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The presence of serotonin was determined in acidic 
extracts of the embryio of Black walnut (Juglans nigra) 
which were investigated ehromatographically and spectro- 
photometrically. Serotonin was detected in protein bodies of 
the embryo’s tissue by histochemical reactions.

I n t r o d u c t i o n

Serotonin is a well known biogenic amine in vertebrates and some 
invertebrates. It is also synthesized in plants, such as some species of 
nettles (C o 11 i é r and C h es  h e r  1956, R é g u l a  1970, 1974, R e g u 1 a 
and D é v i d é  1980) in leaves of Shepherdia argentea ( R é g u l a  and 
D é v i d é  1979), and in edible plants such ananas ( B r u c e  1960, W e s t  
1960, F o y  and P a r r  a t t  1961, R é g u l a  1977) in bananas (C a r t i e r 
et al. 1958, U d e n f r i e n d  et al. 1959, F o y  and P a r r  a t t  1960), in 
tomato ( W e s t  1959, U d e n f r i e n d  et al. 1959, R é g u l a  1977), and 
walnut (K i r b e r g and B r a u n  1961, B e r g m a n  et al. 1970, G r o s 
s e  1982, G r o s s e  et al. 1983) and in Manchurian walnut ( R é g u l a  
1985). Serotonin may have the function of plant hormone ( N i a u s s a t  
et. al. 1958) with protective effects against X-rays in growing roots of 
broad bean (L o z e r o n et al. 1965). The formation of serotonin during 
the ripening of the seed might have the role of a detoxification mecha
nism for poisonous ammonia ( G r o s s e  1982), and its quantity changes 
during the germination of the seed ( L e m b e c k  and S k o f i t s c h  1984). 
The present paper describes the detection of serotonin in Black walnut. *

* The paper is dedicated to Prof. Zvonimir Dévidé on his 65th anniversary.
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E x p e r i m e n t a l

Embryos of Black walnut were homogenized and extracted with 0.1 
M HC1. After centrifugation, the acidic supernatant was alkanized (pH 
9.5— 10) with Na2C03. Serotonin was extacted by shaking the alkaline 
solution with n-butanol. The organic phase was evaporated under mild 
conditions (+33 °C) and the residue was dissolved in 1ml of methanol 
and passed through a column of cation exchanger Amberlite CG-50 in 
NH4+ form. The basic substance was eluted with 1 N HC1. Serotonin was 
detected in acidic effluent by chromatography, spectrophotometry and 
spectrofluorimetry.

R e s u l t s  a n d  D i s c u s i o n

Two indolic compounds were observed in the extracts of the embryo 
of Black walnut. One of these was tryptophan. The Rf values of the 
other substance on chromatography, as well as colour reactions with 1- 
-nitroso-2-naphthol, ninhydrin-acetic acid and other reagents (Table 1.) 
were identical with those of the authentic sample of serotin. The identity 
of this substance was also confirmed by measurements of U. V. spectra 
in neutral solution (max. 275. nm and 295 nm) and fluorescence in acidic 
solution (activation at 295 nm and fluorescence at 550 nm). The amounts 
of serotonin in the extracts were measured spectrocolorimetrically with 
l-nitroso-2-naphthol reagent at 535 nm. It was established that serotonin 
was present in the embryo in an amount of 180 p.g-g-1 fresh weight. Se
rotonin could not be identified in the leaves and the bark. As establi
shed by Grosse (1982) serotonin is synthesized by de novo formed en
zymes during the maturation of the seed. Tryptamine as a possible 
precursor of serotonin hasn’t been noticed.

The localization of serotonin in protein bodies of the embryo was 
detected by histochemical reactions with 6°/o p-dimethylaminobenzalde- 
hyde in cone. HC1 on thin sections of the tissue giving a blue-green co
lour in the light microscope, and with ninhydrin-acetic acid reagent giving 
a greenishsblue fluorescence in U. V. light (Regula 1985).

*

A c k n o w l e d g e m e n t .  The author is grateful to Dr. S. K v e d e r  for 
valuable suggestions.

R e f e r e n c e s

Bergman, L., W. Grosse, G. Ruppel, 1970: The formation of serotonin in Ju
gions regia L. Planta 94, 47—59.

Bruce, W., 1960: Serotonin in Pineapple. Nature 188, 147—148.
Cartier, P., J. Moreau, Y. Geffroy, 1958: Elimination urinaire d’acide 5-hy- 

droxyindoleacetique apres ingestion de bananes. C. R. Soc. Biol. 152, 
902—906.

Collier, H., G. Chesher, 1956: Identification of 5-hydroxytryptamine in the 
sting of the nettle (Urtica dioica) Brit. J. Pharmacol. 11, 186— 190.

A C T A  B O T . C R O A T . V O L . 45, 1986. 93



í .  R E G U L A

Foy, M„ R. Parratt, 1960: A note on the presence of noradrenaline and 5-hy- 
droxytryptamine in plantain (Musa sapientum var. paradisiaca). J. Pharm. 
Pharmacol. 12, 360—364.

Foy, M„ R. Parratt, 1961: 5-Hydroxytryptamine in Pineapples. J. Pharm.. 13, 
382—383.

Crosse, W., 1982: Function of serotonin in seeds of walnuts. Phytochemistry, 
21, 819—822.

Grosse, W., M. Karisch, P. Schroder, 1983: Serotonin biosynthesis and its re
gulation in seeds of Juglans regia h. Z. Pflanzenphysiol. 110, 221—229.

Kirberger, E., L. Braun, 1961: Uber das Vorkommen von 5-hydroxytryptamin 
in der Walnus (Juglans regia). Biochim. Biophys. Acta 49, 391—393.

Lembeck, F., G. Skofitsch, 1984: Distribution of serotonin in Juglans regia 
seeds during ontogenetic development development and germination. Z. 
Pflanzenphysiol. 114, 349—353.

Lozron, H., A. Maggiora, 1965: A propos of chemical radioprotection. Derjnato- 
logica, 131, 28—40.

Niaussat, P., H. Laborit. C. Dubois, M. Niaussat, 1958: Action de la serótonine 
sur la croissance des jeunes plantules d’Avoine. C. R. Soc. Biol. 152, 
945—947.

Regula, I., 1970: 5-Hidroksitriptamin u ljutoj koprivl (Urtica pilulifera L.). 
Acta Bot. Croat. 29, 69—74.

Regula, I., 1974: Kromatografska identifikacija serotonina u koprivi Urtica 
pilulifera var. dodartii (L.) Aschers. Acta Bot. Croat. 33, 89—91.

Regula, I., 1977: 5-Hydroxytryptamine in the leaves of the crown of Pineapple 
fruit (Ananas comosus (Stickm) Merill. Acta Bot. Croat. 36, 83—86.

Regula, I., 1977: Indolealkylamines in the Tomato (Lycopersicum esculentum 
Mill. ’Cerasiforme’). Supl. Biol. Vestnik 25, 194.

Regula, I., 1985: The presence of serotonin in the embryo of Juglans mandshu- 
rica Maxim. Acta Bot. Croat. 44, 19—22.

Regula, I., Z. Devidé, 1979: Occurrence of some indoles in Shepherdia argéntea 
Pursh) Nutt. Acta Bot. Croat. 38, 41—44.

Regula, I. Z. Devidé, 1980: The presence of serotonin in some species of genus 
Urtica. Acta Bot. Croat. 39, 64—68.

Udenfriend, S., W. Lovenberg, A. Sjoerdsma, 1959: Physiologically active ami
nes in common fruits and vegetables. Arch. Biochem. Biophys. 85, 487— 
489.

Waalkes, P., A. Sjoerdsma. C. Creveling, H. Weissbach, S. Udenfriend: Sero
tonin, norepinephrine and relatd compounds in Bananas. Sciene 127, 
648—649.

West, G., 1959: Indole derivatives in Tomatoes. J. Pharm. Pharmacol. 11, 
275—277.

S A Ž E T A K

PRISUSTVO SEROTONINA U EMBRIJU CRNOG ORAHA (JUGLANS NICRA)

Ivan Regula
(Botanički zavod Prlrodoslovno-matematlčkog fakulteta Sveučilišta u Zagrebu)

Zreli embriji crnog oraha (Juglans nigra) homogenizirani su i ekstra- 
hirani 0.1 M kloriđnom kiselinom. Ekstrakti su upareni i zaluženi s Na2COs 
na pH 9.5 i izmućkavani n-butanolom. Butanolski ekstrakt je uparen do 
suha, a ostatak otopljen u metanolu i propuštan kroz ionski izmjenjivač
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amberlit CG-50 u NH4+ obliku. Serotonin je određivan u eluatu kroma- 
tografskim, spektrofotometrijskim i spektrofluorimetrijskim metodama. 
Utvrđeno je da embrio sadržava serotonin u količini od 180 p.g-g_1 svježe 
tvari.

Lokalizacija serotonina u proteinskim tjelešcima embrija utvrđena 
je histokemijskim reakcijama p-dimetilaminobenzaldehidom u konc. sol- 
noj kiselini i ninhidrin-octenom kiselinom s kojom daje plavo obojenje 
odnosno zelenkasto plavu fluorescenciju pod UV svjetlošću.
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