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CHAPTER I

TUTRECDUCTIOH

Seeds of Cucurbita Species especially €. pepo L.,
€. maxima Duch. and C. moschata Duch. have been used as
anthelmintics in the treatment of tapeworm infections,
Their special advantage as a taenifuge over other anthel-
mintics is their lack of toxicity,

The active principle of pumpkin seeds has for many
years eluded a large number of investigators, In 1931,
Neely and Davy (32) showed that the active principle of
L. pepo fruit was soluble in 75% ethyl alcohol but was
insoluble in petroleum ether., It was dialy=zable and its
activity was reduced by boiling with dilute sulfuric acid.
Krayer (23), in 1937 asserted that the active principle
of Cucurbita seeds was soluble in water and was heat
resistant. Subsequently, Veen and Ccllier (49) in 1949
used as anthelmintic for humar use a purified, denrotei-

nizcd, stable aqueous extract of the seeds of C. moschata.

=

in 1950 (6), and Mazzotti et al. in 1951

Colorado et al
(26) also used aqueous extracts of pumpkin seeds, In 1956,
Valentin and Brockelt (48) prepared from a number of

varieties of Cucurbita pepc seeds concentrated extracts

which were found to be strcngly toxic when tested on

earthworms. The active pPrinciple was scluble in water but



was insoluble in ether, Tn 1961, Karamanukian (21) showed
that whole decorticated pumpkin(eucurbit}seeas were more
active than an aqueocus extract from a similar weight of
seeds administered to human beings.

In 1961, Fang and associates (11} isclated an active

substance from (Cucurbita moschate seeds. The active

cempound was water-sciuble and was found to be a free

amino acid which hadg physical and chemical proverties different
from those of the known naturally occurring amino acids.

They named the substance crcurbitine. The structure of

this new amino acid was cor.firmed by degradative react-

ions, ultra-violet and infrared spectroscopy, as well as

by synthesis, to be 3—aminu—3—carboxypyrrolidine, These

authors claimed that cucurbitin (as now spelled) DOS8Ses -

sed anthelmintic properties. in vivo, biological testing

of cucurbitin showed it to be active in inhibiting the

growth of immature Schistosoma Japonicum.

Taenifugal properties are not limited tc the seeds
of Cucurbita species. According te Fefer and cowoerkers
(12), aquecsus and hydro-alcoheolic extracts, and the oil
from watermelon sceds, were found to be vermicidal; while
the ether extracts of the seeds had no anthelmintic
action. 1t is the practice of certain communities in

Lebanon to use the secds of Lufla cylindrica (Cucurbita-

ceae) as a taenifuge.

The purpose of the present investigation is manifold.



With the isolation of cucurbitin by Fang et al. (11) as

mentioned above, it was thought appropriate to study the
guantitative distribution of this substance in the dif-

ferent cucurbits grown in Lebanon or available on the

Lebanese market from foreign socurces., It was alsc inte-

-

resting to find cut whether the activity of scum. 51 the

r

commercial varieties of Cucurbita sceds as found by
Karamanukian (21) agrces with the relative concerntration
of cucurbitin in these seeds. To do tihis, it was ncces-
sary to develop a simple methcd or metheds for separating
cucurbitin from the numerous free aminc acids naturally
cccurring with it in the seed or in other parts of the
fruit, and a simple methed for estimating it quantita-

tively in these parts,



CHAPTE™ TIIT

PLAMT MATETZTAL

A large number <f cultivars of the seeds of numpkin,
water-melcn, and muskmelon are available on the Seirut
market. They are designated by the merchants according
to the country from where they were imported, as for
example, Turkey, Bulgaria, China, etc. The commercial
origin, in certain instances, was not necessarily inden-
tical with the habitat, For example, the 'Chinese'!
commercial samples could have had their origin from any
one of the far eastern countries., The different commer-—
cial samples used in this work will be designated as
cultivars (abbreviated as cv.).

Seeds* of the different Cucurbit cultivars, were
grown and their species identified, according to Bailey
(1,2}, Karamanukian (21), and “Yhitaker et al. (52,53),
taking into consideration the taxonomic characteristics
of the leaves, stems and seeds.

These species and their cultivars are as follows:

*¥ Cbtained thrcugh the courtesy of Messrs, Hassan and
Naja, Foch Street, Beirut.



1. Cucurbita pepoc L.

Pumpkin, “inter Squash,
a. cv., '"Yugoslavia',
b. cv. 'Chinese Shen-Skin'.

c. cv. 'bulgaria',

2. Cucurbita maxima Duch. e¢x Lam.

sumpkin, “7inter Squash.
a. c¢v, 'Chinese Snow-~Yhite!',

Fruits of Cucurbita species available on the market
were also used., Seeds were grown and the species identi-
fied by cxamining all the plant parts taxconomically,
These seeds belonged to the following species:

3. Cucurbita nepo L.

Squash, Fumpkin.
a. cv, '"Turkey!'.*

4., Cucurbita maxima Duch. c¢x Lam.

Yinter Squash, FPumpkin.
a. c¢v. 'Ainjar, globular'., *
L. cv, 'Ainjar, oblong'. *

c. c¢v. 'Syria, globular, large fruited!'

(giant pumpkin) ., *¥

5. Cucurbita moschata Duch.

Winter Squash, Fumpkin.
q s ¥
a. cv. 'Syria, crook-necked', **

b. cv. 'Syria, globular!'., **

* Purchased from Ainjar market, Lebanon,

** Purchased from Beirut market (Nouriye).



Other cucurbitaceous seeds, besides Cucurbita spp.,
were also used in this investigation,* These included

(52,53):

6, Lagenaria leucantha Rusby (Cucurbita lagenaria,L.,

L. leucantha. Duch., L. vulgaris Ser,)
Calabash gcurd, gourd.
a, cv. 'Lebanon'.

7. Luffa cylindrica (L.) M.“oem. (L.aegyntica,Mill,)

Dish-cloth gourd, rag gourd.
a. cv. 'Lebanon'.

8. Citrullus vulgaris Schrad.

Water~-melon.
a. cv, 'China’,
b, cv. 'Turkey'.
c. cv, 'Lebanon.'

9. Cucumis melc L,

Musk-melcon, Cantaloupe.
a, cv, 'America, round'.
b. cv. 'aAmerica, cblong.'

10. Cucumis sativus L.

Cucumber.
a. cv, 'America'.
b. cv. 'Lebansn',

The fruit pulp of the ‘“cllowing was also examined:

¥ Purchased from liasbini and Sons, Argentine Str., near

Cinema Byblos, Beirut.



11, Cucurbita maxima Tuch.

a. ¢cv. 'Ainjar, globular',

b. ¢v. 'Ainjar, oblong!'.

Analytical data obtained for the s2eds and pulp

the foregoing list will be found in Chanter VII.

in



CHAPTIE IIX

ANTALYTICAL MDTIODS

In this chapter the different procedures and analy-
tical methods emprloyed in this investigation will be
outlined and discussed and the composition of the reagents
indicated., The method of extraction of naturail cucurbitin,
and the preparation of cucurbitaceous extracts are the
subjects ¢f Chapters V and VI which constitute a part

of the investigation with vhich this thesis is concerned,

I. Chromatographic Methods

Chromatography stands supreme as the technique for
separating and showing the components of a mixture,
Compounds containing a particular reactive group will
react with the visualization rcagent specific for that
group. 1t often happens, in one-dimensional chrcmatogra-
phy, that two or more compounds will run together or
overlap on the chromatogram. Tt is essential, therefore,
to use a variety of solvents; oOr resort te two-dimensio-
nal chromatography. The latter is especially indicated in
where a pair of solvents is used in

amino-acid analysis,

an attempt to separate suck compounds as will normally
run together in one-dimensional chromatograms.

As cellulose phosphate 1is the strongest of the



cation exchange celiuloses, it has been studied more
extensively than other exchangers, particularly with
regard to the separaticn of amino acid mixtures. Its use
in the present investigation finally solved the aifficulty
cf separating cucurbitin from accompanying amins acids

by chromatography (See II. p. 17).

A, Paper Chromatography of the Amino Acids of

Cucurbita species

Solvent Systems Used in One-Dimensional Paper

Chromatography

In view of the extremely limited solubility of
aminc acids in organic solvents, systems suitable for
chromatography must generally contain water (3). Solvents
such as methanol, ethancl or acetone are used as markedly
polar organic components. Often fairly good separations
are achieved with such systems. They give relatively
diffuse zones, however, and tend to cause tailing. This
tendency is checked bty the additicn of a few mi, ner
cent of glacial acctic acid, and by reducing the amounts
spotted to about 2 mecg. per aminoc acid. Accoraing to
Brenner et _;. (3) smaller zones result alsc wvhen
methancl or ethanol are replaced by n-»nropanol,
n-butanol and the iike, but this advantage is somewhat
offset by the rcduced rate of flow which is largely due

to increased viscosity. Zones generally spread less, i.e.,



separation is better the higher the solvent viscosity,
rhenol, as a solvent, provides a good example of this

effect. If viscous alcohols are replaced by non-polar

e

fluids of lower viscosity, a solubilizer such as methanol,
pyridine or glacial acctic acid will nelp restcecre
miscibility with water. Yith systems of this latter tynpe
separations may be very satisfactory and rapid (3).
Basic amino acids travel much more slowly under
acidic conditions that have little if any affect on the

mono-aminocarboxylic acids (Consden et al. 104k) (7).

faa)

This is, indeed, z very gozd test for basicity. Ammonia,
on the other hand, selectively slows acidic aminc acids
and hastens the passage of basic ones.

Tne following solvent systems were used ascendingly

on Whatman lNo, 1 chromatographic papcr:

1. n-Butanol Lo m1.
Glacial Acetic Acid 10 ml.
Tater 50 mil,

The upper phase of this classical mixture,
referred to as "Partridge" soclven (33) is
hJ 3

a most widely used solvent. It should be

aged for at least three days before use.

2. n-Futanol 60 ml,
Glacial Acetic Acid 15 ml,.
Water 25 ml,

A monophasic solvent, the composition of which
corresponds to that of the upper organic

phase of solvent Ilo. 1 (43),




~1

pod
-

n-Iutancl Lo mi,
Glacial aAcetic Acid 10 mi.
Ethanol 95% 10 wi.
Tater 20 ml.

A monophasic soclvent used by Fang et al.(ll)

for the detection of cucu bitin,

n-Hutancl 90 ml.
Glacial Acetic Acid 10 m1,
Water 29 ml,

A monophasic sclvent used by Dunnill and
Fowden (10) for cucurbitin,

n-Butanol 4O m1.
Glacial Acetic Acid 10 mi.

A solvent system used by Fang et al. (11
to detect cucurbitin.

Diethylamine 1 ml.
Ethanol 77% 100 m1.
A solvent system used by Fang ct al, (11)
to detect the postition of cucurbitin on

the chromatograms.

fhencl Cryst. 75 gm.
Water 25 ml.

The molten phenol was mixed with hLot water,
The mixture was cooled to room temperature
before use.

Fhenol Cryst. 75 gm.
Water 25 ml,

The solvent was used here in an atmosphere of

ammonia from a strong ammonium hydroxide
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solution (10). The solvent was orepared as in
No. 7 (above). Concentrated ammonium hydro-
xide solution was placed in the chamber dur-
ing the running of the chromatogram. Ammonia
causes the phenol to darken from pink to red,
to blue, and finally to black in tli- course
cf the operation of the chrenatogram, There-
fere, the solvent was renewed everv time a

new chromatogram was to be run.

9. n-Fropancl 70 ml.

Concentrated Ammenium Hydroxide

Soluticn 30 ml.

Solvent Systems Used in Two-Dimensional Yaner

Chromatography

Two-dimensional chromatography improves the
separation of substances which would otherwise overlap
when chromatographed in one-dimensicn only in as much as
it allows the ccmbination of the resclving powers cof
two different sclvents., Two-dimensional chromategraphy is
recommended exclusively when a mixture of unknown compo-
sition is to be analyzed as is the case with mumnkin
seed extracts,

In the following solvent systems, system "a" was
first used in one directicit, then system "b" was used in
a direction at a right ang:e to "a". Both systems were

used ascendingly on Yhatmair No. 3MM chromatographic paper.
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10, "a", Diethvlamine 1 ml.
Ethanol 77% 100 ml.
"b". n-Fropancl 70 mi.

Concentrated Ammonium

Hydroxide Solution 30 wl.

11. "a". n-Putanol 60 ml.
Glmcial Acetic Acid 15 m1,

Vater 25 ml.

"b". mn-Butancl 10 mi,
Fyridine 10 ml.

Water 10 mi.

12. "a", Thenol Cryst, 75 gm.
Yater 25 ml,

The sclvent was used here in the nresence of
an atncsphere of ammonia from a concentrated

soluticn of amnmonium hydroxide.

"b". n-Butanol 90 ml.
Glacial Acetic Acid 10 m1.
Water 29 ml,

This sclvent pair gave the best resolution
in the chromatography of the amino acid ex-

tracts of cucurbit seeds (10).

Intermediate drying of two-dimensional chrematograms

Intermediate drying presented no problem when highly

volatile solvents were used. The chromatogram was left

in a well ventilated hood 7Tor about 15 min.tes, after

which it was immeciately submitted to the second dimen-

sion run. Less volatile so'vents such as phenol could be
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removed only by leaving the chromatograms overnight,
although there was a risk of oxidation of certain amino

acids,

B. Thin-Laver Chromatography of the Amino Acids

of Cucurbita species,

The main advantage of the use of thin-layer
chroematography in aminoc acid analysis is the time factor,
The total time required fo- a two-dimensional chromato-
plate to be developed beins between four to five hours,
as compared toc two or thre: days required for a paper

chromatogram.

Solvent Systems Used in One-Timensional Thin-Lavyer

Chromatography

i- Adsorbant: Silica Gel G (Merck).

Solvents : the following were used:
13. Methyl ethyl ketone 16 wmi,
Pyridine 15 ml
Yater 15 ml,
Glacial Acetic Acid 2 ml
14. TFrepanol 70 ml,
water 30 ml.

Remarks. Separation of the aminoc acids on Silica
gel was poor, and the results with solvents '173'

and '14' were not satisfactory.
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ii- Adsorbent: Cellulose (S. & S. 123),

Solvents : the following were used:

15, HMethanol 80 ml.
Vater 20 ml,
Pyridine 5 mli.

16, n-Butancl Lo w1,
Glacial Acetic aAcid 10 mil.
YWater 50 ml,

The upper organic phase of this soclvent was used,
( See solvent 1.)

17. n-Frspancl 70 ml,
Water 30 ml.

This is the same as solvent 14.

Remarks., Although seraration on cellulcse was far
better than on silica gel, one-dimensional chro-
matograms werc not satisfactory because of the

large number of amino acids vresent in the extracts,

Sclvent Systems Used in Two-Dimensional Thin-iayer

Chromatography

As in the case of two-dimcnsional paper chromatogra-
nhy, system "a" was used first in ore direction, ther

system "b" in a direction at a right angle to the first.

i~ Adsorbent: Silica Gel G (Merck).

Sclvents : the following were used:
18, "a". n-Butanol 4o m1.
Glacial Acetic Acid 10 ml.

Water 10 ml.
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"b", n-Frecpanol 70 wl.,

Water 30 wml.
ii- Adsorbent: Cellulose (S.. S. 123),

Solvents : Solvent pair lo. 12.

“reparation of Thin-Laver Plates

i- Silica Gel Flates. Glass plates measuring
20 X 20 cm., were coated with a slurry consisting of 1
part by weight of Silica Gel G (Merck) and 2 parts by
volume of distilled water, using the Camag coating
apparatus, to a trickness of 0.3 nmm., were left to dry
overnight and later used without activaticn.

ii- Cellulose Flates, Cellulose layers were prepared
by shaking 15 gm. of Celiulose (S, & S. 123) powder
very vigorously with 90 ml. of distilled water (39) for
1-2 min. and then coating the plates with the slurry
to a thickness of 0.3 mm. The plates were left to ary
cvernight at room temperature, and used without further

treatment.

Intermediate Drying of Twe-Dimensional Thin-laver Tlates

The same precautions were observed here as under

paper chromategraphy. See n, 13,

C. Visualization of the Amino Acid Spets on Paper

and Thin-layer Chrcematograms

MNinhydrin has retained its postion as the most

useful reagent for the visualization of amino acids on
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chromatograms (25,27).
The following ninhydrin spray solution was used,

Hinhydrin Spray Sclution

Minhydrin 0.2 =m,

o

Ethancl 954 100 mi.

‘e chromatogram was carefully sonrayed with +hne
minhycrin solution and dried in the air. It was then
heated for 2 min. in an oven at 110° C. Cucurbitin gave
a light brown color with ninhyadarin, 1f the chromatogram
was heated for a _onger pe-riod, the background assumed
a pink coloration.

It is important to not:» the p:l at which the color
reaction for deve_cping th: 8pots is carried out.

This color is in no way characteristic of anino
acids: peptides and other aminc compounds also give the

same coclor.

II. The Use of Ion-Exchange Cellulose Fhosphate ™apers

for the Separatiorn of Mixtures of Aminc Acids

Celiulose phesphate is o stron. ion exchanger (22),

[

in that it retains a fully dissociated form over the D=

]

ange of most chromatographic applications,
The ion-~exchange cellulcses have made it nossible to
combine the advantages of ion-~exchange princinples and
paper chromatcgraphic techniques. In the applicavion of
the solution unde:r test to the paper, there is no need

to restrict the size of the spot: a single application
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may be used, where four or five separate applications,
with drying in between, might have been required on a
"conventional" papoer chromatogram, MNer is there any
necessity to dry the spot before running the chromatogram.

Lapers.

R

Techniques for handling ion-exchange

ihe methods of spot application, develorment, and
final location werc similar to those uscd in ccnventisnal
paper chromatography (dry—start mothod\,° Ho equilibration
perioc in the solvent atmosphere was necessary. in the
application of the scluticns under test to the saner
there was no necessity to rostrict the size ot the- spot,
provided the total weight of solutes added was ccmpati-
ble with the capacity of the naper,

The "dry-start method" was found to impose certain
restrictions on the technicue assocciated with the initial
Preparation of the materials in the ary state., An alter-
native method of develcpment conveniently
distinguished as the "wet-start method", consisted cssen-
tially of treating the raper as ii it were a cclumn of
ion-exchange material. The paper, with the positions for
subsequent spot application clearly marked, was washed
with a suitatle solvent and the excess liquid allcwed to
drain off., The requircd voiume of solution under test was
then applied as a spet in ¢ single application (22).

As exchanger, Whatman (ation Fxchanger Cellulose

Fhosphate Papers ?-20, mcasuring 57 ¥ 23 cm., were



developed descendingly for 7 hours in the following
buffers for the separation of the basic amine acids
found in the cuecurbit extracts,

L. Duffer pH 2.1 (22). Molarity 0.2.

bodium Acctate 1T 50 ml,
Zvdrochloric scid 1 52.5 mi.
Hater upn to 250 i,

Mcthod of handling:we :-start method.

2. Zuffer pH 9,2%, Molarity 0,2,

Scedium bicarbonate 1M 127 ml,
Sodium carbonate 1M 2k L w1,
Watcr up to 1000 mi,

Methoc of handling: dry-start method,

After cach ctromatogram was Geveloped with the appro-
priate method, it was allioswed to dry overnight, Thc¢ paper
was then sprayed with the ninhydrin spray solution, **
and allowed to dry first in the air, then in an oven at

o

0 C. for 2-3 min, which was the obptimum time fo
£z

color development,

111. ZIElectrophoretic Methods Used in the Investigation

e o Rk ey MR, PR St 4 e e e e e n

of the Basic Amino Acids of Cucurbita Species.

Electrophoresis may be defined as the migration

of dissolved or suspendcd particles under the influence

*¥ Cyril Long (Bd.), 1961, Biochemists:! handbook, E. & F.N.
Spon Ltd., London. P. 3¢,
*¥* See Chapter II, p. 17,



of an electric field. Rlectrophoresis may serve as a

~

means for the separation of particles which are cdifferent
in their electrcthoretic behavicr, An arvantage of paner

clectrophoresis over paper chreiztogranhy in amino acid

analysis is that the results can be eb ained in a shorter

¢

N

time (44)

Much attention has been naid to the problem of
separaticn of basic amino acids especially at low poten-—
tial gradients. Jirgl in io6h (18) tried to solve this
nroblem by means cf low-voitage praper electrophocresis
at 7 volts/cm,, using a te.raborate electroiyte of nH
12.0. Good separation of hiostidire, lysine, arginine (18)
Or histidine, ornithine anc. arginine (19) was obtained,
but lysine and ornithine 1:d similar mobilities. However,
by using a sodium bicarbonate elctrclyte at pH 7.4-7.5,
Jirgl (20) succeeded in 1965 in achieving a sevaration
and a quantitative determination of all these basic amino
acids and of citrulline.

Since cucurbitin is a basic amino acid, both the
tetraborate electrolyte at pH 12.0 (1&; and the socium
bicarbonate buffer at pH 7. -5 (20) were used in this
investigaticn to study cucurbitin and compare its
electrophoretic behavior with that of the known basic

anino acids.
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Heagents:
1. a. Buffer pk 12.0 (18).

Scdium tetraborate 0.05¥ 250.C ml,
(9.75 gm. in 500.C ml. water)
Sodium hydroxide O.2M 215.0 ml.

(4 gm. in 500.0 1. water)

Tater 35.0 mi.
b. leutralizing sclution.
Acetone 4O mi,
Glacial Acet-c Acid 10 m1l.
Formic Acid 859% 10 ml.
2. a. Buffer pH 7.4 (20),
Sodium bicarl:ionate 6.72 em.
Water up to 1000.0 ml.
b, Neutralizing sclution.
Same as 1b.
3. Ninhydrin Soiution (Detecting Solutiscn)
Minhydrin 0.5 gm.
Acetone 100 ml.,

frocedure:

Sheets of “hatman No, 3MM chromatcgraphic vaper,
measuring 30 X 17.5 cm. were used, The paper was first
wetted with the buffer, the excess buffer remocved, and
the paper equilibrated for 1 hour at 75 volts in a

Thomas Electrophoresis Cabinet, Model 20,%*

The sample was then svetted and the electropherogram

* made by Arthur Thomas 4 Co., Philadelphia, Fa., U.S.A.
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developed with the appropriate buffer at 210 volts i,e.,
7 velts/cm.

After 120 min, cf sevarzticn, the electrepher>gram
was withdrawn from the cabinet and dried at about 907 C.

fer 20 min, It wa

6]

then passed throug: the annrosriate

o)

neutralizing solutien and again dried at 90° €. for about
5 minutes. For the tetecticn of the amino acids, thie
electropherogram was spraved with the ninhydrin solution.
it was first driec in the air, then in the oven at 90O C.
Maximum color develepment was achieved after about 2

minutes of drying in the oven.

IV. Gel Filtraticn of the Proteins, “eptides and Amino

Acids of Fumpkin Se=d¢ Extracts

The name 'Sephadex'* describes a group of modified
dextrans of microbial crigin, Zecause of the abundant
hydroxyl groups present in the reticulated pclysaccharide
structure, 'Sephadex' strengly swells in water and aqueous
scluticns, forming swollen gels that are able to sicve
Or discriminate against the penetratic. intc the gel
pPavticles of mclecules above a certain size,. Generally
this size is correlated with molecular weight, Large
molecules such as proteins do not enter the gel phase

and rapidly emerge in the effluent, while smaller mocle-

cules such as amino acids diffuse intc the gel particles

* made by “harmacia, Upsala, Sweden.
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and thus migrate at a slower rate than the large ones

wihich beceme eluted first (37,41).

Jechnique of Gel Filtration

3. Mat=rial used

The dextran gel used was Senhadex G-2%, coarse
grade, with an exclusion limit of about 5000, It has a
rarticle sigze of 100-300 micreons and water regain of

2.t mi. of water per gm. of dry material,*

2. Yreparatiocn of the Gel Columnh

Meticulcus preparation of the chromatogra-hic
bed is necessary if a satisfactory flow rate is to be
cbtained, (14 ,41).

a, Preparation cf the Gel

The dry 'Sephadex'’ powder was suspended
in 0.1% sodium chloride solution and the sispension
stirred for a few min tes to allow it to swell and to
nrevent clump formetion. after a sedimentation time of
half to one hour, the fines remaining in the susernstant
were removed by decant. tion. The Procedure was rewneated
five times,** The volume of salt solution used was such
that the ratic of supernatant tc sediment was at least

i0 to 1 {14),

* OUbtained thrcugh the courtesy of r, Elias Awad, Chemis-
try Department, Jchocl cof Arts and Sciences, American
University of Beirut.

*¥ Sephedex G-25 swells fairly rapidly, final equilib-

ration being reached within a few hours.



b. FPacliing of the Column

ie coluri: used consisted of a cylin-

drical

oy
ot

ass tube 1.7 ocm. in diameter and 70 o, inr

length,

h

-~

> column was sct up on oa level urface and perfectly
aligned vertically. A small picce of glass woel was La14
cver the outlet and above it a2 2 cm, layer of glass boads.
The top of the coiumn was connectced to a 50C-m1l. funnel,
The complete assembly was filled with water and the

gel slurry was introduced into the funnel. The slurry was
mechanically stir:ed as it was feod slowly dintc the watcr
column. As the sephadex scttled siowly, the ocutlet was
opened to allow a flow rat. of 5 to 10 ml, per minute.

During the packing, =a rising horizontal surface of packed

material was considercd evidence of good packing., To let
the bed stabilize it was percolated overnight with the
cluant to be used (14,41),

3. Gel PFiltration

Most of the liquid over the bed was removed
and the sample toe be filtered was car«fully =added to the
column, dropwise, The flow was started and the s-anple
allowed tc enter the bed. At the mement the sampie disap-
peared into the celumn a few ml, of eluant was addcd to
wash the surfece., Finally the Sspace above the bed was
filled with the following cluate and eiutiocn of the

cclumn began. The cluant had the following comncsition:



1. Buffer pi 6.86%, Molarity 0.025

Potassium dihydrogen phosphate 3.402 gm.
Disodium hydrogen phosnhate 3.54% g,
Water up tc 1000.0 ml,

i
Te this buffer solution a sufficient amount
01 sodium chloride was aaded toc make it G, 2N
with sodium chloride.
The cluates were collected in 5-ml., fractions. The
rate of elution with the buffer was adjusted so that
20 ml, fractions were ccllected everv 10 minutes,

A1l experiments wore nerformed at room temperature.

V. Ion Exchange Chromatography of the Basic Aminc Acids

of Cucurbita Species and the Use of an Aminc acid

Analyzer

In jon exchange chromatography, separations arc
effected by virtue of the formation of reversible hetero-
polar chimical bonds between the sclid stationery phase
and the ionic constituents of the sampls, Ion CXChange
chreoematography can be used to separate ionic compounds
from non-ionic substances and also to fractionatc ionic

compounds into classes having the same type and number

* Jenkins, G.C.,, J.E.Christian and G.”. Hager, 19573,
Quantitative fharmaceutical Chemistry, hth. e¢dition,

McGraw-Hill, W.Y. n. 441
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of dionizable groups, Tre rate of migration of a compound

is determined by its net charge, i,c., the sum

l—-‘b
ot

he
sroducts of the numbers of ionized grours and thoir

respective dissociation constants. Thus it is nossible
to fractionate a mixture of 4icnic congounds by proncr

adjustment of the plf and the ionic

n
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develeping solvent.

Methods of icn cxchango chromatography for the
resolution of mixtures of amino acids and related com-
pounds were develcped by Moore and Stein (28,29,34),
These methods have been further refined anca adapted to
an apparatus whickh automatzcally records, with guantita-
tive precision, the differcnt compenents of thoe mixture
as they are eluted from the column (30,45) .

This method was used in the pPresent investigation for
a dual purpose:

a. for detecting cucurbitin - by determining the

Scquence in which it appcars in the ¢luate with
respcct to cthor amino acids and, under a

standard sct of conditions, the time intcrval

ct

after which it appears in the eluate,
r. for determining cucurbitin quantitatively in

certain species of Cucurbita.

Tccechnique of lon-Exchange Chromatography Using the

Auvitomatic Aminc Acid Analvzcr

Column chromatography using sulfonated polystyrene



27

cation-exchange resin (30) with the automatic recording
method of Spaciman, Stein and Moore (hS) was used.
The separaticons were carwied out in a “hoenix /ino Acid

Analyzer, Model K-5000%. The specifications for the

o}

resin, length of column, buffer, ninhydrin rea

ent,

4

flow rates, and foreruns were the same as those prescri-
bed by Spackman et al. (45), except that 0.1 ml. of
octanoic acid per liter of buffer (34) was substituted
for the phenol originally used by Spackman as a pre-
servative,

Separaticns were carried out on the 50 X 0.9 cm.
resin column of Anberlite ZR-1206. The resin particles
were separated according tc the method of Hamilton (16)
and packed as specified (34).

The following buffer, pH 4.26, was used to elute the
amino acids from the columr:

Sodium Citrate Buffer 0.38N pH 4,25

Citric Acid (065807,H20) 266.,0 gn.
Sodium Hydroxide (97%) 156.0 gmn.
Conc. Hydrochlorie Acica 153.5 ml.
Octanoic Acid 1.0 m1.
Brij-35 Solution ** 20,C mi.
Distilled water up to 10.0 liters.
* lMade by Phoenix Precision Instrument Co., “hiladelnhia,
Fa., U.S.aA., used through the courtesy of Dr. Peter

1. FPellett, Uepartment of Food Technology and Nutrition,
Faculty of Agriculture, Americanr University of Beirut.

*¥% A brand of polyoxyethylene fatty alcochol ether,
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The ninnydrin reagent had the following composition:

Ninhydrin Reagent:
ey S ah

fethyl Celloscive {“crexice free)
Sodium Acetate Buffer W

{sce below)

T

sinhydrin

Stannous chloride

These were dissolved under nitrcgen. The

of the procedure are described by Moore and Stein (30)°

3 1i

detadi

ters

is

Scdium Acetate buffer N, pH 5,51 % 0,03

Sodium Aceta ‘e, 3H20 1L.088 gm,
Glacial Acet ¢ acid 200 nid .
Watcr up to 2 liters.

The buffer was supplie.! to the column by a non-

¢corrosive uprecision meteriug pump at a constant rate of

30 ml. per hour. The nirhydrin reagent was sup»lied by

another pump at the rate of 15 ml, per hour,

The cclumn effluent and ninhydrin recagent

weire

combined in a continucusly flowing stream through a

Teflon capiliiary tube., The capiilary tube was

at 100° C. in the bath. It was long erough to

amine acids to remain there during the 15 to 20

fine

immersed

2a1llow

the

minuvtes

necessary for the reaction between the amino acids and

the ninhydrin to develop its maximal color int

The diameter of the capillary was small enough to prevent

ensity

.

remixing of the amino acides as they emerged in sequence

from the column., The effluent from the reaction

capillary entered the vertical tubular flow cell cf a
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three-channel photemeter, whore the color was monitored
successively at 570, 440, and 570 mpp, The effective
Tluid dewth of the flew c¢ccll in the l=st 570 mi chanmndi

was reduced by an internal &lass snacer to approvimately
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sreater range of color o be monitored, The
color detected in cach channel was displayed on the
mceving chart of a three-point strip-chart recorder
(27,34, A complete run on the 50 cm. column lasted

22 hours.



CHAPTE:R 1V

STNTHESTIS CF CUCURDITIN

It was realized, very early in the investigation,

that it was necessary tc have a reference samnie of nure

b

authentic cucurbitin with which te¢ compare natura
cucurbitin when the latter is extracted or is to be
located on the chromatograms. Since none was available,
it was necessary ic synthesize it.

Sun et al. (46} had shown that cucurbitir was

3-amino-3~-carboxy. pyrrolidine (I). They svynthesized it

(46) using l-carbethoxy-3-carbomethoxy-4-nyrrolidone (rx)

(1) (1)
as the starting material for the synthesis. Legradation
of l-carbethoxy-3-carbometioxy-4-pyrrolidone (I17) with
dilute hydreochloric acid give l-carbethoxy-3-pyrro-
lidone (IIX). The latter wis treated with ammonium

chloride and potassium cya:nide in aqueous methanol.
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(111)
The organic layer was extracted from the reaction mix-
ture, and was then hydrolyzed with hydrobromic acid to
give (f) —3—amino—B—carboxylpyrrolidine (I).
In the present synthesis, lH-carbethoxy glycine

ethyl ester (IV) was synthesized according *o the method
¢f Fischer and Ctto (13) from glycinre ethyl ester hydro-
chloride and ethyl chloroformate. This compound was then
condensed with ethyl acrylate according to the method of
Kuhn and Osswald (24) to vyield 1,3-dicarbethoxy-4-pyrro-

lidone (V). The letter was then uscd for the synthesis

¢f cucurbitin according tc the methcd of Sun et al. (46),

i NH.CH,.C00.C 1
ChB.CHZ.COO“’h Ci 2 Co0O 021 5

(TV)
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EXPENIMENTAL

Synthesis of Carbethoxyglycine Ethyl Ester (IV),

A solution of 25 gm. of glycine ethyl ester hydro-
chloride in 25 mi, of Cistillec water was strongly chilled
and 18.0 ml. of 1017 aqueous sodium hydroxide scluticn and
20 gm. ethyl chlorofeormate were slowly added into it in
an ice-coocled flask, The mixture was stirred continuously
while a solution of 10 gm, of anhydrous sodium carbonate
in 50 mi. of water was gradually poured in. When carbon
dioxide liberation had stopred, the mixture was transfer -
red to a separatory funnei and the uppner layer separated
and dried with anhydrous sodium sulfate., The 0oily layer
was filtered over anhydrous sodium sulfate and purified
by distillaticn at 90O C. and 1,75 mm.Hg. The distillation
lasted about two hours, The ester, weighing 11 gm.,
crystallized in the cooled receiver in monoclinic prisms,
which melted at 26° - 27° ¢, (value revorted in the

titerature 27° - 28° ¢, ) (13).

Synthesis of l,3-Ticarbethoxy-pyrrolidone-A4 (VY.

In a 300 ml. round bottom flask containing 150 ml.,
sodium-~dried benzene, 10,75 gm, of If-carbethoxy glycine
ethyl ester and 1.4 gm. of granulated sodium (sec below)
werce added, followed by 6.5 gm. of acrylic acid ethyl

ester. The exothermic heterogeneous reacticn mixture,
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became self-heated and gelatinous, and acquired a bine
tinge. It was left to stand at room temperature with
continucus shaking for half an hour. The flask was then
fitted with an efficient reflux concenser protected from
the air by mecans of a calcium chlgoride guard tube, and
was refluxed for one hour., To remove any remaining frce
scdium, 1 ml. of absolute ethanol was added. The reaction
mixture was transferred to a separatory funiel anrgd
¢xtracted with 100 ml, of ecther with vigorous shaking,
Three hundred ml. of ice-water was added and the mixture
shaken again. The aqueous layer was Separated and the
organic colorless phase was shaken twice with 100 ml. of
ice-water and the washings combined with the aqueous
tayer. The combined &queous liquids werc washed with

100 m1l. ether, and then poured over a mixture of § ml,
concentrated sulfuric acid and 100 gm, ice. The resulting
reddish-brown o¢il was made to separate from the aqueous
solution with saturated sodium chloride solution, and
was then extracted with five 100 ml. pertions of chloro-
form until no red-violet color was cbtained with ferric
chloride test solution. The combined chlorsform extracts
were washed with 50 m1, cold saturated sodium chlsride
sclution containing 0.25 gri. sodium bicarbonate.,
Tinally, the oil was dried with anhydrous sodium sulfate
and filtered threough anhydrous sodium sulfate twice. The

chloroform was distilled under vacuum, The residue, a
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reddish-brown thick o0il, was fractionated under high

o ] & e 3 5 7 a3 x \
vacuum at 225" - 2407 C, and 1.2 mm. Hg. The compzund (7
distilled over and solidified in the cooled receiver as
a white cryvstalline mass. 1t weighed 2.6 gm, Its semi-
carbazone was o2renared as described below and was
crystallizecd from ethanol yielding small needlos wirich

melted at 204° - 2050

C. (reported value 208° - 209° c¢.)
(24),

a. Preparation of Granulated Sodium (51V.

Five grams of clean sodium (most conveniently
weighed under sodium-dried ether after the surface
coating had been cut out with a knife) was introduced
into a 125-ml. round bottor: pyvrex flask containing about
100 ml. of sodium-dried xylene sufficient to cover the
scdium completely. The flask was fitted with a refiux
condenser, to reduce the danger of fire, and was placed
on a sand bath supported on a ring. The sand bath was
heated cautiously and the "ring" of condensed vanor of
the xXylene was carefully watched. “hen the scdium began
to melt, the flame was extinguished. The flask was
quickly stoppered, completely wrapped in a thick towel,
and shaken vigorously for 30-60 seconds. The content of
tiic flask was tihen cooled to room temperature, The sodium
was thus obtained in the form of small spheres whose
size was controlled by the duraticn and specd of the

shaking.



b. Preparation of the Semicarbazone (42).

The semicarbazone recagent was »reparcd
by dissolving 1 gm. semicarbazide hydrochloride and 1.5 gm,
scdium acetate (anhydrous) in 10 ml, of ethancl, About
ene mg. of the compound whose semiCartazone derivative
was to be prepared, was dissclved in C.5 ml., alcohol +n
a test tube and 5 ml. of the freshly prepared semicarba-
zide reagent was added. The mixture was vigerously shaken ,

and the test tube was placed in a beaker of boiling
water for 10 minutes, The tube was then placed in the
refrigerater, Crystals of the semicarbazone of the
compound scttled down , were collected, dricd and their

melting point determined.

Synthesis of l-carbethoxy-pyrrolidone-4 (rr1).

A mixture of 2.5 gm. of 1,3—dicarbethoxy—pyrroli—
done-4 (V) and 15 ml. concentrated hydrochloric acid
was heated for about 15 minutes cver a steam bath. Then
the HEC1l was removee in vacuo. The 0ily residuc was taken
up with three 30 ml. porticns of chloroform and the
combined chloroform soluticns washed successively with
three 20 ml. portions of water and three 10 ml. norticns
of concentrated solution of sodium bicarbonate. After
drying over sodium sulfate, the chloroform was distilled
in vacuo. The remaining orrnge-brewn colored oil (1.5 gm)

was fractionated at 122° - 1320 C. and 12 mm. He.
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The compound distilled over as a colorless o0il. 4 viel

of 0.8 gm, was obtaincd.

[N
e
A

The semicarbazone of the preduct was prepared
dioxane and recrystaliized from the same solvent, I+t

. 0 . N , .

melted at 175 ¢, (value resorted by Luhn and Csswalg

(24) was 178° - 179° (.},

Synthesis of (t)—B—Amino—j—carbcxylpyrrolidine or

Cucurbitin (I).

l-carbethoxy-3-pyrrolidone (ITT) (0.72 gm.), in
1.2 mi. methanol, free of acetone, was mixed -sith U.31 gm.
potassium cyanide and 0.30 gm. ammoniur; chloride dissciwved
in lukewarm water, in a 5Q-ml. Erlenmeyer flask fi tod
with a ground glass stopner., The flask was carefuliy
stoppered by greasing the stopper and kecping it in place
by the use of an adhesive tape. Th: content of the flask
wos stirred with a magnet stirrer and maintained at
s> o 500 C. for 4 hours, It was then extracted with
three 10-ml. portions of benzene. The benzene was
removed undoer vacuum leaving an oil (0.35 gm.), which
was refluxed with 3 ml, of 48% hydrobromic acid for
3 hcurs. The hydrobromic acid was distillecd off under
recuced pressure. A solid separated which was dissoived
in 0.5 ml. warm water, The solution was mixed with 5 ml.
of 95% ethanol. After allowing the mixture to stanc in

. . + R . .
2 refrigerator ovoernight, (—)—3—am1no—3—carboxypyrrolldlnc
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hydrobromide (C.28 gm.) crystallized ocut.

An adqueous soluticn of the hydrobromide of cucurbitin
was passed through an Amberlite CG-U45 (Type T, ov° form,
100~200 mesh) column measuring 20 ¥ 1.5 cm. The column

was eluted with water until the effluent gave a negative

0N

test with ninhydrin., Tt was concentrated neariy o Gryvness
on a flash evaperator,* at 500 C., under wvacuum . The
residue was dissolved in 10 drons of water, treated with
10 times its volume (5 ml.) of ethanol. The alcoholic
solution was subsequently treated with perchlcoric acig
(60%) until the p¥ of the solution became 5, Cucurbitin
perchlorate (0.24 gm, ) crystallized out upon coscling in
the refrigerator. A further crop of cucurbitin nerchle-
rate was obtained cn evaporation of the mother liquer,

Cucurbitin merchlorate decomposed above 2700 C.
without giving a sharp melting point. (reported value:
above 275° ¢. (11) or 280° ¢, (46)).

The structure of cucurbitin perchlerate was confir-
med by infrared spectroscopy. The In spectrum of the
synthesized cucurbitin perchliorate was taken in Mujol
(liquid paraffin), using a Unicam Ultraviolet Spectro-

photometer SP. 800%** (Sce Fig.1). Absorption bands at

* made by Puchler Instruments, M,J., U.S.A.
*%* Used through the courtesy of Tr, I, McLaren, Denart-
ment of Clinical Nutrition, Faculties of Medical

Sciences, American University of Beirut,
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1

1640 em™ ™ , 3100 - 3115 cm"l, and 2500 -2550 cm™ T

y

corresponding to the carboxyl, the priamry amins and

the secondary amino groups, respecctively, werec obtained,

which is in agrcement with the data iven b Surn e
g

al.

(46} and Fang et al. (r1).

—
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2000 1800 1600 1400 1200 1000 800
FREQUENCY (cM!)

Figure 1.- Infrared spectrum of cucurbitin,

Cucurbitin, the frece base, was easily obtained by
rassing a solution of cucurbitin perchlorate in water

)

through an Amberlite CG-45 (Type I, OH form, 100-200
mesh) column measuring 20 X 1.5 cm. The effluent was

evaporated to dryness, using a flash evapcrator. The

cucurbitin was further dried in a wvacuum desiccator



39

oven* at 40° C. for 5 hours, and stored in a desiccator.

The following chemicals were used in the synthesis

¢l cucurbitin:

crylic acid ethyl ester (Fluka), ammonium chloride

ped

(Merck), ethyl chloroformate (Herck), glycine ethyl
ester hydrochloride (Fluka), hydrebromic acid
(Ricdel-Dehaen), perchloric acid (Merck), potassium
cyanice (May & Baker), semicarbazide hydrochloride

(K. & K. Laboratorics), scdium metaliic (Fischer),

sodium acetate (BDH-Analar grade).

* Heated Vacuum Desiccator, Precision Scientific Co.,

Chicago, U.S.A.



CHA®TER V

VATUKRAL CUCUYETTIN

EHTLACTTIULY AVE CHAFACTE IZ2ATILY

The isclation of natural cucurbitin from aderatte..

Cucurbita moschata Duch. seeds was reported by Fang

et al. in 1961 (11). A total free amino acid extract
was obtained by passing an aqueous extract through a
cation-exchange resin and eluting the amino acids
adsorbed on the resin with ammonia, According to these
authors, cucurbitin precipitated as a perchlorate salt
whern a concentrated total extract was treated with
Perchloric acid. Essentially the same method of isolia-
tion was used in the present work. Tt was found, howevwver,
that cucurbitin perchlerate did not precipitate in a
pure form; a few amino acids in relatively smali amsunts,
came down with it as an impurity, Therefore, a mi.cd
meiting peint of the natural cucurbitin perchlorate

with synthetic cucurbitin perchlorate could not he taken.
Tc characterize natural cucurbitin it was tiecrefore
necessary te resort te other me thods of identification.
This resulted in the cstablishment of a here-to-fore
unpublished data on cucurbitin., Among the aethods used
in the present investigation for the characterization

of matural cucurbitin, the following may b mentioned:
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paper chromatography, thin-layer chromatography,
celiulose phosphatc ion-cxchange chrematoegrashy, elec-

trephoresis, and cxaminstion ir an automatic aming acid

analvzer, See Chanters IIT 4 Vii,
B, b

Experimental

The plant material used in the preparation of
natural cucurbitin consisted of the secds of Cucurbita
maxima cv, 'Chinese Snow-"hite' which is available on
the Beirut market and is claimec by the merchants to ke
active as a tacnifuge,

Defatting of Sceds:

Three hundred forty secds weighing 113.5 gn. were
decorticatcd by a laboricus separaticn of the testa from
the seeds, The kevnels welghed 90 gm. These wers fiely
ground and divided intc tweo equal parts, Fach part was
defstted with petrsleum ether, b.p. 30-40° ¢. fTor 20
heturs. The petreleum ether extract was evaporatad to
constant woight at 105O C. The fat ccitent of the sceds
averaged 46.615% calculated on the basis of the air-dried
decorticated kernels. This defatting method was also uscd
foer the determination cof the fat content of othoer seeds,
seoe Chapter VII.

Preparation of natural cucurbitin

Twenty five grams of thce decorticated and defatted

seeds were first extracted with 200 ml. of water at
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500 C. with constant stirring for about L heouims, the
mixture was centrifuged, the Supcernatant reserved, and
the residue extracted in a similar manner, with “throc
100 ml., portions of watcer at SOO C. for absut 40 minutes
cach time. The combined supernatants and washings
rieacurced 500 ml, The turbic liquid was clarifiocc oy
adding to it 500 ml. of 95% alcohol to Precipitate the
suspended protein matcrial and the whole kept in the
refrigerator overnight,

The following day, the mixture was centrifuged and
the clear supernatont was collected. The alcohol was
distilled off under reduced pressure, at 40° C., using
a flash evaporator, The aquecus solution was nessca
through a column of Dowex 507-X8 (87 form, 200-400 riesh)
measuring 75 ¥ 2,2 cm. The colunn was washed with 260 ml.
of water, and thcn €luted with 1% ammoniun hydreoxide
solutiocn, until the cfflucnt gave a negative test with
ninhydrin. The cluzte wns everrorated to drynoss uidor
reduced pressure, at 50O C., using a flesh svanorator,
The syrupy residue, neasuring 0,2 ml,, was disscived in
the same flask in twice its volumc of warm watcr and to
this 6 ml. (10 times its volumc) of 95% alcohol was
added. The solutiocn was then treated with 609 seyrchioric
acid, drop by drop, until the PH of the sclution became
5. Cucurbitin perchlorate precipitated on allewing the

flask to stand in the refrigerator for 2 days.,
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The pewxrchlorate was dissolved in water, and theo

solutiocn passcd through a column of Amberlite CG-45

(Type I, o~ form, 200-400 mcsh), measuring 20 X 1.5 om,

Evaporation of tho ciuate, under reducced prossurc,

gavo

cucurbitin.



CHAPTZY VI

PREPARATICH OF SEED AiD PULP BUTEBACTS

FCOR AI'ALYSTS

A. Preamble and Summary

Free amino acids are markedly hydronhiiic
compounds which dissolve only slightly in non-aqueocus
solvents., Purthermore they are also amphoteric,

Aqueous extracts of pPlant tiscues generally contain,
in addition to free amino acids, peptides, Proteins,
carbohydrates, salts and emulsified lipids,

The presence of salts in amino acid solutions render
difficult the preparation of paper chromatograms that
can be easily interpreted. The effect of salts has been
described by Consden and Gordon (8), Desalting of amino
acid solutions by a suitable ion exchange resin (4,35,40)
is applied routinely prioecr to quantitative estimation
of amino sids. Cccasionally, desalting by means of an
isn~exchange resin results ir losses (9): for evamnle,
arginine, and to some extent lysine, are not reteinred
by strongly basic resins; on the other hand, they are
incompletely eluted from acid resins,

Proteins and polysaccharides may be precisitated by

addition of organic sclvents: alcohol (50) arnd acetone



are mostly used, as they arc easily removed aftor the

\

process, Froteins (albumins; are also ccagulated by

. O . . .
warming to 60 C,, or higher, Furthermore, proteins,
uniike amino acids, are only slightly retainred o= highiy-

o

cross~linked ion exchange rcsins of the strong

Brse cr the

(&

strong acid tyne,

A

Gel filtration with Senhadex (36,38,47) is new
method for the separation of high molccular from low
molecular weight compounds. Sephadex is an inscluble
cross-linked dextran which greatly sweclls with water,
Large molecules arec excluded from entering the gel
particles while smaller molecules or inorganic salts
diffuse without hindrance into the gel particles, an
aqueous solution of a mixture of such substances is
bpassed through a Sephadoex column», the larger molecules
will be eluted first, Smaller moleculcs are retained for
some time and can boe cluted quantitatively with more

water or a dilute salt soclution.

In the preparation of agueous extracts for paper

and thin-lavyer chromatography, the protein was excluded

by extracting with 75% ethyl alcohol. After evaporation
of the alcohol, the aquecus liquid was passed through a
column of sulfonated polystyrene resin (Dowex 50W-X8,

ut form), which was subsequently thoroughly washed with

water, All the ninhydrin-pssitive material was held by

the column. The amino acids were then displaced from the
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colunn by 2N ammonium hydroxide solution without frac~
tionation and the eluate was concentrated by evaporation
. o . .
in wacuo at 507 ., to remove the ammonia,

In studying the free amino acids, notably the basic

ones on the Autematic Aminoc Acid Aralyzer, a nroteip;-

iree extract of the secd was prepared. Finely ground
decorticated and nen-defatted seeds were extracted with
10-fold their amount of l% picric acid, accoraing te the
method of Hamilton (15). The picric acid precipitate was
removed by centrifugation. The excess picric acid in the
protein-free extract was removed by passing the extract
through a Dowex 2-X8 columii, The colorless filtrate was
concentrated and adjusted to pH 2 with 137 hydrochloric
acid,

For the electrophoretic studies of the basic amino

acids, the protein-free extracts obtained by precipitating
the protein with picric acid as described above were
used,

For chromatogranhy on ion-exchange celluloso

phosphate papers, which combines the advantags of the use

of ion-exchange roesins and paper chromatography, prior
desalting of the extracts was noil necessary. Agueous
protein free extracts werc prepared by precipitating

the soluble proteins with picric acid, and using the
aqueous extract of the total free amine acids for analysis.

To find out whether Oor not cucurbitin was found in
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the water-socluble peptides and preteins, the aqueous
extracts were passed through a Sephadex G-25 column,

The eluate, containing the soluble peptides and proteins,
was concentrated to a small volurme and the soluble pep-
tides and proteins, was concentrated to a small volume

"

and the soluble peptides and proteins hydroiveoed wiin
o

611 hydrochloric acid for 2k hours at 110 X 1° ¢,
Cucurbitin was not affected by this treatment. The
hydrolyzate, after suitable treatment, was then ready for
chromatographic analysis,

Te find out the best ¢xtraction method whicli will

extract all the free cucurbitin found in the secd,

extracts werec pPrerared from the defatted Cucurbita maxima

cv, !'Chinecse Snow~#hite!', Lsing water at room tempera~
ture, water at 50° C., and alcohol 60%, ang stirring
the suspension coentinuously for 24 hours. After centri-
fuging, washing the residue, and again centrifuging, the
operation being reseated for two more tines, the combi-
ned washings and Supcrnatant were concentrated in vacuo
ana the extracts examincd., Extraction of the residucs
with the same solvents was continued for ancther 24
hours and the combined washings and supernatant wore
again examinced., To find ocut whether or not cucurbitin
was found in the bound form in the residual brcetein,
the residue was hydrolyzed as indicated above, the acid

subsequently removed in vacuo at 500 C. The aquecous
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extract of the hydrolyzcd protein was then examined for
the presence of cucurbitin,

It was found that cucurbitin was best extracted from

~

o

the decorticated and defatted secd with water at 507 C.

for 24 hours. Subsequentiv, all the cucurbitaccous scods

examined werc first defatted and thern oXtractod <+t
o

watir at 507 C. for 24 hours.

B. Experimental

Hj

‘reparation of the¢ Amino Acid Fraction for Paner and

i

Thin~Layer Chromatography.

1. Extraction of the Amino Acids from Sceds:

Une gram of finely ground decorticated and
defatted seeds in a 50~ml, Erlenmevyer flask was shaken
continuously with 25 ml, of alcohol /5%, for 24 hours,
using a Wrist Action Shaker, The clecar supcrnatant
cxtract obtained after centrifuging was distilled in

o .
vacuo at 507 C, using a flash evatoratoer, he aguccus

solution was applied to a small colum- of Dowex 50W-X&

T'i+ k] - .
(n form, 200-400 nesh) measuring 10 X 1.7 cm., te retain
the amino acids; after thorough washing with 50 ml, of
water, the amino acidgs were eluted from the column with
2N ammonium hydroxide solution until the cluate was

ninhydrin-negative. About 25 ml., of 2N ammonium hydroxide

solution was uscd. The amino acid fraction was then
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concentrated in vacuo to 5 ml, using a flash evaporator
o - . . .

at 50" C, For spotting on paper and on thin nlates

50 121 and 30 Mmi of this solution were used respectively.

2. Extracticn of Amino Acids from "Leoseed"*

.

Extract.

Une ml, of "Lecseed" was diluted with 19 m1,
of alcohol 50%, mixed thoroughly, and centrifuged. The
alcochol from the supernatant was distilied cff, and the
aqueous sclution was applied to a Dowex 50W-X8 column
(F+ form, 200-400 mesh) measuring 25 X 1.7 cm. to retain
the aminc acids. After thorough washing with 1CC ml, of
water, the amino acids were elutecd with 217 ammonium
hydroxide sclutior as outlined abeve, The aminc =acid
fraction was concentrated to 10 ml. For spotting on

paper, 25 ul, and ¢n thin plates 10 Pl were used,

creparation of the Aminoc Acid Extracts for Extracts for

Examination on lern-Txchange Paper Chromatography.

A, Extraction of Cucurbitin and the Free Amino

Acids frem S eeds,

Separate C.5 gm. quantities of powdered

decorticated and defatted seed of Cucurbita maxima

cv, 'Chinese Snow-‘Yhite' wore extracted separately with

25 ml. of water at rocm tenserature, 25 ml., of water at

¥ A proprietory preparation sold in Lebanon known

since 1954 as "Leo's Tumpkin Seed Extract!,
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50° C., and with 25 ml. of ethyl alcohol 60%, for 24
hours with continuous stirring with a magnetic siir-—er
in a 50-ml. Erlenmeyer flask. The supernatants were
removed by centrifugation. Each residue was washed with
three 15-ml, portions of water or alc-hol 60%, centri-
fuging after cach addition. The supernatant and washings
from each set were combined together and reduced to =&
voclume of 5.0 ml,, by evaporating the solution under
reduced pressure at 50O C.

The residue in each case was extracted by the same
method for another day. The supernatant ancd washings
from each set were combined and reduced to a wvolume of
5.0 ml,

When the extracts werc chromatographed o ion-
exchange Cellulose Phosphate Paper P-20, measuring
57 X 23 cm., in quantities of 10-20 microliters and the
extraction with the three solvents compared it was found
that watcr at 500 C. was the best solvent for extracting
cucurbitin from the defatted sced, It was also found that
extraction for 24 hours at 50° C. was sufficient to
extract all the cucurbitin.

B. Preparaticn of the Scod Protein Hydrolyzate

The washed residucs were dried and transfer-
red separately to 20 ml. pPyrex glass ampuls each contaij-
ning 12 ml. of 6N hydrochloric acid. The ampuls were

sealed and placed in an oven maintained at i1o  3°© C.,
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for 24 hours to hy . rclvze ihe proteins.,

At the end of 24 hours, tne amnuls were remscred
from the oven, left to cool and their contents e an -
rated separately in the flash evapnorator to drvness, Cue
ml., of water was added to each residue andc the mixt.re
evapcerated to dryness, This was repeated (wice o goe
rid of all traces of hydrochlzsric acid, The brown residue
was dissolived in 3 ml. of water, the solutiocn was
clarified with activated charcecal (BILH), filtered and
made up to 5.0 ml. with water,.

1. Ion-exchange Cellulose Phoschate Tavpe.

Chromatcgraphy:

Ten to 50-n1 gquantities of the agueous
extracts were chrcecmatogranhed on ion-exchange Cellulose
“hosphate Paper P-20 sheets as described in Chapter
111, p. 17.

2. Results:

o cucurbitin could be detected ¢ the
chromatograms of the residual protein hydrolyzates.
ffalse results were obtained when the residue was not
washed properly.

C. Extraction cof Cucurbitin and the Free Aminoc Acids

from the Pulp of Cucurbita maxima

Two grams of the finely ground dried pulp,

representing 40 gm, cf the pulp, was extracted with 40 ml.
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e} . . . . .
water at 50 C. for 24 heours, with continuous stirring

with a magnetic stirrer, in a 125-m1l. Erlenmever flask.

The supernatant was renoved oy centrifugatisn., The reni-

iue was washed with three 20-ml. porticns of water,
centrifuging after each additicn. The superratant and
washings were combined tegether and reduced to a vo lume
of 1T ml, For examinaticn on ion~exchange cellulose
phosphate paper (as described in Chapter TI17, . 17.),

56-100 Pl. portions were chromatographed.,

Frepara

tion of the Amino Acid Fractions tor Examination

Electrophoresis, and in the Aminc Acic Analyzer,

on Paper

Two grams of finely ground decorticated sceds in a
50-ml., Erlenmeyer flask was extracted at rcom temperature
with 25 ml. of 1% aqueous picric acid solution for 24
hcurs on a shaker, The picric acid nrecipitate was
removed by centrifugation. The excess picric acid in
the supernatant was remocved from the protein-free extract
by passing the sclution through a Dowex 2-X8 (Ionic ferm
C17, 20-50 mesh) column¥* measuring 4 . 1.7 cm. The
celorless eluate was reduced te 2 ml. under reduced

pressure and enough water and 1 hydrochlcric acid werc

* In preparing the column, the finer particles of the
resin were removed by elutriation. The resin column was
washed with 15 ml. of 1 hydrochloric acid then with

water until the effluent was neutral.



added to bring its volume to 10.0 mi. and its py to
2 0.1.

for electronhoretic examination of sced cuuoreeto,
20-40 nl of the extracts werc spotied.

For analysis using the autometic Amino Acti: Ana zer

a quantity cquivalent te 0.15-0.25 M I was used,

Preparatiocn of the Scluble Protein Fraction.

Threc O, m, quantities of decorticated detatted,
1 b

seeds of Cucurbita maxima v, 'Chinese Snow-"hite! were

extracted with 25 ml. wate:- at room temperature. 25 ml,
of water at 500 C. and wita 25 ml, of ethanol 60%,
respectively, for L0 hours. The suspension was centiri-
fuged and the supernatant was filtoered twice through a
sintered glass funnel of medium porosity. The alcohol,
where used, was distilled off. The agueous solutions,
were made up te 25 ml, (309 of the column bed volume),
and were passed through a cclumn of Scphadex G-25. (See
Chapter III, pp., 22-25), The column was subseqguentiy
cluted with ©.025M phosphate buffer, pii 6,88, containing
0.2M NaCl. (Sce Cha-ter TIT, p.25).

The eluates wcre collected in 5-ml. fractions, until
no color with a sclution of 0,1% ninhydrin in acctonec
was obscrved. The ratc of clution witn the buffcr was
adjusted so that Zz0-ml. fractions were coliccted cvery

10 minutes.
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All experiments were nerformed at room temperature.
4 7 S

The fractions were tested for the nresencse ol

peptides by the following tests:

I i

proteins and

a. Modified Diuret Test

Cogl:iill (5) reparts the fol owing medifin ticn

¢cf the biuret reaction by

very sensitive biuret test
In this method, c¢ne drop of 1% coprer sulfate solu-
ticn was added te 2 ml. of the solutior to be testeca
One ml. of ethanc. and an exccss of notassiun hydroxide
pellets were added., The labter dissolved and the satu-
rated potassium hydroxice solution salted ethanci out of
solution, which brought with it all the biuret color
present. According to this method, less than 350 ng. of
protein gives a distinct pink tinge to the ethancl layer.,

b. Higrecsin Test

According te Morris and Morris (31), the dye
soluticon is best made up as follows:

0.01% sclution of nigrosin ir :

Glacial Acetic Acid 10 mi,
Methanol 5C ml.,
Water 50 ml,

For testiry, samples from each tube were snotted on
paner, which was dried and passed through the nigrosin
solution, The excess of the dye was removed by washing
with tap water, and the paper dried. The dark greyishe-

blue color of the spocts, after drying the napcr, was a
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positive test for protein.
The fractions containing scluble proteins o- peoacides

were examined sepnar:tely, for presence of cuvcu: o.iti.

G

by dion exchang

o
e

e celliuliose phosphate pavcr chrowa sog ehy,
The results of thesc tests are gien in tho Joil. ring

table:

Table I.- Fractiocnation of thke Agueous and Fydroaleolhiolic
q 3

)

Extracts i the Seed of Cucurbita maximas

ey

¢, Chinecse

Snow-White' on Sephadex G-25 Column.

Fositive ~ Positive
i

Fesitive -
Extraction

Water at room Temp,' 8 - 12 | 8 - 12 | iz
‘ i

Water at 50° C. | 7 - 11 7 - 11 | 10,11
! i

Alecohol 605 } & - 11 8 - 11 ' 12
t

?
Siurct Reaction gNigrosir | Cucurbitin
i !

i |
i Fractions Test, | Fractions
’ ' Fractions

The contents of the tubes which showed a positive
recaction for protein and peptide and . negative test
for cucurbitin werec combined, evaporated to dryrness under
reduced pressure and hydrolyzed with 61! hydrochlcric
acid as outlined for the hydrolysis ¢f reserve protein
(see p. 50), the hydrolyzate after proper treatment

(See p. 51) was rcady for examination.

Chromatography of the aydrolyzates of the scliuble
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peptides and protceins on cellulosc phosphate ion-exchange
papers in quantities of 20-40 al. sheowed that cucurbitin

was abscent,



CHAPTER VII

ANALYTICAL DATA AND RESULTS

Table IX,~ Average Rf Values of Cucurbitin in Cne-
Dimensional Whatman Faper MNo.1 Chromatograms

as Determined Ascendingly.

S e © et i mel el L - .

No.f Solvent Systems* !

1. n-bButanol-Acetic Acid-Water (4:1:5)
2. n-Butanol-Acetic Acid-VYater (60:15:25)

3. | n-Butanol-Acetic Acid-95% Ethanol-Water

(H:1:1:2)
h. | n-Butanol-Acetic Acid-‘ater (90:10:29)
5. n-Butancl-Acetic Aciad (4:1)

6. Diethylamine (1%) in Ethanci (77%)

7. Phenol-VWater (3:1) in the presesence of

Ammeonia Vapors,

9. n-sropanol-Concentrated Amiionium i

Hydroxide (7:3) |

*¥ See Chapter I1I, »p. 10-12,



Table IITI.- Average R_. Values of Cucurbitin

1

Dimensicnal Whatman No, i

on Two-

Paper Chromatograms,

Ho. Solvent Systems* Rf
a. Diethylamine (1%) in 779
Ethanol 0.70
1o, .
‘b. n-Prepanol-Concentrated
| Ammonium iydrexide (7:3) 0,26
;a. n-Butancl-Acetic Acid-Water
11, | (60:15:25) 0,13
'b. n-Butanocl-Pyridine-Jater
; (1:1:1) 0.19
‘a. Phencl-Yater (3:1) in the
presence c¢f Ammonia Vapors. 0.71!
12.
b. n-Butanol-Acetic Acid-Water |
(90:10:29) 0.12

0,26

.13

0.19

Ratio of R, (a)
to Ry (b)
0.70

* See Chapter I1ITI, p. 13.
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Table IV.~ Average R, Values of Cucurbitin on (Cne-

f

Dimensional Cellulose (S. & S, 123) Thin-

Layer Chromatograms.

o, | Sclvent Systems¥* ; Rf

15. iMethanol-Water-"yridinc (80:20:5) ! C.20

16. !n-Butancl-iacetic Acid-Water (4:1:5) t 0.17

|

17. Ig~?romancl—ﬂater (7:3) f C.23
L i

* See Chapter IIXI, p, 15.

Table V.- Average Rf Values of Cucurbitin on Two-

Dimensional Silica Gel G Thin-Layer Chromatogram-

s i : i Ratic of
Ho. ! € >m ¥ R - N
Mo Solvent System | £ R, (a) to R, (Db)
i . ' f ,
Lo T o T T e =
i ? | |
! L a. n-Butanol-Acetic Acid-Yater :

1 ! 1 ‘ . t

18, | (U:1:1) | 0.12 5. 12

e ! —_—

: . b. n-Fropancl-Water (7:3) 0.20! 0.20
L - ? 3

* See Chapter III, =p.l15,16,
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Table VI, - Average Rf Values of Cucurbitin on Two-
Dimensicnal Cellulose (S. & 3, 123) Thin-Laver

Chromatograms.

i - e S
I ‘ ‘ : '
o, Solvent System* Rf : Patioc of ;
| : \ 5 |
‘ | Ry (ad to R (b)i
— _ I e ]
i ”f‘» T T e I 1
| i
{a. Fhenol-Water (3:1) in the |
presence of Ammconia Vapors, 0.30 | o
12° : 0.00
1- - A . ‘ s A ; -
b, n-Butanol-Acetic Acid ! Gk
Water (90:10:29) 0,14 |

* See Chapter TII, Pp. 13,
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Table VII.- Relative Minhydrin Color Intensity of

Cucurbitin Spots on Two-Dimensional

TT
f

4

Whatman

C. 3MM Faper Chromatograms, as obtained

with Selvent Syster: 1lo, 12% and

0.05 ml, of Seed Zxtract, %

T ) T e  Relative
1o, | Plant |
! f ! Strength
I
! !
. |
Cucurbita pepc L.
==L thbllta pepc
la, cv, 'Yugoslavia' + |
i
ib. cv, 'Chinese Shen-Skin' +
lc, cv, 'Zulgaria’ +
3a. cv. 'Turkey' +4
Cucurbita maxima Luch,
2a. cv, "Chiinese Snow-"hite' ++
La, cv. 'Ainjar globular! 4+
4o, cv. 'Ainjar oblong!' +4+
he, ¢v. 'Syria globulcr, large
fruiteq: +++
DN S e —— e R S

*¥ See Chapter ITT, »pp. 13-
*¥*¥ See Chapter VI, pp. 4g-4o,
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Table VIII.-~ Avera
Cther Basic aAnmi

Phosphate ~a

62

ge R . Values of Cucurbitin ancd
Leucine
no Acids on Ton-Exchange Celiulose

per F-20. Developing Buffer*:

0.2¥, piI 2.1

Amino Acidx* i

Leucine
Lysine
Cucurbitin
Crnithine
Arginine

Histidine

‘Leucine

.00

'...l

** Loading: 5 mecg,

cucurbitin,

L ]
pP. 19,

of basic amino acids, 7 nmcg. of
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le IX,- Average R__. . Values of Cucurbitin an
Tab * “€€ istidine
Cther 3Zasic Amino Acids on Yon-Exchange Cellulose

Phosphate Paper »-20. Devecloping Buffer*:

0.2MM, pH 9.2

| |

Aminc Acid¥* | Histidine i

e T :_i;__";..:»_"f‘:”f_‘_';;:'":«' LTI T T I :
Histidine 1,00
Cucurbitin 0.92
Lysine 0,72
Ornithine 0.65
Arginine 0.63

AL

* BSee Chapter III, p. 19.
** Loading: 5mcg. of basic amino acids, 10 mcg. of

cucurbitin.

d



Table X.~ Estimated Cucurbitin Content of Cucurbita
Seeds, as Letermined on Ion-Exchange Cellulose

Phosphate Paper P-20 and 0.21%, pE 9,2

buffer*, in mg., of Cucurbitin ner
Gram of tlie Decorticated ai:d

Non-Defatted Kernel.

rlant

No, f Average
; iCucurbitin Content}
i | in mg. |
N ,.A[Z' ST s oI ﬁ:' I ST
i |
| Cucurbita pepo L. i
la, cv., ‘'Yugoslavia' i 2.5
1b. cv. 'Chinese Shen Skin' L
lc. cv, '‘Bulgaria’ 3
3a. cv, 'Turkey! 1C
Cucurbjita maxima Duch. i
| |
2a., | cv. 'Chinese Snow-White' &
|
ha, j cv., 'Ainjar,glcbular'
i, ? cv. 'Ainjar,oblong' i 25
he g cv. 'Syria, large fruiteal 2l
5 Cucurbita moschata Duch.
i ;
5a. ; ¢v. 'Syria, crook-necked!' 12
5b, cv, 'Syria, globular! f 5
B —— i —— e ——
"Leoseed" *x
Estimated cucurbitin content ner
bottle 1.5 gn
e T T I ST T T T T e s e e e I |
*¥ See Chapter III, p. 19.
*¥* A proprietory preparation sold in Lebanon. It is

marketed in one dose bottles each containing the equi-

valent of 500 gm. of decorticated pumpkin seeds in

30 ml, of extract (equivalent to some 700 gm. of whole

seed),
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Determinatiocn of Cucurp}tin_Content of See@

,,,,, e

Extracts using Ton-Ixchange Cellulose

Phosphate Paper,

Five to ten microliters of the seed extract, prepnared
as outlined in Chapter VI, »p. Lk9-50, was snotted on
ion exchange Cellulose Phosphate Paper P-20, and eluted
with 0.2M, pa 9,2 buffer, (See p.l9). The develored and
visualized cucurbitin spots were compared on the same
chromatogram with 30 and 40 meg. quantities of svnthetic
cucurbitin which were developed simultanecusly with those
of the seed extract. The amount of cucurbitin in each
Seed extract was estimated visually and the result
reported as mg, of cucurbitin per gram of the undefatted
kernel of the seed. The average results of two or more
determinations Per each seed extract are given in Table
%, as mg, of cucurbitin per gram of decorticated, non-
defatted seed.

QiSESibutiOB,OfMCUQEEPifiﬁ in the Fruit of

Cucurbita species:

1. Seed extracts were prepared as described in
Chapter VI, and examined for presence of cucurbitin,
It is evident from Table XI that water-extracts of the
seeds contained cucurbitin.

2. Eydrolygates of water~soluble peptides and

broteins of the seeds, preprared as outlined in
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Chapter VI, pp. 53-56, showed absence of cucurbitin,
3. Hydrolyzates of the residual nrotcins,
preparcd as described in Chanter VI, pp. 50~51, showcdé
that cucurbitin was abscnt from the roiseirve sced mrotein,
L, Water extracts cof the dried pulp, prepared as
outlined in Chaptor VI, n-, 51-52, were fourd to be

free of cucurbitin, even when examinca in the maximum

possible concentraticn.

Table XI.,- Data on thc Distribution of Cucurbitin in

the fruit cf Cucurbita maxima.

i i UV - e
Secd of €, maxima cv. 'Chinese Snow-White!, :
Cucurbitin in total watcr-soluble extract | Present

Cucurbitin in water-sclublc peptides

|
P
+
i
i

‘ and protein . Absent |
i i

] ! ;

{ Cucurbitin in reserve secd protein ¢ Absent |

e 1 |

’ - » . -

| “ulp of C. maxima cv. "Ainjar globular!

and cv, 'sAinjar oblong!.

5

Cucurbitin in total watcr-socluble extract
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Table XII.- Average Shell and Fat Content* of, and

e T R
i No, Plant i Per Cent® [ Per Centbv Cucurbitiin c
i ‘Shell Content Fat Cont, Distribution
2 T“"“.w‘““Ahm“m,_ﬂ”,.A_‘*M_”W?m“,__wan_mm”“"&?~__v,_~w.W TSI T T
| Cucurbita pepo L. | 4 .
: | i
la.| cv. 'Yugoslavia' 33.6 i Lys 2 5 +
| i 5
ib. cv. 'Chinese § g '
i j Shen-Skin' | 34.2 39.4 +
, lc.! cv. 'Bulgaria' | 34.0 37.0 +
3a. cv. 'Turkey’ : 33.7 36.0 ; +
i Cucurbita maxima Duch. | f
l ;
2a. cv. 'Chinese | | ;
i Snow-Jhite' § 33.8 ] L8.6 ' +
ha, cv., 'Ainjar, ; i é
| globular' |  20.7 b2 "
4o, | cv. 'Ainjar, | ;
| oblong' : 22.5 | 45.2 i +
hc.! cv. 'Syria, i f §
! | ;
; globular i i {
. : I
! large-fruited' 31,5 31,5 f +
j ! ; :
: i { .
| Cucurbita moschata Duch. ;
! ! g
58.! cv, 'Syria, croock- | ,
! i ¢
| necked' 29.7 i ho.o : +
5b.§ cv. 'Syria, f i
| globular’ 33.7 . 37.0 g +
i ! ; {
i ! 1
Citrullus vulgaris Schrad. % '
o | I {
8a. cv. 'China‘ } 59.3 | Lo.6 E -
8b. cv, 'Turkey’ f 59.4 % Lo.1 ; -
8c. cv. 'Lebanon' 62.6 h3.3 ; -
!
!

Cucurbitin Distribution*¥ in,

Seeds of the Cucurbitaceae.

the Various
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No, j Plant : Per Centa : Per Centb: Cucurbitin

? Shell Content Fat Cont. Distribution® |

- e EE— s i s e et o e e 1 e s oo+ e ot @ op—

B i
. |
iCucumls melo L. ‘

i ;
9a. : cv., ‘'America, ; i E
| round | 38.0 boobTa | -
9b, ; cv, 'America, E 3 %
i oblong' i 34,9 LouB.5 | -
: ! !
Cucumis sativus L., . ! |
| ! :
10a.| cov. 'America! i 39.1 L5201 i -
10b, cv, 'Lebanon' f 26,9 38.2 g -
i i
Lagenaria leucantha Zusby ; %
62, cv. 'Lebanon' { Lo, hs . 1 % -
Luffa cylindrica (L.) M.Roem é
! i !
7a. cv, 'Lebanon! | Ly .8 i 39.1 ; -
: : i

* Fat content as determined by the method outlined in
Chapter V, p. 41,

** As screened by chromatography on Whatman ion-exchange
cellulose phosphate papers F-20, as outlined in

Chapter III, pp. 17-19.

a Calculated on the basis of the whole air-dry seeds.
b Calculated on the basis of the air-dry kernels.
c

+ = present; - = absent,
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%uantltatlve Determlnatlon of Cucurbltln and “ther Ba51c

Amlno A01ds on the Dhoenlx Amlno A01d Ana1yzer

uetermlnatlon of the Total 11trogen Cortort of

—— s i i i s e e e e I gt b o ¢ e, e

the Free Amlno A01d “xtract,

Srincinle:
—=Jteiple

All the nitrogen in the extract was ccenverted to
ammonium sulfate by digestion with sulfuric acid at
elevated temperature. The ammonium nitrogen was then
quantitated photometrically by the Bertholet color
reaction (17) namely by treating it with phenclnitro-
prusside and alkaline hypochlorite reagents.** The blue
color produced was compared with that obtained with a
standard,

Procedure:

Cne half ml, of the extract was mnlaced into each
of two 50 ml,. Kjeldahil digestion flasks. To each flask
1.0 ml, of 10N sulfuric acid solution and 2 glass beads
were added, The flasks were heated carefully on a
digestion rack, in the hood, until all the wat-r had
been removed and dense fumes of sulfur trioxide anpeared,

Fach flask was then covered with a marble and digested

¥ For the preparation of extracts, seec Chapter Vi,
ppo 52"'530
** Supplied through the courtesy of Mr, A, Shahinian,

Biochemistry Department, American University of Beirut.
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for ten more minutes. The flasks were allowed to cool.

Te each, 5 ml, of water and 4 ml, or 2,51 sodium hydro-
xide sclution were added to neutralize the sulfuric acid,
The content of each flask was diluted with water to the

50-ml. mark and mixed by inversion,

One ml. from each Tlask was pipetted inte each of
twe test tubes. Cne ml., of a standard solution containing
4 mcg, nitrogen per ml. was also placed intec ecach of two
other test tubes. Tnto ancther tube which was te scrve
as a blank, 1.0 ml. of distilled water was placed, To
each one of the five foregoing tubes one ml, ¢f vphencl-
nitroprusside reagent and Iml, of sodiunm hypochlorite
reagent werc added and the contents mixed well, The tubes
were incubated at 370 C. for 20 minutes, To each was then
added 10 ml. of water and the tubes covered with parafilm
and their contents mixed by inversion.

The absorbance at 630 my was determined, using
Spectronic—20*, after adjusting the instrument to zcro
with water,

The quantity of nitregen, in micrograms per ml. of
extract, was calculated and the average value of four

determinations per sample was rcecorded in Table X111,

. 71.

* Manufactured by Bausch and Lomb,
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Table XITI.- The Total Hitrogen Content of Scod Zxtracts

in meg. Nitrogen per

ml, of Extract Cecrresponding

to 0.2 gm. of Kerncls.

e TS S ——

. ! :

No, Plant* ? meg. Fitrogen/ml,
e B e S _.__. e e e e T E
i i

! i

;. Cucurbita Seno L., i :

. : ]

; | ;

la., | cVv. 'Yugeslavia' i 225 !
H 1

1b. . cv, 'Bulgaria' } 169 i
: s . R | 4 !

lc. . cv, 'Chinesc Shen-Skin' ! i57 '
i | i

| | .
Cucurbita maxima Duck. ] ;

| | | |
2a.i cv. 'Chinese Snow-""hite! j 156 §
] El

, : i

¥ See Chapter II, p.h.

Sample Fed to the

Amino Acid Analyzer,

Depending on the nitregen content of the extract,

as determined above, a quantity of the extract centaining

the equivalent of 0.15

fed te the Analyzer,

to 0.25 m g, of nitregen, was

Uperation of the Analyzer

(See Chapter II1, pp.25-29),

Calculation of the Individual Aminc Acid Content per

Unit Volume of Extract.

The amount of each component amins acid in a

sample analyzed by the

Aminoc Acid Analyzer is determined
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by measuring the area enclosed by its corresponding peak
on the chromatogram. The height times width (HW} method
ctf integraticn is rapid, satisfactorily accurate, and
hence 1s used for the integration of the neaks (3&).

The width is measured at haif the height, ir terms
6t time, by counting the number of dots nrinted abuove
the half-height of the neak, The counting of the dots is
facilitated by the fact that every fourth dot of each
of’ the three curves is black,

Procedure:

The base line to 0.001 absorbance units was sub-
tracted from the height of the peak, and then multirlied
by half.Starting from the half height mark, and sKipping
the first black dot, the black dots were counted, To this
figure the number of individual dots of the same color
between the half height mark and the first black dot on
both sides were added, the first black dot on the ascen-
ding side being included, To¢ the value obtainod the
results of the estimations of the distance in tenths of
det separaticn between the half height marks or both
sides and the first individual dot up the curve were
added. The sum then obtained was the Width (*Y of the

peak,
2H.W

C

;) for

b

From the formula pM = » the constant (c,
' H.W T

cucurbitin was calculated LY putting 1 PM concentration

[

on the column and calculating the height times width.
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£y dividing the height times width value obtained by this

constant, it was possible to find out the concentraticn

6f cucurbitin present in the extracts studied.

Amino Acid Analyzer Data on Cucurbitin and Certain Basic

Aminoc Acids

Flation velume of cucurbitin has not heen previcusly
reperted, The nosition of cururbitin on the chromatosram
cbtained by using the Phoenix Aminc acid Analyzer was
found to overlap the ¢thanolamine peak. (See Fig, 2).
the higher 440 to 570 mP coler absorption ratic for
cucurbitin (calculated to be 0.6) cdiffers so significantly
from that of other amino acids that it can serve as a
characteristic for identification, Five membered imino
acids have a greater absorption at 440 my than at 570 mu.,
Cucurbitin having both an imino and an aminos group shows
an intermediate cclor absorption at 440 and 57C nmma. This
generally onrovides an easy rnieans of recognizing the
compeund when considered with its elution volume (See
Table XIV),

Eluticn velumes of amino acids, rencrted by various
investigators, presumably using almest identical equip-
ment and conditi ns may vary. These variations may be
the result of differences in column length and diameter,
resin cross linkage and particle size, and rather subtle

differences in flow rates. Thus markers with previously
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reported elution volumes were run,

T T T T T T T T T T T T
1.5" 4
101 ]
[ek:
o8- 1
o) o -
06 1
05r Ammonia
04r Ornithine
8
Z o3
@
@
=]
%]
@ -
E oz% Lysine
Ethanolarmine
A Histidine
31 7
Cucurbitin
0 s
300 600
EFFLUENT ml

30°,  pH 426 , 038N SODIUM CITRATE

Figure 2.~ Fgsition of cucurbitin or the chromato-
gram of the amino acid analyzer, Elution of the
basic amino acirsis from 50 X 0.9 cm. column of
Amberlite IN-120 at 300 C. and at flow rate of

3

30 ml, per hour. Loading: 0.5 ?mele ¢f the basic

%)

amino acids and 1.5 umole of cucurbitin,*

* The ammonia peak is from ammonia which comes partly from
the air during the pPreparation of the buffer, nartly
from the glassware used in the preparatiosn of the

buffer, and partly from ihe reagents themselves.
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Elution Veclume and Time for Cucurbtitin, the

Basic amino Acids, and Ethanolamine,

appearance

! At Tirst

 Amino acid Effluent

Effluent

cf amino acid

in ml., and Time in mirn,

At pealk

Time in Effluent Tire

last appearance
in effluent

Effijuent Time |

in ml,. ! min in ml ‘A min, in ml, in min
» . =T : LT __‘, I ‘
' Ornitine ' 340 170 356 178 368 184
| i
. Cucurbitin 384 5 192 Loz 201 Liz [ 206
| Lysine 450 - 225 k72 236 hug o 2uk
| Histidine | 552 276 570 285 588 | 294
,Ethanolamine* 3902 196 Loz 201 b1z . 206

SRR O e e e e e :

* Ethanolamine is absent in Cucurbita extracts.
~=tHrbita

only as a marker, since it falls

as cucurbitin,

exactly

It is used here

in the same position
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Table XV, - Quantitative Estimation of Cucurbitin and
Cther Basic Amino Acids Gecurring Frec in
Commercially Available S5eeds of Cucurbita,
as calculated from Data Cbtuined on

the Phoenix Amino Acid Analyzer, *

Basic Amino Acids in mg pcr Cucurbitin
Gm., of Decorticated ‘'hole Secds.icontent
Flant SRR vum”ﬁmm,Ww"”_-mgw_mmw_”h”.;calc. on
Ornithine Cucurbitin Lysine iisti the basis
; . dine ' ¢f the
whole seed
1. Cucurbita pepo : 5
a. cv, 'Yugcslavia' 0,08 . 2,22 : - - | 1.47
b. cv., 'Chinese i I { é
Shen-Skin'  0.02 L 3.16 10.05 10.05 | 2.08
c. ov. 'Bulgaria’ - ' 0.38 0.27 - - 1 o.25
| | | !
2. Cucurbita maxima ! j ! )
a. cv, 'Chinesc ; ‘ 1 !
Snow-Vhite' 0,08 L 6.71 '0.01 0.02 hohy

* See Chapter 111, pp. 25-29,

!
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Table XVI,- Faper Tlectrcnhoresis Data on Cucurtitin and
£ a

Certain Pasic Amino Acids.

Buffer pi 7.4 _ o Eulier oH 12,C
15t - W oM 33 i T 39 t—- T robil LV
o . Dist Lﬁist- L0L¢%1ty,g Dist e obi wf},L
Amino Acid . anceX* oL cm ance¥* L, cm
P idipe* % ———tm— ] adine ¥ I
in cm, - volts,sec, in cnm,. volts,sec,
o *EX S S
| | . 5 f :
Arginine 1.6 - 0.31 3.7 X 10 2,5 0.35 4.9 X 107~
Lysine 2.8 0.k 5.5 X 1077 . 5.5 0,77 10.8x 1070
- . .o | z s . -5 < : } -5
Crnithine L.,o L 0,87 7.9 X 10 5.8 6.79 111.2X 10
i ! : ;
- Histidine | 6.0 0 1.00  11.9X 1070 7.1 1,06 11k,1X 107~
Cucurbitin 7.8  1.30  15,5X 107° 8.8 1.2k  17.5% 10"

* Distance travelled from the starting point in cm.
*% Mobility relative to Histidine,
*¥*¥% The mobility, n, of a meoclecule is defined by the relation,
u :_X_ y where V is the velocity in centimeters per second
E

when acted upon by an electric force, E, measured in volts

per cnl,
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10
Cucurbitin  Cucurbitin

- Ohristidine () Histidine

| ()Ornithine OOrnithine
E OLysine OLysine

OArginine OArginine

Start line

Distance in cm from the spotting point

Figure 13, - Electrophoretic separation of Cucurbitin
. . . . , -2 .

from scme basic amino acids in the 8 ¥ 1¢ M sodium

bicarbonate solution, pi 7.k,

Time of separaticn was 120 min. at 210 veolts and

potential gradient 7 velts/cm. “hatman Ho,3 paver

was used. 10 mcg. of eachk of the hasic amino acias

and 20 mcg. of cucurbitin were spotted.*

¥ Samples were applied on the negative (cathode) end.
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10 Cucurbitin
| O O Cucurbitin
| Histidine
(Y Histidine
[~ Ornithine o
i Lysine O O Cl)&gli%heme

i (Arginine QArginine

0 —— O O

Start line

Distance in ¢cm from the spotting point
(82

Figure 4, - Electrophoretic Separation of Cucurbitin
from some basic amine acids in the tetraborate electro-
lyte, pH 12.0.

Time of Separation was 120 minutes at 210 volts and
potential gradient 7 volts/cm. Yhatman Mo, 3ME paper

was used, 10 meg. of each of the basic amino acids

and 20 mcg., of cucurbitin were sSpotted, *

* Samples were arplied on the negative (cathode\ ond,



CHAPTE™  VIII

DIscussIcH

The purpose of the present investigaticn was +0
study the distribution of cucurbitin both qualitative
and quantitative in the different cucurbits grov:a in
Lebanon or available on the Beirut market from foreign
sources, To do this, it was necessary at first teo deve-
lop a simple and definitive method for detecting its
Presence in plant extracts and for separating it from
the numerous free amine acids with which it occurs in
the aqueous or hydroalcohclic extracts of cucurbit seeds.
Quantitative determination of cucurbitin would then
follow easily, However, quantitative determinations woculd
not be significant before a proper method of extracticn
of cucurbitin from plant tissues has been found. Since
ne authentic sample of cucurbitin was available, it was
necessary to rcesort to synthesis, Thus, the compound was
synthesized and its properties comnpared with thoso
published in the literature: melting point, behavior on
a few chromatographic media, and its infrared spectrum,

Synthesis. Certain raw materials needed for the
synthesis were not available and s0 these werce alsc
synthesized namely: N-carbethoxyglycine ethyl ester, and

l,3—dicarbethoxy—h—pyrrolidone. In adaition to synthesizing
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cucurbitin, new analytical data were cstablished for it
such as: new chromatographic data (See Tables II-IX),
electrophoretic data (Sec Table AVIY, ard data on its
behavior on the “heerix Amino Acid Analyzer (See Tablcs

AIV, XV, and Pig, 2.).

Lxtraction. Txtraction c¢f the cucurbitin from piant

tissues was best accomplished by extraction with water
o] . .

at 50" C. Extraction with water at room temperature was

the next best (See Chapter VI, pp. ho-50).

Chromatography. In gencral, chromatographic methods

on paper, on silica gel G and on cellulose thin-lavers,
particularly on one-dimensional chromatograms, were
unsatisfactory, as it was not possible to separate from
cach other all the 17 to 20 frec aminc acids* found in
the seed extracts, Two-dirensional chromategraphy on
Thatman No, 3MM paper gave the best resolution nossible
with this method when phenol-ammcnia {Solvent Svystem MNo.
12a, p. 12) was used as the first cluant and n-butanol-
acctic acid-water (Solvent System lo. 12a, p. 13Y was
used as the second solvent. Tiis method however, was time
consuming, requiring three days to obtain a result. Tt
could not be used for quantitative estimation of
cucurbitin as the colors with ninhydrin fadecd stightly
before a second chrromatogram could be made ready for

* A few of these amino acids have unusual structure,

“while a few othcrs are of”unknown structurc (lO),
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comparison with it,

Electrophoresis. Paper electrophoresis of the free

aminoc acid extracts was successful in separating cucur-
bitin and the other bhasic acids from each cther, when
carried in buffer systems at pi 7.4 {(Chapter IIT, ».21)
cr phk 12 (Chapter IIT, p.21), Tailing occurred i
Dufier pll 7.4 but not in “uffer pH 12 when the total
amino acid extrzct was subjected to electrophoresis,
Then cucurbitin or cucurbitin mixed with other bhasic
aminc acids was subjected to electrophoresis in either
buffer system, no tailing occurred. Electroplioresis
clearly demomstrated the presence of the following basic
aminc acids, besides cucurbitin, in the free aminoc acid
extracts of Cucurbita seecs: histidine, lysire and
ornithine. A1l three amino acids were present in very

small amounts in the Chinese varieties of C, pepc and

L. maxima and were well separated on buffer p:E 7.4,
Towever, lysine could not be separated from ornitliine

Fal

in buffer pd 12, Lysine ard histidine were absent ir

et

Yugoslavian sceceds of C, pepc; histidine and ornithine

were absent in the Bulgarian seeds of C,

results were confirmed by chromatography on ion-cexchange
cellulese phosphate paper and by the use of the Amino
acid analyzcr (see below), Elcctrophoretic data ars given
in Table XVI, p. 77 and in Figs. 3 and 4 pp. 78-79.

Paper electrophoresis could not, however, solve the
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nroblem of quantitative estimaticn of cucurbitin:
minimun spotting gave very faint soots of inconstant
celor density and hcavier spetting resulted in tailing,
wuantitative results were inconsistant when carried cut
with known concentrations.

IonrExchanggﬁCf;lg;gée‘:FQFQQatQW;aggfﬂ?fggf Thie
sclution of the problem of characterizing arnd quanti-
tating cucurbitin found in plant tissues was finaily
solved by resorting to chromatography on ion exchange
cellulose phosphate pPaper at pH 9,2 (Sec Chapter ITT,
n. 19), Chromatography on “hatman Cellulecse Phosphate
Paper P-2C, using a carbonate-bicarbonate buffer at
ok 9.2 (See Table IX, p. 62) effeccted a beautiful
separation of all the basic amino acids from the other
amino acids, and cof tho basic amino acids, including
cucurbitin, from cach othcr,

The basic amino acids separated in good distinct
spcts which were reproducible in size and color intensity

Fal

(aiter visualization with ninhydrin scluticn'., This

method therofore provided a good and reascrnable reans

for quantitatively estimating cucurbitin densitometrically
either wvisually or instrumentalliy, Tt also provided an
easy and quick method for Screening plant extracts for

the presence of cucurbitin, Chromatographic and quanti-.

tative data are given in Tables IX, X »p. 63,64,

Amino Acid Analyzer. The use off an amine acid analyzer
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See Chapter IIT, pPp. 25-26) provides not only an accu-
rate means of determining cucurbitin quantitatively but
also provides an accurate means for its qualitative
analysis, Using other amino acids as markers, it was
found that cucurbitin appeared in the effluent immedia-
tely after ornithine and irmediately before lysina, It
occured on the same spot as ethanolamine., Since e+thanol-
amine was absent in the plant tissues it could be used
as a marker also, Data are given in Table IV P. 75,
and Fig. 2, o, 74,

it may be noted here that the quantities of cucurbitin
found in Chinese Snow-White seeds as determined by two
separate methods: visually on cellulose phosphate paper
and instrumentally on the amino acid analyzer. were
comparable: namely 8 and 6,71 mg. per gram of decorticated
seed, respectively.

Distribution of Cucurbitin in the Cucurbitaceaec,

Among the seeds of Cucurbita species examined, those of
L. maxima were the richest in cucurbitin (Table VII, p.b61,
X, p. 64), This is in agreement with the potency of the
seeds of C, maxina varieties, studied clirically by
Karamanukian (21). Tt was stated (21) that seeds grown

in the Middle ZTast, e€specially in Lebanon, were highly
active as taenifugal agents. This is in accord with the
high cucurbitin content of the seeds of C. maxima grown

in Lebanon and Syria,



A number of cultivars of some genera of the
Cucurbitaceaes were Screened for cucurbitin: Cucurbita

sepae, C, moschata, ¢, maxima, Citrullus vulgaris,
ey e HOSChata, O

Cucumis Sativus, Cucumis melo, Luffa cylindrica, and

agenaria leucantha, Cucurbitin was present only i

L-d

Lucurbita species ancg its cultivars, (See Tavie 71T, Po.
67-68) and absent in the other genera studied. The
presence of cucurbitin in Cucurbita provides a chemo-
taxonomic indicator of importance in the classification
of the genera of the Cucurbitaceaec.,

{n the Beirut market, secds of C, maxima cv, 'Chinese
Snow~7hite' are sold as a taenifuge. These sccds have a
moderate content of cucurbitin, 6,71 mg. per gram of
decorticated whole seeds. The seeds from locally grown
fruits are not sold on the Beirut market as a taenifuge,
These seeds are kept by the cultivatcocrs for replanting
in the following season and are not sold to any large
extent on the open market,

The seceds of C. nevno cv, Turkey>have about the same
cucurbitin content as the L. maxima cv, 'Chinesc Snow-
White', but the former are not available on the market,
Relatively a few fruits of L. pepo Turkish variety are
grown to maturity. This is only done to obtain the seceds
for Planting. The majority of cultivated fruits arec

harvested unripe as a varicty of squash, for coocking as

a vegetable,
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Extracts from watermelon seeds were reported te have
vermicidal action (12). fdowever, no cucurbitin could be
detected in watermeclon seeds, Fither the cuitivars
examined were chemiczl races deficient in cucurkitin cr
the anthelmintic property of watermelon seeds (12} Was
Cue to ancther active substance other than CUuCar it Lil,
Lt could be also that the repcorted vermicidal actisn
rested on insufficient evidence,

The seeds of Luffa cylindrica are used by certain

communities in Lebanon as a taenifuge. I'e cucurbitin

was detected in the Luffa sceds examined. However, there
is no substantiated clirnical evidence as to the efficiency
of Luffa seeds as a taenifuge.

The pulp of Cucurbita pnepoc was reported by MNeely and

Davy (32) teo have antlhielmintic action. However, the pulp
tested by ion-exchange cellulocse phesphate paper
chiromatography, was found to be free of cucurbitin.

The scluble protein and veptide hydrol-zv1te of

Cucurbita maxima seed extract was frec of cucurbitin.

The residual sced protein hydrolyzate was also devoid

of cucurbitin, Cucurbitin, therefore, occurs cnly as a

free amino acid in the seed. This fact makes it readily

available when the seed is eaten or extracted with water,
The cucurbitin content of "Lecseed" R was found to

be 1.5 gm. per the 30 mi. dose of the cextract, as

estimated by chromatogranhy on cellulosec phosphate pawver.

This provides an adeguate dose for an effective treatment

in tapeworm infections.



SULLAMT

Several techrnigques and methods were used in this
ivestigation. A few hundred chromatograms of all types
were performed, various cextraction methods werce used,
synthetic reactions were carricd out, and expericence in
the usce of a number of instruments was cbhtai=noed,

The findings may be summarized as follows,

1. Cucurbitin was synthesized,

2. Natural cucurbitin was isolated from Cucurbita
maxima sceds and compared with synthetic
cucurbitin, chromatcgraphically.

3. Cucurbitin was found to occur in the kernel of
the secd of Cucurbita specics and was absent
from the pulp of the fruit. In the sced,
cucurbitin occurs only in the freec state and
is not combincd with other .minc acids, ncither
in the wator-scluble peptides, nor in the
reserve protein.,

L. Cucurbitin was found to be stable to streong
hydrochleric acid, It was best cextracted from
the kerncels of Cucurbita species with water at

509 ¢.



5. A simple mcthod was cgeveloped for detecting
cucurbitin in plant tissues and for estimating
it gquantitatively. Agueous cxtracts wore
chromatecgraphed on ion exchange Celiulossce
FPhosphate P-20 papers, clutcd with a carbonate-
bicarbonate buffer at pE 9.2, and visuclised
with ninhydrin recagoent, Quantitatively, tho
developed spots could be estimated densito-
metrically or visually,

6. New analytical data were determined for cucur-—
bitin: Rf values in different media, clectro-
phoretic mobilities, order of elution in ion-
exchange resin columns using the Phoenix Amino
Acid Analyzer, etc.

7. Quantitative determination of cucurbitin was
accomplished using the Amino Acid Anzlyzer and
calculating the value from the tracings recor-
ded by the instrument.

8. Cucurbitin was found to occur in the secds of
Cucurhita species and to be abscnt from tho

seeds of Citrulius vulgaris, Cucumis sativus,

Cucumis meleo, Lagenaria lcucantha, and

Luffa cylindrica.

9. Seeds of Cucurbita maxima contained the highest

amount cf cucurbitin. Thosc¢ used in Lebanon as

a taenifuge originated from China and contained
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a moderate quantity of cucurbitin, Seeds from
locally-grown fruit, not generally available
commercially, werce rvicher in cucurbitin content,.

Sceds of Cucurbita bvpepo grown locally and uscd

mostly for planting purnoses, contained about
tie same amount of cucurbitin as the chinese

variety of Cucurbita maxima,

10. A market preparation of pumpkin secd extract was

i1.

found to contain about 1.5 gm. of cucurbitin per
dose of 30 ml.

Effectiveness ¢f the different commcrcial varie-—
ties of pumrkin seced as a tacnifuge appears te

be proportional to its cucurbitin content, when
results of clinical trials reported in the
literature were compared with tho results of this

investigation,
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