
studies involved systemic administration in animal mod-
els, their findings provide biological plausibility for a po-
tential protective effect of ginger on sperm function.

Our findings also extend previous experimental work
by evaluating ginger directly in the cryopreservation me-
dium. Merati and Farshad reported beneficial effects of
ginger extract during cryopreservation of ram epididymal
spermatozoa [19]. The present study provides prelimi-
nary evidence that a similar approach may also be appli-
cable to human ejaculated spermatozoa. Nevertheless,
the observed improvement should be interpreted as an
association with better post-thaw sperm quality rather
than as evidence of a specific molecular mechanism.

The potential effects of ginger on sperm quality may
be related to the preservation of cellular structures that
are particularly vulnerable to cryopreservation, includ-
ing the plasma membrane and mitochondria. Ginger
contains bioactive compounds such as gingerols and
shogaols with antioxidant properties [26,27]. These
properties provide a plausible biological basis for the

Romanian Journal of Laboratory Medicine 2026;34(4)

observed findings. However, ROS production, lipid per-
oxidation, mitochondrial membrane potential, and an-
tioxidant enzyme activity were not directly assessed in
the present study. Therefore, an antioxidant mechanism
cannot be established from our findings and should be
considered a hypothesis for future investigation.

The effect on sperm morphology was less pronounced
than the effects on viability and motility. Ginger sup-
plementation increased the proportion of morphologi-
cally normal spermatozoa, although the difference was
relatively small. Structural changes caused by freezing
and thawing may therefore be more difficult to prevent
than changes in sperm function. Further studies using
detailed morphological and ultrastructural analyses are
needed to better understand this finding.

Ginger supplementation also resulted in a higher pro-
portion of AO-negative spermatozoa after cryopreser-
vation. Previous studies have reported inconsistent ef-
fects of cryopreservation on sperm DNA and chromatin
status [20-22,28-30]. Differences in cryopreservation
protocols, cryoprotectants, semen preparation, storage
conditions, and methods used to assess DNA or chroma-
tin may contribute to these differences. In the present
study, the higher proportion of AO-negative spermato-
z0a suggests better AO-assessed DNA/chromatin status
in the ginger-supplemented samples.

Oxidative stress may contribute to changes in sperm
DNA and chromatin during cryopreservation. Increased
ROS production during freezing and thawing can dam-
age sperm membranes and nuclear components [21,23].
Ginger contains bioactive compounds with antioxidant
properties that may help limit this damage [26,27]. How-
ever, ROS and other oxidative stress markers were not
measured in this study, so this explanation cannot be
confirmed. In addition, AO staining should not be con-
sidered a direct measure of sperm DNA fragmentation.
Unlike TUNEL or SCSA, AO staining provides information
on sperm DNA/chromatin status based on the fluores-
cence pattern. Therefore, the present findings indicate a
more favorable AO-assessed DNA/chromatin profile af-
ter ginger supplementation, rather than a demonstrated
reduction in sperm DNA fragmentation.

Human evidence concerning ginger and sperm DNA in-
tegrity remains limited. Hosseini et al. reported reduced
sperm DNA fragmentation following oral ginger supple-
mentation in infertile men [17]. However, their study dif-
fered from ours in several important respects, including
the route of administration, study population, exposure
duration, ginger preparation, and DNA assessment meth-
od. Therefore, direct comparison between the two stud-
ies is not appropriate. Nevertheless, both studies support
further investigation of ginger-derived interventions for
the preservation of sperm genomic or chromatin integrity.
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More recently, a study of 6-gingerol, a major bioac-
tive constituent of ginger, in human sperm cryopreser-
vation reported improvements in post-thaw viability and
other cellular parameters [31]. Our study used whole Z
officinale extract rather than purified 6-gingerol. Conse-
quently, the observed effects cannot be attributed to a
single ginger constituent. Differences in extract composi-
tion, concentration, and experimental conditions should
also be considered when comparing these findings.

Overall, the present findings suggest that supplemen-
tation of the cryopreservation medium with Z. officinale
may have a protective effect against several aspects of
sperm cryoinjury, particularly with respect to post-thaw
sperm quality and AO-assessed DNA/chromatin status.
However, these findings should be regarded as prelimi-
nary. The study was conducted in normozoospermic men,
and the results may not be directly generalizable to in-
fertile populations. In addition, the study did not directly
evaluate ROS, mitochondrial function, lipid peroxidation,
or validated sperm DNA fragmentation endpoints. Fur-
ther studies should include larger and clinically diverse
populations, standardized ginger preparations, dose-
response designs, and mechanistic biomarkers to deter-
mine whether the observed effects are reproducible and
whether they translate into clinically meaningful improve-
ments in sperm preservation and reproductive outcomes.

Limitations

This study has several limitations. The sample size was rel-
atively small, and all participants were normozoospermic
men. The results may therefore not apply to infertile men
or to men with abnormal baseline semen parameters.

Only one concentration of ginger preparation was
tested, corresponding to a final nominal ginger powder-
equivalent concentration of 5 mg/L (0.0005% w/v) in the
sperm-containing cryopreservation mixture. The select-
ed concentration was informed by previous work in ram
epididymal spermatozoa, in which ginger extract con-
centrations of 5-20 mg/L were associated with improved
post-thaw sperm parameters [19]. However, findings
from animal sperm cannot be directly used to define the
appropriate concentration for human sperm because
the species, extract preparation, and cryopreservation
procedures were different. We therefore cannot deter-
mine whether 5 mg/L is the optimal concentration or
whether higher or lower concentrations would produce
different or concentration-dependent effects.

The study also evaluated sperm quality after thawing
rather than reproductive outcomes. Changes in viability,
motility, morphology, or AO-assessed DNA/chromatin
status do not establish an effect on fertilization, embryo
development, implantation, or pregnancy. In addition,
we did not directly measure ROS, lipid peroxidation, mi-
tochondrial membrane potential, antioxidant enzyme

activity, or specific markers of oxidative DNA damage.
The mechanism behind the observed changes therefore
remains uncertain, and an antioxidant effect cannot be
confirmed from our data alone.

Another limitation concerns the AO staining method.
AO staining provides information on sperm DNA/chroma-
tin status but is not equivalent to established sperm DNA
fragmentation assays such as SCSA or TUNEL. Therefore,
the findings in the present study should be considered as
changes in AO-assessed DNA/chromatin integrity rather
than direct measurements of sperm DNA fragmentation.

The ginger extract was not chemically characterized in
this study, and the concentrations of its individual bioac-
tive compounds were not determined. Ginger contains
several bioactive constituents, and therefore we cannot
determine whether the observed effects were related to
a specific compound or to their combined effects. This
may also make it difficult to reproduce the findings using
extracts prepared in different ways. Another issue that
remains to be clarified is the concentration and timing of
ginger exposure. In the present study, only one concen-
tration and one supplementation protocol were evalu-
ated. Studies using different concentrations and adding
the extract at different stages of the cryopreservation
process, including before freezing or after thawing, may
provide further information about how and when ginger
exerts its protective effect.

CONCLUSIONS

In the present study, 0.0005% (w/v; 5 mg/L ginger powder
equivalent) Z officinale extract added to the cryopreservation
medium was associated with better post-thaw sperm quality
than the vehicle-matched control. Sperm viability, total motil-
ity, progressive motility, and normal morphology were higher in
the ginger group, and the AO staining profile was also improved.
The clearest difference was seen in AO-negative spermatozoa.
The changes in motility and viability were smaller, while the dif-
ference in normal morphology was relatively limited.

Our findings support a possible protective effect of ginger
extract during sperm cryopreservation. The reason for these
changes cannot be determined from the present study. We
also cannot conclude whether the improvement in post-thaw
sperm parameters would result in better reproductive out-
comes. Only one concentration of ginger extract was used, and
the extract was not chemically characterized. Thus, the effects
of different concentrations and individual components of the
extract remain unclear. Further studies with chemically charac-
terized extracts, different concentrations, and direct measure-
ments of oxidative stress, mitochondrial function, and sperm
DNA damage would provide additional information. The rela-
tionship between improved post-thaw sperm quality and re-
productive outcomes also needs to be examined.



ABBREVIATIONS

AQO — acridine orange

SCSA — sperm chromatin structure assay

TUNEL — Terminal deoxynucleotidyl transferase dUTP
nick end labeling

Z. officinale — Zingiber officinale
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