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Souhrn 

V t6to prs je sledovs mechanismus cytomorfologick6ho pflsobeni nizk:~eh tep- 
lot na  listy 4 dny nakliSen6 p~enice. 1. Odst~i~en6 ~pi6ky listfi byly pono~ony v ploti- 
vov6m ko~i6ku do tekut6ho dusiku a bez rozmrznuti  co nejrychleji nafixov&ny. 2. Stej- 
nshn zpfisobem byly zpracovs dalai objekty, avw po vy jmut i  z tekut6ho duslku 
by ly  ponech~ny voln6 na  vzduehu rozmrznout a teprve pak nafixovs 3. Dalai 
objekty  byly nafixov4ny p~imo, tj. bez zmrazeni tekut:~m dusikem. Fix~.e byly 
vytemperov~ny na  - -76,  - -27,  +27  a + 5 6  ~ C. Fixace v Carnoyov6 alkoholoctov6 
smSsi 20 rain, v Lisonov6 sm6si 2 hod. OdvodnSni a zaliti bylo provedeno na  vibr~. 
toru. J~ezy byly  bapceny ky~vl:~z~ fuohsinem podle Drawerta  a Rogaudov~m ~e- 
lezit:~m haematoxylinem. V:~sledky uvs tabulka (popshny chloroplasty w 
prvniho zelon6ho listu). 

- - 7 6  ~ C - - 2 7  ~ C +27  ~ C +58  ~ 

Z tekut6ho dusiku norm~lnl norm~lni nepravideln4 nepravideln6 
primo do fixgL~o 4 tva ry  fitvary 

a norm~lnl a norm&lnl 

Z tekut~ho dusiku nopravideln6 nepravideln6 
l0 min. rozmrznout,  f l tvary d tvary  
pak do fixs 

PSimo do fixg~e deformovan6 deformovan6 
a norm~lni a norm~lni 

nepravideln6 nepravideln6 
fitvary fi tvary 

normKlni r~orm~lnl 

Ste jn~m zpflsobem zmrazen6, avw rfizn6 rozmrznut6 objekty  ds odli~n~ 
v~sledky. Z toho vypl~vh,  ~e k destrukei ehloroplastfl doehs p~i rozmrzhnl tkh- 
n6. Je  vw nu tno  p~ipustit, ~e v p~ipadech, kdy  zmrazeni je pomalG pracujo-li 
se za vyw167 teploty (asi - -20 ~ anobo je-li objekt  p~fliw velik~, mohlo by  dojit  
k destrukci p~i zmrazovgmi. Destrukee chloroplastfl nenastg~v~ sou6asn6 s destruk- 
ci jg~dra, ani nemusi  b~ t  destruov~ny vw chloroplasty souSasn6. 
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Summary 

The mechanism of the cytomorphological effects of low temperatures was 
studied by the fixation of young leaves of Triticum vulgate with temperated 
alcoholic fixatives. Some specimens were plunged into liquid nitrogen, allowed 
to thaw and fixed; other objects were plunged into liquid nitrogen and fixed 
without thawing; control objects were fixed directly. At various temperatures 
of fixatives (--76, --27, ~-27, ~-58 ~ d i f f e r e n t  r e s u l t s  were ob- 
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served on the objects pretreated in the same man- 
ner. It  was thus demonstrated that the destruction 
processes occur, in this case, during thawing. 

Introduction 

The effect of temperature on fixation processes 
has been very little studied hitherto (e. g. fixation 
of mitochondria by l~egaud's fluid in a refrigerator, 
fixation of glycogen by Lison's fluid, cold acetone 
in histochemical procedures etc.). Having deve- 
loped the technique of cutting in a frozen state, 
various methods of handling frozen sections were 
studied (SoLoER 1926). New attempts appeared 
when f reez ing~ry ing  and freezing--substitution 
were developed (BELL 1956). Starting with the 
results of GEN~VES (1955) and the author (1958), 
cytomorphological effects of low temperatures 
with temperated alcoholic fixatives have been 
studied in this work. 

Scheme 1. The arrangement of 
baths for temperating of fixa- 
tives. 1 - -  Dewar flask, 2 -  
Water bath or cooling mixture, 
3 - - A l c o h o l i c  fixative, 4 -  
Ethanol 96o/0, 5 - -  Thermome- 

ter. 

Material and Methods 

Leaf tips of wheat, Triticum vulgare VILe. (Stupicks 
vouska), germinated for 4 days in Petri dishes on filter paper 
moistened by tap water, at  -~22 ~ C, with 12 hours illumin- 
ation, were used. The height of shoots was 2--3  em. The tips 

(coleoptile ~-1st green leaf) 1 em. long were cut off, placed in metallic gauze baskets (diameter 
and height of each 1 cm.) and stoppered with wool. 

The specimens were then prepared in three ways: 

1. The specimens were submerged in liquid nitrogen for 3 rain, then directly transferred (with- 
out thawing) into temperated fixatives. 

2. Other specimens were submerged in liquid nitrogen for 3 min, after removal the baskets 
with objects were placed for l0 min. on a table, having been allowed to thaw first and then fixed 
with the temperated fluids. 

3. Control specimens were fixed with the temperated fluids without preliminary freezing. 
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For  t e m p e r a t i n g  of  f ixa t ives  wa t e r  b a t h s  were u sed  for t e m p e r a t u r e s  of  + 5 8  a n d  -}-27 ~ C, 
m i x t u r e s  o f  CC14 -k solid CO z for - - 2 7  ~ C a n d  CzHsOH -k solid CO s f o r - - 7 6 ~  in one  l i t re Dewar  
flasks. F i x a t i o n  for 2 hou r s  a t  -k 58 ~ C was  carr ied  ou t  in  a wa t e r  b a t h  wi th  a u t o m a t i c  r egu la t i on  
of t e m p e r a t u r e .  Fo r  a r r a n g e m e n t  see s cheme  1. T he  t e m p e r a t u r e  va r ied  •  ~ C f r o m  ave rage  
values .  The  f ixa t ives ,  a lways  20 ml .  in  wel l - s toppered  bot t les ,  were f resh ly  p repa red  a n d  t e m p e r a t -  
ed  30 rain. before use  (Carnoy:  e thano l  absol.  3 pa r t s  -b glacial  acet ic  ac id  1 par t ,  f ixa t ion  for  
20 min .  Lison:  s a t u r a t e d  so lu t ion  of  picric ac id  in  e thano l  96~o 85 pa r t s  q- fo rma l in  10 pa r t s  
q- glacial  acetic ac id  1 pa r t ,  f ixa t ion  for 2 hours) .  Af t e r  f ixa t ion  t he  spec imens  were p laced for 
10 min .  in  e t h a n o l  absol.  I a t  l abo ra to ry  t e m p e r a t u r e  (-t-20 ~ C) be ing  r e m o v e d  f r o m  the  me ta l l i c  
baske ts .  D e h y d r a t i o n  a n d  c lear ing was  done on a shake r  (e.L Hg~EL 1952): e t h a n o l  absol.  I I .  
30 rain. ,  I I I .  30 rain. ,  e t h a n o l - - b e n z e n e  30 rain.,  benzene  I.  30 min . ,  benzene  I I .  30 min . ,  ben-  
z e n e - - p a r a f f i n  a t  37 ~ C 30 min .  a n d  e m b e d d i n g  in  pure  pa ra f f in  o v e r n i g h t  a t  -k56 ~ C. W h e n  
m o u n t e d ,  t he  long i tud ina l  sect ions  4 ~u were deparaf f in ised  a n d  s t a ined  w i th  buffered  ac id  
fuchs in  (DRAWERT 1936/7): 0"1~o so lu t ion  of  Acid F u c h s i n  S (Lachema)  in H C l - - p h o s p h a t e  
buffer  p H  1-25, 30 rain. ,  e t h a n o l  70O/o 30 sec., e t hano l  96O/o 30 sec., i sopropanol  I.  1 min . ,  I I .  
3 min. ,  xy lene  I.  1 min . ,  I I .  3 min .  or wi th  R e g a u d ' s  h a e m a t o x y l i n .  

Results 

The chloroplasts in the tips of young wheat leaves were studied. 

- - 7 6  ~ C - - 2 7  ~ C ~-27 ~ C -k58 ~ C 

F r o m  l iquid n i t rogen  N o r m a l  N o r m a l  I r regula r  for- I r regula r  for- 
direct ly  to f ixa t ive  m a t i o n s  a n d  m a t i o n s  a n d  

n o r m a l  n o r m a l  

F r o m  l iquid n i t rogen  f ixed 
af te r  10 min .  t h a w i n g  

I r r e g u l a r  I r regu la r  I r regula r  I r regu la r  
f o rma t i ons  fo rma t ions  fo rma t ions  fo rma t ions  

Direc t ly  to f ixa t ive  De fo rmed  De fo rmed  N o r m a l  Norma l  
a n d  n o r m a l  a n d  n o r m a l  

"Irregular formations" are clumps of material, probably from destroyed 
chloroplasts. The borders of "deformed chloroplasts" are irregularly shaped 
and they are sometimes stuck together. 

During temperation, some changes in the composition of fixatives occur 
(darkening of Lison's fluid at -]-58 ~ C, partial freezing of Carnoy's fluid at 
- -76 ~ C), but  the table of results demonstrates that  these processes are not 
responsible for the eytomorphologifial changes observed. 

Diseussion 

The eytomorphological method is one of the techniques for studying cold 
death. We do not know the mechanism of cold injury {SMITH 1954, MERY- 
~ 1956, 1957). In  interpreting our results, we must have in mind the 
velocity of the thermal changes, the minimum temperature reached, the time 
of exposure to low temperatures, the phase reversal, etc. We must distinguish 
the processes during freezing and during thawing. For this reason many works 



96 K. BENE~ 

are  no t  comparab le  (BuGAEVSKY 1955, 1957, LEVITT 1957). I hope,  the  work  
o f  GEN]~VES and  the  presen t  p a p e r  are to  some ex t en t  comparab le .  

The  s t a t e m e n t s  of  GENEVES t h a t  the  specimens  undergo the  c y t o m o r p h o -  
logical  changes  which are observed  a f te r  p lunging into liquid air, when  being 
f rozen and  not  when  thawed ,  and  t h a t  p lunging into l iquid air is an  unsu i tab le  
t echn ique  of  fixation, are no t  s u p p o r t e d  b y  the  p resen t  work.  I n  the  p resen t  
w o r k  the  resul ts  ob ta ined  wi th  chloroplasts  o f  whea t  leaves suppor t  the  con- 
clusion t h a t  when  the  spec imens  have  been frozen b y  plunging t h e m  into  
l iquid n i t rogen  the  ey tomorpholog ica l  changes occur  dur ing thawing.  This  
s t a t e m e n t  is suppor t ed  b y  the  experiences  of  m a n y  au thors  working  w i th  
f r e e z i n g - - d r y i n g  and  f r eez ing - - subs t i t u t i on  (au thors ' s  resul ts  in this  field 
c.f. BENE~ and  HRw 1958). 

Other  eases are to  be d is t inguished when  the  specimens  are frozen slowly, 
to  a h igher  t e m p e r a t u r e  ( - -20  ~ C) and  when  the  spec imen is large. I n  th is  case 
t he  changes  m a y  occur  dur ing  the  freezing. 

I n  the  p resen t  work,  des t royed  chloroplas ts  were observed  wi th  a n o r m a l  
nucleus  in the  same cell. N o r m a l  and  des t royed  chloroplas ts  were also found  
t oge the r  in the  same tissue. The  two  following p rob lems  have  been touched  
on  here:  

1. Are  all of  the  cellular cons t i tuents  o f  a n y  k ind  (chloroplasts) in the  s ame  
t issue a l te red  b y  cold s imul tanous ly?  

2. I s  the  m e c h a n i s m  and  t ime  of  cold des t ruc t ion  the  same  for  var ious  
k inds  of  cell cons t i tuents  (chloroplasts,  nucleus)? 

A compar i son  of  cytological  and  biochemical  d a t a  would be v e r y  
in teres t ing  in connect ion wi th  the  p rob lem of  the  p rese rva t ion  of  ac t ive  chloro- 
p las t s  in a frozen s ta te  (SMIT~ et  BENITEZ 1954, BISHOP et  al. 1955, CLEI~DEN- 
I~O et  al. 1956). Some cytological  s tudies were m a d e  in connect ion wi th  diag- 
nosis o f  f ros t  resis tance (GENKEL and  OK~INA 1954). 
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K. BENES 

THE CYTOMORPHOLOGICAL EFFECTS OF LOW TEMPERATURES 

Triticum vulgare VILL., chloroplasts in leaf cells, fixation wi th  t empera ted  Carnoy 's  acetic 
alcohol, s taining wi th  buffered acid fuchsin. 

Fig. la, b. After plunging into liquid ni trogen 10 rain. thawed and then  fixed wi th  Carnoy at  
a) 27 ~  b) [ 27 ~  

Fig. 2n,, b. After plunging into liquid nitrogen, wi thout  being thawed immediately fixed with 
Carnoy at a) --27 ~ b) --27 ~ 

Fig. 3a, b. Directly fixed wi th  with Carney at a) - -27  ~ C, b) 4-27 ~ C. Magnif. 1500 : 1. Photomicro-  
graphs  by  J .  Kubec.  
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I ~ H T O M O p ~ O : i O r H q e o { o e  ~ e ~ C T B n e  HH3IgHX T e M n e p a T y p ~  

H 3 y q a e s l ,  IX C IIOMOIKI~IO ~HI~CaTOpOB pa3~IHqHO~ T e M n e p a T y p b I  

I~APEYl BEHEIII 

PeamMe 

I4ccae~ona~c~  MexaHII3M RHTOYtOpd~o~orHqecI~oro ~eHCTBHgl HH3I~tIX TeMnepaTyp Ha 
5IrICTI~H 4-~HeBHhIX HpopocTHOB n m e n H ~ I .  1. OTpe3aHnRte B e p x y m H g  JII4CTI, eBB MeTa~iHqec~ofi 
K o p a ~ i ~ e  n o r p y m a a ~ c ~  s m ~ g f i  a~0T ~ 6e~ OTWaI~BaHl~a I~aI~ MOmHO 6~cwpee q~m~cHpo- 
~ a ~ c s .  2. Ta~gM me  o6pasoM oSpaSaT~maa~c~,  ~ cae~y~omne  o5%e~T~i, no  n o c a e  n o r p y -  
~ e t t H g  B ~rUIHFIH a3ow OHI~ OCTaB~It~JII~eI, IIptI HOMHaTno~ TeMiiepaType ~o OTTaHBaHIIg, 

WOYtI, I~O Hecate oworo qSH~CHpOBaa~c~. 3. C a e ~ y m m a a  c e p ~ a  06%eHTOB q~m~cnpoBaaac~ 
npgMO, T. e. 6ca 3aMopamr[BaHrm B ~H~I~OM a3owe. r ~0no~gar t ch  ~o T e ~ n e p a -  
wyp~  - - 7 6 , - - 2 7 ,  +27_ n + 5 6 ~  ( I )n~ca~na  B cn~pT0SO-y~cycHofi  CMeCI4 C a r n o y - a  
20 MIIH., B CMeC~I L i s o n - a  2 ~aca .  0 6 e s ~ o m ~ B a H ~ e  ~ s a ~ B K a  n p O g a B O ~ a ~ C S  n a  ~ 6 p a w o p e .  
C p e 3 ~  o ~ p a m n e a ~ c ~  H~Ca~M qby~C~HOM nO D r a w e r t - y  ~ m e a e 3 ~ u M  FeMaTOKCI4$I~IHOM NO 
R e g a u d .  P e a y a s w a w ~  npe~cwan~eH~I s T a6 : m~e  (na6amAeHHa x a o p o n a a c w o s  n e p x y m ~  
nepBorO 3eJIeHoro 3IIICTa): 

H3 m g ~ K o r o  aaoTa npflMO 
~nKcawop 

- - 7 6  ~ C - - 2 7  ~ C 

HOpMaabH~e HopMa~sH~e 

H3 ~ n ~ K o r o  a3oTa t0-MnH. HenpaB~ab-  
OTTaHBaHge H n O T O M  H ~ e o S p a a o -  
~HKCaTOp B a g g a  

HpaM0 B ~ K c a w 0 p  ~e~opMHp0- 
BaHHMe H 
n o p M a ~ b n H e  

+ 2 7  ~ C + 5 8  ~ C 

H e n p a R n a b -  nenpaBHab-  
Hue  o6paao -  H~e o6paao -  
BaHHg ~ BaHH~ 
nopMaabHHe HOpMaabn~e 

H e n p a B n a h -  n e n p a B H a b -  n e n p a B ~ a ~ -  
H~e o6paao -  H~e o6pa3o-  n ~ e  o6paao -  
BaHgN BaHHg BaHH~ 

~e~opM~po-  HOpMaabH~e H o p M a a ~ n u e  
BaHH~e H 
H0pMa~bH~e 



9 8  K .  B E N E ~  

O~HHaKOBI)IM CIIOCO60M 3aMopomenHbm, Ho pa3JIHqHbIM oSpaaoM OTTaHBuIHe O6%eKTbl 
~aIOT tteO~IHaKOBHe pe3y~bTaTLI. OTCIO~a BhITeKaeT, qTO p a 3 p y m e H g e  XJIOpOIIJIaCTOB 
n p o ~ c x o ; ~ T  n p n  OTTa~IBattnI4 TI~aHefi. HeoSxo~InMO o~Ha~o ~onyCT~Tb, qTO B c n y q a u x  
Me~JieuHoro aaMopam~BaH~a,  B OnblTaX n p ~  n ~ c m e f i  TeMnepaType ( - - 2 0  ~ C), Hnx~ e c n ~  
05~eKT cYiYlmI~oM BeJI~IK, paapymeHHe  MO~eT HacTyl]aTI~ I~ npH 8aMopa~HBaHIIH. P a 3 p y -  
meHHe x ~ o p o n n a c T o B  HacTynaeT n e o ~ o B p e M e H n o  C p a a p y m e H n e M  a ~ p a ,  n He Bce x n o p o -  
n~acTL~ o;I~onpeMenHo p a s p y m a m T c ~ .  


