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Chapter 1

INTRODUCEION -
THE PHENOLIC COMPOUNDS IN HIGHER PLANTS

1.1 The Natural Phenolic Compounds in Higher Plants

4 number of books dealing wholly or partly with the natural
phenolic compounds have been published in recent years. A comp-
rehensive treatment of phenolic compounds is presented in one of
them (1}. BSpecific discussion of the flaveonoid group of phenolic
compounds is also found elsewhere {2,3). In these references much

of the literature on phenolic compounds is cited and reviewed.

1.1.1 The nature of phenclic compounds

Substances which possess at least one arocmatic ring bearing
an hydroxyl substituent constitute the phenolic compounds. Several
hundred such compounds are known in plants. They represent a number
of groups of compounds including the simple monccyclic phenols, the
flavonoids and their relatives, the xanthones, phenolic quinones,
alkaloids and stercls, besgides polymeric materials such as the tannins

end lignins (4).

Further discussion of the natural phenolic compounds in this
thesis will be largely confined to the two groups of monocyelic
phenols (benzoic and cinnamic acid derivatives) and the flavonoid

group of compounds. This recognises the relative importance of these



three groups of phenolic compounds in plants in general and in the
genus Malus in particular. ¥hile the flavonoid compcunds constitute
the largest pgroup of natural phenols {4), the phenolic acids of the
benzoic and cinnamic acid groups are present in variety in many plants
(5). The following outlire of each of these three groups wiil

jllustrate their nature.

1.4.2 Benzoic acid derivatives (C& -~ {1 compounds)

Most of the simple phenolic acids {(see Table 1) are apparently
widely distributed in Angiosperms. For example, an examination of
the leaves of 122 plants representing 86 families showed that

p-hydroxybenzoic and gentisic acids occurred in 97% of the plants (6).

Three acids, p-hydroxybenzoic, vanillic and syringic acids,
occur as ester groups in lignin and, as & rule, plants which do not
contain lignin lack these acids {6). Other benzoic acid derivatives
occur in plants {5), some of which are rich sources of derivatives

with unusual hydroxylation patterns {(€).

The interrelationships of all these hydroxybenzmoic acids are
net clear at present since the origin of the carbon skeleton of some

is unknown (7).

1.1.3 Cinnamie acid derivatives and related compounds (C6 - C3

compounds)

The common cinnamic acid deriveatives are shown in Table 1 and
are all derivatives of trans-cinnamic acid, These acids are repre-
sented in combined form in practically every higher plant. In a

sample of the leaves of Angiosperms the frequencies of occurrence cf



Table 1

STRUCTURE OF SOME BENZOQIL AHD CINHKAMIC ACID DERIVATIVES

Banzole Acid Derlvativesn

QOCH

HO

p-bydroxybenrmoic acid

COOH

CHy

HO

vapillic acid

Cinnomic Acid Derivatives

H

General structure

HCO

COOH

OH
H

protocatechuic acid

COOH

OCH
HO

syringic actd

COOH

OH

HO

gentigzic acid

COOH

HO

gallic acid

p-counparic ncid
caffeic acid
ferulic oeid

sinaplec acid




pe=coumaric, caffeic, ferulic and slnapic acids were 49, 63, 48 and

22% respectively {(6).

Other cinnamiec acid derivatives are rare, for example, 3,4&,5~
trimethoxycinnamic aeid. The o-hydroxycinnamic acids are readily
cyelized to coumarins during isolation and tend to be recorded as
such. So far the only o=hydroxycinnamic acid isolated is o-coumaric

acid (6).

The alcohols corresponding to p-coumaric, ferulic and sinepic
acids (p-coumaryl, coniferyl and sinapyl alcohol respectively) are
thought to be precursors of lignin, a polymer containing such C6 - C3

units {6).

Other C6 - C3 compounds include the coumarins, the isocoumarins
and the chromones, while the lignans which eccur in heartwoods are

dimers of ¢6 - C3 units (6).

1.1.4 The flavonoid compounds (C6 - C3 - C6 compounds)

The flavonoid nucleus is represented by the structure of
flavone, 2~phenylchroméne, in Table 2 (8). The molecule consists of
two benzene rings (4 and B} joined by a three-carbon bridge which is
formed into a ¥~pyrone ring. In nature, various classes of flavonoid
compounds ocecur and they are distinguished only by the state of
oxidation of the three-carbon bridge (8). Details of these classes
are presented in Table 2 anéd a few examples of svecific compounds are
given. The numbering of the flavone nucleus applies to all other
classes except the dihkydrochalkopnes and chalkones, where the C5 and

C7? (flavone) become C2! and Chk' and the aurones, where C5 and C7



Table 2

CLAS3ES OF THE FLAVONOID COMIQUNDS

The Flovonoid Hucleus

Class Structurs

Name of Compound

Dihydrochalkones

Chalkones

H
L) o}
Aurones | H

Flavan-3-pls

Flavan-3,4-dislg

Phleoretin

Butein

Catechin

Levcodelphinldin




Table 2 leontinued])

R
HO O oy R ° HiR' = O Butin
Flavanones k = OH4R' = H Naringenin
A= R' = QN Eriedictyol
R o]
Hj:' 0
Isoflavanones OH Padmzkestein

Anthocyanidins Cyanidin
R =H Apigenin
Flavones
R = DH Luteslin
Iscflavaoner Gepigtein
Dihydreflavenols Taxifalin
3= R = H faenpferol

H = QB3R' = H  quercetin
flavenols

o+ B o= QK Myricetin

HzCZH_3R'=H Izerhomnetin




become CL and C6. Vhile the dihydrochalkones, chalkones, aurones,
isoflavanones and isoflavones lack the basic 2-phenylchromone skeleton
they are nevertheless classed as flavonoids on the grounds of their

¢lose chemical and biosynthetic relatiomship with the group (8).

4 number of compounds are known within each class of the
flavenolds as a consequence of the substitution of largely hydroxyl
and methoxyl grouws in both the A and B rings. 411 these compounds
may be referred to as flavonoid aglycones. There are certainr common
vatterns of substitutionr in the &+ and B rings which may be exprlained
on the basis of their biosynthetic origin. Usually hydroxyl groups
in the A ring are at both the C5 and C7 positions or only at C7 and
they normally remain uvnmethylated. Trom one to three hydroxyl or
methoxyl groups may be present in the 3 ring. It is usual to f£ind a
free hydroxyl group in the C4' position with further crthohydroxyl or
methoxyl groups at the C3' and C5' positions. These substitution
patterns in the A and B rings are consistent with the derivation of
the former ring from acetate units and the latter from cinnamic =ecid

type precursors (8).

Compounds with less usual substituntion patterns are the result
of the introduction of hydroxyl or methoxyl groups into other positions
in the rings or the removal of such groups from normal pesitions, or
both {8). The extent of this variation in substitution differs with
the particular class of flavenoid and where it is most marked and

varied the greater is the variety of aglycomes in the class.

Yiith almost 100 fiavonol and flavone aglycones known, the former



class accounting for nearly two-thirds of the total, variation in the
substitution pattern is wide - from flavone itself to digicitrin,

3t S~dihydroxy-3,4¢,5%,6,7,8~hexamethoxyflavone (8). An outline of
the substitution pattern in flavones and flavonols is presented in

Teble 3.

Table 3

SUBSTITUTION IN FLAVONES AND FLAVONOLS (8)
Location of hydroxyl or Frequency of
methoxyl substituents occurrence

C5 and C7 over 90%

ch under 80%

G3* about 50%

Cé over 33%

o3} about 25%

cat about 0%

st about 10%

The hydroxyl substituent at C6 and C8 is methylated in 70~80% of
cases but the C5 substituent is methylated in about only 15% of cases
(8). 4 4'-methoxyl group is rather cowmmon in flavones but rare in

other flawvonoids (A).

in the flavones only apigenin and luteclin are considered of
frequent occurrence in Angiosperms (4). Xaempferol, quercetin and
myricetin are the three most commonly occurring flavonols and in some

groups of plants they can almost be regarded as common metabolites (8).
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For example, these compcounds are represented in the leaves of 390% of

a sample of woody dicotyledons (8)}. In a sample of 1000 Angiosperas

a leaf survey showed the freaquency of occurrence of kaempferol,
quercetin and myricetin to be 48%, 56% and 10% respectively. Probably
every higher plant contazins a flavene or flavonol (9). However, many
of the reported flavones and flavonols (£) have been found so far

only in a single species (8). The dihydroflavoncls often co-cccur

with the related flavonols and those corresponding to kaempfercl,

quercetin and myricetin cccur widely in heartwoods (5).

Of the twelve known anthoeyanidins, six are common. They are
flavylium cations sltructurally related to the flavonols and are
unstable in the free state; salt formation or glycosylation stabilises
them. The common ones are widely distributed in higher plants, in
leaves, flowers and fruits, where they may make a considerable conftri-

bution to plant colour {6).

#lavanones are of fairly general distribution and naringenin
and eriodictyol are relatively common (6). The isoflavanones are rare
(8), Isoflavomes are largely confined to one sub-family on the Legum-
inosae, the Papilionatae. Ywenty-six isoflavones are known and 20 of

them have been isolated from the Legumincosae (6).

The 20 naturally occurring chalkones are probably very limited
in their distributien. Chalkones undergo partial or complete ring
closure to yield the corresponding flavanones when treated with dilute
alkali, or usually dilute acid. This conversion is a ready one in
the case of 2%',4% ,6%=trihydroxychalkones and is mediated enzymatically

by flavanone synthetase in several plants (8). Only six aurones are



known (8). %ith the challkones they constitute the anthochlor pigments
which are abundant only in the Conpositae, desvite their occurrence in

several other families (9).

Four dihydrochalkone compounds are known to occur naturally.
Phloretin, the most common one, is present inm Malus and in the
Ericaceae, where asebogenrin, the 4'~-methylether of phloretin, is alsc

present. Smilax glvcyphylla {Liliaceae) contains phicretin teo. Four

species of Malug contain a 3-hydroxyphloretin compound. The fourth

dihydrochalkone occurs in the essential oil of Populus balsamifera {(6)}.

The flavan-3-ols may be collecitively called catechins (8,10)
and several natural ones are recorded (10). In substitution patterns
they correspond to known aglycones in other classes of flavonoid
compounds. The name catechin is given to a specific flavan-3-ol. In
nature it occurs as (+)-catechin, often called d-catechin, and its
laevorctatory diastereoisomer («)-epicatechin, or l~epicatechin, is
alse a natural product. Both isomers are of wide distribution and

frequently occur together (10).

Leucoanthocyanins, or leucoanthocyanidins, are compounds which
yield anthecyzanidins when boiled with aqueous or alcohelie hydrochloric
acid. All leuccanthocyanidine for which structures are definitely
established are flavan-3,4~diol derivatives, but their widespread
ccourrence in nature may mean that other structures await discovery
{11). Leuccanthocyanidins are especially widespread in the woody
dicotyledons, 60% having these compounds in their leaves {8). They
undergo oxidation and polymerisation readily in vitro (11). The main

nmode of occurrence is in the polymeric form, as flavolans, which are



especially abundant in heartwoods where they are usually responsible
for the dark colour (8). Structural determinations have been restricted
to the flavan-3,4«diol derivatives (10). With three asymmetric centres

in the molecule, a variety of optically active forms is possible {11).

The flavan-3-ols and the flavan-3,4~diols are oxidised in plants
to browvn pigments. Flavolans, themselves coloured, are also oxidised
(8). The condensed tannins are polymeric forms of the flavan-3-ols
and flavan~3,4-diols {8,11}. The hydrolysable tannins, based on gallic
acid (3,4,5~trihydroxybenzoic acid) 1s the other group of commercial

tanning agents (6).

1.1.5 DBiosynthetic interrelationships

A brief outline of the current understanding of the biosynthesis
of the benzoic and cirnamic acid derivatives and the flavonoid ceompounds
is presented here to underline the interrelstionships of these groups

of natural phenols in higher plants. (See Figure 1 (12,13).)

Cinnamic acid derivatives are thought to be derived from the
amino acids phenylalanine and tyrosine, themselves synthesised in

plants via the shikimic acid pathway.

Another general pathway which is well established for the
synthesis of the aromatic ring in plants is the one involving the head
to tail condensation and subsequent cyclisation of acetate units.

This pathway may give rise to benzoic acid derivatives which may also
arise by B -oxidation of appropriate cinnamic acid derivatives.

The carbon skeleton of the flavonoid compounds {(C-15) comprises

a C-5 unit (acetate derived) and a2 06 ~ C3 unit (cinnamate derived);



Figure 1

SCHEME FOR BIOSYNTHESIS OF PHENOLIC COMPOUNDS IN HIGHER PLANTS

CHO D-erythroge- S5-dehydroshikimic gallic acid
hk-phosphate A acid
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i) tyrosine
acetyl Cold
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v
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thus the btiosynthesis involves the condensation of precurscors derived

from the two major pathways of aromatic ring biocsynthesis in plants.

1.2 The Occurrence of Phenolic Compounds

In this seciion the main forme in which the phenolic compounds

introduced above are found in higher plants will be discussed briefly.

1.2.17 Cccurrence of the three groups of phenclics in the plant
kingdom

Many organisme, from bacteriaz to higher plants, synthesise
benzoic and cinnamic acid derivatives, but the combination of C«6 and
C6 - C3 precursors in C-15 flavoncid compounds is restricted almost
entirely to the flowering plants and ferns (7,14). Hicroorganisms
can synthesise the C6 - C3 (pheaylpropane) unit while fungi can
synthesise both the C-6 and C6é6 - C3% precursors but cannot combine
them into flavonoid compounds (14). All parts of higher plants contain
flavoncid compounds but certain compounds tend to be restricted to

particular tissues (8,14).

1.2.2 HNaturai forms of phenolic compounds

In the living cells of higher plants phenolic compounds normally
occur in combined forms, as glycosides and esters {15,12,7). Storage
tissues {seeds, berries) and dead or dying tissues (heartwood of trees)
may contain free phenols (15). The main combined form of phenolie
compounds is the glycosides and, with several hundred sugar-aglycone

eombinations recorded, the phenolic-D-glycosides is the most extensive
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known groun of plant glycosides. In the glycosides an hydroxyl group
of the phenol is linked in g-~-configuration (with a few excepticns)
te the sugar molecule (15). Host plants contain more than one

glycoside of any aglycone (8).

Some general discussion on the sugars of the phenolic
glycosides is presented by Harborne (15). The five common plant
monosaccharides found attached to phenols are, in order of decreasing
frequency of occurrence, D-glucose, D-galactese, D~xylose, L-rhamnose

and L-arabincse. D-glucuronic acid may also occur in these glycosides.

Many vhenolic diglycosides occur in plants, but the structures
of only ten of their disaccharide units have been elucidated (15).
Trisaccharide, but not tetrasaccharide, units occur in phenolic
glycosides, and while structures for six trisaccharides have been
provosed, they have not been rigorously established. HMore tri-
saccharide units have still to be characterised (15). The oligo~
saccharides of phenolic glycosides contain only 1—2 or 1—6
linkages, with the sugar at the reducing end nearly always glucese.
Many are specific to the phenolic glycosides, being absent elsewhere

in plants in the free or combined state (15}.

The phenolic compounds which occur as estersz are the phenolic

acids chiefly of the benzoic and cinnamic acid types (7,12).

1.2.% Flavonoid glycosides

In plants, flavonoid compounds occur typically as glycosides,
in which an hydroxyl group is joined in a semi-~acetal link to the

sugar molecule. In some cases more than one hydroxyl group in a
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molecule may be linked in this manner to an equal number of sugar
molecules. The sugars found include mono-, di- and trisaccharides,
combined through the C-1 of the suger to form monosides, biosides and
triosides. The freguency of cccurrence of simple sugars in the
glycosides, in deereasing order, is D-glucose,; D-galactose, L-rhamnose,
Le~arabinose and D-xylose. D-glucuronic aeid alsc oecurs, at low

frequency (&),

Flavonol glycosides constitute by far the largest and most
varied class of phenolic glycosides and they have been isclated from
many sources (15). Glycosylation is usually through the 3-position
(about 70% of cases) while the 7-position is less commonly glyco-
sylated {about 20% of cases) (8). C-4f.glycosides are known (8} as
are 3,4'-diglycosides, but no S5-pglycosides are recorded {15). In
gome more complex flavonol glycosides, p-coumaric, ferulic and caffeic

acids are found as acyl groups attached to the sugar residues {15).

Glycosylation in flavones is most commonly at the C-7 hydroxyl
group (8C#%), followed by the C-5 and C-4!' groups (8). Flavone
B«C~glycosides are formed in plants, and nearly all 2-C-glycosides
igsolated are of the flavone class {(15). The glycosidic pattern in
flavanones is akin to that of the flavones, for example, 7«glucosides
are common and S5~glycosides are known (15). Ten isoflavone glycosides
are known and five are 7~glucosides. In the heartwood of trees many

isoflavones oceur in the fres state (15).

Glycosylated anthocyanidins are called anthocyanins, and here
the pattern of glycosylation is aimilar to that in £lavonolz (15).

However, if a second position in the anthocyanin molecule is glycosyl-
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ated, it is normally at the 5~ rather than at the 7-position as with
flavonols. Glycosylation in the 3-position appears essential for the
stability of the anthocyanin pigments as they are unknown without a
sugar in the 3~position. Some antho¢yanines with hydroxycinnamoyl

residues attached to their sugars are known (15).

Catechine and leuccanthocyanidins occur as the aglycones in
heartwood and even in leaf tissue (7). In the leaf of the tea plant,

Camellia sinensis, the common catechins occur esterified in the

3-position with gallic acid (16).

Aurones are present only as glucosides (8), and mzinly as
6~glucosides (15). Glucose is the only sugar found in challone
glycosides, which include monosides and bicsides, so far (8). The
sugar is usually in the 4'-position. Sometimes chalkone-2'-glucosides

co-occur with the corresponding flavanone~5-glucosides (15).

Six dihydrochalkone glycosides occur. In Malus, phloretin
occurs as the 2'- and 4'-O-glucosides and also as the arabinosyl-
glucoside and xylosylglucoside. The same genus yields 3-hydroxy-
phloretin-4'-0~zlucoside. Phloretin-2'-O-rhamnoside coccurs in Smilax

rlyeyphylla (15).

1.2.+t Hatural forms of cinnamic acid derivatives

The cinnamic acid derivatives occur in plants in more combined
forms thzm any other group of plant vhenols ({5). They are usually
found as esters of a variety of compounds, inciuding cyclohexane
carboxylic acids like quinic acid, sugars, organilc acids such as

tartaric, phenolic alecohols, flavoncids and alkaloids. Glucosides
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are also known (7,15).

Conjugntes of p-coumaric, caffeic and ferulic acids with quinic
acid and with glucose occur widely in plant tissues. HMany are found
as trace components in very complex mixtures of phenolic compounds
(17). Esters with guinie acid are common, especially in the case of
caffeic acid; the 3-0O~caffeoylquinic acid ester being known as
chlorogenic acid (see Pable 4). Other isomers are known (15,18).
Many plants contain 3-O-p~coumaroylquinic acid, while the occurrence
of 3~0~feruloylquinic acid is known (15). Glucuse esters of p-coumaric,
caffeic and ferulic acids are of common occurrence. These are mono-
esters with the structure shown in Table 4 (12). v-Coumaroyl, caffeoyl

and feruloyl esters of shikimic acid have also been isolated (15).

Feeding the leaves of a variety of plants with L-phenylalanine,
cinnamic, o-coumaric, m-ccumaric, p~coumaric, caffeie, ferulic, sinapic
and 3,4,5-trimethoxycinnamic acids, for periods of 1-3 days, yields
mainly the plucose esters of the phenolic acids. The structuresz of
the esters with v-coumarie, caffeie, ferulic and sinapic acids are
identical with the natural esters of the same composition (7) {(see
Table 4). Plants may form some pglycosides as well as the predominant
esters when fed cinnamic acid derivetives, for example, the 3- and
h-B-glucosides of caffeic acid are formed in addition to large amounts
of caffeoyl-D-glucose, in tomato plants fed caffeic acid (7). (See

Table 4 for the structure of the glucoside.)

Shakuchirin (Table 4) is an example of a more complex compound
containing a sugar and hydroxycinnamic acids. Wany derivatives of

this type exist but the complete structures of only a few have been
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determined (15).

1.2.5 Benzoliec acid derivatives

Either esters or glycosides, or both, of a variety of benzoic
acid derivatives are found in all higher plants (7). Apparently the
composition and structures of many of these esters and glycosides

are not kmown (5,7).

1.2.6 The significance of ester and plyceside formation

The reasons for the occurrence of phenolic compounds as esters
and glycosides in actively metabolising plant tissues are net clearly

understeood.

Since plants convert administered phenolic compounds to
glycosides and esters, these compounds may be looked upon as the
products of detoxication reactions (7) which may prevent the inter-
ference of free phenols with some viial cellular mechanisms {15).

The greater sap solubility and mebhility in the cell vacucle of the
glycosides over the parent phenols (8,15) mey be significant. Glyco-~
sylation may protect the phenol from some enzymatic attack; potato
phenolase does not oxidise the 3-glycosides of quercetin and myricetin,
presumably because of steric reasons, for it will oxidise the cor-

responding azlycones (8).

1.2.7 The function of phenolic compounds in plants

Several functions have been suggested for phenolie compounds

found in higher plants, but any vital function has yet to be uncovered.

The classification of phenolic compounds as 'secondary meta-



bolites' (12) suggests functions which are more specific to particular
plants than to plants in general. The function of some flavonoid
compounds, particularly the anthocyanins, as plant pigments in leaves,
flowers and fruits is forwarded (8,9). It is also recognised that

phenolic compounds may play a part in determining the resistance of

certain plants to attack by pathogenic organisms (19).

Utilisation of vhenolic glycosides and esters as respiratory
or reserve materials seems not to occur, the compounds remaining as
inert metabolic by-products once synthesised. In the light of this
knowledge it is difficult to understand the not uncommon occurrence
of from 1~5% of the fresh weight of some plant tissues as a particular

flavonoid compound (7).

For some phenolics, labelling studies have indicated the
compounds to be in a state of metabolic flux in the living piant (20Q)
and other studies have demonstrated the effect of light duration (21)
and light quality {22) on the levels of them. Taken together with the
well known effects of phenolics on the activity oFf the indolylacetic
acid oxidase enzyme system from plants (23), these resulis provide
some indication of a possible physioclogical function for certain

phenclics.



Chapter 2

INTRODUCTION -
REVIEY OF LITERATURE

2.1 Isolation and Characterisation of Phenolic Compounds

The phenolic compounds, particularly the flavoneids, have
attracted the attention cof organic chemists for o considerable time
and the earlier classical methods {24,25,26) have, in more recent
times, been largely superceded by micro- or semi-micro methods in
which chromatographic or spectroscopic techniques are mainly employed.
Employment of these superior techniques has resulted in the identifi-
cation of mary new phenolic compounds, especially as combined fornms,
from a variety of plant sources. Further, some substances isolated by
¢lagsical procedures have been shown to be mixtures (27). Specific
examples of the applicatlon of micro-methods are to be found in many
rutlications and are well illustrated in the work of Nordstrom and

Swain (28) and of Harborne (29)}.

Valuable reviews of methods for the extraction, isclation and
identification of phenclic compounds are found in sections of the books
previously cited (1,2,3)., The occurrence and structures of natural
phenclie compounds in plant tissues are commonly determined by a
suitable combination of extraction, isolation and identification

procedures. The detailed procedures applied to the study of phenolic
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compounds in a particular plant tissue are influenced by the nature of
the plant tissue and the phenolic compounds present (26)}. Some main
procedures which may be used are reviewed here, to give persvective to

the methods chosen for the present investigation.

2.1.1 BExtrection procedures

Extraction procedures are related to the solubility properties
of the phenclic compounds and other unwanted compounds in the plant
tissue. In general phenolic compounds are soluble in pelar solvents.
Phenolic glycosides are mostly water soluble while the corresponding
aglycones are generally insoluble {(26). Alcohols are widely used for
extractions, while ether and ethyl acetate moy be used for compounds
with only a few hydroxyl groups or for flavonoid aglycones (26,27).
Water, or very agueocus s0lvents are not favoured as extractants for
various reasons. HMany unwanted and potentially troublesome malecules
are extracted, enzymes, including phenolases and glycoesidases which
act on phenolic compounds to alter their natural forms, are not
inactivated readily unless the agueous extract is boiled and finally,
the aqueocus solvent is removed only with some difficulty. In some

cases a series of solvents may be used to extract a tissue (27).

Plant tissues may be extracted in the fresh or dried form. With
fresh tissue, enzymeg which act on phenolic compounds are released when
tissues are disrupted and alteration of these compounds is avoided by
prompt inactivation of the enzymes with organic extracting solvents &and
rapid heating of the extraction mixture (27,30). The tissue may be

plunged directly into hot or boiling solvent (29). Plant material may
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be dried and stored prior to extraction. Care must be exercised in
the drying process to prevent the phenolic compounds being altered.
Freeze~drying is an accepted procedure (20). More agueous solvents
may be required in the extraction of dried as compared with correspond-

ing fresh material {(27).

If lipids or photosynthetic pigments esre extracted with the
phenolic compounds, the crude extract is usually washed with lipght
petroleum ether, ether, or hexane, to remove the bulk of moat of these
unwanted materials. Sometimes these materials are removed prier to
the extraction of the phenclic compounds from fresh or dried material

(26,27).

The erude extract is usually concentrated by controlled removal
of the solvent under mild conditions {(low temperatures, reduced
pressure, nitrogen atmosphere) (27) before isolation of the individual
phenolic compounde is attempted. In certain cases where the desired
compounds have appropriate properties, techniques of solvent extraction,
precipitation with neutral or basic lead acetate (26), complex formation
with agueous borate (24) and column chromatography (30} are used to
advantage to remove unwanted material before the extract is finally
concentrated. Certain of these steps are undertaken at times prior to

the isolation of compounds by column chromatography (30).

2.1.2 Isolation procedures

The classical methods of solvent extractions, lead acetate
precipitation and fractional crystallilsation, while suited to the

isolation of macro-amounts of certain phenolic compounds {24), are



poorly suited for the detailed examination of plant extracts (27).
However, paper or column chromatographic techniques are of greater
value for this purpose and are widely used in the isoletion of phenolic

compounds from plant extracts (26,27,30).

Paper chromatography haz been extensively applied to the iso-
lation of phenolic compounds from natural mixtures (26,30} and, when
solvent systems are carefully chosen, considerable, and at times
superior, resolution is achieved (5,30,31). The technique is simple
and inexpensive (30} and enebles individual compounds to be isolated
in miero-amounts from complex natural mixtures (27,30,31). Paper
chromatography has been a most valuable tool in the study of flavonoid
compounds in plant materials following its first application to the
separation of these compounds by Bate-Smith in 1948 (31) and the
introduction of successful methods for the identification of flavonoid
compounds using milligram quantities by Nordstrom and Swain (23). The
same micro-techniques have been successfully applied to other groups
of phenolic compounds (26). In preparative work the greatest limite-
ation of paper chromatography is the small amount of crude extract
which can be handled efficiently {30)}. Up to 700 mg of individual
compounds can be isolated by large scale preparative paper chroma-
tography (30,32) in which the solution for separation is evenly banded
on a heavy grede of paper, for example, ¥hatmen No. 3. Plant extracts

in all stages of purification may be applied to the chromatogram (30).

The chromatogram is develcped with a solvent normally selected

from the wide range in use {25,30). (See Table 5.)
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Table S

SOLVENT SYSTEMS USED IN PAPER CHROMATOGRAPHY

Solvent Proportions® Uses Reference

Acetic acid (Ha) 2 - 60% A1 types (26)
Benzene-HA-water 125:72:3 Phenolic acids {5)

Flavonoid aglyes. (38}
n~Butanol-HA-water 4:1:5 ete All types (30)
n-Butanol-ethanole-water| 5:1:2 Phenolic acids (26)
Ethyl acetate-HA-water 3:1:13 Many types (26)
Eggpropanol—NH3~water Bs1:1 Phenolic azcids (26)
Phenol~water saturated A1l flavonoids (30}
Hater Many types (26)

* #here two layers form the organic one is used.

The bands of phenclic compounds on the dried chromategram are
detected by either their fluorescence in ultravieclet light or by
visualisation on a test strip treated with a2 snitable spray reagent

(26,30), (See Table £.)

Compounds are eluted from the excised bands in aqueocuns ethanol
or methanol (70-95%) and the concentrated eluates are re-banded on
further sheets of paper for chromatography in selected soclvents (27,30).
Each band is eluted and rechromatographed in the selected solvents
until a2 chromatographically pure (30) compound is obtained (27). Final

eluates are most conveniently handled further in alcohol solution,
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varticularly where small quantities are isolated {30). However,
compounds may be isolated erystalline from their eluates (32) though

at times only with difficulty {(30).

The solvent systems empleoyed in a particular order in prepar-
ative chromatography are conveniently selected and ordered on the
results of preliminary trials in which one- and two-dimensional paper
chromatography are applied to the mixture to be separated. 4 standard
grade of filter paper like “hatman No. 1 is commeonly used in this

preliminary work (30).

Table 6

REAGENTS USED TC LOCATE PHENOLICS ON PAPER CHROMATOGRAMS (25)

Composition Concentration Use
Aluminium chloride 1-5% in alcohol A1l flavonoids
Ammonia vapour Most compounds

48ES {Sodium
hydroxide or carbonate) Dilute aguecus Most compounds

DIAZQTISED AMINES
{(p=nitroaniline and 0.02 - 0.2% All compounds
sulphanilic acid)

Ferric chloride plus Each 1%, equal

3
potassium ferricyanide volumes #11 compounds
p-Toeluenesulphonic acid 3% alcoholic Flavans

%hile column chrematography has not been used sc widely and

successfully as paper chromatography, it has been employed to advantage
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by some workers in the isclation of certain c¢ompounds from plant
extracts, often in amounts in considerable excess of those conveniently
isolated by paper chromatography (27,30). A somewhat greater degree

of skill is required for the successful application of ¢olumn as com-
pared with paper chromatographlec techniques and the application of the
technique is further restricted by the lack of an ideal adsorbent for

flavonoid compounds and the relatively long time needed for a run (30).

Column chromatography has been applied to a2ll1 types of flavonoid
compounds {(30). Wender and his associates have developed methods for
the large~scale isolation of flavonoid compounds, including flavonoid
glycosides, from plant extracts (27,30). Hanson and Zucker (17) have
demonstrated the high resolving power of a system of column chromato-
graphy on silica gel by the isolation, from the potato tuber, of at
least eight conjugates of caffeic and quinic acids, along with other
hydroxycinnamic cenjugatea. Adsorbents which have been used in the
column chromatography of phenolic compounds, particularly the flavonoids,
include Magnesol (& synthetic hydrated magnesium acid silicate),
polyamide (powdered nylon), silicic acid, silica gel, cellulose powder,
carboxymethyleellulose and ion~exchange resins (26,30). The flavonoid
compounds are adsorbed by alumina so strongly that they are not readily

eluted (30).

Various methods have been used to detect phenolic compounds in
the fractions of column eluate, for example, samples of the fractions
of eluate may be spotted on filter paper and phenolic comwvounds
detected as in paper chromatography (30), or the effluent may be

monitored spectrophotometrically at a selected wavelength (177 .



Thin layer chromatography has not been used widely in the
separation of phenolic compounds {26,33). 4s it is inferior to paper
in its resolving power for glycosides, Swain (27} doubts "whether it
#ill ever be used in separating compenents {flaveneid) in sufficient
auan{ity for structural determiration'. Gas chromatography has had
little application to the phenclic compounds (26,34%). Counter-current
distribution betweer immiscible solvent pairs has been used in the

final purification of some phenclic compounds (30,18).

2.1.% Characterisation procedures

Katural phenolic compounds cceur in living plant tissues usually
in combined forms (section 1.2.2} and zre isolated unaltered when
satisfaciory procedures are used. In the identification of combined
Tforma, therefore, three main determinations are involved - identifiw-
cation of the phenolic moiefy, identification of the residues linked to
it and, finalily, identification of the positior and the nature of the

linkage between the phenolic meiety and the residues.

The compounds may be allocated to certain classes of phenolic
compounds on the basis of tests recorded by Seikel (26), and then
identified by an appropriate selection from the methods which follew.
Paper chromatography and spectroscopic anslysis are the basis of micro-
methods of identification of compounds isclated either in small
guantities or in non~crystalline form (22,22). Alternative identifi-
cation methods used with larger amounis of erystalline isolates include
alemenial anelysis, the preparation and chasracterisation of derivatives,
characterisation of the products of degradative procedures and the

taking of physical measurements including melting points, absorption



spsctra and specific rotations (26,35).

Flavoneids., Of the maeny methods which can be employed in the
identification of flavenoid comwvounds (26,31,36,37), the micro-metheds

o,

have hecome Firaly established since Hordstrom and Swain (28) reported

the identification of compounds using as little as 1 wg of each.

When flavonoid compounds are isclated by paper chromatography,
indications of ftheiv possible classificaticn and structures are ¢fien
obtained &t the sanme time (30), since the RF values en paper chromatao-
grams are generally related to the structures of the compounds (30,31).
This relationship between chrometographic hehavicur and structure of

most flavonolid compounds has been summarised for several solvent

systens of widely varying polarity in terms of = linear velationshilp

. - 1 ;

between the RF values (R_._)T = Log(5*~ - 1) ) of the compounds and the
& - \F

nunber o hydroxyl and supgar groups in them (31.,38). A4is the number of

phenclic hydroxyl substituents in the fiavonoid molecule increasses., the
Rp in both aqueous and alcoholic solvent systems is decreased. In

alcoholic solvents RF values are slightly increzsed as a rule when

chelzted hydroxyl

iy

hydroxyl pgroups are methylated. but the effects with
gronp are different than with a free one (31). In the bYenzenewacetic
acid-water solvent system the effects of hydroxylation and methylation
are similar overall to those in the zlcohivliec solvents, but the more
marked effect of methylation may almost reverse the effect eof hydroxyl-
ation or exceed the effect of dehydroxylation. The abunormal effect of
the chelated hydroxyl groups at the 3- and S-positiocns is sncountered

a5 expected (38). vith all classes of flavenoid agiycones, the RF velnes

in the n-butancl-acetic acid-water solvents are lowered by glyscsylation,
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which has the opposite effect on RF values in water oy in dilute
agusous solvents (30}. Increased numbers of suger residues in glyco-
sldes are linked with reduced RF values in g~butanol-acetic acid-water
solvents and increased values in the agueous solvents, except in those
cases where an important effeet of the snogition of substitution of the
sugar on the aglycone is engountered (30,31). The planar {lavonoid
aglycones (flavonols, flaveones, chalkones, anthocyanidins, aurones)
are distinguished by their zerc R, in walter from the non-planar

aglycones {flavanores, isoflavones, cateching, leuccanthocyanidins and

flavanonols), which have & small Ry value in the solvent {30}.

Consequently a great number of {lavonold compounds, many closely
related, can be distinguished znd identified suvecessfully by their R?
values on paper chrowaiograns developed with selected solvents (30,31).
However, since the RF velues of compounds ere affected by varisations
in materials and experimental conditions (26}, zll paper chromatography

for identification purposes should be dene with known reference

[y

compounds alongside the appropriate unknown compoundz on the chromzto-

grams (30).

The class of flavonoid to which an unimowan compound belengs may
be indicated by = study of the colour resctions oa paper chromatopgranms
in natur2l and ultraviolet Light, coupled with the use of ammoniz
vansur and certain chromogenic reagenits (25,30)., In the final identifi~
cation, colour reactions (see Teble 6} are compared along with Ry
values for known and unkpnown compounds detersmined in three or more
solvent systeme of diffevent rnolarity. The identliy of an unkunown with

a known compound is supported by identical R, values and coleur reactions



under conditions of co-chromatography. Coaparison cof the colour
reactions and RF values of an unknown with & elosely related known
compounrd may e used to provide some valuzble informsiion on the
structure of the unknown {30}. The presence of certain structural

By

features in a compound may be indicated or confirmed by chromzioe
I ¥
graphy on treated paperes or by the use of special chromogenic aprays
{30,36). Pagers zre impregnated with aluminium chloride., zodiuw
¥ iy b ¥

borate or phosphate and developed with a water-saturated n~butanol

solvent (30).

Flavonoids frequently occur as glycosides (section 1.2.2) and
many ccompounds are isolated in the glycosidic form. Glycosides may
be shown to have a gertazin identity by chromatographic compariscen with
the authentic refereance compounds (33)., Often direct comparison of
glycosides cannot be done and the unknown glycoside ig therefore
frequently identifisd stepwise by identifying firstly the aglycone,
and then the nature, number and detalils of attachment of the sugar

residues (31).

In the identification o

i

a flavonoid glycoside, up %o 1 mg of

Fad

the unknown compound is hydrolysed by either heating with acic (2¥ HC

)

e

11

oy treatment with a suitable enzyme {31,%0). Horborane {(4G) has
demonstrated the variation in behaviour among flavonoid glycosides to

acidic and enzymatic hydrolysis and has demonstrated the value of

controlled hydrolysis in the charzcterisstion of socme of the more

e}

.

complex glycosides. After agl

[aB
e

ydrolysis the aglycone is extracted
intc ethyl acetate or ether and concentrated belore identificatlion is

attempted by paper chromsitography using the procedures ountlined above
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(31). This may be reletively easy as the flavonoid glycosides
encountered asre freguently of comumcn aglyconss {Chapter 1). “here
the aglycone is found to differ from the known reference compounds
available its identity carn be esiablished only in conjunction with
the use of cther methods. For example, alkaline degradation on a

dentification of fhe produsis

|-I'-
[

micro-scale and paper chromztographic
¢f cleavage of the heterccyeliic ring, reprasenting ring 4 and ring B
fragments, can be wvaluable (30,36). The sugars okbiained from the

acidliec hydrclysis are prepared for chromstographic identification by
romoval of the zcid which would otherwise cause interference. Trsat-

ment with 2 sclution of dlwrﬂoctv1meub“¢aw1he in chloroform (27), or

repested evaporation of the acidic (HC1l) solution under reduced

fh
o
=
o
o
]
@
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pressure, followed by exposure of the zclid res
nydroxide pellets in a desicentor may be used. Sugars are readlily
identifised by paper chrouctography using =2t least three solvent

systems {471).

Ir the determins ion of the ratio of sugar fto aglycone
molecules, tlke amount of aglycone from the hydrelysis of 2 sample of

the glycoside is determined spectirophotometrically {zglycone ideatified

-

pr ously) and, once separated by paper chromatography, each of the

sugars may be similarly estimated after development with aniline
hydrogen phihalste and eluticn {31). “hen several mg of the glycoside

are avalleble for hydrolysis, the sugzr to aglyccne ratlo can he

-

determiined by comparing the actual weight of the aglycone produced

with the theoretical yield for a given monoside, bleoside structure

o

etc., coniaining the sugars previousiy ideantified (32). With monosides,



identification is contipued by determining the peositiocn znd nature of
the glycoside iink in the molecule. However, wheye more than one
molecule of sugsr is found Tor each molecule of aglycone, further
studies are required to eluzidate the nature and location of glycosyie

the linkages wuhich may exist between sugzar molecules.

{1

ation as well a

{u

there di- and trisasccharide residues are %o be characterised,

LI

controlled acid hydrolysis of the glycoside may euable the Intermedicte
breakdovn product to be isolaoted ip part and identified by naper
chromatography aad henge the crder of the constituent monosaccharides
o be deduced (31,32). The metheds of carbohydrate chemisiry have yei

L

te be widely avplied in some of this characterisation work {15). Both

enzymstic znd controlied acid hydrolysis can he employed in conjunciion

n the identificastion of flavoneids glyecosyi

e

with paper chromatography
ated in more than one position (40). Pull methylation of the unknown
slycoside prior to acid hydrolysis to rewove the sugar substituents
haz provided a means of determining the position cf substitutiocn of
the msugar residues by locating the free hydroxyl groups in the
nethylated zglycone derivative with the aid of paper chromutoszraphic,
spectral and colour reaction data (28,317). Certain hydrolytic enzyme
o
preparations have been used to provide valuable informaticn of the

configuration of the sugar-aglycone honds {(40) in addition to thei—an

structural detalls mentioned earlier.

Data obitained by ultravielet absorpiion spectroscopy are
frequently used tc complement and suppori paper chromatographic dats
in the identification of flavonoid glycosides and aglycones (26,320,371,

Identification on a micro-scale is founded largely om the supporiing



evidence from paper chromatographic and ultraviclet spectroscopic
studies (26,31). Infrared spectre heve, in general, been of less use
than ultraviolet spectra in characterising unknown flavonoid compounds

(26,32).

While ®l]l phenolic compounds absorb radiation strongly im the
ultraviolet region (220 ~ 460 mu), the contributions to the absorptien
spectrum of certein ascociations of structural features in the
molecule results in distinct structural classes of compounds having
rather characteristic spectra. TFurther, within a particular c¢lass of
flavonoid compound, variations in spectral maximz and absorption
intensitles are reloted %o the differences in the positlon and nature
of substituents (8,37). 4 variety of reagents is available to complex
with or ionise hydroxyl substituents, often seleciively, and in a
comparlson of the normal spectrum and the spectra determined in the
presence of & series of these reagents, much structural information
may be obtained {37). Absorption spectra are normally determined in
alcchol, reagents being added 1n similar solvent or as solid material.
Reagents used are aluminium ion {as AlCls), as a chelating agent:
sodium ethylate, or hydroxide, te ionise all free phenolic hydroxyl
groups; sodium scetate, to ionlse the more reactive phenolic hydroxyl
groups; and boriec aeid, in the presence of excess sodium acetate; to

comiplex with the o—dlhydrole groups in the molecules (37). TFurther

details: are presented by Jurd ()?) of the spectra of various classes

R .

of flavonoid compounds, ﬁrd'%i;(effects cn the basic spectra of the
type and position of the substitution in the molecule, together with

an zaccount and documentation in the original literature of the ume of
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reagents to elucidate certain struectural features. That sonme
flavonoid coapounds can be identified on the basis of thelr spectra
alone (37} indicstes the wower of these methods.

-

Spectral determinations zre made on koth flavonoid glycosides
and aglyeones to locate free hydroxyl groups and to indicate the
location of sugar substituents in the glycosides {27,29,37). Resvlis
may he compvared with those obtained either in parallel from the
reference compounds used in the chromatographic studies (32,39) or
from the literature {29,3?}. Is the preparation cf compounds for
spectral examivation a blank solution for refersnce purposes must be

prevared in a parallsl fashion (28,30).

Venkataraman (36) has described the classical srocedures Tor
the identification of flavonoid aglycones and zlycosides from
crystaliine isoliates., Identification dis based oa a2 study of the
colour reactions, physical propertise and chemical composition of the
compound and its derivatives, togsther with analysis of the results
of degradative procedures, chiefly alksline hydrolysis. Comparisons
are made with suthentic compounds obtained from existing zources or
by synthegis, 4in example of the application of these meihods to the
identification of two dihydrochalkone glucosides from lMalus species
7

is provided in #illiams® work (3S) and, to a lesser degree, by Nortje

and Koepper (32} in the identification of flavonol glycosides.

Cinnawic acid derivatives. These phenolic derivatives are found in

%

plants frequently as esters of a number of compecunds (section 1.2.%7.

“ication, baszed on paper chromatography snd

]
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Hicro-methords



ultraviolet speciroscopy, are applied to this group of compounds in

ways similar to those outlined for the flavonoid compounds (17,26).

The esters may be studied directly and identified with the aid
of authentic specimens for comparison. The quinic acid esters of both
caffeic and p-coumaric acids are found in isomeric forms (44,45} and
straight forward identification of any isomers isclated can best he
done by comparison with authentic reference compounds {17}. IEsters
are normelly also hydrolysed and the products examined chromatographic-
ally to provide further evidence in support of the original identifi-
cation. Hydrolysis of thelesters can be accomplished with alkali
(2N NaQOH) at room temperature, or with esterase, and in the case of

glucose esters, with B -glucosidase (25).

As with the flavonolds, the ultraviolet absorption spectra of
the esters and the free acids may be deternmined in alcohol and in the
presence of certain reagents and cempared with the spectra of

appropriate reference compounds (17,42).

The identity of the phenolic acid obtained from the ester may
be determined by the resulis of co-chromatography in several solvent
systems and the colour reactions obtained when the chromatograms are
treated with certain chromogenic reagents (5,26,42). 4 useful range

of colour reactions is given in the Hoepfner test (17,42).

In order te complete the identification, the phenolic moiety
may be conveniently estimated spectrophotometrically, after hydrolysis,

and the non-phenolic moiety estimated by standard procedures (17,44).

The benzoic acid derivatives. These phenolic derivatives have hbeen




charscterised chiefly on the basis of a comparigson of the paper
chromatographic behaviour and colour rezctions of known and unlnown
compounds (5,46)., On paver chromatograms these colourless compounds

are located with suitable chromogenic sprays (26).

2.2 Phenolic Compounds in the Leaf of Malusg pumile (¥ill.)

Of the 25 species recorded ir the genus ¥alus by Dehder (b7
one, . pumila (Mill.), zccommcdates most of our cultivated apple
varisties.

The phenolic compounds of the leaf of the cultivated apple have
been reviewed by ¥Williems (43). Flevonoid plycosides are the main
compounds reported. Phloridzin, the mzjor compovnd, is accompanied Dby
several Jerlycosides of querceiin and lesser amounts of the same J=
glycosides of kaempferol, Theze compounds are listed in Table 7 in

decreasing order of amount present {(48).

In mddition to these major compounds, trace amounts of chioro-
penile and p-coumaroyiquinie acids, epicstechin, catechin and leuco-
anthocyaninsg may be found in leaf (48). C(hlorogenic acid and
epicatechin have been yeported in only trace asounts im the leaf (49).
Wnile fruitlets have yielded a pecoumaroylquinic acid (45}, which has
beer: chown to be 3-O-pecoumaroylcuinic acid (17}, the leaf tissuve has
been suspected to contain small arounts of two p-~coumsroylquinic acids
{50}, one of which was chromatographically indistinsuishzble from the
fruitlet isolate (45}, Leuccanthocyanin has been deiected in the leaf

of the HMclntosh variety {(51). Hervmann {(52) hes separated and idente



ified, by paper chromatography, isoquercitrin, estragalin and guercitrin
(quercetin~3-glucoside, kaempferol-3-glucoside and quercetin~3-rhamnoside

respectively (53) )} from exiracts of apple leaf.

Tablie 7

MATN PHENOLIC COMPOUNDS IH LEAY OF MALUS PUMILA

Class ?? Aglycone Glycoside
flavonoid
Dihydrochalkone Phloretin 2% ~pincoside {phleridzin)
) Zwgalactoside
3 3-glucoside
X X Fuercetin ) S~-rhannoside
Flavono and
Kaempferolg 3-arabinoside
) 3=-rhamnoglucoside
) 3-xyleside

%illiams has reported (43,54%) 1ittle change in the pattern of
the phenclics vresent in the leaf tissue of different varieties of
apple, although some quantitative variztion among varieties in the
total and relative amounts of the phenolics has been supported by Flood
and Kirkham (5/). t is of intersst that the hydroxylation patterns
represented in these phenolics are those of the A and B ring meieties
{(section 1.1.4) of kaempferol and quercetin, and none of the myricetin
type has been found (5%,56). In fact the Rosaceae family, to which

Malus belongs, has typically yielded guercetin, kaempferol, leuco-
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cyanidin, p~cowraric and caffeic acids as its phenolic compounds {(57).

In summary, therefore, the apple leaf can be expected to contain
& rather complex mixture of phenolic compounds, chiefly flavonoid
glycosides. While Williams has made the major contribution to the
study of the main phenolic compounds in the leaf, apparently little

detail has been reported (48).

2.3 Ubjectives of Studies Reported in this Thesis

Az 8 consequence of the potentially complex mixture of glyco-
sides to be found in the apple leaf and the lagk of information on the
igolation of individual phenolic compounds in combined form from this
tissue, it was decided to direct these studies towards an investigation
of the extraction, paper chromatographic isclation, and characterisation
eof phenolic compounds from the leaf of & variety of M. pumila, in order
to provide vackground knowledge of value in projected studies on the
possible physilelogical role of some individual phenolic compounds in
this plant, Further, in reletion to the wmetabolism of the phenolic
compounds, the incorporation of activity from 1h0-glucose into these
compounds was investigated in excised leaf tissue. Sturmer Pippin was
selected for study because this variety has been the subject of another

physiological study in the University orchard {(58).



Chapter 3

MATERTALS AND METHODS

3.1 Descrintion of Plant Mzterial and Sampling Procedures

The leaf tissue sanmples were always of HMalus pupila var.

Sturmer Pippin, except on one occasion when samples from the var-
jeties Cox's Orange Pippin and Kome Beauty were also included.

Samples were taken from cropping trees, in azparent geood health,
growing in the University's Batchelar Orchard which was operated under
typical commercial cecorditions. A1) sampling was dene during QDetober
1665 except for cne batch of samples whick was taken in early February
1666. The Cctober samples were collected from one or more of three
mature Sturmer Fipplin trees and one mature tree of each of the other
two varieties while the February samples were collected Trom four
young Sturmer Pippin trees about eight years old., Sample materizl was
remcved at random from well-lighted parts of the trees between 10 a.m.
and 4 p.m. on days when the foliage was dry and taken immediately in

pelythene bags to the laboratory where extraction commenced at once.

In October the samples were obtained from the spurs {(or bourse
structures (59) } which were flowering or fruiting. To preserve the
freshness of the sample, whole spurs were taken to the laboratory
where the leaf sample, unblemished and complete with peticles, was

removed. The primary and the secondary spur leaves were always kept
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separate. Primary spur leeves, which appear =it bud burst in spring,
are proximate to the terminal flower sluster on the spur while the
secondary spur leaves (or the bourse bud leaves (60) ) develon from

-

& bourse tud in the axi

=

of a primsry spur leaf socon after the spur

k)

has Tflowered. The

0]

se lea? tyves are illliustrated in Figures 2 and 3

n Figure 2 the spur structure is zhown just after the petals had

[N
oy

fallen and the secondary spur lsaves had begun te develop and in
figure 3 a later stage of development of the seccondary apur leaves is
regorded, while in heth Figures the »rimary spur leaves can be seen
velow the develeping fruit clusters. Since the seeondary spur leaves

were emerging during the October sampling peried these leaves from the

e FAREY

EE

cie set of spurs were on ocgcasions classified zecording to their stage
of develcrpment asz follows: leaves apparently fullyr expanded were
classified as "large’; expanding leaves zs ‘expanding’® and those stiil
inreliled zt the marpgins as ‘emerged’. UVhen leaves were not readily
classifiied sz fexpanding’ or Texpanded® on size slone, the appearancs
of the upper leaf surface, which was lighter greer and hairy on the
former and glossy green on the latter, was the deciding feature.
Secondary spur leaves were conveniently removed from the svur by
breaking out the entire axillary structure from which the portion
carrying the bourse bud and peticle bases was then excised to separate
the leaves. ‘ithk the primary spur leaves, all unblemished leaves

excepi the very smell ones at the base of the spur were included in

the zample.

In february, leaves from the terminal portions of e¢longsziing

shoois werce sempled and classiiied as "large!, ‘exvanding? and
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"emerged’ on the same basis as the sccondary spur leaves.

ithere dry weight determinations were made, the sub-samnle

were dried in an oven at 100" for 16-17 hr (61).

5.2 Keameants and Reference Compounds

Keagent grade chenmicals were used Lo prepare the chromogenic

sprays and the reagents for the ultraviclet spectral studies. a-Butanol,
ethanol, asetone and ethylacetzte were distillied in zil-glass eaquipnent
from reagent grade stocks while The remaining solvents were used in

the following grades: acetic aecid, AR or reagent grade; vyridine, AR

grade; isopropancl, May and Daker R grade and p~hexane, reazent grade.

= 7

(e

(U = "Cl-zlucose, specific activity 361 nc/mg. was purchased from the
Radiocchemical Centre, Amershom, England.

hin, quercitrin, rutin, caffeic
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acid snd sinapic acid werse kindly provided by Dr L. Uong, Plant
Chemistry Division, D.5.I1.R., Palmerston Horth, and the guercetin,
phloridzin, l}~epicatechin, n-coumaric zcid and chlorogenic zeid were
purchased from Koch-Light Laborateries. Phloretin was prepared from

the phleoridzin by acid hydrolysis. Standards of D-gincese, D-galactose,
D-xyloge, Le-arazbinosze and L-rhsmnoee were obtained from reapent grade
stocks. Yuercetin, the only refersice compound to be purified, wasg
recrystallised from the commercisl sample. A portiorn was dissolved in
95% ethanol/pyridine {(1:1 v/v) sclvent and after = dark brown finely~

divided insoluble material had szettled the solution was decanted carge

fully and on the addition of ar egual volume of distilled water set



agide Lo crystallise. Samples of all reference compounds were eluted
for spectral analysis following oaper chromatograshy in two selventa,

normally 6% acetic acid and ther n-butanol-acetic acid-water.

3.% pxtraction of Fhenoliec Compounds from Leaf Tissue

411 samples were extracted in the fresh form sud wet welghts
were recdrded immediately prior to the extraction which commenced with
a winimum delay end often within the hour after the material had been
collected in the orchard. The waighed samples were homogenised with

not less than 6-7 ml of either 95 or 70% ethanol zer gras wet weight

Yaring Slendor
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¥ msamprle., in wmore than one hateh
operated on "low' speed to fragment the tissuc and then on ‘high' speed
Tor three minutes. The homogenate was immediately transferred to =
bezker which was placed to the depth of its contents in s water bath

at &Bwh?o znd heated for a minimum of 45 minutes to inactivate the
liberated enzymes which would attszck the phenolic compounds. The

honmopenate was then filtered, avid the residue rinsed with twice iis

volume of the apyropriate ethanol om a2 Buchner funnel.
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The zreen filirate, which contained bulk of the phenolic

compounds f{rom the sanpls, was concentrated in a rotery evaporator at
o . e o _—

LD” to about one-sixthr of its original volume. Tco remove the bulk of

the photosynthebtic pigments and lizids, fhis agueous concentrate was

funnel agsinst an equal vaolume of n~hexane
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which was first wsed o rinse the evaporater flask. dhen necessary a
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little ethuncl was added to improve the geparation rate of the agusous



and organic phases. The agueous phase was drawn off and after being
dried in a rotary evaporator was extracted with a known volume (0.8~

1.0 ml/gm wet weight of sample) of 95 or 70% ethanol to yield the main
extract of the nhenolic compounds which was transferred to a smzall

flask for sterage st room temperature until required for chromatography.
If an extract was required for chromatography, the n-hexane phase was
dried in a rotary evaporator and a known volume {(2-4 ml) of ethanol

added to prepare the extract.

iwhen the residue on the Buchner funnel was to be re~gxtracted
it was transferred and stirred with three volumes of 7Q% ethancl in a
beaker which was placed in a water bath at 40° for o minimum of 1 hour.
The contents were filtered, up to several hours later, as described
previously and the filtrete dried and extracted in a small volume of
70% ethanol for chromatopraphy. The residue ontained on this seceond
filtration %as normally discarded and omrly in 2 detailed investigation

of the extraction procedure was it further re-extracted {section 4.1).

.4 Paper Chromatography

All chromatography was carried out on #hatwan Ne. 1, He. 3 or
No, 3MM papers and development was by descending elution normally in
stainless steel or glass tanks each large enough to accommodate four
standard size (36x57 cm) sheets of chromatogrzphy paper. In addition
a small glass tank was used for the testing of some solvent systems.
The heavier Nao. 3 and Ho. 3¥M papers were selected for one~dimensicnal

oreparative chromatography and the lighter No. 1 paper for one~ and



two-dimensional analytical chromatopraphy. iost of the heavier papers
were washed with 6% acetic acid (about 160 wl ner sheet) and then with
$5% ethanol {mbout 60 ml per sheet) and air-dried before use. To aid
solvent run off in the washing process, the boittom edge of each paper

was serrated.

Solvent systems employed in the chromatography of phenolic
compounds are recoréed in Tabkle & while those used for the sugars are
presented in Table 9. These soivents were normally prepared just long
encugh before use to allow two-phase =zystems to egullibrate and

separate, although in the preparative chromategraphy the commonly used

GAEL and BAY were prepared in about 500 zl volumes and used as reguired

over & oeriod of days.

Table &

SOLVENT: USED 1IN THE PAPER CHROMHEATOGRAPHY OF PHERKOLIC COMPOUNDS

Usual time for
Componente Proportionsg™| identification development
Acetiec aeid {HA)-water 25 v/v 2i%HA Shy
65% HHA Shr
25% 25%EA L
Lop O 7ihe
n-Butanol-Hi-water h:132,2 BAH 16hy
n~Butanol-Et0H-water bi1:2.2 B 16hr
Benzene-Hi~water 12537213 BaAl 4ihr
Ethyl scetate~water saturated EAY 6hr
Acetone~water 11 AR e
Dig%tilled water w Shr
Eﬁgpropanol—NHBmwater 2C:1:2 Ipid i2hr

# there twe pnases separated the upper organic one was used.



The rhenclic subsiances were applied to chromatograms in either
70 or 95 ethanolic solution. For preparative chromatozraphy, sclutions
sere anplisd as even bands 0.5-0.7 em wide =across the chromatograms

-

3 em im from the edse to be inserted in the solvent trough. In one-

G

dimensicnal analyticzl chromztography, sclutions as spots 2bout C.5 cau
digmeter were applied at 2 ¢ intervals along a line of similar lccation
%o the band line. On two-dimensional chromatograms, & gingle spot of
similar size but heavier loading wss applied § cm in from the edge of

the paper., Small

o

liguots were spotted using & glass tube drawn out

illary at ane end and larger volumes were banded from a 0.7 ml

ot
o
»
o
£
i<
I.J

sraduated pipette fitted %o a suction filler and slow release alr-
bleed device. DBetween the reneated application of solutions which was
required Lo reach the empirically determined loading of the chromate-
grams, the solvent was evaporated im the warm alr-flow from a hair
drier. Once loaded, the chromatograms were equilibrated in air for a
snort time before being ovlaced in the cliromatogranhy tank and developsd
immediately. The chromategrams were normally removed from the tenk and

air-dried after the sclvent front had migrated 35-40 cm heyond the band

"

iire and had therefore approached the lower edgs of the paper. The

solvent front was loczted on the dried chromatopgrams and merked in

F3

pencil under a Hanovia Fluorescence HModel 16 ultraviclet lamp.
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fable 9

SOLVENTS USED IN TiE PaPii CHROHATOGRAPEY OF SUGAERS

Uszual time for
Components Proportions | Identification development

&Lthyl acetzie-

ryridine-water £0:25:20 EaPi &hr
Isopropanol-water 30:2C Ipd 204y
Iscoropancl-

p~butanol-wvater 70:10:20 IpEy 17hr

Bthyl acetate-
acetic scid-waier 70:15:15 Bahi ?hr

Following ihe location {(sese helow) and marking of the spots or

1

bandy ¢f the whenoliec commounds in vencil the analytical chromategrams

_t

vere preserved for recerd purposes while the preparative chreomatograms

were cut wiith seissorz into the osutlined barnds from each of which the
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rhenolic compounds were recovereé. Hecovery was effected
by immersing the excised chromatography paper ian a £0% cthanol/glacizl
acetic ascid (9:1 v/v) solvent for at least six hours. To minlmise the
volume of scolvent needed, the chromatography paper was reduced to

5

bout 2 cn

=

ieces a
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square. The resulting soluticn, together with a

i3]

rifuged up to 3,000 rpm in an

=i

rinsing volume of 60% ethanol, was cen
MSE bench model centrifuge for sbout four wminutes alfter which the bulk
of it was decanted to leave the matited deposit of small particles of

1 fter evancration of the decanted
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solution in s rotary evaporator at 40 the recovered material was
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disgelved in a minimun volume of 70 o6r 95% ethanel and either rebanded

t

e}

for further chromatograrhic purification or stored in samnle tubes

roon temperature to awalt characterisaticn.

sugars were spotted in agueous solution on to Wo. 1 papers and

chromatograghed in the manner descrihed Tor the pherclic compounds.

2.5 Chromorgenic Reagents

Chromogenic reagents which were used to detect phenolic compounds

on paper chromatograme are detailed in Table 10.

Taonle 10

CHRCHMOGENTIC REAGSKIS USED TC DETECT FPHEHOLIGS ON PAPER CHROMATOGRAMS

Compeounds
Heagent Concentration | Heference detected
Aluminium chloride 1% in ethanol (30} Flavenoids
Ammonis vapour - (26) 411 types
Sodium carbonate 5% agueous (30} A3 bypes
Diazotised v-nitroaniline (&2} Many
Diazotised sulphanilic acid (63) Hany
Hoepfner reagent {42} Hydroxycinn-
amic =scids

Hany phenolic compounds vere alsc detected, prior to treatment

with the chrozogenic reagents., Ly inspection of the dry chromatograms



il

under the ultraviolet lamp. The diazotised p-nitroaniline spray was
used alone and was not oversprayed with 20% w/v sodium carbonate (62).
Sugars were detected on chromatograms with the p-anisidine hydro-
chloride reagent (64). Extensive use was made of chromogenic reagents
in conjunction with analytical chromatography since the colour
reactions of phenolic substances with a variety of the reagents were
recorded to assist ldentification. The entire chromatograms were
sprayed evenly with the reagents using an all-glass atomiser. Colour
reactions noted were those in evidence just after the sprayed chromato-
grams had dried and were assessed visually without any matching against
a colour chart. In the preparative chromatography, chromogenic
reagents were normally used only to detect bands of phenolic compounds
which were invisible under ultraviolet light alone and in the presence
of ammonia vapour. In these cases guide strips of the developed
chromatograms were streaked with the selected reagents from glass
capillaries and the positions of the bands located were marked on the
remainder of the chromatog:ams in readiness for the recovery of the

compounds.

3.6 Ultraviolet Absorption Spectroscopy

Absorption spectra, which were recorded as a plot of abscrbance
(optical density) against wavelength, were determined within the range
220-4%40 mp with a Beckman Model DB recording spectrophotometer using
matched 1 ¢m silica cells containing the samples in 95% ethanolic
solution. Besides the normal ethanolic spectrum determined onm 2.5 ml

of solution, further spectra were determined for each sample after the
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addition of reagents which included aluminium chloride (65). anhydrous
sodium acetate (HB), socdiun zcetate and boric acid (67) and sodium
hydroxide {68)., The aluminium c¢hloride rezgent was prepared freshly
every two days as a 0.5 w/v scluticn of the anhydrous salt in 950
ethanol of which 0.5 &l was mixed with 2.5 ml of the ethanolic sauple
solution before the spectrum in the presencs of zluninium ion was
recorded. The speetrum in the presence of excess scdium acetate was
determined after 2.5 ml of the sample soluticn had been saturated with
excese snhydrous seodium acetate. Than 0.5 ml of a saturated solution
of boric acld in 955 ethanol was added, the cell sheken and, once the

excess s0lid had settled, the specirum in the presence cof excess

odiuvm zcetate and boric acid was recorded. Either three drovs (about

()]

0.05 nl) or 0.20 mi (with flavercid compounds only) of a 2% w/v
solution of sodium hydroxide in ©5% ethanol, freshly prepared every
two days, was mixed with 2.5 ml of the sample soluiion In & cell znd

the spectrunm in alkali recorded.

4 chromatograrhic proecedure was used to prepare the samgles and

the apyropriate blanks for these snectral studies. A suyitable portion
of each fraction isolated frem a leaf tissue extract or reference
comnound was caromatographed to one side of & sheet of Ko. 3 or Ko, S

paper, over ocne-half of wvhich wag left blank. From each developed

chromatogras 2 sitripy coittaining the band of vhenolic substance was

pr
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removed alonp with a blank strip of mirror image from the other side of

elnted with 954 ethaneol in a s=aled
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the sheet. These

[l

chromatography tank for 24-3% hours to »rovide the sanple and the

corresnonding blank solutions. Specfral studies were then undertaken



with a minimum delay.

3.7 Characterisation Procedures

ractions which were isolasted from the

iy

Cheracterisation of the
leaf tissue extracts by vpreparative paver chromatography was based
on a study of the paper chromaitegrayhic, colour reactien anéd speciral
data obtzined for the fractions and thelr degradative products.
“herever possible, direct conparisons were made with the datsa obitained

from reference compounds.

The paper chromatograpvhic properties of each fraction and
reference cempound were exanined in up te six selvent systems. The
phenolic moleties released by acid or zlkall hydrolysis of sawples

of certain fractions were also submitied to similar chromatographic

procedures. JSugars released on the zcid hydrolysis of glycosides wers

5

dentified on paper chromatograns by direet comparison with the

RN

authentic compounds ian four solvent systeas. The non-ghenclic noieties
of alkali-labile fractions werce not characterised. Zach unknoun
solution was spotted im two wmeositicns on each chromatogrsw beside the
appropriate reference conpound which was sgimilerly aprlied. Colour
reactions were deternined immediately after the developed chromsiograms

had dried.

For acid hydrolysis, = sample of egach fraction (about 0.25 nml

&

% ethanol) wa= refluxed for one hour cm &

diluted to 2 ml with 2

A

boiling water bath with an ecual volume of 2l hydrochloric zcid. After

cooling, the hydrolysate was trensferred to a separating funnel, an
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equal volume of distilled water added, and extracted twice with 13
volumes of ethyl acetate. The combined ethyl acetate extract was
vashed with a2 small volume of distilled watlter before it was evaporated
and the zglycone recovered in the ninimum volume of $5% ethanol for
chromatography. Ivaporation of the zaueous layer in a rotary evapor=-
ater was repeated several times before the dried flask was placed in

a desiccator over potassium hydroxide and silica gel for 72 hours to
remove traces of hydrochloric acid before the sugar was taken up in

the minimam volume of water for chromatography.

Alkali hydrolysis of the cenjugates in certain fractions was
carried oﬁt for four hours st room temperature in an atmosphere of
nitrogen. 4 sawmple, about £.25 ml, of each fraction was made up to
1 ml with 70% ethanol in a flask which was de-zerated with nitrogen
before an equal wvolume of 2N sodium hydroxide was added and gassed
wvith nitrogen for one minute after which the flask was sealed off.
After the hydrolysis, an equal volume of 2N hydrochloric acid was
added before the extraction with ethyl acetate was performed to
recover the phenclic moiety, as described for the acid hydrolysis.

The agueous phase containing the non-phenolic moiety was discarded.

3,8 Incornoration of 140 into Phenolic Compounds in Leaf Tissue

. . 14 . .
The incorporation of C carbon, supplied as glucose, into the

phenolic compounds in young leaves of Sturmer Pippin was investigated.
Radioactivity was determined in a Huclear Enterprises liquid scintill-

ztion detector used in conjunction with FPhilips electronic equlovment.
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The liguid scintillator was dioxan containing 6 gu of terphenyl per
litre and a counting effieciency of 37.5% wzs obtained. Ilford X-ray

film was used in the radioautography.

in early February, whole sheot ftips from young Sturmer Fippin

trees were taken to the laboratory where five leaves, which had just

t H

entered the ‘expanding’® stapge, were selected. These leaves were
removed under water by a transverse cut nesr the base of the petiole,
and each was {ransferred rapidly to a small sanmple tube which contained
1 nc of the isotops in 0.1 ml of water and placed with the cut end of
the petiole below the surface of the liguid. During the five hours

the leaves remained in bripght natural light in the labhcrateory, small
volumes {aporox. C.1 ml) of distilled water were added 3-4 times to
each tube tec keep the cut end of the petiole submerged and 6 promoie
more complete uvtake of the isotope. Following this the leaves were
removed, gently blotted dry with filter paper, and weighed prior to

the »reparation ¢f an extract of the phenolic compounds by the normal
procedure using 70i# ethanol. The radiocactivity in the extract and in
four chromategraphic fractions, which contained the major phenolic
compounds, was deternined by liguid seintillation. IThe two-dimensional

chromatograms, prepared from aliquots of the extract developed im BA%

and thern in 6%HA, were subjected to razdiosautography.
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Figure &

SCHEME QF EXTRACTION OF SECONDARY SPUR LEAVES OF STURMER ; SAMPLE 5/16

SECONDARY SPUR LEAVES
22.65 gm wet wi

150m} 95% ethanol

homogenise
heat
filter
FILTRATE RESIDUE, first re-extraction
concentrate and extract 704 EtOH
partition against filter
hexane
FILTRATE RESIDUE, second
' o -
HEXANE PHASE evaporate re-extraction
AQ. PHASE evaporate extract 4ml extract 70% EtOH
evaporate extract 2m1 {(2+1+1) 708 EtOH filter
extract with 70% EtOM
18mt (14+24+2}" SOLUPION RESIDUE FILTRATE RESIDUE
95% EtOH RESIDUE SOLUTION dissolve evaporate diacard
discard 2ml water extract 3ml
|5/16-1a] §/16-2a {2+1) 70% EtoH
OLUTION RESIDUE 13/16-2g
SOLUTION RESIDUE
extract 2ml
main 95% EtOH dissolve
;x:gf:; 3/16-3 2ml water
SQLUTION RESIDUE E
16-
dissclve 3/16-3
(5226~ Fml water

[s/‘l 6-14 l

* Indicates portions in which the e¢thanul was mdded and the solution removed to prepare total volume of extract.



SCHEME OF EXTRACTION OF SECONDARY SPUR LEAVES OF STUBMER : SaMFLE $/17

Secondary Spur Leaves
78.63 gm wet wt

500ml 70% ethansol

homeogenise
heat
filter
FILTRATE RESIDUE, firat re-extraction
concentrote extract 70X EtOH
and partition filter
againat hexane
RESIDUE, sub-divide, necond ve-sxtraction
HEXANE PHASE FILTRATE onettnird oxbrRet extraet
Ad. YHASE svaporate syaporate put zside 704 EtON 954 EtDH
evaporata g;;rgtéﬂhml ?;t;a;§ 12ml filter fliter
extract with ! o% Etox FILTRATE l PILTRA’
201 (Bhebrbr 706 Et [ FILTRATE
&) 204 EtOH} RESIDU SOLUTION| svaporate REJIDUE evaporate
l OLUTION RESIDDE extract 3ml extract Gml
discard . (241) 70% EtoK discard 95% EtOK
. = S/17-2a extruct
Ism""m’H RESIDUE 3ol mater RESIDUE SOLUTION  |REGIDUE
axtract 3ml
main N extrack
extract 70% EtOH SOLUELION RESIDUE 2ml water
S/17-1b water sol. "
SOLUTION RESIDUE 8/17-2b diseard RESTLUE soLvrzon  |mEsIpUE
extract digaolve axtract
Iml water 2ml 95% 5ml hoxana
EtOH
RESIDSE m SOLUTION RESIDUE
woter ool. g;;”;?e
diacard - ~
EtQH

See Figure b,

i5217~ﬁ4
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S/16=1c was mosl notuble along with their relaiive iow level 1

extrsct 371610 a4 sored with extract 3/97-1b. Puriher, the

rresence of cousiderable znounts of these conpounds in varticula
£ e de - . - 2 =T R 1Y e . e T~ . - S fooown

gutrect 3/15-2a and of veasoneble aoounts in both exiract 99

Qoo Fa s E . s [ ¥ -] N L L T . 73

8/16=-3a and trsces in extrzct 5/106-3b, indicated that o lowver pro

sportion

k9]

L%

wan exiractod in Sthe homcoenisstion step with 955 than with 708 <
znd that the preportion remaining in the residuss alter the hone
avice in 955 ethznol wns wob readily extracted even with Y08 ath

{e) The non~bound nhenclic compounds renaining in the z
chiained when the howmogenate was filtered were, in the 3/17 ext
slmost comzletely wved in extract 3/19-2:. This was shown by
ghsence of ovidence of phenolic concounds in exsracht 5/17-2k and
sresence of only traces, ab high B, in exiract 3/17-3z. Hovever in
the $/16 gxbraction, ths cffective extraction of these compounds

3 5 - iegan o Fne e - w2 L rde &
in emtract 3/15-la and rezcon in extrects S/15«2%
5/15-3a,

{£) The oniy exiracht in the /19«4 series in vhich
commounds were defecied was 5/17~ba whers itraces were noted

0.5,

{g) ZBxtragte in which phenolic compounds could

not be det

el

o b WL g



\n
.

2aze, 3/17=18 and 3/17-2b, would presumably contsin low cuncauntrations

rother than po zhenolies, but the wrovoriticn of the total non~bhound

phenolics of the leaf tissue in these exiracis would be very low.

The 704 athancl was therefore Tound to be superior to SUR
ethanol in both the exiraciion of the phenolic comseunds fyvom the

tissue {see (e} ) and in the recovery of the extracted compounds frog

indicated

[
o
o]

the dried filtratez {see {(e¢) ). Overall then, the resu

4,

hzt guantiftciive extractlon of the nen~tound phenolics of the leaf

("k

tissue would be obtlained nost conveniently by sreparing and combining

extracts ecuivalent to 3/17-1b and 5/17-2z, as ocutlined in Figure 5.
Thus in this proposed extraciion nrocedure the lea? tissug is

homogenised inm F0k cthanel {(Gw7 al/gm of wyed ifissue) for Three zinutes

etiszyres and comvlete the extrasction of ¢

rhenolies., The filtrate of fthe honmopennte iz concenirated in & rotary

PR . s e e e
evanorator at 40" to about cne-sixth of itz orizinal volume and

partitioned zgalinst an egual volume of g-hexans vefore the agquecus
vhase is dried and extracied with 70% ethancl {0.8-1.0 wl/za of wet
tissue) to recover efficiently the pchenolics present in the filtratc.
The residue from the homogenate is re-extracted by suspeading in

three volumes of 70% ethanol snd heating et 07 for one hour to reander
soluble most of the remaining non-bound phenclics whick s»e then

recovered efficiently from the dried filitrate in & wolufle of 704
thanol {(0.15~0.20 nl/gm of wet tissuel) and gombined with the main

xtrect.,

4



h]
v

o

& on Levels of Phenolice

Tne main exwbracts which were prepared from variocus types of

The

2T tissue and included in thig study sre recorded in Table 11.

leaf tissue homopenate and the nrin extract examined were prepared
with 855 ethancl excest for samples S5/17-5/20 incluslve, where 70%

cthunol was used.

To assezs the levels of rhenclie compounds in these extracts,

two-dimensional chronsicgrans vere prepared from &l

extract waz best achieved with the above scilvent pair. The resolution

chromptograns a siaple end

ok

effeotive method Tur ithe detection =nd assessment of any significant
changes in the relative swmounts of individual vhenolic comwpounds. The

tynical Lune-dimenslonsl chromastograrhic pattern of phenolic compounds

in the srinavy spur lead tlssue of the Sturmer Pippin veriecty is re-
= i o e, - O R N P B, I i
produced in Flzure 0. This pattern 414 not shonzse over the period

secondary asnnr leaves of this variety

ing the development i the leal frowm

wuas »
(R S, S, o L. Lyes KRR I .
the conditis srd in this latiter condition

to resemble that of the primery ssur lea?l tissue in all respecis

except Tor the very low dntensiity of soot 3c. The ghanse i th



Tobie 11

SAMPLES TAKEN AND MAIN EXTRACTS MADE OF APPLE LEAVES

Identilication Nature Sample Dry
of samples and of wet woight welght
Date main extracts leal tissue® (gm) (%)

1.10 7 17 Sturmer 13.65
g.10 p/2 1Y Sturmer 16,38
5/3 2™ Sturmer 9.26
16.10 B/G 1Y Sturmer 15,41
5/5 expanded i 2.17
5/6 expanding 277 7.46
557 emerged ary h.15
5/8 2% Stucmer 6.52
22.10 PS9 17¥ Sturmer 10.17
B/0 17 Cox's ©.P. 10-00
B/ 1T¥ Rome B. 10.75

23,10 B/12 7Y Steraer 34,54 28.1

5/13 expanded 277 28.78 30.5

S/14 expanding 2"Y 1%.80 29.0

5715 emerged 277 12.75 26.5

29.10 s/16 2"Y Sturmer 22.65 . 29.8

3717 2™ Sturmer 78.63 29.8
5.2 5/18 expanded, shoot 11.20
5/19 expanding b, G0
5/20 omergod 2.75

Except for seaple £/10, from Cex's Orange Pippin, and sample F/11, f{rom Rome
Beacty, all samples were of the Sturamer variety.

Apart [rom sanpleg taken
5.2 from shoot tips, all were of cither primary spur leaves (17Y) or secondary
spur leaves [2¥¥}.




Figure &

TYPICAL PATTERN OF PHENOLICS OH 4 THO-DIMENSIONAL CHROMATOGRAM

OF A 95% ETHANOL EXTRAGT OF FRIMARY SPUR LEAVES OF STURMER

N \
] }
1%,
S
seey
1
{'#b‘;
Sd
N
fan Y
. P
,/‘w\
{7
+
o “
T e
Baw K ge ">

Colours of Spots

Celours are thome appearing in wltravielet light in the presence of
smmonis vapour, except for spots 4b, 7b and 10¢ which, as noted, were
visible only after spraying with dlazotised p-nitreaniline {p-na).

“a weak blue Bqd dull red

1b very weak green-blue Ga faint yellow

1¢ strong green-hlue &d orange-yellow

13 light blue 7k weak positive p-nz
2b very weak green-blue Bc yellow

ad bright blue Qe hiue

Do wealt green-blue 10e weak positive p-na

b weak poesitive p-na Me tlue

10
kN
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nd 64

expanded the ¢hange noted

was & progreasive weskening of spot bz eand the appearance and intens
ification of spot 64. In zddition to these striking changes, the
intensity of spot Jc increased appreclably as the secondary spur leal

[T A * rd
tizsue expanded. The expanded swcondary spur leal tissue, sanple 5/5,
exhivited 2 very sinilar chromatesraphiec pattern of phenolic zompounds
Lo the priwary s»pve lsal, ssmnle P/h, except For the very low intensity

3/4%b and

one sed of spurs and the pattern of

pridence for the constancy of these cha
nhepolklc comnourds as the lesf btissue e
tissue samples of the ‘emerged? {3/20),
pondedt (3/18) catepories were obtained

secondary
o

zthanol, asz used

sanzles of
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=
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primary (P/12) and of

vere ootalined from

vhenolisc eompounds assessed.

the levels

‘exponding' (8/1%) and 'eu~

from the shoot Zins of young
the wrtructs, on chreuabos

levels of phenolie compounds

vlzcement of 945%

the extraction
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Figure

PAPER CHROMATOGRAPHIC PURIFICATION OF FRACTIONS A AND B

x

A B
. 6XHA
EXHA
A =1 FIO A B =1
6%HA r&xm
Aéz cm:l-'a- A= 2t B -2
BAW BaW
> ;’
Aa - 3 Ab - 3 A - 3 Ba - 3 B -~
2EHA
GXHA Ba# BeAW
v ¥
Aa - & Ab - & he - B A= 2+ Ba - & A= 2
6%RA
AW E%HA BAW
] L 4 L 4
Az -~ S 4y - 5 At - 5 A -2 Bp T 5
BAN BAW EXHA AR
¥ - v v
Aa - B Ab - & he - 6 Bz - &
BEA BAW BAN
L J w -
Aa - 7 he -~ 7 Ba - 7
BAW
L 2
Ara - BT

See Table 8 for identification of solvent systens.
The froctions upnderlined were those submltted te characterisation preocedures.

Cozbined with oepin poertion of fractiop of some identity, Figures 7-170.
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PAPER CHROFATOGRAPHIC PURIFICATION OF FRACTIONS € ANL D

Figure &

o
|6,5HA
AT caf1 CbJ-"J tal
SLYsials ¥Cha - 1
673HA GibHA
a¥oae B Y. At Cob ¥ 2
BAW
Dba ¥ 3+ bov ¥ 30 Due ¥ 30
L cristals >
L J
EHHA recrystalliae
ba 7 ¥ cue ¢ 4
at A
BERA E3HA BedW
A Y e cbb ¥ 20 Dy Yz Con ¥ 1t Cba © 2
|BA‘“ 6HHA
Dha ¥ 3 Db ¥ 3 Db ¥ 3 Cba - 3
SRHA l HA k] BAW
L 4 b 1
Dba - b Dob - 4 Dbhe - & [
BAY BeaAW
k4 b
Dha - S Bhe - 5
£%HA IpAW
r ¥,
Dbo - Dbe - &
Ipad
L
Dbe - 7
6BHA
r
Dbe - &
aad




Figure 9

PiPER CHROMATOGRAFKIC FURIFICATION OF FRACTICON G

Bax

L -1
Badk
v
L -2
BeAW BaAd BaAX
{ v v
In - 3 Ib - 3 L -3
BAN BAW BAN naH
¥ ¥ ; I
Ia - Ib - & K- La - & Lt = 4
b%HA BeAd BeAd Bad
L ¥
Ia - 5 KE -5 e ~- % b - §
Baw BAAN BA¥ BA¥
’ ¥ v
Ia - & K -6 La - 6 b -~ 6
Ban
L )
La - 7
BEWN
L )
La - 8

s

ee Tigure ? for details of abbreviations used.



Figure 140

PAPER CHROMATOGRAFHIC FURIFICATION OF FRACTIONE F AHD 2

i
29

EXHA 25%HA
FIs B Za‘—L1 3b‘I—1 Zc]-’-|
BAX BeAd Beid BeAd
v + v W
F -2 Za - 2 2h - 2 Ze - 2
s ot
Bo A S%HA 6a5HA 6eaHA
v ' [ ]
F-3 Za{'}u Zal'g.b 2p 2 Ze ¥ 3a Zc ¥
%HA
L 4
F -4
6%HA
L J
F -5

See Figure 7 for details of abbreviations used.
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zspecially of the more minor phenolic comvcunds, would be available
for characterisation. To check on the grogress and efficiency of the
extraction, pleces of the chromaiography paper were removed, rinsed,
dried and checked for the presence of phenclic compounds under ultra-
violet 1ight and with chromopenic reagents. Only traces of phenolic
compounds were normally detected on the edges of the nieces of paper

er the unsual exitractiocn times. The vhenolic compounds of each

7y
Py
o

fraction were exiracted from the paper in very dilute solution
because of the immersion technicue enployed and therefore, prior to
re~-chromatography, &« concenirated soluticn of the compounds in a
suitable solvent nad to be prevared to minimise the time taken to
apply each fractlion to the chromzitopgrams. Hence each fraction was
dried ia # rotary evaporaior and then taken up in 2 mininum velume

of 70% ethanol {(8%# ethanol for fraction Z compounds) which was con-
veniently bended on the chromestograms. “hile the relialively large
volumes of the zthanol/placisl acetic ascid@ which were reguired in the

vere & disadvantags in the drying step, the

W
3]
T
=]
[
£
=
m

extraction %
efficient reecovery of phenolic compounds obtained and the shoritage of
facilities for the descending eluticn of compounds from the intact
chromatographic strips justified the technisue used.

After fractions A-D inclusive and the fractions lamediately
derived from thew had been re-chromatographed in &4HA, it was apparent

that the loading of the extract 3/17-1% and some of the crude fractions

i

racticnation of

[

ha¢ been excessively heavy and that initialily poor

the rhenolic comsounds had resulted. Conseauently a nuwber of minor

nertions had to be combined with the main poriions cf certain fractions



L
L]

after many of the early re-chromatographic steps in 6%4HA. Combination
of these poritions was facilitated by the re-chromatography of several
of the corresuonding earlier fractions, derived in parallel from

fractions A~D, on contizucus sections of the one chromatogram, rather

m

than on separate chromatograms, in order that ldentity in R, values

would be directly determined.

The steps in the purification from frection A of three fractions,
representing spot Sc, are outlined in Figure 7. Repeated chromatography
in 6¥HA was necessary, because of excessive loading of the chromatograns

d-

at first, to obtain spot 8¢ as z sharpy baand, detectable in uliravio

et

et
light and extracted as fraction & - 2. & wezk band, detected similarly
at higher RF’ was extracted with fraction Chk - 2. Trace bands of

other major phenclic compounds were noted in this separation but in

he practice adonted throughout the fractiocnations, they

i

keeping with
were discarded. The occurrence of these trace bande pointed to the
incomplete resolution of compounds in some chromatographic fraction-
ations at the outset, where loadings were excessive., Uhen chromato-~
grapghed in BAY, fraction 4 ~ 2 was gevarated into three bands. detected
under ultraviolet light, which were extracted =s fracticms fa - 3,

Ab -~ 3 and A¢ -~ A. The shenolic content of fraction Ab - 3, from a
weak band, was lew. Fraoction fa ~ 3 yielded fraction aa - & after
being chromatographed to remove firstly traces of swot 7b (detected
with diazotised p-nitroaniline) and then any compounds of higher RF

n BA¥W. Chromatography in BEYW rewoved dark hrown material which had

[EN

accunulated with the fraction. There was a2 tendency for materianl of

this nature %to accumulzte in certain fracticons. It tended to migrate



on the chromatograms along with the phenolic compounds especizlly when
agqueous acetic acid wazs used and was retained at the origin when BEY
and TIpi¥ were employed. These results would be compatible with the
derivation of ths materizl from subsiznces which were dissolved from
the chromatography paper chiefly by the acetic acid component of the
extracting solvent despite the use of washed papers. The vurification
of fraction ib -~ 3 consisted of re-banding in the solvents indicated
in Figure 7. For fraction Ac - 3, chromatogravhy in Bedd separated
traces of spot 9e which ran in a much elongated form in BAY and thus
overlanped fracition Ac¢ - 3. He-banding of the fraction in BAY and in
6%HA completed the purification.

Praction B was the source of the small amount of spot ¥b which

wvas isolated as fraction Ba -~ 7 (Figure 7). GMost of the phenolics in

snot fe and the initial chrowatography in S%HA

tnly

fraction B were o
removed some of them., In these separations spot 7b was located with
diazotised p-nitroaniline., Srvots 7b and Jc were resclved in G¥%HA,
despite repeated chromatography being necessary, since a solvent which
would give superior separation was not available. Fraction L ~ 2
yielded on chromztegraphy two closely-spaced baznds of similsr colour

in ultraviolet light. The lower HF one was also found to centain spot
7b, and was extracted as fraction Ba -~ 3, while the other was recovered
as fraction Bb -~ 3. Chromatography of this latter fractlion in distilied
water resclved two broad diffuse bands from which fractions identified
with 4.~ 2 and Dbe - b were obtained. For the resolution cof these

compounds this solvent was inferior to the weak acetic acid solutions

with which compact bands were obtained. Further chromaztography
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comaencing with fraction Ba ~ 3 removed spot Zc to leave finally a

spall amount of siet ?b in fraction Ba - 7.

In fraction T, spot 5d accounted for mast of the ohenolic
substance present. Chromatography of the fraction in 6%Hi (Figure §)
revealed only a broad yellow band with a red-brown leading edge, on
inspection in ultraviolet light in the presence of ammonia. Thiszs band
was cut lengthwise into three strips with the two at lower RF each
accounting for one-guarter of the width of the band. The extract from
the strip at lowest RF wnsz combined with fraction & -~ 1. The middle
striv yielded fraction Ca ~ 1 and the remaining strip, which contained
the greater proportion of the phenolic comuounds in fraction C and a
very heavy loading of spot 52, fraction Cb - 1. After {fraction Tz - 1
had been chromatographed in 6XHA the band, which was yellow in ultra-
violet light with amronia, was found to overlap & weais band of spot
7b. Hence most of the yellow tand was extracted aznd combined with
fraction A4 - 2 while the remzinder which gave the reguired positive
reacticn to diazotised p-nitroaniline was included in the strip which
carried spet 7b and which was extracted and combined with fraction
3 - 2., Bafore fraction Ch ~ 1 was chromatographed, the bulk of the
spot 5 substance which it contained was removed by crystallisation
te constitute part of fraction Cba - 1. To zgcomnlish this, fraction

Ch - 1 was dried and tzken up in a small volume of 5% ethanol to

3

iwthich three volumes of distilled water was zdded and the solution left

=

to erystallise overnight at room femperature. The crude crystals were
then recovered as fraction Cha - 1. This crystallisation step provided

2 most convenient alternazaiive to chromatography for the separation of
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the bulk of spot Bd substance which was by Far the most abundant
phenclic compound in the tiseue extract. The mother licquer from the
erystallisation was chromatographed in 6%HA as fraction Cb - 1. Two
discrete bands of identical celour reaction were located and the
extract from the one at lower RF was combined with fraction 4 - 2
vhile the extract c¢f the other constituted fraction Cbb -~ 2. The
repeated separation of porticns of fracticons 4 - 1 and A - 2 during
thege fractionations reflected the excessive loading of fraction C
and the associated effects on the resoclution of the constituent
compounds into bands. Fraction Chb - 2 when chromatographed in BaY
was separated into three discrets bands of similar colour in ultra-
violet Iight. hile the lowest RF band contained spot 6a and the
highest RF band contained spot 6d and traces of spot 5d, the middle
band was of low intensity and did not correspond to any of the spots
of Figure 6. The extracis from these three bands were combined with
their corresponding main fractions, namely, Dba -~ 3, Ibd - 3 and

Dbe - 3.

Fraction I' contained a comunlement of phenolic compounds similar
to fraction C. Before fraction D was chromatogrephed (Figure &) much
of the spot 5¢ substznce was removed by crystallisation as described
previously for fracticn Cb - 1. The crude crystals were added to
fraction Cba -~ 1 which, when complete, was dried in a desiccator over
silica gel and weighed (0.33 gm). After the crude crystalline product
had been purified by re-crystazliisation from agueocus ethanol three
times, & sample was washed in cold distilled water before being dis—

raction Cha - 1. The

=

solved in 70% ethancl and chromatographed as



chromatographic purity of this fraction in three solvents (Figure &)
was noted during the preparation from it of fraction Cba - &4 for

-

characterisation. 45 with

iy

raction Cb -~ 1, the mother liguor from

the ecrystellisation constituted the form in which fraction D was
chromatographed in 6%¥Hi to reveal a broad band which was yellow in
ultraviolet light with ammonia except for the red-brown leading edge.
This band was cut lengthwise into two strivs from which fractions

Da - 1 and Db - 1 were obtained. TFrom the former fraction chromato-
graphy in GWEA separated two bands, the lower R one being extracted
and combined with fractionm A - 2 while the other was extracted and
coembined with fraction Cbb - 2. Fracticen Db - 1 yielded a small
crystalline deposit (fraction Cba -~ 1) when it was treated as described
for fraction Cb -~ 1. Chromatography of the mother liguor in &7HA
vielded a broad band which was extracted as fraction Pb - 2. TFrom the
three bands of similar colour in ultraviolet light which were resolved
when fraction Db - 2 wag chromatographed in BAW, fractiocns Dba - 3,

Dob -~ 3 znd Dbe - 3 were recovered. Spot 6a was coniained in fraction
Dba - 3 while spoi 64 and a small amount of spot 5d were present in
fraction Bbe - 3. [Fraction bbb -~ 3 contsined 1ittle phenolic matsrizl.
Purification of fracticn Dba -~ 3 was accomplished by chromatography in
6%HA and in BAYW to yield fraction Dba -~ 6 for characterisation. While
fractions Dha - 7 to Dba - 6 always chromatographed as a compact band
in these seolvents it was noted that the band cbtained on chrowmatography
in BAW fluoresced a brighter yellow in the leazding than in the tailing
portion when viewed in the presence ¢f ammonia in ultraviolet light.

After chromatograghy of fraction Dbb - 3 in 6%HA, fraction Dbb - 4 was
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discarded due to the presence of insufficient material to warrant
further purification, but not before spots were chromatographed on No.
1 paper and indications obtained of the presence of a component with
the colour reactions of spet Ha and RF values which would plzce it
between spots 6a znd 6d in Figure 6. Contaminating amoumts of spot
5d were located &t the leading edge of the band wher fracticon Dbe - 3
was chromatographed in distilled water and were best detected in the
presence aof spot 6@ with the aluminium chloride reagent. "ith this
reagent spot 64 appeared yellow and spot 54 an intensely fluorescent
blue-green in ultraviolet light. In an attempt to separate the traces
of spot 54, fraction Dbc - L was chromatographed in BedJ but the amount
of tziling of spot 54 was sufficient toc prevent clear separétion

despite the development of the chromatozram {or nine hours. In =z

search for a more satisfactery solvent system for this purpose the
solvents in Table 12 were tested on a pilot scale using strips of Ho. 1
paper and a smzll chromatography tank. Authentic phloridzin and
quercitrin were cpotted on the test strips since at this stage the
probable identity of spot 54 and 64 as phloridzin and quercitrin res-
pectively was indicated by a comparison of the properties of the known
compounds with these of the fracticns representing the two spots. In
only the two alkaline solvents, isopropanol-ammonia-water and p-butanocl-
2N ammonia, were the RF values of phloridzin and quercitrin sufficiently
different and the spots compact enough for these compounds to be
separated. The RF values were elvays sufficientiy szimilar in the
gselection of both acidic and neutral solvents tested to produce z zeons

in which the twe compounds overlapped.
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Table 12

SOLVENHT SYaTEMS TESTED FOR SEPARATIGH OF PHLORIDZIN
ALED QUERCITRIN ON PAPEE CHEOMATOGRAMS

Components Proportions®
Ethyl acetztg-acetic acid-water 50:2:50
Ethyl acetate~acetic acid-water 3:3:1
Acetone-vwater 131
n-Butanol-water Saturated
BEthanol-acetic acid-water Lo:13:30
Ethanol-water 1:3
n-Butanol-ethancl-water hsi:2.2
n-Butanol~pyridine-water 1k:32:3
Isopropanol~ammcenia(s.g. 0.91)-water 20:1:2
n-Butanol~2K ammonia 11

* Yhere two layers formed, the upper organic

ane was used.

Thus fraction Dbe - 5 was chromatographed in the iscpropancl-

ammonia~water solvent with geod results. The main band at low RF

was extracted as fraction Dbe - % to leave behind a faint band of

=l

or Dbe - & in

(=D

spot 5d at higher R.. Hepeat chromatography of fract

¥
this solvent resulled in ne spot 5S¢ belng detected ahead of the
compact band extracted azs fraction Dbe - 7. Yhen fraction Dbe - 7

had been rebanded in 6%HA and in Ba#d it was extracted and character-

ised as fraction Dbe - G.

On chromatography in BAW fraction G was resolved into four con-

tiguous bands which were detected under ultraviolet iight and extracted
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as the four fractioms, I -1, Jd -1, XK = 1 and L ~ 1 (Figure 9). 1In
this chromatography of fraction G, some water soluble non-phenolic
substances which were present near the solvent front when the 5/17-1%
extract was chromatographed in 6%HA and which were recovered in the
fraction, appeared in the region RF 0.20-0.30 but the a2mounts were
not sufficient to obviously hinder the migration of the phenolic conm-

pounds te higher R_. Hewever, had the leaf tissue extract not been

LS|

fractionated initially by chromatography in 6%HA, some preliminary
separation of the water soluble sugars, etc. from the phenolic sub-
stances prior to chromatography in BA¥ to separate the above four
fractions would probably have been advantageous. Fracticn I - 1 was
extracted from the lowest RF band of nhenolics, which was Invisible

in ultraviolet light alone and which fluoresced light blue whern ammonia
was introduced. From the bhand, which was a light blue in nltraviolet
light znd a green-blue when ammonia vapour was present, fraction J - 1
was obtained, while fraction K -~ 1 was extracted from the next band
which exhibited the same colour reactions only more intensely. Cclour
reacticns of the hand at highest RF‘ from which fraction L - 1 was

obtained, were identical to those of the lowest RF band.

Two closely spaced bands were apparent when fraction I - 1 was
chromatcgraphed in BA¥, 1In ultraviolet light, the band which yielded
fraction Ia - 2 was a dull darx blue which turned a bright blue on
exposure to ammonia vapour, while the higher RF band, corresponding
to fraction Ib - 2, was & dnll light blue in uliraviclet light and a
bright green-blue when ammoniz vanour was present. Fraction Ia - 2

corresponded to gpot T1a and fraction Ib - 2 to spots Th and Zb. ihen
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fraction Jd - 1 was similarly chromatographed, the same two bands were
again detected and on extraction the lower RF orie was added to fracticn
Iz ~ 2 and the cther to fraciticon Ib - 2. Fraction Iz - 3, extracted
from the broad band which resulted from the -chromatography of Iractioz

Ia « 2 in BelA¥W, wms chromatographed in BAW and the caompact band extractied

'u)

as fraction Ia ~ 4. This fraciion chromatographed in 6%HA as a broad
band at high ®, which wes extracted and chromatographed in BAY as
fraction Ia - 5 to produce the expected band and fraction Ia - 6 Tor

characterisation. ‘hen both fractions Ia ~ 3 and La ~ 5 were chromato-

gravhed in BAW, in addition to the main band 2% lower R., a faint band,

ben |

with the colour reactions of the main band, was chserved at higher RF
in the location of fraction L ~ %. Particulariy in the case of fraction

S this was not thought to be a further separation of higher R

compounds in view of not only the sarlier chromatography in which they
should have been separated but alsc the absence of traces of zll inter-
mediate bands. TFraction Ib - 2, after furiher chromatography, was

discarded as fraction Ib - 4 on account of its low phenolic coatert.

i

When fraction ¥ -~ 1 was chromatographed in BiY, ftwo main bands

which owverlapped slighitly wers noted. The lower QF band which waz dull
blue in ultraviolet light =und green-blue in the presence of ammonia was
recovered as fraction K - 2 while from the other band, which was bright
blue in ultraviclet light in the presence of ammonia, & minor portiocn
of fraction L - 2 was obtained. Fraction K ~ 2 represented spot lc and
any of sgpot 3¢ which was present. A broad band was obtain ned, togsther

vith a faiat band at lower Ry, when fraction K - 2 was chromatographed

in Be4d. The chromatogram was developed for nine hours, dried and
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inspected before being developed for a further seven hours to improve

the ssparation of the lewer PF band. Fraction § « 3 from this major

the main band recovered as fracticn

Q.l

band was chromatographed in BAW
K -~ 4 while %the minor contipguous band at higher RF was discarded.
Chromatography arain in Bekw separated the main band of fraction K - &4

from & wealk lowver RF bard which corrssponded in its faint LHlue colour

|-l

reaction in uwitraviolet light with ammonia to the minor contiguous band

of the previous separstion in BA¥. This mein band, as fraction K - 5,
was chronatographed in BAY to reveal only a compact band recovered for

characterisation zs fraciion K -~ 6.

Fraction L - 1 chromategraphed in BAYW as a broad band which

Tluoresced blue ia ultraviolet light in the presence of anmmonia and

which fraction L - 2, chromategraphed similarly in BeliW. However
¥ k] 63 L J‘ 4

o]
mn

when a lighter loading was used, fractiopn L - 3 which corresponded o
spots 14 and 24, was resolved by chromatography in DAY into {wo adjoin-
ing vands, the mair one at lewer RF being retained as fraction Lz - &
and the other as fraction Lb - &, Following chromatography in BeAd
for 13 hours fractioa La - & appeared 2s & broad band which was desig-
nated as fraction La - 5 except for the weak leading portion discarded

because of posslible contamination with components of fractiion = 5o

fraction La « 5, traces of a substances cof higher RF’ corresponding to
fraction Lb ~ 35, were removed, Purification of fraction Lb -~ &4 by

chromatography revealed iraces of lower E_ substance corresponding to

fraction La = 5 after the first but not the second development in Bak.

It was not until the conmgpletion of the separations in Figure G



that the value cf the BEY solveat Tfor %The resolution of the substances
in the fractions was appreciated. This solvent gave good separation
of certain of these fractionse as compact spote or bands., The solvent
would have been a most efficient addition to the BelW and BAY solvents

used in the nreparative procedures af [

then samples of fractions Ia - 6, X -« 6, La - 8 and 1b ~ G were
chromatographed in 6%HA on No. 1 paper, two distinct spots of ideantical
colour reaction were observed at high HF for fraction Lb ~ 6 while only
one elongate spot #as noted with each of the cther fractions. Since
fraction Lb - 6 exhibited the prcpertiss characteristic of a certain
type of hydfoxycinnamic acid conjugate, the occurrence of two spots on
chromatography in 6i%HA was considered to be the result of isomerisation

(68} rather than of the vresence of different substances.

The purification of fraction F as fraction ¥ -~ 5, corresponding
to spot 4b, is outlined in Figure 10. Afier the chromztography of
fraction F in 6%HA, the band located with diazotised p-nitroaniline
was designated as fraction ¥ - 1 while the band, visible at higher RF

in ultraviolet light, was combined with fraction G. Fraction F - 1

[aF

was purified as shown in the Figure to remecve traces of substances

which fluoresced in ulirasviclet light.

Fraction Z, on chromzitography im 25%HA (Figure 10), was resolved
into three bands. Two of these were light blue in ultraviolet light in
the presence of ammonia whilie the third, which occupied wmost of the
space heiwveen these blue baunds, was detected with diazotised p-nitro-
aniline. The lower RF blue bhand was recovered as fraction Za -~ 1 and

the higher . one as fracticn ¢ ~ 1. while the middle band was extracted
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asz fraction Zb -~ 1.

Chromuatography of fraction Za -~ 1 in B2AY rewmoved ftraces of the
lower RF substance of fraction Zb - 1 from the broad main band which
was then resolved by chrometography in 6%HA into two similar compacst
bands identified as fractions Za - 3a (spot 11e) and Za - 3b (spot JeJ).
Identical chromatographic procedures were applied to fraction Ze - 1
to obtein bands in the game positions and of the same avpearance as
thoge from fraction Za - 1. Thus fractions 4¢ - %a and 4c - 3b,
apparently identical to Za - %a& and 2a ~ 3b respectively. vere finally
ocbtained. From these results it became apparent that the substance in
spots %e and 11e was interconvertible betwesn spots when chromatopraphed
in aqueous acetic acid and that in a non-aguecus solvent the four Za -
and Z¢ - fractions would chromatograrh as cne. Fraction Zb - 1 was
freed from traces of other substances by chromatography in Beil and the

compact band detected with diazctised p-nitroariline was recavered as

fraction Zb - 2 which was finally purified by chromztcography in 65EA.

in assessment of the relaiive abundance of the phenolic compounds

in certain fractions which were isolated Trom the leaf tissue extract

3

able 13, Because of

L}

by the procedures degcribed above is recorded in
the losses invelved in these fractionations the weights of compounds
in the fractions would bear nc fixed relationship to tke amounts nresent

in the extract znd were therefore not determined.

L.85 Characterisation of Fractions Isolated from kxtract $/17-1b

The 17 fractions underlined in Figures 7-10 were those on which



Table 1%

RELATIVE AMOUNTS OF PHENOLIC COMPOUHLDS IN

PRACTIONS FROM EXTRACT 5/17-1b

Relative content of

Source Spot

Fraction phenclic substances (Figure &)
Cha - 1 bulk of total oa
Dhe - 9 X ¥ X X ¥ X a4
fa - 8 XX X X MK 3¢
Ae « 7 X% XX ge
Dbha - 6 X X X 6a
ih - 6 X x 8c
Ig - %X 1la
La ~ & X% 1d

b -~ 6 X 1d and 2d
Za - 2 % e
Zh - 2 b 10e
Ao - 2 b o Qe
X -6 x 1e
F -5 trace Lo
Ba - 7 trace 7b

See Figures 7-10 for details of the
]

fractions.

derivation of




3

characierisation studies were undertaken. The resulis of the first
step in characterisation, an investigation of the chromzatograpkic
properties of the fractions and of the reference compounds, are pre-
‘fable 4. Besides the RF values recorded, evidence wWas

obtained of the chromatographic purity of each fraction in the solvents

=

N

4]
e
e

entes

@

-

used. The selection of the six solwenis used was complicated by ithe

cf properties of the comuou:dg to be chromatographed. Hoth

wide rang

T

acidic and neuiral sysiems of various polarities were chosen in order

i

thzt the R, velve of each fraction would differ comslderably between
A
sertain solvents and that concurrently the chromatographic purity of

the fraciion would be effectively investigated. Mest fractious end

]

reference compounds chrosatographed as spots of satisfactory dimension

e

except iz the kA% where wany conmpounds streaked badly. ‘ihere this

cccurred the R, values are not presented {Table 14). The fractioans

L]

identified as flavonol glycosides chromatographed as much elongated

.

spots in BeiW while fractioas Ia - &, & - 5, La ~ 8 znd Lb - & chromato-

b

graphed as very compact spets in B

Colour reactions of fracticas znd reference compounds on the

developed chromatograms were determined with the results recorded in

Sanpies cf the six frections which contained flavonoid gliycosides
were acid hydrolysed and the chromatographic properties (Table 16) and

o a

cternined

2

Ele 17) of the zpglycones obiained wera

‘,I's)

zsolour reacticns (7
along with those of selected reference compounds. Streaking of the
flavonoid aglycones occurred in the REY while satisfactory spot dimen-

sions were obiained in the cther systems. Results of the chromatographic
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e sugarz from these acid hydrolyszed samples are

Hy
5

entificetion of ti

Hs
2

>

presented in Table 18.
The chromztozraphic and colour reaction data obtained on the

rhenclic moleties released by 2lkali hydrolysis of samples of four

ractions and on selected reference compounds are presented in Tables

4

19 and 20.

In Table 21 the dzta derived from ths ulitraviclet avsorpiion

.

spectra of fractions and reference comgounds are summarised. In

4

addition, the data for the aglycone released on acid hydrolysis of
fraction da - & are presented together with the data for guerceiin.
The phenclic compounds obtained on the acid or alkali hydrelysis of
the other fractions were not examined spectrophetometriczlliy. Many of
the aksorption spectra which were recorded are reproduced in ¥

11-31. The spectra were determined in 35% ethuanol which was 2 satis-

o

factory solvent fer zll reference compounds and fractions, except

X!

fraction ia - 6, and =21lsao for the reagents at the concentrations re-

b

guired. Spectra of fraction Ia - & were determined in 70% ethanel which
was used, in place of the inefifeciive 95 ethanel, to elute the sample

trip.

i

of thig fraction from the chrematographic

b

The results precented in Tables 14-21 permitted the phenolic
compounds in certain fractions to be identified. Thus phleridzin
{phloretin-Z2*-pluceside) was identified from fraction Cha - 4 on the
basis of a comparison of RF values, colour reactions {(Tables 14 and 15}
and spectral propertiecs (Table 21, Figures 11, 12) of the fracticn and

of authentic phloridwin. Confirmation of this identification was



Table 1h

PAPER CHHOMATOGRATHIC PHROPENFIES OF FRACTIONS OHT.LINED FeON EXT.A0T .0 7-1t
B . wvalyesn in solvent syotems®?

Fractions and T
ref. compds. BAK GliA WEHA SEN e At
A2 - 8 a.65 0.2h 066 .65 2,22

Ab - £ Q.72 0.20 0,65 Q.62 0.21
re - 7 0.80 0.23 9.66 09.79 0.23
Dba - & 0.56 0. h0 0.76 D.52 C.3h
Rutin 0.52 0.39 0.75 D44 0.20
Dbe - 9 o.%0 0.36 0.7 0-7% 0.28
quercitrin o.80 0,35 0,74 [ 0.28
Cba - & 2.80 0.46 0.79 0.81 0.35
Phloridzin .79 a.46 0.79 0.8 0.3

K -5 0.68 0.78 0.87 oG4 0.4h 0.18
Chleropenic

acid .64 0.64-0.78 0.80 0.20 0.25 0.00
La - 8 0,74 0,83 0.86 0.7 Q.34 0.21
b - 6 0.73 0.71-0.83 0.87 0.32 0.4h2 G.00
Ia - & 0.51 0.92 0.88 o.11 0.20 0.00
Za - 3= 0.92 0.05-0.16 0.58-0.78 0.92 0.62
Za - 3b 0.93 0.0h0.15 0.58-0.77 0.92 0.62
Ze - 3a 0,93 0.04=0.14 0.56-0,77 0.92 .61

Zc - 3b .93 0.04-0.14 0.56-0.77 0.92 0.61
FAIE 0.93 0.12 0.60 0.94 0.48
Phloretin 0.93 0.13 a.61 o.9% 0.49

F -5 0.61 0.65 0.08
d-Catechin 0.68 .75 0.07
1-Epicatechin 0.5% 0.66 0.05

|

not directly comparable with them,

+

Far details of gelvent systems Sce Table S,

o

The Rp values of F = 5, d-catechin und l-epicatechin were determined at a
differcat time from the rest of the H#p wvaluesn in the Table and are therefore
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COLOUR REACTIONS OF FAPEH CHROMATUGHAMG OF FRACTIONS
GETAINED FROM EXTraCT 5/17-1b

Colour reactions under piven treatments®
Fractions and S Ha2303 10 51015
vel. compds. uy uy + [‘{HB light v Yight uy dp-na dna
an - 8 P ¥ 1 T bY ¥ 1H3r f-T
Ab - & P Y 1 T bY¥ ¥ 13r Y-T
A - 7 F T ¥ T BY H 18r T-T
Dba - B P ¥ T T by T 13r T-T
Rutin P ¥-T Y T 14 Y 15 ¥-T
Dbec - 9 r Y-T ¥ T bY T 16r ¥-T
Quercitrin P T b4 T bY Y 18r 1-T
Cba - & Sr R-Br H Br i B-G 0-Br 0-Br
Prloridzin Br R-Br N Br I B-G 0-Br 0-Br
E -6 Gr-E bB-G N G-B u 1% - -
Chlorogenic
acid Gr-B& uE-G 5] Gr-G N 3= - -
La ~ § i bB B B K kil - R-i
b - 6 I B f B I H - R-P4
Ia - 6 i 4] bl bB H " - R-Fi
Zn - 3a il 1E H B H fGr-B 1Br 1Er
Za - 3b H 1B H B \] fGr-B iBr 1Br
Ze - 3a ) iB N B 1) fGr-B iBr 1Br
Ze - 3Ib i) 1B N B ) fGr-B 1Br 1Br
v - 3 H H H B N N O-EBr Br
Phloretin W i) i H H | 0-Br Br
F-5 - - - - - - O-Br )
d-Catechin - - - - - - O-Br Y
1-Epicatechin - - - - - - 0-Br b4

Codes for the colours are: blue {(B), preen {G), white (&}, grey (Gr), brown (Br),
purple (P}, red (R}, yellow (¥), tan (T), orange (O}, pink (Fi}), colouwrless (i),
not determined {-), light {1), bright (b} and faint ().

Abbreviations for the treatments are: ultraviolet light, uv; ultraviolet light
in presence of ammenia vapower, uv+ HHg; natural daylight, light; diazotised
p-nitreaniline, dp-na; diazotised su?phanilic acid, dsa.

See Table 0 for detnils of chromopenic sprays,




Fractions and 5’31; values in solvent oystems®

ref. ¢compds. BAd 6504 Hoaka LI Aeiia
An - B 0.75 .02 a.21 075 3,85
Ay - & ©.74 0.02 0.19 0. 3h
hg - 7 2.75 0.02 0.20 0.2h
Dba - 5 0.88 0.03 0.2% a.%1 025,062
Dbe ~ 9 a.74 o.02 0.19 .23
ljuercetin 0.7% 0.02 .20 0.73 G.2h
Kaempferol G.91 0,03 2,31 0.89 .55
Cbha - 4 .9k .15 .61 O.94% 0.40
Phleretin 0.93 0.13 a.61 a.9k Q.50

* For detnils of solvent systems sce Table 5.

Table 17

CQLOUR REACTIONS OW PAFER CHROHMATQGRAMS OF THL AGLYCONES OQBTAINED

FROM THEZ ACID HYDROLYSIS OF FRAGCTIONHS

Colour reactions under given treatments®

Fractions and 5 Naacos T4 nlCl3

ref. compds. uv uv 4+ NH3 light uwr Light uy dp-na dsa
ha - 8 T ¥ Y ¥ ¥-a BY-3 Br -
Av - & ¥ ] ¥ L T-5 bY-5 Br -
Ao - 7 ¥ T H ¥ -4 BY-3 ar T
Dba - & 1 Y Y ¥ Y3 bY-G Br ¥-T
Dbe - 9 ¥ ¥ ¥ 1 ¥z bY-G 3r T-T
Quereetin ¥ ¥ ¥ ¥ ¥-G bY -3 Br {-T
Kaeswpferal 1Y ¥-3 ¥ ¥ ¥-3 bY -3 Br ¥-T
Cba - & n k] % n % b —Hr Br
Phloretin X b i i B il G-Ar Br
e Table 5 for detalls of codes Tor colour reactions and treatments.




FAPER CHROMATOGRAFHIC FROPERTIES CF THE SUGAKS OBTATHED FHOM
HYDROLYSIS OF FRACTIOHS

Tabkle 17

THE ACID

RF values in solvent systems* Colour with
Fractions and p-anisidine
ref. compds. Eabw Eand IpBa Ipd kydrochloride
A - 8 0.32 0.24 0. %4 0. 44 Tellow
Cba - 4 0.32 0.24 0.35 0.by Tallow
D-glucase 0.%2 0.2h 0.35 0.4 Tellow
Degalactose 0.2a9 0,25 0.33 G.h2 fellow
D-glucose and
D-gnlactose 0.3%2 0.26 0.35% Ok Tellow
oo - & 0.32,0.53 0.25,0.43 0.34,0.52 O 4h 0050 iellow, tan
Dbe -~ % 0.54 0.h3 0.52 0.53 Tan
L-rhamnosge 0.55 0.43 0.53 [ o] Tarn
Ab - A 043 0.33 .45 .52 Fink
D-xylose O.4s .33 G.h%S .57 Fink
ig - 7 .27 0.30 .39 oo Yink
L-arabinese 0.38 Q.30 Dk 5.7 Fink

3ee Table 9 for code and details of solvent systeas.




Taple 1%

PAFER CHEOMATOORAMEIC PHOPERTIZS OF FHENQLIC MOIBTRZD QLT TWED
FROM ALBALI EYDHOLYSIS OF FRACTIONS
M as

.. ) Yo values in selwvent cyobems”
Fractions and ¥ -

ref. conpds. Be At Bad Geilia

E -6 .78 .0 GUBD 06
Sinapic acid 0.77 S.RA GLAG, 0060
Caffeic acid 0.3? 0,80 DL A5,0.64
Le - & e L] aGe b7, 0073
e - 6 0.43 L0 OUH7,0.73
Ia - & O.6h .91 045 0,78
p-~Coumaric acid 0.65 .91 OLL4E .73

* For details of solvent systems see Table &,

COLOUR RZACTIONS ON PAFER CHRQMATDGRAMS OF PHENQLIC MOIETIES OETAINED
Or FRACTIONS

FROM ALKEALI

Table 20

HYDROLYSIS

Colour reactions under given treatments®

Fractions and
Hoepfner

ref. compds. uv uv + Hﬁs doa dp-na reagent
K -6 1% il i-Br Fi-Br
Sinapic agad e Bad =i i 15r
Caffeic ncid 1= i-ir 12e I-Fr
Lo - & i ] i ar =T

iy -6 i i # Lr ¥t

in - F i ¥-r
velounarie aeid o e =t

|

" s Tatile 1R far Aotailr o7 cados Tas catair reqetion: nnd Leealmento.




SJFRCTHAL PROPERTIZS QF

Table 21

FHalTL

(€

Yavglenpth of absoration maxima in 95 ctlanol (mu)*
fractions and .64 AlGl, a0k Satd. with |
raf. compds. Alone added 7 added Halac
sa - & 257,{270]1,361 268, {368}, 400 281, hDs 272, 5™ AN, 33
ab - 6 257,(270) 559 270, (365),401 278, 408 275, 391 265, 80
g - 7 257,(270),3%7 271,{361) 400 275, 41 27h, 3% 254, 382
Dba - & 256,(268),759 269,{365) 400 281, 410 270, hop 267, 305
Rutin 258, (269),361 271,(368) 400 278, 4 271, hoz 205, 336
Dbe - 9 258,(2658),351 270,{355),398 275, kD6 270, I72 262, 392
Juercitrin 299,(26%),352 271,{355), 398 274, W06 27%, 373 23k, 374
Coa - b 285 286 (2h3},327 26 2585, (329)
Phloridzin 284 286 (243),326 %25 285, (3230
K-56 329 3e7 3% i3 331
Chlorogenic
acid 327 331 377 530 351
La =« 8 17 318 375 319 318
1 - & 314 b 367 31k 3k
Ia - 6% 313 315 364 313 313
Z¢ - 3o 291,(315) 309 331, 376 (295,325 {293),320
b - 3 agy 240, 322 289
Phloretin 287 240, 3m2 259
F-5 235 286 (a3}, 326 287, 323 an6, 321
a - 7 286 289 decomp. (290}, 326 288, (325)
Aplycane
Aa - B 255,{270),573 267,(358), 428 decomy. decomp. 261, 02
wtercetin 256,(270), 373 265, (360} ,459 decomp. decomp. 2, 3

Gee Shapter 3

deeetra of fractian Ia o= 9 wops dotermined in 78w ethanol .

Tor detalls of the determinution of spectra and

Tee wavelenpgiin of secondary peaxs and choulders are siven in brackets.

the une of reagents.
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Figure 15: Absorption Spectra of Fraction Aa - &
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Figure 2%: Absorption Spectra ef Fractior La - 3
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abtained when the products cof zcid hydrolysis of the fraction were

identified chromatographically as phloretin {Tables 16 and 17) and

glucose (Tavle 18) by comparison with authentic specimens.
Chrcematographic and colour reaction data for the aglycones

(Tables 16 and 17) and the sugars (Table 15) from the acid hydrolysates

A o~ 5, Ac =~ 7 and Dbe - © indicated that these

of fractions ia - 8,
fractions contained auercetin glycosides. The identification of the
aglycones from these fraciions as guercetin was further supported by

the results (Table 21, Ficures 1% and 14) of the comparison of the
spectral properties of guercetin with those of the aglycone froem fraction
Az - 8 which was indistinguishable (Tables 16 and 17) from the aglycones
of the other three fractions. Colour reactions for the fractioms {Table
15) were characteristic of guercetin-3-zlycosides (39) and were given
under identical conditions by the standards, rutin (quercetin-3-rhamno-
gluceside) and guercitrin {(quercetin-3-~rhamnoside). The spectral
properties of the fracticns (Teble 21, Figures 15=~18 and 21) are also
coensistent with the presence of quercetin-3~glycosides. 1In the neutral
spectra the location of Band 1 =znd II is consistent with the presence

of flavoncel glycosides and the inflection on the Band 1% peak with the
rresence of a 37 ,4'-dikydroxyl grouping (37). The bathochromic shifts

of Band I, in the presence of beric acid and sodium acetate, are within
thke 15-20 mp range expected when an o-dihydroxyl group is present (377.
Since instability of & flavorel in alkali normally indicates the

presence of a free 3,4'-dihydroxyl grousing, the stability of the

spectra in sodium biydroxide solutien indicated the protection of one

of these groups (37), thus supporting glycosylation at the 3-position.
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The bathochromic shifts of Bands I and II with the socdium hydrexide
reagent are the result of the ionisation of the phenelic hydroxyl
groups, Lvidence for the prcsence of a free 7-hydroxyl greup in each
fraction 1s provided by the bathochromic shift of Band I in the presence
of scdium acetate veing within the £-20 mp renge. Only when « free 5~
or 3-hydroxyl group is present do flavoneols form aluminium complexes,
which produce bathochromic shifts of Bands I and II and two distinct
peaks or inflections for each band. The shift of Band I to Band Ia

of the complex is about 60 mp when a free 3-hydroxyl group is present
and significantly less when only a S5-hydroxyl group is free (37); thus
the presence of 2 free S5-hydroxyl group is indicated in the fractions.
Overall therefore, the spectral dzta are consistent with the presence
of flavonols with free hydroxyl rroups at the 5,7,3' and 4'-positions,

i.e., with the presence of guercetin-3-glycosides in the fractions.

The chromutcpgraphic identification of sugars obtained from the
fractions after acid hydrolysis {Table 18) showed that both glucose
and galactose were obtained from fraction 4a -~ &. These supgars were
best resolved from the mixture by chromatography in EaPi to jroduce a
dumb~bell shaped spot from which it was agparent that the twe sugars
were present in the mixture in about equal amounts. The identification
of fraction sa - 8 as & mixturc of quercetin-3-glucoside and guercetin-
S-gzrlactoside rather than as a 3-biloside of glucose znd galactose, is
supported by the relative Ry values of fraction aa - 8 and of rutin in
several solvents {(Table 14). For example, the RF value of the fraction
is higher in BAY and lower in 6¥Hi than the RF of rutin, which is the

expected relationships in these solvents for the mono~ and diglycesides
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of an aglycone (30,31). 3Since 3iegelmen (35) has reported a partial
separation only of a mixture of the 3-~zlucoside and 3-galactoside of
quercetin after the band had been developed repeatedly with a m-cresol-
acetic acid solvent, z@nd no evidence of any-separation after a single
develoament in several chromatograsnhic solvents, it is to be expected
that fraction #a ~ 8 would appear chromatographically homogeneous in

the solvents used in this study.

Practions Ab - 6 and Ac ~ 7, which yielded on acid hydrolysis
the monosaccharides d-xylose and L~arabinose respectively, exhibited
the chromatographic behaviour comsistent with their identification
as the 3-moncsides of guercetin. L-Rhamnose was the only sugar Irom
the hydrolysate of fraction Bbe - 95 the identification of which as
gquercetin-3-rhamnoside was supported by direct comparisons throughout

with the authentic compound.

fraction Dba ~ 6 was a mixture which, on acid hydrelysis,
vielded two aglycones, one of which was indistinguishable from guercetin
in Beal {(Table 16). 1In Ba¥, 40%HA @nd BEY the aglycone mixture chromato-
graphed as 2 single spot which was however always more elongate than
the quercetin reference spot. Both zlucose and rhamnose were identified
as sugars from the acid hydrolysate of the fraction. #hile the fraction
resembled rutin with respect to its colour reactions, it differed from
rutin in chromatographic (Table 14) and spectral properties (Figures 19
and 20). Though the fraction could not be reseclved into two bands in
any of the chrosatographic systems used, an inspection of the band
following preparative chromatography in Ba'W indicated a leading zone

of a brighter yellow colour than the rest of the band when viewed in



the gregence of ammonias in ultravielet light. This coleour difference
could indicate =2 partial resoluticon of the components of the fraction.
The presence of rutin as & component of the fraction is supported by
various data. For example, on chromatography the componenis of the
fraction zlways overlapped with ruiin. Further, there was 2 similar
cverlapping of the aglycones with quercetin except in Beid:. which
separated them to revezl that one was indistinguishable froam guercetin.
The spectiral properties of the fraction (Wable 21, Figure 19) are
censistent with the presence of a gquercetin-3~glycoside in the mixture.
Finally, the identification of plucose and rhamnose as the sugars
released on acid hydrolysis of the fractionm would be ¢onsistent with
the presence of rutin in the mixture. The other aglycone; which was
nresent aleng with guercetin in the scid hydrolysate, could not be

identified on account of the insufficient guantity available. However

the chromuatographic properties of the aglycone mixture indicabed it
vas not kaempferol (Table 16). The colour reactions of this second
aglycone and of the fractionm Dba - 6 were compatible with the presence

of a2 mixture of two flavonol-3-glycosides in the fraction.

A similarity in the colour reactioms (Table 15) of the alkali
labile fractions Ia - &, La - & and Lb ~ 6, indicated the presence of
& common phenclic wmoliety which was supported by other data. The

chronatographic properties and colour reactions of the phenolic moieily

from each of these fractions were those of p-coumaric acid (Tables 19
and 20}, Identification of this acid by mass spectrometry, in a

znple of the phenolic moiety of fraction Ia - 6 (70) supported this

ur

identification. These fractions possess the properiies of esters of

o
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p-coumaric acid. DBesides their alkali lability, their blue fluocrescence
in nitraviolet lipght only in the presence of ammonia is a property of
the p-coumaric acid esters (26). In addition the very similar spectral
properties of the fractions (Table 21, Figures 22-24k) are those
characteristic of the esters of p-coumaric acid (26). One free phenoclic
ydroxyl group at least is indicated by the bathochromic shifts in
alkeli while the absence of appreciable bathochromic shifts in borie
acid in the vpresence of sodium acetate supports the absence of an
o-dinydroxyl grouping (42)}. The occurrence ¢f twe spots of ideatical
colour reaction when fraction Lb - £ was chromatographed in 62Hs and
only ons spot when chromatosraphed in the other solvents (Table 14) is
typical of an ester of p-coumaric acid and is the result of cis -
isomerisation (17,45). Only elongate spots were obtained when the
other two fractions were chromatographed in 64Hi. Indications were
obtained during the analytical chromatography that some of the compound
of fractiomn Ia - 6 was being altered under the conditions of storage

cr chromatcgraphy. Thus in additior to the main spot, & faint spot
with the chromatographice propertiss and colour reactiohs in ultraviolet
lizht of fraction Lb ~ & was nated when fraction Ia ~ & was chromato-
arsohed in Biw and in BEY. In the final step in the purification of
fraction Ia « 5 (Figure 3), chromatography in BiW also reveszled a

similar trace comgponeni which was thewn noit considered to indicate an

el

incomplete earlier separation since no trace of an intermediate band,
correspending to fraction La -~ 6, was detected.
The absence of an appreciable bathochromic shiff in the absorption

maxirmum in the presence of boric acid and sodium acetate indicated that
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the compound present in fraction K ~ 6 did not contain the phenolic
o-dihydroxyl grouping of chlorogenic acid {(42). Yet the bathochromic
ghift with alkali indicated that at least ons free phenelic hydroxyl
was present in the phenolic compound of the fraction (Figures 25 and
26). The spectra in alkali of fractions K - 6, Ia ~ 6, La - 8 and

ILb - 6 and of chlorogenic acid were recorded immediately as the absorb-
ance at the absorption maximum was decreasing slowly with time. In

the case of chlorogenic acid this decrease was more rapid than with
fraction K ~ 6. On treatment of chromatograms with the Hoepfner
reagent chlorogenic acid was orange-yellow while the component of the
fraction was vpink. The chromatographic properties (Table 19) and
colour reactions (Table 20) of the phenolic moiety from the alkali
hydrolysis of the fraction were distinct from those of p-coumaric and
caffeic acids and slightly different from those of sinapic acid. The
presence of two components on chromategraphy of the phenolic meiety in
65Hs was typical of a hydroxycinnamic acid {(17). The identification

of ferulic acid in the mass spectrum of a sample of the phenolic moiety

{70} was consistent with these results.

The identity of fraction Zb - 3 with phloretin was indicated hy
a comparison of chromatographic behaviour (Table 14}, colour reactions

{(Table 15) and spectral properties (Tzble 21, Figures 27 and 28).

Iﬁ the properties examined, fractions Za - %a, &Za - 3h, Zc - 3a
and 4ic¢c - 3b were identical. The compound in these fractions exhibited
the =ame chromatographic behaviour as the c¢is - trans isomers of the
hydroxycinnamic acids (17). The spectra for fraction Zc - 3a are

presented in Figure 29. Overall the data did not peruit positive
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identification.
Likewise, data obtained on fractions I' -« 5 and Ba - 7 4id not

permit ideniifications te be made. However, if these fractions con-

tained flavoneid conmpounds, their spectra would indicate (Figures 3C

F

and 31) an absence of A and B ring conjugetion in the melecule (37}

which would 1 consistent with the exhibition of colour reactions

w0

typical of flavans.

In sunmary therefore the followling compounds were identified in

the fractions isolated. Fraction Cba - 4 {phloridzin), fraction Aa -~ 8

{guercetin~3-glucoside and quercetin-3-galactoside), fraction Ab ~ 5

(quercetin-3-xyloside), fraction &b - 7 {guercetin-3-zrabinoside),
fraction Dbc - § (quercetin-3-rhamnoside), fractions Iz -~ 6, La - 8
and Lb - 6 {alkali labile conjugates of p-coumaric acid), fraction

K - 6 (alkali labile conjugate of ferulic acid) and fraction Dbec - 6

(rutin tentatively iderntified im the mixture).

In addition to the characterisation of the phenolice compeounds in
the fractions isolated from extract £/17-1b, the nature of the orange-
yellow colouring matter in extract §/17-4c (Figure 5) was also invest-
igated. This colouring matter was of low solubility in 70% ethanol
and of higher sclubility in 95% ethanol and therefore in the 5/17
extraction pfocedure it remained to colour the residues of the leaf
tissue in contrsst to the $/16 extraction procedure in which it was
extracted to leave light-coloured residues (section 4.1). aliguots of
extract 3/17-4¢c chromatographed in both BAY and Bea¥ as orange spots
RF 1.00 in keeping with the solubility of the coloureé substance in

n-hexane. The spectrus of a2 sample of the extract was recorded in
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n-hexane with a result (Figure 32) typical of a carotencid extract
(71). Tke carotenoid nature of this colouring matter would be con-
sistent with its observed solubility properties and would account for
the difference in the colour of the residues in the §/16 and §/17

extraction procedures.

y

L.6 Incorporation of ' C intec Phenolic Compounds in Leafl Tissue

The leaf tissue used for this feeding - young {1-2 vecks old)
Sturmer Pippin leaves which in early February were present only at the
shoot tips of young trees - was selected because earlier results
{section 4.2} indicated that the relative levels of some phenolics were
changing in this type of tissue. The radicactivity recovered in a 70k
ethanolic extract (2.4 ml} of the phenolic compounds of the leafl tissue
(1.2 gm wet weizght), which was prepared immediately after the feeding
period, is recorded in Table 22. Aliquots of this extract were
chromatographed in two-dimensions in the standard solvents and the
radioamutograns developed after 125 days' expesure to the chromatograms
showed thot phloridzin (spot 5S¢, Figure 6) was the only phenolic com~
pound which was sufficiently radicactive to be detected. There were
several other substances of more intense acgtivity noted in the region
where soluble sugars would be expected. TFour fractions containing the
main phenolic compounds of the leaf tissue {phloridzin and guercetin
glycosides) were prepared, by chromatographing 2 0.85 ml portion of
the extract im 6#ii, eluted and counted (Table 22). Fraction %, which
contained much of the phloridein, was the most active as anticipated

from the results of the radicazutography. iuch of the activity in



Table 2

B

IHCORPCHATION OF 140 AGTIVITY THTO PHENOLIL COMPOUNDS

e

v g R fr A TTA s e T oty %! o
TN LBAF TISSUF ADMINISTERED (D -~ ‘*C)mGLHLOam

% of Teotal Activity
Ttem Hadioactivity
{epm)™ Administered Chromatographed

Incorporation intc extract

Total activity administered £.118 X 102 100

detivity taken up 4,070 ¥ 10 99

Residual ocetivity in tubes ks,800 ' 1

Activity in 70% sthanol extract 679,400 16.5

dctivity in n-hexane phase hi 500 C 1

Activilty tsken up not recovered 3. 509 X 10 81
Incorporation into fractions of sxtract

dctivity (0.05 nl extract) chromatographed 241,000 100
dctivity not din main phenolics 220,930 91.7
Activity in fractions 1-4 (mzain phenolics) 20,070 0.5 8.3
fictivity in fraction 1 1,480 .5
detivity in fraction 2 750 0.5
Activity in fraction 3 4,760 2.0
fctivity in fraction 4 15,030 0.3 5.4

* Counting efficiency 37.5%.




3 would also be due to phleridzin. The relatively low

fraction 2

activity in fractions 1 and 2 was also in keeping with the result of

the radioautography. about 8% of the activity of the extract and

about Q.5#4 of the activity administered to the leaf tissue was found

to be present in these four fracticns.
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apter 5

5.1 Investigation of Extraction Procedure

Investigation of the pgxtraction procedure for the removal of
phenolics from apple leaf tissue showed that cguantitative sxiraction
ywas more efficient with 70% ethanol than with 9%% ethancl. This is
to be expected (26,30,31) since the shenolic compounds occur in the
labile forms (section 4.5).

leaf tisswe mainly in glycosidic amd alkali

t is now apparent that these 2lkali labile forms were the most

it

with 99 ethancl and were responsible for the

s

difficult to exirac
higher HF blue fluorescence in wltraviolet¢ light when, in the invest-
igation of the extractien procedure, extracts were chromztographed in
6%HA to ascertain their phenolic content. Fraction Ia - 6, correspond-
ing to spot 1a (Figure 6}, nc doubt contained the compound most
difficult to extract in 95% ethanol and possibly also in 70% ethanol.
The ineffective elution ﬁf this fraction from the chromatography paper
with 95% ethanol was compatible with the behaviour of the compound not
cnly in the extraction procedure but also on chromatography in BAY

and in GwHA. “hile soclvents more aguecus than 704 ethanol may have
facilitated the extraction of this cempound, the use of such solvents

would grobably hneve been precluded by the need to compromiszse when &

number of phenolic compounds, possessing the range of solubility
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properties of those present in apple leaf tissue, had to be extracted

together.

5.2 ©Tffect of the Nature of the Leaf on Level of Phenolics

The changes noted in the levels of certain phenolics in secondary
spur leaf tissue during the peried from leaf emerpgence to full expansion
were most striking and consistent. The constancy of the changes during
these stages of leaf development was indicated by the occurrence of
similar changes in leaf tissue obtained from actively growing shoot
tips. Thus the pattern of change remained unaltered despite Tirstly
the difference in the nature of the shoot systems which carried the
secondary spur and the shoot tip leaves and seceondly the secondary spur
leaves having grown in a spring environment and the leaves from the
shoot tips in & sumzer environment. The secondary spur leaves are
carried as a rosette on a very short shoot, the terminal meristem of
which ceases to »roduce further emerging leaves from early hNovember,
when a resting bud w%ith scale leaves is {formed iterminally. However,
on the normal shoots, the growth of which has stooped by early February
except on young trees, the leaves are spaced apart due to the elong-
ation e¢f the internodes, a process which does not occur appreciably
with the shoots which carry the secondary spur leaves. The constancy
of the pattern of change in the levels of the phenolic compounds of
the leaf tissue between spring and summer suggested that variation in
the environmental conditions had an insignificant effect on the changes.

which contrasts with the reported effect on certain plants (15,72).
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Hence the constancy of these changes in the face of changes in
environmental conditions and in elongation of the associated shoot
system, indicated that they are more closely linked with the processes
of leaf expansion than with other facters. Variation in the level eof

flavonols with leaf age has previously been noted (15).

The habit of leaf growth of the spur system (60,73,74} pre-
cluded a more direct znd extensive investigation of the influence of
environmental conditions om the changes in the pattern of phenolic
compounds in expanding leaf tissue. The first spur leaves to appear
in spring, the primary spur leaves, expand very rapildly after bud
burst and no samples of these expanding leaves were obtained. Farther,
the period in which repidly expanding secondary spur leaves are present
is restricted to about cne month from mid-October and hence to a time
in which only limited changes in environmental conditions occur. The
only source therefore of rapidly expanding leaf tissue for compariscn
in late spring and svmmer is that frow shoot tips. It would be of
interest then toc check on the apparent lack of environrentzl influence
on the pattern of change in the phenolic compounds in rapidly expanding
leaf tissue using leaves obtained from shoot tips over a period of

several months.

Little can be said about the stability of the pattern of
phenolics in fully expanded lezaf tissue over time and under different
environmental conditions. Hewever, the lack of any detectable change
during the three-week period that expanded primary spur leaves wers
sawpled would indicate that there may ke no significant change in the

pattern as the healthy leaves ape for & time. TFurther, the lack of
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any major difference in the phenolic nattern of these primary spur

leaves and the expanded secondary spur leaves wWould suggest that this

may alsc apply to expapnded secondary spur leaves.

5.3 'The rhenolic Pattern among Varieties

The contention of Williams (48) that there is little obvious
varietal influence on the pattern of phencolics in the leaf has teen
largely borne out by the results of the very limited present invest-
ipation. However, the noted indication of & guantitative variation
in the intensity of spot 6a is ib agreement with the report of Flood
and Kirkham {(55) that quentitative differences in the phenolics exist

among varieties.

Iin any detailed determination of the pattern and amounts of the
individual phenoclic compounds in the leaf of a range of varieties, it
would be important to compare leaf samples of similar stages of
development since it is to be expected that the changing pattern noted
in the Sturmer Pippin variety would be exhibited to some degree by all

varieties.

5.4 Taper Chromatogravhic Isolation of Phenolic Compounds

The successful isclation of several guercetin-3-glycosides from
the leaf tissue extract in amounts sufficient for characterisation by
micro-methods further demonstrated the szuitability of paper chromato-

graphy for the isclation of micro-amounts of phenolic compounds from
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somulex mwixtures (26,30). In the course of the isclation of wmany of
the fractions, BAY proved as expected {30) fo be an extremely useful
solvent., ‘%hile Beall is most suited te the separation of mone-glycosidic
flavonoids (38), it nevertheless proved effective in the isolaticn
procedures for the purification of selected fractions which chromate-
graphed as bhroad rather than as compact bands, on account of the
phenolic compounds being present in gilycosidic or other combined forms.

-

The resclution of guercetin-F-zlycosides as very broad bands when
chromatographed in water was somewhat unexpected since Siegelman {39}

has reported the successful application of this solvent te the pre-

liminary separation of these glycosides.

The composition of the ethanol/acetic acid mixture which was
found te egxtract efficiently the bands of phenolic cempceunds in the
preparative chromatography compares favourably with solvents suggested
in the literature. For example, Siekel (30) has reported the use of
L0-7C% ethanol for the elution of flavonoid glycosides, while larborne
{31) has recommended the addition of acetic acid (10% by wvolume} to
the eluting solvent for strongly absorbed pigments. During chromato-
gravhy, acetic¢ acid has been reported {75) to limit atmospheric
oxidation of phenolic compounds and this way be an added advantage
of its presence in the eluting solvent when the phenolic compounds
rresent are unknown. %he importance of using a solvent which would
maxinise the efficiency of recovery of the phenolic compounds was
important in visw of the number of times each compound was chromato-
graphed anid the reported efficiency of recovery cf certain phenolic

compounds from papsr chromatograms (28,868,76). The drying of
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chromatograns at room temperature could also be expecied to improve

the recovery of flavonoid compounds (28).

Crystallisation was a most convenient method for the isolation
of much of the vhloridzin present in the leaf tissue extract and at
the same time it reduced considerably the scale of the paper chromasto-
graphy reguired tc purify the quercitrin. 3Jince the paper chromato-~
graphic separaticn of phloridsin and guercifrin necsssitated development
with an alkazline solveni, the isolation of a sample of phloridzin by
the method employed wmay have had the added advarntage that the phloridzin

wags not chromategraphed in an alkalins system in which it is unstable

(77) .

5.5 Characterisation of ¥Fractions Isolated from Extract 3/17-1b

Compounds isolated and identified from the S/17-1b extract of
apple leaf tissue are largely in agreement with those reported earlier
(section 2.2). Thus phloridzin accounted for the major portion of the
phenclic substances detected in the extract with about 20 wg/gm fresh
weizht of leaf tissue being isolated zs crude crystalline materlal
(Coa - 1, Figure 8). The amcunt in the leaf of certain fruiting
varieties of apple has been reported to be between 28 and 58 mg/zm
fresh weight of leaf (78). Clearly the yield of phloridzin obtained
in thie study would be appreciably below that extracted from the leaf
tissue on account of the losses in chromalography and crystallisation.
Traces of phloretin which were identified in the extract (frection

Zb - 3) were probably produced by the action of a glucosidase on the



phloridzin during the initial step of the extraction. A4 phloridzin
glucosidase, which showed 2 high degree of specificity towards
phloridzin, has been obtained from a homogenate of apple leaf tissue
in ethanol (79). The enzyme was reported to release phlorstin when
the leaves were homogenised in ethanol but noi when they vwere plunged
directly into boiling aleohol. Ho trace of flavoneol aglycones could
be detccted however on two-dimensional chromatograms of the extracts

prepareéd in this study. This wonld indicate that the flavonel

zlycorides were nol attacked significantly bvefore the glycosidases

relexsed on homogenisation of the leaf tissue were inactivated.

veogides which were identified are in agreement

o

The uuercetln-)-gl

these reported for leaf tissue by 9illiams {48) and for fruit

g

Wit

fication of

}.Jl

tigsue by Siegelman (39}). Further, the tentative ident
ruiin as 2 component of fraction Dba - 6 is supported by its reporied
scecurrence in both leaf (48) wnd fruit {39) tissue. ihile the quercetiun-
Z-glucoside and quercetin-3-galactoside were inseparable in the solvents
used, a solvent such as phencl-wateyr may however have separated them.
Golvents containing phencl were purpesely avoided on account of the
difficulty in preventing interference from traces of this compound in
the spectral siudies. It is also of note that the closely related
3-glucoside and 3-galactoside of kaempferol heve beer reported to be
inseparable in the normal range of solvents (40). Though the nature

of the linkage between the aglycone and the sugars in these guercetin-
>~glycosides was not investigated, the quercetin-J-arabincside may be
aviculsrin {quercetin-3« o -L-zrabinofurancside) since this one of the

several known quercetin-3-arabinosides (53) has been reported in apple



3
N

The absence of any glycosides of kaemuferel in the phenolic
compounds ignlated is notewerthy in view of thelr reported occcurrence
{48}, This is in agreement with the result of a preliminary exan-
ination of acid-hydrolysed samples of extracts P/4% and S/8 by two-
dimenszional chromatography which indicated that only one spot of
flavonol aglycone component could be detected. It would thus appear
that there was not an appreciable amount of keaempferol glycosides in
either extract. The limited evidence availzble would sugpgest that
the component of fraciion Dba - 6, apart from the compound tentatively
identified as rutin, may be a bioside of a seccnd flavonol aglycone
vitich, on chromatographic evidence, is not kaempferel. Further, since
the sugars obtained on acid hydrolysis of the fraction were glucose and
rhamnose, 1t is reasonable on the basis of chromatographic behaviocur
to expect the second flavonsl to be a rhamnoglucoside corresponding to
rutin, Fraction Dbc - 6 could not have contained kaempferol-3-rhamno-
glucoside since this compound would have been separated from rutin by
chromgtography in B4¥ as the R, values given by Harborne {31) for these
compounds are 0.54 and 0.45 respectively. The RF values of this second
aglycone are interiediate between those of quercetin and kaempferol in
several sclvents and greater than both compounds in Behl. 4 flavonol
such as isorhamnetin (guercetin-3‘-methyl ether) could be expected to
exhibit these chromatographic properties (30,31,38). “#hen the phenolic
compounds reported to occur in both the apple aand the ypear (EKEEE
comnmunis;) are considered, the probability of isorhamnetin occurring ia

the apple is strengthened. In the twe plants the similarity in the



94

pheneolic compounds, which are of the kaempferol and guercetin hydroxyl-
ation patterms (54), is illustrated by the cccurrence in the leaf tissue
of both of several 3~glycosides of kaempferol and quercetin (48). This
gimilarity is presumably an expression of the close botanical relation-
ship of the apple ané the pear which are both members of the sub-~family
Pomoideme in the family Rosaceae (48). Of considerable interest
therefore in relation to a peossible further similarity in tihe phenoiic
the more recenl report of the isolation of isorhamnetin
plycozides and & guercetin glycoeside, but no kaesmpferol glycosides,

Trom the fruit of the pear, variety Ben Chretien (32). The occurrence
ol kaeupferol in the apple leaf is supported by the report of Williams
(48) and the identification of astragalin (kaempferol~3~glucoside)

along with gquerceiin glycosides by Herrmann (52), but not by the
identification of guercetin and not of kaempferol glycosides in an
examination of the flavonoids of the leaves of 65 wild members of the
penus #alus (81). Further, williams (48} hae reporied several 3-glyco-
sides ¢f hoth guercetin and kaempferol inm the apple fruit, yet Siegelman
(%9) has identified only cuercetin~3-glycosides in the flavonoid complex

of Grimes Goldern apple skin.

Although the form in which p~coumaric zcid was combined ia
fractions La ~ & an? Lb - & was not determined, the R, values and
colour recactions cf the fractions would support their identificetion as
isomers of p~coumaroylguinic acid which have been previously reported
in apple leaf and fruit tissue (45,50)., If correct this would mean that
fraction Lk - 6 contained 3-O-p-coumaroylgquinic acid (17,45). ihile the

nature of the p-coumaric acid derivative in fraction Ia - 6 is not known



it is clearly a molecule with low solubility in non-agueous solvents.

vhen fraction Ia - 6 was chromatographed, the appearance of traces of
a substance identical in colour reaction and chromatographic properties

te fraction Lt - & may be explained by the presence of a common non-

phenolic moiety in the two fractions.

The occurrence of a2 conjugate of ferulic acid (fraction K -~ 6)
in the anple leaf is not unexpected. Small amounts of ferulic acid
have been found in hydrolysates of leaf tissue of some Rosaceous plants
although caffeic and p-coumaric acids are more typicel (57). The
presence of ferulic acid rather than sinapic acid would be in agreement
with the reported ehsence of trihydroxy derivatives in the phenolic
compounds of the Pomoideae (56). Traces of ferulic acid have been
reported in alkali but not in acid hydrolysates of core {issue extracts
of McIntosh apples {82} and radiocactive ferulic acid has been found in
the acid hydrolysate of ethanolic extracts of leaf disks of Malus

. . ) . 14 .
bagcata or M. mandshurica which had been fed = Cw~cinnamate (83).

Ferulic acidé has been found combined with quinic acid in several plants
(17,84) and its presence in this form in fraction X ~ & would be a
logical possibility since conjugates of boeth p-coumzric and caffeic

acids with quinic acid have been reported in apple leaf {section 2.2).

Any chlorogenic acid present in the leaf sxitract way have been
discarded in fraction Ib - 4 which contained the spots 1b and 2b with
the properties characteristic of traces of chlorogenic acid. 3ince
Taylor and Zucker {20) have reported the possibility of extensive
oxidation of caffeoyl esters when fresh Xanthium leaf was ground in

methanol, any chlorogenic acid present in the apple leaf may have been



largely destroyed in the course of the extraction. Since lyophyllis-
ation of the Xanthium leaf tissue prior to extraction prevented any
destruction of this tyse (20) it would be of interest to test this

extraction procedure with the apple leaf tissue.

Yhile no catechins or leucoarnthocysnins were identified in the
leaf extract, representatives of the flavans may have bDeen present in
fractions F - 5 and Ba - /. The spectral properties of the compounds
in these fractions would not rule this out (37). ‘hen two-dimensional
chromatograms of leaf extracts were sprayed with 5% sodium carbonate
and left overniéht, a compact fzint brown spot was observed within the
boundaries of spot 5d. This was interpreted as an indication of the
possible presence of d-catechin alonz with the main compound,
phloridzin, in spot 5d4d. However, with fraction Cba -~ 4 this reaction
with 5% sodium carbonate could not be detected. & study of RF values

oi the reference compounds showed that any d-catechin present ia

~

fraction bbe -~ % wonld have been carried shead of the guercitrin and

phloridzin on chromatography in Ipaiy (Figure 2).

If rutin was indeed a component of fraction Dba -~ 6, then rutin
and quercitrin were two of the compounds involwved in the changing
intensities of spots Ga and 63 as the leaf tissue expended (section
4.2). These findings are of interest when viewed in relation to the
biosynihesia of flavonoid glycosides. Glycosylation has been held to
be possibly the last step in the biosynthesis of a flavonoid glycoside
and a diglycoside to be synthesised stepwise via the monoglycoside
(13). For example, the stepwise synthesis of rutin from guercetin in

the presence of an enzyme preparation from mung bean leaves has been
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shown to ovrogress as follows (385).

FS

BpP~zlucose + Juercetin ——— ;guerceuin—-}v/g ~D-zlucoside + HDP
¥DP-L-rhamnose + Juercetin-glvcoside — 5 Rutin + HDP

{KDF = nucleotide diphosphate)

Thus if guercitrin and rutin were synthesised in this manner in apple
gaf, it would Ye nessible to explain the synthesis of nredominantly
one or other of these glycosides in a particular type oi leaf tissue
by postulating that the HiPF-L-rhamnose supply was utilised in the
femerged? leaf tissue for the synthesis of rutin and in the ‘expanded?
tissye for the synthesis of quercitrin. £Lrising from & change of this
nature in glycoside syathesis couléd alse be a change in the level of
quercetin-3%-zlucoside. Yhile 2 change in the level of this glycoside
would not have been recdily noted on 2 two-dimensicnal chromatogram
because of the presence of several guercetin-3-gzlycesides in spot be,
it may have nconetheless cccurred and contributed to the observed
intensification of spot 8¢ as the leaf tissue expanded. Since genetic
control of the levels of ceritain flavonoid pigments in plani tissues
is recognised (G}, the constancy of the pattern of glycosides noted in

the apple leaf of a particular stage of Jdevelopment, whether in sprin

I

cr in summer, would possibly be best interprefted in terms of strict
genetic controls on the metabolism of the glycosides in the leaf. 1In
the synthesis of ratin anéd querceitrin for example these coutrols could
operate by directing as suggested above the utilisation of ELP-L-

rhapnose.
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vhile no hydroxybenzoic acid derivatives were identified iIn the
leaf extract some may hove been present since Ibrahim and Towers (5)
have identified five hydroxybenzoic acids in acid hydrolysed leaf

extracts of Malus robusta. However, it would appear from the resultis

of this vresent study thai aone of the clearly discernible spets on z

oi-

wo-dimensional chromatogram is a hydroxybenzoic zc¢id derivative and

that such compounds, if present in the Sturmer Pippin leafl sample,

’
u

ocecur at levels or in forns noi readily detected by the methods

employed.

!
5.6 Incorporation of 1¥C into Phenclic Compounds in Leaf Tissue

Cf the mzjor phenolic compounds, phloridzin was shown to be the
only one into which appreciakle radicactivity was incorporaied, the

activity of the gquercetin glycosides being undetectable by radio-

ol

autography. 4 similar cdegree of lebelling of the phloridzin and the

gquercetin glycosides has been previously reported (83,86) afier a
1b poq - oy .

number of C-comrpounds were fed tc excised leafl tissue of various

Halus species. The percentage of the radicactivity of the 0% ethancl

A . . - N / "t sm
zxtract which was present in the phloridzin {about &%, Table 22) was

;
=

semewnat greaster than the values up to 1 reported for similar sxveri-

[N 4

ments with Malus leaf disks (86}.

It is of interest that an effect of the age of the leaf tissue,
and therefore presumably of its metabolic state, on the utilisation of
hoth phenylalanine and cinnamic acid in the synthesis of phloridzin

has been reported {83). The utilisation occurred only in young leaf
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ssue, under six wesks old. while glucose is apparently utilised in

La
|-

shloridzin synthesis in older leaf tissue as well (83,35) it may be
that with 3oungerltissue, of the age used in this study, greater
utilisation would be obtained. The changes in the capecity of the

leaf tissue to utilise certain compounds in the synthesis of phloridzin
nointed te the chanpging pattern of metabolism of the phenolic compounds
as the leaf developed. & facet of this changing pattern of metabolism
was also evident in these studies when the amounts of certain phenslic
compounds were found to alter consistently as the leaf tissue expanded.
Consequently in recogpition of this changing metabolism and to control

ts effect on results the tissue employved in all investigstions of the
+ g

=

-

ccocurrence and metabolism of shenolie compounds in the spple lea

sheuld be of a definite tyse and stage of development.



SUMMARE

An investigation of the guantitative extrsction of non-bound

vhenolics frem anple leaf tissue (Malus pumila) demonstrated the

superiority of 70% ethanol over U5 ethancl in similar procedures.

4 methad of extrzetion using 70% ethanol was therefore developed.

i paper chromatographic procedure was develeped and applied o
the isclation of 17 Ifractiens containing the main phenolic com-

pounds present in a 707 ethanolic extract of apple leaf tissue.

Phenolic compounds identified from these fractiors by micro-
methods based omn paper chromatography apd ultraviolet speciro-
scopy were phloridzin, phloretin, quercetin-3-glycoside, guercetin-
Z-galactoside, quercetlin~3-arabincside, guercetin~>-rhamnoside,
guercetin-3-=-xyloside, p-coumaric acid combined in three alkali
lazbile conjugates and ferulic acid in one such conjugate. Rutin
was tentatively identified in a mixed fraction. Thesez results

are discussed in relation te the reported occurrence of phenalics

in the apyple.

Gertain phenclic glycosides were found to change in amount as the
secondary spur leal tissue of apple developed in spring from

emergence through to approximately full expansion. The occurrence



cf the same settern of change in comparzable tissue collected

from shoot tipgs in summer sugpested the pattern may be pgenetically

controlled.

14

Young excised leaf tissue fed (U - C)-glucose incorporated the
lzbel into phloridzin but not appreciably into the other phenolic

comnounds.
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