
Phytochemistry, Vol. 21, No. 5, pp. 997-1008, 1982. 
Printed in Great Britain. 

0031-9422/82/050997-12SO3.00/0 
@ 1982 Pergamon Press Ltd. 

THE EFFECT OF SOME OLIGO-AMINES AND -GUANIDINES 
ON MEMBRANE PERMEABILITY IN HIGHER PLANTS 

SANTOSH K. SRIVASTAVA* and TERENCE A. SMITHt 

Long Ashton Research Station (University of Bristol), Long Ashton, Bristol, BS18 9AF, U.K. 

(Received 22 July 1981) 

Key Word Index--Beta oulgaris; Spinacia oferacea; Chenopodiaceae; beet root; spinach; Brassica napo- 
brassica; Cruciferae; Swede; Malus syluestris; Rosaceae; apple; membrane permeability; diamines; poly- 
amines; guanidines; Synthalin; Guazatine. 

Abstract-The effect of a series of oligo-amines and -guanidines on the membranes of higher plants has been 
tested by measuring the eiIlux of betacyanin from beet root discs, and the loss of total ions from beet root and 
Swede discs, beet and spinach leaf discs and apple cells in suspension culture. All of the naturally occurring di- 
and polyamines tested showed relatively little toxicity. Betacyanin eiIIux from beet root discs was reduced by 
diamines [NH2(CH&NH2] up to x = 10 or less. Ion el?lux was minimal at x = 7. Within the triamine series 
[NH2(CH2)XNH(CH2)1NHZ] for x = 8 or less, betacyanin etllux was reduced or unaffected, although total ion 
loss was increased by the triamines when x = 4 or more and especially by the longer chain amines (to x = 10). 
Similar behaviour was found in the tetra-amine series [NH2(CH,),NH(CH,),NH(CH&NH2] with betacyanin 
efllux reduced for x = 2-4 (spermine). Although spermine potentiated the toxicity effects of Guazatine 
{[NH,C(=NH)NH(CH,),LNH} and Dodine [NH,C(=NH)NH(CH&Me] in beet root discs, spermine 
and calcium ions reduced the ion eflux caused by these toxic guanidines and also by Synthalin B 
[NH2C(=NH)NH(CH&NHC(=NH)NH2] in Swede discs, spinach leaves and apple cells. No significant 
reversal of ion loss was detected with putrescine, cadaverine or spermidine in Swede discs. In the homologous 
series of monoguanidines [NH2C(=NH)NH(CHJ,_,Me] for x up to 18, greatest toxicity was shown for x = 10 
and 11 in both betacyanin loss and total ion efIlux in beet root discs. Greatest ion etllux from the apple cell 
suspension was found with x = 11 and 12. In the homologous series of diguanidines 
[NHZC(=NH)NH(CHJXNHC(=NH)NHZ] for x = 2-12 greatest toxicity was shown for x = 12 (the longest chain 
tested) in beet root and in the emux of ions from apple cell suspension. Technical Guazatine was considerably 
more phytotoxic than pure Guazatine in all systems tested. p-Chloromercuribenzoate (p-CMB) potentiates the 
loss of betacyanin and total ions caused by Guazatine, Synthalin B, and Dodine in beet root discs. This effect 
of p-CMB is reversed by subsequent incubation in cysteine or mercaptoethanol. prior to treatment with the 
guanidines. 

INTRODUCTION 
The polyamines spermine and spermidine which are 
ubiquitous in plants, animals and bacteria are thought 
to be involved in growth processes through inter- 
action with nucleic acids. Recent experiments have 
indicated that these polyamines are also important for 
membrane structure. For instance, polyamines have 
been shown to stabilize protoplasts of oat leaf meso- 
phyll cells [l-3] and of Chlamydomonas reinhardii 
[4]. Polyamines stabilize thylakoid membranes of 
barley chloroplasts and they prevent chlorophyll loss 
from barley leaf discs [5,6]. They are also known to 
reduce el?lux of betacyanin from beet root discs [7]. 
Furthermore, a recent patent claims that application 
of various di- and polyamines to crop plants can 
protect against frost damage, air pollution, loss of 
chlorophyll from cut vegetable crops and wilting [8]. 

*Present address: Biochemistry Department, MS. Uni- 
versity of Baroda, Baroda, India. 

tTo whom requests for reprints should be addressed. 

It was of interest to study the effect of analogues of 
the polyamines on membrane integrity and the inter- 
action of these with the naturally occurring poly- 
amines. The effects of a series of guanidines have 
been studied, including the well-known fungicides 
Guazatine and Dodine. Guazatine protects against a 
wide range of cereal seed-borne diseases [9,101, and 
it has been shown to have useful insect feeding 
repellancy [ll, 121. A homologous series of mono- 
guanidines has been tested, including Dodine, a fun- 
gicide which is especially useful against spores of 
Venfuria inaequalis [13]. A homologous series of 
diguanidines has also been investigated, including the 
deca- and dodeca-methylene compounds known as 
the Synthalins A and B respectively, which have been 
used as anti-diabetic drugs [l&16]. 

Membrane integrity has been studied by measure- 
ment of betacyanin e!lIux from beet tissue discs 
[7,17,18] and ion emux from beet [17] and Swede 
discs, beet and spinach leaf discs, and apple cell 
suspension cultures. 
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RESULTS 

Beet root discs were incubated with water or with 
0.5 or 1 mM solutions of the compounds and betacy- 
anin and total ion elllux measured after 1 hr. In the 
water controls the rate of betacyanin et&x was in- 
creased 3.1-fold and the rate of ion loss 2.4-fold on 
increasing the temperature from 20 to 37” (Fig. 1). All 
subsequent leakage experiments were conducted at 
37”. In the control tissue betacyanin etIlux and ion 
loss was rapid initially at both 20 and 37”. After 1 hr 
at 37” betacyanin etllux and ion efllux respectively 
were reduced to 20 and 16% of the initial value (Fig. 
1). For the most toxic compound [guanidinoundecane 
(Table le)] betacyanin leakage (18x that of the con- 
trol) represented almost complete depletion of the 
tissue in 1 hr. Ion leakage here was ca 80% of the 
total ions in the tissue released on boiling. 

In the homologous series of diamines (Table la) 
[NH2(CH2)XNH2] betacyanin &flux was markedly 
reduced with x = 4 (putrescine), less so when x = 3,5 
(cadaverine) or 6-8. Betacyanin etllux was hardly 
affected with x = 10, but an increased loss was found 
with x = 12. All diamines caused an increase in loss 
of total ions when tested at 1 mM. Loss was minimal 
and hardly significant when x = 7. The length of the 
spermidine molecule is almost identical to that of 
18-diamino-octane (x = 8), and spermine is almost 
identical to that of 1,lZdiaminododecane (x = 12). 
In the homologous series of triamines 
[NH2(CH&NH(CH&NHZ] (Table lb) betacyanin 
efllux was reduced with x = 3 and 4 (spermidine) and 
marginally so for x = 2 and 8. Ion leakage increased 
progressively with increase in chain length and was 
considerable for x = 10. In the homologous series 
of tetra-amines [NH,(CH&NH(CHZ),NH(CH2)~NH2] 
(Table lc) for beet root discs treated with spermine 
(x = 4) betacyanin loss was reduced by almost half. 
Betacyanin loss was increased significantly only for 
x = 10. Total ion loss was hardly significant for x = 2, 
but it increased progressively with chain elongation. All 
of the methylated amines tested (Table Id) showed a 
reduction of betacyanin efllux and N,N,N’N’ - tetra- 
methyl - I,7 - diamino - 4 - azaheptane caused greatest 
reduction out of all the compounds tested. Moreover 
unlike spermine it did not cause increased ion efllux. 

Time, min 

Fig. 1. Rate of betacyanin efBux (measured by spectropho- 
tometry) and rate of ion loss (measured by conductivity) of 

beet root slices at 20 and 37”. 

In the series of monoguanidines 
[NH,C@NH)NH(CH2),_,Me] (Table le) betacyanin 
and total ion efflux were hardly affected with x = 6 or 
less. Thereafter, toxicity increased abruptly with in- 
creased length of the aliphatic chain up to a maximum 
at x = 10 and 11. These were by far the two most 
toxic compounds tested. Beyond x = 11, activity was 
reduced with increasing chain length until with x = 
16-18 el?lux was similar to the control values. 
Betacyanin etflux increased on lengthening the 
chain * diguanidines 
[NH2C(=N&NHt(!!H&~~~~=NH$HZ] (Table If) 
up to x = 12 (Synthalin B, the longest chain tested): 
although, by comparison with the control, betacyanin 
loss was reduced for x = 6 and less. For x = 8 and 10, 
loss was similar to that found in the control. A 
considerable increase in betacyanin loss was found 
for x = 12. All diguanidines tested caused loss of total 
ions and this loss increased with chain length. In a 
collection of miscellaneous guanidines, hirudonine 
(Table lg), like spermidine, its parent amine, caused a 
reduction of betacyanin emux from beet root discs. 
Moreover, activities of putrescine, agmatine, arcain 
(Tables la, If and Ig) were similar, all giving a slight 
reduction of betacyanin etllux and a slight increase in 
total ion loss. Technical Guazatine was considerably 
more toxic than the purified material measured both 
in terms of betacyanin loss and ion etllux. The amine 
derived from Guazatine by hydrolysis (Table lb) was 
somewhat less toxic than the parent compound. 
Streptomycin unexpectedly reduced betacyanin etllux 
though ion loss was slightly enhanced. MGBG had 
little effect on betacyanin emux even at 1 mM though 
a slightly increased ion loss was observed. A pre- 
paration of the antifungal diguanidines, known as the 
hordatines [19,20], extracted from the culms of bar- 
ley seedlings was also tested. A solution containing 
ca 1 mM hordatine A/B, ca 2 mM hordatine M and ca 
2 mM coumarylagmatine showed 95 and 116% of 
control for betacyanin etllux and ion loss respec- 
tively. A solution with a concentration five-fold 
greater gave 109 and 184% for the betacyanin etllux 
and ion loss respectively. 

An experiment was conducted to investigate the 
interaction of spermine and Ca*+ with the toxic 
guanidines, Guazatine, Synthalin B and Dodine in 
beet root and Swede discs. The results are shown in 
Table 2. Despite the reduction of betacyanin efllux 
found in the presence of spermine along (Tables lc 
and 2), in combination with the Guazatine and 
Dodine, spermine increased the loss of betacyanin, 
though Synthalin B toxicity was apparently reversed. 
Ca*+ at 1 mM, like spermine, also causes a reduction 
of betacyanin loss. Although Ca*’ reverses the toxic 
effect of Guazatine and Synthalin B, it appeared to 
enhance the effect of Dodine in causing betacyanin and 
total ion e&x. M$” at 1 mM had no effect on 
betacyanin efllttx but it increased ion loss by 35%. M$+ 
had no significant effect on the betacyanin and total ion 
etflux due to spermine, Guazatine or Synthalin B 
(results not shown). 

Measured by ion etllux, Dodine was very toxic to 
the Swede discs (Table 2), as already shown for beet 
root tissue (Tables 1 and 2). Again technical Guaza- 
tine was considerably more toxic than pure Guaza- 
tine. Unlike the beet root tissue, the inclusion of 
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spermine with technical Guazatine, Synthalin B or 
Dodine causes a signiticant loss of toxicity in Swede. 
Putrescine, cadaverine or spermidine at 1 mM gave 
little change in ion etBux and showed no protection 
against the guanidines (results not shown). By com- 
parison with the root discs, relatively little toxicity 
was shown by Guazatine, Synthalin or Dodine in the 
leaf system (Table 3), and reversal by spermine and 
Ca” was only observed with the spinach leaves. Beet 
and spinach leaf discs behaved in a fundamentally 
similar way, as might be expected since they are both 
members of the Chenopodiaceae. 

Ion etlIux from the apple cell suspension culture 
was doubled by 0.5 mM technical Guazatine and 
Synthalin A or B (Table 4). The reversal of ion etIlux 
was greater with spermine than with Ca” treatments, 
unlike the root and leaf tissue. The diguanidines with 
x = 5 and 6 showed little toxicity, but unlike other 
tissues tested, guanidinospermine was relatively toxic 
to apple cells. In the homologous series of mono- 
guanidines, the apple cells showed greatest ion etlIux 
with the compound x = 12 (Dodine) (Fig. 2). By itself, 
1 mM spermine increased the elIIux of the control by 
ca 40%. However, ion etIIux induced by the mono- 
guanidines was considerably reduced in the presence 
of 1 mM spermine. With chain lengths of x = 16 or 
longer, addition of spermine caused a loss of ions at 
rates slower than in the water controls. 

The sulphydryl reagent p-chloromercuribenzoate 
(p-CMB) at 0.5 mM induced an increase of only 53% 
in betacyanin etlIux and only 10% in ion loss in beet 
root discs (Table 5). However p-CMB potentiates the 
toxicity of technical Guazatine, Synthalin B and 
Dodine, measured both by betacyanin etlIux and ion 
loss. In a further experiment (Table 6) beet root discs 
were pre-incubated for 1 hr with or without 0.5 mM 
p-CMB, then after washing in water they were in- 
cubated in water, 1 mM cysteine or 1 mM mercap- 
toethanol, and the betacyanin and total ion efllux 

‘a.._. 

Fig. 2. Effect of a homologous series of aliphatic mono- 
guanidines (0.5 mM) on the ion etllux from apple cell sus- 
pension culture in the absence (0) and presence (0) of 
spermine (1 mM). The ion efllux expressed as a percentage 
of the control after 1 hr immersion in the test solution is 
plotted against the length of the aliphatic chain, where x is 
the number of carbon atoms. The values for the control (c) 

are shown on the y-axis. 

measured for 1 hr. Although cysteine and mercap- 
toethanol per se increased the loss of betacyanin and 
total ions after incubation in the absence of p-CMB, 
the relative toxicities of the diguanidines was un- 
changed in the presence of these sulphydryl com- 
pounds. Again the toxicities of the guanidines were 
potentiated by the p-CMB. However, in tissues pre- 
incubated with p-CMB the toxicities of the diguani- 
dines were considerably reduced after subsequent 
incubation in cysteine or mercaptoethanol by com- 
parison with tissues pre-incubated in the absence of 
these sulphydryl compounds. This suggests that p- 
CMB can be displaced from its site of action by these 
sulphydryl-containing compounds. Cysteine, mercap- 
toethanol and p-CMB had no effect on the ion etIIux 
of Swede discs at the concentrations used in the 
present experiment. 

DISCUSSION 

The present study indicates that certain aliphatic 
polyamines stabilize membranes and reduce loss of 
small molecules in a wide range of higher plant tis- 
sues. Other basic aliphatic compounds especially the 
guanidines, cause membrane disruption and an 
enhanced diffusional loss of metabolites. Although it 
is known that di- and polyamines interact with nucleic 
acids [21,22], it seems unlikely that their stabilizing 
activity is mediated via nucleic acids in the present 
studies since their action on permeability is im- 
mediate. A direct interaction with membrane phos- 
pholipid seems a more likely explanation, as sug- 
gested also by the work of other investigators using 
plant systems [l, 5,6] and bacteria [21,23]. Spermine, 
spermidine and putrescine activate ATP-ase from 
Vigna mitochondria at less than 80 pMMc while 
the enzyme is membrane-bound but not when it is 
detached. Binding sites for the oligoamines are 
therefore probably present on the membrane [24]. 

Since the betacyanin is normally retained in the 
vacuole by the tonoplast in beet root [251, the 
differential effect of some of the amines (e.g. putres- 
tine, spermidine and spermine) in causing reduction 
in betacyanin &lux and an increase in ion loss may 
suggest that these compounds preserve the tonoplast 
and disrupt the plasmalemma. Hypotheses invoking a 
single membrane with multiple sites for etIIux appear 
to be less likely. Gibberellic acid and Ethrel also 
cause a decrease in betacyanin eflIux but neither of 
these are as effective as spermine [18]. 

Antagonism of the toxic effects of basic drugs in 
micro-organisms by spermine is well established. The 
early work on this subject has been reviewed by 
Tabor and Tabor [23] and by Cohen [26]. The effect of 
spermine could be simulated by Mp or Mn” but 
especially by Ca” ions in some of these studies. The 
effects of Ca2’ on membranes and in particular the 
stimulation of ion uptake in the presence of Ca2* has 
been reviewed by Epstein [27]. 

The effects of polycations, e.g. spermine, in pro- 
tecting membranes are not confined to damage by 
other cations as studied in the present work. For 
instance, spermine will also reverse membrane leak- 
age induced by ethanol [7] and other amines are 
reported to reverse damage attributable to adverse 
conditions such as cold, wilting and pollution [8]. 
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Table 2. Effect of amines and guanidines on betacyanin and ion efaux from beet 
root discs and ion et?lux from Swede discs, and their antagonism by spermine and 

Car+ 

Concen- 
tration 

(mhf) 

Beet root discs Swede discs 

Beta- 
cyanin Ion Ion 

e&ix (%) et?lux (%) etlIux (%) 

Control - 
Spermine 1.0 
Guazatine (technical) 0.3 
Guazatine (pure) 0.3 
Synthalin B 0.3 
Dodine 0.3 
CaCl* 1.0 
M&l2 1.0 
Spermine + 1.0 

Ciuazatine (technical) 0.3 
Guazatine (pure) 0.3 
Synthalin B 0.3 
Dodine 0.3 
CaC12 1.0 

CaC12 + 1.0 
Guazatine(technical) 0.3 
Guazatine(pure) 0.3 
Synthalin B 0.3 
Dodine 0.2 

100 100 
55 168 

204 1% 
113 106 
338 375 
520 300 

55 146 
100 135 

355 356 526 
122 116 148 
308 313 524 
750 433 756 

58 169 184 

110 130 467 
102 101 122 
126 147 489 

1240 600 713 

100 
186 
735 
179 

1007 
1168 

167 
- 

Table 3. Effect of amines and guanidines on the etBux of ions from beet and 
spinach leaf discs and their antagonism by spermine and Ca2+ 

Beet leaves Spinach leaves 

Concen- Concen- 
tration Ion nation Ion 
(mM) et&x (%) (mM) e8Iux (%) 

Control - 100 - 100 
Spermine 1.0 168 1.0 156 
Guazatine (technical) 0.5 350 0.3 157 
Synthalin B 0.5 383 0.3 167 
Dodine 0.5 332 0.3 163 
CaC12 1.0 105 1.0 110 
Spermine + 1.0 1.0 

Guazatine (technical) 0.5 361 0.3 123 
Synthalin B 0.5 330 0.3 133 
Dodine 0.5 325 0.3 133 
CaC12 1.0 193 1.0 194 

CaC12 + 1.0 1.0 
Guazatine(technical) 0.5 241 0.3 123 
Synthalin B 0.5 203 0.3 138 
Dodine 0.5 243 0.3 110 



The 

The diamines protect certain higher plants against 
the effects of several unrelated herbicides. Injury of 
Gramineae and Polygonaceae by N - (3,4 - di- 
chlorophenylcarbamoyl) N - methylalanine was 
reduced by diamino-octane [28] and the injurious 
effects of the substituted benzoic acid Chloramben to 
soybeans were reduced by diaminodecane [29]. 

Amongst the compounds tested in the present work 
certain of the monoguanidines (Table le), including 
the fungicide Dodine, were the most toxic. In their 
studies on the effects of aliphatic monoguanidines on 
the germination of fungal spores, Byrde et al. [13] 
found considerable toxicity for x = 11-16 with opti- 
mum chain lengths varying slightly according to fun- 
gal species. In higher plants, a similar optimal chain 
length for toxicity was found, at x = 11 for beet root 
discs and x = 11 and 12 for apple cells grown in 
suspension culture. 

Solapalmitine {[(MehN(CH,),]zNC(=O)(CH2)14Me} 
found naturally in Solanum tripartitum [30] and 
similar synthetic analogues caused leakage of 
Escherichia coli cell membranes at lOA M [31]. These 
compounds are structurally analogous to the aliphatic 
monoguanidines. 

Out of a series of monoguanidines with x = 2-8, 
greatest inhibition of K’ absorption by oat roots was 
found with the longest chain compound [32]. In a 
study of the effects of octylguanidine on the per- 
meability of onion epidermal cells, Gomez-Lepe et af. 
[33] concluded that this monoguanidine acts primarily 
on the protoplast surface. On interaction with mem- 
brane proteins and phospholipids it behaved similarly 
to a surfactant. 

Amongst the diguanidines tested (Table If), 
greatest betacyanin efllux was found on treatment of 
beet root discs with x = 12 (Synthalin B). In the 
trypanocidal activity of a homologous series of 
diguanidines from x = 4 to 18, maximum activity was 
found with x = 10-16 [34]. Moreover, the antibacterial 

Table 4. Effect of guazatine and a homologous series of 
diguanidines on the e@htx of ions from apple cells grown in 
suspension culture and their antagonism by spermine and 

Ca2+ 

Concentration Ion efthtx 
(mhf) (%) 

Control - 100 
Spermine 1.0 153 
Guanidinospermine 1.0 225 
Guaxatine (technical) 0.5 221 
Diguanidinopentane 0.5 101 
Diguanidinohexane 0.5 103 
Synthalin A 0.5 206 
Synthalin B 0.5 215 
CaCl* 1.0 144 
Spermine + 1.0 

Guaxatine (technical) 0.5 144 
Synthalin B 0.5 146 

CaC& 1.0 152 
CaCls + 1.0 

Guaxatine(technical) 0.5 152 
Synthalin B 0.5 162 

activity of a homologous series of diguanidines was 
greatest with x = 12-18 [35]. 

It is of interest that the technical Guazatine is 
signi6cantly more toxic in all biological systems tes- 
ted than the pure Guazatine. This is despite the fact 
that Guazatine (1,17diguanidino-9-azaheptadecane) is 
at a reduced concentration in the total solids of the 
technical Guazatine [Ml. The greater toxicity of the 
technical Guazatine is probably due either to the 
presence of a compound other than Guazatine, or to a 
synergism between Guazatine and an impurity 
present in the technical sample. The triamine 
[NH&H&NH(CH&NH& formed by hydrolysis of 
pure Guazatine (Table lb) and which might be 
expected in the technical sample, was considerably 
less toxic than the parent compound. Similarly 
diamino-octane (Table la) and diguanidino-octane 
(Table If) which might also be expected in the tech- 
nical Guazatine were relatively non-toxic when tested 
in isolation. 

Although guanidinospermine has the same molecular 
length as Synthalin B, unlike the latter it has rela- 
tively little activity in the beet root system (Table lg). 
King et al. 1341 found that diguanidino spermine was 
lOOO-fold less effective than the Synthalins as a try- 
panocidal agent. Tomomatsu et al. [37], however, 
found that Synthalin A and diguanidino spermine 
were especially active as anti-tumour agents. Mihich 
et al. [38,39] have also shown that Synthalin A in- 
hibits the growth of leukemia. 

Streptomycin (Table lg) though an effective anti- 
biotic and a compound known to interact with nucleic 

Table 5. Effect of P-CMB, spermine and guanidines on the 
betacyanin and ion efaux from beet root discs 

Concen- Beta- 
tration cyanin Ion 
(mM) et&x (%) etiiux (%) 

Control 
Spermine 
p-CMB 

Guaxatine (technical) 

Guaxatine (pure) 

Syntbalin B 

Dodine 

Spermine + 
p-CMB 
p-CMB 

p-CMB + 
Guazatine (technical) 
Guazatine (technical) 
Guazatine (pure) 
Gnazatine (pure) 
Synthalin B 
Synthalin B 
Mine 
Dodine 

- 100 100 
1.0 57 157 
0.25 150 115 
0.5 153 110 
1.0 163 100 
0.2 130 116 
0.4 467 293 
0.2 103 98 
0.4 153 129 
0.2 206 181 
0.4 581 444 
0.1 297 189 
0.2 560 318 
1.0 
0.25 163 136 
0.5 203 179 
0.5 
0.2 233 154 
0.4 613 385 
0.2 100 95 
0.4 148 140 
0.2 773 405 
0.4 1473 722 
0.1 520 277 
0.2 800 426 
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The effect of 

1 ml 
9 ml 

1 hr 

2 
nitrogens 

a com- 

1 nitrogen). 

Chemicals. The homologous series of tri- and tetra-amines 
and methylated amines were donated by Dr. D. Brown. The 
synthesis and characterization of these is described in ref. 
[48]. The homologous series of diianidines (apart from 
diguanidino-octane) was donated by Dr. W. G. Bardsley. 
Technical Guazatine was donated by Messrs. Murphy Co. 
Ltd., U.K. and pure Guazatine by KenoGard AB, Sweden. 
The hordatine preparation supplied by Mr. C. R. Bird was 
obtained from the culms of malted barley. 

Diguanidinospermine (4HCl) and diguanidino-octane 
(2HCl) were synthesized from spermine and diamino-octane 
respectively with 0-methylisouronium sulphate by the 
method of ref. [49]. The products were extracted into n- 
BuOH after addition of NaCl and NaOH. dried over dry 
Na#O, and the n-BuOH removed in a rotary evaporator. 
The products were dissolved in HCI and dried. Single Sak- 
aguchi-positive, ninhydrin-negative spots were obtained on 
TLC (n-BuOH-HOAc-HzO, 4:1:5; upper phase) on What- 
man CC41 cellulose. 

Giaquinta [43] showed that sulphydryl groups are 
important for membrane function, since the non- 
permeant sulphydryl reagent p-chloromercuriben- 
zenesulphonate inhibited membrane transport in leaf 
discs of beet, and Knauf and Rothstein [44] also 
concluded that sulphydryl groups are important for 
permeability in red blood cells. Naik and Srivastava 
[45] have also demonstrated an interaction of sul- 
phydryl groups with polyamines in the regulation of 
membrane permeability. 

The triamine derived from Guazatine was prepared from 
1OOmg pure Guazatine by heating in 10ml 10% NaOH at 
120” under 1 atm pres. for 30 min [50]. After addition of 2 g 
NaCl the product was extracted with 2 x 40 ml n-BuOH. The 
organic layer was dried over NazSO,, filtered, acidified with 
HCl and coned to dryness (yield ca 100%). The product was 
Sakaguchi-negative and ninhydrin-positive. 

Other chemicals were purchased from Aldrich, BDH, 
Fluka and Sigma. 

The toxic effect of Guazatine, Synthalin B and 
Dodine was potentiated by p-chloromercuribenzoate, 
and reversal of this synergism by sulphydryl com- 
pounds is probably explained by the importance of 
sulphydryl groups for membrane integrity. 

EXPERIMENTAL. 
Tissue discs. Beet root (Beta uufgaris L.) was grown 

locally, and Swede (Brussico napobrassico Mill.) was 
obtained from a local shop. Discs (1 x 10 mm) were cut from 
the tissues and washed in tap Hz0 for 1 hr (4 changes), and 
then in de-ionized Hz0 for 30min (2 changes). The discs 
were then blotted to remove surplus HzO. Spinach (Spinacia 
oleracea L.) and beet leaf discs (diameter 10 mm) were used 
after washing once in HzO. The tissue (10 root discs or 15 
leaf discs) was immersed in 10ml Hz0 or test solns at 37’. 
Betacyanin etIlux was measured by the increase in A at 
54Onm. Total ion eftlux was estimated by measuring the 
increase in conductivity with a Wayne Kerr Universal 
Bridge. Ion concn was measured at the start of the expt and 
after 1 hr immersion in the test solns. 
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