
EFFECT OF DIFFERENT FREEZING 
RATES ON CANINE SPERMATOZOA

By
R. GEETHA

THESIS

f ..

Submitted iu partial fulfilment of the 
requirement for the degree of

master of Veterinary Science
Faculty of Veterinary and Animal Sciences 

Kerala Agricultural University

Department of Animal Reproduction
COLLEGE OF VETERINARY AND ANIMAL SCIENCES 

MANNUTHY, THRISSUR - 680651 
KERALA, INDIA

2000



DECLARATION

I hereby declare that this thesis entitled “Effect of 

Different Freezing Rates on Canine Spermatozoa" is a 

bonafide record of research work done by me during the course of 

work and this thesis has not previously formed the basis for the 

award to me of any degree, diploma, associateship, fellowship or 

other similar title, of any other University or Society.

^ — oloao
Jvlannuthy R.GEETHA



CERTIFICATE

Certified that thesis entitled "Effect of Different

Freezing Rates on Canine Spermatozoa" is a record of research 

work done independently by Ms. R. GEETHA, under my 

guidance and supervision and that it has not previously formed 

the basis for the award of any degree, fellowship or associateship 

to her.

Mannuthy.
H-/2.-2-OCO. (Chairman, Advisory Committee), 

Associate Professor & Head, 
Department of Animal Reproduction 

College of Veterinary and Animal Sciences,
Mannuthy.



CERTIFICATE

We, the undersigned members of the Advisory 

Committee of Ms. R. Geetha, a candidate for the degree of Master 

of Veterinary Science in Animal Reproduction, agree that this 

thesis entitled "Effect of Different Freezing Rates on Canine

Spermatozoa" may be submitted by Ms. R. Geetha, in partial 

fulfilment of the requirement for the degree.

"'-C'C
Dr. T. Sreekumaran

(Chairman, A dvisory  Committee) 
Associate Professor & H ead  

D epartm ent of Animal Reproduction 
College of V eterinary  a n d  Anim al Sciences, 

M annuthy.

Dr. P.P.Balakrishnan
Special officer
College of V eterinary & A nim al Sciences 
Pookot, W ayanad.
(Member)

Dr. V.Vijayakumaran
Associate Professor & H ead 

Cattle Breeding Farm 
Thumbrumuzhi. 

(Member)

\

Dr. K.V.Raghunandannan
Associate Professor
Centre for A dvanced studies  in Animal
Breeding & Genetics
M annuthy.
(Member). External Examiner



<7o my 6eCovecf 
parents ancf jAppacfii



ACKjHO‘WL<E<D<EM‘EW rs

I  wish to express my deep sense o f  gratitude to 
(Dr. T. Sreehjmaran, Associate (Professor and Head, (Department o f  Animal 
^production, fo r  his scholastic advice, valuable suggestions, constructive 
criticism, constant encouragement and parental affection shown towards me 
during my course ofworh^as the chairman o f the advisory Committee. I t  has been 
a privilege to worl^under his guidance.

I  am deeply indebted to (Dr. <P.<P.(Balahjishan, Special officer, 
College o f  Veterinary and animal Sciences, Poohpt, ‘Wayanad, as a mem6er o f  the 
Advisory Committee, fo r  his unstinted support, incessant encouragement and 
interest shown during the study.

I  express my profound gratitude to (Dr. V. Vijayakumaran, 
Associate Professor and Head, Cattle (Breeding Tarn, Phumbrumuzfu, and 
(Dr. %jV. Q(flgAunandanan, Associate (Professor, Centre fo r  Advanced studies in 
Animal (Breeding and genetics, fo r  their valuable help and guidance rendered me 
during various stages o f  the study as a members o f  the Advisory Committee.

‘Words f a i l  to express my heartfelt gratitude to Late. 
(Dr. (E. (Madhavan, fo r  his timely help, valuable suggestions and meticulous 
guidance rendered me during my correction o f  thesis.

I  am th an ffu l to Dr. %  Prabhahpran Hair, Dr. KjV.Athman, 
Dr.Suresan Hair, Dr. % H  Aravinda Qhosh, Dr. % ‘Ppmachandran, Dr. CMetilada 
Joseph, Dr. A-H . Valiida, Dr. g. A ijt hjimar, Dr. CJayahumar, Dr. % Pramod 

fo r  their technical guidance, encouragement and timely advice.

I  would lihp to than fSm t. Harayanihutty, Asstistant Professor 
and Head, Smt. Santa bai, Computer Programmer, Department o f  Statistics fo r  
their valuable help rendered me during result analysis.

'With great pleasure I  express my heartful thanhj to 
Dr.(Bibitibecha, Dr.Liz simon, Dr.Lydia Priscilla, Dr.Qopihjishnan,
Dr.Kjmtfiaraj, an d Dr.Senthilhp.mar.



The invaluable help and advice rendered 6y my friends Laiha,
<'Bindiya, Sreevidya, Sindhu, <Priya, Princy, Manju, Tjamala, Mumtaz, (Hindu, 

Sofia, ‘Metfiai, (Jautam and "Kjimaresan were utilised 6y me and I am very much 
thankful to them. / wouCd also likj to record my thankj to (Rsiji, <Bincy, Sahiha, 
Sangeetfia, and Lakjhm ifor their help and moral support.

I  wish to express my thanky to 'Mr. Peterfor takjng (Photographs, 
Mohanan, <Dasan, and other non-teaching staffs, (Department o f Animal 
(Reproduction, Mannuthy, fo r  their great help rendered me during my course o f 

w orf

I  acknowledge the dog owners, as without their help there would 
have been no thesis at all.

I am thankful to <Dr. Sulochana, (Dean, College o f  Veterinary and 
animal Sciences fo r  the facilities provided and help rendered during the study.

I  am grateful to ICAR, fo r  awarding me the Junior R f search 
'Fellowship fo r  the period o f  study.

I  would acknowledge M /s (Delta Computers, Mannuthy fo r  the 
timely and successful completion o f  the thesis.

I  sincerely indebted to my 6eloved fam ily members fo r  their 
affection, moral support and continuous encouragement fo r  the successful 
completion o f  thesis.

Above a ll I  how my head 6efore Qod Almighty who 6lessed me 
with good health, wealth and confidence fo r  the successful completion o f thesis.

R, Qeetha



CONTENTS

Chapter
No. Title Page No.

1. Introduction 1
2. Review of Literature 5
2. 1 Collection of semen 5
2.1.1a. Artificial Vagina Method 6
2.1.1b. Electro ejaculation Method 7
2.1.1c. Digital Manipulation 7
2.1.2. Periodicity of semen collection 8
2.1.3. Fractions of semen 9
2.2. Evaluation of semen 11
2.2.1. Volume 11
2.2.2. Colour and Density 12
2.2.3. Initial motility 13
2.2.4. pH 14
2.2.5. Concentration 14
2.2.6. Dead and live spermatozoa 15
2.2.7. Spermatozoan abnormality 16
2.2.8. Acrosome damage 17
2.3. Semen processing 18
2.3.1. Semen extenders 18
2.3.2. Dilution rate 20
2.4. Freezing of dog semen 20
2.4.1. Cooling, Glycerolisation and 

Equilibration
21

2.4.2. Packaging of semen 23 ;
2.4.3. Rate of freezing 23 :
2.4.4. Rate of thawing 25
2.4.5. Post thaw evaluation 26



Chapter
No. Title Page No.

2.4.5.1. Motility 26
2.4.5.2. Dead and abnormal spermatozoa 27
2.4.53. Acrosomal damage 28
3. M aterials and methods 30
3.1. Animals 30
3.2. Collection of semen 30
3.3. Evaluation of semen 31
3.3.1. Volume 31
3.3.2. Colour 32
3.3.3. Density 32
3.3.4. Initial motility 32
3.3.5. pH 32
3.3.6. Concentration 33
3.3.7. Dead and live spermatozoa 33
3.3.8. Sperm abnormalities 33
3.3.9. Acrosome integrity 34
3.4. Semen processing 34
3.4.1. Preparation of diluent 34
3.4.1.1. Composition of extenders 35
3.4.1.2. Egg yolk and glycerol levels 35
3.4.2. Methods of dilution 35
3.4.3. Chilling 36
3.4.4. Glycerolisation 36
3.4.5. Equilibration 36
3.4.6. Packaging of semen 37
3.5. Technique of freezing and storage 38
3.5.1. Thawing rate 39
3.5.2. Post thaw evaluation 39
4. Results 40
4.1. Collection of semen 40



Chapter
No. Title

t

Page No.

4.2. Preliminary evaluation of fresh semen 41
4.2.1. Semen volume 41
4.2.2. Colour and consistency 41
4.2.3. Density 41
4.2.4. Initial motility 42
4.2.5. pH 42
4.2.6. Concentration 42
4.2.7. Live sperm count 43
4.2.8. Sperm abnormalities 43
4.2.9. Acrosomal damage 44
4.3. Effect of dilution, chilling and 

equilibration period on motility and 
morphological characteristics of 
canine spermatozoa

44

4.3.1. Dilution effect 44
4.3.2. Chilling effect 45
4.3.3. Equilibration effect 45
4.4. Effect of different freezing rates on 

motility and morphological character­
istics of canine spermatozoa, 15 days 
after freezing.

46

4.4.1. Post thaw motility 46
4.4.2. Live sperm count 46
4.4.3. Sperm abnormalities 47
4.4.4. Acrosomal damage 48
5. Discussion 67
5.1. Collection of semen 67
5.2. Evaluation of semen 68



Chapter
No. Title Page No.

5.3. Effect of dilution, chilling and 
equilibration period on motility and 
morphological characteristics of dog 
spermatozoa

71

5.3.1. Dilution effect 71
5.3.2. Chilling effect 72
5.3.3. Equilibration effect 72
5.4. Effect of freezing rates on motility and 

morphological characteristics of 
spermatozoa, 15Aaher freezing.

73

5.4.1. Post thaw motility 73
5.4.2. Live and abnormal sperm count 73
5.4.3. Acrosomal damage 74
6. Summary 76

References 80
Abstract



LIST OF TABLES

Table
No.

1— _
Title Page

No.

4.1 Physical characteristics of fresh semen 49

4.2 Motility and morphological character­
istics of fresh semen

50

4.3 Motility and morphological character­
istics of spermatozoa after dilution

51

4.4 Motility and morphological character­
istics of spermatozoa after chilling

52

4.5 Motility and morphological character­
istics of spermatozoa after equilibration 
period

53

4.6 Effect of dilution, chilling and equilibr­
ation period on motility and 
morphological characteristics of 
spermatozoa

54

4.7 Percentage of post thaw motility of 
spermatozoa in three different freezing 
protocols

55

4.8 Percentage of live sperms in three 
different freezing protocols

56

4.9 Percentage of sperm abnormalities in 
three different freezing protocols

57

4.1G Percentage of acrosomal damage in 
three different freezing protocols.

58



LIST OF FIGURES

Figure
No. Title Page No.

4.1 Percentage of motility in fresh, diluted 
and equilibrated semen samples

59

4.2 Percentage of live sperms in fresh, 
diluted and equilibrated semen samples

60

4.3 Percentage of sperm abnormalities in 
fresh, diluted and equilibrated semen 
samples

61

4.4 Percentage of acrosomal damage in 
fresh, diluted, and equilibrated semen 
samples

62

4.5 Post thaw motility of spermatozoa in 
three different freezing protocols

63

4.6 Live sperm count in three different 
freezing protocols

64

4.7 Sperm abnormalities in three different 
freezing protocols

65

4.8 Acrosomal damage in three different 
freezing protocols

66

____________ 1



LIST OF PLATES

Plate
No. Title Page No.

3.1 S l a v e s  o f  s e m e n  c o l l e c  t i o n .  P h a s e  -  I 

P a r t i a l  e r e c t i o n  o f  p e n i s

3 0 - 3 1  1

3.2 Phase - 11
Full erection of penis

30-31

3.3 Phase - III 30-31
Slight engorgement of penis

3.4 Phase -  IV 30-31
Full engorgement of penis

3.5 Wide mouthed liquid nitrogen freezer 38-39

3.6 Straws arranged above the grill for 
freezing

38-39

4.1 Dead and Live spermatozoa 
(E & N Staining, X 1000)

66-67

4.2 Sperm abnormalities
Bent tail (E & N Staining, X 1000)

66-67

4.3

i

Detached head
(E & N Staining, X 1000)

66-67

4.4

i

Distal protoplasmic droplet 
(E & N Staining, X 1000)

66-67

! 4.5 Normal acrosomes 66-67
(Giemsa staining, X1000)

4.6
i

Loosening of acrosome cap 
(Giemsa staining, X1000)

66-67

4.7 Lost acrosome -  Broken neck 
(Giemsa staining, X1000)

66-67



Introduction



1. INTRODUCTION

Artificial insemination in dog was first reported by 

Spallanzani in 1780 (Harrop, 1956), which resulted in the birth of 

three pups. Progress, however in this area was slow, and 

subsequent developments included mainly procurement of artificial 

insemination equipments and methods for short term preservation 

of fresh and later chilled semen which had their own limitations. 

Commercialization of dog breeding necessitated methods for long 

term preservation of dog semen. During the last two decades 

interest was generated among dog breeders for preservation of 

superior germplasm which resulted in the World’s first litter using 

frozen dog semen (Seager, 1969). Since then dog breeders 

worldwide put increasing pressure on the scientific community for 

progress in canine reproductive biotechnology.

Frozen thawed semen is being used widely for

artificial insemination in dogs for its convenience in preservation

and the transportation o f genetic material. Although there have»
been many reports of successful freezing and thawing of dog



semen, majority adopted methodology designed for other species. 

(Foote, 1964; Andersen, 1972).

The technique of semen collection and processing for 

frozen semen production has been elaborated in the literature, but 

the information regarding the fertility of frozen semen has been 

scanty. The major lacunae has been with regard to the ability of 

dog spermatozoa to survive after thawing which is considered as 

an indicator of fertility. There are several reports indicating that 

poor fertility of frozen thawed dog semen was due to reduced 

penetration into oocyte by the spermatozoa. (Froman et al., 1984). 

However,this has not been proved conclusively. The unsatisfactory 

whelping rates and litter size obtained by using frozen semen 

necessitate a thorough investigation on the diluents to be 

recommended for cryopreservation of dog semen to maintain 

normal fertility after thawing.

Furthermore, the marked individual variation in the 

post thaw survivability of spermatozoa of different breeds suggest^ 

that selection of donors would exert a marked effect on fertility of 

frozen semen. Moreover, the nature and character of dog semen 

with its different fractions and its effect on various diluents might
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also influence the success of freezing techniques and post thaw 

motility. It is therefore felt necessary to have a detailed study on 

preservation of dog semen with a view to long term storage for use 

locally or thousands of miles away.

Many of the above aspects that prevent successful use 

of frozen semen have resulted in the limited use of this technique 

in the cryopreservation of dog semen. There is a general agreement 

that insemination with frozen thawed spermatozoa is short-lived, 

compared with that of natural mating. The delayed maturation of 

dog ovum is an additional problem to complicate the issue.

In Kerala very limited experiments have been carried 

out in artificial insemination for dogs. Kadirvel (1998) has reported 

that Tris diluent can be successfully used for the preservation of 

chilled semen. However suitability of the above diluent for freezing 

dog semen is yet to be studied. The rate of freezing and post thaw 

motility of frozen dog semen using Tris diluent have to be 

subjected to a detailed investigation for recommending it for 

freezing of dog semen.
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The present study was therefore aimed to standardize 

the freezing technique of semen in Dachshund breed

a) by evaluating the effect of different freezing rates on the 

quality of dog spermatozoa and

b) by developing a freezing method which would

improve the post thaw motility.



<Review o f  Literature



2. REVIEW OF LITERATURE

Dog breeding has been recognized as a commercial 

preposition and therefore an international exchange of various 

aspects of dog breeding with specific emphasis to artificial 

insemination has received increased attention with special 

reference to preservation of semen. Effective and commercially 

viable methods of semen collection and preservation must be an 

essential feature in the near future.

Several methods of collection and preservation of dog 

semen have been reviewed in the past.

2.1 Collection of semen

Collection of semen has been successfully done by 

using artificial vagina (AV), by electro ejaculation and by digital 

manipulation.
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2.1.1a. Artificial Vagina Method

Boucher el al. (1958) successfully collected semen by 

artificial vagina but found that slow flow of semen over the warm 

latex immobilized the spermatozoa. Harrop (1960) designed an 

artificial vagina composed of an outer rubber lining 7.5" long and 

2.33" in diameter. Hot water was filled between the outer covering 

and the liner. One bulb was used for adjusting the size of the lumen 

and the other for making pulsation and recommended that this 

could be used for any size of dog because of its design. Seager and 

Fletcher (1973) used a conical rubber sheath attached to a 

centrifuge tube for collection of semen.

England and Allen (1992a) opined that the liner and 

the lubricants used in the AV affected the motility and morphology 

of canine spermatozoa. They also warned that short time contact 

with the rubber had deleterious effect on motility and long time 

contact even chang&ithe sperm morphology.

England and Allen (1992b) also suggested that the pre 

sperm and post sperm fractions affected the quality of semen and 

mixing of fractions occurs while using artificial vagina. Arthur 

et al. (1996) reported that the latex lining of the artificial vagina
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caused deleterious effect on canine sperm and also opined that 

better quality of semen was obtained by digital manipulation.

2. L ib . Electro ejaculation Method

Though electro ejaculation method has been tried in 

the past for semen collection in the dog, Christensen and 

Dougherty (1955) opined that the semen so obtained was 

contaminated with urine and the ejaculates were of poor quality and 

hence found unfit for routine collection. A similar observation was 

made by Harrop (1960).

2.1.1c. Digital manipulation

Boucher et al. (1958) described the digital 

manipulation for semen collection with or without a teaser bitch. 

Pressure was applied behind the bulbus glandis with thumb and 

forefinger to induce erection. The pressure was continued behind 

the bulb with additional massage when the dog was not readily 

stimulated. Pulsations usually were noted almost immediately and 

ejaculation was completed within 15 to 20 Minutes. Kibble (1969) 

collected semen using an oestrus bitch as teaser or gentle
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stimulation within the prepuce resulting in the exposure of penis 

with the urethral bulb outside the prepuce. Light digital pressure 

behind the bulb resulted in venous return and erection.

Gill et al. (1970) and Taha et al. (1981) also described 

semen collection by digital manipulation in the presence of a bitch. 

Hopkins and Evans (1989) and Dabas et al. (1991) also described 

the same procedure and obtained semen by intermittent massage of 

penis using thumb and forefinger from back to forth behind the 

bulbus glandis leading to penifie erection and ejaculation. Digital 

manipulation for semen collection has been described by Rota et al. 

(1995) and Linde-Foresberg et al. (1999).

2.1.2 Periodicity of semen collection

Boucher et al. (1958) opined that the concentration of 

semen sample decreased when the collection frequency was more 

while volume was not affected. According to Seager et al. (1975) 

collection frequency should be once in a week and should not be 

more than thrice in a week. But Taha et al. (1981) and Dobrinski 

et al. (1993) reported successful ejaculation every second day in a 

week which was found to be suitable for freezing. Taha et al.
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(1983) recorded that the ejaculation twice a day for five days 

reduced sexual libido and spermatozoal output and ejaculation 

thrice a day severely reduced sex libido and semen quality but once 

in a day collection did not affect the above characters.

Thomas el al. (1993) however could carry out semen 

collection at four dayj interval for cryopreservation studies. 

Rawlings el al. (1994) suggested twice a week collection from 

dogs. Similarly Rodriguez-Gil et al. (1.994) reported successful 

semen collection suitable for freezing once or twice weekly even 

without an oestrus female. England (1999) studied the influence of 

a short time second ejaculation in semen quality in dogs and 

collected semen with a mean interval of 63 minutes. He found that 

lower values for the volume and sperm concentration in the second 

fraction.

2.1.3 Fractions of semen

Detailed studies have been carried out on the nature of 

the dog semen and time required for ejaculation of each fraction. 

According to Harrop (1955) the time required for ejaculation of 

each fraction was 30 to 50 seconds for the first, 50 to 80 seconds
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for the second and 3 to 30 minutes for the last fraction. Morton and 

Bruce (1989) found that behaviour of pelvic thrust was coincident 

with ejaculation of pre sperm fraction, which took 1 to 2 minutes. 

They also found that the dog become steady when the sperm rich 

fraction was ejaculated over the next 30 to 60 seconds. It was also 

be reported that the dog would turn when the post sperm fraction 

was ejaculated over a period of 10 to 75 minutes.

Arthur et at. (1996) observed that production of the 

pre sperm fraction occur&lduring the quiescent phase over a period 

of upto 50 seconds after vigorous pelvic thrust. Then the 

ejaculation of the sperm rich fraction follow*! immediately within 

few seconds and post sperm fraction was ejaculated over a period 

of three to 30 minutes. Kadirvel (1998) noted that the erection of 

penis occurred within 30 to 60 seconds after firm holding of penis 

behind the bulbus glandis and pelvic thrust was coincident with the 

ejaculation of pre sperm fraction over a period of 0.5 to one 

minute. The sperm rich fraction was ejaculated over 30 to 60 

seconds during steady period, and thereafter the penis of the dog 

was turned back and the ejaculate was collected for the next three 

to 20 minutes as post sperm fraction.
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Fougner (1977) reported that the admixture of pre 

sperm fraction with sperm rich fraction of the ejaculate affected the 

freezing quality of semen.

2.2 Evaluation of semen

2.2.1 Volume

Harrop (I960) found variation in volume of semen 

ejaculated due to size and breed of the dog. The difference was 

mainly in volume of the third fraction of the ejaculate. The larger 

breeds produc&Garger amounts and vice-v.ersa. The volume of three 

different fractions measured were 0.25 to 5 ml, 0.5 to 3.5 ml and 

two to 30 ml respectively. Kibble (1969) observed the volume of 

three portions of ejaculate as 2 ml of clear fluid, 2 to 3 ml of 

sperm rich fraction and 20 ml of post sperm fraction. According to 

Deshpande el al. (1970) the volume of semen of Dachshund and 

Afghan hound was found to be 1ml.

Dubiel (1974) remarked that ejaculate volume was 

dependent on age, size and breed of dog. Taha et al. (1981) 

reported that ejaculate volume of Beagle dogs averaged 6.74±0.31, 

the first, second and third fractions being 1.17±0.09ml,
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0.69±0.03ml and 4.89±0.26 ml respectively. Morton and Bruce 

(1989) found that in some dogs sperm rich fraction was only two to 

three drops and ejaculated in a short period of 30 seconds, 1-2 

minutes after the start of collection. The mean volume of 2.2±0.2ml 

of sperm rich fraction was obtained by Dobrinski et al. (1993). 

Kadirvel (1998) recorded the average volume of pre sperm, sperm 

rich and post sperm fractions as 0.63± 0.07 ml 1.29±0.08 and 

4.12±0.23 ml respectively.

2.2.2 Colour and density

Boucher et al. (1958) described the colour and 

consistency as clear when the graduation in the collection vial was 

readable easily, cloudy when the graduation was faintly visible and 

milky when the graduation blended with the semen. Deshpande 

et al. (1970) noted that the semen colour varied in different breeds 

of dogs. The creamy to white colour for the pre sperm and sperm 

rich fraction of the ejaculate was reported by Olson (1992).

Daiwadnya et al. (1995) observed the colour of the 

sperm rich fraction of semen as cloudy or milky in nature. Kadirvel 

(1998) recorded the colour of the first and third fraction of semen
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as clear and watery and second fraction varied from thin milky to 

thick milky and density ranged from D to DDD in mongrel dogs.

2.2.3. Initial motility

The average sperm initial motility in Beagle dogs was 

reported to be 79per cent (Gill et al., 1970) and lOOper cent 

(Morton and Bruce, 1989). England and Allen (1989) recorded the 

average percentage motility of 89.5+7.6 among twenty eight fertile 

dogs of different breeds. Daiwadnya and Hukeri (1993) observed 

an average initial motility of +3.600.

The mean percentage of sperm motility was reported to 

be 70 (Olson, 1992) and 67.5 (Mickelsen et ah, 1993) in different 

breeds of dogs. Kumi-Diaka (1993) noted the percentage of initial 

motility as 72.8+20.1 in certain mixed breeds. Rota et al. (1995) 

recorded an average initial motility of 78.6+13.6 per cent for 

canine spermatozoa for various breeds of dogs. The average initial 

motility was reported to be 87.30+0.91 per cent (Nair, 1996), 78.61 

per cent. (Strom et al., 1997) and 86.67+1.07 per cent (Kadirvel, 

1998) in mongrel dogs.
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2.2.4 pH

Harrop (1956) reported the average semen pH as 6.75 

with a wide range of 5.8 to 6.9 in different dog breeds. Boucher 

etal. (1958) observed the pH of the semen collected by digital 

manipulation with or without teaser as 6.52 and 6.57 respectively 

and remarked that collection procedure did not affect the pH of 

semen.

Wales and White (1958) found the pH of sperm 

rich fraction was 6.3 as against a mean pH of 6.8 for the post sperm 

fraction. Chatterjee et al. (1976) noted a mean pH of 6.8 in dog 

semen. Dobnnski et a!. (1993) reported that the pH of semen 

immediately after collection was 6.2 ± 0.02, while England (1993) 

and Kadirvel (1998) reported the pH of second fraction ejaculate as 

6.27± 0.03 and 6.36±0.03 respectively.

2.2.5 Concentration

It is generally accepted that increasing frequency of 

collection reduces the sperm concentration. Harrop (1955) recorded 

the average concentration of spermatozoa as 125 millions per ml in
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100 ejaculates belonging to several breeds of dogs. The average 

sperm concentration was reported to be 70 millions per ml 

(Roychoudhury and Dubay, 1974), 4.1±1.8 X 10* per ml within a 

range of 1.2 to 8.5 X 10s per ml (Tsutsui et al., 1988), 299.6 

millions per ml (England and Allen, 1989), 264 millions per ml 

(Daiwadnya and llukcri, 1993) and 310 millions per ml (Silva 

et a l ,  1996).

Rodriguez-Matrinez et al. (1993) obtained a total 

sperm concentration of approximately 150X106 spermatozoa per ml 

from eight fertile dogs. Guerin et al. (1999) assessed the sperm 

concentration of five different breeds of dogs and found that it 

exceeded 150X1 06 per ml.

Taha et al (1981), England and Ponzio (1996) and 

Pena et al. (1999) found seasonal influence on sperm 

concentration.

2.2.6 Dead and Live spermatozoa

Taha et al. (1981) reported that the mean percentage of 

dead sperms was 10.48±0.67. He also observed a two fold increase



16

in the number of dead but morphologically normal sperms in June 

when compared with that of March. Yubi et al. (1987) recorded 

9.5±0.71 and 9.33±7.64 per cent dead spermatozoa from donor and 

stud dogs respectively immediately after collection.

Daiwadnya and Hukeri (1993) observed that the 

percentage of live sperm was 82.81 in forty eight ejaculates 

collected from four mongrel dogs. Kumi-Diaka and Badtram (1994) 

found that the mean percentage of dead spermatozoa was 9.1 ±0.9 in 

fresh semen of mature dogs of various breeds. The average live 

sperm percentage was recorded to be 84.06±1.27 (Nair, 1996), 

71.5±13.5 (Nothlingef a/., 1997) and 89.44±0.57 (Kadirvel, 1998).

2.2.7 Spermatozoon abnormality

Kawakami et al. (1988) reported high percentage of 

abnormal acrosomes when semen was obtained from the testis and 

high percentage of abnormal sperm tails in semen from the 

epididymis and ductus deferens. They also reported a folded tail 

abnormality in one dog. Morton and Bruce (1989) found that the 

mean percentage of head, mid piece and tail abnormalities was 

5.62, 13.4 and 9.7 respectively. They also found that the major
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primary sperm abnormalities were in the mid piece. Dobrinski 

el al. (1993) reported that sperms with morphological defects of 

head, mid piece and principal piece, detached head, proximal and 

distal protoplasmic droplets were 10.4±0.9, 6.9±0.7, 2.2±0.8, 

1,3±0.2, 9.2±1.1 and 1.0±0.2per cent respectively.

Oettle (1993) opined that semen with less than 60 

per cent normal sperm morphology would adversely affect the 

fertility of dog. According to Keskin et al. (1996) the percentage of 

defects in the spcrmatozoan head, mid piece and tail abnormalities 

to the extent of 0.1, 10.3 and 6.9 in fresh semen were within the 

permissible limits. The recorded percentage of sperm abnormalities 

in fresh semen was found to be 2.16±0.13 (Nair, 1996) and 

6.63±0.38 (Kadirvel, 1998) in mongrel dogs.

2.2.8 Acrosome damage

Aguirre el al. (1987) reported that the percentage of 

spermatozoa with intact acrosome and acrosome score were 

35ql6mu/ml and 0.80q 0.18mu/ml respectively in cold shocked 

semen when compared with 82.5ql0mu/ml and 0.33q 0.20mu/ml 

respectively in fresh semen 30 minutes after collection. ICumi-
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Diaku and Badtram (1994) recorded the mean percentage of 

acrosomal defects to be 2.43±1.15 in fresh semen. However 

England and Ponzio (1996) have reported that the percentage of 

normal acrosome ranged from 88 to 95 per cent.

2.3 Semen Processing

2.3.1 Semen Extenders

The choice of a semen extender is an important factor 

influencing the success of AI. The most commonly used extender 

for freezing canine semen is Tris-fructose-citric acid extender 

containing egg yolk and glycerol (Foote, 1964; Oettle, 1986; Yubi 

et a i. 1987; Olar etal., 1989). Yubi et al. (1987) obtained better 

post thaw motility by using the diluent contained Tris 2.9g, 

Fructose 1.25g, Citric acid 1.32g, distilled water 100ml, glycerol 

8ml and egg yolk 20 per cent. Ferguson et a l. (3989) used Tris- 

fructose- citric acid diluent with 8per cent glycerol for freezing dog 

semen and obtained a conception rate of 67 per cent. Extenders 

containing lactose (Olar et al. 1989) have also been used.

Olar et al. (1989) and England (1993) found that two 

to four per cent (v/v) of glycerol in the final dilution protected the
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sperm cells during rapid freezing with the minimum risk of 

profound toxic effects and lOper cent egg yolk (v/v) gave better 

post thaw motility than 20per cent. Thomas et ah (1993) observed 

that the post thaw progressive motility was greater in Tris citric 

acid diluent than that in BES lactose diluent. Nair (1996) used Tris 

fructose citric acid diluent for freezing of dog semen. In contrast to 

the above Ivanovo- Kicheva et ah (1997) found that semen diluted 

in Tris- lactose diluent and frozen in aluminium tubes had the 

highest motility and higher percentage of intact acrosomes when 

compared to Tris- glucose and Tris- fructose diluent. According to 

Rota et ah (1997) addition of 0.5 per cent.Equex STM paste in Tris 

citrate glucose extender increased longivity of thawed spermatozoa 

and prolonged the maintenance of both motility and plasma 

membrane integrity.

Kadirvel (1998) compared three different extenders for 

preservation of dog semen under refrigeration temperature and 

found that egg yolk tris diluent was superior to egg yolk citrate 

glycine glucose diluent and goat milk diluent. Rota et ah (1998) 

reported that five per cent glycerol in egg yolk tris diluent resulted 

in better post thaw motility of spermatozoa than three per cent 

glycerol level. Farstad (2000) modified the tris egg yolk extender
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by the addition of 0.5 per cent Equex STM paste and showed 

improved post survival rate during incubation at 38°C.

2.3.2. Dilution rate

Foote (1964) found that sperm motility was higher 

during storage when semen was diluted 1:30 with 20 million 

sperms per ml than diluted 1:3 with 200 million sperms per ml in 

mature Beagle dogs. Yubi et al. (1987) diluted the semen sample 

at a ratio of 1:5 with Tris citric acid fructose egg yolk glycerol 

diluent for freezing of dog semen. Yurdaydin and Kotzab (1987) 

suggested a dilution ratio of 1:3 with Tris citric acid egg yolk 

glucose glycerol diluent.

Linde-Forsberg et al. (1999) resuspended the semen 

pellete in an extender CLONE -A at room temperature as an initial 

dilution and second dilution was done at 5°C with the same volume 

of second extender CLONE-B with a final concentration of 100 to 

300X106 normal spermatozoa.

2.4. Freezing of dog semen

Although there have been many reports of successful 

freezing and thawing of dog semen (Foote, 1964, Andersen, 3972), 

there has been only a limited use of frozen dog semen mainly due
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to poorer fertility. All the earlier workers had adopted 

methodology designed for other species although a thorough 

investigation has been attempted regarding comparison between 

diluents (Smith, 1985). The first success in freezing dog semen w'as 

that of Rowson (1954). Seager (1969) reported first canine 

pregnancy using frozen semen. Recent studies on cryopreservation 

of dog semen (Olar, 1985; Yubi et al., 1987) were aimed to 

improve the diluents and freezing methods. Yu-Xueli et al. (1997) 

developed a freezing method in which semen was dropped directly 

into liquid nitrogen for five to eight seconds and then the semen 

pellets w'ere frozen 2cm above the liquid nitrogen surface for six 

minutes which resulted in better post thaw motility when compared 

to common method using plastic plate over the liquid nitrogen.

2.4.1 Cooling, Glycerolisation and Equilibration

In freezing of dog semen only arbitrary values have 

been used for cooling rate and equilibration time before freezing. 

Seager (1969) suggested that equilibration time was not important. 

Later studies (Olar, 1985) suggested that there should be at least 

one hour cooling and one hour equilibration or two hour cooling 

and two hour equilibration period before freezing.
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Farstad and Andersen-Berg (1989) and Wilson (1993) 

also reported that equilibration period of two hour at 5°C for 

freezing of dog semen. Hopkins and Evans (1989) recommended 

two step dilution of dog semen in which an extender (Pipes citrate 

glycine) containing glycerol was added dropwise to obtain a 

dilution ratio of 1:1. The extended semen was cooled in a 

refrigerator at 5°C for 30 minutes and an additional aliquot of 

extender cooled to 5°C was added dropwise to obtain a dilution of 

1:2. England (1993) suggested that spermatozoa of several 

species required a pause of several hours of cooling, before 

freezing to develop maximal resistance to the effects of freezing.

Ravazova et al. (1996) have observed that 4per 

cent glycerol was most suitable concentration for cryopreservation 

of dog ejaculates and also found that with increasing glycerol 

concentration semen showed a reduction in the percentage of 

progressively motile spermatozoa. Rodriguez- Martinez et al.

(1998) diluted semen sample with Tris fructose citric acid extender 

with 8per cent glycerol and then cooled to 4°C over 45 minutes and 

was given the equilibration period of two hours at 4°C. Nair (1996) 

found that the maximum post thaw motility was recorded for semen 

samples processed with 9per cent glycerol and four hour
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equilibration period for cryopreservation of dog semen. Rota et al. 

(1997) reported that there was no significant effect of equilibration 

period on motility and plasma membrane integrity of dog 

spermatozoa.

2.4.2 Packaging of semen

The pellet method of semen freezing was adopted in 

many earlier studies. (Seager, 1969, Seager and Fletcher,1973). 

Seager et al. (1975) utilized pellet method of freezing and obtained 

better recoveries than that following storage in straws. However 

Davies (1982) did not find any difference between storage either by 

pellet or straw. Strom et a l (1997) recorded more than 70 per cent 

post thaw motility when 0.5ml of straws were used for 

cryopreservation of semen.

2.4.3 Rate offreezing

Andersen (1972), Farstad (1984) and Fontbonne and 

Badinand (1993) recommended rapid freezing by placing the straws 

on the rack above the liquid nitrogen. However attempts have been 

made to control freezing rates by placing straws at different heights
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above the level of dry ice (Yubi et al., 1987), above the liquid 

nitrogen (Battista et al., 1988) and in forced vapour freezer, (Olar 

el al.. 1989). The effect of rate of freezing has not been 

systematically evaluated in the case of dog semen.

Farstad and Andersen-Berg (1983) described the fast 

freezing method and reported 60per cent post thaw motility with 

Iris, in contrast to this Olar et al. (1989) observed moderate 

freezing rate with 51 per cent post thaw motility.

Dobrinski et al. (1993) compared the three different 

freezing rates on post thaw viability of canine spermatozoa. The 

freezing rate was accomplished by placing the straws 20 cm above 

the liquid nitrogen for 30 minutes as slow freezing, 12 cm above 

the liquid nitrogen for 20 minutes as intermediate freezing and four 

cm above the liquid nitrogen for 10 minutes as fast freezing and 

found that the average percentage of progressively motile 

spermatozoa were 31,8±1.5, 27.5±1.5 and 24.2±1.5 respectively.

Nair (1996) recorded the higher percentage of post 

thaw motility of dog semen for slow freezing rates (46.5±1.9) than 

fast freezing rates (14.23±0.67) in a programmable freezer. Strom
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et al. (1997) used Andersen method of freezing dog semen in which 

the 0.5 mi straws were placed four cm above the liquid nitrogen for 

10 minutes and obtained 70 per cent post thaw motility.

2.4.4 Rate of thawing

It is well established that optimum cell survival 

requires an appropriate rate of thawing in addition to freezing rates. 

It is suggested that fast freezing requires fast thawing to reverse 

osmotic gradient, rehydrate and restore lipid protein configuration 

of membrane in a manner similar to events induced during freezing. 

(Mazur, 1985).

Accordingly there are reports of moderate to fast rates 

of thawing (Mazur, 1985). Andersen (1972) suggested thawing of 

dog semen in 75°C water bath for 6.5 seconds. Davies (1982) found 

a higher motility score when the samples were thawed at 70°C than 

at 37°C. Olar (1985) obtained higher post thaw motility when the 

samples were thawed at 75°C than at 37°C. Ivanova-Kicheava et al. 

(1995) observed the percentage of spermatozoa manifesting strong 

intensity or the reaction was comparatively higher after thawing at 

55°C than at 37°C.
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Hay et a/.(1997) thawed the 0.5ml straws in 

water bath temperature of 70°C for 6 seconds while Strom et al. 

(1997) recommended thawing rate at 70°C for 8 seconds. However 

Farstad (1996) suggested the use of thawing rates recommended by 

the person or the laboratory providing the frozen semen since 

thawing rates are closely connected with the freezing protocol. 

Rota et al. (1998) found that thawing semen straws in 70°C water 

bath increased the spermatozoan recovery and longivity during 

incubation compared with thawing at 88°C.

2.4.5 Post thaw evaluation

2.4.5.1 Motility

Farstad (1984) suggested that the ultimate success of 

semen processing technique for frozen thawed semen is evaluation 

of fertility in terms of whelping rates. However a post thaw 

motility of 30 to 70 per cent for the samples stored in liquid 

nitrogen for the period of two months to eight years have also been 

recommended. Morton and Bruce (1989) recorded a post thaw 

motility of 61.2 per cent for freezing of dog semen. Wilson (1993) 

reported the percentage of motile spermatozoa ranged from 10 to
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80. However England and Ponzio (1989) obtained a post thaw 

motility of 45 to 70 per cent in Beagle dog semen.

Kim and Kim (1995) found that post thaw motility of 

semen preserved at -196°C was significantly higher than that of 

semen preserved at -80°C on days 15 and 30 after freezing. The 

post thaw motility and viability of semen frozen with glycerol was 

significantly higher than that of semen frozen with DMSO. Silva 

and Verstegen (1995) recorded the post thaw motility of 80per cent 

in Tris egg yolk glycerol extender. Nair (1996) recorded the higher 

percentage of post thaw motility of dog semen for slow freezing 

rales (46.5±1.9per cent) than fast freezing rates (14.23±0.67) in a 

Programmable freezer. Strom et al. (1997) found the average post 

thaw progressive motility of 70 ± 5.1per cent and 75.3 ± 4 

per cent with Andersen and CLONE method of freezing 

respectively .

2.4.5.2 Dead and abnormal spermatozoa

Yurdaydin and Kotzab (1987) found that the 

percentage of dead spermatozoa and morphologically abnormal 

spermatozoa were 33.12 and 27.91 respectively after thawing.
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England and Ponzio (1996) observed that the percentage of normal 

live spermatozoa ranged from 20 to 32 after freeze-thaw process. 

Nair (1996) reported higher percentage of live spermatozoa and 

reduced percentage of abnormal spermatozoa at slow freezing rate 

compared to fast freezing rate. Nair et al. (1998) recorded the 

average live sperm percentage was 67.5 and abnormal sperm 

percentage was 26.92 after freeze-thaw procedure of semen sample 

obtained from mongrel dogs.

2.4.5.3 Acrosomal damage

Oettle (1986) observed that there was 31.75±10.18 

per cent decrease in intact acrosome after freezing and thawing 

process. Strom Holst et al. (1998) found that the major acrosomal 

damage of spermatozoa occurred during freezing and thawing 

process rather than during the initial dilution and cooling. 

Rodriguez-Martinez et al. (1993) reported that spermatozoa 

subjected to freezing and thawing showed major changes in their 

morphology particularly in the acrosomal region and along the mid 

piece of sperm.
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Ivanano-Kicheva et al. (1995) noted that thawing 

procedure could itself influence the canine acrosome with higher 

thawing rates resulting in a lower proportion of damaged 

acrosomes. Strom et al. (1997) observed that acrosome defects such 

as vesiculated and swollen acrosomes, acrosomal rupture and 

acrosomal loss were 45.7±5.3 and 44±9.2 per cent respectively 

under Andersen and CLONE methods. They further reported that 

proportion of spermatozoa with primary acrosomal abnormalities 

were 4.7±2.5 and 5.1±2.5 for the above two methods. Nair (1996) 

recorded the percentage of spermatozoa with damaged acrosomes 

as 36.27±0.6 per cent for slow freezing rate and 46.18±0.67 per 

cent for fast freezing rate.
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3.MATERIALS AND METHODS

3.1 Animals

Six apparently healthy adult male Dachshunds aged 

between two to six years in and around Thrissur area, formed 

material for the study. Semen collection was made under strict 

hygienic conditions in the same environment. A total of 36 

ejaculates, six ejaculates from each dog were collected at weekly 

intervals.

3.2 Collection of semen

Initially all the dogs were trained for semen collection 

by digital manipulation without the presence of a bitch. The dogs 

were allowed to stand on a platform while taking collection. By 

standing on one side of the dog the prepuce was gently massaged 

with a gloved hand to bring partial erection of penis (Plate 3.1). 

The prepuce was pushed backwards behind the bulbus glandis and 

continuous rhythmic pressure was applied behind the bulbus 

glandis by encircling with thumb and index finger. This caused full



Plate 3.1

Plate 3.2

Stages of semen collection -  Phase I 
Partial erection of penis

Phase II
Full erection of penis





Plate 3.3

Plate 3.4

Phase 111
Slight engorgement of penis

Phase IV
Full engorgement of penis
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erection, (Plate 3.2) swelling and engorgement of bulbus glandis 

and pars longa glandis (Plate 3.3 & 3.4) associated with vigorous 

pelvic thrust resulting in ejaculation of pre sperm fraction. The 

animal then remained steady and sperm rich fraction was ejaculated 

followed by turning back by lifting the hind leg. At that time 

penis was bent downwards and backwards between the dog’s hind 

legs and collected the post sperm fraction of the semen sample 

(Allen, 1991). All three fractions were collected in separate sterile 

graduated collection tubes maintained at 37°C.

3.3 Evaluation of semen

Immediately after semen collection sperm rich fraction 

of semen was evaluated for volume, colour, density, initial 

motility, pH, concentration, dead and abnormal spermatozoa and 

acrosomal integrity.

3.3.1 Volume

The volume of sperm rich fraction of the semen 

sample was recorded directly from the graduated semen collection 

tube.
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3.3.2 Colour

The colour of the semen sample was assessed directly 

by visual observation against a white background.

3.3.3 Density

Density was recorded by keeping the collection tube 

against a source of diffused light.

3.3.4 Initial motility

Initial motility was assessed by placing a drop of 

semen sample in the pre-warmed clean glass slide over which a 

cover slip was gently placed and examined under high power of a 

microscope (400X).

3.3.5 pH

pH of the semen sample was estimated immediately 

after semen collection by using pH indicator paper (MERCK) 

having a range of five to 7.5.
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3.3.6 Concentration

Concentration was assessed by using Neubaur 

Haemocytometer.

3.3.7 Dead and Live spermatozoa

The dead and live spermatozoa were identified by 

Vital staining technique (Ataman et al., .1998). Two drops of five 

per cent Eosin and five drops of 10 per cent Nigrosin were placed 

in the pre-warmed glass slide, near to this a drop of semen sample 

was placed. All the drops were gently mixed and smear was 

prepared in a clean grease free glass slide and air-dried. The dead 

and live spermatozoa were counted microscopically under oil 

immersion (x 1000).

3.3.8 Sperm abnormalities

Sperm abnormalities in Eosin- Nigrosin stained smears 

were counted under oil immersion objective of microscope

(x 1000).
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3.3.9 Acrosome integrity

The acrosome integrity of spermatozoa was assessed 

by Giemsa staining technique (Sarma, 1995). A thin smear of 

semen was made on clean,grease free glass slide and air-dried. The 

dried smear was immersed in a staining jar containing methanol for 

15 minutes at room temperature. The slide was then air dried and 

transferred to another jar containing staining solution consisting of 

stock Giemsa stain 6cc, 0.2M phosphate, buffer 4cc and Millipore 

water 90cc. The stock Giemsa stain was prepared by dissolving one 

gram of Giemsa powder in 66ml of methanol and 60ml of glycerol. 

Then it was filtered and preserved in airtight containers. The slide 

was left for staining at 37°C for three to four hours and were taken 

out, washed in tap water, air dried and examined under oil 

immersion.

3.4 Semen Processing

3.4.1 Preparation of diluent

The extender used for freezing dog spermatozoa was 

Tris citric acid fructose egg yolk glycerol extender. The extender 

was prepared as Extender I and Extender II. (Rota et al., 1998).
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3.4.1.1 Composition o f  Extenders

Extender I Extender II

Tris hydroxy methyl amino methane 
(MERCK)

2.42 g 2.42 g

Citric acid (MERCK) 1.34g 1 34 g

Fructose(MERCK) 1-0 g 1.0 g

Distilled water 80 ml 80 ml

Dihydro streptomycin lOOOgg lOOOgg

Benzyl penicillin 1000IU 1000IU

Hen’s egg yolk 10 ml 10 ml

Glycerol - 0%

3.4.1.2 Egg yolk and Glycerol levels

Ten percent egg yolk and four per cent glycerol were 

used in freezing dog semen in this study (England, 1993).

3.4.2 Methods of dilution

The rate of dilution was fixed according to 

concentration of spermatozoa. The dilution rate of 1:2 to 1:4 was 

used so as to adjust the concentration between 50 to 100 million 

sperms per ml. The sperm rich fraction was half diluted with
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extender I at room temperature. Then the semen sample was 

evaluated for motility, dead and live spermatozoa, abnormal 

spermatozoa and acrosomal damage.

3.4.3 Chilling

The tubes containing initially diluted semen sample 

and extender 11 were kept in water bath at 37°C and transferred to 

cold handling unit maintained at a temperature of 5°C for Wi 

hours. At 5°C the semen was assessed for sperm motility, dead and 

Vlive spermatozoa, sperm abnormalities and acrosomal damage.

3.4.4 Glycerolisation

After cooling to 5°C the extender II was added to half 

diluted semen in three steps at 10 minutes interval to obtain a final 

glycerol concentration of four percent.

3.4.5 Equilibration

The extended semen sample was equilibrated for a 

period of three hours before freezing. Then the semen sample was
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examined for motility, dead and live sperm count, sperm 

abnormalities and acrosomal damage.

3.4.6 Packaging of semen

Packaging was done in 0.5ml French medium straws of 

different colours to code the various freezing protocols. For 

packaging of semen sample straws of different colours, filling 

comb, bubbler comb, bubbler dish, straw clip, freezing rack, 

freezing ramp, towel, cotton, poly venyl alcohol powder etc were 

kept in the cold handling unit and pre-cooled. Filling of straw was 

carried out after 1 'A hour of equilibration and straws were allowed 

to equilibrate another I'A in the cold handling unit. Thereafter 

straws were arranged in straw clip and it was attached to a filling 

comb at the factory seal end. The comb was connected to a vacuum 

pump. After gently mixing, the semen was transferred to the 

bubbler dish and the open endsof the straws attached to the comb 

were dipped in it and semen was filled using negative pressure. Air 

space was created in the straw by using bubbler comb. Then the 

open end of the straws were sealed with poly venyl alcohol powder 

of 5mm thickness. The excess powder sticking to the straw were 

removed by sterile cotton. After removing from the clip and comb,
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the straws were immersed in water bath kept at 5°C. Then the 

straws were taken out and dried by using towel and were arranged 

in freezing rack.

3.5 Technique of freezing and storage

Freezing was performed by using a wide mouthed 

liquid nitrogen freezer (Plate 3.5). The level of liquid nitrogen 

maintained upto the level of grill in the .freezeT. Then the straws 

arranged in the freezing rack were transferred to the freezer 

(Plate 3.6) from the cold handling unit with quick motion. Freezing 

was done under three different protocols as 4 cm height above the 

liquid nitrogen level for 10 minutes (fast freezing), 8 cm for 15 

minutes (moderate freezing) and 12 cm for 20 minutes (slow 

freezing rates). The filled straws along with freezing rack were 

placed above the grill level and exposed the straws to liquid 

nitrogen vapour for different freezing rates. After subjecting the 

straws to each freezing rates the lid was opened and frozen straws 

were collected quickly by gloved hand and loaded into the 

pre-cooled goblets and plunged into the liquid nitrogen. A label 

showing the freezing date, dog number, rate of freezing was tied on 

the handle of the canister for identification of the straws.



Plate 3.5 Wide mouthed liquid nitrogen freezer

Plate 3.6 Straws arranged above the grill for freezing
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3.5. J Thawing rate

Fifteen days after freezing straws were thawed out in 

water bath temperature of 70°C for eight seconds.

3.5.2 Post thaw evaluation

The straws for thawing was picked up from the storage 

container with pre-cooled forceps within seconds. By simple 

jerking of the straw the liquid nitrogen drop was removed. The 

straws were then placed in a water bath at 70°C for eight seconds. 

Then they were dried with sterile cotton and by cutting both ends 

of the straw, the semen was transferred to sterile test tube for 

evaluation. Motility was assessed by visual examination of wet 

mount preparations using high power objective of microscope on 

pre-warmed glass slide. Semen smears were made for evaluation of 

dead and live sperm count, sperm abnormalities and acrosomal 

damage.

The results were statistically analyzed as per standard

procedures (Snedecor and Cochran, 1967).
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4.RESULTS

A study was carried out to compare the effect of three 

different freezing rates on post thaw motility, live sperm count, 

sperm abnormalities and acrosomal damage of canine spermatozoa. 

Semen samples from six Dachshund dogs in and around Thrissur 

area were collected and utilized for freezing.

A total of 36 ejaculates comprising of six ejaculates 

from each Dachshund dog were used for the study.

4.1 Collection of semen

The semen collection was done by digital 

manipulation. The behaviour of pelvic thrust was coincident with 

the ejaculate of pre sperm fraction within 15 to 30 seconds. The 

animals became steady when the sperm rich fraction was ejaculated 

over V2 to one minute. Then the penis was bent backward and the 

post sperm fraction of the semen was collected over a period of 

five to 10 minutes.



4.2 Preliminary evaluation of fresh semen

4.2.1 Semen volume

The mean volume of prc sperm ,sperm rich and post 

sperm fraction of semen samples were 0.49±0.05ml, 0.68±0.03ml 

and 2.32±0.09 ml respectively (Table 4.1).There was highly 

significant (p<0.01) difference in the volume of pre sperm 

fraction of semen between dogs. There was no significant 

difference between volume of sperm rich and post sperm fraction 

of semen ejaculates between dogs.

4.2.2 Colour and consistency

The colour and consistency of the sperm rich fractions 

were^milky and that of pre sperm and post sperm fractions were 

clear and watery (Table 4.1).

4.2.3 Density

The overall mean density of sperm rich fraction of 

semen was DD (D) with a range of DD to DDD (Table 4.1).

41
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4.2.4 Initial motility

The average initial sperm motility was observed to be 

75±0.93 per cent with a range of 70 to 80 per cent. (Table 4.2 and 

Figure 4.1). There was no significant difference in the initial 

motility of semen between dogs.

4.2.5 pH

The mean pH of sperm rich fraction of semen sample 

was 6.63±0.02 with a range of 6.4 to 6.9 (Table 4.1). There was 

significant (P<0.01) variation in pH of semen between dogs.

4.2.6 Concentration

The average spermatozoal concentration of sperm rich 

fraction of semen sample was recorded to be 221.50±7.36 millions 

per ml with a range of 105 to 312 millions per ml (Table 4.1). 

There was highly significant (P<0.01) difference in the sperm 

concentration of semen from different dogs.
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4.2.7 Live sperm count

The mean live sperm count in semen sample was found 

to be 81.17±0.73 per cent with a range of 72.36 to 88.24 per cent. 

(Table 4.2 and Figure 4.2). There was significant (P<0.05) 

variation in live sperm count in semen of different dogs.

4.2.8 Sperm abnormalities

The mean percentage of head, mid piece and tail 

abnormalities were 1.83±0.52, 1.20±0.04 and 2.99±0.05

respectively. The mean percentage of total abnormal sperm count 

was 5.23±0.29 with a range of 2.04 to 5.55. (Table 4.2 and 

Figure 4.3) The mean percentage of proximal and distal

protoplasmic droplets in semen were 1.01±0.18 and 1.16±0.09 

respectively (Table 4.2). The sperm abnormalities encountered in 

this study were micro head, detached head, thick middle piece, 

coiled tail, bent tail and presence of proximal and distal 

protoplasmic droplets (Plate 4.2 to 4.4). The percentage of sperm 

abnormalities between dogs was found to be highly significant 

(P<0.01).
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4.2.9 Acrosomal damage

The average percentage of acrosomal damage recorded 

in fresh semen was 2.32+-0.25 with a range of 0.8 to 6.48 

(Table 4.2 and Figure 4.4).

4.3 Effect of dilution, chilling and equilibration period on 
motility and morphological characteristics of canine 
spermatozoa

4.3.1 Dilution effect

The mean percentage of sperm motility, live sperm 

count, abnormal sperm count and acrosomal damage of semen 

immediately after dilution were 70.41±1.22, 75.63±0.65, 7.28±0.43 

and 5.34±0.31 respectively. (Table 4.3 and Figure 4.1 to 4.4). 

Significant (P<0.01) reduction in percentage of motility and 

livability and increase in sperm abnormalities and acrosomal 

damage were observed after dilution of semen sample (Table 4.6). 

A highly significant (P<0.01) variations in percentage of motility, 

livability, sperm abnormalities and acrosomal damage were found 

between dogs (Table 4.3).
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4.3.2 Chilling effect

The average percentage of sperm motility and live 

sperm count were significantly (P<0.01) reduced to 58.75±1.34 and 

63.61 ±0.89 respectively. The mean percentage of sperm 

abnormalities and acrosomal damage were significantly (P<0.01) 

increased to I0.04±0.32 and 10.13±0.41 respectively (Table 4.6 

and Figure 4.1 to 4.4). There was highly significant (P<0.01) 

variation between dogs in the percentage of motility, livability, 

sperms abnormalities and acrosomal integrity (Table 4.4).

4.3.3 Equilibration effect

The average spermatozoal motility, live sperm count, 

sperm abnormalities and acrosomal damage of semen samples were 

47.784=1.59, 50.65±1.31, 11.79±0.36 and 16.20±0.57 per cent 

respectively (Table 4.5 and Figure 4.1 to 4.4). There was a highly 

significant (P<0.01) difference in motility, live sperm count, sperm 

abnormalities and acrosomal damage of semen between dogs. The 

motility and live sperm count of semen samples were significantly 

(P<0.01) reduced and the sperm abnormalities and acrosomal
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damage were significantly (P<0.01) increased after equilibration 

period (Table 4.6).

4.4 Effect of different freezing rates on motility and 
morphological characteristics of canine spermatozoa, IS 
days after freezing

4.4.1 Post thaw motility

The mean percentage of post thaw motility of semen 

obtained from six Dachshund dogs in fast, moderate and slow 

freezing rates were 34.31±1.66, 25.83±1.40 and 24.44±1.27 

respectively. (Table 4.7 and Figure 4.5). There was a highly 

significant (P<0.01) variation in post thaw motility of semen 

between fast and moderate freezing rates and fast and slow freezing 

rates but no significant difference between moderate and slow 

freezing rates (Table 4.7). There was a highly significant (PO.Ol) 

difference in percentage of motility between dogs (Table 4.7).

4.4.2 Live sperm count

The average percentage of live sperm count of semen 

for fast, moderate and slow freezing rates were 38.26±1.52, 

29.03± 1.31 and 27.89±1.35 respectively(Table 4.8 and Figure 4.6). 

There was a highly significant (P<0.01) variation in percentage of
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live sperm count of semen between fast and moderate freezing 

rates and fast and slow freezing rates but no significant variation 

between moderate and slow freezing rates for all five dogs except 

one dog where there was no significant difference between three 

methods (Table 4.8). The mean percentage of live sperm count of 

semen samples significantly (P<0.01) varied between dogs 

(Table 4,8).

4.4.3 Sperm abnormalities

The mean percentages of abnormalities of head, mid 

piece and tail were 5.35±0.29, 1.43±0.25 and 9.30±0.38 for 

protocol I, 6.19±0.30, 1,55±0.13 and 10.14±0.47 for protocol II and 

6.34±0.29, 2.07±0.32 and 10.83±0.52 for protocol III respectively. 

The overall mean percentage of total sperm abnormalities of 

semen in fast, moderate and slow freezing rates were 15.3±0.73, 

17.25±0.55 and 18.55±0.52 respectively (Table 4.9). There was a 

highly significant (P<0.01) difference in percentage of sperm 

abnormalities in fast and moderate freezing rates and fast and slow 

freezing rates but no significant difference between slow and 

moderate freezing rates but in one dog no significant variation 

was noticed between three freezing rates (Table 4.9).
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There was highly significant (P<0.01) variation in 

percentage of total sperm abnormalities between dogs (Table 4.9).

4.4.4 Acrosomal damage

The mean percentage of acrosomal damage of semen 

samples in fast, moderate and slow freezing rates were 27.39±0.73, 

29.06±0.69 and 29.96±0.69 respectively (Table 4.10 and 

Figure 4.8). The acrosomal damagesencountered in this study were 

swollen, loosening and lost acrosomes (Plate 4.5 to 4.7). There 

was a significant increase in the percentage of acrosomal damage 

after freezing in all three freezing protocols. But no significant 

difference was observed between three freezing protocols in five 

dogs. But significant (P<0.05) variation was found between fast 

and moderate freezing rates and fast and slow freezing rates in one 

dog (Table 4.10). The overall mean percentages of acrosomal 

damage of semen samples between dogs were found to be 

significant (Table 4.10).



Table 4.1 Physical characteristics of fresh semen

Ha.* Volume (ml)f Mean r  s  e ) Colour Density PH Concentrationuog
No. Pre sperm Sperm

rich Post spenn Pre
sperm

Sperm
rich Post sperm

(spenn
rich)

(sperm
rich)

(sperm rich) 
millions / ml

i. 0.23±0.06 0.68±0.03 2.17±0.31 Clear & 
watery Milky Clear & 

watery DD(D) 6.55±0.04 200.67±9.09

ii. 0.23±0.03 0.60±0.09 2.67±0.21 Clear & 
watery Milky Clear & 

Watery DD(D) 6.63±0.04 239.83±12.31

in. 0.67±0.13 0.78±0.09 2.33±0.21 Clear & 
watery Milky Clear & 

Watery DD 6.77±0.05 165.17± 12.76

IV. 0.68±0.08 0.67±0.06 2.08±0.20 Clear & 
watery Milky Clear & 

Watery DD 6.67±0.02 248.67±15.69

V. 0.48±0.11 0.68±0.06 2.08±0.27 Clear & 
Watery Milky Clear & 

Watery DD(D) 6.63±0.04 210.00±7.54

VI. 0.65±0.11 0.68±0.07 2.58±0.15 Clear & 
watery Milky Clear & 

watery DDD 6.55±0.04 264.67±15.51

Mean 0.49±0.05 0.68±0.03 2.32±0.09 DD(D) 6.63±0.02 221.50±7.36
F value 5.11** 0.73 NS 1.22 NS 3.65* 8.52**

*
**
NS

Significant (P< 0.05) 
Highly significant (P<0.01) 
Non significant



Table 4.2 Motility and Morphological characteristics of fresh semen {_ Mean -t S

Dog No. Initial
motility (%)

Live sperm 

Count (%)

Sperm abnormalities (%) Proximal 
protoplasmic 
droplets (%)

Distal
protoplasmic 
droplets (%)

Acrosomal
damage

(%)Head Mid piece Tail Total

1. 75.00±2.34 80.29*2.15 1.54*0.09 1.23±0.03 1.94±0.12 4.09*0.58 3.24*0.31 1.45*0.31 2.06*0.65

II. 76.67±3.33 83.63±1.32 1.35*0.04 0.81 ±0.01 2.75+0.01 3.96*0.49 0.70*0.07 1.56*0.23 1.60*0.26

III. 70 75.50±1.39 1.90±0.04 1.38±0.09 4.24*0.03 6.75*0.44 1.05*0.22 1.27*0.19 4.36*0.69

IV. 75.00*2.24 82.59±1.91 2.48±0.08 1.89±0.01 3.88±0.!I 7.31*0.55 0.79*0.99 1.25*0.12 1.24*0.12

V. 76.67±2.11 81.67±0.78 2.14±0.03 0.95 3.05*0.03 5.35*0.39 0.91*0.03 1.11*0.16 3.09*0.45

VI. 76.67*2.10 83.32*0.77 1.55±0.03 0.92 2.05*0.02 3.96*0.35 0.85*0.52 0.89*0.46 1.59*0.21

Mean 75.00*0.93 81.17±0.73 1.83±0.52 1.20±0.04 2.99*0.05 5.23*0.29 1.01*0.18 1.16*0.09 2.32*0.25

F Value 1.33ns 4.18* 9.855** 6.80*

* Significant (P< 0.05)
** Highly significant (P< 0.01)
NS Non significant



Table 4.3 Motility and Morphological characteristics of spermatozoa after dilution (

Dog No. Motility Live spenn 
Count (%)

Total Sperm 
abnormalities (%)

Proximal 
protoplasmic 
droplets (%)

Distal
protoplasmic 
droplets (%)

Acrosomal 
damage (%)

I 69.17±2.71 73.1441.42 4.5640.18 1.29±0.69 1.4340.42 6.1540.75

II 75.83±2.39 76.5741.45 5.3240.39 0.7540.17 1.8440.37 4.83±0.44

III 60.83±0.83 71.26±1.19 11.11±0.98 1.4440.39 1.19±0.33 6.9240.70

IV 73.3343.07 78.6241.48 8.5940,72 1.7740.14 1.9240.41 3.9340.38

V 68.33±1.67 75.7040,79 7.8740.31 0.93 1.7940.28 6.5840.61

VI 75.0042.24 78.48±0,87 6.2040.44 1.08±0.08 1.0240.08 3.6540.46

Mean 70.41±1.22 75.6340.65 7.2840.43 1.2440.15 1.5840.15 5.3440.31

F Value 6.07** 5.678** 17.84** 6.026**

* Significant (P< 0.05)
** Highly significant (P< 0.01)



Table 4.4 Motility and Morphological characteristics of spermatozoa after chilling ( Mo^n ± s c )

Dog No. Motility (%) Live sperm 
Count (%)

Sperm
abnormalities (%)

Proximal 
protoplasmic 
droplets (%)

Distal
protoplasmic 
droplets (%)

Acrosomal 
damage (%)

I. 53.33±1.67 60.26±1.39 9.52±0.40 0.85 1.34=0.28 12.07±0.82

11. 65.00±1.83 64.93±1.99 6.99+0.59 - 1.39=0.44 8.79±0.44

111. 48.33±1.05 56.94±1.24 10.15±0.61 0.61±0.12 0.80±0.07 10.79±0.41

IV. 62.50±3.10 67.23±2.04 11.69±0.43 1.18±0.10 1.79=0.16 8.06±0.56

V. 57.50±1.71 64.12±1 .09 11.41±0.51 1.38±0.23 1.83±0.18 13.33±0.48

VI. 65.83±2.71 68.20±1.31 I0.47±0.31 1.10±0.08 1.26±0.17 7.75±0.38

Mean 58.75±1.34 63.61±0.89 10.04±0.32 1.14±0.10 1.40±0.11 10.13±0.41

F value 10.754** 7.582** 12.029** 18.252**

* Significant (P< 0.05)
** Highly significant (P<0.01)



Table 4.5 Motility and Morphological characteristics of spermatozoa after equilibration period ±_ scO

Dog No. Motility (%) Live sperm 
Count (%)

sperm
abnormalities (%)

Proximal 
protoplasmic 
droplets (%)

Distal
protoplasmic
droplets(%)

Acrosomal 
damage (%)

I 39.17i3.00 44.56±1.56 I1.02i0.82 0.81i0.03 1.41i0.31 16.37i0.69

II 55.83i2.39 54.51i4.01 8.43i0.6I 0.98 0.89i0.05 13.43i0.99

III 37.50±I .71 42.93±1.58 I1.72i0.34 1.42i0.5l 1.36i0.20 19.35i0.74

IV 52.50i3.09 54.51i2.39 13.11+0.55 U 2 i0 . l l 1.96i0.39 12.84i0.91

V 45.83±2.01 48.14il.48 12.90±0.25 1.04i0.13 2.25i0.28 19.86il.13

VI 55.83±2.71 59.28il.46 13.58i0.46 1.09 1.23i0.15 15.37i0.93

Mean 47.78il.59 50.65il.31 11.79i0.36 1.08i0.10 1.54i0.13 16.20i0.57

F value 10.43** 7.989** 12.448** 10.386**

* Significant (P< 0.05)
** Highly significant (P< 0.01)



Table 4.6 Effect of dilution, chilling and equilibration period on motility and morphological characteristics of
spermatozoa C M e an t s c )

Semen Motility (%) Live sperm count (%) Sperm abnormalities
<%)

Acrosomal damage(%)

Fresh 75.00±0.93a 81.17+0.73" 5.23±0.29a 2.32±0.25a

Diluted 70.41±2.24b 75.63±0.65b 7,28±0.43b 5.34±0.31b

Chilled 58.75±1.34c 63.61±0.89° 10.04±0.32c 10.13±0.41c

Equilibrated 47.78*1.59* 50.65±1.31d 11.79±0.36d 16.20±0.57d

F Value 89.367** 212.72** 84.914** 250.814**

CD 3.627 1.616 0.1614 0.1944

** Highly significant (P<0.01)
Figures having different superscript differs significantly.



Table 4.7 Percentage of post thaw motility of spermatozoa in three different freezing protocols C

Freezing
Protocol Dog 1 Dog 11 Dog III Dog IV Dog V Dog VI Mean F value CD

I

II

III

23.33 ± 
1.67*

17.50±
1.12*

17.50±
1.12*

43.33±
2.11*

35.00±
2.58bA

32.50±
1.71*

25.00±
1.83*

20.00±
1.29*

18.33±
1.67*

42.50±
3.10*

25.83±
2.01bR

25.00±
2.24bB

29.17±
1.54*

20.83± 
1,54b0C

20.00± 
1,29bBC

42.50±
1.71*

35.83=
2.01*

33.33= 
2.1lbA

34.31=
1.66

25.83=
1.40

24.44±
1.27

21.208**

18.750**

16.585**

5.94

5.27

5.01

F value 6.477** 6.88** 4.643** 15.709** 12.065** 5.915 **

CD 3.99 6.52 4.85 7.51 4.39 5.87

* Significant (P< 0.05)
** Highly significant (P< 0.01)

Mean bearing different superscripts (small letters) in a row differs significantly 
Mean bearing different superscripts (capital letters) in a column differs significantly.



Table 4.8 Percentage of live sperms in three different freezing protocols f  Mean ± s c ')

Freezing
protocol Dog I Dog 1! Dog III Dog IV Dog V Dog VI Overall

mean F value CD

1 31.17± 
1.19aB

49.25±
I.65aA

29.65±
1.33s13

44.20±
2.58* **

30.18±
1.37®

44.59±
2.43aA 38.26± 1.52 21.962** 3.18

II 22.92±
1 ggbCO

38.54± 
2.01bA

20.86±
1.07bD

28.13±
2.37bB

26.65±
1.290C

37.07±
1.71bA 29.03± 1.31 16.34** 3.29

III 22.86± 
j 29bBC

37.18±
2.33hA

18.83±
1,14^

25.50±
2.56bIi

25.90±
1.59®

37.12±1 29bA 27.89± 1.35 17.83** 3.32

F value 9.681** 10.394** 23.284** 15.299** 2.535** 5.341**

CD 3.03 3.6 2.41 4.76 2.78 •- 3.3

* Significant (P< 0.05)
** Highly significant (P< 0.01)

Mean bearing different superscripts (small letters) in a row differs significantly 
Mean bearing different superscripts (capital letters) in a column differs significantly.



Table 4.9 Percentage of Sperm abnormalities in three different freezing protocols C Mean± sc.)

Freezing
Protocol

Sperm
abnormalities Dog I Dog II Dog III Dog IV Dog V Dog VI Over all 

mean F Value CD

1 Head 4.65±0.27 3.45*0.20 5.05*0.24 4 98*0.27 7.07*0.47 6.92*0.32 5.35*0.29
Mid Piece 1.77±0.23 1 18*0.19 1.17*0.12 1.64*0.48 - 1.39*0.22 1.43*0.25

Tail 8.60*0.41 6.35*0.35 9.24*0.30 10.47*0.32 11.06*0.47 10.05*0.45 9.30*0.38
Total 14.14±0.61bD l0.39±0.49bE 15.27*0.27100 16.24±0.67bBC 18.13±0.83bA 17.66*0.24*® 15.30*0.73 27.089** 0.21

11 Head 6.06*0.27 4.04*0.35 5.38*0.20 6.56*0.49 8.14*0.27 6.99*0.24 6.19*0.30
Mid Piece 1.37*0.05 1.51*0.03 2.06*0.24 1.56*0.28 1.40 1.37*0.05 1.55*0.13

Tail 9.68*0.46 6.90*0.54 10.66*0.57 11.41*0 48 12.06*0.34 10.12*0.43 10.14*0.47
Total I6.43±0.56aC 11.44*0.71*b° 17.75±0.74aBC 19.28*0.83^ 20.39*0.41^ 18.2±0.65BC 17.25*0.55 24.502** 0.24

III Head 6.48*0.37 4.11*0.33 6.23*0.32 5.74*0.36 8.46*0.15 7.27*0.26 6.34*0.29
Mtd Piece 1.87*0.43 1.81*0.27 1.74*0.29 2.56*0.47 2.78 1.65*0.33 2.07*0.32

Tail 10.16*0.34 8.34*0.71 11.70*0.47 11.78*0.29 12.51*0.31 10.49*0.67 10.83*0.47
Total 17.58±0.66aC 13.55*0.84*° 19.09±0.63aBC 20.02±0.35*BC21.94*0.69 •* 19.13±0.98bc 18.55*0.52 16.129** 0.25

F Value 8.349** 5.296* 11.475** 9.783** 8.139** 1.085ns

CD 0.23 0.30 0.21 0.23 0.23 0.24
* Significant (P< 0.05)
** Highly significant (P< 0.01)
NS Non significant

Mean bearing different superscripts (small letters) in a row differs significantly. 
Mean bearing different superscripts (capital letters) in a column differs significantly



Table 4.10 Percentage of acrosomal damage of spermatozoa in three different freezing protocols (  M-oan t s t )

Freezing
protocol Dog 1 Dog 11 Dog III Dog IV Dog V Dog VI

Overall
mean

F value CD

30.16± 
1.53a

23.89±
1.48c

31.67±
1.62*

23.87±
1.23c

29.10± 
0.83*“

25.66± 
1.18“ °

27.39±
0.73 6.267** 3.88

II 31.22±
1.46*®

26.19± 
I.39cd

33.05±
1.82*

24.98±
1.13d

29.81±
1.33bc

29.08±
0 .7 5 ^c

29.06±
0.69 5.025** 3.91

III 3I.10± 
1.18*“

28.25±
1.00*®

34.33±
1.76*

25.36±
1.45c

31.38±
1.52*“

29.22±
0.95aBC

29.96±
0.69 5.284** 3.87

F Value 2.784hs 0.585“ 0.369NS 0.835“ 4.281*

CD 2.94

r
* Significant (P< 0.05)
** Highly significant (P< 0.01)

Mean bearing different superscripts (small letters) in a row differs significantly 
Mean bearing different superscripts (capital letters) in a column differs significantly.
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Fig.3 Percentage of sperm abnormalities in fresh, diluted, chilled and equilibrated
semen samples
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Fig.4 Percentage of ascrosomal damange in fresh, diluted, chilled and equilibrated
semen samples
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Fig.7 Percentage of sperm abnormalities in three different freezing protocols
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5.DISCUSSI0N

Semen samples from six Dachshund dogs were 

subjected to freezing for assessing the effect of different freezing 

rates on canine spermatozoa.

5.1 Collection of semen

Semen collection was done by digital manipulation 

described by Hopkins and Evans (1989), Dabas et al. (1999) and 

Rota et al. (1995). The admingling of various fractions of the 

ejaculate affected the freezing quality of semen sample as reported 

by Fougner (1977). Hence collection of three fractions were 

obtained in three separate collection vials and sperm rich fraction 

was used for freezing. The semen from each dog was collected at 

weekly intervals. This is in accordance with the study carried out 

by Rodriguez-Gil et al. (1994).

The time required for emission of each fraction of 

semen from dogs obtained in this study was almost similar to that 

reported by Harrop (1955); Boucher et al. (1958); Arthur et
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al.{ 1996) and Kadirvel (1998). The behaviour of pelvic thrust was 

coincident with ejaculation of pre sperm fraction and the animal 

became steady when the sperm rich fraction was ejaculated. This is 

akin to the observation of Morton and Bruce (1989).

5.2 Evaluation of semen

The seminal characteristics like volume, colour, 

density, pH, concentration and initial-motility of sperm rich 

fraction of the ejaculate were assessed.

The average volume of pre sperm, sperm rich and post 

sperm fraction of semen from Dachshund dogs recorded as 

0.49±0.05ml, 0.68±0.03ml and 2.32±0.09ml were almost in 

accordance with the values reported by Deshpande et al. (1970). 

The volume of sperm rich fraction recorded in this study is almost 

similar to observation recorded by Taha et al. (1981) in Beagle 

dogs. However higher values for all the three fractions were 

recorded by Dobrinski et al. (1993) and Kadirvel (1998). This 

could be probably due to difference in size and breed of the dog.
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Colour and consistency of pre sperm and post sperm 

fraction of the semen was found to be clear and watery and sperm 

rich fraction was milky in nature. This is consistent with the 

findings of Daiwadnya et al. (1995) and Kadirvel (1998). The 

density of sperm rich fraction recorded was in accordance with 

Kadirvel (1998).

The initial motility of fresh semen was found to be 

75±0.93 per cent with a range of 70 to 80 per cent. Almost similar 

values were recorded by Gill et al. (1970); Rota et al. (1995) and 

Strom et al. (1997) in different breeds of dogs. Higher values 

were reported by Morton and Bruce (1989); Nair (1996) and 

Kadirvel (1998). However lower initial sperm motility was reported 

by Olson (1992) and Mickelsen et al. (1993). The mean pH of 

sperm rich fraction of semen noted in this study was 6.63±0.02 

within a range of 6.4 to 6.9. This is in agreement with the value 

recorded by Harrop (1956) and Boucher et al. (1958). Lower values 

are reported by Wales and White (1958), Dobrinski et al. (1993) 

and England (1993).

The average concentration of sperm rich fraction of 

semen was found to be 221,50±7.36 millions per ml with a range of
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105 to 312 millions per ml. This is almost akin to the values 

recorded by England and Allen (1989) and Daiwadnya and Hukeri 

(1993). But Roychoudhury and Dubey (1974), Rodriguez-Martinez 

et al. (1993) and Guerin et al. (1999) have reported lower values 

and Nair (1996) and Kadirvel (1998) have recorded higher sperm 

concentration. Persual of available literature showed wide variation 

in the sperm concentration of various breeds of dogs. The low 

concentration recorded in the present study may be attributed to the 

small size of Dachshund dogs.

The percentage of live sperm count obtained was 

81.17±0.73, which is comparable with the value reported by 

Daiwadnya and Hukeri (1993). The lower percentage of dead sperm 

count was reported by Taha et al. (1981); Yubi et al. (1987) and 

Kumi-Diaka and Badtram (1994). However higher values of live 

sperm percentage was recorded by Nair (1996) and Kadirvel (1998) 

and lower percentage was noted by Nothling et al. (1997).

The mean percentage of sperm abnormalties was 

observed to be 5.23±0.29 in fresh semen. Which is lower than the 

values obtained by Morton and Bruce (1989); Dobrinski et al.
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(1993) and Kadirvel (1998) and higher than the values were 

reported by Nair (1996).

The mean percentage of damaged acrosome was 

2.32±0.25 in fresh semen. A similar value was noted by Kurni- 

Diaka (1993) and higher values were reported by England and 

Ponzio (1996), Nair (1996) and Kadirvel (1998).

5.3 Effect of dilution, chilling and ..equilibration period on 
motility and morphological characteristics of dog 
spermatozoa

5.3.1 Dilution effect

The mean percentage?of motility, live sperm count, 

sperm abnormalties and acrosomal damage of semen samples 

immediately after dilution were 70.4 l±l .22, 75.63±0.65, 7.28±0.43 

and 5.34±0.31 respectively. (Table 4.3) There was significant 

(P<0.01) reduction in motility and live sperm count and significant 

(P<0.01) increase in sperm abnormalties and acrosomal damage 

after dilution (Table 4.6). This could be probably due to effect of 

diluent and its composition used in this study.
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5.3.2 Chilling effect

Average percentage of motility, live sperm count, 

sperm abnormalities and acrosomal damage of semen sample after 

chilling was found to be 58.75+1.34, 63.61+0.89, 10.04+0.32 and 

10.13+0.41 respectively. There was significant (P<0.01) reduction 

in motility and livability and an increase in sperm abnormalties 

and sperms with acrosomal damage after the process of chilling 

(Table 4.6). The damage can be attributed to the expected cold 

shock at refrigeration temperature (Kadirvel, 1998).

5.3.3 Equilibration effect

The mean percentages of motility, live sperm count, 

sperm abnormalities and acrosomal damage of spermatozoa after 

equilibration period were 47.78+1.59, 50.65+1.31, 11.79+0.36 and 

16.20+0.57 respectively (Table 4.5). The spermatozoan motility 

and live sperm count were significantly (P<0.01) decreased after 

equilibration period (Table 4.6). This is not in agreement with the 

study conducted by Rota et al. (1997). Higher percentage of sperm 

abnormalities and acrosomal damages were also recorded in this 

study. This could be probably due to the deleterious effect of 

glycerol on canine spermatozoa.
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5.4 Effect of freezing rates on motility and morphological 
characteristics of spermatozoa 15 days after freezing

5.4.1 Post thaw motility

The post thaw motility is considered to be a prime 

factor in determining the fertility of dog semen. The mean 

percentagesof motility obtained in fast, moderate and slow freezing 

rates were 34.31 ±1.66, 25.83±1.40 and 24.44±1.27 respectively 

(Table 4.7). There was highly significant decrease in sperm 

motility after freezing. This may be due to temperature change 

during freezing and thawing resulting in sperm death. In fast 

freezing, the post thaw motility obtained in this study was higher 

when compared to moderate and slow freezing rates. A similar 

trend was reported by Wilson (1993), England and Ponzio (1996) 

and Strom et al. (1997). But Dobrinski et al. (1993) and Nair 

(1996) were recorded higher post thaw motility in slow freezing 

rate than fast freezing rate.

5.4.2 Live and abnormal sperm count

The average percentages of live spermatozoa after 

thawing recorded in fast, moderate and slow freezing rates were 

38.26±1.52, 29.03±1.31 and 27.89±1.35 respectively. (Table 4.8).
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This is akin to the observation reported by England and Ponzio 

(1996). But higher values were reported by Yurdaydin and Kotzab 

(1987), Nair (1996) and Nair et al. (1998). A similar finding 

was reported for abnormal sperm count. The mean percentages of 

sperm abnormalities in three freezing protocols were 15.30+0.73, 

17.25±0.55 and 18.55+0.52 respectively. Higher percentages were 

reported by Yurdaydin and Kotzab (1987) and Nair et al. (1998).

5.4.3 Acrosomal damage

Post thaw acrosomal integrity may also be a useful 

indicator of semen quality and has been shown to decrease 

significantly during the freeze-thaw process. Acrosomal damage in 

three freezing protocols were recorded as 27.39+0.73, 29.06+0.69 

and 29.96+0.69 per cent respectively (Table 4.9). Higher 

percentage of acrosomal damage (36.27+0.6) was recorded by Nair 

(1996) in fast freezing rates. A highly significant increase in 

acrosomal damage was recorded after freezing and thawing 

process. Though there was no significant difference found between 

three freezing protocols, a lower percentage of acrosomal damage 

was noted in fast freezing rate compared to moderate and slow 

freezing rates.



75

In fast freezing, the straws exposed to critical 

temperature is minimum when compared to moderate and slow 

freezing. This could be the reason for high post thaw motility and 

livability of spermatozoa in fast freezing.

In conclusion, the result of this study indicated that 

fast freezing rate maintain higher percentage of post thaw motility 

and livability and lower percentage of sperm abnormalities when 

compared to moderate and slow freezing rates. Eventhough the 

percentage of acrosomal damage did not differ significantly in fast, 

moderate and slow freezing rates, higher values were recorded in 

moderate and slow freezing rates when compared to fast freezing 

rates. Among the three protocols of freezing canine semen, 

protocol I where the straws were subjected to freezing at a height 

of 4cm above the liquid nitrogen level for 10 minutes was found to 

be superior when compared to the protocols II and III.



Summary



6. SUMMARY

A study was conducted to find out the effect of 

different freezing rates on post thaw motility, livability and 

acrosomal damage of spermatozoa in Tris diluent. Semen samples 

collected from six Dachshund dogs in and around Thrissur were 

utilized for this study. A total of 36 ejaculates, six ejaculates from 

each dog were collected at weekly intervals. The semen collection 

was done by digital manipulation. The good quality semen samples 

extended in Tris citric acid fructose egg yolk diluent with four 

per cent glycerol were subjected to three different freezing 

protocols as 4cm height above the liquid nitrogen level for 10 

minutes (Fast freezing), 8cm for 15 minutes (Moderate freezing) 

and 12cm for 20 minutes (Slow freezing). The semen was evaluated 

for motility, live sperm count, abnormal sperm count and 

acrosomal damage after initial dilution, chilling, equilibration and 

fifteen days after freezing.

The mean volume of sperm rich fraction was observed 

to be 0.68±0.03 ml. The colour and consistency of sperm rich 

fractions were^milky in nature. The mean density of sperm rich
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fraction was DD (D) and mean pH was observed to be 6.63±0.02. 

The average initial motility of sperm rich fraction was 75±0.93 

per cent. The average spermatozoa! concentration of sperm rich 

fraction was 221.0±7.36 millions per ml. The mean live sperm 

count, sperm abnormalities and acrosomal damage of spematozoa 

in the sperm rich fraction was found to be 81.17±0.73 percent, 

5.23±0.29 per cent and 2.32± 5per cent respectively. Significant 

(P< 0.05) difference in pH, concentration, live and abnormal sperm 

count and acrosomal damage of spermatozoa in sperm rich fraction 

was found between dogs.

The mean percentages'of motility, live sperm count, 

abnormal sperm count and acrosomal damage of spermatozoa 

immediately after dilution were 70.41±1.22, 75.63±0.65, 7.28±0.43 

and 5.34±0.31 respectively. After chilling, the percentages of 

motility and livability were reduced to 58.75±1.34 and 63.60±0.89 

respectively and abnormal sperms as well as acrosomal damage 

were increased to 10.04±0.32 and 10.13±0.41 respectively. The 

mean percentages of motility, live and abnormal sperm count and 

acrosomal damage of spermatozoa after equilibration was found to 

be 47.78±1.59, 50.65±1.31, 11.79±0.36 and 16.20±0.57

respectively. Significantly (p<0.01) high reduction in motility and
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live sperm count and increase in sperm abnormalities and 

acrosomal damage of sperms were observed after dilution, chilling 

and equilibration period. There was significant (P< 0.01) variation 

in motility, livability, abnormal sperms and acrosomal damage of 

spermatozoa on dilution, chilling and equilibration period between 

dogs.

The mean percentages of post thaw motility of 

spermatozoa in fast, moderate and slow freezing rates were 

34.31±1.66, 25.83±1.40 and 24.44±1.27 respectively. The

percentage of sperm motility was significantly (P< 0.01) higher in 

fast freezing rate compared to moderate and slow freezing rates 

between dogs.

The average percentages of live sperm count recorded 

in fast, moderate and slow freezing rates were 38.26±1.52, 

29.03±1.3l and 27.89±1.35 respectively. Significantly (P< 0.01) 

higher percentage of live sperms in fast freezing rate was noted 

when compared to moderate and slow freezing rates.

The mean percentages of head, mid piece and tail 

abnormalities were 5.35±0.29, 1.43±0.25 and 9.30±0.38 for 

freezing protocol 1, 6.19±0.30, 1.55±0.13 and 10.14±0.47 for
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protocol II and 6.34±0.29, 2.07±0.32 and I0.83±0.52 for protocol 

III respectively. The over all mean percentages of sperm 

abnormalities found in fast, moderate and slow freezing rates were 

15.30±0.73, 17.25±0.55 and 18.55±0,52 respectively. There was 

highly significant (P<0.01) difference in percentage of sperm 

abnormalities between fast and moderate freezing rates and fast and 

slow freezing rates and between dogs.

Average percentages of acrosomal damage of 

spermatozoa in fast, moderate and slow freezing rates were 

27.39±0.73, 29.06±0.69 and 29.96±0.69 respectively. There was 

significant increase in the percentage of acrosomal damage after 

freezing in all three freezing protocols. There was slight increase in 

acrosomal damage in moderate and slow freezing rates compared to 

fast freezing rates. Significant (P< 0.01) variation in acrosomal 

damage of spermatozoa was found between dogs.

The above study revealed that fast freezing where the 

straws were frozen at 4cm height above the liquid nitrogen level 

for 10 minutes maintained higher percentage of sperm motility and 

livability and lower percentage of sperm abnormalities and 

acrosomal damage and hence it is recommended for freezing of dog

semen.
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ABSTRACT

The objective of the study was to find out the effect of 

different freezing rates on post thaw motility, livability and 

acrosomal damage of dog spermatozoa. A total of 36 ejaculates of 

good quality collected from six Dachshund dogs by digital 

manipulation were processed for freezing in Tris citric acid 

fructose egg yolk diluent containing four per cent glycerol. The 

processed semen samples were subjected to three different freezing 

protocols such as 4cm height above the liquid nitrogen level for 10 

minutes (Fast freezing), 8cm for 15 minutes (Moderate freezing) 

and 12cm for 20 minutes (Slow freezing).

The mean volume of sperm rich fractions was 

0.68±0.03ml. The colour and consistency of sperm rich fractions 

were thin milky. The mean density of sperm rich fraction was 

DD(D) and mean pH was 6.63±0.02. The mean concentration of 

sperm rich fraction was 221±7.36 millions per ml and the average 

initial motility was found to be 75±0.93 per cent. The mean 

percentage of live sperm count, sperm abnormalities and acrosomal 

damage of spermatozoa was 81.17±0.73, 5.23±0.29 and 2.32±0.25



respectively. Significant (P<0.05) variation in livability, sperm 

abnormalities and acrosomal damage of spermatozoa was found 

between dogs.

The average percentage of motility, live sperm count, 

sperm abnormalities and acrosomal damage of spermatozoa was 

70.41±1.22, 75.63±0.65, 7.28±0.43 and 5.34±0.31 after dilution, 

58.75±1.34, 63.60±0.89, 10.04±0.32 and 10.13±0.41 after chilling 

and 47.78±1.59, 50.65±1.31, 11.79±0.36 and 16.20±0.57 after 

equilibration period respectively. There was significant (P<0.01) 

reduction in sperm motility and livability and increase in sperm 

abnormalities and acrosomal damage of spermatozoa after dilution, 

chilling and equilibration period. Significant (P<0.01) difference 

was found between dogs for the above parameters.

The percentage of post thaw motility of spermatozoa 

was significantly (P<0.01) higher in fast freezing rate (34.31±1.66) 

when compared to moderate (25.83±1.66) and slow (24.44±1.27) 

freezing rates. There was significantly (P<0.01) higher percentage 

of live sperms and lower percentage of sperm abnormalities in fast 

freezing rate than in moderate and slow freezing rates. Eventhough 

the percentage of acrosomal damage was not statistically



significant among fast, moderate and slow freezing rates, lower 

percentage of acrosomal damage was recorded in fast freezing rate.

From this study it could be inferred that fast freezing 

in which the straws were frozen at to 4cm height above the liquid 

nitrogen level for 10 minutes was superior to moderate (8cm for 15 

minutes) and slow (12 cm for 20 minutes) freezing rates.


