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ABSTRACT

An attempt has been made to get an insight into 

cryolnjuries that occur during the process o f cryopreservation and to 

identify the  best cryodiluent for the milt o f Liza parsia, one of the 

euryhaline fishes of immense culture potential. The morphological 

changes o r damages caused by the cryodiluent at various stages of 

sperm preservation in liquid nitrogen at -196°C were studied at 

ultrastructural level by Transmission Electron Microscopy (TEM). 

V2E+DM S0 diluent accorded maximum protection tothe spermatozoa 

and inflicted least damages, retaining maximum post-thaw motility. 

Hence, V2E+DM S0 appear to  be the best cryodiluent for the  milt of 

Liza parsia. The present findings need further confirmation with 

actual fe rtility  trials.
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1. INTRODUCTION

For more than a century, scientists have investigated methods to 

preserve gametes o f fish, The early studies were directed at prolonging the life of 

gametes in non-frozen state. W ith the advances in the field of Cryobiology, the 

focus has shifted to develop cryoprotective techniques for preservation o f viable 

gametes in frozen condition at - 1 96°C in Liquid Nitrogen. Most of the  work in 

literature relate to fishes of Salmonid group or freshwater species. Not much 

work has been reported on marine cultivable fishes o f commercial importance 

like seabass, mullets, seabreams etc.

Developments in the  cryopreservation o f fish sperms depend upon 

the identification and testing of suitable cryodiluents. Undiluted sperms cannot 

withstand the rigours of freezing and thawing. They must be diluted with a 

suitable extender which is a solution of balanced salts and sometimes organic 

compounds. Although there have been many extender media reported in 

literature, it has been claimed tha t there is little difference in post-thaw fertility 

between them, while some workers claim superiority o f certain extenders.

W hen biological cells are cooled in an aqueous solution, both cells 

and solution super cool to some extent. Then heterogeneous nucleation takes 

place usually in the extracellular solution. As water is frozen out the extracellular 

solution becom es progressively m ore concentrated. If cooling rate is low there is 

sufficient time fo r the cells to lose enough water to remain in osmotic equilibrium 

with the concentrating extracellular solution. This causes dehydration. If cooling 

rate is high, there Is Insufficient tim e fo r water to diffuse out of the ceIJs to  the ice 

crystal. The cells will equilibrate by intracellular freezing initiated either by 

homogenous o r heterogeneous nucleation. Intracellular freezing is also fatal.

A  balanced situation may exist which allows sun/ival when the 

cooling rate is high enough to m inim ise the time of exposure to concentrated



solutions and ye t is low enough to minimise the intracellular ice below a 

damaging level. Certain chemicals can increase the dimensions of this balance 

between the effects of intracellular ice and concentrated solution thus improving 

survival. These chemicals are term ed cryoprotectants. There are permeating and 

non-permeating cryoprotectants. Dimethyl sulphoxide( DMSO) is a permeating 

cryoprotectant while glycerol is a non permeating one. Cryoprotectants suppress 

most of the cryoinjuries and the effectiveness of cryoprotectants in suppressing 

cryoinjuries varies at different concentrations and along with different extenders. 

The prevention o f gamete activation is most critical in both short and long-term 

storage as fertility  declines soon after sperm activation. Reduction o f fertility 

because of loss of motility by exhaustion has been postulated. DMSO at 

concentrations o f 5-20% has been used successfully for cryopreservation of 

fish spermatozoa and appears to  be better cryoprotectant than glycerol or 

methanol. Ten percent DMSO appears to be the optimal level.

The ultimate success o f cryopresen/atlon depends on the fertilising 

ability of cryopreserved sperms. Apart from the extender and cryoprotectant, 

standardisation o f equilibration tim e is also found to  be an important factor to 

avoid the effect o f temperature shock on sperm viability. Although cooling rate is 

the most critical factor in cryopreservation, it is the least standardised variable in 

fish sperm cryopreservation studies and no result yet on the theoretical optimum- 

freezing rate. Hence, sperm injuries are bound to occur.

Despite advances to  date, at best, only 30-50% of the spermatozoa 

retain their post-thaw motility and have little insight into when the damage 

occurs, (t is imperative to study the structural changes o f the spermatozoa in 

order to arrive at the right extender, cryoprotectant, equilibration tim e and 

freezing rate to  retain post-thaw sperm fitness and fertility. Hence the present 

work is taken up to  study the morphological changes In the spermatozoa o f the 

brackishwater fish Liza parsia (Hamilton-Buchanan, 1822) using Transmission 

Electron M icroscopy (TEM) in different diluents with 10% DMSO as a 

cryoprotectant during various stages o f cryopreservation protocol.



Liza parsia is a sm aller variety of mullet with restricted distribution 

commonly found in south west coast o f Indian peninsula south of Bombay, in 

Kerala they are found mainly in Vembanad and Kayamkulam lakes. The 

maximum size attained by the species is 330 mm. The size at first maturity is 

found to be 120 mm in males and 129 mm in females. Females are the dominant 

sex.

Liza parsia is having Immense culture potential and a preferred 

table fish commanding premium price in the market. Identification of a 

cryodiluent tha t accord maximum protection to the spermatozoa of L/za parsia 

will greatly enhance the farming potential of this species by ensuring constant 

supply of ‘seed’ fo r culture. Hence the  present work has been taken up.
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2. REVIEW OF LITERATURE
The history o f cryogenic preservation of gametes is a 

long one. The application o f the same fo r fish sperms is of 

recent origin. Studies on the  cryopresen/ation o f milt of marine and 

brackish w ater fishes are limited (Cnao e ra /., 1975). Since the first 

work o f Blaxter in 1953, fish sperm cryopresen/ation has been 

attempted on about 30 m arine species (Jamieson, 1991). Compared 

with freshwater species, a high percentage o f spermatozoa survives 

cryopresen/ation In marine fishes (Suquet e t a!., 2000).

Dilution of m ilt with cryodiluents, freezing and subsequent 

thawing result in structural changes such as deformed nucleus and 

acrosome and rupture o f membranes in the spermatozoa of 

various teleosts including rainbowtrout, Atlantic croaker and grayling 

(Billard, 1983). Although cellu lar damage during cryopreservation of 

freshwater fish spermatozoa has been reported in several studies, 

there is a lack of correlation between this damage and the fertility 

rates o f eggs with post thaw ed milt (Cabrita eia/.,1998).

The ultra-structural images of fish sperm are useful 

in (1) prelim inary screening and selection of suitable cryodiluents 

for freezing. (2) determining the quality and freezing ability o f milt 

(3) predicting post -  thaw  sperm fitness and fertilizing ability 

(Gopalakrishnan et al., 2000).

2.1 SPERM STRUCTURE AN D  MILT COMPOSITION

Mullet spermatozoan is composed of a head part 

measuring 2 .Smicron X I .4 m icron and a ta il part four to  five  times 

as long as head. There w ere about .5.3’ ° sperms in each ml of 

semen and the pH value o f mullet semen is 7.4 on the average 

(Chao e f a/.,1975 ) . The biochemical constituents o f mullet



semen are glucose 31.66 %, protein 33.8%, lipid 38.83%, sodium  124.3 

+/' 5.4 and potassium 164 .4+/- 7,6 m Eq / 1 in fresh milt (Diwan and 

Nandakumar, 1992).

The sperm of mugiloids (Liza and Gaieoids) studied are 

similar. (F ig .l), described by Jamieson (1991).

2.1.1. Nucleus: The nucleus, bilobed or kidney shaped in longitudinal 

section is tilted relative to the axoneme. The chromatin is very coarsely 

granular. In L/za dumerilii a dense body has been observed lying in 

contact w ith the nucleus in some sperm; the nuclear and overlying 

plasma membrane covering the ventral and dorsal tip of the  nucleus 

forms bulbous evaginations containing chromatin.

2.1.2. Mitochondria: Four sub spherical mitochondria are arranged in a ring 

but eccentrically around the base of the axoneme from which they are 

seperated by a long cytoplasmic canal.

2.1.3. Centrioles: Two fu lly developed centrioles are present. Despite 

the eccentric emergence o f the flagellum, the proximal centriole and 

in one plane the distal centriole lies in the nuclear fossa.

2.1.4. Axoneme: Two classes o f flagella were observed. Eighty percent 

varied between 30 and 43 m icrom eters. In length, while the remainder, 

considered to indicate abnormal sperm, were much shorter and varied 

in length (21-30 micrometers).

2.2 CRYOPRESERVATION OF SPERMATOZOA

Sperm motility was preserved for up to 23 days in 

the case o f raw milt at 5°C (Chao e ta /., 1975). Undiluted m ilt with or 

without a cryoprotectant added directly to  it is not suitable for



freezing. M ilt must be diluted with a suitable extender {Scott & 

Baynes, 1980; Gopalakrishnan et al., 1999), Motility was used to 

evaluate the quality of raw milt and to verify the effect of 

extender -  cryoprotectant combination on pre-freezing and frozen 

thawed sam ples (Chao etal., 1986) .The intensity of motility decreased 

when the osmotic pressure of diluent was reduced, and was 

zero or significantfy inhibited when osmotic pressure o f d iluen t was 

close to tha t of fish sem inal plasma (Chamberyon & 2ohar,1990). 

A diluent in which the sperm remains Immotile would always 

be preferable for cryopreservation (Jamieson, 1991; Gopalakrishnan et 

al.. 2000).

Ability of the diluent used for cryopreservation to  maintain 

the spermatozoa in quiscent state is a critical requirement as 

activation prior to cryofreezing can result in loss of capacity to 

fertilize (Jameson, 1991). Sperm cell density, motility and v iab ility  are 

the potential predictors related to fertility of sperm after 

cryopreservation (Paul Wheeler and Thorgaard, 1991). Milt of European 

catfish stripped into an immobilizing solution was successfully 

cryopreserved after a stepwise freezing and fast thawing 

procedure (Linhart e?a/., 1993). Sperm motility is a routine indicator 

of the fertilization ability of fresh semen (Babiak 

e f a/., 1994). The motility of frozen thawed semen is a reliable 

parameter fo r quality determination since there is a statistically 

greater correlation with post- thaw fertilization rate (Lahnsteiner 

ef a/., 1995). Sperm suspended in extender solution retained 

motility significantly longer than did sperm in intact testis 

(Michael christensen & Terrence Tiersch, 1996). In case o f Liza 

parsia sperm motility could be preserved successfully fo r  more 

than 240 days using a suitable cryoprotectant (Dlwan & Nandakumar,

1998). An increase in viable m otile spermatozoa to egg would result 

in better fertilization and hatching of paddle fish (George Brown



and Steven Mims, 1999). The extenders used for cryopreservation of 

spermatozoa of various cyprinid and salmonid fishes were found to 

be unsuitable for Tenualosa ilisha as they activated the sperm on 

dilution (Kuldeep Lai ef a/., 1999). Osmolality o f seminal plasm a and 

concentrations of sodium, potassium and magnesium ions had low 

variability, which suggests tha t they are important for creating a 

stable environment for sperm storage in sperm duct (Glogowski et 

a i,  1999).

Cryoprotective agents are needed at the ultra low 

temperature o f preservation in liquid nitrogen (Chao e fa /., 1975). 

DMSO repeatedly provides the best protection of salmonid 

spermatozoa from damage by freezing (Horton and Ott, 1976; 

Gopalakrishnan e f a/.. 1999). Glycerol and DMSO bind electrolytes 

thereby preventing these substances from  concentrating in the 

residual unfrozen solution in and around the cell during freezing 

(Scott and Baynes, 1980). No fertilization was obtained when 

methanol was the cryoprotectant (Gwo e fa /., 1991). The mechanism 

of cryoprotection of fish sperm by DMSO lies in its fast 

penetration into the sperm and increase of osmotic pressure 

of the sperm in Atlantic croaker, Micropogonias undu/afus(2hang et 

a/., 1994). Methanol and DMSO have proven most satisfactory as 

cryoprotective agents, often yielding post - thaw motility value of greater 

than 40% in many species (Terrence Tiersch, 1995), Studies in turbot 

spermatozoa showed that a high rate o f success obtained in a 

sucrose solution with 10% DMSO and 10% egg yolk (Olvidio 

ChereguinI e fa /., 1997). In tilapia spermatozoa the optimum 

concentrations of cryoprotectant glycerol was found to  be 

between 10 to 20 %, while maximum post-thaw m otility of 

spermatozoa was observed in 20% concentration (Rexaline Sumathi 

and Sukumaran, 1998). Spermatozoa frozen with a combination of 

an intracellular cryoprotectant (methanol) and an extracellular



cryoprotectant (skim milk) produced no fertilization in blue catfish 

(Bart e f a/., 1998). Fertilization and larval hatch rates were higher 

for milt frozen with a diluent containing DMSO than containing 

glycerol In striped trumpeter, Latris fineata(R\tar et a!., 1999), Forty 

percent post- thaw motility was achieved using a cryodiluent of 5% 

glucose as an extender and 5% glycerol as a cryoprotectant in 

African catfish sperm cryopreservation (Urbanyi eta/.,1999). Presence 

of DMSO in milt extender was essential for protecting the 

sperm from  dying during freeze and thaw and 20% of DMSO 

yielded the highest post - thawed sperm moti(ity of 20-25 % of the 

total cells (Yao etal., 2000).

Most workers use a dilution ratio o f one part semen to 

3-4 parts extender (Scott & Baynes. 1980) .The post-thaw fertilisation rates 

decrease a t dilution ratios o f less than 3 fold in Onchorhynchus mykiss 

and of less than five to seven fold in Salmo trutta f.lacustris and 

Salmo trutta f.fario which demonstrates tha t the optimal dilution 

ratio m ust not exceed a critical value estimated to 2.0 to 2.5x10® 

spermatozoa /m l diluent. H igher cell concentrations in the extender 

significantly decrease the post-thaw fertility of milt, lower sperm 

concentrations do not affect its post-thaw fertility (Weismann et ai, 

1995).

Equilibration time should be kept to  a minimum (minutes 

to less than one hour) to avoid exhaustion (Billard, 1978; Chao et a!., 

1975). The rate of cooling is a critical variable during cryopresen/ation 

(Scott & Baynes, 1980). Optimal cooling rate is 30°C per minute (Harvey, 

1982). French straw method was designed to  speed up the collection, 

freezing and distribution of sperm (Scott and Baynes, 1980). Fresh semen 

diluted with cryoprotective agents was dispensed into 0.5 ml straws, 

which were then sealed, These pre treatments prior to cryopreservation 

had to be done within the  correct equilibration time o f one



hour or )ess. The optimum effect of oryoprotectlve agents was 

found with 5-10 % glycerine /DMSO at 1:1, 1:5, 1:10 dilution. In this 

condition both good motility and fertility before freezing and cryoprotection 

were obtained (Chao a/., 197S).

Fertilizing ability o f previously frozen and thawed rainbow 

trout sperm was high when pH was 7-8 prio r to addition o f DMSO 

and semen. Fertilization rates o f eggs from individual fem ales with 

frozen thawed sperm were found to be significantly different ( Stoss 

and Hoftz,1981).

2.3 MORPHOLOGICAL CHANGES OF FISH SPERM

Cryoinjuries occurs to biological material during 

cryopreservation. In trout sperm morphological changes occur when they 

are diluted in fresh water. Within seconds the plasma membrane 

around the head becomes swollen and blisters form at the 

insertion of flagellum and midpiece. The flagellum axis subsequently 

becomes coiled up within its membrane. These changes are  due 

to rapid uptake of water, as a consequence of the osmotic 

imbalance of the sperm and the medium. This is evidenced by 

the fact tha t phy'siological salines result in less pronounced changes 

(Billard, 1978).

In rainbow trout and brown trout in thawed 

spermatozoa after cryopreservation considerable ultra-structural 

alterations was observed in chromatin structure (Billard, 1983).

W ithin the spermatozoan, plasma membrane is 

probably the site most susceptible to damage due to w ater flux 

during freezing and thawing (Baynes and Scott ,1987).

In rainbow trou t Oncorhynchus mykiss, spermatozoa 

went through morphological changes during storage, like winding of



flagella, detachment of nuclear envelope and plasma membrane 

from the nucleus of the sperm head. There were 1% abnormal 

spermatozoa in fresh sperm and about 15% during storage 

(Park and Yoon, 1992). Electron mfcroscopy indicated obvioas 

structural damage, especially in the trout spermatozoa (Gwo e ta /., 1993).

In ocean pout, cryopresen/ation caused sperm ultra 

structural changes Including the shrinkage of cell membranes 

leading to  the exposure o f mitochondria and death of the sperm 

(Yao eta l., 1995}.

Osmolality is an external trigger for the initiation of 

sperm m otility in marine teleosts. Following the activation o f the 

3 marine fish sperm in artificial seawater, the mitochondria of the 

sperm were shrunken and completely disappeared at the end of 

motility duration, with no obvious change in other sperm 

ultrastructures. On exposure to a hypotonic solution (distilled water) 

severe morphological distortions including swelling of the nucleus, 

m itochondria completely disappeared and bursting of plasma 

membranes occurred. A fte r 1-minute activation in artificial 

seawater, the  intracristal spaces were grossly dilated, the matrix 

space reduced to a minimum, and bud like evaginations o f cristae 

membranes grew into intra cristae spaces. Marine fish sperm 

motility is closely related to  existence o f mitochondria in the 

mid-piece (Gwo, 1995).

In rainbow trout {Oncorhyncus mykiss ) semen, after 

cryopreservation, about 10-20% of the spermatozoa had an 

unchanged structure that was similar to  untreated spermatozoa; 

about 20-40% showed intensive signs of swelling of the head and 

midpiece regions and o f the mitochondria. The remaining 

spermatozoa were damaged in some way. Creatine phosphate



and adenosine tri phosphate levels were significantly lower in 

frozen thawed semen than in untreated semen (Lahnsteiner 

etal.. 1996).

In rainbow trout non-damaged cryopresen/ed spermatozoa 

presented the  same characteristics of fresh spermatozoa, except for 

chromatin, which was extensive ly clumped. Spermatozoa tha t were 

damaged by cryopreservation exhibited a swelled and non-continuous 

mem brane with a clum pered chromatin, showing high electron 

density zones. The flage lla  of fresh spermatozoa showed a 

continuous and well organized membrane which surrounds the 

typical 9+2 structure o f the  axoneme, while the same flagella 

structure w as observed in non-damaged cryopresen/ed spermatozoa. 

In sperm atozoa damaged by cryopreservation, a break and a 

d isp lacem ent of axoneme, along with changes in flagella 

m em brane were observed. The shape of mitochondria was not 

altered by cryopreservation (Conget etal., 1996).

A  low m em brane cholesterol or phospholipid ratio 

was s trong ly  correlated w ith better freezing resistance o f the 

corresponding sperm (Labbe et al.. 1996). M ost of the damage occurred 

within 10 m inutes of adding DMSO to the sperm suspension in 

carps (Lubzens etal., 1997).

In freeze-fracture electron microscopy studies of 

rainbow tro u t {Oncorhynchus mykiss), it was revealed tha t the 

changes were induced in the organization of the plasma 

m em branes o f sperm atozoa when they were cryopreserved, 

Electron micrographic im ages of spermatozoa that had not been 

exposed to  cryopreservation showed a surface with particles 

hom ogenously distributed. T h e  concentration o f particles was low in 

the m edian portion o f the  tail. The authors obtained longitudinal 

strips, consisting of partic les along the bands. In the neck of



the spermatozoan the particfes were aggregated in chaotic 

manner. Electron micrographs of trout spermatozoa that had been 

cryopreserved showed particles grouped in rounded clusters on 

the protoplasmic surface o f both head and tail. In some 

spermatozoa, folding of protoplasmic membrane, with the particle 

free sites were found (Drokin etal.,1998).

Studies in European catfish sperm, the best protection 

was given by dimethylacetamide (lOandlS %) in sucrose solution. 

Under these conditions, the percentage of cells with intact membrane 

was high (90%) and the protection of the activity of the mitochondria 

was medium (47%). It was shown that addition of dimethylacetamide 

increased the ATP content o f spermatozoa (Ogier-de*baulney et a!.,

1999).

In Rohu spermatozoa damages were observed in 

head, midpiece, and tail of about 51% of spermatozoa immediately 

after dilution in one of the cryodiluents. After 10 m inutes of 

equilibration period, the frequency of damaged sperm is 

increased to  85% (Gopalakrishnan eta!., 2000).

2.4 POST-THAW MOTILITY AND FERTILITY

In a series o f fertility tests in carps, the chemical 

constituency of the medium in which fertilization was attempted 

influenced the fertility o f cryopreserved sperm (Kurokura e fa /., 1984). 

Addition o f egg yolk to the extenders increased the fertilization rates 

in brown trout (Piironen, 1993). Cryopreserved sperm showed motility 

percentages between 20 and 30%(0teme e fa /., 1996). A  strong 

positive correlation was found between the post-thaw motility and 

fertility of frozen sperm securing high fertilization in common carp 

(Magyary et al., 1996). Experiments on improvement of 

spermatozoa motility and stabilization o f spermatozoa motility



after thawing of frozen spermatozoa with Na super (+) and K 

super (+) ions in solutions were initiated with common carp, 

Cyprinus carpio for the purpose of long-term preservation of 

spermatozoa. The maintenance of capacity for motility o f post­

thawed spermatozoa was tested with KCI and NaCI solutions 200 

-400 mM with 30mM T r is -H C I buffer, pH 7. The 275 mM NaCI solution 

appeared to  be the best one with 80% pos -thaw spermatozoa 

motility against 23% spermatozoa motility o f the control. (Linhart 

and Cosson, 1997). In Liza macrolepis spermatozoa, which displayed 

a post-thaw  motility of 30-40%, were selected fo r inseminating the ova 

(Sultana e ta i ,  1998).

In studies in Muskellunge spermatozoa, although

spermatozoa cryopresen/ed with extender containing 10% methanol

had only traces of motility or no motility at all after thawing,

fertilization trials indicated that their fertilizing ability was 

preserved (Cierezko etal., 1999).
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3.MATERIALS AND METHODS

The candidate species for this cryopreservation 

experiments was the gold spot mullet, Liza parsia. Ripe males with milt 

oozing on slight pressure of the abdomen were collected from 

Chinese dipnets operated in Vypeen region. The collected fishes were 

then transported in small bins with aeration and stocked in fibre 

tanks. They were maintained at a salinity o f 20 °/oo.

3.1 COLLECTION OF MILT

The stocked Liza parsia males were given an 

intramuscular injection of Ovaprim (Syndel laboratories. Canada, 

marketed in India by Agrivet Farm Care Division of Glaxo) at the 

rate of 0.3 ml per kg body weight. The fishes after injection were 

given a brief disinfection treatment in povidone iodine solution. After 

24 hours they were dry stripped manually and milt collected in 

vials, without contamination of blood, urine and faeces.

3.2 PRELIMINARY MOTILITY STUDIES

One drop of the milt collected was placed on a 

glass slide and its motility checked in fresh water and seawater. 

For this a compound microscope was used and motility 

observed in lOxlOx magnification. The sperm s were im motile in 

fresh water. The sperms after treatment in freshwater were collected 

and fixed in glutaraldehyde fo r studying the effect of osmotic shock on 

the morphology o f sperms electron microscopically.

Sperms were active ly motile in seawater o f salinity 

35°/oo’ Motility in seawater lasted for about 6 minutes .The milt



samples fo r further treatments were tested for their quality taking 

motility as the criteria.

A  drop o f m ilt taken from a live ripe specimen of 

Liza pars ia  was placed on a clean dry glass slide with a 

drop o f seawater. A cover slip was carefully placed over it 

and the  material was immediately observed under a 

compound microscope a t a magnification of 10x1 Ox. Three 

main types of movements could be observed.

• Rapid progressive or shooting movement.

• Sluggish or fethargic movement.

• V ibration in loco.

A quick eye estimation of the approximate percentage 

of spermatozoa belonging to  each of the above categories was 

done. On the basis of this a motility score was given to each 

sample as per the table below. The method was standardised by 

repeating the process with a number o f samples.



CRITERIA MOTILITYSCORE

90% or above of the sperm s 5

exhibiting rapid progressive or 

shooting m ovem ent.

75% or more exhibiting rapid 4

progressive movement, 10% 

sluggish and the rest im m o tile .

50% exhibiting rapid progressive 3

m ovem ent, 25% sluggish and 10% 

vibrating in loco and the rest 

immotile.

25% exhibiting shooting m ovem ent, 2

50% moving sluggishly, 10% vibrating 

in loco and the rest im m otile ,

Occasional sperm shooting, 10% 1

Showing sluggish movement, 50%

Vibrating in loco and the rest immotile.

No shooting movement, occasionally sperm 0.5

Moving sluggishly. About 10% vibrating in 

Loco. Majority immotile.

CompJetely immotile. 0

Only samples with a motility score of 4 and above 

were chosen for treatments.

3.3 PREPARATION OF EXTENDERS

Extenders are simple salt solutions which keep the 

sperms in viable but in inactive condition. The chemical 

composition of diiferent extenders Is presented in Table 1.



Table 1. Chemical composition of different extenders

Extender /

v ' Chemical 
composition 

(mg)

CC1
(Kuroku

ra et al, 
1984)

Rana
and
Me

Andrew
(1989)

Chao
(19751

Marine
teleost
ringer

solution

fAixture
B

rEliza-
beth,
1987)

Mixture
C

[Eliza­
beth,
1987)

V2E 
(Scott & 
Baynes, 

1980)

NaCI 750 650 1350 1350 600 600 750

KCI 20 300 60 60 38 38 38

CaCl2 20 30 - - - 23 -

NaHCOs 20 20 20 20 200 100 200

N a H P O tW • • - - - 41 -

MgSO,, 7HsO - • 35 35 23 23 -

MgClz - - - - - - •

NasHPO^ - - - - 53 - -

Glucose - - 5000 - - - 100

Egg yolk - - - - - - 20

Distilled

water/seawater
100 100 100 100 100 100 100

p H 7.3 7.3 7.2 6.8 7.0 7.3 7.0

As the sperms were motile in seawater only,

seawater was identified as the  spawning medium and all these

extenders (except Chao's extender and 0.9% NaCI) were also 

prepared w ith seawater as base solution.

Motility of sperm s in these extender solutions was 

observed using a compound microscope, and extenders were 

selected based on their capacity not to activate spermatozoa after 

mixing. The sperms were actively motile in Marine Fish Ringer 

solution (pH 6.8), Chao’s Extender (pH 7.2), CC 1 Extender (pH 7.3), 

CC1 Extender with seawater as base solution (pH 7.3), Rana and Me 

Andrew Extender (pH 7.2), M ixture B (pH 7). Mixture Bwith seawater 

as base solution (pH 7.2), M ixture C (pH 7.3) and V2E Extender (pH 7).



The sperms w ere feebly active in (motility score 1 and 

0.5) V2E with seawater as base solution, Mixture C with seawater as 

base solution and Rana and Mo Andrew extender with seawater as 

base solution. These extenders were selected for the present 

experiments.

Chao's extender was also selected even though 

sperm s were motile when diluted, as it is one of the commonly 

used extenders for cryopreserving sperms of mullets. Dimethyl 

sulphoxide (DMSO) at a fina l concentration o f 10% was used as the 

c ryopro tectan t.

3 .4  PROCEDURE

The ratio of milt; cryodiluent (Extender + DMSO) fo r this 

experiment was fixed as 1:3, with a final concentration of DMSO, 

10%. So fo r every 1ml of milt, 2.6ml of extender and 0.4 ml of 

DMSO was taken,

3 .5  TREATMENTS

The spermatozoa were treated with cryodiiuents as

follows:

1) Zero seconds after mixing with cryodiiuents.

2) After an equilibration time of 10 m inutes with cryodiiuents 

including the time taken for filling diluted milt into 0.5m l French 

straws.

3 ) Exposing to  liquid nitrogen vapours (-100°C) after step 2.

4) After vapour phase, plunging straws into liquid nitrogen and 

keeping overnight.

A fter each treatm ent the diluted m ilt was thawed fo r 20 

seconds in a water bath maintained at 37°C and processed for



Transmission electron microscopy studies following the method of Elizabeth 

(1987), Diwan & Nandakumar (1998) and Gopalakrishnan etal., (2000).

3.6 PROCESSING OF SPERMS FOR ELECTBON MICROSCOPY STUDIES

The samples after all the treatments were primarily 

fixed in 2% buffered glutaraldehyde for 2 hours at 4'^C following 

immersion fixa tion . Then the supernatant was decanted and the 

pellets were washed thrice for 15 minutes each using sodium 

cacodylate buffer. Then the samples were centrifuged for 10 minutes 

at 5,000 rpm. The pellets were post -  fixed In 1 % osmium tetroxide for 1 

hour at 4°C and centrifuged at 5000 rpm for 10 minutes . A fter the 

fixations the pellets were transferred to 2% agar. Then the agar 

blocks were trimmed to Im m ^ size. The agar embedded samples 

were transferred stepwise through a concentration series of 

acetone (30%, 50% , 70% , 90% and 100 % vA /) following standard time 

schedule. Following the dehydration steps, infiltration is carried out 

in spurr medium with acetone in 3 steps. First in Spurr/acetone ratio 

1:3fo r i  hour, second step in1:1 and finally in 3:1 for I hour each at 

4°C. Embedding was carried in Spurr’s medium in plastic mould 

and kept in incubator for 12 hours at 70°C, for polymerisation.

The polymerised blocks were cut into ultra thin sections 

in the LKB ultra tome Nova .The thin sections were double stained in 

uranyl acetate and lead citrate for 10 minutes. The stained thin 

sections were mounted on the grid and observed In the STEM 

model Hitachi (H 600) electron microscope and recorded the fmage.



The ratio o f intact and damaged spermatozoa for each treatment was 

calculated by counting sperms under low magnification (4000 x) in TEM. In this 

process, randomly selected portions of grids (at least Sgrids for each treatment) 

were brought under magnification and all together 150 spermatozoa were 

screened for each treatment. TEM images of untreated raw mitt served as 

control.



RESULTS



4. RESULTS

4.1 ULTRASTRUCTURE O F  UNTREATED SPERMATOZOA

The sperm of Liza parsia is a typical anacrosomal 

aquasperm. The nucleus is bilobed or kidney shaped in longitudinal 

section {Plate 1). It is also tilted relative to the axoneme. Chromatin is very 

coarsely granular and not condensed. Matrix spaces are clearly visible.

A  cytoplasmic collar, which extends around the base of the 

flageKum, Is present and it Is separated from  the flagellum by a 

periaxonemal space, the cytoplasm ic canal (P late 1). Small cristate 

mitochondria are present and they  may be situated In the cytoplasmic collar. 

The flageilum is parallel to the  base of the nucleus and a depression is 

present a t th is  point, the nuclear fossa (Plate 1). A  plasma membrane 

surrounding the whole structure is also present (Plate 2).

4.2 THE ULTRASTRUCTURAL CHANGES O F  Liza pars/a SPERM 

AFTER OSMOTIC SHOCK. (ZERO SECONDS AFTER DILUTION 

WITH FRESHW ATER)

The most conspicuous change a fte r the osmotic shock is 

bursting o f p lasm a membrane and it's subsequent loss (Plates 3 & 4). The 

nucleus becom es rounded in 80% of the sperm s and the nuclear fossa 

becomes less conspicuous (P lates 3 & 4). Flageilum gets separated from 

tl*e nucleus and gets coiled up  within its mem brane (Plates 3 & 4).



4.3 THE ULTRASTRUCTURAL CHANGES AFTER TREATMENTS

4.3.1 CH AO ’S  EXTENDER A N D  DMSO

4.3.1.1 Zero seconds after dilution (Plate 5): Mitochondria and plasma 

membrane is intact in 80% o f sperms. A  condensed nucleus with a clear 

nuclear fossa is present.

4.3.1.2 10 minutes after dilution- after an equilibration time (plateS)

Nucleus is dilated and nuclear fossa became less visible. Plasma 

membrane is present. The chromatin material has become more condensed. 

About 33% o f sperms exhibited such abnormalities.

4.3.1.2 A fte r  exposure to Liquid Nitrogen vapours (Plate?): The gross 

morphology of the spermatozoa remained more or less sim ilar as 

compared to  the second step, but the percentage of damaged spermatozoa 

increased to 42%.

4.3.1.4 After plunging into Liquid Nitrogen (PlateS): The sam e intact 

nucleus is present as in step 3,But the plasma membrane appeared to 

be ruptured. The percentage of damaged sperms Increased to 52%.

4.3.2 MIXTURE C AND DMSO

4.3.2.1 Zero seconds after dilution (Plate 9): The spermatozoa appeared 

similar to the  raw  milt in 70% of sperms. Rest 30% of sperms exhibited slight 

disruption of mid-piece.

A.3.2.2 10 m inutes after dilution- after an equilibration time (platelO):

After an equilibration time m itochondria are less conspicuous. The plasma



membrane exhibited corrugated appearance. The chromatin got more 

condensed. These damages occurred in almost 60%  of sperms.

4.3.2.3 After exposure to Liquid Nitrogen vapours (P!ate11): Plasma 

membrane is totally disrupted but the shape of th e  nucleus remained more 

or less sam e as in the above case, The m id-piece and mitochondria 

became a ltogether ruptured.

4.3.2.4 After plunging Into Liquid Nitrogen (PIate12): Almost 75% of 

spermatozoa became abnormal and exhibited structura l changes as in step 

3. In addition the nucleus exhibited vacuoles inside chromatin material.

4.3.3 RANA AND MC ANDREW EXTENDER AND DMSO

4.3.3.1 Zero seconds after dilution (Plate 13): A lm ost 70% of spermatozoa 

became abnorm al and exhibited following structura l alterations. Nucleus 

remained intact but the plasma membrane exhib ited undulations and the 

chromatin m aterial got condensed and vacuoles were  present in it. The mid­

piece and mitochondria were deformed.

4.3.3.2 10 m inutes after dilution- after an equilibration time (plate14):

The structure is almost sim ilar to  the a b o v e  treatment (1), but the rate 

damaged sperm s increased to 85%.

4.3.3.3 After exposure to  Liquid Nitrogen vapours(Plate15):

Mitochondria in the midpiece are totally damaged and the plasma 

membrane showed severe undulations.

4.3.3.4 After plunging into Liquid Nitrogen (Plate16): almost 95% of 

sperms exhibited complete dam ages in head and  mid-piece region as in 

previous treatm ent (3).



4.3.4 V2E EXTENDER AND DMSO

4.3.4.1 Zero seconds after dilution (Plate17): Alm ost all the spermatozoa 

appeared s im ila r to sperms in raw milt without much damages. Appearance 

of flagellum, mitochondria, nucleus, nuclear fossa etc, are more or less 

similar to the  raw milt In 90% o f the sperms.

4.5.4.2 10 m inutes after dilution^ after an equilibration time (plate18): All

the structures remained more or less similar to  the above step in 76% 

sperms. Rest o f the sperms showed disintegration of plasma membrane and 

rupture m id-piece.

4.5.4.3 After exposure to liquid nitrogen vapours (PlatelS): All m ost 60% 

sperms near normal structure. The plasma membrane is more or less intact 

and did not exhib it much evaginations. Nucleus is intact. Mitochondria also 

appeared near normal,

4.3.4.4 After plunging Into liquid nitrogen (Plate 20): Structural feature of 

spermatozoa did not differ further after freezing and thawing protocol. The 

plasma m em brane appeared to  be more disrupted compared to the previous 

stage and th e  mitochondria detached. The percentage of damaged sperms 

increased to  46%.



Table 2. Percentage of intact spermatozoa of liza parsia and 

their motility score after each step in various 

extenders+DMSO (10%)

Extender

Treatments

CHAO’S

EXTENDER

+DMSO

MIXTURE C 

+DMSO

RANA&

MC

ANDREW

+DMSO

V2 E 

+DMSO

Step-1 

(0 seconds after 

dilution)

80.67±5.33

(5)

70.34±5.86

(4)

29.98±5.11

(3)

89.23±6.68

(5)

Step-2 

(10 min after 

exposure)

66.38±5,61

(4)

40,04*3,34

(3)

15.56±1.67

(2)

76.G4±2.98

(5)

Step-3 

(After vapour 

pfiase)

58,10*3.89

(4)

30,66±6.94

(3)

10,89±5.32

(1)

59.87±4,91

(4)

Step-4 

(After Liquid N2 

exposure)

47.83±0.64

(3)

25,06±9.91

(2)

5.01±0.2

(5)

54.0±1.76

(4)

Figures in parenthesis indicate motility score
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DISCUSSION



5. DISCUSSION

The success of cryopreservation mainly depends on the 

prevention o f cryoinjury during the freezing phase. The injuries generally 

discernible in 1) zero seconds after dilution 2) 10 minutes after the 

equilibration tim e 3) after exposure to  the liquid nitrogen vapour and 4) after 

plunging into liquid nitrogen stages. A  comparison of the extent o f damages 

at the above milestones in relation to various diluents will give an in depth 

knowledge into the relative m erits of the cryoextenders and the stages in 

which maximum damages occur.

5.1 Zero seconds after dilution:

Maximum damages occurred to spermatozoa in the m ilt diluted 

in Rana and Me Andrew extender+DMSO. Almost 70% spermatozoa became 

abnormal in th is  stage. The plasm a membrane exhibited undulations and the 

chromatin material got condensed and vacuoles were present in it. The mid 

piece and mitochondria were deformed but nucleus remained in tact (Plate 

13). In Mixture C + DMSO, 30% sperms exhibit slight disruption of mid piece 

(Plate 9). In Chao’s extender + DMSO, a condensed nucleus w ith clear 

nuclear fossa is present, m itochondria and plasm a membrane is intact in 

80% of sperm s (Plate 5). In V2E  extender + DMSO, almost all the 

spermatozoa appeared similar to  sperms in raw m ilt without much damages. 

Appearance o f flagellum, m itochondria, nuclear fossa, nucleus etc. are more 

or less sim ilar to  the raw milt in 90% of sperms (Plate 17). So V2E Extender 

is found to be the best cryodiluent among 4 studied. Chao’s Extender is the 

second best cryodiluent. In Rana and Me Andrew most damages occurred 

among 4 cryodiluents studied.



5.2 10 minutes after dilution:

More damages occurred in Rana and Me Andrew Extender 

+DMSO, the  extend of damaged sperm is observed to be 85%. The plasma 

membrane exhibited undulations and the chromatin material got condensed 

and vacuoles were present In it. The mid p iece and mitochondria were 

deformed (P late 14). In Mixture C + DMSO the dam ages occurred in almost 

60% sperms. The m itochondria are less conspicuous. The plasma 

membrane exhibited corrugated appearance. T h e  chromotin got condensed 

more (Plate 10). In Chao’s extender and DMSO. about 33% of sperms 

exhibited abnormality like nucleus dilated and nuclear fossa became less 

visible (Plate 6). In V 2 E extender and DMSO, m ost spermatozoa (76%) 

appeared s im ila r to sperms in raw milt retaining flagellum, mitochondria, 

nucleus, nuclear fossa etc. Rest (24%) sperms showed disintegration of 

plasma m em brane and rupture o f mid piece (P late 18). So V 2 E extender is 

found to be the best diluent a t 10 minutes after dilution among 4 diluents 

studied. More damages are observed in Rana and Me Andrew in th is  step.

5.3 After exposure to Liquid Nitrogen vapour;

In Rana and Me Andrew extender and DMSO, mitochondria in 

the mid piece are totally damaged and the plasma membrane showed severe 

undulations (Plate 15). In M ixture 0  and DMSO, plasma membrane is totally 

disrupted, th e  mid piece and mitochondria became altogether ruptured (Plate

11). In Chao’s extender and DMSO the percentage of damaged spermatozoa 

is 42%, the gross morphology remained more or less similar as compared to 

second step. Plasma membrane is present, nucleus is dilated and nuclear 

fossa became less visible. Chromatin material becam e condensed (Plate 6). 

In V 2 E extender and DMSO. almost 60% of sperm s exhibited near normal 

structure. P lasma membrane is more or less intact and did not exhib it much 

invagination. Nucleus is intact, mitochondria a lso  appeared near normal 

(Plate 19). So V  2 E is found to  be the best cryodiluent after exposure to 

Liquid Nitrogen vapour. Severe damages were observed in Rana and Me 

Andrew extender.



5.4 After plunging into Liquid Nitrogen:

Very severe dam ages were observed in Rana and Me Andrew 

extender and DMSO, where in almost 95% of sperms exhibited complete 

damages in head and m itochondria in the mid piece are totally damaged 

(Plate 16). In mixture C and DMSO. almost 75% of spermatozoa became 

abnormal, plasma membrane is totally disrupted, the nucleus exhibited 

vacuoles inside chromatin m ateria l (Plate 12). In Chao’s extender and 

DMSO, the percentage of dam aged sperms is 52. Plasma membrane 

appeared to  be ruptured, the sam e intact nucleus is present (Plate 8). In V 2 

E extender and DMSO the percentage of damaged sperms is 46.Sturctural 

features o f spermatozoa did not differ further after freezing and thawing 

protocol. The plasma m em brane appeared to be more disrupted compared to 

the previous step and the m itochondria detached (Plate 20). V 2 E extender 

is the best cryodiluent among 4 studied after plunging into liquid nitrogen.

Structural changes in spermatozoa following dilution and deep 

freezing have been reported in several fish species (Billard, 1978, 1983; 

Gwo& Arnold, 1992; Lahnsteiner e t al., 1992; Diwan & Nandakumar. 1998; 

Gopalakrishnan et a!,, 2000). The ultrastructural changes in Liza parsia 

following dilution in different extenders after 10 m inutes equilibration time and 

fresh water are similar to tho se  described in other species like rohu, 

salmonids and guppy (Lahnsteiner e t al., 1992; Gopalakrishnan et al., 2000). 

The spermatozoan is very sens itive  to changes in osmotic pressure due to 

dilution (Billard, 1983). This w ou ld  cause morphological alterations including 

rupture of membrane, swelling and disruption o f mid-piece (Billard, 1983). 

The abnormalities in Liza pa rs ia  sperm were m ore pronounced when diluted 

with fresh water, Rana & Mo Andrew Extender+DMSO and mixture 

C+DMSO. The rate of abnorm al damaged sperms increased progressively in 

the extenders mentioned above in different treatments followed. The motility 

score also gradually decreased in these extenders as the exposure time 

advanced(Table 2).



Considerable alterations particularly those visible in the 

nucleus (condensation of chromatin) and mid piece deserve attention 

especially in connection with selection of a suitable cryodiluent fo r mullet 

sperms. Fish sperm motility is c losely related to the existence of mitochondria 

in mid piece (Gwo, 1995), Disruption of mitochondria and the probable 

exhaustion o f energy supply, condensation of chromatin, broken plasma 

membrane in almost 60 & 85% spermatozoa (step 2) after dilution in 

extenders C and Rana & Me A ndrew  respectively prior to freezing — all these 

can be facto rs in addition to  cryoinjurles, responsible for poor motility 

performance of frozen thawed L. parsia m ilt in these extenders. The 

morphology o f spermatozoa did not differ significantly in-undiluted m ilt and 

sperms diluted with V2 E and to  a lesser extent in Chao’s extender. Th is may 

be due to exposure of milt to  a suitable acceptable extender having proper 

concentration of salts and DM SO  and the ideal dilution ratio. The motility 

studies carried out supported th e  above obsen/ation indicating the suitability 

of V2 E and 10% DMSO as an ideal cryodiluent fo r mullet milt.

Exposure to liquid nitrogen vapours and subsequent freezing 

followed by thaw ing can cause cold shock to biological systems (Jamieson, 

1991). Cold shock is mainly caused by the change of membrane lipids from 

the liquid to  the solid phase. Ice crystal form ation during freezing will 

effectively dehydrate and create phase transition of the lipids in biological 

membranes. Th is would increase the membrane tension leading to its 

rupture. In addition the likelihood o f formation o f intra cellular ice increases 

with cooling rate and the degree o f injury Is proportional to the s ize of ice 

crystals. Recrystalisation of sm all ice crystals during thawing inside and 

outside the cell also is detrim ental. All these reactions will end up with 

mechanical destruction of m em brane structures and cell death. As water is 

frozen out during freezing, both extra and intracellular solutions become 

progressively m ore concentrated leading to osmotic shock (Jamieson, 1991). 

This would denature the m em brane lipoproteins and cause shrinkage of 

cells. The addition of cryoprotectant DMSO is reported to m inim ize cell 

damages associated with ice form ation and accumulation of salts. DMSO is



rated as a better cryoprotectant for most of the cells than glycerol probably 

because Its rate of penetration to cells is much faster than glycerol 

(Jamieson. 1991). DMSO at concentrations 5-20% (v/v) has been 

successfully used for cryopreservation of sperms of a variety o f species 

(Scott & Baynes, 1980). In the present study, a fina l volume of 10% DMSO 

was selected as this was found to  be an optimum concentration fo r many 

teleost species (Gopalakrishnan et al., 2000). Relatively high percentage of 

intact sperms in 10% DMSO -V 2  E combination, The present investigation 

supports the  view that concentration of DMSO is optimum for th is  species. 

Yao et al., (1995) in ocean pout reported that the  degree of ultra structural 

integrity o f spermatozoa can be a indicator of sem en quality and fertilization 

ability. They compared the ultra structural images of unfrozen raw  m ilt and 

frozen- thawed diluted milt in various extenders and found a positive 

correlation between fertility percentage and percentages o f normal 

mitochondria, nucleus, mid piece and perforatoria. In the present study, 

similar results are obtained with raw milt and frozen-thawed m ilt in V2 E 

(10%) DMSO combination. DMSO diluted in V 2 E has provided a better 

protection to  spermatozoa as evidenced by less damages in TEM images, 

comparatively higher rate o f intact spermatozoa (54.0+1.76) after thawing 

and better motility score (4). The Chao's extender-10% DMSO combination 

offered cryoprotection to a lesser extent compared to V2 E indicating that 

property o f a cryoprotectant can vary with different extenders. S im ilar results 

are reported in rohu (Gopalakrishnan et al., 2000) and graylings (Drokin et 

al., 1998),

The study also indicated the necessity to  give proper emphasis 

on developing suitable extenders in cryopreservation experiments. The basic 

criteria used in selection of an extender are its' ability to retain the sperms 

alive but in inactive condition. A ll the extenders (except Chao’s extender) in 

the present study retained spermatozoa of L  pars ia  in inactive condition, but 

failed to produce comparable results after freeze-thaw protocol. This 

indicated tha t extenders inhibiting the sperm m otility alone need no t always 

be an ideal one for species. T o  assess the efficacy of cyroprotectants and



extenders, fertilization experiments may become undependable (due to 

varying egg quality) expensive (brood-fish maintenance) and impractical 

(annual breeders with short breeding season). Trypan blue exclusion tests 

and application of supra vita l fluorochromes to  discriminate live and dead 

sperms (in both diluted and undiluted milt suspensions) have been developed 

for “acrosom al" sperms of h igher vertebrates. Lack of acrosome and the 

small size m ake teleosts sperm s unsuitable fo r above test (Billard. 1983). 

Even though not as fast as v ita l staining method, ultra-structural observation 

of milt suspensions can be a suitable and reliable alternative not only to cull 

extenders bu t also to understand the freeze-thaw effects.

From the present investigations, V 2  E with seawater as base 

solution and 10% DMSO is selected as the best cryodiluent for Liza parsia 

sperms, as in this cryodiluent the  spermatozoa exhibited structures similar to 

raw milt a t each step of cryopresen/ation protocol. Chao's extender with 10% 

DMSO is rated as the second best as in this extender structural integrity is 

preserved up to the third stage. The fertility  trials in m ullets with 

cryopreserved sperm in these extenders are lim ited. The confirmation of 

these extenders as best for mullets can be done only after carrying out 

fertility tria ls, However present investigation has succeeded in fulfilling the 

objective o f identifying the best possible extender-cryoprotectant combination 

(cryodiluent) fo r the milt of Liza parsia  and also to  pinpoint ■ the strength and 

weaknesses o f various diluent to  prevent cryoinjuries at the different stages 

of cryopreservation. The knov/ledge gained w ill be extremely valuable in 

further cryopreservation studies.



SUMMARY

The present investigation was carried out to  find out 

a su itab le  cryodiluent fo r the cryopreservation of Liza parsia  

sperms, taking m orphological changes as a  clue.

1) Oozing specimens of Liza parsia were collected from the wild 

and m ilt collected by stripping. Motility o f sperms were checked 

in freshw ater and seawater for assessing their quality and to 

select them  for cryopreservation.

2) For identifying a suitable extender for cryopreseivation the  

m otility o f sperms in extenders checked and the extenders which 

were capable of keeping the sperms in live but inactive condition 

were selected as the best. Thus 4 extenders were selected.

3) Using these 4 extenders along with 10% DMSO, the sperms treated 

in 4 s teps of cryopreservation protocol to  identify the morphological 

changes in each step.

4) M orphological changes w ere studied using Transmission Electron 

M icroscopy.

5) Based on the observations from morphological alterations 2 o f the 

4 cryod iluen tsa re ra te d  as the best. V2E prepared with seawater 

as base  solution and C hao ’s extender both with 10% DMSO are 

the se lected cryodiluents.
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