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Abstract

The Cantabrian brown bear (Ursus arctos) is a highly endangered species in Spain and basic studies are necessary in order to
bank its germplasm. Sperm heads are mainly made up of chromatin, thus their shape depends partly on chromatin structure. Thawed
semen from 10 bears was used to analyze chromatin status by sperm chromatin structure assay (SCSA) and head morphometry by
the Acomputer—assisted sperm morphology assessment (CASMA) system. Morphometry was analyzed before and after freezingl\—
thawing in order to evaluate the effects of cryopreservation on sperm heads. Each spermatozoon was measured for four primary
parameters A(]ength, L; width, W; area, A; perimeter, P) and derived parameters A(ellipticity: LIW, circularity: 4A/P?, elongation:
(L — W)/(L + W), regularity: JTLW/4A'?. All the derived parameters significantly differed between bears. Likewise, cryopreservation
affected head morphometry by reducing its size. Clustering based on morphometric parameters separated three subpopulations, one
of them being significantly more influenced by the cryopreservation process. We obtained high correlations between head
morphometry and SCSA parameters: standard deviation of DNA fragmentation Andex (SD-DFI) was correlated with perimeter and
area (r = 0.75 and r = 0.62, respectively) and DFIm and DFIt (moderate and total DNA fragmentation index) were correlated with
perimeter (r = 0.65 and r = 0.67, respectively). Nevertheless, classification of males according to SCSA or head morphometry did
not completely agree so the two assays might explain male variability differently. We conclude that cryopreservation affected
morphometry at least in a subset of spermatozoa. These results might improve future application of sperm banking techniques in this
species.
© 2008 Published by Elsevier Inc.
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1. Introduction

The Cantabrian brown bear (Ursus arctos) is a highly
endangered species in Spain, and may constitutes the last
pure breed population of brown bear in the world. This
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population is currently split into two small nuclei (around
100 specimens), therefore inbreeding and loss of genetic
variability are a recurrent hazard. A solution for this risk
is to create Genetic Resource BanksA(GBRs) [1] which, in
combination with assisted reproductive techniques,
would support efforts to conserve this emblematic
species. Our aim is to obtain baseline information on
the quality of brown bear spermatozoa to eventually
establish a germplasm repository for the species.
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The spermatozoon is a very specialized cell and its
nucleus is a key structure in its reproductive role.
Within the nucleus is the genetic material in the form
of chromatin. Chromatin status was assessed using
different techniques, but the sperm chromatin struc-
ture assay (SCSA) has many major advantages over
others that are often labor intensive and lack statistical
power [2]. SCSA is analyzed by flow cytometry, an
objective and automatized process that allows a large
number of cells to be counted in minimum time. This
method has been applied in spermatozoa analysis in
numerous species [see review in 3], and our group
used it to analyze brown bear spermatozoa for the first
time [4].

Sperm head morphometry has been evaluated in
several species and various researchers have addressed
the possible relationship between sperm head mor-
phometry and fertility (human, 5; stallion, 6; boar, 7).
Gravance et al. [8] stated that morphometry may be an
indicator of sperm cryosurvivability. The introduction
of computer-assisted sperm morphology assessment
(CASMA) systems allowed more accurate and
repeatable analyses of sperm morphometry to be
performed and have revealed differences between
individuals that cannot be detected using subjective
methods [9]. The cryopreservation of spermatozoa has
been found to affect chromatin structure and mor-
phometry of the sperm head [8,10,11]. Thus it is
reasonable to believe that the adverse effects of
cryopreservation on sperm chromatin and head
morphology may be responsible for lowered fertility
of spermatozoa observed after cryopreservation. In
conclusion, these parameters may be an important tool
to study the quality of brown bear spermatozoa and to
evaluate differences between individuals in sperm
cryosurvivability. We hypothesize that sperm sub-
populations could be detected in brown bear semen
and that cryopreservation would alter the subpopula-
tion pattern, as described for other species.

The current study was designed (1) to evaluate head
morphometry and chromatin status of brown bear
spermatozoa, /\(2) to determine the effects of cryopre-
servation on bear sperm head morphometry, and (3) to
determine whether sperm head morphology is related to
sperm chromatin structure and thus we carried out tests
to confirm if both sets of data agreed on classifying
bears.

2. lMaterials and methods

All the products were obtained from Sigma (Madrid,
Spain), unless otherwise specified.

2.1. Animals and sample collection

Animal manipulations were performed in accor-
dance with Spanish Animal Protection Regulation
RD223/1998, which conforms to European Union
Regulation 86/609.

Semen samples from 10 bears were obtained by
electroejaculation during the breeding season (May and
June). Animal age was estimated that all the captured
males were adults (at least,/ years old and not old). We
control the bear population from 2000 and all the
animals handled in the present work have been captured
thereafter, the approximate age of bears were deter-
mined by craniological and morphometric indicators
and one microchip is applied.

Animals were housed in a half-freedom regime in
Cabarceno Park (Cantabria, Spain; 43° SxN), and fed
with a diet based on chicken meat, bread and fruits;
feeding followed the hierarchical order, the dominant
bears taking most food. General anaesthesia was carried
out by application of tiletamine + zolazepan (Zole-
til100"™; Virbac, Carros, France) 7 mg/kg, and ketamine
(Imalgene 1000™; Rhone-Mérieux, Lyon, France) 2 mg/
kg. Electroejaculation was carried out with a PT
Electronics®™ electroejaculator (PT Electronics, Boring,
OR, USA). The transrectal probe was 320 mm long with a
diameter of 26 mm. Electric stimuli were given until
ejaculation (10 V and 250 mA, in average).

2.2. Sample processing

An aliquot of fresh sample was diluted in 2%

Kglularaldehyde (from 50% solution in water, Panreac

Quimica S.A., Barcelona, Spain) in BL1 medium
(glucose 2.9 g, sodium citrate anhydrous 1.0 g, sodium
bicarbonate 0.2 g, and distilled water 100 mL) at a
sperm concentration of approximately 25 x 10° sper-
spermatozoa/mL, for morphometric analysis A[ 9].

The remaining semen was diluted one-to-one in
cryopreservation extender (Tes-Tris—Fructose comple-
mented with 8% glycerol, 20% egg yolk, 2% EDTA and
1% equex; 320 mOsm/kg, pH 7.1) at 20 °C. The tubes
of diluted sample (4% glycerol) were put in glasses
containing 100 mL of water at room temperature and
transferred to refrigerator, so temperature decreased
smoothly until a thermometer show 5 °C at water (70—
80 min). Next, a second dilution 1:1 was performed at
5 °C with the same diluents containing 12% glycerol so
finally the rediluted sample contains 8% glycerol. At
this moment we adjust the sample to obtain a final
concentration of 100 x 10° spz/mL adding TTF dilu-
ents (8% glycerol). After packaging into 0.25 mL plastic

doi:10.1016/j.theriogenology.2008.06.097
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straws and equilibration for,l h at 5 °C, the sample was
frozen in a programmable biofreezer (Kryo 10-16 II
PlanerTM) at —20 °C/min down to —100 °C, and then
transferred to liquid nitrogen containers. The cryopre-
served samples remained in liquid nitrogen for a
minimum of Al week. Thawing was performed by
dropping the straws in water at 65 °C for 6 s immediately
prior to processing for analysis at room temperature. One
aliquot was taken from the thawed sample and fixed in
2% glutaraldehyde for morphometric analysis (as
previously described) and another aliquot was analyzed
for chromatin status, using the SCSA.

A semen analysis is performed previously. We have
used just urine-free samples (proved using Merckognost
Urea Rapid Screening test, Merck, Barcelona, Spain).

The fresh semen samples of brown bear showed the
following mean values: pH, 8.8; osmolarity, 292.4 mOs;
concentration, 470.6 x 10° spz/mL and progressive
motility 70.9%. The frozelk—thawed sample showed
33.9% progressive motility.

2.3. Morphometric analysis (CASMA)

Aliquots fixed in 2% /glutaraldehyde (fresh and
thawed sperm) were smeared on microscope slides by
placing 5 pL of sample on the clear end of a frosted
slide and dragging a second microscope slide across the
drop. The slides were air dried for a minimum of 2 h and
stained using Diff-Quik (QCA, Tarragona, Spain).
Slides were immersed for 10 min in the solution A and
15 min in the solution B. Subsequently, the slides were
rinsed in distilled water, air dried and mounted. They
were examined using a Nikon Labophot-2 microscope
(Nikon, Tokyo, Japan) equipped with a 60x bright field
objective. The video signal was acquired using a Sony
XC-75CE video camera (Sony Corporation, Tokyo,
Japan) interfaced with a computer with the CASMA
software Sperm-Class Analyser™ (SCA2002; Microp-
tic S.L., Barcelona, Spain). The camera provided
digitized images of 752 x 582 pixels and the image
resolution was 8.6 wm per pixel in the horizontal and
8.3 wm per pixel in the vertical axes.

A mean of 150 cells on two slides were acquired and
analyzed with the CASMA software. The accuracy of
the automatic analysis was confirmed using the options
provided by the software, and those heads wrongly
analyzed were removed from the analysis. Thus, we
obtained data from over 100 cells/slide [11].

For each sperm head, the CASMA system yielded
four primary parameters: head area (A, wm?), head
perimeter (P, um), head length (L, pm), and head width
(W, pm); and four derived parameters of head shape:

ellipticity (L/W), Acircularity (form factor; 471A/P2),
Aelongation [(L — W)I(L + W)], andl{egularity (mLWI/4A).
For each parameter, we calculated the coefficient of
variation (CV), both within-animal (estimated as the
mean of eachindividual CV) and between animals (estim-
ated as the CV of within-animal CV), in order to find out
the best parameters to discriminate among animals on the
basis of these sperm morphology parameters [12].

2.4. Sperm chromatin structure fssay (SCSA)

An aliquot of thawed sperm sample from each male
was diluted with TNE buffer (0.01 M Tri%HCI, 0.15M
NaCl, 1 mMEDTA; pH7.4,4 °C) in polypropylene tubes
at a final sperm concentration of approximately 1—
2 x 10° cells/mL. For analysis, 200 of sample in
TNE were mixed with 400 pL of acid-detergent solution
(0.08N HCI, 0.15 M NaCl, 0.1% Triton X100; pH 1.2,
4 °C) in flow cytometry polypropylene tubes. Exactly
30 s later, 1.2 mL of acridine orange (AO) staining
solution (0.037 M citric acid, 0.126 M Na,HPO,,
0.0011T M dissodium EDTA, 0.15M NaCl; pH 6.0,
4 °C), containing 6 pwg/mL electrophoretically purified
AO (Polysciences, Warrington, PA, USA) was added.
The stained samples were analyzed just 3 min after AO
staining.

The samples were analyzed on a FACScalibur flow
cytometer (Becton Dickinson; San Jose, CA, USA),
equipped with standard optics and an argon-laser tuned at
488 pm and running at 200 mW. Calibration was carried
out periodically using standard beads (Calibrites; Becton
Dickinson). We obtained 10,000 events per sample with a
flow rate of 200-250 cells/s. Data corresponding to the
red (FL3) and green fluorescence (FL1) of acquired
particles were recorded (Cell Quest v.3 software; Becton
Dickinson). We used an ejaculated sample as standard to
routinely adjust cytometer settings in order to make
measurements from different sessions comparable.

We calculated the DNA Fragmentation I}ndex (DFI)
of each event (spermatozoa) as the relation between red
and total fluorescence, by means of the formula red/
(red + green) x 100. Then, we classified the spermato-
zoa into three groups, according to DFI: normal DFI
(<20% DFI), moderate DFI (from 20% to 75% DFI)
and high DFI (from 75% to 100% DFI); we calculated
the percentage of spermatozoa with a moderate (DFIm)
and high (DFIh) DNA fragmentation index for each
sample. Total DNA fragmentation index (DFIt) was
defined as DFIm + DFIh. We also calculated the mean
of DFI and standard deviation of DFI (SD DFI) for each
sample. Also, we detected spermatozoa with high DNA
stainability (HDS; FL1 channels above main population

doi:10.1016/j.theriogenology.2008.06.097
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in FL1/FL3 flow cytometry dot plot). High DNA-
stainable (HDS) spermatozoa is another distinct
population in semen that characterizes immature
spermatozoa. Recent data support the idea that high
DNA stainability can significantly influence male
fertility potential and that this biomarker is currently
utilized in infertility investigations /12].

2.5. Statistical analysis

Statistical analyses were performed with the SAS™
v.8 package (SAS Institute Inc., Cary, NC, USA) unless
otherwise specified.

General linear models (GLMs) procedure was used
to perform analysis of variance with individual bears as
factor. Spearman correlation coefficients were used to
calculate the relationships between head morphometry
parameters and SCSA parameters. The effect of
cryopreservation on sperm head morphometry within
and between bears was analyzed by StudentA’s 1-test, to
compare morphometric parameters, before and after
freezing/thawing.

In order to classify the bears based on SCSA or head
morphometric parameters we used the PRINCOMP
procedure (principal component analysis: PCA) to
derive a small number of linear combinations (principal
components or factor, PC) retaining the most informa-
tion in the original variables (morphometric or SCSA
parameters). This procedure aimed to classify the cases
in the space generated by the PC axes too. The Kaiser
criterion was used to decide the number of factors to be
retained (principal components). The plots of factor
coordinates and graphs for males were obtained with the
Principal Components and Classification Analysis
module of the program STATISTICA 7 (StatSoft,
Tulsa, USA).

In order to find the subpopulation structure, if any, in
the morphometry data, we performed a non-hierarchical
cluster analysis, using principal components in place of
the original variables, by means of the FASTCLUS
procedure (k-means procedure). The CLUSTER pro-
cedure was applied afterwards to perform a hierarchical
clustering. We obtained three clusters, named CL1, CL2
and CL3. Then, we compared the clusters obtained from

Table 1
Morphometric parameters of the sperm head and derived parameters in each bear in fresh (F) and thawed (T) semen expressed as mean (CV in
percentage)
Length Width Area Perimeter Ellipticity Circularity Elongation Regularity
Bear 1 F  582(57)? 425 (4.6)*  21.00 (8.0) 17.58 42)* 137 (5.7)*° 0.85 2.7)*  0.16 (17.5*  0.93 (3.5)?
T 581 (13.7)% 429 (53)* 2079 (9.4)" 17.55 9.6)* 136 (19.1)*  0.85 (6.4)*  0.15(34.0)* 094 (4.5°
Bear 2 F 621 (85" 442 (5.5 2276 (9.4)* 18.43 (6.0)*  1.41 (7.9 0.84 47)*  0.17 (22.1)*  0.95 (5.2)
T 544 4.1)° 424 (40>  19.62 (6.5)° 16.85 (3.5)°  1.29 (4.5)° 087 22)°*  0.12(17.6)° 092 3.4)°
Bear 3 F  6.00 (8.5)" 439 (54 2142 (83)* 17.89 (6.0)* 137 (8.3) 0.84 (5.4  0.15(26.0)* 097 (5.4)*
T 5.83384)° 443 (5.6)*  20.70 (10.3)°  17.51 (7.1)® 132 (8.4)° 0.85 (5.8)*  0.13 (30.7)°  0.98 (4.5)°
Bear 4 F 574 (5.1)? 440 (4.5 21.25 (6.6) 17.68 3.7  1.31 (5.6) 0.85 2.7)*  0.13 (20.4)*  0.94 (3.5)?
T 614 (6.6)° 455 4.7)°  21.80 (8.1)° 18.26 (54)° 135 (7.8)° 0.82 (4.8)°  0.14 (26.0)°  1.00 (4.1)°
Bear 5 F 633 (9.1)? 447 (49  23.15 (9.0) 18.73 (6.1)*  1.42 (8.6) 0.83 (5.4  0.17 (24.00*  0.96 (5.6)*
T 628 (6.4)" 467 (54)° 2297 (8.9)? 1872 (6.1)*  1.35 (7.3)° 0.82 (49"  0.15(244°  1.00 3.7)°
Bear 6 F  6.16 (3.6) 454 (47 2322 (5.9)? 18.20 (3.0)*  1.36 (5.5 0.88 (2.2)*  0.15 (17.6)*  0.95 (2.9)*
T 598 @47)° 447 (4% 221 (7.1)° 1773 43)°  1.34 (4.9)° 0.88 (2.8)"  0.14 (17.9°  0.95 (3.0)
Bear 7 F 609 (42)" 460 (4.1  23.13 (6)° 18.18 3.3)* 133 (5.1)* 0.88 2.1)*  0.14 (182)*  0.95 (2.8)*
T 5707.2)° 434 (44)° 2034 (6.8)° 17.02 (4.8)° 131 (7.5)* 0.88 (4.5)*  0.14 (28)* 0.96 (4.5)
Bear 8 F  6.09 (8.0)" 439 (49"  21.67 (7.6) 18.04 (5.4)* 139 (9.3) 0.84 5.1)*  0.16 (27.8)*  0.97 (4.6)
T 5.807.2)° 443 (4.4)° 2036 (6.8)° 20.36 (4.8)°  1.31 (7.5)° 0.85 (4.5)°  0.13 (28.0)°  0.99 (4.5)°
Bear 9 F  6.06 (6.4 446 (4.5  22.63 (8.6)* 18.55 (4.5  1.36 (5.7)* 0.83 3.3)*  0.15(19.5*  0.94 (4.0)
T 580 (9.9 439 (5.6)* 2033 (12.2)°  17.34 (7.8)° 132 (9.3) 0.85 (5.2  0.14 (32.1)*  0.98 (4.0)°
Bear 10 F 627 (1.7)° 439 (4.5 22.08 (8.7)* 18.44 (6.0)*  1.43 (8.1)* 0.82 (5.7)*  0.18 (22.1)*  0.98 (4.4)
T 6.03@9.1)° 438 (42" 20.70 (9.5)° 17.54 (6.8)°  1.38 (8.8)° 0.85 (5.6)°  0.15(26.8)°  1.00 (4.6)
Average F  6.09 (7.6)* 442 (5.2 2220 8.7)° 18.15 (5.3)*  1.38 (7.8)* 0.85 4.7)*  0.16 (23.8)*  0.95 (4.6)*
T 5.8738.8)° 441 (5.5  20.93 (9.8)° 17.55 (6.8)° 133 (9.4)° 0.85 (5.1)*  0.14 (26.9*  0.97 (4.8)°

Different superscripts showed significant differences between fresh (F) and thawed (T) semen

< 0.05). Parameters: area (A, Mmz), perimeter (P,

pm), length (L, pm), width (W, wm), ellipticity (L/W), circularity (form factor; 47AIP?), elongation [(L — W)/(L + W)], and regularity (wxLW/4A).
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Table 2
Within ejaculate CV (expressed as the mean of individual values) and
between-animal CV in fresh sperm

CVs within CVs between
animals (%) animals (%)
Length 6.68 29.2
Width 4.76 9.03
Area 7.81 16.00
Perimeter 4.82 25.42
Ellipticity 6.98 22.78
Circularity 3.93 37.15
Elongation 21.5 16.56
Regularity 4.19 24.22

the datasets before and after freezing/thawing (GLM
procedure).

3. Results
3.1. Head morphometry of fresh spermatozoa

Average results of sperm head dimensions for fresh
semen were 6.09 um for length, 4.42 wm for width,
22.20 pwm? for area and 18.15 pm for perimeter. Table 1
displays individual results for each male, showing large
variations in all the morphometric parameters between
bears. Thus, within-male CVs (pooled data) of different
parameters ranged from 3.93 (circularity) to 21.5
(elongation) and between-male CVs ranged from 9.03
(width) to 37.15 (circularity) (Table 2).

3.2. Head morphometry of frozerﬁ\—fhawed
spermatozoa

On average, bear sperm heads were smaller
(p <0.01) in cryopreserved samples than in the

Table 3

companion fresh samples for length (5.87 wm), area
(20.93 pmz) and perimeter (17.55 pwm), and there was a
reduction in the derived parameters ellipticity and
regularity (Table 1). Likewise, cryopreserved samples
had higher within-male CVs for all the studied
parameters. When the bears were studied individually,
we confirmed a significant reduction in area, length and
perimeter in 7 bears (2, 3, 4, 6, 7, 8 and 10) after
cryopreservation.

The cluster analysis using morphometry para-
meters allowed fresh and frozen/thawed spermatozoa
to be classified in three clusters: CL1, CL2 and CL3
(Table 3). CL1, containing elongated spermatozoa,
underwent a slight decrease in the percentage of
spermatozoa after thawing while CL2 (more rounded
heads) showed an increase in this percentage
after thawing. Furthermore, the head area of
spermatozoa in cluster 2 decreased slightly after
cryopreservation. CL3, characterized by having a
smaller head area, did not apparently vary with
cryopreservation.

3.3. SCSA parameters of bear sperm and its
relation with head morphometry

Individual SCSA results are shown in Table 4. Bear 9
presented the highest DNA fragmentation index values
(DFIh: 7.67%, and DFIt: 17.50%),Awhile bear 8 yielded
the lowest (DFIh: 0.83% and DFIt: 3.10%).

There were significant correlations between SCSA
and CASMA parameters (Table 5). The SD-DFI showed
a positive correlation with perimeter (r = 0.75; p > 0.01)
and area (r = 0.62; p > 0.05). DFIh and DFIt correlated
with perimeter (r = 0.65 and r = 0.67, respectively; p <
AO.OS).

Mean values of morphometry parameters and percentage in each of the subpopulations of bear spermatozoa yielded by the cluster analysis (CL1,

CL2 and CL3) in fresh and frozen/thawed spermatozoa

CL1 CL2 CL3

Fresh Thawed Fresh Thawed Fresh Thawed
Length 6.37 6.46 6.00 5.87 5.70 5.89
Width 4.43 4.60 4.70 4.60 4.27 4.19
Area 22.86 23.12 23.49 21.82 20.53 20.05
Perimeter 18.61 18.86 18.40 17.85 17.29 17.18
Ellipticity 1.44 1.41 1.28 1.28 1.33 1.41
Circularity 0.83 0.82 0.87 0.86 0.86 0.85
Elongation 0.18 0.17 0.12 0.12 0.14 0.17
Regularity 0.97 1.01 0.94 0.97 0.93 0.97
Spermatozoa (%) 34.72 32.57 35.59 38.16 29.69 29.27

+' Cluster 1 (CL1), Cluster 2 (CL2) and Cluster 3 (CL3) are defined in spermatozoa population of each bear by means of non-hierarchical cluster
analysis, using principal components in place of the original variables. These individual clusters, obtained before and after freezing/thawing, were

analyzed obtaining the mean values.
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Table 4 Table 6
SCSA parameters of thawed sperm sample for each male Factor coordinates of the variables (see Table 4 to description of SCSA
Mean DFl  SDDFI HDS DFIh DFIm DFIt parameters)
Variable Factor 1 Factor 2

Bear 1 175.8 6.90 090 142 284 4.26
Bear 2 201.3 11.51 0.18 441 6.35 10.76 A(u) SCSA
Bear 3 183.7 7.46 1.90 1.68 3.58 5.26 SdDFI —0.9777 0.0919
Bear 4 180.7 5.48 0.56 0.84 3.18 4.02 HDSn 0.1799 0.9833
Bear 5 192.1 12.14 1.12 3.69 5.30 8.99 DFIh —0.9728 0.0099
Bear 6 200.1 741 0.14 1.29 2.79 4.08 DFImn —0.9839 0.0982
Bear 7 232.1 13.26 037 434 845 12.79 DFItn —0.9305 —0.0207
Bear 8 196.4 5.56 023 083 227 3.10 (b) Morphometry
Bear 9 256.2 17.61 037 7.67 983 17.50 Length 0.9567 02676
Bear 10 214.3 10.48 1.97 274  6.08 8.82 Width o014 0.9540

& DFI: DNA fragmentation index; jmean DFI (0-1000 channels) SD Area —0.5546 0.8094
DFI: standard deviation; HDS: high DNA stainability; DFIh: high Perimeter —0.8667 0.3544
DFI; DFIm: moderate DFI and DFIt: total DFI. The spermatozoa were Ellipticity —0.8880 —0.4036
classified into three groups, according to DFI: normal DFI (<20% Circularity 0.5103 0.6983
DFI), moderate DFI (from 20% to 75% DFI) and high DFI (from 75% Elongation —0.8337 —0.4364
to 100% DFI). We calculated the total DNA fragmentation index Regularity —0.6470 —0.1943

(DFIt) as DFIm + DFIh. The mean of DFI and standard deviation of
DFI (SD DFI) for each sample were calculated. Also, we detected
spermatozoa with high DNA stainability (HDS).

The principal component analysis (PCA) applied to
SCSA parameters rendered two principal components
(Table 6a): Factor 1, including SD DFI, DFIm, DFIh
and DFIt (high negative coefficients), and Factor 2,
representing mainly HDS (positive coefficient). In the
case of morphometric parameters (Table 6b), we
obtained two principal components: Factor 1, including
most parameters (negative coefficients), and Factor 2,
consisting mainly of Area, Width and k:ircularity
(positive coefficient). The circularity parameter was
present in both factors.

The classifications of males according to Factor 1
and Factor 2 based on SCSA parameters (Fig. 1a)
showed that bears 1, 4, 6 and 8 would be the animals
having normal chromatin status (DFI < 20%), whereas
bears 2, 7 and 9 would have higher chromatin instability

Table 5
Spearman correlation coefficients between SCSA and CASMA (head
morphometry) parameters (see Table 4 to description of SCSA para-
meters)

Mean DFI SD-DFI HDS DFIm DFlh DFIt

Length 0.51 055 -0.01 039 045 0.49
Width 0.52 060 —037 042 047 0.52

Area 0.56 0.62° —034 045 047 0.52
Perimeter ~ 0.67 075" —0.04 059 065" 0.67"
Ellipticity ~ 0.02 0.01 029 0.06 —0.02 —0.04
Circularity —0.22 —021 —040 —031 —020 —0.2

Elongation  0.09 0.08 0.19 0.04 0.09 0.04
Regularity ~ 0.80 0.04 034 033 —0.10 0.04
* p<0.05.

™ p <0.01.

 Interpretation of the principal components must be done in terms
of the correlation. With this fact in mind, given a set of variables you
should be looking for those variables that have the highest (absolute)
values of the factor coordinates for the given factors. Because the
current analysis is based on correlations, the largest factor coordinate
(absolute values) that can occur is equal to 1.0.

(the DFI indexes being higher in comparison with the
first group of bears), and bears 3, 5 and 10, with
intermediate DFI values, would have more immature
chromatin (higher HDS in comparison with the rest of
the bears). The classification of males according to
morphometric parameters is shown in Fig. 1b. In this
case, the grouping of males is different to the SCSA
classification. Males 6, 7 and 9 were grouped together as
their spermatozoa had greater circularity and head size,
whereas in males 1, 3 and 4 the size was lower and
spermatozoa in bears 2, 5 and 10 had greater ellipticity.

4. Discussion

In this study we have carried out for the first time a
description of the morphometric traits of the sperm head
of brown bear and the effects of cryopreservation on
these parameters. One of the most striking findings in
our study was the high within-male heterogeneity on the
morphometric data, as in human spermatozoa [5] or in
dog [13]. In contrast, spermatozoa of other species show
a relatively constant intra-animal morphology (ram [9],
cynomolgus monkey [14] and mouse [15]). Moreover,
variability among males was very high too (CVs: 9.03%
for width and 37.15% for circularity). Sancho et al. [9]
also observed high variability between rams (CVs 11.98
—40.83%), but in other species sperm morphometry is
much more homogeneous between males. Thus, CVs

doi:10.1016/j.theriogenology.2008.06.097
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Fig. 1. Location of the males depending on chromatin status detected
by SCSA (a) and depending on head sperm morphometry (b). The
males are represented by different numbers in the multidimensional
space defined by the first two principal components extracted from
PCA (Factorl and Factor2). In SCSA the first two factors accounts for
approximately 95.09% of the total variance (75.38 + 19.71). In mor-
phometry, these two factors accounts for approximately 86.24% of the
total variance (52.22 + 33.02). See Table 6 for factor coordinates.

ranged from 1.3% to 13% in alpaca [12] and bull sperm
values were in the interval of 3.1-5.6% [8]. These
variations in sperm morphology between males could
affect sperm freezability and are indicative of genetic
variations responsible for the relative ability to with-
stand freezing procedures [16].

One of the most important steps in the characteriza-
tion of head sperm morphometry is to establish the most
representative parameters for each species [12]. In the
present work, circularity had a relatively low within-
animal CV (3.93%), but a relatively high between-
animal CV (37.15%). Therefore, this may be the most
suitable morphometric parameter for discriminating
among brown bears. Other parameters, such as
regularity and perimeter could be good indicators of

differences between bears too. Studies in other species
have also shown that circularity (shape factor) and
perimeter might be suitable parameters for male
discrimination (cynomolgus monkey [14] and alpaca
[12]). Nevertheless, other parameters might also be
useful, such as the sperm head width/length ratio (rabbit
(17D).

We also found that some morphometric parameters
changed after cryopreservation. The cryopreservation
process is associated with sperm function damage, loss
of membrane selective permeability and changes in
membrane fluidity, reduction in motility, enzyme
activity and viability [18]. In this study, we observed
lower values for length, width, area and perimeter after
the cryopreservation process, which was in agreement
with previous reports in other species such as dog [11],
bull [8], red deer [19], stallion [10] and goats [20].
However, Gravance et al. [21] did not find any overall
effect of cryopreservation on goat sperm head
morphometry. These contradictory results can be
explained by species-specific sensitivity to the freez-
ing process or to different cryopreservation protocols
(i.e. glycerol levels, thawing rates, etc.) resulting in a
different effect on post-thaw sperm head character-
istics [8,22]. Moreover, we observed greater hetero-
geneity (CVs) in thawed samples than in fresh ones,
which coincides with Esteso et al. [23] who observed
that frozen/thawed red deer semen samples showed
higher variability than extended ones for area and
length.

We studied the presence of sperm subpopulations in
the semen of brown bear, characterized by head
morphometry. The cluster analysis rendered three
sperm subpopulations with different morphometric
features, and we confirmed that the proportions of
each subpopulation varied after thawing. Cluster 2
increased its proportion while undergoing a decrease in
mean values for sperm head size, whereas Cluster 1
underwent an opposite trend. These variations allow the
overall reduction of sperm head dimensions to be
described by studying the properties of subpopulations.
This method of analyzing small but significant
differences among spermatozoa is particularly inter-
esting since the existence of subpopulations of
spermatozoa presenting different fertility profiles in
the same sample has been reported [9].

Possible explanations for the reduction of morpho-
metric head dimensions after cryopreservation are
progressive dehydration of spermatozoa during cryo-
preservation [24], loss of acrosomal contents [8], loss of
sperm membrane functionality [25] and alterations in
chromatin condensation [26].
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It has been suggested that normal sperm morphology
may be an indicator of the fertility potential of a given
male. Morphological abnormalities in bovine sperm
heads have been associated with abnormal chromatin
structure [8], and thus it is reasonable to believe that the
adverse effects of cryopreservation on head morphology
and sperm chromatin may be partly responsible for
lowered fertility of spermatozoa observed after cryo-
preservation. In previous reports, several authors found
a good relationship between sperm morphology and
sperm chromatin status in human [27], dog [13], bull
[28] and koala [29]. We observed good correlations
between head morphometric and SCSA parameters of
bear sperm: SD-DFI was related with perimeter and
area, and DFIt was related to perimeter. We can thus
deduce that subtle changes in bear spermatozoa head
shape detected by the CASMA system could be related
to changes in chromatin structure. It is important to note
that both SD-DFI and DFIt have been related to
infertility [3].

When we analyzed the classifications of males
obtained by the Principal Component Analysis based on
SCSA or morphometric parameters, we observed that
those males classified as having normal chromatin
status (1, 4, 6 and 8) were included only in part in the
same quadrant of morphometric classification (1, 3 and
4). Thus we can infer that both parameter groups did not
change in the same way.

In summary, brown bear spermatozoa show a high
heterogeneity between animals regarding head mor-
phometry. CASMA demonstrated its utility as a
sensitive and objective method of determining mor-
phometric characteristics of bear spermatozoa. The
most suitable morphometric parameter for discrimina-
tion among individuals seems to be circularity, which
might have a practical use for future studies. The
cryopreservation process reduced sperm head dimen-
sions and seems to be explained by the presence of
several sperm subpopulations with particular charac-
teristics. Finally, we observed good correlation
between sperm morphometry and chromatin status
detected by SCSA, although qualitative classifications
of bears according to the two analysis methods are not
completely coincident. In the future, our purpose is to

nalyze the influence of other factor on sperm quality
(for example: age), to evaluate the special features of
epidydimal spermatozoa and to optimize the cryopre-
servation protocols.
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