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ABSTRACT 

Mahds  for w e s w i n g  s p ~ m a  and optimizing sperm:egg dilution ratia in 
Mican c d s h  Claii~ls pariepinq wwe ds;veloped. Five percent to 25% DMSO and 
m&anoI were f e w .  a$ cij&prokcbants, by &luting smm in Ginzburg fish ringer d 
freezing in i-mifili&- c~ovials in a pmgmmmabk freezer. To avoid an ace3 of 
spamatoma per egg, p s t h w  semen was diluted 1:20, 1:Zm or 1:2000 b t f m  

fertilimtion. Highest & w q  obtained by spermatozoa h z e ~  in IPh methanol 
and post-thaw diluted to tr2W. Thea, slow W i n g  rates (-2, -5 or -1PUmin) to various 
endpoint twnperaarres (range -25 te -7W) before fast hezing jn liquid itrow 0 
were evalua&d Hatching ~ E S  equal tp,.cmtral (PM.OS) were obtained by qmmhm 
frozen at -5Wmin to -45 to -50°C and at - t O T h i n  to -55°C. In 3-step hezhgptogrm, 
at -5"C/min, the effect of holding spemaa- for 0,2 w 5 min a -30, -35 or 4PC before 
fast free&g in L N 2  was d p d .  Hatching rates equal to control pM.05) weie mlced 
by qmm?ozoa h m n  to, rnq held at, -35°C for 5 min and at -40°C for 2 or 5  mil^ Finally, 
from pmmtoma (1 0% methmol, -SPCJmin, 5-min bold at W C ,  LN2, post-thaw d i W  
to 1:200) were tested in a - fa rm fertiliutkm 4th~.  Again, no difference (P*.OS) in 

utility as a mutine method of s p ~ r m  s 
.a 2000 by Ebevier mnce tnc. @@$ g -: 4. 
Key words: fish AW d s h ,  cry5pdd%&"! 

INTRODUCTION 
<-B>p 

Catfishes are an cmmmidy important group of fresh and brackish wata fisbt*+'fG - 
wofIdwide, Snnrsl rpscicp have ban wcosaasllly introduced ia aquacube (22), and the # t. ~ m ~ ~ ~ ~ ~ ( f o r m ~ ~ l y a g ; 5 ) , i r p ~ t h e m o a ~ ~ t  
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5- one, not Only in & but dm in S-3--36& Thdhd) d in ~ u ~ o p e  (ago, The 
Nsthiuhds). . 

. ,. 

1 I h ~ b ~ & ~ * ~ l ~  
gq6togePaeblis -ii. &ms 

i c w e s e x u a l ~ i s m & d  (8). ~ , w h e r e a r s ~ e s  m b e w o f e g g s  
r after trtatmsmts with carp pihlilaty atram (CPE; 7) or h& MC Qmdolmpin 

I (ha Q&,q.datiof~ a@ mala repduch War do not @ - p b , p t r t n d y  
M. even a i k  Idnonil &imbg+ To obtain 8 p ' M h a  it t n&&w fo khl bmd 
&(ln or surgically tmnowi-fi oft* tistes (1). ~boaing bees-of-  

t e o n  would s i d f i d y  improve tb,e ttpmbtivc pot&d of& &. by 

-on of kh sperrnamaa has btm tk subject of mmy invdgalims, 
e ; y  in s a h d d s  (eg., 19). S M  appresmatioa d q d s  mt only on the 

i 
I 

I 

I. 

~ W s t o c k o f t R e ~ c a n ~ C ~ ~ b ~ h t h e ~ b P c o f  
M Afriq {4.22*N, J8.35%), bas bstn brad for.@ gchmdhm in the h k h q  of - 
the Fish C u l q  swi M e  Group at Waguhgm Uqive@p (H*, 5.m Tha .. 
N ~ l D i r M p t c r m h m l ' f ~ l a i s s h p l t p g q a e r m d & ' ~ ~  %i 
(2SUC) ad photbpkhd (14 h of light pir day) m Z$@Efectangula tmb to a -- 
r e c ~ ~ T h e f l a w ~ w a s 8 t o 1 2 ~ , F i & ~ M t r o u t ~ ~ & ~ ~  
The Natherhds] at a mint- level of 0.8% of body weight daily. 

I.- 



Table 1. ~~ rwiw m semm -on of Aecan c a t f i  Pmd'relartd &a The dalajp&mkd shows 
-m-woatheclmentl i-  T ' 



Iddm (1 per e x w a r t )  w & h g  850 to 2300 g were madh&zd with 8 g tricaiae 
methanerrulfonace (TMS; Cracat  Research Chmieds, Phoeaix, Arizona, USA) disdwd 
in 10 L tap water and s d o a d  by spinal m e c t i a  Testes were mmwd by d i h  
and perforated with a needle, and semen was gently sqwczd out. Motility was dctemunad 
Bubjcctiwly by m i x i  1 drop of fnsh semen witR 2 drops of tap water aPd observed under 
a microscope at magnification 200~. Only smph with rnore dm 80% mtile 
~ m a t o ~ w e r e f r ~  

'he mean sperm c o n e ~ o n  of 10 randomly chosen catfish m a h  was defermind by 
counting spamtozoa diluted 1 :E0,000 in a Bfihct cell minter (Mahfdd, Gemmy). 

Ghdwg &h ring& (123.2 mM NaCl; 3.75 mM KC1, 3.0 mM C a ;  2.65 mM 
NmCQ3; pH 7.6; 244 mom) was used as sxtsnder and mixed with mathano1 or 
d i m ~ h o x i d e  (DMSO; M& Germany) at various m a n s  in a 10-milliliter 
(mL.) tube. Semm was gently added at 1:10 (vlv) find c m m t r a t i ( ~ ~  Aliqwta of So0 
microliter (pL) of diluted spsrmatozoa (containing 50 pL s a w )  m e  h m d b ? y  
~ ~ f c r r e d  to l-mZ. eryovials @reiner w a . m s M  Geamany) d fiozsn. 
Tk cquibiration time betweem mixing qmmabm& with etyaprotactivt ~Iu t ioq  and 
hezing was appxhattly 2 tnin a sac. 

For a& treatment (i.e., a specific cornbinaliw of c-ve agent, 
~ o n , W g r a t e , ~ n t t m ~ i n t h e f f r s t H q o f ~ d h o ~  
tintG ai h e  mipoint), 6 gyovials {teplicalea) were h e n  in r progmmmable hem 
(Planer 10 Stries 3 Controlled Rate Freszer, Middlesex, UK) ad storad in LN2 at 
-195T for 1 to 9 wk before being w e d  in fdlizaticrn trials. 

Artificial ar on and Hatching of Eggs 

Female catfish, 1 per experiment, were iqjected with 4 mg cP& body ~ d @  and 
stripped 12 h latm (2S'C). Eggs were kept at room temperame (BOQ while king d 
;andhamaximumof2 h . ~ a y w i a l s g e r ~ d m h w & i n a w ~ e r b Q t h a t  
27T for 5 min. The &mng 3 cryoviah were kept as backup & Aft- -, 
sperrnatoaoa £kcma each u p v i a l  Ipwiously diluted 1:lO) were diluted again with fkh fish 
rings to a f ia l  concentration of 1:20 (in Experiment 1A ad 1% 1;200 (in all txpaime& 
c~eapt 1A) or I:2000 (in E q c h e n t  1C). 

Rom each q l e  of post-thaw diluted qmmozoa, 2 aliquot4 of 100 pL were mixed 
with 2 portions of 0.2 g of fresh eggs (appmximatdy 150 egp) in a p M c  P&i dish 
Fdizatiam was initiated by adding 1 mL tap watg d mixing' for 40 sec. The eggs were 
ihen eaasfared to a 10- dimeta PVC basket with a 0.5-mm mesh bottom and 
incubated in shallow bays at 30°C, connected to a reeirculatiag systrm Evay 30 min and 
at the end of each fprtiIization trial (that lastad for a of 2 h), oantrol egg batches 
were imdnated with h b  spermatozoa, diluted in fish rbgw to the same tatio as the 



hzmAmwd spermatozoa (is., 1-20, 1:200 or 1:2000, depending on the experimm) to 
ebeas for hnges  in egg quality. 

Agent, Concentration and Final Sperm DiIution Ratio 
.. 

In this section, 3 apmhnts  were COS In tbe 6rst experhat (lA), 
s p a m b z m  was fma in 5,10, 15,20 or 25 % methanol or DMSO, d.diluoed post-thaw 
to 120 (v/v final m). Bas& on theresults of this expimepls the same desim 
exceql for the cppmt&mt eoncentraton of 2594, was repad in Experimeat 1B. 
EKwever, s p m t o m a  m diluted m-thaw to 1:200. h Experiment lC, q m m b m a  
wehe & o m  only in 10 or 15% meham1 or DDMSO and diluted post-thaw to 1:20,1:200 cx 
12000. b dl 3 3, spamatoma were h m  at -S°Clmin from +S to -5% 
~ m l N ~ , m d t e s t e d i n ~ t r i a l s .  

Four 2-s@ fireeziDg programs were deigned to defitBe the best m g  rate and 
tsmperature. Aik &g the br&'-int (ha step), sperm samples were 

directly tmwhd to LN2 (second step). In Experiment 2A, spmbma wge h z m  at 
-5Wmia (ths same rate ased in tbe h t  series of cxperhmts) h m  +5 to -35, -50 or 
- 7 W M m t f i e s e ~ i n E x p e r i m ~ n t 2 B t h e s m e ~ r a t a w s s u s a d , b u t ~  
endpoints w m  mid 4, -45, -50, -55, -60 or -65°C. In Eqmhcm 2C and 2D, a s h t f  
and a faster mte (-2 and -10"C/min, q d v d y )  were used, and spennatozor w m  bm 
from +5 to -25, -30, - 3 5 , 4 4 5 ,  -50, -55 or 40% All sperm samples were b z m  in 1% 
methanol, and dilutsd past-thaw to 124lO (vh final cmmtdon) .  

/ HOW Spamntozoa at S u p m o w  Endpoints in 3-SW FrrainB Programs 

~ased on d s  of ths prwiow qmiment, we hve' h y p o t b d  that holding sperm 
samples at eadpoint ~wnpcratures higher than the optimst one ( s u p ~ d  temperatur~) 
fix a few h u h  before fhst freezing in LN2 would hcmsc s p m  &d. To TW this 
hypothtsis, was h e n  at -SD#min &om +S to -30, -35 w -40°C d either 
trausferred immGdiately to LN2 (0-min hold) or held at the endpoint kmpemm for 2 or 5 
mia (h s t q )  befom king W e m d  to L;N2 (third step). All sperm samples were 
from in 10% -1 and diluted *-thaw to 1 :200 (vlv hl concemdon). 

I Cryopewed Spumatoaoaia On-Farm Mtim 

Ssman was o b W  ahssqical  rmovd ofapart of the testis from 3 adult male 
. d i s h  (4-5 years old and h u t  10 kg) h m  fkm b m d s t d  &. Fleuxen, S o m m  Tba 

Ndhdmds). Spermatozoa wsre frozePl amding to one of our best protowl~ (10% 
mdhol ,  at-5Wrnin from +5 t o 4 P C d  heldfor5minbeforemrhgin LNd ad. 
diluted post-tbaw 1200 (vlv final concentration). Ten mL diluted pst-thw qmu#oma 
(SO pL semen, 1 uyovial) were mixed with M g eggs (3 aymials per male). After 
fdbtion, 2 aliqwts of 0.2 g eggs frvrm each sample of 20 g were incubated s q m t d y  in 
2 m e s h - ~ ~ ~ e d i n a n a q u a r i u m t o d e t e r m i n s t h s ~ ~ ~ ~  



wdniql9 .6  g m .b&a@d m, qpthw ta&:tytiu tbs, m&&sinp@@mas 
L e  ather samples, at 30°C. - I- +<, 

*. 

f a t ~ o n t r i a l w g e t d c d f o l a @ i l k a n t d i f f ~ b y A N T W A ~ & e ~ ~  
Ger~ffsll hear M o d d p m d w ,  hlkwd by h n m ' s  Multiple Rmgc Test. l k  m i d m  
h m  the difhmt ANOYA models w w  tabdfbr  n a d  &m~&hgb u n i v W e  
~ P - V & W S Q ) . O S ~ ~ ~ ~ ~ ~ & ~ D L  

- - 
RESULT8 I 

- .  
' I- 

: 
~ ~ h o ~ l p r m m , ~ ~ u ) ~ ~ ~ v * 3 . ~ ~ s d  

(SIY2.0 x .la9; fm& 1,s tQ. 7.3 n- 1 fl sjiamafoma ~ y i r b E i -  khb8&&~ @ah 
~ m m d ~ n p a v i d ~ ~ d W ~ i 7 ~  lo7 3w.5 i n c : . ~  d y h ~  

~ o n ~ ~ 4 ~ ~ 1 1 3 x  1~1120,11.3~1 10%- 
per egg at 1 p2000 find sperm &Idion. -- 

Harchhgmtcs ofcontrol gmps,-ia the ~~ mupifrom 55.7 to 
94.3%. The hatehixig me in on-farm conditions was 49.6%: I 
ww--m-. . . & p ~ s ~ ~ & a ~ O  - 

l a ~ r p - h m t  lhd ~ h 2 S % ~ k p o ( e d d b y  
U* -1 OI DMSO dihaed p t - h ~  to 1:20 V/V W - w  groduced 
hateking rates not significantly di- (W.05)  &om tht ~ontm1. Efr iwmI Wen 
-&-- goPQlv 0 0 ~  WW-IB), rmly i 
m~lpl#i b in lOOm rnetbanol gtaduced hmrtcbIng nm v.8%) ndt t&im 
dif- fmm control (85.2%). A siguifim (P4.05) d m  la rate was 
observed i n q I a  ~ Z G U  in 5, I5 or2OO/p-I d i n 5  b 20%DWO@Lle2). I 

WhQl peqnat=.wae dil- p o t 4 w b  13OvEv &id dil@min E x p e h d  IC, 
M d t s  h B q e r i m ~  I A  W- o b W  Oqfysm$1- Eqz~ain 1W meth01 

hkhing'm (60.0%) Mk40 -1 (65:w m-h a 

15% -1 aa8 10 d 15% DMSO -.m we (P4.05) 
with cam02 (Table 3), At 1 :200 post-thaw spe&%li?W d o ,  I W~methmol @y again t 

i 
t h ~ ~ e c t i v e i n ~ g q m m t m a a ~ - ~ ~ ~ ~  
(P0.05) hatching wts (58.3%) as confro1 (55.7%). At 1?2000 v h  lfnd dilulkjbmm of the 
samples twbd pfoduced satisf&tory results (Tabie3). 

I 
I 



Table 2. Hatch iq r~  (-+ S D , m $ j - & ~ e . o f t o I i l  eggs @ ~6$&'%th, 
q e m m h m a h i a ~ M S ~ o r ~ l a t & f f & & t ~  

I 
'"'2 ,a 

! diluted ~~ to 2:20 (hpuima IA) or 1:200 vhr h a 1  dilation 
mpi-1B). .-, 

L 

s#emxdMm ratio (vh) 
imcdration PAT - nkym 1:2M 

%- within the game whmn with d i f h d  q m m i p t s  are s i @ d y  different 
W-Os). 

~ w r . 3 .  -8 rates (mem * SD, n%yr<- of &iri& in ria 
w t t r z o a  '-%?iWOr I 5% methanol OI DMSO and dilubad m-tba~ to 
1:20,1:2QO or 1:2000 (find dilution; Hxpmimeat 1 C). 

c- Final sperm dilution ratio (vlv] 
~n~en-m) 1:20 1:m la000 ' , 
Mdmlol 10 60.0 f 8.8" 58.3 6.6' 293 f 224' 

15 52.0 f 2,5 43.6 f 12.9 17.5 f 9 . 0 ~  
DM30 10 48.3 f 6.0' 9.5 f 5.1 " 1.5 & 1.1 

15 38.1 k 5.3 15.8 k 3.7' 0.3 k 0.4 a .. 
h t m l  65.9.f 14.7' 55.7 & 128' 58.1 & 16.3 . 

ld M- within .the sams polrvmn with diflbmt qmqipss  are signkcantlY d S c q t  
w.09 

Freezing Rates atld R d @ t  Tempmww in 2 S t ~  FraeeiDg program 

h-mt ZA, when r fretxhgrats of -5°CMiwas used, spmmtozca fWm# 
-3S°C (&st step adpint] ihen ,plunged into I& prpduced P mta of 0% ' 

However, when %ample were &en to -5OOC, the hatching ram (95,6%1 w m  gifid 



- 30 
- 35 
-40 
- 45 
- SO' 
- 55 
-60 - 65 
- 70 

Coatror 

h ~ ~ 2 B , w t B w l l n w e ~ t ~ w g t t ~ 8 t d ~ t h t ~ ~  
f i r e a i a g ~ M - S P C h n i n , 7 f r o m t 5 , ~ - a n d t h s n p ~ ~ L N a  
Wwed a vsry tow hatching rate of only 3.9% @abh 4). Horn, ampla k m  to 
dtha 4 5  or -5PC p r o b e d  ha!chi~ rates equal m.05) to control (77.2 + M,Z% vs. 
79.9% of cmlml). Endpint of -55'C or 1- had a nsgatiVc effect an 
hang rate. - 

At B of - 2 O C l m i a  2C), h to -25 -30°C (6& I 
and then pluuged into L& produced a bstching rate of 0% -'qa&oz& 

were h z m  b -35'C, 1- than 3% of eggs h&M (Table 4). M d m m  W t a g  raks 
w m  obserwd when samples were h z a  to 4W (40.7%), al- this was s i g d k d y  
(P4.05) Iowa than control (72.5%). Enqpoiat t- of 4S°C or lower had a i 
m@ve effect on hatchhg fate 



eqd 0 . 0 5 )  to wntrol(59.8%) were o h b e d  ohly whm spermtom wera fffwsa to 
5S0C (51.8%). hint kmpatms of dO°C or lower hd a negative a m  on h&hg 

No egghatched when f e d i d  wilh qmmoza h z m  at -SDClmin to either-30°C at 
all holding times t&ed or to -3S°C with @min holding time.(T&lt 5). H ~ w q ~ ~ ~ . l ~ @ b @ g  
rates as high W.05) au mibol(85.9'34) were paoducbd d q y p $ w a  frozen to, and 
held at, -3 5°C fa  5 rnin (85.1 %) d 900C for o i k  2 min (78.4k)a 5 ; , 

in the 

Table 6. H & U g  ram (mean * SD, I&) as percentage of total eggs in contaci M4 
~pennatozoa hzen in lOOk methanol at - 5 W n  to, and held at, -40°C for 5 
min, stored in liquid nitro- for 1 to 3 wk ahd t&ed in on-farm fertilization 
dtim (Exphmt 4). 

s w -  - (9hl 
Frozen W#1 57.7 f 2.9 

~ ~ e s n s  with diffsmt superscripts are signifimtly diffaan'(P~.oS). 



N o  significant difference in hatching rate was observed when eggs were fertilized with 
either fiah or b - t h a w e d  spemabzoa tested on a cmmneff:id scale gable 6). 
Hmm, whm data from h e n  spdnnatom w m  sqmted by male, si.gdimdy hi@ 
(MI.05) hatching rates (57.7%) cornpami with control (49.6%) w m  pxoduaed by male # 
1. 

: m - , .  * 

*"em * - y * 4 ! ! g  w 
w h g  raw brirWmm v dwia l  

to conml WiB ~~ (&pimmt 1q. 
~ u c h  a 220XI @s wiwut-losing fertilization 

prodwed with -'@- uwc 

&mng d 1 : 1 0 a f t e r ~ d b a d i h c - a a m q f ~ o n ~ ~ ) a s ~  
cmbpJ (81.1%; f 3). In Q m i m s  carob, h a m ,  no spemmtima. ihwd'whar dilated 
hi@ tban 1 :5 Wore or after a (10). . - 

As sperm eoUactioon in African catflsh, as wd1 as in charmel ad Asian c a b ,  m M h  
~ ~ o r m a l e ~ , i t b i m p m t a r t ~ ~ h u s s o f a ~ m P l e b y  
-oa 0f'sperm:egg i n s a h h  ratio. For li@ qmmtma, the M v t  

spesmaww die d d n g  M m g  and thawing tb effe@w bmiwirn  d o  fix 
h q n  qmnmm &add Ix bigbaa In &and &'SO x ld4'bm-thd 
txpmtomt pw 0.5-m~ &w enabled ~ ~ , q n  of259 (200 x 1.d F 
~ ~ ) . ' h b l w u t e s h ~ ~ ~ ~ u m o f l ~ , W n  id h & - * l i ; o d ~ ~ z ~ l a  
p a e g g ~ ~ ~ a e h i m 5 4 % o f ~ i f ~ m ( 2 ) , 1 n ~ ~ ( l ~ 4 9 ~  
t # live ~ m - ~  qqnatoz,zoa per = h i d  r hatching Tats (51,2%) ual ta the 
c i m m l ( 5 1 % ) . I u o u s ~ ~ ~ t S , m o s n ~ ~ ~  -'P was3.4x:l pcrml, 
w h i k d y a m a l l ~ u c c o f l 1 0 0 p L o f ~  

3 
dihrtsa to 1 : b  (1,700 

x 13' qmmatom) eaabled Eltilblbon o fhut  150 -%.ld dpab 
t b w  diluted (1 209) (50 ML am-) wtrc able to f & i k  20 g (15,000) eggs. 
The insmination r d m l i D m i ~ n ,  ww within wimge 6 to 24 x 10' qumamzox 
p e r ~ w ~ b ~ l e t o t h e r a t i b ~ b y ~ d v s n V ~ ( 1 ~ ~ o n b  
presentdata, 5 m L o f s a n e n f r o m a ~ m a l l , ~ ~ ~ t o o u r p r o ~ ~ ~  
bs to fertiliz~ 1 ,m,m e* (2 aad7~+7 j0 ,w taWta l&v~ .  



I 
! At 1:20 funalspmdih~tion -t? l 4  Table 2),4i was ~ M e ~ t o  d & e m k  

neither t h  7 Zr..iii3m06t e ~ c ~ v w i : ~ - ~ m i  m 
w-k @ #*, &M&, a 

- * lutoliing ---la wah mtroI. However, when this dilution ratio was lucd @ 
i t ! w I C , d y w h z e n  inIOP/6%n&hlptdwd~hatcbimgzak3 1 ; mb31. u is pmsi~mrt rVis:expWion for thcaecontlssting d e e t s  w 

; in +m quality @tWk,Exparimmt IA d m  ih~Ekpe&x$:f~ agd npt in egg,qality, 
b r u w  M d h t h  dth f i ~ h - ~ 2 M - p r d d ~ ~ ~ - ~ ~ i .  @@ill $oth 

. A .- . I ' 

Wng 1:200 as the fiflat sperm dibrtiom, 10?4 metham1 was thc most e W w  
q u p m m n t f o r ~ ~ ~ ~ w - f i ~ a t *  
cmmtrdom and D m  at all comumlions Wed, in k t h  Experiment 1B d 1C. 
Methqnd a h  proved ek t ive  i%r hezing d m  fih spcrmatarna (6) and was a ba#a 
~cryoprotetmt fw chmmel catfish, ~ ~ ~ ~ ~ , ~ ~ h t l a t o ~  DMSO, glm 
- m  -(23~&"~.dimethyl acet8raide (3). h & a h s t ,  it wm-lesa 
~ v e ~ ~ g l ~ l ( ~ j  l.l%$rid DMSO (40.9!!) for pmtacfmg G 
@ti- srpermatoec#r aghM 6.sedng 1171. "'Gly~er~l has WI-b moait W&IY + 
a y q m k m t  f# Af&au W&JY qmatozoa (Table 1). Tao pac6mt gl-1 Wpfo~ad 
tffectivefor~&imcaihh,h,~j&&dG~~ . * 

yieading 69 t~ 84% of ~ontrol hat~w (14). HOW=$ g l m l  W& W&Md 
whemsDMS0 cbulttbeud for- (20). r 

Aceding rn Ticrsch et d (Bk r laager time of equilibmh beforo h&hg cm 
cmhance tb* sflativems- of that act more slowly than methad. TMs 
wuld explain.why DM30 wss lm c h t i v e  than methanol in that the cquilbdm t h  
~ i n t h e ~ t ~ c a t s w a s d y 2 m i n .  

toMmr(ll), when any kindof cell is subjectedto sub& & it 
initially-lswhileic%-in the ex- &umTtrc marmerinwhicb& 
~~IbrimwithmsdiumdepGnasebisflyoptbem~wWchtbgy~~~~ledrtlad 
on Wr pcrmeebilty to warn. If cefls are coolad slowly w if theif ptrmeability to waw is 
high, d s  will q d i i  by transferring intmdlular water to extsroal ice ~~ 
d-shinbp). On tht other hmd, if cells sue coolcd repidly, or if .their permeability tp 
water is low, or wen if cells arc stored in LNz bcfim nuelation is compI&d, c a b  WilI 

\ e q u i l k a t e , a t l ~ i h p a r & , b y ~ ~  

In our e x p h d s ,  &val was Mliable4among different Ming.mtq even 
' within the m e  endpoint. For when the endpoint was -500C, hwhitq ram 

si* (bQ.05) tD eantrol were only by spermatozoa from at - 5 T h h  
(Rxpeaiment 2A d 28, Table 4); at -2 (Experiment 2C) and - 1OWmin (&perimcat 2D), 
hakhhg M were lows. Howwer, it is easy to diai- for eaeh h d n g  me, an 



t g l l p a t ~ ~ ~  adpoint to which qmmbixa must bs fmmn slowly, hfore b t  i k a h g  in LNt as that where highest sperm slwival m obtained. At -2Wrnjx1, this 
clrptimsrl m i n t  was -4UV, at -5oClmin, both -45 sud -5QC ad at -1OWmb, -55°C. 
When @em samples were plmgcd into Nz before these d p o h  arad wed to 

eggs, the hatching ram produeed were, in most8wes, yegy low (Table 4). bed 
m &q's  coaclusiom (111, we assum that d e h y b t k  m not completed and I h@dular ice wm f o m d  in time a m p l e t  The ice famed inside t4e cells as r result ,of -- , 
~ i $ w ~ k l i l c e l y t o ~ b y ~ a t i o n d u M g w a r m i a g , ~ i f w ~ g i s  - : 
slow, as in OUT aphnmts. However, at -S°Clmin, tha q d i m l  engpoint oould ba ' 
haeased to supraoprbnrrl temperam like either -35 or 4PC whm a S-mjn,holdhg time 
W S  iacluded before fast freezing (Expimalt 3; Table 5). Perhaps, &iig * Mdhg 
time, @am ceIls wuld dehydrate enough d not fonn ~ l u l a r  ice, since M&hg *a- - 
rate3 pmdwed by spermatom k e n  as dcsmbd w m  simih (P>0.05) to those of h s h  

HQWWE~, this hypoh& requim futtfier testing. 

Regardless of whether cells @ h i  by dehydration or by M u l a r  h z h g ,  lhq 
m sllkrjeGtsd b a a d  class of phpial-chemical evests asmhkd with W removal of 
liquid water and its conversion to iea As temperatw decrcasas, the mount of &I water 

't 
demaw,  ex^^ and &aceIhJar soluta concentmte, dutm precipitate as their 
aalubilitb are exmtded (thus changing pH), a d  all s o b  pmiphte below the 
pint (?hptmpmtum at which the spI9oh star4 h&q);of tEte m. Thew phyical- 
&&dm refmad tQ &5 " S O ~ ~ W  &&' (1 137). US* an ~~tir#al a rate, 
once inkdlular nucleation temperature has b c a  pmt as corn be: s a y  shred in LN2 
at -196%. If not, cells will be q m e d  for tm bng to the " s o b  cf'f&L" MI 
pbenomemrn cauld explain our d t s  in the m d  d~ of exp=immb~, when I 

qemabzoa firom fUrthea than the o p l i d  endpoint (4°C a -2"Clmin; 45/S00C at 
- 5 W n ;  45OC at -lO°Chnin) befm fast e n g  irr pdmd decmshg batGhirrg 
ratas (Table 4). As far as we how, sweraI he&g rates have bcm tested in M c m  I mtiishqmmtma, but no otbermdpoint in ~ f m t ~ o f ~ b u t  6 5 ,  -70 and I 

-8 )OC wcre evaluated (Table 1 > It is possible that the nuddon paint had been s u r p d  
andbetterhabhhgralecouldbve bwnobidatotherkanpmWm. 

Solnth effects are responsible for injury whgl c o o k  is slower than qhal ,  and 
~~ baing is r m b l e  for iqiury whm Wing% faster t b n  o p l i ~ ~ L  
qtid rate, thC31, is slow enough to prevent p d u d o n  of intrrreellular ice d yet mpid 
eaopgh to minimize the lengh of time celIs are expscd to solution deds Ill). Tbt 
uiW rate varies among different types of cells. Ywt, frar exampk wiU Goatsia 
hceltuZar ice when cooled faster than -lOoClmin, whmm mi btood cdls win contain 
inmcdlrrlar ice only w h  coottd faster than -5OWPChnin (1 I). In om experim- with 
c a m  ~~ 3 slow rates were tested in the h t  stup of m g  (-2, -5 and 
-10dClmin), hIlowed by plunging smpla in LN2 (d atep of m. B w w  M e x  
read& were obhed  at -S°Clmin (Table 4), we suggm it a~ h e  bmt h z h g  rate for 

spermatozoa. Our msub agree d h  Step  (I@, who tested s e v d  
mta between -2 and 17°Clmin md f011nd better motility rater at -5Wmh 



-on of qmatozoa  should be us& as a routine mhtl of game& 
~ d m m g ~ e n b f o r ~ ~ ~ , ~ a n c a t & h , ~ g a I i ~ ~ s t m d a t  
-1%W M h d  good fertility for 6 wk in our e x p h e w  (unpubw data) and fix 16 

i 
mo in the e x p h t s  of StGyn and van V u m  (17). F m m  A f i i n  d i& ,  & 
pmatozoa had the m e  fedihhg q d t y  as k& 

" 

after 8m o f h g e  - (13) and chamel h h  .fta 13 mo of mEhese data su@ that 
- d s h  spem!abma will rrraain viable for of storage and will dlow greater ilekMiliZy 
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