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SHORT COMMUNICATION 

A PROCEDU~ FOR OBT~N~NG RADIOACTIVE NA~NG~ 
FROM GRAPEFRUIT LEAVES FED L-PHE~ALA~-~~ 

JAMES F. FBHER* 

U.S. Fruit and Vegetable Products Laboratory,t Winter Haven, Florida, U.S.A. 

(Received 22 November 1967) 

Abstract-Radioactive naringin, naringenin-7~-ncohesperide, the principal bitter constituent of grapefruit 
(C&w purou’&) and its radioactive tasteless isomer, narirq@n-7&rutinoside, were isolated from young 
grapefruit leaves fed L-phenylalanine-1%. Radiolabeled r-phenylaianine is taken up by young grapefruit 
leaves through the petioles and the leaves are then allowed to met&x&e the ph~l~e during periods 
of I2 hr of light and 12 hr of dark. Extraction of the leaves with hot methyl almhol, followed by concentration 
and coIumn chromatography afforded both the bitter naringirr and its tasteless isomer. Fii separation and 
puriiication of both compounds were accomplished by thin-layer chromatography. These results demonstrate 
that L-phenylalanine can serve as a p recursor to naringin in grapefruit leaves. 

INTRODUCTION 

THE principal davanone glycoside in grapefruit (C&W puradisi) is naringin (naringenin-7@- 
neohesperidoside)‘* 2 the compound primarily responsible for the bitterness of grapefruit. 
Its isomer, naringenin-7@utinoside, also present in grapefruit, is tasteless.1*3*4 A logical 
pathway for the biosynthesis of naringin in this plant can be deduced from what is known 
for similar flavonoids in other plants, 4-7 but confirmation is lacking. An accurate under- 
standing of the biogenesis of naringin will be helpful in the search for an enzymic inhibitor 
of its biosyn~esis. 

In order to augment present knowledge concerning the site of synthesis and translocation 
of naringin, as well as its biosynthesis and metabolism in the grapefruit plant, it became 
necessary to acquire radiolabeled naringin. Uniformly labeled x.-phenylalanine has been 
incorporated into quercetin by buckwheat (Fugopyrum turt~ricum).~ This paper reports a 
similar procedure for the incorporation of uniformly labeled L-phenylalanine into naringin 
by grapefruit leaves. 

l Present address: Syntex Corporation, Freeport, Grand Bahama Island. 
t One of the laboratories of the Southern Utiliition Research and Development Division, Agricultural 

Research Service, U.S. Department of A.griculture. Mention of firm or brand names is for identification and 
does not imply endorsement. 

r R. M. HOROWITZ, in Efochemisfry ofPhenolic Corned (edited by J. B. HARE~RNE), p. 545. Academic 
Preea, New York (1964). 
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Anof. B&&em. 12,316 (1965). 
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6 J. E. WATKIN and A. C. Nrua~, Phytochem. 1,52 (1961). 
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* E. W. UND~IRHUL, J. E. WA- and A. C. Nmsrr, Can. J. Biochem. Phystil. 35,219 (1957). 
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RESULTS AND DJSCUSSlON 

L-Phenylalanine was shown to be a substrate for the synthesis of naringin in 
Z-week-old grapefruit leaves. When phenylalanineJ4C (U.L.) was administered to 3-month- 
ofd leaves, the amino acid was taken up through the petiofes but subsequent work-up of the 
leaves afforded very little radioactive n~i~~~~ a large portion of the labeled ph~y~~~e 
was recovered unchanged. Zt therefore appears that the bionics of naringin occurs 
mainly in the young, rapidly-me~bol~ng grapefruit leaves. Petiole feeding was the most 
sucoessful of several methods tried for introducing radiolabe&d pheny~a~a~jne into the 
grapefruit leaves. 

Purification of naringin by TLC followed by autoradiography showed it was radio- 
chemically homogeneous. The naringin was obtained with a specific activity of about 
1.0 &pmole and IabeIed in the ~~genin moiety. To our knowledge this is the first reposing 
of the synthesis of radio-labeled naringin by either vitro or vitro systems. 

The t&f-y l&&d ~~be~~e was gmdms& from New lb&nd X%&ear tZXq3matim1. The 
kavcs were monitored with a Nucleer Chicago ratemeter Model 1619A ~~~). asps 
fractions ware counted in low potassium 22-ml &ass vials using a Packard Tri-Curb Liquid ScintiUation 
spectrometer Model 4322. 

Eighty young grapefruit leaves, about 1-2 weeks oId, were removed From outdoor-grown pIants. The 
label& pheuylalanine was administered as follows: the leaves wem immemed in water and cut just below 
their petioles. The fresh-cut ends were placed in eighty microtubes each containiug 50 I.cl of an aqueous 
solution of 27 x 10-3 *ok? phenytslaaiw-t*<: (1 Q ICC, speci6c activity 366 &wole). Care was taken to 
avoid an air block. The solution was absorbed in 30-4Omin. During this period the leaves were under comtant 
~~~ti~ from both a 15 W &tomscent white and a 100 W incandescent white light placed at a diatauce 
of 40 cm from the leavea. The temperature at the surf& of the leaves was 27”. The laavea were then pltuxtd 
in glass vials containing water and allowed to metabolii for 12 hr in hgbt as described above and 12 hr in the 
dark at room temperature. Activity at the surface of each leaf was at leaat 1000 c.p.m. The leaves w-ere tbsn 
cut into smah piecea and boiled for 40 min in MeOH. After crushing the leavea, the hot mixture was fihered 
and the &rate conmntrated under Nz to a smali voiume. This solutiou was then chromatogmphed ou 11%) g 
of Po@ktr AT powder (General Aniliue and Fi?m Corp., DyestufT and C&n&al Division) packed into an 
800x 19 ~col~~as~~in loOmI ~di~t~~~t~. ~e~i~waselut~~~~ter~ 1Oml fractions 
being colketed. A 100 pl aliquot from every fifth fraction was placed in a counting vial and evaporated to 
dryness uuder &. 19 ml of a solution con&sting of 1 Oil g Z$dipheuyIoxazok and 02 g 1,4-his-2-@nethyt 
~he~lo~~~~~~ in 1 1. of tolueue was added. The radioactivity of the resulting solution wan 
measured with the mintihation spectrometer. Fractions 35-80, showing the largest activity and appearing 
to be predominantly naringin by TLC, were combined, rechromatographed on poIyamide and the resulting 
fractions retested. Fractions 40-55 from this second cohmm contained the greatest amount of radioactivity 
and wem further examined by TLC along with authentic naringin. 

Polyamide-rich starch9 and silica gel G were spread separately as 250 p thick layera on 20 x 20 cm &V&S 
plates. Fractions 40-55 were spotted on the above cbromatoplates along with both authentic naringin and 
nariu@n-7&rutinoside and developed at 25” (1) nitromethane-hfeOH, 5~2; (2) MeOH-H20, 1 :l; 
(3) n-propyl alcohoI-EtOA+H@, 3 : 2: 1; and (4) dimethylformanu ‘de.-H,O-MeCOEt-EtGAc, I : t : 3 : 5. 

Au~~r~~~g~~~~ Mb Fhimescme of i%ar&@ 
Sheeta of Kodak medical X-ray no-screen film were exposed to tba above TLC plates for 3 weeks and tbeu 

deveIoped using General FBctriC MED, Supem& X-ray de& 
Y 

and tier. The TLC plates wera then 
sprayed with 1 *A AK& in EtOH and exposed to u+v. light (3660 ). Both narin@n and its tastekas isomer 
appeared as bright yeiiow fluorescent 8potarO which coincided with the darkened areas on the developed 
X-ray films. These spots had RI vahtes identical to those of authentic narhtgiu and naringenin-7@utinoside. 
Fractions 40-55 wxre then c~mbii. 

9 H. E. Noarxs~* T. J. J&w and J. F. Ftsmm, J. C&omatog. 24,257 (1966). 
r* J. F. FLSKKR, H. E. NORDBY and T. J. l&w, J. FeodSci. 31,947 (t966). 



Radioactive naringin from grapefruit leaves fed ~phex~ylalan&-~C 771 

HydLolysls of Naringln 
A portion of the comb&d fractions 40-55 from column two, previously shown by TLC and autoradio- 

graphytobeamixtureofmkngin anditsisomern aring&n_7&rutinoside, was subjected to acid hydrolysis 
(2 N HCl) at 100” for 60 min. The reaction mixture was evaporated under Nz and the residue was dissolved 
in MeOH and examkd by TLC. This metbanolic solution was shown to contain radioactive narin@n 
by autoradiography and comparison of R, valuea with authentic ~infoursolventsystemsonsilica 
gel G. The solvents were (3); (4); (5) n-propyl alcohol-NH,OH-HZO, 6: 2:l; and (6) toluene-EtOAeHOAc, 
5:4:1. R,valueswere0~76,0~56,064and048,respective1y. Naringeninwasdetectedbyitsyellowfluorescence 
in U.V. light in the present of AK&. 
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