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Akiract-A study of grow& &&ncce pmsnt in cott&a of Quamr r&r L. aodJ&,#aw rwgia L. has been 
made byextmctionwithmethanol,paperandthin-lam cbmmatography, U.V. and fluomaxna spcctroacopy 
and Awna coleoptile &eight growth test. From Q. r&w, scopoletin, vanilk, syrinj& & salicyk and 
an uoidentied acid ~~~) wem isolated and their growth-pmmoting properties studied. From 
J. r&a, vanill& eyringk and three other not yet identified acids (one likep-axma& one aim&r to salicylic, 
and the other an ix&iii hydmxyaliphatic acid) wem isolatal and their growth pmpertks studied. More- 
over, hydroxyaromatic acids wem obtained by akalioe hydrolysis of both plant extracts. Most of than 
probably come from the cleava# of &wsidea. 

INTRODUCTION 

WE ARX trying to isolate and identify growth stimulators and inhibitors from @ants, the 
woody cuttings of which are easy- and ant-t~root when used for propagation. Our 
results on Ribes r&um,1 Sal&x af~ocinerea,~ Platunus orientah? and Castanea sativd have 
already been published. This paper is concerned with two other difhcult-*root plants 
Qaercas robur and3ugfmrs regia. No reports were found about growth substan~ in cuttings 
of these species. 

RESULTS OF THE UNHYDROLYSED EXTRACT 

B~~~~~~~ and CompoMcl of the A&& Fraction of Quercus robur 
Biohistogram of this fraction in IAW showed a zone of strong growth inhibition (I$ 

O-35-0-75) (Fig. 1) and one of growth stimulation in the eluate from zone Rf 0~10435. 
Vanillic and syringic acids and scopoletin were isolated and identified in the latter zone. 
Indol-3-acetic-acid (&IA) was looked for, using U.V. and fluorescence spectroscopy and 
by chemical tests in every eluate with some growth stimulation, but with negative results. 
From the growth inhibition xone we have isolated gent&, salicylic and another not yet 
identied acid, which is undetectable by indole and phenolic reagents. This substanoe is 
strongly growth inhibiting, has no U.V. absorption and (tentatively) appeared to be identical to 
the hydroxy-aliphatic acid reported as an inhibitor in Castmu?a sativa.* 

* Supported by grant FG-Sp-125 fkom the Agricultural Research Service, USDA. 
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FIG. 1. BIOHIST~GRAM(AV~~~C~LEOPT~L~SECTION~)OF THEACIJXFRACTION OFUNHYDROLYSED 
ExTRAcrso~ Q.robrrr. L.s.d. L~ASTSIGNIFICANTDIFFERENCE. 

Fm.2. BIOHI~TOGRAM (Avena COLEOPllLEsf!CTION-ilST)OFMEAClDICFRACl-IONO~UNHYDROLYSFD 
EXTRAcrs OFL WgiU. 
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Biohistogram and Cornpour& of Acidic Frtzction of Juglam Egia 

The biohistogram in LAW exhibited zones of weak growth stimulation (R, Oqlo_o+ 
and of strong growth inhibition (Rr 0*45-0*75) (Fig. 2). From the stimulation zone, var&ic 
and syringk acids were isolated but IAA and phydroxybenxoic acid (PHB), if present, wn 

undetectable. Moreover, another fluorescent phenolic acid, similar to pcoumaric in its R, 
values and U.V. spectra, was isolated. From the inhibition zone, a substance like sal@%c acid 
was obtained together with another inhibiting acid, which is undetectable by indole and 

phenolic reagents. The latter is probably the same hydroxyaliphatic acid, which was found 
in Q. robur and C. rut&r. From J. regia it WBS isolated and purified by paper &omat+ 

graphy in three successive systems: IAW (R/ 0.45-0*75); butanol saturated with 1% am- 
monia (R, 0*45-060) and 2 % acetic acid (R, 0~65-0+30). 

XdentiJication of Compounds 

Vanillic acid was present in large, and syringic acid in small, concentration in Q. r&r, 
but they were present in approximately the same concentration (8 mg/kg plant for each) in 
J, regia. The spots overlapped and were indistinguishable with the DQC spray. However, 
both acids can be recognized by their distinctive colour with DPNA, as a det&ng reagent 
(dark-blue for syringic acid and red-violet for vanillic acid). They have been identi&d as 
reported,’ and can be separated by paper c~omato~phy in two additional systems : butanol 
saturated with 1% ammonia (syringic acid, Rf 0~07; vanillic acid, Rr 0.10) and 2% acetic 
acid (syringic acid, R/ 040; vanillic acid, Rr 0.43). 

Gentisic acid was isolated by rechromatography of the zone at Rf 0.45-0.53 (about 700 
pg/kg plant) and identified by its uv. spectrum with &= 328 nm in neutral methanol, shifting 
to 326-328 run by addition of alkali (gentisic acid A, 328 and 326 nm respectively), by its 
fluorescence spectra which gives with h, of excitation 334 run a fluorescence peak at 455 
nm either in neutral or in alkaline methanol (authentic sample had .h, excit. 335 nm with 
fluorescence peak 453 nm), by its RI values in four systems (Table 1) and that of its methyl 
ester. It was detected either by fluorescence, or by DQC (blue-violet or pink-brown). 

gahcylic acid appeared in the same zone as the other acid with growth-inhibiting proper- 
ties. “fhey were separated chromatographically in a second solvent, and the salicylic acid was 
identified as previously4 and by its Rf values in three systems (fable 1). Scopoletin was 
isolated by rechromatography of the zone at Rf O-30-040 and purified by paper chromato- 
graphy with 2 % acetic acid (R/ 0*05-0~30). It is highly fluorescent under U.V. and becomes 
pink_blue with DQC; its U.V. spectrum in neutral methanol, like authentic seopoletin, has 
peaks at 295 and 340 nm, shifting to 395 mu by addition of alkali; its fluorescence specuum 
with excitation maximum at 355 nm showed a peak at 435 nm in neutral methanol shifting 
with alkali to 395 and 475 nm respectively; its methyl ester, like an authentic sample, had R, 
0.71 h UW; it is partially reduced by LiAlH4 to an &0h01 of Rf 0*74. All the derivatives 
give fluorescent spots under U.V. and violet with DQC. 

me substance similar to salicylic acid from J. regio had identical u.v. spectrum to salicylic 
&d in neutral and alkaline methanol, the same Rf values in two SYS~~XIIS; but dithered in 
paper c~omato~phy with 2% acetic acid: R, 0.68 (salicylic acid, 0.58); and in TLC 
with buaol saturated with water: R, O-43 (salicylic acid, OS)). 

&h&togrmn & C~mpormdp of Neutral Fraction Of @%XL5 robur 
A strong God-promoting activity was shown in the RI 040-040 zone in IAW (Fig. 3), 

but no compounds were detected with either the indole or phenolic reagents. The substance 
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TABU 1. R, VALUES OF AUTHWIZC SAMPLES AND e. robur AND 1. regia EL.UATIB m SEVERAL SOLVENTS 

Paper chromatography* 
, 

IAW 
p- - __ 

Eluate _ 
Syringic acid . . 

Eluate 0.14 
Vanillic acid 0.14 

Eluate 0.21 
PHB 0.21 

Eluate 0.34 
MHB 0.34 

Eluate 0.49 
Gentisic acid 0.49 

Eluate 0.60 
Salicylic acid 0.60 

Eluate - 
Protocatechuic acid -- 

Eluate 0.34 
Scopoletin 0.34 

Eluate 0.23 
PCA 0.23 

Eluate 0.18 
Ferulic acid 0.18 

33; acetic TLC; 
acid BA BAW BW Plant 

-- --_-_-- _. ._ 
040 
040 

0.43 
0.43 

0.46 
046 

0.56 
056 

0.51 
0.51 

0.58 
0.58 

0.40 
0.42 

0.25 
0.25 

0.30 
0.30 

0.24 
0.25 

O-07 -.- 
0.07 -.. 

0.10 - 
0.10 

- - 
- -_ 

0.17 -- 
0.17 

0.22 - 
0.22 . . 

040 092 
040 0.92 

- 0.80 
_- 0.83 

0.45 - 
0.45 - 

0.20 .- 
0.19 - 

0.15 -- 
0.15 - 

_. 
_ ._ 

- 
- I Q. robw and J. regia 

0.48 
048 1 

1 ‘i 

044 
0.44 

. ._ I 
I 
-Q. robur - 

00-0~30 
0.0-0.33 

0.46 
0.46 

J. regia 
o-32 
0.31 

l IAW: Isopropanol/ammonia/water (10: 1: 1); BA: butanol saturated with 1X ammonia; BAW: 
butanol/acetic acid/water (4: 1: 5); BW: butanol saturated with water. 

I’ 1 * (0 1 * 1 II - * 0 1.1, 1 * 4 

QO 0.2 0.4 0.6 0.8 1DRf 
RQ. 3. &OHISTOGRAM (Avem COLEOP~~LE SECTION TM) OF THE NEUTRAL FRACTION OF UNHYDROLYSED 

EXTRACTS OF Q. robur. 
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responsible for this growth activity is resistant to alkaline hydrolysis but labile when refluxed 
with acid (6 N HCl). Although this might suggest it was an indole nitrile, the products 
obtained by LiAlH.+ reduction were indetectable by indole reageuts. 

RESULTS OF HYDROLYSATE FRACTIONS 

Acidic Fraction of the Quercus robur und Juglans regia Hy&oZysate 
According to the growth-stimulating and inhibiting zones of acidic biohistogram in 

IAW, bands of the crouton were cut and their eluates ~~ornato~ph~ for identi- 
fication. Protocatechuic, syringic, vanillic, PHB and m-hydroxybenxoic (MHB) acids were 
isolated and identified in Q. r&u. In the same way syringic, vanillic, ferulic, PHB and 
pcoumaric acids were isolated from the different zones of c~o~to~rns of J. rejak, and 
another substance similar to MHB (F& was also isolated. 

Iakntlfication of Compounak PHB has been identified in Q. robur and J. regia by comparing 
& values with those of an authentic sample in four solvent systems gable l), using DQC 
(blue-green) or DPNA (pink) for detection. 

pComna.ric acid was identified by its Rf values in four systems (Table l), detecting the 
spots by their U.V. fluorescence, blue-violet colour with DQC, and blue-gray with DPNA; 
by its U.V. spectrum: A- 291-300 run, shifting to 333-336 nm with alkali; by the Rf value 
(@80) of its reaction product with diaxomethane. All the values were identical with those of 
authentic samples. 

m-Hydroxybenxoic acid (MHB) has been identified as previously reported’ and by Rf 
values (Table 1); a second acid (Fsd with little higher Rf (0.36) to MHB in IAW was detected 
with DQC (blue). All the constants for Fse were similar but diiierent from MHB. 

Protocatechuic acid was identified by comparison with authentic sample in three systems 
(Table 1). It produces brown-gray spots with DQC and orange with diaxotixatcd sulfanilic 
acid. Ferulic acid was identifkd as described elsewhere’ and by its Rf values (Table 1). 

QROWI’H AC3TWIY OF THE I?KGwED COMPOUNDS 

Growth stimulation and inhibition of the isolated substances were studied. A good 
agreement between pure specimens and chromatogram ehrates of the plant extracts was 
obtained and the concentration limits, between which either growth-stimulation or inhibi- 
tion occurs, have been well established for the authentic samples. Biological activity of 
mixtures of IAA and pure specimens were studied in the same way. 

Vmriiiic, phy&o&enzoic, sakylic a&m-hy&oxyknxok &. These acids have shown 
the same growth stimulation and inhibition as their pure specimens, as reported previ~usly.~* ’ 

pCou??uzric acid. pCoumaric acid was completely inactive at concentrations lower than 
6Opg@l, from which a weak growth inhibition starts and it increases progressively, reaching 
45 % at 150 &al. Inhibition was acccmpanied by some cell plasmolysis; with the higher 
concentrations all cells were plasmolysed and dead. 

Mixtures of IAA dp-cotanoric acid pCoumaric acid was tested at various concentra- 
tions in the presence of 1, lo,20 &ml of IAA. IAA growth stimulation did not change by 
addition ofp-coumaric acid in concentrations lower than 50 &ml; stimulation was progres- 
sively reduced with 50-100 pg/ml, and inhibition was given in all cases with amounts of 
pcoumaric acid higher that 100 &ml. 

Syrzkgic acid. Concentrations lower that 10 pg/ml showed no activity, but a weak growth 
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stimulation started at this point, and increased with concentration to reach a maximum at 
80-100 pg/ml (L.s.d. : 9 % at level 5 %). A slight toxicity was noted at 125 pg/ml, which 
increased with further increases in concentration. 

Mixtures of ZAA and spingic acid. In the presence of O-025 pg,‘ml of IAA, a synergistic 
action was observed with syringic acid between 10 pg/ml and 100 pg/ml. With 0.1 pg/ml 
IAA the highest synergistic action was observed with 50 pg/ml of syringic acid. No positive 
synergistic action was detected with 1 pg!rnl IAA at any concentration of the syringic acid 
(Fig. 4). 

Fro. 4. BIOLO~C~ ACTIVITY (ad~etR2 COLEUPTILE SECTION TEST) OF SYRINGIC ACID (ltk-150 /&hi) 

WITH AND WITHODT bbi. 

O-O No IAA. C-_;, 0.025 pg/ml IAA. L.s.d. 11 “,A at level 506. O--T 0. I &ml IAA. L.s.d. 
12:; at level 5 %. l-i 1 &ml IAA. L.s.d. 23OA at level 5O,,. 

GentLic acid. Gentisic acid began to show a weak growth stimulation at 10 pg/ml, which 
increased with the concentration to reach a maximum at 80-100 pg/ml and then decreased_ 
Gentisic acid became toxic and a growth inhibitor with concentrations higher than 150 pg/ml. 

Mixtures of ZAA atld gentisic mid. In the presence of 0.025 and 0.1 CLg:ml of IA.4 the 
elongation of the coleoptiles obtained with mixtures of gentisic acid was the sum of those 
obtained with the components; therefore there was no synergistic activity. With 1 and 
5 pg/ml IAA. however, elongation was lower than the summation of those corresponding 
to the components, especially with concentrations of gentisic acid higher than 80 pg/ml. 

Accordingly, there was a negative synergistic action. 
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DISCUSSION 

Both plants studied belong to the group of species which are di&ult-to-root by cuttings, 
and the bio~sto~s with one zone of weak growth summation and another of a strong 
growth inhibition were very similar (Pigs. 1 and 2). As has been shown with pure specimens, 
the growth-promoting activity of vanillic, syringic and PHB acids in concentrations of 
l&100 ,ugjml could explain the weak growth activity xone, where no IAA was found. In 
the same way the strong i~bition properties of salicylic and gentisic acids in concentrations 
higher than 150 pg/ml could account for the character of the inhibiting xone. But the action 
of the other inhibiting compound which is not detectable by indole and phenolic reagents, 
and is probably a hydroxyaliphatic acid, has to be added. 

Although the biohistograms of the acidic fraction of the plants already studied, R&D 
rubrum, Salak atrocinerea, PIatm orientalis and Castanea sativa, show similar inhibition 
zones, they are quantitatively different, since the inhibition is very prominent in C. sativu, 
Quercus robw and .Tug&ns regia, and rather weak in the three easy-to-root plants. Conse- 
quently it is not unreasonable to suspect that i~bito~ account for the lack of rooting abiity 
by the cuttings of the other three species. 

As far as activity in the neutral fraction is concerned, because of the similarity in biohisto- 
grams of easy- and difhcult-to-root plants, and because of the unsuccessful attempts in 
characterixing the nature of the substances responsible for activity, no proper conclusions 
can be made. 

EXPERIMENTAL 

Extroctlon, sepratk and chromatogmphic analysts. 3 kg of fresh woody cuttings of Quercvs r&r and 
2.25 kg of those of Jugkns regh, pmvioualy froxen at -49, wem sliced end extracted with methanol at 
O-2’ for 24 hr. Extraction, concentration, fractionation and chromatographic amdyxis were carried out as 
previouslyreported.~ 

Acidic, pbenolic and neutral aubstamss were separated from their ~Iutioni~e~~ by success iveextraction 
with aqueous solutions of Na&Os and NaOH. Akaiii substances contained in the c&y methanolii 
aqueous extracts, acidified with HCl, were separated by ether extraction, after baaitkation with an excess of 
NaOH. 

Hy&o&s&oftheaqueousreskk. Theaqueou%residue,afterremovingether solublecompounds, promoted 
the I[1owth of Avenu colcoDtiles and tkrefore was hydrolysed with @5 N Ba (OH)2 and the hydrolysate was 
fmciionatcd as above.1 _ 

._ 

Biousqv. The straight growth of Aver coleoptile sections wa8 used either with chromatogram picxrs or 
with the substan~ eluted from a chromate xone. Percentages of elongation in the biohistograms wem 

Whcte & and a!& an the absolute elongations of the treated and control cokoptile sections, mspectively.~ 
This formula is different tiom others usbd before.l-s 

Puper chromatography. Unkss otherwise specifkd isopropanol/ammonia/water (1O:lL:l) (IAW) on 
Whatmzm paper No. 1 was throughout used as descending solvent. The most commonly used rea&snts wem 
a 61% ethauolic 2&di&loroquinone&lorimide solution (DQC) with aqueous saturated borax solution 
overspray. and diaxotized~nitr~ (DPNA)’ for phenols, and Ebrlich for indole compounds.6 

Fluorescence spectra. A Z&s spectrophotofluorometer ZFM 4C with two monochromators and a Xenon 
arc-tamp WBS used to run the activation and fluom spectra. Standard compounds were used in the 
conosntrations of 5 &ml or I f&ml. 

J P. E. m and J, DuBCW~, Rev. Gen. Botan. 69,545 (1%2). 
6 H. F. LINSKENS, Pupierchromatogruphie in der Bottmik, pp. 333,254. Sprineer, Berlin (1959). 
f J. B. PRUWAM, Phettolics in P&m in Heulth mi Diseme, p. 9. Pagatnon pr*la, Oxford (1959). 


