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INTRODICTLON

Eupmm and Tadiation ave some of the
important envirormental factors that affect tho functicaing
of living orgeniasgs. !ﬁv. each of these fsotors by
f1teelf has becoms a full fledged branch 4n blology vise,
~ Thermobiology and Radiodiolegy. '

The intermnl cellular environment is constantly
modiffed and influenced by externmal surroundings. Externmal
physical forces 1ike temperaturs, radiation, wind, husidity
and pressure otc., regulate the yate of cellular resction
and deternine 4f they procesd fioraally end optimelly.

To underntend the thermal strese or radiation effect
or for that satter any paraneter affecting the functioning
of oell membranes, the peat history and the prosent status of
the various componcnts of cell membrane or plessn mesdrane and
thelir pscking arrangenente need a brief dtacussion. %he csll
menbrane has been envisaged by Vallach (1972) as "an assechbly
of numeroue divaerse, dut specifically end genetically regu-
lated functionsl gystems arrayed at the 0#ll periphery each
“onconpanuag defined roceptors and playing hiologieﬁ toles
far more intricate than their well studied participation in
perzeability anid trensport®. Thus plasma ssabrane has doen
vieved as a living and dymesmic entity surreunding the cell,



Inside the 0oll slso thers are varieas mesbrane
wotnj iike thylakold mesbranes of chloroplasts, sito-
chondrial cristae endoplasmic reticulum and also mendrangs
aze found covering coll organelles in the &&mﬁe cells.
Thense membrangs provide sites for photosynthesis, electroa
transport, protein-gynthesis and provide regions for orgh-
nisation of encrgy transduotion sechanisss ﬁxc‘h a8 photo-
receptors. Resdide the sbove functions, the mesbrancs are
found to be highly selec$ive and regulats the flux of
various organic end 1nomnic subetances from inetlde to
cuteide the oell ané vice-versa. Thua, oell mesbranes play |
e very osucial zole in the active and pascive tzansport of
subatances of the cell,

Basentislly, the plassa mesbrane consists of proteins,
1ipids end amsil amount of cardchydratas. ¥any models have
appeared to sxplain the stmoture (Fox 1972; Singer snd
Nicoleon 19725 Capalat 19745 Gitler 1972) and organtsation
of mesbrane and ite compononts (Davson and Danielli 1952;
Rebertson 19643 Beneon 19667 Leonard and Singer 19663
" Malbotra 1970; Ginger and Hicolson 1972). Bat out of all those
mocdele, the Plutd Mossic model proposed by Singer and Nicolson .
has been widely accepted because it 4s found consistent with
tho restrictions hpon&_by thernodynsuics and e aleo
supported by many cxperiaental evidences ard physieal techmiques



(Ricolson §t al 19713 Prye and Edfdin 19703 Portes
8% al 19703 Engelmann 19713 Melchoir st Al 1971).

The fluid moselic model is anslogous 10 o iwo~-
dimonstonal oriented solution of intograted proteins (or
lipo-proteins) in the viscous phospholipid bilayor
solvent. The integral proteins are a sot of heterogonous
glebnlé: mol.eeﬁlau and they are amphipethio., Proteine are
onbedded partially in the bulk of the phospholipid matrix
which ie a discontinous fluid bilayer (Hicoleon and Singer
1972). The émpsncnts of the blological pembranes are
eayemetrically distriduted between the mesbrane surfacos
and the asymmotry is maintoined because of lack of trans-
nembrane aiffusion (Bothnan and Leonard 1977).

A apin label otudy of biological membranse for
apocific lipide is being carried out (Shim-fehi mﬁahj. 1976)
tor the study of individual roles. Biological amsmbrance

contain many kinde of 1ipids. In phospholipide there arec a
. variety of classes differing in the polar head groups and
Tatty acid composition. Each phoagholipid appoars to have
its own role in biological membranes. The spin labdd detects
conformational chenge through change in the local e#vircn-
ment of the ladelled site. Ca'’ dinding 1ipid molecules
have bDeon investigated through this method,



Isclated sendranes are found to have sarkedly
different properties compared to the intaot tmma
Angity. It 45 8 chellenge to the biophysioist to
search for those procedurss that will descride the inti-
sate mechanisme sssociated with meadbrane functions. It is
likely such procstures have td include methods vhich
affect the atracture in a transitory revefsible manner in-
cludtng tesperaturs, pressure, slectrio, wagnstic fields,
and redistion effects coupled with those tethniques that
uight deteot tzrensients in the range of sicroseconds-sillii.
seconds (Citler 1972).

In the present study, the effect of tesperaturs, | v
 irradistion and the effect of some metallic cations 1ike
calcium, lead, sinc and sagnesium have besn tested to ses the
permeability changes and the protective action offered by |
the above mentioned metallic cations on the best root tissue,
Bets wvulxaris Ly ‘he involvemsut of boet rOOt nwmmﬁ
in the tissue's response to tempersture fiuctuation has deen
recogoised by several workers quite some time ago {Steged
1969; Yochevad Toprover snd Clinka 1976).

The syster is convenient to handle. ZThe pigment

Sﬂacnain':pasmt in vacioles of the oells., It is relesssd

cut when the coll mendrans s deame _ged, éa by spectrophotos
metyic snalysin of the eluted betacysnin from the tissue
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and hence the mm-ny of the membrans can be deter-
sined. Nesbrans properties are quite sensitive to envi.
romzental influences. Cenerslly marmalisn cells can
buffor effectively against the envirormental fluctuations
by slaborate regulatory devicss dut the mechanisws way not
be the same in lowsr organisss and plants.

- In satursy somstiwes tho temperatare of plants or

~ some of their orgsns will be more than thelr atmospheric
tcnpataénro beussiinio these plants suy 0ot te An a position

to transfer all the excess of heat to thety snvironnent.
Somotinen the wive of texperature in the plant ccxpared to
fte surrcundings soy be 0o bigh as 11 - 429¢ (¥rolix and

de Vrige 1839). Eg., in the cree of fleshy orgens of
Solacesis odcen and thus taspersture mey exseed to 45 = 559¢
zum vhich £9 vsvally ccoepted s & normsl temperature lisit
for nost plants, end enimals die at those texperstures (Ruber
1935; Rouschal 1930b).  Huber (1932) rccorded that fruite of
Arum, pine tres cambius and opuntis reach in mature to the
highant tnpmﬁatnm of S0%C, 55¢C and ©0°C respectively.
tundegsrah (1949) noted that sofl exposed to insolation
recchod to teapertures as high As 55 ~ 75°C. There are
many reports that sesdlings die at the soil level (Baker 1929;
Manch 1913 end Prenco 1961) becsuse of the fotal temporetures
recorfod at the sofil levael. S0, 4t wae of intesest to investi-

/



gate the changes in memdrene permeability with incresss

in temperoturs and also to gos calcium dons repairing the
danage csused due to the inoreassd tempersture. Similar
exporiments have bLeen ah& carriod out with m irredis-
tion of the ttame oither singly or in conjunction with
thermal expomuress This type of task acquires importance

in cosmic plant growing and in raising plants under conditions
of high frradiation levels (Grodzinskii 1976).

4 In conducting such stadies, it w1l be poga\s.hh to
understand the possible dynsaic alterations in the noraal bio-
chomical reactions dne to the i_acroiéoﬁ temporaturs or eved
7adlation levels and the intimate mechanisss assocatod with
the membrane functions. Sach otudies may alzo be useful in
understanding the nature of membrane compousnts and their
pacicing awmta whioh determing the mmﬁﬁm of
membranes. Noreover, intersst can ““,m !'émneﬁ on the
stali licing and destabilieicog proporties of mesbranes.
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- BATERIALS AND NBYHODS

Conmercially availadle red bsst roots (Desa
algaris L) were purchased from the local markot and
storod in the refrigerator. Cylinders of ﬁmo were
taken cut from roots by ueing stainless steel cord bdorver,
Tissues were out into slicen of 2 mm thickness and 0.7 cas
in dismeter by ucing & tiseue slice cutter which has deen
designed and fabricated in the Central Vorksshop, Jawaharial
Behru University. |

Ater cutting the tissues into slices; the latter were
wached under the runaing tap water for adout six to ten
hours so that the pigwent betacyanin that lesked out from the
tissue in the provess of eatting into siices should be thovo~
ughly wsshed cut. M‘temrds, the slices were washed twice
or thrice with double distillod water and finally with Tris.
(c‘a“xofm.-a;ram.wx sstnomethane = (Nerck) « HCL
buffer maintaining s oconcentration of f1OmN and p 6.8,

Later, thoss tiasue slices ware trensferred to aerated
butfer (10 aN, 7 6.8) and kept at 8 - 10°C ovornight. Hext
morning (f.e. after 12 « 14 hours) slices wore brought to the
roon temperature ssintaining below 27¢C. 10 »slices welghing
afproxisstely 2.9 gns were put in 50 =l conteal flasks so that



piling of tisme siices nxi; cior the other m avoided.
10 al of Tris buffor was put 1n each 50 ml confeal flask
contalning 10 clices.
Now the slices in the aﬂca& flasks wors m‘b&@eﬁ
to & tenperature stress of 2500, 27%¢, 3090, 45°C, 55°C and
60%C in the tmﬁ%re controlled shaker water~bath with
an acoursey of & 19C. After treating the tissue at various
temperatures {25% = 600C), the efflux of bDetzoyanin was
measured for 2 -~ B hours for svery 30 sinutes interval at 535
na by using tha spoctronio-20. The set which wae kept at 45C
hap boen transfarrod after 350, 60, 90, 120 and 150 minutes of
interval %o a taporature, 25 3 20C, maintalned by using cold
water bath, |
Chesicala used in o experimonts are Cacl,.2,0;
. ReCl,o4H,0p BROgs PB(HO,), and 2050,.7,0 (AL1 ave of 31
snalar quality). Besides the sbove chemionle, Tris buffer
(Merck) asd Paicine vutear (sigaa Chemicals) have been used.

Bffect of caloium Loms have boen tesited Ly using
adlutions of eaﬂaaa{zﬂ of varions concentyations vis., 200 m¥s
100 N3 SO uM; 25 a¥ and 12.5 aR.



Bffect of Zins and Nnmneoimmy

Bffect of sine smd wsgresium {ons on the effliux
of betaoyanin fron beet roote have also besn tooted by ns;ng
various{50, 100 and 200 sX) fonic strengtha of thoze res-
poctive salt solutions, 2050,.T8,0 and MgClyedil ;0.

nuﬁ tons have baen tested to s2e azctkw lead baing
an atmosphario mllutén_t tan émsa any danage to nenbranes. In
order to nake P%(Eo,) 2 soluticn of various consentrations,
various buffers have been tried ﬁut formation of presifitate
wkile adjusting the pH(6,8) became o problem. Tricino (Frem
Sigme Chemtcals) buffer was used after rany trials because
recently Vong and Govindjeo (1976) tried 1ead ions on photo-
syatem I in Lsoluted chloroplasta. There they havo used the
' Srictne-Natd buffer. Triicine 20 mX ond 50 X solutions were
made 1n wich 10 uM Pb(NO,), salt was disnolved and the §l had
beon adjusted by using very dilute Nall to 6.8. BRow from the
above stock solutions, 5 mX anl 2.5 =X Ph(s%)z solutions wers

ﬂSﬁ_@ .

10 tissue slices were put in each conloal flask of
50 nl capacity with 10 al of Tris-fCl buffer. In few sets, Tris
buffer contsining caloium {100 sM) was used and then subjected

to gaoma-frrediation.
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G500 _
The source of | ~irradistion was 4000 000 Gomma cham ba¥
aupplied dy the Ehabha Afma Research Centre, Tyombay,
Borbay. ‘The d0se rate of the gamme irradistion plant
vap daternined by using tha-rcrrm Sulphate dosinetry
(1967)s The doss rate was 3.259 K. rads/mimate (Fig. 11).

In the initial stages, irradiations for 2, 5, 10,
0, 60, 90 and 120 simites have boen tried but wao found
to be imdaqmta for the leaching ocut of bdetaeyanin from theo
tie&c.  %he tiséu’en ivo_re ti\en mbjiected for fSO sinutes and
180 stmates to Lirrsdiation. After dirradiation thé tuabe-
rature of the saixm.on in the conical flasks was noted and
wvere subjected to a temperature of 37 ¢ 19C for 120 minutes.
Another set aftor irradiation wos kept at a temporature of

29 4 200 (room temperature).

In another experiment, the slices were dried using |
& tissue paper and thon these were irrediated without buffer.
After irradiation 10 ml of buffer was sdded in each 50 pd of
contical flask connisting of 10 dried irradinted slicos. Again
one aot was kept at 29 ¢+ 20C and another sot at 37 & 1°C for
120 minutes. Ths above two experiments have been repested
by using CaClye2,0 (100 =), |
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Puring S$rradiation, thore wan rise in temperatura.
80 one got was tried by putting conteal flasks containing
the tiscue slicce in a Jar containing eruahed ice and then
irradiated. After the irradiation was over,; ons set was
kept at 120C ¢ 140 and another set at 57%C for two hours amd
then the offlax of betacysnin wes measurod.
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BESULES
R

The best oot tissue cylinders were cut into
slices and put undor running tap water, Betsoyarin, the
Ted pigment of the tismue, leaked cut for about 4 - 5 hours.
So, before tramﬁmgg the tissie maﬂ into buffer shat-
ever detaayanin that has been releaged i‘éea the ticmue due
%o the mechuniosl stross was thomoughly washed out.

. Prom Tablo 1 and Pigure 1, it is scen that at 25e¢,
'clearly there was 0 efflux of betecysmin fiom the tissue
elices. But shen the tissue siices Davo bosn kept at 27¢

for about 90 situtes there was some leakage of betacyanin, but
that was vui!: 28ttle. For tissuc slices kapt st !O:gi E:c'
offlux wes moderate after 2 hours. But the relesse of
§oueyan1a wis higher at temperatures 45°C, 55°C and 609C.
“The betacymﬁ lesked from the tissue vhen &% was sudjected ¢o
a tesperature, 4580 for 120 mieutes vhen the O.D. was 0,16,
this vas 53% lescer than the O.D. that was cbastved when tho
tismuo was kot 8t 60%C for 50 minutes only {4.0., 0.3 0.D.)
Pig. 1). Effiux of betacyanin hag been taken into consideration
because it happono to be a falrly big molecule and its release
into the surrounding systea doen definitely ﬁnn the mhﬂs
of other sucroaolscules like proteins and carbohydrates from
instide the cell into its murrouniings.



Zable 1

s.ao.‘ Tepperature

f. 2500 6o o o 0 0 0
2.  2m¢ 0 0 0.005 0,006 & = =

3. 30%¢ 0.007 0.013 0,020 0,022 - -

4. k- A1 0,018 0,023 0,08 0,035 =~ -
5. 480¢C 04030 04046 0,100 0,167 0.300% 0.576%
6.  559C Q.081 0.340 00420 ~ = -

7. = 60°C 0340 04470 0,600 - -

o. npgt:;.ﬁﬂ@é%iﬁécﬁsh’dﬂ |

d 90 § 120 ] ™ | 100

.Enfnnca havse mﬂ% boen showm in the fimro.

Efflux of betacyanin at temperatures 25"..27'. 30, 37°,
450, 55 -and 60%C, The 0.D, uas measured for evory 0 rinutes

interval at 535 . '!he rendings were the neaé deterninations
of 4 values (Plgure 1), |
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Figure 1. Efflux of betaoyanin for every 30
ninutes intervel at various 4ompe-
ratmso .
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After troating the tissue at a tempersture of
45¢0¢C ror\ao. 60, 90, 120 and 150 minuten, $he slices
have been transferrod to a tomperature of 25 ¢ 2°C. The
efflux of betacyanin was nore or less eomtén% ﬁ:eq the
tiesue wae kopt at 459C for 30, 60 and 90 simtes end then
tmﬁsﬁarred aftor sach interval %o 25 g 29C. But the -
efflux started incroscing when the tisoue was incabated et
45°C for 120 minutes and 150 minutes (Tsble 2) and twans-
forred to 25 3 20C (Fig. 2). ' -

To see the effect of Ca®*, the exporimental tissus
slices wero placed in calcium chloride solution of vamging
’ concentmﬁona - 2.5, 25, 50, 100 and 200 =¥, and these werv
subjected to a temperature of 45°C. It was observed (Table 3)
that there was & reduction of bdotacyanin offlux fronm the. tiameé
‘vhen CaCl, was present in the incubating sedium. Soiutions of
50 ¥ and 100 =it protectod the tissue from thermal damsge more
thail either 200 oM or 12,5 end 25 m¥ solutions (Pig. 3).

¥hen tisosues ware heated in presence of cine sulghate
end pagnosiun ohloride asclutions, 1t vas found that with zinc fons
(table 3), the efflux has been inhibited more than that with mag-
nosium ions. Mereover, with increase in the concentration {upto 200
uM) tried) of magnesium ioms the protection wes more whoreas with
elnc fons 4t wes mot tho semo. 50 =N 2050, solution wes found to
be more offective in inhibiting the offlur of detacysnin(Fig. 4).
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Tispuc slices were Eapt at 4590 for 30 mimtes,
60 wirntes, DO sinutes, 120 nimtes and 150 mrutes.
Then they have boon transforred to 25 4 290 and kept
thers for 122 mdmtas. The roading wars taksn for overy
30 ainutos Snterval. The readings were the mean detersi-
nation of 4 values {Pigure 2).

45C o Texperature 25 & 29C.
, : (Ttne in mivates)

) | — ;’01 53 S 8
0,05 (after 20 mtw.) Pa  0.030 0.031 04031  0.030
0.046 (after 60 mte.) B 0.048 0,048 0,082  0.052
0.100 (After 30 mta.) ©  0.100 ©0.100 0,100 0,105
0,160 (&fter 120 mtn.) D 0180 0.190 0,190  0.190
0.%00 (after 150 ata.)ﬁ"! 04345 04400 0.4%  0.470

— A S p——————
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(EFFLUX OF BETA CYANIN) OPT. DENSITY AT S3ISNM —>»
(o]

[ ] ?

[ BN J

[o] 30 : [7s) tO |l2°
TIME IN MINUTES  —> (TEMPERATURE 25%2°C )

Figure 2, Tissues kept at 450C for different
time periods (A~ after 30 minutes,
B~ after 6C mimutes, C- after 90
pirutes, D- after 120 minutes, and
§- after 150 mimuites,) and them

" transfer to 25 & 2°C to obaserve the

affluz of betacyanin at different
intervals of time.
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Tadle 3

S.lo.d Fome of the I OD at various concentrations {in eM)
¢ salt solution , _ '
R N ] 12.5‘29 E 'Boj 100 gzoo
. CaCl,.21,0  0.095 0.073 0.040 0,045  0.063
: . {Fﬁﬁn 3)
2. NgCl,.48,6 = . . 0,575 0.3%0  0.%25
242 | ‘ (Pig. 4)
3. 2nS0,.TH.0 - - 0,025 0.0 0.0
| a2 , - (Pig. 4)

The tissue slices have been fncubsted at & temperature
of 45¢C for 1&* pinutes along vith the wvarious sslt soluticns
to find the effect of netallie ioms ca“. 20" and ﬁg” on the
efflux of betacyanin at that temperature. The resdings wers
the mean detersination of 4 values (ﬁguiu 3 and 4).
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(EFFLUX OF BETA CYANIN)
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Figars 3. Effect of CaCl..E.0 on the efflux of

betacyanins from tlassne slices kept
at 45°C for 180 wminutss,
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The inoressing presence of PR'' as & pollutant
in the environment is of considorable concern, and effect
of load iones wag alaoc of interest for & comparative investi-
gation with other oations. It ‘n_a ¢bsorved that lead ions
eonsidearably reduced the efflux of bqta,eyadln uhén, the tissue
slicos heve been incubnted at 459C for 160 mimten in the
presence of Pb** (7Table 4 abd Fig. 5). In fact, the inhie
bition was more pronounced than that observed with caloium
iong. Varying confentrations of Ph(Bﬁs)a (2.5, 5 2nd 10 oB)
solutione were sndo using the tricine buffer (p 6.8) in a
112 and 115 rotio rospeotively. This was to check 4f any
binding was taking place between lead arnd tricine or not,
then 1t should got roduced with the increase 4n t}w concon=
tration of tricine. From the date (Tadle 4 and Fig. 5) it is
soen that the inhibition of botacyanin efflux was slightly wore
when the ratio of 9"‘“"3’2 to buffer was 115 than 1%h2.

Data collected on the efflux of betscyanin from ‘ganua-
irradiated beot root tissue slicos clearly chowed that a doae
of 238.3 K. roda £0290 simtes dassged the membrane verp
- Iittle and very little effiux of betacyanin wes noticed
(Table 5). Loter, shon tissue slices were irradiated for longer
periods - 150 and 180 pinutes - with a dose of 3.259 K. rade/
mimte, then the efflux of botscysnin was Larodiate(Pig. 6 & 7).
A !‘actgr to be noted hero is that the tomperature &n tho conieal



N eble 4

Controls 0,105 (0.D.)

S.Ho. Buffor/salt 0.D. at various concentrow
tion of Pb(!io’)z ,

2.5 Nt

te Tricine + 9&(393)2 .
(2s1) 0,017  0.012 0.015

2. Tricine + Pb{ aa,)z
(Rs1) 0,006 0.007 0.007

Effect of vartious concentratioms of Pb( 803)2 solution
on the ofﬂnx of betacyanin from the ttssga slices which were
incubatod at 459C for 150 minutes. The readings were the mean
determination of 4 values (Pigure 5).



OPT. DEN.AT 535 NM

. (EFFLUX OF BETA CYANIN)

0.08f

.06}

A = Pb(NO3), + TRICINE 1:5W/W
= Pb(NO3), + TRICINE 1:2W/W
TEMP. 45°C, TIME 15O MINUTES

25 5 5 9
CONCENTRATION OF Pb(NOy), IN mM —>

Figuro 5. Effect of Pb** on the efflux of
betacyanin at 2 temperature; 459¢°
after 150 mimites of incudbation.
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flasks containing the duffer and tissue slices went
upto 55%C after 90 minutes, IT*C after 150 sisutes and
38.,59C after 190 wimites of irradistion.

The leaksgs of baﬁcyuaia gbasrved for the tissues
frradiated for 150 mimites ani 160 sirmtes and then incue
bated at J7°C ¢ 19C For 120 mimutes was 10 tines and noarly
13 times more reppectively than the efflas obaerved for the
set kept at 570C for 120 mimutes without previcus irradiation
(Pie. 1 & 6; 7adle 14 5). |

An increass in .tho )doti avdrmﬁm= enhanced
the damage. The efflux was 47% more for the set frradfated
vithont calcium for 180 simutes and then kept at 29 & 29¢C for
.. 120 nimtes, than the ket Lrradisted for iéo pimtes. Similarly,
the risc was 20% sore in the set irredfated for 1680 mSmates
and then incubatod at 37 ¢ 19C for 120 simtes than the corres-
ponding set irrediated for 150 winutes (Fig, 6 and Tudle 5).

Presence of caloium {100 mX caﬁiznaiaﬁ) @m:im-
diation (or aftor frradietim) merkedly reduced the irradiation
damsnge thus refucing the efflux of betecysnin, The offlix wes
reduced by 78.6% in the set irradsated for 180 mimtes and



Table 5

puffer or Buffer along with o™t [minutes or Y-a.maauon
(cw&.moftmm) was present g I ——

1mmtion.

snrfonmruuauom(-ca”)mg-c ,
'mrrmy-:mmeim(.ca*’) +5T41%C 04455 0,350 0,045
Buffers\-irraddations(+ca’")s29920¢ 0.015 0,020  0.005
Buffert\(-irratiatione(+0a'*) s 75100 o.cs‘i 0,055 0,010

Buffer or mffer‘ Alnﬁg vith eiﬂ
- {caci, m 0. 100 m¥) was present
aﬂer dtati.om

szm&iatiommrteﬂ(ac )4»2932'@
Y,Imdtatﬁ.an%ff ers{ 0a*?) +31418C
\’(Irn&iqtionmﬂ’au( 1¢a* ) e295200
| TrradiationsButlers wg“) +F219¢C

0,010
0.02

Effect of <irrsdistion in the presence of duffer or
buffer with calcium and without buffer or cslciun (they are
edded after the izradiation) on the efflux of betacyanin. The
irradiated disos wers kept at & temperature, elthor at 37s1eC
or at 2942°C for 120 ninutes and then the oftlﬁz of betacyanin
vas noted. D\mmg the irradiastion, no cooling arrangement was
‘made, The readings were the moean determinations of 4 values
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Kept at 29 3 20¢ for 120 mimites vith calcium than

the corresponding set which has been irradfated without
calcium {calcium sas added after the trradtation), (Fig. 6 .
and 7, and Tanle §). Sistlarly the rise in tho efflux of
botacyanin in.the sst vithout colefum and- irradiated for

160 aizutes mnd then incubated at 37 & 19C for 120 wizates,
was neerly 8 timos more compared to the eaﬁam set
contatning the calcius fons during Lrradtation (Mig. 6;

Table 5). | S

Calolum fons have decresssd tho effiux more ¥hen sthey
) hepresent daring tho .imtim than ghazr presence after
the irrediation. The decresse was 76.36% in the sst contain-
ing the tismie slices irradiatied in the presence of calcius
for 150 ninutes and Kept at J7 & 1°C for 120 mimates than

in the corresponding set in which celcium was added immediately
| a!‘i:ar the irradiation. "his trend mé 3.. . found in other

~ conditions also (Tablo 6; Fig. 6 & 7).

~ Presence of buffer during frradiation enhanced the
Aumgo and thus the corresponiing leachimg of the tftlu: of
betacyanin has also been enhanced. Thus the incresse was
alwost doubled when the tissue slices wers Lryvadistod in tho
presence of buffer and without caledun for 100 mimutes and
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then Xspt at 29 4 29C for 120 mimutes compared to the
offlux cdserved in the corresponding set irraiiated without
butfer (Mg, 6 & 7 and Table 5). The leskage ws 755 more
shen the tiame Méufiﬁaﬁaeo& in the presonce of buffer
and without caleium for 180 minutes and kopt at 57 4 1s¢
for 120 sinutes than the sfflux noticed fron the tissue

sitces irradiated without buffer (rig. 6 & 73 Table 5).

| In order to yeduce the rise in teaperaturs in the
conim flask during ixradiation and to sse the effect of
gemna drradiation on the ssubrene pernesbility, the conieal
mm containing the tiesue slices were Rept ina jar
aoﬁtatning crashed 10e and then the tissue nlices vere irre-
diated with buffer, without buffer, with csiciom end without
calofus. Irradietions were given for 120, 150 and 180 misaten
and tomporature sise was noted. The tempsraturo was 3%, 340
and 34.5°C respoctively after 120, 150 and 160 mimtes of
irradiation. The Piso in temperature sust de a gradual
process. e efflux of betacyamin was significantly lovered
in this set up oompared to the previcus set up Whero no arran-
gemont, wap made to control the rise in temporature in the
conical fleoks Muring irradiation. The irradistion effsct was
clearly chaerved in the tissue slices which have been incubated
at 37 2 19C for 2 hours after 150 and 180 mmm of irradie~
tion without caletum (Pig. 8 & 93 fable 6). The effect of



Tadle 6

anftr or mtf«r dﬁns uith cn uﬁga w__,,mamm
28,0, (100 s¥) vas present Mng s ———— A
Y*iﬁ&dﬂfi@i o

Batfamy-zumauuo(-en )oiwcc ‘
Bufferey~trratintions{-Ca**)e3419C 0,202  0.035 0.0
Buffers(-irratintions{+Ca™*}e12215C 0.005  0.00¢  0.002
Buffers~irradistione(+Ca’ )e37219¢  0.041 0,019 0,012

Buffer or Buffor along wtth ca™.  Iminates of Y»zrmtim
28,0 (100 ¥) wee present after ‘
y-zmd&nuon.

s

4'3",5 ssa 3 jan

rJnaﬁatie:&anfu«(«@a“)«ia;ﬂe
Y-Erragsationsduttors(~ca®’) +3s100
Yf—zmmusommwr(w ) 4129100
G Iﬁg&nﬁe@ﬂnﬁu&(m”hmwc 0,040  0.012  0.008

AN ——

Effect of {«irraéinticn 4n the prosence ¢ bdaffor or
buffer With calclun and without buffer or calcium (they are
aaﬁoa after the irradiation) on the efflux of betacyanin. The
Arradisted dlscevere kept st & temperaturs, either at 37steC
or at ;ggicﬁ for 120 sinutes aad. then the offlux of. batacysnin
was nbénd. Doring thy irradiation, the contosl flasks contalne
tng the thssus slices were pud S & jar contuining orushed Lco.
mﬁ readings wors the umﬁ determinations of 4 valm;s (Mgures
8, 9 snd 10).’ '
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Pigare 9. Irradistion without buffer. No Calcium
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irradiation was vory low in the gset kept at 129C for

120 sieutos irmedfately after the Lrredistion (Pig. 6,

9 & 10 end Table 6)« Pressace of caloius reduced the
effluz of betaoyantn snd statlarly irradiating the slicen
in the absence of buffer ('dry' Srradistion) ond adding
buffer after irraifation refuced the effect of irrediation
(2sble 63 Pig. 8, 9 & 10). -
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The diamsﬁén' Yoy Ghen 4ivided intoc two parts
under two zain headings (1) temperaturc effects on
pembranes and (44) offects of radiation on menbrencs.
Under both the hoadings the interaction of ifms with
nerdranes snd thely ability to restore the lost seniper-
meability of nombranes efthor due to the temporature stross

or Y-irradiation, hes been discunsed.

Plenty of dsta are available on the effoects of tem-
perature on individual organisss but réporta on the effocte
of temperaturs gt the cellular level or molecular level,
molecular thermobiology aec it 1o termed, are not many. The
discussion wtll foene the offect of heat on the permeability
of beet root tissuo slices. It will show how the observed
effects are probebly related to phenomenon occurring in or
| at the cell mepmbeans level. And, alco to olucidate the
- mechanise by which the motallic ions are stabilising the
sembranes agsinst the thermal damage.

From the pressnt experimental data (Table 1), it 40
evident thst at clovated temperatures membranes of deet root

tissuen were getting disintegrated. This is because of the

36
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varicus secondsry forces as cvidenced by the possiblo
solubilisation of membranes in certaln solvents; hydrogenm
Bonding, somie and dipole intoractions and Vanderwsliforces
ihesi hold neﬁbm components in pla_éa’ uould be first '
deut:o’M at elavated temporatures. I Wau. the
structure of indfvidusl proteine is ctadilised by similar
forces as woll an by covelent links such an peptide bonds am
dieulfide bridges, It 1e to be .;xpaetod that forces stabili-
sing ~:!s special _:simﬁgarauon at _thé ;Qolypaptido backbone of
individund protein molecules are at least as strong as, if
not stronger than thoss responsible for the sutual attachment
of meadrane compinsnta. From these oonsiderntions, the firet
_step of heat injury could be the destruction of nembrens
integrity and not the denaturation of individusl proteins.
So from the prosent expmatai memlts §¢ ia very cbvious
that with incressing temporsture, membranes of the beet voot
discs wore -&iﬂnﬁagﬁt&!a The disintegration of menbranes
sesulted in the sfflux of betacyanin. Effiux of betacyanin
hes bdesn _takm an an index to measure the inteprity of the
menbrane.

The rate of haesolysis of erythrocytes in one group
of animals (cat, dog, pig, shoep, ox) is shown to be & function
of temporaturs. With a olight rics in temperature the tine
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taken for haenolysie rapidly decressed (E.J, de Gier

ot a1 1967). Dogen (1948) odmserved the loms of colour

from Ihooo discalog t‘séns tefore sny protoplacmic coegu~
lation octurred. Loposchkin {1935) showed ﬁm@n‘aﬂ increase
in temperature dasaged firstly, the mesbrane pernesbility
end then coagulation of proteplasmic proteins occurred.
Denielld ot a) (!969) have shown that soybsan snd elodes
‘agposed to miblethal tempsratuyes chowed a loess of chlero-
phyll snd ewcllen chloroplasts. fThormsl shocks have been
found to ddsintegrate the membranss of cmbryonic azes -eietas&
fron rod Kidney besn (Phasmeolung. wulgarin) (Siepel 1974).
Studies on tho thowrmal effects of beet éooe tissue have besn
conduoted iy mge:._(wss).‘ Thus the integrity of memdrane
¢an be moacured by the efflux of enbstances. |

In the pr&mt\ astudy it has been obnserved that the
efflux of betacyanin frop the tissue siices was o function of
both temperatuze and the time. From Figure §, it was very
clsar that the dasago caused to the tissues at highdr teape-
T!gtm«m in shorter period (sbout 30 minutes) would certainly
be msore sevetre, and inﬁnrié’un than the demtge caused st lowor
temperatures for longer durations of time. The 0.D. of beta~
cyanin recorded vhen the tissue kort at 4;% for 120omimtes
8o 0.16 and that was 53% lescer than the O.D. of betacyanin
recorded vhen the tiosue was gudjectod to o tamperaturs of
60°C for 30 mimnten (4.e. 0.34 0.D.). Sioilarly, the riac in
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the effli:i ves slow 2t lower temperatures, whoxeas it
weo noticed that st highor tesperatures the offiux of
betacyanin was vory fast (Pig. 13 Table 1).

Blovated tcmperaturce damage the sosbrans 4n a di-
fforent way than tho freecing tesperatures. At low toupe~
raturo forsation of ico crystsls (either intrecclinlar or
extra celiular) is possibdle and thus the celis will be
~exposed to mechanical stress caused by the pressure or shoaring
force produced by growing iceo orystalo. Moraover, solutes
bepo@e msore nnd novo concentrated and this m:rms in the
salt concontration has & doleterious effect on the sensitive
membrans. Tho situation i meh sisplor Af colls ars killed
by heat. During briof heating, wechanical, dshydration end
cmemtmtion offects can de ruled out legﬂagéoaly the tem-
porature iaemwa Thue the question may be Mﬁﬁ %o nhuh
of the cell constituonts are sensitive anf shich are insensitive
to elevated temperatures.

Low polacalar weight cell constituents ave not sufficiontly
heat labile to wamnf extensive considerntion. That doos not
necossarily oxclude the temperaturs induced phese transitions
which also involve low molocular woight smterial. But in the
~ mesbranes mainly proteins, lipids and a little of carbohydrates
arc present. Among the high molemilar weight coll constituents

polysaccharides are rather thermostable as micleic acido,
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Prom the prasent experimental dsta {Psble 2 end
Flgure 2) the efflux of betacyanin has becems inhidited
and was more or leco constant vhen the tismie slices were
treated at a temporaturs of 459C for 30, 60 and 90 mimutes
end tranaferred €0 25 ¢ 20C. But the efflug atarted
increasing and 1t was nmot constant when the ticeue vlices
vhich have been incabated at 45°C for 120 end 150 minutes
and transferred to 25 g 2C (Mgure 2). Thus membrenes
nedﬁ a plastie strain (irreversidle phyaieai or themieal
ch.anige) when thoy are subjected 2o a high tezperaturc stross
for a short time oF low temperature stross for longer duration.
thoreas & low ieﬁmmmm strees for “ghort tine WAy produce
an clastic strain only (1.0. roversible change).

Ia order to explain these changes duo consideration
¥il1 be given hoves to hov temperature could poseibly alter the
atructure of proteins end lipide. Iz earlier litersture,.
various theories 1ike cosgulation of protein (Lepeschitn 1912)
 denaturation of protein havo been pit forward to explain the
: nntx;rc of heat injury. It is rail known that proteins ars do-
‘mmz'a.d by heat. A very high activation energy is nceded for
protein dsmturation. The sensitivity of different proteins
to high tompsrature varies ang it is never the aano. Alozandrov
(1969) has found that the reststance to host dematuraticn of
the ensyme vhich pcrfom the aaio fanction 4n different orga-
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risns varies sosonding to the thersotropic adaptation

of these orgeniems. -Levitt {1962) oboerved that heet

injury reculted in on incroased 55 contsnt of the proteins
at the expanas of SH groups. V¥hen germinated shoat was
heated to 40 ~ mm; the lovel of SH groupe in the water
soludble protein dooreased and tho SSi15H ratio increased.
¥orre (1970) heo shovn that proteins of aoybesan hypocotyli
show saxinun thormontability efter 4 hours ¢f incadation

of the tLesus with 107°M, 2-47"and this wes correlated with
the docrease 4n the SH content, and thorefors & decrease in

ability to form intermolocular S35 bonds on heating.

Chapman {1967) ' ansumes that heat injury is related
to the melting point of cellular 1ipids. It wae ghowmn by
earlier workers, (lowell and Collins 1957:; Praenksl and Hopt
1940; and Torroine gt gl 19%) that in plonts, insects and in
wmicroozganizms tho proportion of unssturated fatty aclds wae
aore when they wore grown ot low temperatures. Hossothermie
;nrgantaua alpo contaia greator proportion of unsaturated fatty
" ecids in the purface of lipids if tho environmental tempersturc
is love A otudy hag beon mode by Johnston and Roots (1964) on
the 11pid fatty ocids of gold fish acclimstised to various
tonporatures and thopy heve obeorved thot the total amount of
1ipids incroascd end there was an ofvorall teadency for the
dogree of uncaturation of tﬁe fatty acids to incroasge. Such

*pichlorophenory acatic actd.
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atudies saggest that acelixatisation involves the

ability to control the degree of unsaturation of cellular
lipids to maintain s apseific lisnid-crygtalline state of
coll mewbranes. fThis intermediste phase ie siable over a
characteristic temperature rangs. The information odtained
on the effects of hest on pure phospholipids from varicus
yh?asexl studies 1ike infrared spectroscopic studies,
difrerential theraal analysis studies, z-ray studies, BMR
atudies, olectron sicroscopic studies has besn summarised by
Chapmen {1967). From sach stuiles he ctated thet "they all
undergo o transition from crystalline to the &_iquia eryatalline
phaét many degress below the capiliary nelting éo&ut.ﬂ |

¥rom the above discassion, it may be concluded that
the rise ia tenperature no loudt damsgos thé penbranc persoa-
bility a3 haa doon observed L2 the bost #oot tiasue slices with
increaning temporatures. The dampge ig reverasible when the
tiosues are mbjectod to o temporaturo of 459C for 30 to 60 and
'90 sinutesn ami transferred 0 25 4 2*C. 8o thie sy be becsuse
of tho phose transitione of the phospholipidse L.0. from cry-
stalline éhua vhich shovs 5 high degree oé’aﬂer %o & liquid-
crystealline phase., A xcsé oi;' sent pormeability at higher tempe~
ratures pay be due to either excessive fluidity of the 1ipid
dilayor or denatumtion and aggregation of the meabrane proteins
leading $o holes in the uuﬁmm The menbrane f:&?um‘bu&ty



Ray be ifrwarably danaged when aggrogated Qﬁéﬁﬁa

are formed from dematured proteino (Levitt 1962) at higher
temporoturss. So the damage due to low tmramn may

be due to tho changes in the arsmiaati.mi nature of the
34pido and th!.a‘} ie m#reible sherees at.hi@ tmpamﬁzrea
both 1ipids and proteins will be effocted and the damage
hocomes irreversidle. In general, the étées: aots at a
point whoro there ia leant reautmce apd the ucun sy de
eitmr s protéin or upm or both,

In the presont stuﬁy. it vas found that tho offlux
of botacyanin whieh started with the rino in tomporaturs frop
25°C onwards could Bo inhidited by ucing various strengths of
Cacl,. 21,0 écmtian. It has boen noticed that caleium defi-
nitely éadneed the vembdrane damage omiaed dus to tho rise in
temperature. But the fonle strength of calélun in the medium
slso makes a diffcrence. Solutions of 50 mN and 100 sB
protected tho ticmue slices when the latter are incubated at
45°C for 180 mimutes, from thersal damage nore than either
200 M or 12,5 and 25 u¥ solutions (Pig. 3). Horoover,
besides tho concentration of ions; the matuve of fons (uhether
st vas Ca'*, 20" or Mg"") 13 aleo important becsuse to the
present stidy 4t has been noticed that among 61l the three |
essentiel elsments zn''
Nagnesium was the least protectiyl “than ﬁ?l% ol ther Znﬂ or

was found more protective than ca“.

** sgainst thernsl dasnge of the membrane. Thus the obser-
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vation tallies with various other reports wdhore &t

m shown that varicus inorganic solutes alter the
menbrane permeability of roots and leaf tisomes. Cations
1iko caleium hava beag shown to restore tho matural level
of permeabiiity to K;mr EDTA treontpent in the beet root
tissue slices (Van Gtaveninck 1965), It has been obgerved
Gy Stegel gt gk (1064, 65 & 70), Poovaieh gt sl (1976) thet
polycations ME andalochols induced loskiness in boot root
pevdbranos and the Leshinens hag besn reverts? to cortsin
oxtent by calefun fons. Nembrano dansge cmised due to the
inercased tampernture etress and uxtravaalet,vught are aleo
shown to be considerably reduced with the use of caczz.aao
(siegod 1969 & *74). Considersble svidenco hae also been
accurmalated to show that sinc inorcases the stability of
various mesbrsncs {Chvapil 1973). Vor Hippol amd Song {1968) heve
defined the reintive effocts of wide range of cations and anions
altoring the charactorietics of proteins and othor macro-
molecules. The solutes may involve in susrfacs charges on the
macronolecalar suyface, and charges in the wmiter 1atéice
interacting uth the némglema.

So fron the oxperivental data afaﬁ tho mochaniame proposed
by others it ia cvident that at lov temperature the state of
14pido will aafcimag@a vhorene at highor tepporatures the do-
naturation and thus conformational changes As protein can be



. brought about vhich ultinately affect the mombrans
otructure. So the addition of d&ivalent cations like
2ot ng“,.ca" ang 7Y, inteéaet with protsine or
14pido or with both of them to certain extent and stabilice
the mombraro. '

Usbion and Chepman (1971) have dinvestigatod the inter-
action of different divalent cations on the endothersmic
phase tranaition of dipalmitoylelecithin end axuhm phos~
patidyl serine. From monolayer and Liposome experimente
Uranyl ona (30,”*) are known to act stoichfometricelly with
the polay groaps of lecithin and to dind in the penbrane
surface of different biological membrancs, presupably to
phosphate groupas Chapsan g% al (1971) coafirmed that strong
binding of thiv fon 1o specifically to the phosphate groups
by means of infrared spectmascopy. Hauser gt pl (1969) heve
alaso shown '&zw phosphatidyl serino forms stolchibotric complex
vith Ca** ond pther aitél_.ﬁnt ions. ‘Those interactione have
vory atrong offects on the phame transitions of -hoth lipide
S.0. dipalnitoyl lovithin emd phosphatidyl sorine. Dis ia
inportant deceuse it chown how the temperature enkancen the
desroe of 1ipld chorge fluidity end thus rolated permeability
of & 14pid bilayor forming part of & membrano could bo affected
by setal-ion intoraction vith the polar head group. Cary-8obo
{1970) sleo ehamvt'hat caleciun eoulamrkaﬂlg reduco the | |
permoability in the .Byaﬁeﬁié uembrano of copholin. Levin gt sl
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(1973) bave medo aynthetic vesicles vith lesithin and
through the uss of NGB mmmﬁcn seasuronshte, they found
that ealefus and stromger destabilising selutes could
areatly depress the pernenbility of vesiclos, apparently
through alterations of the lecithin and 4% interactiono
w&&!ymﬁr&mw water lattice.

Binding of colcium fons with protedine has beon showm
by Evsteinger (1976). Ljunger (1970) studying thermophilssd
bacteria concluded thet calcium protects enmymen and other
essential yretéﬂﬁ of the cell againet heat donaturation by
forming 1inke with protein molecules. Besides binding, thero
are aloo Peports avellable vhere calcdium wus found meful in
«mﬁmmm the atability of the enmyme, thormelysin againat
tenporaturo strece. o "

In the present experiments it has been cbaerved that
wagnesiue end zinc are also found to be pretwt&ng the eoll
membrans from the thicrmal demege. Narrom gt gl (1966) postu-
lutaa that einc stabilises the ;m‘:hm rescting with the sH-
groups of the menbranc pfoian to fors etable wercaptidos.

Thoy arrive at this conclusion becsuse sewbrans stabilisation
ie obtained by using otﬁsr"hmy wetals m w'biwﬂng agente.
Levitt (1962) has shown that hoa§ injury ‘ﬁaul% ir on Sncreased
S8 content at the oxpense of SI groups. Potinov gt al (1964)
eprayed zinc sufphate on leaves and believed that foliar sprays
of 2080, incresco the heat repistance by lowering the respi-

‘ N - v
ratory gquoticnt $a causing accumulation of orgenic acids. dpart
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£rom these reportc, there are not many evidences of

gine or calelum on the thormostabilisation of proteing
or Jpids. In caso of ugmsm £t 2ay Do mentionod that
althongh 1¢ 4s not 8s stsbilieing s ca’™ or zn'* vut 4t
has cortain amount of thormostabilising ability,

Pb** fons have also bacn tried expecting they would
onhance the damago of the membrane pormeability st highor
" temporstures. Fat whan the demage was sessured in totme
of tho offlux of bétaeymin, ‘eontrary to expectation e’
(concentrations 2.5, § and 10 n¥ tricd) izchibited the
offlux of betacyanin and thus the themmnl demsge of the
_membrones vas very such roduced. It moy be the mon-specific
| ~ offect sathor thtm the specific effect. ihen the.‘barfor :
tricine to pb(nos) ratio k:i. saintained i1, than the effluz
wag mere inhidbitod ﬁmx/\ £t vas 2¢%. So possibly there Day
be moderate mmug of % uith tricine eni the freely availe
able one to the Hasse slice,would be lcse in the first case
than za the sooond case. So far reports of 1éaﬂ on therms-
stabuiaation of ﬂanbranes have m been noticed.

So 1 m:ay be ermczude& umt thoso uetanie eaaons
ca™, ng**, m™ ans 2b** nsy form linko with the RS groups,

thus, refucing ﬂze formation of S8 bonﬁa atxﬁne heating and
incrme tha themtabiuty of protaingg &mﬂwly, it may -



also be pesaible f.sat at lower teaperatures, metallic
cations may forz linka with the mrface charges of the
14pid molocules an! bhring stebilisation.

- Research into the radiation induced ieeions of
biological membranes is being carried cut not only in iso-
lated st2ucturss dut also at the cell and tissue levels and
aloo in entire organisne. Bome roports and reviecws have
appesraed on the direct effect of radistion-induced damage to
‘the membrane perosability (Singh ot al 19743-1!&93'3 19703
vellach 1972; Pollaxd 1967 and 1968).

From the present study it is clear that beet root
tizsue slicos are wuch more radioresistant than other animal
tiseues né the membrancs ¢ould be disintegrated only when
they have received a dose of 489 X. rade or move (Table 5) of
.Y—-irradtatim. Thus the result agrees with that of other |
workers who have shown that clant materials like onjion zenle
(Biebi and Pape 195%) livervorts (Biebl and Uzl 1963), cyano-

.ghyooan algae (Reans 1963) and carrot tiasnes {Echandt end
Nassey Jr. 1970) are pors radicresistant them animsl tissues

end need high doseos of firradiation to damago the menbrano,

The loskags of betacyanin wae dunediate vhen the
tissue was irradiated for 150 mimtes and 180 minutes with ¢
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dasa__ of $.259 E.rads/simte. Dut with lowor &ﬁioa

the effeot was nok femediato as 4t was .éroma.'lsy Takamord -
2t a1 {(1968). ihey have found that roloase of lactste |
dehydrogonnns from thymooytos frradiated at o dose of 1000 »
takes place not fomediately but after 5 houre of smoubstion
of the colls 4n buffer at FMeC.

The leskage of betacyanin was alaost doubled in the
cage of tissues which have beon irradisted in the presence
of buffer for 150 minutes and then Sncubated at 37¢¢C for
120 ninutes than the 'coﬂespmﬁﬁg agt kgpt at 29 & 290G,
Morecver, the efflux 'ﬁa ﬁry much roduced whon irradiation
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was done with some cooling device (2able 6, Figures 8, 9 nnd |

10). So from this 1t is cbvious that frradiation in presence
of olevated temperstures would certeinly be more damaging
than vith irrsdiaticon itself, It say be additive & Eytor
ghetic . " : '
 Prosence of buffer during the irrediation dowbled the
etflux of betwam»n 42 the set irradiated for 180 minmtos

and kept at 29 3 2°C than bis corresponding get shich has been

irradiated withaut dbuffer for 180 mirutes and kept at 29 o 200
for 120 mimtes (Tadle 6 and 7; Pigures 6 ~ 10). BHers the
question of indirect effect is to be considersd as most pro-
vably free radicsl formaticn takes place in the presence of
the buffer. ' |



Horeover the efflux of batacyanin from the Dest
root tigsue 10 an ajuoouc smodium was found to be both dose
and dose-rate depondent as it was observed by Echandi and
Massey Jr. (1970} in the ocarrot root tissues (ZTable S & 6).

Presence of CaCl,e 21,0 (100 ol) at the tine of
irradiation definitsly pmteatoa’ the vesbrans from radiation
vd'am#ea and leaching of the betacysnin has bea considerably
reduced {Table 5 and 63 Figures 6 «~ 10). Agein, sddition of
caleium aftor the irredistion was also protective dut
relatively less oo for the tissues, fros radiation damage,

' than Lits presence daring the time of irradiation.

It has baén foi;nd by Biedl and Url (1968) that sud.
stonces like encz,i, and XC1 shen applied after the irradiation
protected the onlon epidernis and decreased the injury due to
the irrediation. Spb (1964) cdserved changes in the pernmen-
bility of plasma membrancs rovonrled by the plassolysis af
epidernel cells of | ~irradiated and non-irradtsted bulds of
Alltum. cepg (L)s In the presence of electrolytes (1 » énd
0.5 MZHO,) plasnclysio of irradieted colle wes very slov thon
compared to the controls uhafén plasnolysie of {rradiated
cells wean more rapld 4in the presence of nnn-ckctraiytn than
in the controls. In the cuse of Heurosporn conidia, x-
trrediation led to & post irradiation lestage of 32, vhich
was largely provented by tncluding calcium gluconate in the



dtotilled water 4n which taey were irradiated (Weijer 1961).
Lees lenkage ocsurred after irradintics with 7200 R in the
pragenco of calofum than itz sbsence after irradiation with

240 R only. Rizom and Whitfiela (1958) shen working with

the marvival of w-irradiated rats, troated with parathyroid
extract, statod thet protection sgminst radintion death wight
bo fne to the adili%y of hormonss to incroasc serum caloium.
¢nletun wasg n:tsé found protecting the beet oot tissno meabranes
fron TV-damage (Stegel 1974).

' In the esso of Arradiating the clices in the abscnce of
buffer i.e. 4n the 'dry’ stote, the efflux was less which is
consiwtent with the data of previous workors (Hoollerjos 19593
Lea 1955). FProm the sbove studies, whether the offoct was
diroct or tndﬁ-w& the sisple method of distinguishing botweon
the two wsg by the jgtagtar speed of the formor. The effect Bay
be direct in the tiosues which have been irradiated without
buffor becsuse immedicntely after the irradiaticn vhen the duffor
iaa‘ added offluz of botacysnin hao boon noticed which incrensed
sith fncrease 4n the time of incudation at 37 & 15 or 20 4 ¢,
The offect may bde indirect in the tfesucs vhich have boen irro-
diated in the mmm of duffer because by the action of
fonising radiation on water,/froe radical foreation is possible.
fhese intermedintos are capable of diffusing through the cell
ond inactivating the vital molesules. Mhug, direct injury



may result from an instantly fatal plastic physical

strain eg. & change in state leading to loss of sexipere
noability end indirect injury may be due to a slower

chexical netabngn gtrain, that reguired the dutld up of

an excess Or & ienoicnoy of & gudatance dafore becoming
injurious. Bfebl at ol (1@», 1960) called the rapid

injury "dfrect® tminx that 1t domaged thé oytoplasn
directly and -%he‘ alav injury “i.w:&nat;‘ sesuxding that 1t
injured the mmi&m lending to o greduslly mcteaaing injury
to the ocell's motaboliem. Based on the dose sleo it ie
possible to sey whathor the injury is &ue&t or indirsct,

Low doses sight B,g oxpected to cause direct injury if the -
irradiations wore captured ewiﬂqu&ly by tUm esa;mtial com~ |
ponents of protoplasm _ig, protcins, .mcie&a uﬁde:ot'n»i&a.'
But this eannot bappen because the -_ioh&gﬂng fm&ﬁ:&oqs are i:_ot
absordod spacifically since all m’bsfmés' absorﬁ them esson~
tially radicxym the uater nol,eeulaa and tme paroxme radicald
¥i11l be f‘m’se&. ™he latter ars maponuibh far the amga of ._
cell nensbrane. m:gcr &osea ‘of raaiation hwfa sore probahuuy
of Mttiag the rlshe mpmts ond’ bﬂw mo ﬁanga Mmcﬁy
by cium@ng tha. ﬁte uaat nxely type of aireet iu&m

both on the basis of epeod ema the large dm wquim ‘to
induce it, s & iosa of eaﬁpemuhinty. Baaides tadiatﬁ.on.
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somotinmes tho rise in temperature during irradiation
{secondary stress)is aleo incvitable)

In erythroeytes 1t has beosn shoun that radiation

induced Lricreace in permeability is due to ohanges in proteine
SB groups. Irmsdtation docreowed SH-groups. That change is
truly in pasaiéa, permeadbility and not in active absorption as
indlceted by ite cocurrence when erythrocytes are irradiatod
(2000 - 20000 R) at 400 (Shapiro ef gl 1966). Ustng S blocking
agente liks PCHNBS {Parachloromercyry Bensene &111‘0::;;; produces
similor effects as rediction. Shapiro et al (1966) suggested
that the protein- kroups on the cell surface and inaide the
cell are the radiation targets and that NO0 (Mercapto ethyl
gszanis.dine) pey roverse the radiation offect by reducing protein
disulfide formed by radto~sctive oxtidation of protein-3R grouvs.
Peroxidation of ligids would also accur. %This night precisoly
be the reason for more injury L.e. mors efflux of betacyanin

whon the tissue slices wore irradiatod: fn presence of the
‘buffer. ‘%a peroxide ‘raﬁicals forned due %o the m@iqiyais of
water must have resctodwwith lioids of the tissue penbranes

and the formation of lipid peroxides would have been the

roason for the enhpnced dawage observed in the set containing
the tissue slices frradiated along with buffer. But the nechs-
nien by which calcfup foms could proteot the membrane frém radiation

ions would form
dapmage 18 not very clearly knowm. It may bo poseidle the [iinks



with the KSH grovps and thus reduce the formation

of disulfide groups at the expense of Si groups of the
proteins and protect from radiotion damges Calcium ,
pay aloo prevent 18pid peromidstion during roffestion just
like gince which hoe Been noticed by Chavapil et al (1973)
to inhidit the 1ipid veroxidation. Thus tho relation of
1iptd paroﬁhticn o the iategrity of the nesdrane oay
~also be deterrined ucing betacyanin leaking as an index
of membrane integrity.



SUMMARY

Boet root tissue slices wers subjected to
varioue temperstures 250, 27¢, 300, 378, 459, 550, G0OC
ond has bdesn aatieed that vith the rise ip tenperature
from 27°C onwards:’ the beet root cell mmbmmul h@ve iaeon
diaintegrated vhich resudted in the erngx of betacyanin.
The first atep 5# tho loss of BMpermegﬁiuty due to dither
elovated tempemﬁra or radiation. It is attriduted td the
loes of integrity of the pembrane cenponents rathor than do-
naturation of 9&&#33. The offlux of betooyanin has been
taken as an 15:19: 2o moasure the damg& Gocured to the cell
nombrane either dus %o elovated tomwmi:urea or high radiations.
The damage was mlom pronounced when the. tissues were hoated
for a short period at high tam;:etatumev or at low temperatures
for longer periods. To a certain extent at low temperature
the damage ocourred to the mombrane is repairablo and rever-
sible and thus stross bringe an elastic strain. This rever-
eible change is attributed to the 1ipid phase transitions from
erystalline to liquid crysteliine state. ¥horeas at hzghar
tomporatures the damage of the nembrance becomos irreversible
and the stress profuces a plastic strain. So the damage at
higher tenperatursos way be duo to eithor excessive fluidity of
the lipide waﬁs;ug to digruption of the lipild bilayer or de-
naturation and agzregation of the pombrane proteins leading to



holes in the monbrane. The menbrane pemuabiu ty may
be irreversibly dameged vhen formation of aggregated proteins
resalt from dematured proteins. |

Tizsues were also subjected to V~irradiation for 2
mimxtés to 5 hours with a doge rate of 3,259 X. rade/minute.
Lower. doses was found in effective to damage the membrane.

From & doge of 489 K. rnds onwarda, the dose was found to be
ef-'feeuv# in dmglng the pembrane permeabdility inastantaneously.

The damage wan more vhen the tlesue slices were LrradiatedivTi bunffer
o wdliont- buflers ' |
Thernmal dasage or rediation damnge t¢ tertain extent

can be prevented or delayed by motallic cations like caletium,
sinc, u&gnasim and lead ioms. Eut the nature of the metallic
cation, 1to fonie ptrength and 4ts binding v'&tmngth to the
components of th zoxbrane are important proverties that ere
to be considered in order to achieve maximus protection against
therpal danage or radiation damage of ¢ell mesbranes. So ang
such agent shich prevents or deleyn the damage to occur may
play a desisive r0le 4n keeping cells alive during & temporary

poriod at alovated tenperatures or radiation.

The nature of the dinding of the meta.&-lié cations to
the intact membrane components and the exact sechanisn of host
or radistion on ths reversidle and ‘1rrévemtb1a changes &n
monbrane charactoristics is not clearly known. But for few

reports no definite wechanisms have beon ontadblished am to



how tharaoat&buiaauen or sffect on the radiation induced

. o , o 2 cccnshadons)
damage of membrane vhospholipide or proteinsi, There are fow
reports shereo oxttone iike cslciue have boen shown as
essantial for maintoining the thersmal stebility of certain

ORZYRES .
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