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Abstract-The activity of trans-2-(2-p-chlorophenyl-trans-ethenyl) cyclopropane carboxylic acid (CPA) as a mimic of 
abscisic acid (ABA) is reported. CPA had ca. the same inhibitory activity as ABA at lo- 5 M and lO-‘j M in an assay for 
gibberellic acid-induced cr-amylase activity using embryoless barley seeds. At 10 PM, cress seed germination was 
inhibited by 62%; at 100 PM, lettuce seed germination was inhibited by 58%. ABA completely inhibited seed 
germination of both species at the respective concentrations. CPA was l/5 to l/3 as effective as ABA at equivalent 
concentrations in inhibiting water loss from detached leaves or intact barley seedlings. However, unlike ABA, at 
concentrations of lo- 3 M and 10m4 M CPA inhibited ethylene biosynthesis by soybean hypocotyls. It was concluded 
that CPA mimics some of the biological functions of ABA at concentrations that are in general higher than ABA. When 
characterizing the activity of a xenobiotic suspected as being an analogue of a natural plant hormone it is important to 
complement assays designed to demonstrate activity of the hormone of interest with assays in which activity is 
unexpected. 

INTRODUCTION 

Abscisic acid (ABA) is a naturally occurring growth 
regulator (hormone) that is involved in regulating numer- 
ous vital processes and many events in plants, especially 
under conditions of environmental stress [l]. Spray 
applications of ABA to intact plants, or the addition of 
ABA to the incubation medium of cell cultures of wheat, 
potatoes and alfalfa increase their tolerance to freezing 
temperatures [24]. Observations of ABA effecting stom- 
atal closure has led to the hypothesis that ABA acts as a 
natural anti-transpirant Cl]. ABA is also a controlling 
element in seed storage protein synthesis [SJ and seed 
dormancy [6,7] which implies that manipulation of the 
levels of ABA during development may lead to an 
increase in the seed shelf life of some species. Another 
pragmatic suggestion is that ABA can substitute for the 
mutagenic compound, potassium bromate, in the brew- 
ing industry [8]. With these possibilities, it is apparent 
that ABA is a prime candidate for commercialization. 
However, the lability of the active molecule [9] and the 
extremely high synthetic costs make it impractical to 
pursue as a commercial product. 

Most analogues of ABA that have been described have 
the cyclohexenone ring system of the ABA molecule, but 
two papers [ 10,l l] have reported that ABA activity is 
possessed by aromatic analogues. This study was under- 
taken in order to determine if other aromatic compounds 
could be found that would mimic the activity of ABA 
within the plant. It was theorized that compounds may be 
found that would selectively effect an ABA response in 
one organ or tissue and not in another, for example, 
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affecting specific protein synthesis without affecting stom- 
atal closure. Such a molecule that could elicit a specific 
affect of ABA independently of other responses may be of 
commercial interest and may add to information about 
the receptor sites involved in the recognition of the ABA 
molecule. An additional goal of the project was that these 
analogues be relatively inexpensive to synthesize. The 
aromatic molecules tested were styryl cyclopropane-car- 
boxylates and this paper reports on the interesting bio- 
logical activity of 2-trans-(2-p-chlorophenyl-trans- 
ethenyl) cyclopropane carboxylic acid (1). 
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Scheme 1. 

RESULTS AND DISCUSSION 

Three bioassays were used initially to identify and 
confirm ABA-like activity. Gibberellic acid (GA,)- 
induced a-amylase activity of embryoless barley seed 
[12]; water loss from detached primary leaves of barley 
[13]; and cress seed germination [14]. After ABA-like 
activity was identified, further experiments were carried 
out to confirm that CPA was truly ABA-like in character. 
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were applied in an aq. Tween 20 soln (0.75%), 6 replicates per 
treatment. After spraying, the wts of the pots 
were recorded. The plants were placed in a growth chamber 

(17” day, 14” night, 70% rel humidity, 14 hr photoperiod, 

1080 pE/m’/.sec). After 5 days the pots were reweighed and the 

H,O lost through the plant could be estimated. The detached 

leaves and intact seedlings were visually rated at the end of the 

expt for toxicity. Isolated epidermal strips: strips were peeled 

from the underside of greenhouse grown plants of Vicia faba and 

floated in the light on aq. solns in the absence and presence of 

either ABA or CPA. Stomata were viewed under a microscope 

(magnification 512x) for scoring. For the antitranspirant tests all 

compounds were made up in 100% EtOH and dild accordingly. 
Controls had the same amount of EtOH in the treatment 

medium as the highest treatment dose. 

Bioassay 3. Seed germination: garden cress, Lepidium uirgin- 
ianum, and lettuce, Lactuca sativa L., cv ‘Grand Rapids’, were 

imbibed 1 hr in the treatment soln. Fifty swelled seeds were 

placed on one sheet of Whatman No. 1 filter paper soaked with 

1 ml treatment soln in a petri dish at 2&24”. After 4 days the- 

number of seeds that had germinated was counted. 

Bioassay 4. Inhibition of ethylene biosynthlsis: soybean, Gly- 

tine max cv ‘McCall’, seeds were germinated in the dark for 4 

days. Ten 2-cm hypocotyl segments were then incubated with 

2 ml sodium hydrogen maleate buffer (5 mM; pH 5.3) in the 

presence or absence of the test compounds in a 25 ml flask. The 

flasks were left open for 2 hr in a shaking H,O bath (28”) and 

then capped. After 4 hr a 1 ml sample was withdrawn from the 

head space and analysed by GC 4 A glass column of SO/SO mesh 

activated alumina; air 280 ml/min, H, 45 ml/min; carrier gas, He, 

30 ml/min; detector temp and injection port 200”; oven temp 

80”). 
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