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Abstract-The effect of octylguanidine on the growth of intact etiolate-d barley seedlings was tested. Inhibition of root 
and shoot growth was observed and this inhibition was partiafly relieved by addition of K’ to the culture medium. 
Octylguanidine probably inhibits growth of roots and shoots by interfering with the transport of K+ across the cell 
membrane. 

It has been shown that octylguanidine (OG) [l] is an 
effective inhibitor of the uptake of K+ in excised barley, 
oat and corn roots [2-4] and it has been suggested that 
this inhibitor acts at the cell surface by interfering with the 
function of the ATPase of the plasma membrane [3]. It 
has also been reported that GG increases the permeability 
of the cell membrane of onion epidermis monolayers to 
water and methyl urea [S]. These findings suggested that 
OG affects the transport properties of membranes. In the 
present work, the action of OG on the growth of intact 
etiolated barley seedlings was studied. The effect of OG 
on the respiration ofexcised barley roots was also studied, 
to determine whether the action of OG on the transport 
and ~rm~bility properties of the membrane could be 
due to a primary effect on other metabolic systems. 

RESULTS 

The effect of OG on the length of roots and shoots of 
barley seedlings as a function of time is shown in Fig. 1. 
From the second to the fifth days the increment in length 
ofcontrols was linear. OG (30 pM)added at the beginning 
of the experiment severely inhibited the elongation of 
roots; this effect was only partially reversible; growth 
resumed after the plants treated with the inhibitor were 
washed with water and transferred to inhibitor-free 
solutions, but the rate of growth was much lower than that 
of roots that had not been exposed to OG. The inhibitory 
action of OG was also observed after roots had undergone 
substantial growth. Only a slight inhibitory effect of OG 
on shoot growth was observed (Fig 1B). 

Figure 2 shows the effect of CKi (30 PM) on the fresh 
and dry weights of roots and shoots of barley seedlings 
grown for 6 days. For comparative purposes the root and 
shoot lengths are also shown. Seedlings exposed to OG 
had smailer fresh and dry weights of roots than the 
controls. The results are expressed as % of the length and 
weight of roots and shoots incubated in the absence of 
00. The results correlate with those of Pig. lA, since 
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Fig. 1. Effect of OG (3OpM) on the elongation of barley 
seedlings. Two batches of plants (eight plants each) were grown in 
HsO and two similar batches in GG soln for 2 days. At this time, 
one of the batches grown in H,O (m-m) wss transferred to 
OG containing soln. Another batch that had grown in the 
presence of GG was washed and transferred to HsO (0-O) (A) 
indicates growth of seedlings in media from which OG was 
omitted in the preincubation and incubation periods. (0-O) 
indicates growth of seedlings in the presence of OG in the 
preincubntion and incubation periods. Mean values of 24 

seedtinge. (A) Root length. (B) Shoot length. 

washing of the roots results in greater values for length 
and fresh and dry weights. In agreement with the results of 
Fig. 1B it was found that the effect of GG was much lower 
in shoots than in roots. 
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Fig. 2. Effect of OG (30 pM) on the length, fresh and dry wts of &day old barley seedlings. Experimental conditions 
as indicated in Fig. I. Mean values of 24 seedlings. 

The effect of different concentrations of OG on the inhibitor had a greater effect on the elongation than on the 
growth of barley seedlings is presented in Fig. 3. fresh and dry weights. Half maximal inhibition of root 
Inhibition of root growth took place at all concentrations elongation was attained with about 5 PM OG. For shoot 
of OG that were tested. At the lower concentrations the growth, OG is less inhibitory than for root growth, indeed 
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Fig 3. EfSect of different amens of OG on the length and fresh and dry wts of &day-old barley seedlings. OG was 
added at transplanting time. Mean value of 24 seedlings. 
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concentrations of OG at least one order of magnitude 
higher than in roots are required to induce half maximal 
inhibition of growth in shoots. 

Since OG inhibits the absorption of K+ by isolated 
roots 12-43 it was considered that this effect could account 
for the action of OG on growth. Therefore experiments 
were devised to determine whether K* reverse the 
inhibitory action of OG on growth. Except with 2 mM of 
potassium chloride in the medium, the growth of roots 
was not a&ted (Fig. 4). The data also show that increas- 
ing concentrations of K’ in the growth media partially 
reversed the action of 5 PM OG on root growth; at 15 PM 
OG, K+ induces, a very small reversal of the inhibitory 
CKi action, as observed in the weight measurements. It is 
interesting that in shoots, although the action of OG is 
less dramatic than in roots, K+ overcomes to a large 
extent the inhibitory action of OG. 

OG was a more effective inhibitor of growth (Fig 3) 
than of K+ transport [24]. This suggests that inhibition 
of growth was the result of a primary CKi action on 
cellular processes other than K+ transport. The effect of 

OG on the respiration of excised roots was therefore 
studied. Oxygen consumption by roots pretreated or 
incubated with different OG concentrations showed that 
this compound did not affect respiration. Results suggest 
that OG was not accumuhued by the cell, otherwise 
inhibition of respiration would have been observed. 
Therefore, it may be inferred that OG acts at the level of 
the cell membrane. 

DISCUSSION 

It has been shown that OG inhibits growth of roots and 
shoots. The inhibition of root growth is partially relieved 
by adding K+ to the culture medium, while that of shoots 
is fully overcome by K’. This indicates that in shoots the 
action of OG is strictly related to K+ action. In view of the 
data in previous reports [2-4] it is more likely to be due to 
an interference with the K’ transport. In roots, the action 
of OG seems to be more complex. Indeed the concen- 
trations of OG required to inhibit growth and K+ 
transport are different (5 PM for half maximal inhibition 

SUOOT 

-CONTROL 
- Oclylg. s.oyu 

. . . . F 0 

. . 
?- p’;i; 0 

c 0 

0 1.0 2.0 0 1.0 2. 

KCI CONCENTRATION (mM) 

Fig. 4. Influence of increasing external K’ concn on the growth of 6day old barley seedlings traxted with two OG 
concns (5 and 15 PM). Growing solns contained CaSO. (1 mM). Salts were added at transplanting time. Mean 

values of 24 seedlings. 



322 B. G. LEPE and M. SAL&N 

of growth and SO JM for transport) and the inhibition of 
the former prarss is only partially reversed by K+. These 
di&ences indicate that, in roots, growth inhibition is due 
to an effect on K+ transport plus an additional action on 
other metabolic process. However it should be pointed 
out that the measurements of K+ transport were made for 
incubation time in minutes, whilst the growth experiments 
required a period of hours. Over short periods of time CKi 
may not accumulate to a signitkant extent in cells, since it 
did not inhibit tissue respiration. This suggests that the 
inhibition of K’ transport over the short absorption time 
is due to an effect of OG at the cell surface, while the 
inhibition of growth results from inhibition of K+ 
absorption, as well as interference with oxidative phos- 
phorylation [3]. Thus the time dependent interaction of 
the inhibitor with its target may aacount for the dif- 
ferences in concentration required to affect the process. 
Nevertheless the data obtained clearly indicate that 
octylguanidine inhibits growth of roots and shoots, 
probably by interfering with K+ transport across the cell 
membrane. 

EXPERIMENTAL 

Growth experimnts. Barky seeds (Hordeum vdgare var. 
Apiza~ MV-72) were washed x 3 with H1O, soaked for 24 hr in 
continuously aerated Hz0 and rinsed again x 3 with H1O. Eight 
seeds were transferred to a plastic scruXl covered with clleese- 
cloth. This was supported by a 150 ml 8kiss ba&er that contained 
the culture soIns the comers of the chetsscloth were in contact 
with the soln. The seedlings were 8rown in the dark at 24” f 3” 
under continuous aeration. The composition of the culture solns 
and subsequent treatment varied in each expt. The culture soln 
had an initial pH of 7. After transfer to the plastic screen, 
seedlinp were harvested at different periods of growth. At 
harvest_ the plants were separated into shoots and roots. The 
roots were rinsed with Hz0 and blotted with paper towel The 
length and the fruh and dry wts (60”) of roots and shoots were 

determinaL Expts were repeated at least three times. CalaWed 
standard deviations were lower than 5 y0 of each data point. 

Respiration eqwrfments. For assay of oxygen consumption the 
following protocol was usai. Seedlings of harky were grown in 
thcdorklmdcrcontinuousMationinarolnofO.SmMCPSO*~ 
described earlier [6]. Roots of 6day okl seedling were excised 
and rinsed several timea with cold HsO. FitIy one qments of 
5cmkn@h(segmenttith1apicslcmand4-6baaalcmwcrc 
discarded) were pooled for a singk rexpiration experiment. 
Oxygen uptake was measured with a Clark -ode (Yellow 
Spriqs) at 30” in a water-jacketed 3Omi heaka which contained 
20 ml of the incubation medium in two di&ent conditions. In 
one, various conau of OG (30-500 jbM) were addal to respiring 
roots. In another, roots were preincubated with OG at 30” in a 
vol. of lC0ml for various times (I-1Omin) and continuously 
shaken in a Dubnoff incubator. The roots wctc then removed 
from the inhibitor soln, rinsed with Hz0 and transferred to the 
oxygraph vcascl Oxygen uptake was recorded under constant 
and vQorous stirring. Roots were. removed from the vessel, 
washal withcold H1O, blotted with paper towel and weighad. All 
results refer to fresh wt. 
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