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Souhrn

V této praci je sledovan mechanismus cytomorfologického pisobeni nizkych tep-
lot na listy 4 dny naklitené pSenice. 1. OdstiiZené 8picky listt byly ponofeny v pleti-
vovém kositku do tekutého dusiku a bez rozmrznuti co nejrychleji nafixovény. 2. Stej-
nym zpusobem byly zpracovény dalsi objekty, aviak po vyjmuti z tekutého dusiku
byly ponechany voln$ na vzduchu rozmrznout a teprve pak nafixovény. 3. Dalsi
objekty byly nafixovény p¥imo, tj. bez zmrazeni tekutym dusikem. FixaZe byly
vytemperovany na —76, —27, +27 a 4-56° C. Fixace v Carnoyové alkoholoctové
smdsi 20 min, v Lisonov$ smdsi 2 hod. Odvodnéni a zaliti bylo provedeno na vibra-
toru. Rezy byly barveny kyselym fuchsinem podle Drawerts a Regaudovym Ze-
lezitym haematoxylinem. Vysledky uvadi tabulka (popsény chloroplasty &pitky
prvintho zeleného listu).

—176°C —27°C +27° C +58°C
Z tekutého dusiku normélni normalni nepravidelné nepravidelné
pirimo do fixaZe atvary utvary

a normalni a normalni

Z tekutého dusiku nepravidelné nepravidelné mnepravidelné nepravidelné
10 min. rozmrznout, utvary utvary atvary utvary
pak do fixdze

Primo do fixaze deformované deformované normélini normalni
a normalni a normalni

Stejnym zptisobem zmrazené, aviak rtznd rozmrznuté objekty dévaji odliSné
vysledky. Z toho vyplyvé, %e k destrukei chloroplasti dochézi pii rozmrzani tka-
n&. Je viak nutno piipustit, Ze v piipadech, kdy zmrazeni je pomalé, pracuje-li
se za vysd teploty (asi —20 °C), anebo je-li objekt piili§ veliky, mohlo by dojit
k destrukei pfi zmrazovéani. Destrukee chloroplastii nenastavé soudasné s destruk-
ci jddra, ani nemusi byt destruovédny viechny chloroplasty soudasns.
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Summary

The mechanism of the cytomorphological effects of low temperatures was
studied by the fixation of young leaves of Triticum vulgare 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, +-68°C) different results were ob-

served on the objects pretreated in the same man-
N ner. It was thus demonstrated that the destruction
processes occur, in this case, during thawing.

5
Introduction
N ]
—
The effect of temperature on fixation processes
- has been very little studied hitherto (e. g. fixation
of mitochondria by Regaud’s fluid in a refrigerator,
— - —1 |1 fixation of glycogen by Lison’s fluid, cold acetone

in histochemical procedures etc.). Having deve-
1 [ loped the technique of cutting in a frozen state,
various methods of handling frozen sections were

3 4} studied (SoLcEr 1926). New attempts appeared

when freezing—drying and freezing—substitution
were developed (BELr 1956). Starting with the
results of GENEVEs (1955) and the author (1958),
2 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- Material and Methods

tives. 1 — Dewar flask, 2 —

Water bath or cooling mixture,

3 — Alcoholic fixative, 4 —

Ethanol 969%,, 5 — Thermome-
ter.

Leaf tips of wheat, Triticum wvulgare ViLn. (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 cm. The tips
(coleoptile - 1st green leaf) 1 cm. 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 min, 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 10 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 temperating of fixatives water baths were used for temperatures of 4-58 and +27°C,
mixtures of CCl, -+ solid CO, for —27° C and C,H,OH + solid CO, for —76° Cin one litre Dewar
flasks. Fixation for 2 hours at 4 58° C was carried out in a water bath with automatic regulation
of temperature. For arrangement see scheme 1. The temperature varied +2°C from average
values. The fixatives, always 20 ml. in well-stoppered bottles, were freshly prepared and temperat-
ed 30 min. before use (Carnoy: ethanol absol. 3 parts + glacial acetic acid 1 part, fixation for
20 min. Lison: saturated solution of picric acid in ethanol 969, 85 parts + formalin 10 parts
+ glacial acetic acid 1 part, fixation for 2 hours). After fixation the specimens were placed for
10 min. in ethanol absol. I at laboratory temperature (4 20° C) being removed from the metallic
baskets. Dehydration and clearing was done on a shaker (c.f. HRSEL 1952): ethanol absol. 1I.
30 min., IT1. 30 min., ethanol-—benzene 30 min., benzene I. 30 min., benzene I1. 30 min., ben-
zene—paraffin at 37° C 30 min. and embedding in pure paraffin overnight at - 56° C. When
mounted, the longitudinal sections 4 u were deparaffinised and stained with buffered acid
fuchsin (Drawert 1936/7): 0-19, solution of Acid Fuchsin 8 (Lachema) in HCl—phosphate
buffer pH 1-25, 30 min., ethanol 709, 30 sec., ethanol 969, 30 sec., isopropanol I. 1 min., IT.
3 min., xylene I. 1 min., II. 3 min. or with Regaud’s haematoxylin.

Results

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

-—176°C —27°C +27° C +58°C
From liquid nitrogen Normal Normal Irregular for- Irregular for-
directly to fixative mations and mations and

normal normal
From liquid nitrogen fixed Irregular Irregular Irregular Irregular
after 10 min. thawing formations formations formations formations
Directly to fixative Deformed Deformed Normal Normal
and normal and normal

“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
—176° C), but the table of results demonstrates that these processes are not
responsible for the cytomorphological changes observed.

Discussion

The cytomorphological method is one of the techniques for studying cold
death. We do not know the mechanism of cold injury (Smrta 1954, MERY-
MAN 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
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are not comparable (BugaEvsKY 1955, 1957, LEvITT 1957). 1 hope, the work
of GENEVES and the present paper are to some extent comparable.

The statements of GENEVES that the specimens undergo the cytomorpho-
logical changes which are observed after plunging into liquid air, when being
frozen and not when thawed, and that plunging into liquid air is an unsuitable
technique of fixation, are not supported by the present work. In the present
work the results obtained with chloroplasts of wheat leaves support the con-
clusion that when the specimens have been frozen by plunging them into
liquid nitrogen the cytomorphological changes occur during thawing. This
statement is supported by the experiences of many authors working with
freezing—drying and freezing—substitution (authors’s results in this field
c.f. BENES and HrSEL 1958).

Other cases are to be distinguished when the specimens are frozen slowly,
to a higher temperature (—20° C) and when the specimen is large. In this case
the changes may occur during the freezing.

In the present work, destroyed chloroplasts were observed with a normal
nucleus in the same cell. Normal and destroyed chloroplasts were also found
together in the same tissue. The two following problems have been touched
on here:

1. Are all of the cellular constituents of any kind (chloroplasts) in the same
tissue altered by cold simultanously?

2. Is the mechanism and time of cold destruction the same for various
kinds of cell constituents (chloroplasts, nucleus)?

A comparison of cytological and biochemical data would be very
interesting in connection with the problem of the preservation of active chloro-
plasts in a frozen state (SMITH et BENITEZ 1954, BisHOP et al. 1955, CLENDEN-
ING et al. 1956). Some cytological studies were made in connection with diag-
nosis of frost resistance (GENKEL and OKNINA 1954).
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Triticum wvulgare VILL., chloroplasts in leaf cells, fixation with temperated Carnoy’s acctic
aleohol, staining with buffered acid fuchsin.

la. 1b.
Fig. la,b. After plunging into liquid nitrogen 10 min. thawed and then fixed with Carnoy at
a) - 27°C, b) | 27°C.

2a. 2h.
Fig. 2a,b. After plunging into liquid nitrogen, without being thawed immediately fixed with
Carnoy at a) —27°C, b) +27°C

Ja. 3b.
Fig. 3a, b. Directly fixed with with Carnoy at a) —27° C, b) +27° C. Magnif. 1500 : 1. Photomicro-
graphs by J. Kubec.
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Iuromopdonornyeckoe AeiicTBMe HH3KUX TeMIIEPaTyp,
N3y4aeMbIX ¢ MOMOLIbIO (PMKCATOPOB PABIMYHON TeMImepaTypsl

KAPEJI BEHEII

Pesiome

HMccnemoBasess MexaHH3M OUTOMOD(ONOrMIECKOTO JNeficrBHS HW3KHX TeMIEparyp Ha
JIMCTHS 4-IHEBHEIX IPOPOCTROB NileRnNbL. 1. OTpe3anHbie BepXYIIKE JUCTHERB B METAJINIECKOR
KOp3WHKe NOTPYIKAINCh B KULKUH a30T u 0e3 orramBaHWsA Kak MokHO Onictpee Qmrcmpo-
pamck. 2. Tarmm e oGpasom obpabaTeiBaniuch 1 cieAyomue 00BEKTH, HO 1OCAe NOTPY-
JKeHUsI B JKMJIKEI a30T OHE OCTABJAJINCE IPM KOMHATHON TemIlepaType A0 OTTAMBAHMNS,
H TOJBKO TOCIe 5Toro QuKcmposBanuch. 3. Clexyomas cepusa o0BeKTOB QHHECAPOBATACH
npsAMo, T. . 0e3 3aMOpa:KHBaHHA B RHUAKOM asoTe. OUHcAaTOPH JOBONWIACE 7O TeMIepa-
Typu —76, —27, 427 m +456°C. Ourcanms B CONPTOBO-yKCycHOH cmecum Carnoy-a
20 muH., B cMecn Lison-a 2 gaca. O0e3BOKABaHTe 7 3aJIMBKA IPOM3BOXMINCH Ha BEOpaTope.
Cpessl OKpAIIWBANIACh KUCIBIM QyKCWHOM IO Drawert-y W jKejle3HBIM T'eMAaTOKCHIIMHEOM IO
Regaud. Pesymprats mpepicraBiensl B TaOuamme (EaOmofeHHA XJIOPOIJIACTOB BEPXYIIKH
1IepBOTO 3€JI€HOI0 JIACTA):

—76° C —27°C +27° C +58° C
W3 s®maKoro asoTa NpAMO  HOPMAJIBHBIE  HOPMAJIBHBIE  HeNPaRWIb- HeIpaBUJIb-
B QurcaTop HHe o0paso-  mee o6paso-
BaHAA 1 BaHOA W
HODMaJIbHEIE ~ HOPMAJIEHEIE
U3 muproro azora 10-MUH. HenpaeBmMIIb- HenpaBWib- HeNPaBUIb- HeNpPaBWIb-
OTTaWBAHYE U IIOTOM Hele 06paso- ubie 06paso-  Hule 06paszo-  Hule o0paso-
$uxcarop BaHHUA BaHUA BAaHHA BAHUA
Ilpamo B ¢urcarop neopmEpo- medopmupo- HODMAbHEE  HOPMAJIBHBIC
BaHHBIE M BaHHHE U
HOpMaJIbHEIE ~ HOPMAaJbHEIE
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OaMHaKOBEIM cHOCOOOM 3aMOpPOKEeHHEBIe, HO Da3jMYHBIM 06pa3oM oTTaABIMe OOBEKTLI
AT HEeOAWHAKOBEIe pe3y/bratel. OTCIOZa BRITEKAeT, 4TO DAaspyHIeHHEe XJIOPOINVIACTOB
HPOMCXOQUT NPU OTTAMBAHAM TKaHedl. Heo0Xoammo onHAKO AONYCTATH, 9TO B CIAydaAx
MEJICHHOTO 3aMOpasKMBaBUA, B ONBITAX HPH BHce#d teMueparype (—20° C), uam ecnm
00BeRT CAMIKOM BeNNK, Pa3pyHIeHFe MOKeT HAcTyIaTh B IPH 3aMOPaKUBAHMA. Pa3py-
1IeEWe XJIOPOILVIACTOB HACTYIIaeT HeOJHOBDEMEHHO ¢ paspylleHHeM fAApa, W He BCe XJIOPO-
IJIaCTH OJHOBPEMEHHO Pa3pyIIAKTCAH.



