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ABSTRACT

This investigation was carried out on semen of three healthy mature breeding bulls of Gir breed to evaluate the interrelationships
among sperm quality attributes of fresh and frozen-thawed semen assessed by Biovis CASA. The ejaculates (n = 24) having >75% initial
motility were diluted @80 million sperm/mL using TFYG extender, filled in French mini straws, and were frozen using a programmable
bio freezer after 4 hours of equilibration. The straws were thawed in a water bath at 37°C for 30 sec. The freshly diluted and frozen-
thawed samples were assessed for routine subjective tests and various motion characteristics/kinematics by Biovis CASA.The Pearson’s
correlations for sperm motility and velocity/kinematic parameters of total motile sperm as well as of progressively motile sperm were
studied in freshly diluted and frozen-thawed semen. In fresh semen, total motile sperm assessed by CASA had significant (p <0.05, 01)
correlations with rapid progressive motile sperm (r = 0.46), wobbling index (r = 0.52) and dancing frequency (r =-0.43) in fresh semen.
In frozen-thawed semen, it was significantly correlated only with linearity (r = 0.46). The rapid progressive motile sperm in both fresh
(r=0.41 to 0.92) and frozen-thawed (r = 044 to 0.88) semen, however, had significant correlations with most of their velocity traits.
Further, the average path velocity (VAP), curvilinear velocity (VCL), straight line velocity (VSL), linearity (LIN), straightness (STR), wobbling
(WOB), beat-cross frequency (BCF), amplitude of lateral head displacement (ALH), and dancing mean (DNM) of sperm showed significant
positive or negative interrelationships among each other in both fresh (r= 0.41 to 0.91) as well as post-thawed (r = 0.44 to 0.90) semen.
Moreover, the correlations of motility and kinematics parameters of total motile sperm in both fresh and frozen-thawed semen were
highly significant with velocity/kinematics traits of only progressively motile sperm, and the velocity traits among only progressively
motile sperm were highly significantly interrelated in both fresh (r = 0.46 to 0.98) and frozen-thawed (r = 0.43 to 0.93) semen of Gir
bulls, though the magnitudes of correlations were lower in frozen-thawed semen as compared to fresh semen. Thus, CASA analysis of
fresh semen for motility and velocity traits could predict the post-thawed sperm motility and velocity/kinematics of bovine semen.
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S emen analysis is commonly used to evaluate the quality
of ejaculates and male fertility potential (Verstegen
et al., 2002; Patel et al., 2012). However, no single test or
combinations of tests have been proved to be totally
reliable for accurate prediction of semen quality in
relation to fertility. The conventional evaluation of bovine
semen is relatively inaccurate, imprecise, time consuming
(Christensen et al., 2005), and varies with experience and
skill of the investigator (Patel and Dhami, 2016), while
motility, velocity, and morphology assessed by CASA
could improve precision and accuracy in less time and
prove worth for assessing bull fertility (Ramachandran et
al., 2007). Hence recently more attention has been given
to evaluating sperm motion characteristics using CASA
(Amann and Waberski, 2014). The correlations of the
physical characters with fertility are highly variable and
relatively poor (Shelke and Dhami, 2001; Chaudhary et al.,
2017). The literature on the use of CASA in bovine semen
laboratory, and the interrelationships of spermatozoal
attributes of fresh and cryopreserved bovine semen
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assessed by CASA is meager (Anderson et al., 1992; Mandal
et al,, 2003; Patel and Dhami, 2013 and 2016; Pathak et
al., 2018). Hence, the objective of the present study was
to know the interrelationships among the motility and
kinematics attributes of fresh and frozen-thawed sperm
of Gir bulls assessed using CASA.
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MATERIALS AND METHODS

The present study was carried out on semen of three healthy
mature breeding bulls of Gir breed, aged 5-6 years, at the
College of Veterinary Science, AAU, Anand-388 001 during
the winter season of the year 2017-2018. All the bulls were
in good health and under optimal veterinary care. They were
maintained in nearly identical nutritional and managerial
conditions throughout the period of study with twice a
week semen collection schedule. Semen was collected using
artificial vagina from each bull in the morning hours between
7.30 and 8.30 hours over a dummy buffalo bull. Ejaculates
collected at the weekly interval were used for this study.

Immediately after collection, the ejaculates (n = 24; 8 per
bull) were evaluated for various seminal attributes. Samples
with >75% initial motility were extended at 34°C with
Tris-citric acid-fructose-egg yolk-glycerol (TFYG) extender
keeping 80 million sperm per ml. The extended semen was
assessed subjectively for sperm motility and by Biovis CASA
(Expert Vision Pvt. Ltd., Mumbai) for all motion characteristics
and velocity/kinematics parameters of spermatozoa. For
this 50 pL of diluted semen was placed on grease-free clean
sterile ordinary glass-slide, covered with a coverslip, and was
examined under 40 X of a phase contrast microscope with
Biotherm connected to a CCTV screen. The analysis set up
was selected as per the manufacturer’s instruction.

The extended semen was soon filled and sealed in
French mini straws by IS4 machine (IMV, France), cooled to
40C, equilibrated for 4 hours and frozen in liquid nitrogen
vapor using a bio-freezer (IMV, France) employing standard
freezing protocol. The straws were thawed in a water bath
at 37°C for 30 seconds and were assessed again subjectively
and objectively for all the traits studied in freshly extended
semen. The CASA traits studied included total motile sperm,
rapid progressive, slow progressive and non-progressive
motile sperm, immotile sperm, average path velocity
(VAP), curvilinear velocity (VCL), straight line velocity (VSL),
straightness (STR), linearity (LIN), wobbling (WOB), beat-cross
frequency (BCF), amplitude of lateral head displacement
(ALH), dancing velocity (DNC) and dancing mean (DNM). The
kinematic traits were studied among total motile sperm as
well as among only progressively motile sperm. The data so
generated on sperm quality traits were analyzed for Pearson’s
correlations using a standard statistical package on SPSS
software version 20.00 (Snedecor and Cochran, 1994).

RESULTS AND DISCUSSION

The interrelationships of sperm motility and velocity
parameters of fresh semen, as well as post-thawed semen
of Gir bulls assessed by Biovis CASA, are presented in Table 1.

Amongst CASA traits of fresh Gir bulls semen, the
percentage of total motile sperm had significant (p <0.05)
positive correlations with rapid progressively motile sperm
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(0.46) and WOB (0.52), and negative correlation with DNC
(-0.43) of total motile sperm. It was also positively correlated
with LIN (0.47) and WOB (0.46), and negatively with ALH
(-0.41), DNC (-0.46) and DNM (-0.46) of progressively motile
sperm. In post-thawed semen, the percentage of total motile
sperm had significant (p <0.05) negative correlation only with
LIN (-0.46) of total motile sperm.

The percentage of rapid progressive motile sperm in fresh
semen had highly significant (p <0.01) positive correlations
with almost all velocity and kinematics attributes of total
motile as well as progressively motile sperm (0.41 to 0.93)
and negative correlation with slow progressive motile sperm
(-0.61). The rapid progressive motile sperm in frozen-thawed
semen had significant (p <0.01) positive correlations with
VCL, VAP, VSL, ALH, and BCF of total motile and progressively
motile sperm (0.44 to 0.88), and negative correlation with
slow progressive motile sperm (-0.62). The percentage of slow
progressive motile sperm in fresh semen and frozen-thawed
semen had almost similar but inverse relationships to those
of rapid progressive motile sperm with other traits (Table 1).

The VCL of total motile sperm in fresh semen had
significant positive correlations (p <0.01) with VAP (0.68), VSL
(0.56), BCF (0.71) and DNC (0.48) of all motile sperm, and with
VCL (0.73), VAP (0.56), VSL (0.56), BCF (0.56) of progressive
motile sperm. The VCL of total motile sperm in post-thawed
semen had highly significant (p <0.01) positive correlations
with VAP, BCF, ALH, DNC and DNM (0.49 to 0.72) of total
motile sperm, and with VCL, VAP, VSL, BCF, ALH, DNC, DNM
(0.57 to 0.86) of progressive motile sperm. It had negative
correlations with WOB index (-0.47,-0.50) of both total motile
and progressively motile sperm.

The VAP of total motile sperm in fresh semen had
significant (p <0.01) positive correlations with VSL, LIN, STR,
WOB and BCF (0.46 to 0.98) of total motile sperm, and with
VAP, VSL, VCL, LIN, STR and WOB (0.50 to 0.91) of progressive
motile sperm. The VAP of total motile sperm in frozen-
thawed semen showed highly significant (p <0.01) positive
correlations with VSL, BCF, WOB (0.93, 0.76, 0.44) of all motile
sperm, and with VCL, VAP, VSL, WOB, BCF (0.41 to 0.88) of
progressively motile sperm.

The VSL of total motile sperm of fresh semen had
significant (p <0.01) positive correlations with LIN (0.76), STR
(0.76), WOB (0.71) of all motile sperm, and with VAP, VSL, VCL,
LIN, STR and WOB (0.41 to 0.91) of progressive motile sperm.
It had a negative correlation with DNM of both total motile
(-0.52) and progressively motile (-0.48) sperm, while VSL
of all motile sperm in post-thawed semen showed highly
significant (p <0.01) positive correlations with LIN, STR, WOB,
BCF (0.55 to 0.60) of total motile sperm, and with VAP, VSL,
LIN, WOB, BCF (0.41 to 0.83) of progressive motile sperm.

The LIN percent of total motile sperm in fresh semen had
highly significant (p <0.01) positive correlations with STR
(0.86) and WOB (0.93) of total motile sperm, and with VAP,




Correlations of Motion Characteristics and Kinematic Attributes of Fresh and Frozen-thawed Spermatozoa of Gir Bulls

wiads 3130w aAIssa1b01d ‘d ‘wiaads 9

ow [B10] ‘1 /]93] 100> d 18 JURDYIUBIS ., ‘]93] G0°0>d 18 JuedYIUBIS, ‘b7 = u

UawIas meyi-1sod

— xS60  xxb60 S0 %50~ %050~ %x580- €00 610 %690 %60 €60 xx060 %050 xxGL0- $8V0-  xxlL0- L10- €00  %C90 z€0- L1°0 810 dwNa
960 - xS60 w0 4xl90- K050~ wTl0- £T0 X0 %080 €80 2660 xxl60 %G990  xx09°0- 8E0-  xxlS0- 800 870  xCL0 *8Y0- LE0 zio  ddna
860  xx/60 #4890  #xE50-  £x090-  xx89°0- 4%} TE0 %090 %080 €60 860  xx[90  xxESO- ATV0- xaPS0- 100 €T0 850 *Lb0- LE0 0T0 dH1v
P90 xxl80 %00 6L0- or'o- 670-  xx590 L0 xx9L0 or'o w0 4890 %60 zLo- oL'0- 9Lo- %050 590 %590 xSS0-  x:0L0 810 d4dg

%l60-  x%6L0-  xxS80- 6€°0- Y00 xxS60 441} 1T0 %950~  %xCL0- #1650~ #6570~ S00- %60 ve0 %180 b0 %0 %050~ 8L0- LT0 8z0-  daom
%890~ xxl90-  xxb90- STO- %990 S€0 €10 aLo- zLo- %50~ ASP0- %950~ #L¥0- 610 %4650 0£'0 0T0 zLo- v0'0- <EV0 810~ €00 dyls
w60~ %080~ x980- 6€0- w660 %90 ST0 SI'0 x9S0~ xx€80-  x890-  xb90- L0~ x£60 %050 %4980 +87°0 S€0 «67°0- S00- 610 870~ dnim
L€0- zLo- 0€°0- or0 %950 £lS0 %850 G600 xx59°0 90°0- 0€0 €10 xS0 z40] 441} 9T0  xx€80 P80 xxLS0 w90~ xx8L0 100 disn
LT0- 000~ 610 670 ) LE0 X80 4660 - 690 oLo *SP'0 LE0  «0L0 810 500 10 w8L0 %880 w650  w9L0- w80 10'0- ddvA
Y0 €90 *LY'0 w80 670 zro- LT0- xT90 *0L0 %4090 2080  xx650  xx650  xaTSO- 610 *0- €€0 KTFO %980 x50 Y0 vL'0 d1dA
%960 60  xxV60 #4090 #x680-  xxlL0-  xxl60- ¥E0- €20- X910 L0 xxlL0 LE0  #b80-  xx590-  xx6L0- £€°0- LL0- x5S0 9€0- 600 910 INNG
w60 4660 €60 oS80 waPL0-  xa€S0-  wabLO- 100~ 010 ««ll0 *L80 060 x890 xS0 LT0- %05°0- S0 €€0  #CL0 AP0 8€0 Lo 1DNa
=960  xb60 %4860 990 #x080-  xx650-  xxE8°0- LE0- Lz0- «TH0 160 #4060 A «8Y°0- #TF0- xxSS0- 900 870  «£9°0 or'o- b0 670 HIY
=SS0 L0 %90 880 87°0- 60°0- LT0- 9€'0 AEV0 %890 X0 L0 xl90 €00 ¥0°0- L00-  %:090 #9L0  «¥90 %lS0- %080 970 1409
2l80-  xxSLO-  xx6L0- LE€0- 1960  xx90 %960 bSO %S0 87°0-  #x680-  x4890-  xxSL0- 0z'0- #4650 %060 x5S0 ped) *LV0- 000 44 [T0-  19OM
%4550~ *EV0- L0 600- w650  wBL0 x990  xISO *TH0 €00 xxl90- €0~ *SP0- L00  xELO %080 %950 9z°0 970~ or'o v0'0- €0~ 1S
%080~ x990-  xTL0- €0 1880  xE€L0 %060 €90 *bS0 €U0~ «sb80-  xxlSO-  xTLO- SI0- xE60 %980 — 890 00 xS0~ 0Lo L0 «9%0- NN
%8Y°0- ST0- 05°0- €T0 x990 x990 %690  xxl60 %4980 AP0 #ZS0- zLo- S€0- LEO  xxlLO %9L°0 %%9L°0 €60 8€°0 LEO- %910 100~ 1ISA
6€°0- yL0- LE0- TE0 w650 xS0 w090  xxl60 %4060 %050 *L¥0- 10'0- ST0- AP0 xx€90 %290 wb90 860 X670 090~ %880 100 1dVA
070 8€°0 [441) 950 L0°0- €10 $0'0- %950 w950 xE€L0 610 *87°0 LE0  «ll0 900~ £00 600- %950 %4890 XS0~ 850 or'o DA
SLLO- vE0- €10- x990~ 8L0- v0'0 L0~ k90~ xxll0-  xx59°0- oLo- 6€°0- TL0-  «xl90- oL0- 900 800-  «6Y'0-  xxl90-  xx59°0- - 490 €20 Mmojs
8€°0- rL0- 67°0- SE0 %090 #lS0  xE€90 <980 80 #Lb0 *Lb0- %00~ €20- X050 %xL90 %4090 L0 %060 €60 xxSS0  xl90- SE0 pidey
*9b°0- *9V°0- #L¥0- LE0- *9¥°0 or'o *LV0 ST0 610 81°0- 8€°0- <EV0- LE0- 600- xS0 £T0 L£0 LE0 vE0 %00 170 *9¥°0 oW
UaWIS ysal4
diwNa ddNa H1Y d4dg daom dy1s dNn disa ddvA d1oA INNG 1DNa HIY RED| 180M Wis NN 1ISA VA YDA ew,w__m w%MM“ WMM_:
N wiads

UG paseq) Sonewiaun| / ATD0[oA Wiads

{WiISds 5[I0W [B10 UO Paseq) Sonewaun] / AIDOo[oA uads

VSO sinolg AQ passasse s||ng 41D JO USWSS PaMeY}-USZoJ) pue Ysaly Jo silaweled Alijenb wiads Jo (1) SJUIIDLS0D UOIIe[a1I0) i L 3jqel

"

The Indian Journal of Veterinary Sciences and Biotechnology, Volume 15 Issue 1 (July-September 2019)



Correlations of Motion Characteristics and Kinematic Attributes of Fresh and Frozen-thawed Spermatozoa of Gir Bulls

VSL, LIN, STR, and WOB (0.54 to 0.88) of progressively motile
sperm. It had negative correlations with ALH, DNC and DNM
(-0.57 to -0.80) of both total motile as well as progressive
motile sperm. The LIN of total motile sperm in post-thawed
semen showed significant (p <0.01) negative correlations
with ALH, DNC and DNM (-0.50 to —0.79) of total motile and
progressive motile sperm, while it had positive correlations
with STR (0.80), WOB (0.90) of total motile sperm, and with
LIN (0.86) and WOB (0.81) of progressive motile sperm.

The STR of total motile sperm had significant (p<0.01)
negative correlations with ALH, DNCand NDM (-0.43 to -0.67)
of both total motile as well as progressive motile sperm. It had
significant (p <0.01) positive correlation with WOB (0.73) of
total motile sperm, and with VAP, VSL, LIN, STRand WOB (0.42
t0 0.78) of progressively motile sperm. The STR of total motile
sperm in post-thawed semen revealed significant (p <0.05)
positive correlation with WOB (0.59) of total motile sperm, and
with LIN (0.50) and STR (0.59) of progressive motile sperm,
while it had negative correlations with ALH and DNM (-0.42
to -0.65) of both total motile and progressively motile sperm.

The WOB index of total motile sperm in fresh semen
showed significantly (p <0.01) positive correlations with VAP,
VSL, LIN, STR and WOB (0.45 to 0.96) of progressive motile
sperm, and negative correlations with ALH, DNC and DNM
(0.68 to —0.89) of both total motile and progressive motile
sperm. The WOB of total motile sperm in frozen-thawed
semen had significant (p <0.01) negative correlations with
ALH, DNCand DNM (-0.48 to —0.84), and positive correlations
with LIN (0.93) and WOB (0.92) of total motile sperm, and
negative correlation with VCL, ALH, DNC and DNM (-0.52 to
-0.75) of progressive motile sperm.

The BCF of total motile sperm in fresh semen was
significantly (p <0.01) and positively correlated with ALH,
DNC, DNM (0.46 to 0.77) of total motile sperm, and with
VCL, VAP, VSL, BCF, ALH, DNC and DNM (0.36 to 0.88) of
progressively motile sperm. The BCF of total motile sperm
in post-thawed semen showed highly significant (p <0.01)
positive correlations with ALH, DNC, and DNM (0.50 to 0.71)
of total motile sperm, and with VCL, VAP, VSL, BCF, ALH, DNC
(0.59 to 0.92) of progressively motile sperm.

The ALH of total motile sperm in fresh semen had
significant (p <0.01) positive correlations with DNC and
DNM (0.92, 0.91) of total motile sperm, and with VCL, BCF,
ALH, DNC, DNM (0.42 to 0.98) of progressive motile sperm,
while its correlations with LIN, STR, WOB (-0.59 to -0.83)
of progressively motile sperm were negative. The ALH of
all motile sperm in post-thawed semen had significant
(p <0.01) positive correlations with DNC (0.90), DNM (0.77) of
total motile sperm, and with VCL, BCF, ALH, DNC, DNM (0.59
to 0.98) of progressively motile sperm.

The DNC of total motile sperm in fresh semen showed
significant (p <0.01) positive correlation with DNM (0.87) of total
motile sperm, and with VCL, BCF, ALH, DNC and DNM (0.71 to
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0.99) of progressively motile sperm. It had negative correlations
with LIN, STR, WOB (-0.74, -0.53, -0.74) of progressively motile
sperm.The DNC of total motile sperm in frozen-thawed semen
revealed highly significant (p <0.01) positive correlation with
DNM (0.77) of total motile sperm, and with VAP, VCL, BCF, ALH,
DNC, DNM (0.45 to 0.99) and with LIN, STR and WOB (-0.45 to
-0.68) of progressive motile sperm.

The DNM of total motile sperm in fresh semen had significant
(p <0.01) positive correlations with VCL, BCF, ALH, DNCand DNM
(0.46 to 0.96), and negative correlations with LIN, STR, WOB
(-0.91, -0.71, -0.89) of progressive motile sperm, while DNM
of total motile sperm in frozen-thawed semen showed highly
significant (p <0.01) positive correlations with VCL, ALH, DNC,
DNM (0.60 to 0.92) and negative correlations with LIN, STR and
WOB (-0.51 to -0.83) of progressively motile sperm.

Further, among the progressively motile sperm in fresh
semen, the VCL had significant (p <0.01) positive correlations
with VAP, VSL, ALH, BCF, DNC, and DNM (0.44 to 0.84). The
VAP revealed significant (p <0.05) positive correlations with
VSL, LIN, WOB, BCF (0.48 to 0.99), while VSL showed significant
(p <0.017) positive correlations with STR, LIN and WOB (0.51 to
0.58). The LIN of progressively motile sperm had significant
(p <0.01) positive correlations with STR and WOB (0.76, 0.99),
and negative correlations with ALH, DNC and DNM (-0.80
to —0.92), while STR showed significant (p <0.01) positive
correlation with WOB (0.66) and negative correlations with
ALH, DNC, and DNM (-0.61 to —0.68). The WOB of progressive
motile sperm had significant (p <0.01) negative correlations
with ALH, DNC and DNM (-0.85, —-0.79, -0.91), while BCF
showed positive (p <0.01) correlations with ALH, DNC and
DNM (0.70,0.81,0.64). The ALH of progressively motile sperm
had highly significant (p <0.01) positive correlations with
DNC and DNM (0.97, 0.98), while the DNC revealed a positive
correlation with DNM (0.96).

Similarly among the progressively motile sperm in
frozen-thawed semen, the VCL had highly significant
(p <0.01) positive correlations with VAP, VSL, BCF, ALH, DNC,
DNM (0.62 to 0.80) and negative correlations with LIN (-0.56)
and WOB (-0.56), while VAP had significant (p <0.01) positive
correlations with VSL, BCF and DNC (0.43 to0 0.95). The VSL had
highly significant (p <0.01) positive correlation with BCF (0.65),
while LIN had significant (p <0.01) positive correlation with
WOB (0.95) and negative correlations with ALH, DNC, DNM
(-0.68 to —-0.85). The STR of progressively motile sperm had
significant (p <0.05) negative correlations with ALH, DNC, and
DNM (-0.50 to —0.60), while WOB showed highly significant
(p <0.01) negative correlations with ALH, DNC, DNM (-0.53
to —0.75). The BCF had highly significant (p <0.01) positive
correlations with ALH, DNC, DNM (0.68, 0.71,0.57), while ALH
had positive correlations with DNC (0.95) and DNM (0.94),
and the DNC of progressively motile sperm was positively
correlated with DNM (0.95). The interrelationships of other
traits of fresh and frozen-thawed semen were not significant.
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In the literature reviewed, very few studies showed the
evaluation of the interrelationship of fresh and frozen-thawed
sperm quality assessed particularly by CASA. Anderson et al.
(1992) found a significant correlation for post-thaw motility
of bulls assessed by subjective means and by CASA, but not
between post-thaw motility and non-return rates. Ferrell et
al. (1998) observed bull fertility to be positively correlated
with motile spermatozoa, progressive motility, VCL, VAP,
and VSL values. The present correlation findings for CASA
traits were however in close agreement with the reports
of Patel and Dhami (2013, 2016) in fresh and frozen-thawed
semen of crossbred and buffalo bulls. Kathiravan et al. (2008)
observed that among different CASA variables, progressive
motility alone contributed to 62.60 % variation in the in vitro
fertilization percentage. The VAP and VSL, together with
progressive motility and HOS spermatozoa contributed to
66.10% of the variation (p <0.05) in fertilization percentage.

Mandal et al. (2003) found significant (p <0.01) positive
correlations (r = 0.25 to 0.60) of different sperm kinematics
with plasmalemma integrity in Murrah bulls. Patel and
Dhami (2016) reported all the sperm motility and velocity
traits of fresh and frozen-thawed semen assessed by CASA
to be significantly interrelated in fresh and frozen-thawed
semen of Jafarabadi and Mehsana buffalo bulls; moreover,
there were significant correlations of initial motility and live
sperm assessed subjectively with CASA traits. The present
correlations were in line with these reports of motion and
kinematics attributes of fresh and frozen semen assessed by
CASA and its correlations. Anand and Yadav (2016) reported
the motion and kinematics characteristics of frozen-thawed
sperm of Sirohi goat, while Kumar et al. (2018) evaluated the
motion and kinematics of pre-freeze and post-thawed buffalo
semen using CASA, but the correlations as we studied have
not been documented by them. Pathak et al. (2018) however
recorded significant correlations of subjective and objective
assessment traits of fresh cattle and buffalo sperm assessed
by Biovis CASA with those of post-thawed samples and
suggested velocity traits of fresh semen to be predictive of
freezability of semen.

Thus, the present correlation findings suggested that
CASA analysis of fresh semen for motility and velocity traits
could predict the post-thawed sperm motility and velocity/
kinematics of bovine semen.
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