
Open camera or QR reader and
scan code to access this article

and other resources online.

Egg Yolk-Supplemented Tris–Citric Acid Extender Improves
the Prefreezing and Post-Thaw Sperm Quality Indices

of Guinea Pig (Cavia porcellus) Epididymal Spermatozoa

Diego A. Galarza,1 Wilson León-Machuca,2 Jorge X. Samaniego,1 Rubén Carrera,2 Fernando P. Perea,1

Mauricio Duma,1 and Julián Santiago-Moreno3

This study aimed to assess the suitability of egg yolk (EY) supplementation to a tris–citric acid–based extender
on cryosurvival of guinea pig (Cavia porcellus) epididymal spermatozoa. Two synthetic-based extenders, tris–
citric acid–glucose plus 20% EY (TCG-EY) and tris–citric acid–fructose (TCF) both with 5% glycerol, were
compared. Thirty-two epididymides were recovered from 16 adult guinea pig males by gonadectomy, and then
the sperm samples were retrieved by retrograde flushing using TCG-EY and TCF extenders for left or right
epididymis, respectively. TCG-EY and TCF sperm samples were frozen in static liquid nitrogen vapors through
a two-step cooling procedure. Before freezing, the percentage of progressive sperm motility and sperm with
intact plasma and acrosome membranes from TCG-EY sperm samples were higher ( p < 0.05) than those diluted
with TCF. Post-thaw sperm kinematic variables and membrane integrity were drastically reduced ( p < 0.001)
compared with prefreezing samples, regardless of extender type. The post-thaw plasmatic and acrosome
membrane integrity from TCG-EY sperm samples was higher ( p < 0.05) than those from TCF samples. Except
for the length, the morphometric head dimensions of sperm diluted with TCG-EY or TCF did not vary
( p > 0.05) after the freezing–thawing process compared with the prefreezing samples. In conclusion, despite
greater cell cryoinjury with both extenders, the EY supplementation exerted greater cell membrane protection
before and after the freezing–thawing process. This research shows an in-depth analysis of guinea pig sperm
cryopreservation; however, more studies are recommended.
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Introduction

The preservation of the guinea pig (Cavia porcellus)
genetic biodiversity is important as this species repre-

sents a native source of protein for many people in the
Andean countries (e.g., Peru, Ecuador, Bolivia, and Co-
lombia).1 Guinea pig meat consumption contributes to food
security and provides a small source of income for the
population.2,3 Food security approaches and Food and
Agriculture Organization (FAO) guidelines stress the im-
portance of preserving the genetic resources of these native

species through germplasm banks.4 In this sense, the opti-
mization of production and preservation of their genetic
diversity through assisted reproductive techniques (ART) is
a priority.

Several efforts have been made to obtain guinea pig
ejaculate semen by transrectal electroejaculation.5–7 How-
ever, not all guinea pigs respond satisfactorily to electrical
stimulation.8 Epididymal retrieval of guinea pig spermato-
zoa ( postgonadectomy or postmortem) has also been used
with promising results.9,10 Nevertheless, there is only one
brief report on the cryopreservation of guinea pig sperm.11
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Tris–citric acid–glucose (TCG)12–15 and tris–citric acid–
fructose (TCF)–based16,17 extenders have been used for
freezing sperm from several animals. In some species, such
as pigs18 and tree shrews,19 spermatozoa were frozen with
both TCG and TCF extenders, and no significant differences
were found in motility and membrane integrity. However, a
study has shown that the use of fructose induces a more
linear and less oscillatory motility pattern in dog sperma-
tozoa compared with glucose.20 To the best of our knowl-
edge, there are no reports of the use of glucose or fructose
added to the tris–citric acid–based medium before or after
cryopreservation of guinea pig epididymal spermatozoa.

Cryopreservation of wild rodent epididymal sperm rela-
tive to guinea pigs (i.e., Galea spixii and Spix’s yellow-
toothed cavy) has previously been reported. In these studies,
sperm from these rodents was successfully cryopreserved
using a Tris-based extender supplemented with 10%–20%
egg yolk (EY) and 6% glycerol.12,16 EY provides the
greatest benefit for sperm freezing, protecting cells against
cold shock and preventing the loss of cholesterol and
phospholipids from the sperm membranes (plasmalemma
and acrosome) during the freezing–thawing process.21,22 It
is expected that supplementing TCG-based extenders with
20% EY could be also suitable for protecting sperm mem-
branes of guinea pig during freezing–thawing procedure.

Changes in sperm head dimensions during cryopreserva-
tion might provide information about the sperm’s sensitivity
to the freezing–thawing process.13 Guinea pig spermatozoa
are characterized by big sperm heads (area: 43.02 –
3.03 mm2)6 and strong head-to-head agglutination.23 These
large head dimensions and cell-to-cell arrangement could
make cryopreservation difficult in a conventional freezing
with static liquid nitrogen (LN2) vapors. Conventional slow
freezing has a high initial cooling rate during the critical
temperature range (-5!C to -25!C), which might provoke
inefficient dehydration and lethal intracellular ice crystals
formation.24 Previous studies in wild and domestic rumi-
nants14,25,26 revealed that a conventional slow freezing pro-
tocol consisting in exposing straws to LN2 vapors (i.e., at 5 cm
above the surface of the LN2) produced decelerating cooling
rates (40!C/min from +5!C to -35!C, 17!C/min from -35!C
to -65!C, and 3!C/min from -65!C to -85!C at 3!C/min) that
caused major cryodamage to the sperm cells than two-step
accelerating cooling rates (5!C/min from +5!C to -10!C, and
60!C/min from -10!C to -130!C). To avoid the formation of
intracellular ice crystals, the use of low initial cooling rates
has been proposed to achieve optimal dehydration.14,25,26

The aim of this study was to evaluate the effect of both
tris–citric acid–glucose plus 20% EY (TCG-EY-) and TCF
(as control) synthetic-based extenders before and after
cryopreservation of guinea pig epididymal spermatozoa
using a two-ramp cryo-box freezing-based system. The ef-
ficacy of two extenders was measured on kinematics pa-
rameters, the integrity of the plasma and acrosomal
membranes, and changes in spermatozoa head morphometry
in prefreezing and frozen–thawed samples.

Materials and Methods

All diluents and media were prepared in the Animal
Reproduction Biotechnology Laboratory, University of
Cuenca, Ecuador, using reagent-grade chemicals purchased
from Sigma Chemical Co. (St. Louis, MO).

Animals and epididymal sperm collection

All animals were handled according to procedures ap-
proved by the Veterinary Science Committee, Faculty of
Agricultural Sciences, University of Cuenca, and the re-
search was performed following chapter 7.8 of the Terres-
trial Animal Health Code-2019ª OIE ( July 8, 2019)
regarding to protection of animals used in scientific
experiments.

Testes were obtained after bilateral orchiectomy from 16
healthy and sexually mature guinea pigs aged 8–20 months
and weighing 1100 – 100 g. One month before surgery, all
males were confined in individual floor cages of
1 · 1 · 0.7 m in length, width, and height, respectively.
Males were fed with a basal diet that included 250 g of green
grass (mix of alfalfa [Medicago sativa] and Ryegrass [Lo-
lium perenne]), and 35 g of concentrate (wheat-grain, min-
erals, and vitamins). Males were subjected to fasting for at
least 8 hours. In brief, bilateral orchiectomies were per-
formed under anesthesia with 9 mg/kg intramuscular
tiletamine–zolazepam (Zoletil 100; Virbac, Mexico). After 5
minutes, the scrotal area was cleaned (shaved and disin-
fected) and surgery was performed. The right and left tes-
ticles were washed with saline and stored separately at room
temperature until processing, within 1–2 hours after surgery.
The testes and their intact epididymides were placed into
sterile Ziploc" bags (properly labeled: left or right) at room
temperature and transported (<1 hour) at Animal Re-
production Biotechnology Research Laboratory located in
the ‘‘Irquis’’ of the University of Cuenca (3!04¢48.1†S
79!04¢31.0†W).

Cauda epididymides and vas deferens were dissected
from each testis and placed in a dry Petri dish at room
temperature. Epididymal sperm samples were collected by
retrograde flushing by administering 1 mL of TCG-EY
medium (313.7 mM Tris, 104.7 mM citric acid, 30.3 mM
glucose, 0.54 mM streptomycin, 2.14 mM penicillin, plus
20% EY [v/v]; pH: 7.16 and osmolality: 353 mOsm/kg) for
left epididymis and 1 mL of TCF medium (313.7 mM Tris,
104.7 mM citric acid, 30.3 mM fructose, 0.54 mM strepto-
mycin, 2.14 mM penicillin; pH: 7.2 and osmolality:
315 mOsm/kg) for right epididymis. For that, the cauda
epididymides were cleaned and the vas deferens cannulated
at a distance of 2–3 cm from the cauda epididymides with a
25G · 16 mm needle (Nipro" Medical Corp., Buenos Aires,
Argentina) connected to a 1 mL syringe filled with each
medium. The medium was then introduced into the epidid-
ymal tube by using manual pressure from the syringe. When
the major part of the epididymal tube was filled, three small
cuts were made in the terminal part of the epididymal tube
in the cauda epididymides. The fluid that emerged from the
cut tubules with retrograde flushing was collected in a Petri
dish and then recovered by pipetting into a 1.5 mL Eppen-
dorf tube.15,27 The percentage of motile sperm and the
quality of motility were initially evaluated via a phase
contrast microscope (Nikon Eclipse; Nikon Instruments,
Inc., New York, NY) by warming an aliquot of retrieved
samples at 37!C for 5 minutes. Only those epididymal
sperm samples with a sperm motility value of >60%, and a
score of >2 on a motility scale of 0 (lowest) to 5 (highest),
were used in the subsequent experimental work.

A total of 32 epididymal samples from left (n = 16) and
right (n = 16) epididymides were used in this experiment.
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The volume of each epididymal sperm sample was measured
by pipetting content using a graduate micropipette (Boeco,
Germany). The sperm concentration was evaluated using a
Neubauer chamber (Marienfeld, Lauda-Königshofen,
Germany).

Sperm processing and freezing

The conventional freezing procedure was carried out in
two steps.15 The first step consisted in taking the first aliquot
of each left or right epididymal spermatozoa sample and
diluted with TCG-EY or TCF extender (glycerol free), re-
spectively, at a concentration of 100 · 106 spermatozoa/mL
and then equilibrating for 1 hour at 5!C. The second step
consisted of slowly adding a second cooled extender (5!C)
made of TCG-EY or TCF plus 10% glycerol (v/v) (Sigma
G9012, St. Louis, MO) to each first aliquot sample in a
volume equal (1:1) and equilibrating for 1 hour more.
Thereby, the final volume of these samples before conven-
tional freezing reached a final concentration of 50 · 106

spermatozoa/mL and 5% glycerol (final osmolarity of
freezing mediums: 1268 and 1057 mOsm/kg for TCG-EY
and TCF extenders, respectively).

Samples were manually loaded into 0.25 mL IVM French
straws (L’Aigle Cedex, France) and sealed with polyvinyl
alcohol (Sigma P8136, St. Louis, MO). At this point, the
kinematic parameters and status of membranes of pre-
freezing spermatozoa samples were evaluated before the
freezing process. Straws were frozen using two ramps
placed inside a Styrofoam cryo-box of 30 · 29 · 31 cm of
length, width, and height, respectively, which contained

1.7 L of LN2 (up to 2 cm of height). Thirty minutes before
freezing, the LN2 was placed inside the cryo-box to stabilize
the vapors generated by the nitrogen. Straws were exposed
horizontally to LN2 vapors and placed in the first ramp at
24 cm above the LN2 surface for 3 minutes, and then placed
in a second lower ramp at 10 cm for 2 minutes more above
the LN2.

Finally, straws were plunged in LN2 to cool to -196!C and
kept for 3 months. The freezing rate pattern was as follows:
from +5!C to -118!C at 39!C/min and from -118!C to
-148.2!C at 15!C/min; they were then plunged into the LN2 to
reach -196!C. This procedure was standardized to ensure
such cooling and checked using a Digital Thermometer"

(6802 II Bestdo, Shanghai, China) with a 2K-type Thermo-
couple Sensor of fine wire resistant to freezing. The thermo-
couple sensor was introduced to a 0.25 mL straw containing
the freezing medium. When the temperature inside the straws
approached 5!C, the freezing procedure was started. Conse-
quently, the thermocouple inside the straw registered the
temperature drop (!C) over time (seconds) up to the immer-
sion into LN2. The thermometer registered the occurrence of
ice nucleation, and estimated the duration of the subsequent
dissipation of the latent heat of fusion (Fig. 1).

A total of 89 straws were frozen from two diluents: TCG-
EY (n = 47) and TCF (n = 42). All frozen samples were
thawed after 2 months by placing the straws in a water bath
at 37!C for 30 seconds. The contents were poured into dry
1.5 mL Eppendorf tubes and incubated for 5 minutes at
37!C. Kinematic parameters, status of sperm membranes,
and sperm head morphometry were subsequently evaluated
(see sperm quality assessment section).

FIG. 1. Time series of measured tem-
perature inside straws (Tin) during the
freezing protocol. The time (seconds) and
temperature at which latent heat of fusion
(ice nucleation) occurs within straws are
shown in the small box.
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Sperm quality assessment

Before sperm quality analysis, the fresh, prefrozen, and
post-thawed samples were gently pipetted because the
spermatozoa exhibited some degree of head stacking. Ki-
nematic parameters in prefreezing and post-thawed sper-
matozoa samples were determined using a CASA system
(Sperm Class Analyzer, SCA-Evolution 2018, v.6.4.0.99
software; Microptic S.L., Barcelona, Spain), coupled to a
phase contrast microscope (Nikon Eclipse Ci-E; Nikon In-
struments, Inc.; negative phase contrast [Ph1] with green
filter) with the following settings: 25 frames/s, head area
20–70 mm2, velocity limit for slow sperm 10 mm/s, velocity
limit for medium sperm 50mm/s, velocity limit for fast
sperm 70 mm/s, and minimal straightness for progressive
spermatozoa 80%. All samples were adjusted to a concen-
tration of 25 · 106 spermatozoa/mL using the same mediums
(TCG-EY or TCF, glycerol free) warmed to 37!C.

In brief, the 5-mL aliquot of sperm samples was loaded
into a warmed (37!C) slide and covered with a coverslip.
A minimum of three fields and 200 sperm tracks were
evaluated at 100 · magnification. The following kinematic
parameters were analyzed: total motility (TM, %), pro-
gressive motility (PM, %), curvilinear velocity (VCL,
mm/s), straight line velocity (VSL, mm/s), average path ve-
locity (VAP, mm/s), linearity index (LIN, %), straightness
index (STR, %), oscillation index (WOB, %), beat-cross
frequency (BCF, Hz), and amplitude of lateral head dis-
placement (ALH, mm).

The integrity of plasma and acrosome membranes in
prefreezing and post-thawed sperm samples were analyzed
by fluorescence microscopy, counting 200 cells, using a
combination of propidium iodide (PI; Sigma Chemical Co.)
and fluorescein isothiocyanate–conjugated peanut agglutinin
(PNA-FITC; Sigma Chemical Co.).15 A total of 200 sperms
per slide were examined, and 4 subpopulations of cells were
quantified into percentages: (1) intact plasma membrane
with intact acrosome (PI-/PNA-), (2) intact plasma mem-
brane with damaged acrosome (PI-/PNA+), (3) damaged
plasma membrane with intact acrosome (PI+/PNA-), and
(4) damage plasma membrane and acrosome (PI+/PNA+).
In addition, the total proportion of cells presenting an intact
plasma membrane equivalent to live sperm (Total IP: [PI-/
PNA-] + [PI-/PNA+]) and intact acrosomal membrane
(Total IA: [PI+/PNA-] + [PI-/PNA-]) were calculated.

Spermatozoa head measurements and midpiece area in
prefreezing and post-thawed spermatozoa samples were
assessed by morphometry module ASMA (automated sperm
morphometry analysis) of CASA-SCA" system coupled to a
contrast phase microscope (Nikon Eclipse Ci-L; Nikon In-
struments, Inc.). Smears of sperm samples stained with
SpermBlue" stain were observed at 60 · magnification, and
at least 100 spermatozoa were per sample examined.15 The
following morphometric head dimensions were registered:
length, width, area, perimeter, elongation, ellipticity, ru-
gosity, and regularity.

Statistical analysis

Data are given as mean – SEM. Statistical significance
was considered as p < 0.05. Values for sperm variables
showing a skewed distribution (as determined by the
Shapiro–Wilks test) were arcsine (percentages values) or
Log10 (numeric values) transformed. Factorial ANOVA and
Tukey post hoc multiple comparison tests were used to
examine the effects of ‘‘extender type’’ (TCG-EY and TCF),
‘‘spermatozoa type’’ (prefreezing and post-thawed), and its
interaction on kinematic parameters, the integrity of plasma
and acrosome membranes, and morphometric of head and
midpiece. All calculations were made using STATISTICA
for Windows v.12.0 software (StatSoft, Tusla, OK).

Results

The freezing curve used to freeze the epididymal sper-
matozoa is given in Figure 1. Ice nucleation (seeding) oc-
curred at -11.2!C (at 11 seconds), and the dissipation of the
latent heat of fusion finished at 27 seconds with a total
duration of 16 seconds. Strong heads stacking (10 to 15
cells) of spermatozoa were observed in fresh samples after
retrograde flushing; however, in prefreezing and post-
thawed samples, less sperm heads stacking (2–4 cells) was
observed with or without acrosomes detachment (Fig. 2).
The status of sperm membranes (assessed with fluorescent
markers PI/PNA-FITC) in different categories according to
their integrity or damage is given in Figure 3.

Significant interaction were observed between extender
type · spermatozoa type on PM ( p < 0.05) and in the fol-
lowing fluorescence categories regarding the status of sperm
membranes ( p < 0.001): intact plasma membrane with intact

FIG. 2. Images of epididymal guinea pig spermatozoa (fixed with 2% glutaraldehyde) observed in a phase contrast
microscope ( · 400). (A) Strong heads stacking (10–15 cells) of spermatozoa in fresh samples after retrograde flushing
(arrows). (B) Separated spermatozoa after pipetting; notice some two-headed stacking (arrow). (C) Spermatozoa with
festooned or detached acrosomes (asterisks).
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acrosome (PI-/PNA-), damaged plasma membrane with in-
tact acrosome (PI+/PNA-), damaged plasma membrane and
acrosome (PI+/PNA+), and total spermatozoa with intact ac-
rosome (total IA). Unlike progression ratio parameters (i.e.,
STR, LIN, and WOB indexes), the kinematic values and the
percentages of spermatozoa with intact plasma membrane and
acrosome (PI-/PNA-), total percentage of spermatozoa with
intact plasma membrane (total IP) and acrosome (IA) from
prefreezing spermatozoa samples were drastically affected by
the freezing process owing to a severe reduction ( p < 0.001)
after thawing, regardless of the extender type.

In the prefreezing analysis, the percentages of sperma-
tozoa with PM and with intact plasma membrane and ac-
rosome (PI-/PNA-) were greater ( p < 0.05) in samples
diluted with the TCG-EY extender than those diluted with
the TCF extender. Moreover, lower undesirable percentages
of spermatozoa with damaged plasma membrane and intact
acrosome (PI+/PNA-) and with both plasma membrane and
acrosome damaged (PI+/PNA+) were found in samples di-

luted with TCG-EY than those diluted with TCF ( p < 0.01).
The other kinematic parameters and categories of the status
of sperm membranes in prefreezing samples did not vary
between extenders ( p > 0.05) (Table 1).

In the post-thaw analysis, the percentage of spermatozoa
with intact plasma membrane and acrosome (PI-/PNA-),
total percentage of spermatozoa with intact plasma mem-
brane (total IP), and total percentage of spermatozoa with
intact acrosome (total IA) were higher ( p < 0.05) in sper-
matozoa samples frozen with TCG-EY than in those frozen
with TCF. Likewise, the post-thaw percentage of sperma-
tozoa with plasma membrane and acrosome damaged (PI+/
PNA+) were lower ( p < 0.001) with TCG-EY than those
with TCF extender. However, the TCF extender produced
lower percentages of spermatozoa with damaged plasma
membrane and intact acrosome (PI+/PNA-) than those with
TCG-EY extender ( p < 0.01) (Table 1).

Only the length of the guinea pig sperm head was affected
by the freezing–thawing procedure, reducing this value

FIG. 3. Prefreezing and post-thawed guinea pig sperm samples stained with an association of PI and fluorescein
isothiocyanate–conjugated PNA ( · 400). PI-/PNA-, sperm with intact plasma membrane with intact acrosome (nonstained
cells); PI-/PNA+, sperm with intact plasma membrane with damaged acrosome; PI+/PNA-, sperm with damaged plasma
membrane with intact acrosome; and PI+/PNA+, sperm with damage plasma membrane and acrosome. PI, propidium
iodide; PNA, peanut agglutinin; TCF, tris–citric acid–fructose; TCG-EY, tris–citric acid–glucose plus 20% egg yolk.
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( p < 0.05) compared with fresh samples. The other mor-
phometric dimensions of the head were affected neither by
the freezing process nor by extender type ( p > 0.05)
(Table 2).

Discussion

This research shows an in-depth evaluation of cryopres-
ervation of guinea pig spermatozoa. The results indicate that
EY-supplemented tris–citric acid extender improved the
integrity of plasmatic and acrosomal membranes in pre-
freezing and post-thawed spermatozoa samples. The kine-
matic parameters of prefreezing (post-equilibration) reached
desirable values that could be used in ARTs such as IA or
in vitro fertilization as demonstrated by Cañón-Beltrán

et al.28 Nevertheless, despite these outcomes, cryosurvival
rates after freezing–thawing remained very low.

The limited or scarce information published on cryo-
preservation of guinea pig spermatozoa shows that using an
extender based on Tes/Tris/EY plus 15% glycerol, 10%
Ficoll PM70, and 2% urea produced a motility and acro-
some integrity of 10% and 50%, respectively, after the
freezing–thawing process.11 However, the authors did not
provide more detail (e.g., EY concentration, freezing
curves). Certainly, high concentrations of glycerol have a
negative effect on sperm membrane integrity.29 It has also
been reported as harmful when it was added to extenders at
temperatures >30!C, as well as at concentrations >6%.30

Our results demonstrated that 5% glycerol added to the
TCG-EY extender produced a similar cryogenic response

Table 1. Sperm Quality Variable Values (Mean – Standard Error of Mean) for Epididymal Guinea Pig
Spermatozoa Before (Prefreezing) and After Freezing (Post-Thawing) Process Using Both Tris–Citric

Acid–Glucose Plus 20% Egg Yolk or Tris–Citric Acid–Fructose Extenders

Parameters

Prefreezing Post-thawed

TCG-EY (n = 16) TCF (n = 16) TCG-EY (n = 47) TCF (n = 42)

TM (%) 72.2 – 3.43a 65.7 – 4.20a 11.2 – 1.41c 7.8 – 1.27c

PM (%)* 32.7 – 4.34a 22.9 – 3.20b 1.6 – 0.39d 1.6 – 0.55d

VCL (mm/s) 67.0 – 4.86a 56.6 – 4.16a 14.5 – 2.75c 15.2 – 2.64c

VSL (mm/s) 22.0 – 1.37a 18.4 – 1.28a 8.3 – 0.83c 8.7 – 1.04c

VAP (mm/s) 41.6 – 2.45a 34.7 – 2.38a 6.9 – 1.31c 5.8 – 1.38c

STR (%) 35.1 – 1.40 33.3 – 1.01 17.6 – 1.75 12.0 – 1.65
LIN (%) 54.4 – 1.40 52.7 – 1.02 15.9 – 2.01 14.2 – 2.66
WOB (%) 63.2 – 1.14a 61.3 – 1.25ab 32.5 – 2.16ab 34.5 – 2.19b

ALH (mm) 3.27 – 0.22a 2.88 – 0.19a 3.95 – 2.49c 1.52 – 0.16c

BCF (Hz) 4.49 – 0.22a 4.22 – 0.17a 2.2 – 0.33c 1.32 – 0.18c

PI-/PNA- (%) 77.6 – 2.57a 70.5 – 3.59b 14.8 – 0.70c 7.4 – 0.43d

PI-/PNA+ (%) 2.2 – 0.52a 3.8 – 0.96a 0.37 – 0.22b 0.00
PI+/PNA- (%)** 14.5 – 1.51d 19.1 – 2.83c 49.0 – 2.21a 32.5 – 1.75b

PI+/PNA+ (%)** 5.8 – 0.97d 6.5 – 1.21c 35.9 – 2.14b 60.1 – 1.90a

Total IP (%) 79.7 – 2.22a 74.3 – 3.09a 15.2 – 0.73c 7.4 – 0.43d

Total IA (%)** 92.1 – 1.34a 89.7 – 2.03a 63.8 – 2.20c 39.9 – 1.90d

Different letters in the same row between spermatozoa and extender types differ: abp < 0.05; a–c; b–dp < 0.001; a–dp < 0.0001. *Significant
interaction between extender type · spermatozoa type: *p < 0.05; **p < 0.001.

ALH, amplitude of lateral head displacement; BCF, beat-cross frequency; IA, total sperm with intact acrosome; IP, total sperm with
plasmalemma integrity equivalent to viability; LIN, linearity index; PI-/PNA-, intact plasma membrane/intact acrosome; PI-/PNA+, intact
plasma membrane/damaged acrosome; PI+/PNA+, damaged plasma membrane/intact acrosome; PI+/PNA+, damaged plasma mem-
brane/damaged acrosome; PM, progressive motility; STR: straightness; TCF, tris–citric acid–fructose; TCG-EY, tris–citric acid–glucose
plus 20% egg yolk; TM, total motility; VAP, average path velocity; VCL, curvilinear velocity; VSL, straight line velocity; WOB, wobble.

Table 2. Morphometric Head Dimensions (Mean – Standard Error of Mean) of Prefreezing
and Frozen-Thawed Guinea Pig Epididymal Spermatozoa with Tris–Citric Acid–Glucose Plus 20%

Egg Yolk and Tris–Citric Acid–Fructose Extenders

Variables

Prefreezing Frozen–thawed

TCG-EY (n = 16) TCF (n = 16) TCG-EY (n = 40) TCF (n = 35)

L (mm) 7.9 – 0.14a 7.7 – 0.32a 7.1 – 0.39b 7.0 – 0.46b

W (mm) 6.9 – 0.09 6.6 – 0.29 6.4 – 0.79 6.2 – 0.46
A (mm2) 47.0 – 1.46 46.0 – 1.36 42.0 – 0.81 43.0 – 0.97
p (mm) 24.8 – 0.63 24.7 – 0.74 26.4 – 0.86 25.2 – 0.82
Elongation 1.2 – 0.01 1.2 – 0.01 1.1 – 0.12 1.2 – 0.02
Ellipticity 0.1 – 0.01 0.1 – 0.00 0.2 – 0.14 0.1 – 0.01
Rugosity 1.3 – 0.02 1.3 – 0.02 1.2 – 0.05 1.3 – 0.01
Regularity 0.9 – 0.01 0.9 – 0.01 0.9 – 0.00 0.9 – 0.00

Different letters in the same row between spermatozoa and extender types differ: abp < 0.05.
A, area; L, length; P, perimeter; W, wide.
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(e.g., motility and acrosome integrity) than to those obtained
by Eder et al.11

The sperm membrane fluidity is related to the high
cryosurvival of epididymal spermatozoa owing to their lipid
composition,31 and chemical and physical differences in
unsaturated fatty acids, phospholipids, and cholesterol.32

Cold shock resistance is generally better in species with
sperm membranes with a higher greater cholesterol–phos-
pholipid ratio.33 EY prevents the loss of cholesterol and
phospholipids from the sperm membranes21,34 conferring
protection against cold shock during the freezing process.22

Membrane integrity, along with PM, in samples recovered
with the tris-citric acid-based medium supplemented with
EY, suggests certain protection during the flushing retro-
grade process at room temperature.35 This protection is due
to the rearrangement and stabilization of the sperm mem-
brane, facilitated by the presence of phospholipids in EY.36

The phospholipids (like those contained in the EY) have
been reported to be involved in the acrosome reaction of
guinea pig sperm.37 In this study, however, EY provided
greater protection of the acrosome after cryopreservation.

Two studies on cryopreservation of spermatozoa from
Spix’s yellow-toothed cavies (G. spixii Wagler, 1891), a
wild relative of the domestic guinea pig (family Caviidae),
showed the positive effects in EY-supplemented Tris and
ACP"-116c (powdered coconut water) extenders.12,16 In the
same way, the present results determined that 20% EY ad-
ded to the TCG extender protected both plasma and acro-
some membranes of guinea pig spermatozoa before and
after the freezing process; despite this protection, the post-
thaw motility and viability were <15%.

Guinea pigs are mammals in which the form of the sperm
head is not determined by the shape of the nucleus, as in
other species, but by an unusually large acrosome.38 The
stacking of sperm heads of guinea pig originating from the
epididymis causes certain agglutinations (2–15 heads) that
hinder displacement (motility).23 Gentle pipetting manages
to separate the head spermatozoa, as was evidenced in this
study; however, adverse iatrogenic effects related to me-
chanical manipulations of the samples can cause detachment
of the acrosomes. Agglutination of spermatozoa (stacking
heads) in the domestic guinea pig is mediated by a protein
(WH-30) that is present in testicular sperm.39 In the guinea
pig, acrosomal stacking in rouleaux may be related to the
protection of fragile acrosomes that develop, during their
epididymal passage, the ability to be lost upon stimulation
with an ionophore.40

It has been suggested that agglutinate sperm in rouleaux
could facilitate the survival of the associated spermatozoa in
the female during the transit of the reproductive tract (va-
gina, cervix, or uterus).41 From this viewpoint, we hypoth-
esized the occurrence of two events that drastically affected
sperm cryosurvival during the freezing process: (1) proba-
bly, heads stacking hindered the flow and efflux of sperm
water across their plasmatic membranes during cellular
dehydration, provoking intracellular ice crystals formation
lethal to cells; and (2) during the separation of the sperm
heads by gently pipetting, the plasma membranes suffered
damage, enough to deteriorate during freezing.

This study showed that the freezing–thawing process with
both extenders reduced only the head length; however, the
elongation and ellipticity, and the other morphometric head
dimensions were not altered by cryopreservation, irrespec-

tive of extender used. Our results of head dimensions of
spermatozoa from prefreezing are consistent with those re-
ported by Cabeza et al.6 Other reports that used other
methods of measuring the head of guinea pig sperm show
different sizes from those observed in this study.7,9 It is
known that osmotic stress determines changes in the head
dimensions of epididymal spermatozoa.13 In addition, the
shape and size of the sperm head may influence their sus-
ceptibility to osmotic damage during the freeze–thaw pro-
cess,38 especially in sperm more heterogeneous
populations.42 Variations in sperm head shape and vol-
ume/area may be responsible for variations in the velocity of
water exchange across the plasma membrane during freez-
ing–thawing.43

Sperm with small heads show high cryoresistance re-
gardless of motility, viability, and acrosome integrity.44

Since guinea pig spermatozoa have large head dimensions
(length: 7.9 mm; width: 6.9 mm; and area: 47.0mm2), it is
likely to expect low cryo-survival rates or significant cel-
lular cryoinjuries. Other studies have determined that
cryopreserved epididymal sperm suffer a reduction in the
size of the head compared with prefreezing values.42,44 It
has been suggested that over-condensation of sperm chro-
matin, plasma, and acrosome membrane injuries, as well as
acrosome loss and damage in the cell cytoskeleton, could
cause a reduction in the head size.5,45 The findings of this
study concerning the morphometric sperm head dimensions
demonstrated that the samples frozen with both extenders
probably suffered minimal osmotic stress during cryopres-
ervation, disrupting sperm membranes that affected only the
length.

Conclusion

The TCG extender supplemented with 20% EY increased
cryoprotection of membranes of guinea pig epididymal
spermatozoa compared with TCF extender in prefreezing
and post-thawed samples. Nevertheless, despite high cell
cryoinjuries after the freezing–thawing process, the TCG-
EY–based extender produced both low kinematics and in-
tegrity of the plasma and acrosomal membranes. Further
studies on cooling rates, freezing protocols, and additives
are recommended.
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Fig. 2. Images of epididymal guinea pig spermatozoa (fixed with 2% glutaraldehyde) observed in a phase 
contrast microscope (x400). A, Strong heads stacking (10 to 15 cells) of spermatozoa in fresh samples after 
retrograde flushing (blue arrows). B, Separated spermatozoa after pipetting; notice some 2-headed stacking 

on the (black arrow). C, Spermatozoa with festooned (red asterisks) or detached (black asterisks) 
acrosomes. 
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Fig. 3. Pre-freezing and post-thawed guinea pig sperm samples stained with an association of propidium 
iodide (PI) and fluorescein isothiocyanate-conjugated peanut agglutinin (PNA) (x400). PI-/PNA-, sperm with 

intact plasma membrane with intact acrosome (non-stained cells);  PI-/PNA+, sperm with intact plasma 
membrane with damaged acrosome (green); PI+/PNA-, sperm with damaged plasma membrane with intact 

acrosome (red); and PI+/PNA+, sperm with damage plasma membrane and acrosome (red/green) 
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