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ABSTRACT

ESR spectrontetric stu.dy ol chemically treated lcttucc sceds has
baen carr ied out .  Solut ions ol  HgCIr ,  Na-S, KOH, KCN, KBr,
KF, KIO:. ,  KIO+ KCl,  KI ,  atnd KrS, 'as wel l  as utater  and

petroleum ether haue been uscd,  Germ. i ,nat ion pozuer a:n 'd respiratory
act ia i ty  o l  the same seeds hnue also been i ,nuest igated,  Boi led secds
ond gamma i r r td iated seeds haue also been studied.  KI  uas fou,nd to
be the most ef lect i t ,e agent.  Indel tendence upon cat ion and pH ulas
found. The el lect  o l  KI  nnd KCN u'as lound to be reuersib le.  No
correlat ian betu 'een respirutory act iu i t l "  &nd the ,number o l  l ree
rndieals seems to exi.tt,

Seed coat  is  a l lected l i rs t  and later  on the embryo is  a lso
induced by the penetrat ing solut ion.

Frcc radicals have been irrrplicated in biological oxi.dation-reduction
processes (3, 9, 13), the action of ionizing, ultra-violet and visible radiation
on biological systenrs (4, 14) a.ncl chenrical caroinogencsris (B). Invcstigartions
of free radicals in l,iving tissucs rvcnc first trndrertakcn by Cornrnoner et al.
(1,2) .Their  resul ts  support  t l rc  hypothcsis  of  Michcal is  (9)  which says that
thcse free radicals arc nccossary intcrrrr'ediatcs in biological oxidation-reduction
proccss. Water (13) has also,postulated that frce radicals takc part in most
enzyll le reactions.

1'l ie purpose of thcsc cxperirrnents is to contribrrtc sotnc rl lore data to the
not-\\'cll knou'n knowledee of {ree radicals in sceds.

METHODS AND EXPEI{IIVTENTAL I{ESULTS

1. o). f,ettuce socds var. Nerv York u,crc soakocl in different solutions for
6 hours. The treatcd sccds were then dried in d,essicators for two
nights. Aftcr this treatrnent the scecls \'vcre ready for Electron Spin
llcsonance spcctrornotrir: study of magnetic centers. Most of the
chcrnicals uscd in thcsc expcrillents are knorvn as rnetabolic inhi-
bitors (5y 7), which in their solid state do not give signals. The
relative numbcr of unpaired electrons was calculated from the
product of the height times the squa.re of the lvidth of the derivative
curve. 'I'he 

absolute nuurbcr l,vas calculated from pitch standards.
The result surggcsts that the ESR signal in lettuce secds can be modi-
fiocl by chonricals (fig 1). l'he rrnost cffcctive agents are KCN, K2S
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and KI. These salts reduced the relative nurnber of spins to about
l0o/o of that of the untreatlerd seeds. It seems that the relative
number of spins is not dcpendent of pH. Tr'r'o molar of KBr and
2 M of KF solutions, which have different pH, gave the same effect.
On the othcr hand, 5 M solution of KzS and 5 M solution of KOH,
both have thc same pH, changed the amor.rnt of free radicals
differently.

b). When thc treatod sosds rvene washcd in rvater for a couple of hours
after the ncasurcrnents and were dried again, the rclative num,ber
of spins sthorved an increase and reached almost thc original level
(fig. 2 and fig. 3). This fact sqggests that thc effecrt of 5 M KCN
and 2 M KI is rcversible.

In another expcr,irnents the secds n'ere first boilcd be{ore the treat-
nrents. Boi,lc'd secds tltratcd lvith KCN solution of low concentration
increased the n'uinlbor of spins, but the numbcr dccreased agairn when
solutions of highcr conccntralion werc Lrscd. The olryositc was tntc
when K()H solutions wcrc used. KI and thc control secm have no
effcct ( ' lablc 1).

In thc next cxpcrirnent thc sceds wcre soaked for an hour with I to
15 nlinutcs interva.l, to sec when the KI solution is the nnost effective.
l'hc ne'su,lt is sholvn in fig. 4. Approxirnatc.ly thc same redrrction of
the relativc nu\rrlb,cr of spins (about 115 of that of the control)
werc dctcctcd in 1 rninute as wcll as in 30 mrinutc soakins timcs,

Table l. Relative nurrrber of spins in lcttuce seed, boiled
for 10 rninutes in rvater and therr soakcd for 6 hours in solutions

U n b o i l e d B o i l e d

I
t

, l
I

{

+

2.

J .

hwl spin/cm spin/seed saniple spin/soed spin/cm hw2

28.4
6.9
6.6
2 .9
l . B
1 . 5

22.3
44.6
8.7
r .3

3  X  t0 r5

g x tOtu

9 . 1  x  1 0 t 2
t3.7 I  1012
3 .8  x  lO t :
2.4 x 10rz
2 .0  Y  lQ r r

29.3 x 10t2

7 .3  x  1012
1 . 1  X  1 0 1 2

standard
control
O.O5 M KCN
0.1 l\{ KCN
0.2 M KCN
0.5 N{ KOH
2 N{ KOFI
standa,rd
control
2  N 4 K I

7.7 x l0'z
15 .1  1  l g t z
14.9 X 1012
1 1 . 8  X  1 0 1 2
1 .6  X  1012
0.7 x lor t

6.8 x 1012
1 .9  x  1012

3 x  1o t5

g x tOtu

28.4
5.8

11.4
rr.2
8.9
1 . 2
0.5

44.6
8 . 1
2 .3
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EFFECTS OF CHEN{ICALS UPON ELECTRON SPIN RESONANCE (ESR)
SIGNALS IN LETTUCE SEBDS

Fig. 1. Relative number of spins after 6 hours soaking in solut!,ons of different pH

Relative nurnber of spiins per seed,
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EFFECT'S OF CrrrEr.{ICALS UPON ELECTRON SPIN RESONANCI (ESR) 31
SIGNAI,S IN LETTUCE SEEDS

Fiq. 3. The revcrsibi l i ty o[ frcc radicals jn lcttuce sceds, t leatcd rvith KI and then
rr asherl ri-ith rvater.

INSTiTT'T .TEKNOLOCI BANDUNG



32 Enoy Nogng.,rpt

Fig. 4. The effect of KI on the rclative number of free radicals of the seods after
,  the seeds have been soakcd for  d i f ferent  t . imes.  a:  1 minute,  b :  30 min. ,

c : 5 min. H - soaked in lvater.

r{-

I

VOL. 4, No. 2, PROCEEDINGS 196s



EFFECTS OF CTIEMICALS UPON ELECTRON SPIN RESONANCE (ESR)
SIGNALS IN LETTUCE SEEDS

5 .  a ) .

The short-time effectivene,ss of KI arose a question that KI might
change mostly the outer part of the seeds only. It is therefore inte-
resting to investigate the rela.tive nunr,bers of free radicals in the seed
coat, the embryo and the endosperm. These three parts rvere
separated after boiling the secds, taking advantagc of the fact that
boiling has no effect on the ntunber of free radicals. The free
radicals in the wholc seeds (hw2 - 3B.l) were found to be divided
593% in the seecl coat (hw3 - 22.6), 24.8% in the enrbryo
(h*' - 9.4), and 11.6/o in the endosperm (hw2 - 4.4).

The effect of the chemical substances on the nespiration of lettuce
seeds was also stud,ied. The m,ethodof Warburg (12) was used.The
seeds were soaked in the flasks for 2 hours before the manorneters
were read. The solutions were added after the sccond reading. Accor-
ding to the expcctation (5.7), the chemicals were found to inhibit the
respiration (see table 2). No respiration was dretected in the boiled
seeds., 

'These 
results and the above mentioned ones suggest that

the relative number of free radicals (fig. 1) is not necessarily
dependent of the nespiratory activity. HgCl, is known to be as
effective nespirratory inhi,bitor as KCN, but seeds treated with 0,1 lvl
HgCl2 showed nelative number of spins 30 times greater than that
of sceds treated with 5 M KCN. KRr, KCl, KI and KCN
solutions of the same molarity (2 M) showed the sarne effect on
thc rcspiration, but their effects on ESR signals wcre not the same.
Whether or not the respiratory activity depends on the free radicals,
is not known.

After the ESR measurements, the same seeds we,re put in the
War,bu,rg flasks and theirr respiration was measured again. The results
are surnmarized in table 3. The results su,ggest that the respiration of
thc chemically inhibited lettuce seeds could be detected and was
raised after the soeds were washed in water. This fact seems to be
in accordance with and in relation to the results shown in fig. 2
and fig. 3.

The ESR-investigated seed,s were than sown on filter papers placed
in petri dtishes. Water was added and the effect of the chemicals on
germination was followed during 4 days after the seeds had been sown.

33
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TaL>le 2. Oxygen consumption in lettuce seeds (in p1/100 see<ls/30 Il inutes).

(All cherlicals rvere added at 3/2 hov).

Tine after
nroie tening

(hours) Control 2M KCN 5NI KCN 0.1N{ HgCl3 Control 2\4 KBr 2\,I KCI 2M KI
it
4

H

z
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.:F

z
P

;

o
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z
v)

O

3 to 3/z

sth to 1

4 to 4tl

1t/2 ta 5

5 to 5/z

5/2 to 6

J , t . . /  J

33.51

32..t4
:
32.35

3 1 . 7 0

31,.67

30.96

15.41

9.68

7.76

3.46

0.68

32.65

1 5 . 1 8

5.2B

2.+0

0.87

35.93

29.83

15.5+

B.B8

4.43

1.06

21.10

2 1  1 \

20.75

22. i6

o a  l o

23.68

2r.70

9 .19

J . J U

0.6

21.52

9.58

6.46

i . 9  t

C.1 ;-

19.2+

7.79

4.38

0.96

!



Ta,ble 3. The "recovery" of the respiratory activity in treated lettuce seeds after having

been rvashed l ' i th rvater (O2 uptake in p1i 100 seeds/30 minutes ).

Time after

beginning
(hours)
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Control
( redried )

2M KBr
(redried)

2M KC1 2M KI
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1/2 to 2

2 to 2t/2

2/z to 3

3 to 3/z

3/z to 4

4 to 4/2

29.90

34.20

32.80

29.90

31.40

32.60

32.20

26.08

27.50

2s.30

34.28

31.60

8.90

12.95

14.40

1  1 . 1 0

16.40

13.90

32.15

29.46

32.20

25.59

34.22

30.99

10.31

15.+7

20.63

20.76

17.61

r7 .63

7 . 1 1

16.59

9 1  ? 7

18.95

21.31

19.00

12.89

i5.93

17.87

t7 .79

15.89

23.87
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Solutions of 10 -a M NaN3, 0.1 M HgCl 2 and 2 M KF were found
to be the most effective. T'he seeds lost their germination power
after having ibeen treated in these solutions. Sol,utions of 2 M KCN,
2 M KBr, 2 I\{ KCI ,and 2 M KI were found to have no effect ou
germination. Normal growth was detected in all cases but those of
KI treatment. Solutions of 0,1 IvI to 2 M KI suppressed root hair
development and chlorophyl production, and the leaf blades grew
in a hor'izontal plane. These facts are in agreement with the results
quoted by Hochster and Quastel (5).

The great effectiveness of KI was also found in the case of gamma-
irradiated seeds (see table 4). The rolative numbor of spins of KI
treated gamrna-i'rradiated seeds is alrnost the same as that of the un-
irradiated seeds soaked in water, and about ll3 of. that of the
irradi,ated seeds soaked in water (control).

Table 4. Relative nurniber of free radicals in i,rradiated lettuce seeds, and
therr treated with chemicals. The ganlma irradiation dose is r.0
Mrads.

Sample hlv2 spin/cm spin/seed note

7

Standard

Irrad., unwet.

Irrad., in H2O

Irrad., in 2M KCN

Irrad., in 2M KsS

Unirrad., in HsO

Irrad., in H2O

Irrad., in 2M KI

30.0

195.0

169.5

q,  1

1 1 5 . 6

10.1

23.8

/ . 6

3  x  1015

2.4 x 10tr

2 .1  x  101r

1 . 1  x  1 0 1 {

1.4 1 1gt+

1.3  X 1013

2.9 x 10ra

1 .0  x  1013

I day after
irra'd,iation

soaked for
3 hours

,""U"0 a.
6 hours,

12 days after
irradriation
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EFFECTS OF CHEMICALS UPON ELECTRON SPIN RESONANCE (ESR)
SIGNALS IN LETTUCE SEEDS

None of these samrna-irradiated seeds shor,"ed any indication of
respiration nor germination. This fact supports the conclusion that
there is no correlation bctrveen the relative nurnber of free radicals
ancl thc respiration or gemrination.

DISCUSSION AND CONCLUSION

The experirnents showed that the ESI{ signals in lettuce seeds can be
ntodified by chentical substances. KI showed the greatest effectiveness.
Seeds which were soaked for 1 minute had almost the same relative number
of free radicals as those rvhich were soaked for I hour. Fig. 1 also showed
that the changes in free radicals arnrournt are not due to the cation, K+ ,
and that the change is independent of pH. The type of signals suggests that
the magnetic centcrs are frcc radicals rathcr than transition metal cations
or F centers. Even though thc signal gave a single peak, it cannot be assurned
that only one species of free radicals is present. The result of petroleum ether-
soaked seeds suggest that the relevant ruolecules are not lipids.

Thc elfect of KCN and KI was found to be rcversible (fig. 2 and fig 3).
The rcversibility rvas also shown in the respiration experiments (Table 2
:lnd tabie 3). It is hard to say howcver, rvhether or not the free radicals arc
necessary intermediates in a biologicai oxidation - reduction system (1.2,

9, 13). The boiled seeds which have ahnost the same number of free radicals
as the unboiled seecls, and thc gamrna-irradiated seeds u'hich contain 10 to
20 tinres as nlany free raclicals as the un-irradiated seeds (Table 4), did not
show respiratory activity. Thcse seeds also lost their gerrnination power. It
ntay be concluded, therefore, that the relative, number of free radicals in
lettrrcc seods is not necessarily clcpenclent of the respiratory activity. Whether
or not the respiratory activity depencls on the amount of free radicals, is not
known.

Since the boiled sceds had alruost the same relatilne nunrber of free
radicals as the unboiled seeds (table 1), is it hard to conclude whether or not
the flcc rarl ical content is associatcd lvith the protein col)rponent ( 1, 2, 9, 13).

The short-tinre effectivencss of KI and the different free radical contents
in the dilferent parts of the Kl-treated secds, lead to a conclusion that KI
changes the frce raclicals arnount in the secd coat f irst, and later on it
penetrates and induces the embryo. Further investigation in this problern
is suggested.
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