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.Abstract. Prunin (naringenin 7-glucoside), which was identified in dormant peach buds,
^!as found to act as a growth inhibitor of wheat coleoptile elongation.

Quantitative estimation on a fresh weight basis of the flavonoid in peach buds revealed a
high level in late summer, a steep decrease in autumn that became more moderate during the
winter, with lowest values near bud swell in spring. Two periods of reaccumulation of prunin
during October and Januarv fitted 2 periods of arrested growth of the resting bud. A negative
correlation was demonstrated between prunin and naringenin levels during August through
October. It is proposed that prunin might act as a precursor for naringenin that accumulates
in resting buds in autumn. It is suggested that the system glucoside agluconeJf gluoosidase
might have regulatory properties in the dormant bud.

Since the w-ork by Henderslhott anid Walker (10)
identifying naringenin (5,7,4'-trihvdroxv flavanone)
in dorMant peach buds, much attenltion was drawni to
the presence of flavonoid inihibitors in dormaint
organs.

Maniy workers have determninedl the presence of
niaringellinl in dlormailt buids (1, 3). its biological
activity (15, 16), ajnd its endogenious quantitative
clhange with timiie (1,11,19). The presence of vari-
otis flavonoid conmpounlds is well known in the vood
of maniyai Prunus species (9). In a preliminary re-
port in 1966 (21) we suggested the presence of
prunin in dormant peach buds. A confirmation of
this was published recently (2). In this paper,
fturther studies on the identification, quantitative
change and a suggested function of prunin during
dormancy, is reported.

Materials and Methods

Dormant peach buds collected from 1-year-old
shoots served as the plant material. Buds wvere
eitlher lyophilized and kept desiccated until examined,
or examined inlmmediately after harvest. The buds
were pounded in col (4°) ether, extracted 4 times
for 30 mmi each time. anid the supernatan,t fractionis
comibinied. W\;hein (lesiccated mlaterial was used,
water-saturated etlher w^as emlployed. The ether
Whichl extracted (quantitatively both narinigenin and
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anothler flavonoid compound, was slhaken with wvater
(pH 3.0) 4 times and the aqueous solutions com-
bined. The unlknown flavonoid was tranisferred to
the aqueous phase while naringenin remlainied in the
etlher. Quanititative estimation of the unknown com-
pound was done either by measuring the absorption
of the acidic aqtleouis solution at 283 nmn (X imiax)
uisinig a DU Beckmlan spectrophotomiieter, or by read-
ing the absorption of the solution at pH 10.0 in a
Klett Sunmmlersoni colorimeter using filter No. 42
(transmiiittance linmits: 390-450 nm).
A comparison between series of readinlgs with

botlh methods showed a very good correlation,
r ±+0.96. The optical densitv at 283 nm was
foun,d to give values 4.80 times greater thani Klett
units with the colorimeter. Standard error of this
factor between the 2 methods was found to be±0.14.

For comparison purposes, prunin was obtained
by using Harbornie's method (8) based on partial
acid hydrolysis of commercial naringenin (Nutri-
tional Biochemicals Corporation). The hvdrolyzate
was separated chromatographically on W7Vhatman
3AIMM paper with 1-butanol :acetic acid :water,
40:11:29 (B :A :W). Prunin was identified at RF
0.73 by its fluorescence under UV light and ammonia
vapors. Pruniin al)peared at the beginning of the
hydrolysis and gradually dinminislhed in its course,
wlhile naringeniin accumulated.

The prunin spot was eluted from the paper with
water anid concentrated in a flash evaporator below
500 in .'acuo. The conicenitrated solution was re-
chromIatographed in NaC1 1 %, fotund at RF 0.43,
eluted similarly alnd dried.

The mlolar concentration of pruniin was deter-
mined by comparing naringenin released by complete
acid hydrolysis of prunini with a standard curve of
commercial naringen in obtained fronm Nutritional
Biochemical Corporation .
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Acid hydrolysis was carried out according to
Harborne (8). Aliquots taken after 10 and 30 min
were separated on Whatman No. 1 paper with BAW
40:11:29. Sugars were located with an AgNO3
sprav and flavonoids by examination under UV light
in the presenlce of amlnmoniia vapors. Enzy mic liv-

drolvsis was car-ried otit according to Hestrini et al.
(12). fl-Glucosidase (Maan Research Laboratory)
as empl)loyed for an inculbationi period of 24 hr at

350. Tolnlenle wvas applied to prevent colntamniniation
1v mnicroorganismns. \liquots of the tested soluitioni
wvere taketn for chromatography before anid after the
enld of the inicubation period. Markers of glucose.
rhainlnose and galactose were used colncomnitalntly.
Thle paper Nvas developed with 1- butanol :pyrimnidinie:
benzene water (B :P :Be :W) 5:1 :3 :3. and after dry-
inlg was treated wvith AgNO3 to reveal reducing
suigars.

Naringenin vas extracted according to Hasegawva
(9) w%ith ether, evaporated to dryness and dissolved
in hot ben'zene. An aliquot was chromatographed in
B:A:W, 40:11:29. The naringenin spot was identi-
fied uinder UV light and ammonia, at RF 0.90, eltited
with absoluite methanol and the absorption determined
at 288 nm (X-max naringenin). Quantitative esti-
miiatioins were made according to a standard curve

obtained with commercial naringenin.
The wheat coleoptile elongation test was carried

out according to the method described by Hancock
ct al. (6) and modified by Gur and Samish (5).

Results

Our indication of a new flavonoid compounid in
l)each buds was obtained by a strong absorption in
the UV range of an aqueous solution shaken with
the original etheral extract of the buds. Examina-
tion of the absorption curve of this aqueous extract
revealed X-max at 281 nm a shoulder at 322 nm, and
a minimum value at 248 nm. The curve was similar
to known absorption curves of flavanones (14).
Under UV and ammonia, yellowish fluorescence ap-

peared, a light brown color was produced with FeCI3,
and NaBH, gave an orange-yellow color. These
reactions led to the conclusion that the examined
compound might be a flavanone. RF values of these
compounds in comparison with naringenin, prunin
aild naringin were examined in 2 solvent systems.
The values obtained, as well as the data reported in
the literature, are showin in table I.

The unknown flavanone had an intermediate RF
value between the aglycone narinlgeniin and the di-
glvcoside naringin in both solvent systems. These
RF values correspond well witlh those of pruinin, anld
it therefore seems that the unknown fliavanone is a

monoglycoside, possibly prunin, which was furtlher
tested bv hydrolysis. Aliquots of the hvdrolvzed anid
nonhvdrolvzed tested material were chromatographed
along with flavonoid markers and some sugars in
BR:AW, 40:11 :29 (table II).

Table I. Experimental and Reported RF Values of the
Unknown Compound, Prunin, Naringin, and

Naringenin in 2 Solvent Systems

1% NaCl B:A:W 4:1:5
Reported in Reported in

Compounid Founid literature Founld literature

ULnknovii
Prunin
Naringiii
Naringeniii

Ri.
0.38
0.43
0.56
0.17

RF

0.44
0.62
0.16

R..
0.69
0.68
0.54
0.91

R,

0.64
0. 9

0.89

The unknowl'n flax-avaonie hlad the fluorescelt color
of l)runin, as wvell as an almost idcentical RI, value
of 0.73. After hvdrolysis for 30 mim, wlhiel was still
incoml)lete, a marked decrease in this spot was nloted
anid a nev spot at R1, 0.90 appeared. This lewV
value agrees with that of the aglvcone narinlgenini.
After hydrolysis, a spot of reducing sugar was found
at RF 0.32, which was identical with that of glucose.
Identical results were obtained bv similar hvdrolysis
of a known standard of prunin. Enzymic hydrolvsis
of the unknown flavanone glycoside with 8-glucosi-
dase yielded glucose in the reaction solution, as ideni-
tified after paper chromatography by treatment with
AgNO3 in alkali. One dark spot appeared having
an RF value of 0.27 in B :P :Be :W, 5:1:3 :3, identical
with that of the marker glucose. Fuirthermiiore, color
reactions identical with those of pruniin were founiid
under UV light and ammoniia, anid after reaction
with FeCl3, and NaBH4.

In order to exaamine the position of the glucose
on the a.glvcone, absorption curves of the isolated
compound and of prunin in 95 % ethanol were deter-
mined. The changes in absorption after reaction with
aluminum chloride or sodium acetate were followed
(Fig. 1).

The bathochromic shift with AlIl3 to a 291 nm
peak points to a free hydroxyl in position 5. The
ineffectiveness of sodium acetate on the absorption
peak indicates that the hydroxyl in position 7 is

Table II. RF Values of Hydrolysis Products of the
Unknown Compoutntd as Comiipared with Various

Flavonoids and Sugars
The chromatograms were developed with 1-butanol:

acetic acid :water 40 :11:29.

Reference index values
Compound Flavonoid Sugar

Rp Rv
Unknown, not hydrolyzed 0.73

"9 , hydrolyzed (30 min) 0.73; 0.90 0.32
Prunin 0.74
Prunin, hydrolyzed (30 miii) 0.74 ; 0.90 0.32
Naringin 0.68
Naringenin 0.90
Glucose 0.32
Rhamnose 0.47
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FIG. 1. Absorption curves in ethanol of prunin (A)
aind the isolated conmpounid (B) and their change after
reactioni with aluminum chloride and sodiuml acetate.

gv-cos1lited1 (13 ) . TIhuls the idlentificatioll of the

flIvanolIe I.- Iilin was supported.
The biological activity of prililill \w;ts ('Xa;iliie(l b)v

uising tile wheat coleoptile straight growth test. The

effect of \variouis concentrations of a pruinill extract
from (lormailat Bonita peaclh flower buds sanlpled on

Septei)bel- 11. 1964, after plal)er chromiatography. is
shown in lig. 2. A\ proiiotinced iulhihitioll, in-

creasing with the concentration, was evidelit.

Exalinatioln of the seasolial chaine in l)runin

concentratioll Was carrie(l outt by following the blue
light absorption at p)H 1(1 of the aqueouis soluitions

E 6t '
4,

o
2

0- 4 16 64 256
Prunin concentration

(equivolent per mg Fwt. buds)
FIG. 2. The effect of varying concentratioins of the

prunin extract from dormant Bonita peach flower buds
on the elongation of wzheat coleoptiles. (Prunin spots
were detected on the chromatograimi under UV light and
ammonia and the spot was cut out and used for bioassay.
Sample for extraction was taken on September 11, 1964:
initial coleoptile length was 12 mm.n)

slhakeni with the origiiail col(d ethier extract. A Klett
Stimmerson colorimiletel witi filter No. 42 was used.
lhe restiltinig data were p)lotted together with narini-

genimi concentrations and freshi bud weight on corre-

slponding dates ( Fig. 3).
Anl overall decrease of prunill on fresh weigt

blasis Was fouiind froImI mid-Atigust onwards. A

slight reaccumulation. however, appeared during
October aindl Janmary. These periods of prunin
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Fi(;. 3. 1lhe chlanlge in concenltrationi of prunin and
naringenin in, Elberta flower buds (lurinig the dormant
perio(l in comparisoni witil flower bud growth, 1961 to
1962 seasoii. ( Conlci pcr fr-eshl \t calculate(d according to
a stanldard curve for ilaringeninl anld to naringenin lib-
erated by hydrolysis of prunin for iprunin; naringenin
determiniationi at 288 url in methaniol; prunin determina-
tioin ith a Klett Summerson colorimeter- filter No. 42

in, a(lueous solutioni pH = 10.0.)

accuniul<lation coincide vitth 2 quliescelit stages found
the grow-thl of the (lormilant peach

flower bud. A negative correlation betw-eeln prunin
amid alrinigeinin concentratiolns wvas noted during

August thllrotghl October ( = -0.723 significant
at level). Dulrinig this l)eriod, accumulation of
laringelnin was accompallied by a sharp decrease in

pri.nin level.
Reexamin.ation of tile (uaiititative change of

prulnil concentrationl in (loriailt peach flower buds
was (lone on samples collected weekly in 1962 to

19)63, froml December ulitil buid break. Resuilts were

calculated on fresh-weight and single-bud bases and
compared with buid growth (Fig. 4).

Ouir (quantitative restilts for the season from
D)ecembher uintil biud opening wvere confirimied during
this seasonl. Re-accumillation of l)rulin occuirring
durin,g Januarv l)rece(le(l the halted growvth of the

flower buds. The decrease in lpruilim concelntration

in D)eceimiber anld thle ilicrcase in Janulary N-ere found

also oni a per-buid basis, thus indlicating active changes
of the coml)pounid( in tile buds. A (lecrease in prunill
level oul a fresh-weight basis 'was fouliud (Ilirilg bud

swelling while on lpre-l)u(l basis thle level remained
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FIG. 4. Tle change in concentration of prunini in
Elberta flower buds dtriig the late dormant period, on

the bases of fresh ineight and single bud in comparison
with flower bud growth in the 1962 to 1963 season.

(Absorptioin of alkaline aqueous solutions, pH = 10.0,

shakein originally with ether extract at pH 3.0; deter-

mined in a Klett Sumherson colorimeter with filter

No. 42.)

ratrl- constant. Theus. the reduction in prtini con-

centration before bud break was mainly due to

Discussion

The presence of prutniin in dormiano t peach buids
was reportelby us (21) and by Corgan (2). This
comrpound seegs to be of biological iportaince, not

only becauise of its inihibiting effect -which is similar

to thiat of the aglcone, but mainly in ligit of its high
solubilitv in water. Thehighi conicenltration of

prunin in the bud fouind in August lonig before the

rise in iarinigeni content, together with the negative

correlation between the 2 compounds, mainly at the

early hialf of the dormant season. seen to indicate
that prunin might act as a precursor for naringenin.

Prunin (as a t-glucoside) yields nsaringenin by hy-
drol\ysis anld thierefore a ~-glucosidase should be

involv-ed in thle reaction in vkwo. Suchi enzymic ac-

tivitn was showi in dormiant flower buds (4). It is

thherefore suiggested that the system consisting of a

sparingly soluble aglvcone (naringenin), a highlv
soluible glucoside (pruniih), and a lyidrolvtic enzyme

(p-glucosidase). might regulate the growth inhibit-

ing activity in the dormant bud. In such a system.

the easily translocated prinin seems to play a more

dominant role than naringenin, most of which is

known to be accumulated in the bud scales (3).

It has already been suggested (17) that growth

inhlibitors induicinig rest are synthesized in the leaves.

Prunin. owing to its hig-h water-soluibilitv properties.

is suggested to be the connecting link between the

possible synthesis of the flavan-one in the leaves and

its deposition as an aglycone in the dormant bud and

bud scales. The presence of prunin, together wvith

,8-glucosidase activity in the, buds, may -explain the

rapid accumiulation of naringenin in autumn, the local

nature of the dormaincy phenomenon (18) as well as

the failure of exogenously applied naringenin to affect
bud opening (3, 20).

It is suggested that prunin miglht act either alone
or with naringenin as a causal inhibitor of growvth

since its rise preceded the haltinlg of bud( growth in
milost cases. However, the effect of exogenously ap-

plied prunin on bud growth has yet to be tested.
Bud opening was not accompanied by a clear decrease
in the inhibitor level. indicating the dependence on

other reguilatintg systems in this stage of development.
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