
Morning Glory Tissue Cultures: Growth and 
Examination for Indole Alkaloids 

By E. JOHN STABA and PAUL LAURSEN* 

The seeds and aerial portions of three Ipomoea violacea varieties contained significant 
amounts of indole alkaloids. The roots, callus tissue, and callus medium of these 
three varieties; the callus tissue and callus medium of Rivea corymbosa; and the seeds 

of three Japanese morning glory varieties contained traces of indole alkaloids. 

T HAS BEEN conclusively established that  some I Cowoloulaceae plants contain ergot-type alka- 
loids. Among them are the seeds of Argyreia 
%terziosa (baby Hawaiian wood rose) (1) and 
Ipomoen tevgyroflhylla Vatke (2), I .  coccinea L. (3), 
1. mziellevi Benth. (4), I ,  ruhro-caerulea Hook (5) 
[I.  violacea (6)]; the seeds (7, 8) and plants (9) of 
I .  violucea L. (morning glory, Badoh Negro, I .  
tricolor); and the sccds (7) and plants (10) of 
Riuea covymbosa (L.) Hall. f .  (Ololiuqui, wild 
morning glory).' 

Certain varieties ol I .  vicilacea are reported to  
i iiduce a physiological response similar to  lysergic 
acid diethylamide (1 l), although a recent study 
indicates sedation is the principal physiological 
effect of I .  triolacen and R .  corym6osa seeds (12). 
Crude seed extracts of either heavenly blue or 
pearly gates varieties of I .  violacea will cause 
isolated rat uterus rnuscle to  contract (11). 
Sheep fed dried I .  muelleri plants for 3 to  6.5 
weeks lost weight, became incoordinated, and 
acquired a rapid panting respiration (4). 

The  principal objective of this study was to  
examine three varieties of I .  violucea and R. 
i;orymbosa seed callus tissue cultures for indole 
dkaloids by  thin-layer chromatography arid spec- 
trophotometry. In addition, the seeds and plants 
of these three varieties, and the seeds of three 
varities of Japanese morning glory were exam- 
ined for indole alkaloids. 

MATERIALS AND METHODS 

The source of seeds for this study were: Ipomoea 
violacm L. cv. flying saucer (FS), cv. heavenly 
blue (IIB), and cv. pearly gates (PG) (Park Seed 
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I Some of these species contain the lysergic acid-type alka- 
loids ergosirie ( 2 )  ; ergometrine (ergonovine), erg~ne, and 
isnergine (7); ergometi-inine, ergosimne. ergntamine, and 
lysergic acid (9) and/or the clavine-type alkaloids agroclavine 
(2) ; chanoclavinr, elymoclavine, and lysergol (7) ; and 
Ocnniclavine (9). 

Co., Grecnwood, S. C.); Ipomoea nil (L.)  Rotli 
[Yharbitis nil Chois, Japanese morning glory ( 13)] 
cv. matzukaze, yuki, and chiyo no okina (H. 
Saier Seedsman, Dirriondale, Mich.); and Rivea 
rnrywzbosa (L.) Hall. f. (Prairic Regional Laboratory, 
Saskatoon, Canada, who purchased them from 
Atkins Garden and Research I,aboratnry, Cieii- 
fuegos, Cuba). Plants studied were grown from 
seeds in the Drug Plant Greenhouse, University of 
Xebraska. 

Tissue Cultures.-Iponzoea seeds were sterilized 
in a 5.25%;, sodium hyporhloritc solution (Purrx 
Corp., Ltd., South Gate, Calif.) diluted 1: 1 with 
sterile distilled water for 15 min. in vacuum, and 
Kiuea seeds in IL 1 : 3 dilution for 10 min. in vacuuni. 
An unusually strong seed sterilization treatment was 
required for Ipomoea seeds to avoid mold contamina- 
tion. As thc seeds normally germinated within 2 
days, they were directly transferred, after thorough 
rinsing with sterile distilled water, to 1-oz., square 
glass vials containing 18 ml. of Murashige's and 
Skoog's tobacco medium (14) with 1.0 p.p.m. 2,4-di- 
chlorophenoxyacetic acid (2,4-D) and l.Oyo agar. 

Extraction Procedure.-Plant, sced, callus tissue 
and agar medium were extracted for indole alka- 
loids by a modification of the procedures published 
by Taber et al. (9) and by Abe and Yamatodani (15). 

The aerial and root portions were ground in a 
Wilcy mill to a 40-mesh powder; whereas, the seed 
and dried callus tissue were ground with a mortar 
and pestle. The plant samples (seed, 2.0 Gm.; 
aerial, 3.0 Gm.; root, 6.0 Gm.; callus tissue, amount 
indicated in Table I) were wetted with lOyo ammo- 
nium hydroxide and allowed to macerate overnight. 
The ground seeds were first wetted with ethyl ether 
to facilitate more thorough wetting of the seeds by 
alkali. The samples were then extracted with ethyl 
ether in a Soxhlet apparatus for 24 hr. 

The agar media were diluted approximately 3 :  1 
with water, made alkaline with 10% ammonium 
hydroxide, and extracted lor 2 to 3 days with ethyl 
ether in a liquid-liquid extractor. 

Each ethereal fraction was then evaporated to 
dr~~ness  in vacuum and the residue dissolved in 70 
ml. of 0.2 N sulfuric acid The acidic solution was 
washed with 10-ml. portions of ethyl ether to remove 
residues and color. The acidic solution was then 
neutralized with an excess of sodium bicarbonate and 
cstracted with three 15-ml. portions of chloroform 
(fraction A). The aqueous solution was then 
adjusted to  pH 6.8 with 0.2 N sulfuric acid and 
again extracted with thrre 15-1111. portions of chloro- 
form (fraction B). 'l'hc remaining aqucous layer 
was filtered and designatcd fraction C. Fractions 
12, B, and C were divided into cqual aliquots--A1 
and &;  B1 and Bn;  and C ,  and Cr. Aliquots A1, R,, 
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TABLE 1 -ALKALOID COU 1 h N I  OF MORNI\G GLORY S E E D S ,  P L A N  I%, AND TISSUE CULTURES" 

- Cdllii> - -- 7 -Aeai hTcdnim - - 
Tiswe Agar 

Plant Seeds Aerial R u u t s  Callus Dry Wet  

Variety Months A €4 A R A B MonthsC Gm. A €4 Gm. A B 
Plant Age, -Fractionb- -Fractionb- Fractionb Age, Pit., Fractionb Wt., -Fractionb- 

Heavenly blue 5 0.486 0.00i 4 6 . 0  0 . 9  1 3 . 3  1 . 3  15 7 . 1  0.0 0 .0  1259 Trace 0 0 

Flying saucer 5 0.240 0 039 Trace 0 . 9  1.3  i:i, 15 6 .8  6:6 0 ' 6  $87 6:0 8.0 
. . .  Heavenly blue .1 0 . 2 9 6  0 .006 22 .6  2 . 2  . . .  . . .  

Flying saucer 4 2 . 6  0 . 9  . . .  . . .  . . .  
Pearly gates 5 o.-O.53 o:bo< 132.0 2 . 2  4 . 0  i::i 1.5 9 . 2  i1:i 0 . 4  SG4 i : o  4.0 
Pearly fiates 4 . . . . . .  3 0 . 0  1 .7  . . . . . .  . . .  . . .  
RilWi . . .  . . . . . . . . . . . . . . . . . .  6 18 i i :6  i:S   SO T r i c e  0 . 0  
Rivea . . .  . . . . . . . . . . . .  16 8 . 2  2 2 1 .0  425 0 0 Trace 
Matmkaze . . .  0:005 0:Obz . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . .  
Yuki . . .  0.006 0.006 . .  . . . . . . . . .  . . . . . .  
Chiyri no ukina . . .  0.007 0.004 . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . .  

. . . . . . . . . . . . . .  

~~~~~ __ - 
' I  Alkaloid rontrnt for seeds expressed as mg., Gm. of seed material; f o r  aei-ial, rriots, and tissue rultrii-es as mcg. , Gm. wet 

'' Fraction 
Time intea-val since callus established in culture. 

weight. 
A :  alkaline chlcnrofoi-m extract; Eractirrn R :  pI1 6.8 chlw,lorm extract. 

Average of Lhi-re s a m p l r s d  seeds and aerial poi-tiun; and of one sample ui  routs. callus, and agal medium. 

and CI were examined for indole alkaloids spectro- 
phototnetrically, and As, Hs, and Cn examined for 
indole alkaloids by thin-layer chromatography. 

Quantitative Alkaloid Assay.-Each aliquot was 
atislyzed colorimetrically by the modified p-dimeth- 
ylaminobenzaldehyde (PDAB)-nitrite procedure of 
Michelon and Kelleher ( 16). Total alkaloids present 
were calculated from an ergonovine Inaleate stand- 
ard curve which was incasured a t  590 mp in a Bausch 
& Lonib Spectroriic 20 spcctrophotometer. 

Aliquots :I, and BI (in chloroform) were cvapo- 
rated to dryness in vacutnii. The residue of aiiquot 
h, was dissolved in 5.0 ml. of 0.2 N sulfuric acid, 
while the residue of aliquot B1 was dissolved in 10.0 
nil. of aqueous tartaric acid. Aliquot CI (the 
filtered aqueous remainder) was analyzed without 
further purification. However, a bright ycllow 

Fig. 1.-Callus tissuc cultures after approxi- 
mately 1 weeks' growth. Key: FS, flying saucer; 
PG, pearly gatcs;  H H ,  licavenly blue; KIV, Rzwe 
corymbosa. 

color in aliquot C1 prevented its accurate assay, anti 
the data for it are not reported. For each assay 2.0 
ml. of extract was added t o  2.0 ml. of O.lyo PDAB 
dissolved in a concentrated sulfuric acid-water 
solution (l:l, v/v). After 10 min., 0.1 ml. of 
freshly prepared 0.1 yo sodium nitrite aqueous solu- 
tion was added, mixcd, and thc absorbance re- 
corded. Each assay was repeated three times. 

Qualitative Alkaloid Assay.-Aliqnots Az, Bp, and 
C? werc evaporatcd to  dryness in vacuum. The 
residue of aliquot A2 was dissolved it1 0.5 1n1. of 
100% ethanol; the residue oi aliquot B? was dis- 
solved in 0.5 ml. of 95yo ethanol; and the residue of 
aliquot C ,  was dissolved in 1.0 ml. of 957h ethanol. 
Qualitative comparisons of the alkaloids present in 
these aliquots were made on thin-layer  plate^.^ The 
plates werc spotted with extract amounts ranging 
from 50 to  200 pl. The solvent system used was a 
17:3 mixture of chloroform and methanol (9). De- 
vclopcd plates were spraycd with 1% I'DAB in 
lOO:,;L ethanol acidified with concentrated hydro- 
chloric acid, atid after 10 miu. again sprayed with 
freshly prepared 0.17,; sodium nitrite in 50% etha- 
nol. 

RESULTS AND DISCUSSION 
Although callus tissue often appeared within 2 

weeks on germinated seeds, i t  required 2 to 3 
months beforc a sufficient size formed for subculture. 
Once established, callus tissue grew rapidly (Fig. 1) 
and required subculture approximately every 4 
wccks. K i m z  callus were consistently cream colored, 
whereas J$OWIOEQ callus wcrc considerably darker. 

The results of the spectrophotometric assay are 
shown in Table I. and the chromatographic analysis 
in Fig. 2. Both analyscs reconfirm that fraction A 
cstracts of the sccd and aeri:rl portions of I .  oiolncen 
(flying saucer, heavctily blue, and pearly gates) 
coutain alkaloids in the ainouiitb reported by  previ- 
ous investigators (1, 2 ,  7 -9, 11). The authors' re- 
sults are in agreement with Hofmntiti (7), but not 
with Tabcr et al.  (9), that alkaloids are present in the 
plant's roots. Although tlic three Japanese vari- 
eties of I .  nil seeds assayed contained trace amounts 
of alkaloids, six dorriestic varieties are reported not 
to  contain alkaloids (8, 17). Trace amounts of 
alkaloids remained in most of the alkaline aqueous 
solutions extracted with chloroform (fraction A). 
The trace alkaloids wcrc extraetcd with chlorofortn 

2 T h e  thin-layer plates were prepared with Adsorbosil-1, 
Applied Science Lab., Inc., State Collcge, Pa. 

~ ~~~~ 
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(fraction R )  upon adjustment of the alkaline aque- 
ous solution to pH (i.8 (Tahlc I and Fig. 2, B).  The 
rciii:iiniriy aqueous solutioii (fr-actioll C) lrligllt :tlso 
ci)iit:iiti :Ilkaloitl> (1;iq. 2. C.1: or indol(~-typ(: COIII 

poutit Is. 
Only trace :imounts o f  alkaloids were detected 

spt’ct 1.0l~lii)t(1;1irtrically in flying s;tucer, pearly 
qntc..., am1 liiz’ciz cnllris :tiid it1 flyinn Siiucrr :rnd 
1)cai-Iy gates axar growth inerliiinl. 90 alkaloids 
wcrr d(,tccted spectropl~oto~nctrically in 11eavenly 
bluv tissue cultures (’Tablc I) .  Altllough callus 
tissue cultures rriorc corisistcntly contained alkaloids 
than their respective mediuIn, the medium extract 
occ:rsiorially gave a more positive and corr~plex pat- 
tern than thr  cnlltis extract on thin-layer plates 
(Fig. 2, D). Further work is in progress t o  dctcr- 
mine if .-I r g y w i o  and Ipomoec~ suspcnsion culttii-es 
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Synthetic Approach to Dihydrokavain 
By EDWARD E. SMISSMAN, A. NELSON VOLDENG, and JOHN F. MCCARTHY 

The preparation of 6-phenylethyl-6-valero- 
lactone (XII) wid the alkylation of dihydro- 
resorcinol, followed by a reverse Claisen 
reaction, and the attempted preparation of 
dihydrokavain (I), by a modification of this 

method, are discussed. 

OR CENTURIES thc nativcs oi tlie South Pacific 
islands have cmployed the root and rhizome 

-- ~ 
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of tlie kava-kava shrub (Piper w~~fhysticirm 
Forst.), also known as“ava.” “kava,” “yarigona,” 
and ‘ h i , ”  to  prepare an intoxicating beverage 
crtlled kava which is consumed at various rituals. 
’I’hc ka\-a hevcragc, if consumed in sufficient 
quaiitity, produces a state oi euI)horia, followed 
shortly b y  muscular relaxation, loss of control 
of the cxlrcmities, and finally a period of d r e a m  
less sleep which may last I0  fir. or more. Upon 
awakening there are apparently no undesira1)le 

While kava-kava contains a numbrr of com- 
ponents having the pyrone and dihydropyrone 

cfiects (1-3). 




