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ABSTRACT

G. E. as prepared in our laboratory is a non-volatile
white substance, which is odorless and water solu-
- ble. Only in  vivo . does. it have a hypotensive effect,
while both in vive and in vitro it has a hypo-calcemic
effect. We determined the chemical analysis, toxicity,
lethal dose, and the ‘effect on isolated intestinal
and auricular ‘movements of ‘rabbits of G.E. The
sodium salt of G. E. contains 18.7% Phosphorus and
15.7% Sodium. It contains - inositol and a small amount
of sulfur and nitrogen,

The ratio of inositol: phosphorus: sodium is 1:6:6. 7.
Also G. E. may contain . phytic acid and other mat
erials which have not been: identified. Toxicity tests
of G.E. done on mice. The first symptoms of toxicity
in mice began with: :rntabxlxty and- unstable walking,
which were  followed by dyspnea and sluggish move-
" ments, and finally by coma. Mice LD 50 was 292 mg/kg

As the dose of G. E. was increased in successive
injections in the rabbits, the rabbits died, when the
total dose reached 100-200mg%. Probably G. E. is not
destroyed quickly nor “excreted rapidly. The* blood
pressure in the rabbits ‘confinued to fall at each
injection. indicating no development of tachyphylaxis.
~If-70 mg. of G. E. was injected intravenously, as one
dose, the rabbit died with muscular hyperactivity. On
post mortem examination, we found G. E. had a-hy-

pocaleemic effect. However if the calcium salt of G.E.

¥ This investsigation was supporied by a research grant. from the Re-
search Council of Yonsei University Medical College,

was injected no muscular hyperactivity developed, but
severe hypotension was observed. The hypocalcemic

-effect.of .G. E. is.due to the combining of G.E. with

the. blood calcium and the muscular activity may be
secondary to hypocalcemia.

The G. E. hypotensive effect in atropinized rabbits
and in ganglionic blocked rabbits (Hexamethonium)
was the same as the effect found in rabbits which
had not been drugged. Epinephrine also did not change
the hypotensive. effect of G. E., G. E. itself showed
no effect on the isolated intestinal and auricular
movements of ‘a rabbit as long as there were enough
calcium jons in the solution. Hence we can not say
that the hypotension of G. E. is due to vagus stimu-
lation and or to paralysis of sympathetic nerve en-
dings.. The mechanism of the hypotensive effect of
G.E. is not-yet clear.

INTRODUCTION

.‘ Song et al (1963 isolated a blood anticeagulant
substance from garlic (This substance is . called
Garlic Extract or G. E.). G. E. has not only an
anticoagulant effect but also is toxic in rabbits. If
éne hundred mi‘lligrams of G. E. are injgcf.ed into-
rabbits 1ntravenously, they die. .
In order to ﬁnd the cause of G. E. toxicity, the
lethal dose in mxce, the change of serum calcxum :
content, and the changes in blood pressure after
administration of G. E. were investigated. The eﬁect_



of G.E. on the heart and intestine were also inves-

tigated and a chemxcal analysrs ofk G.E was made
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Sodium salt Of 6B Atterihe G.E. s dlssolved

in distilled water and neutralizediwith .,sodmm. By~

droxide, alcohol is added, and the resultant is then
refrlgerated for 30 minutes. The precxpltated sodlum
salt of G. E. is collected- and dried.

Calcium salt of G. E.: The sodium salt ‘olf‘G}"‘E}\' :
of G. E. is dissolved in distilled water adding hy-

is dissolved in distilled water. Calcium chloride is

added in sufficient amounts to precipitate.all the G. .
E. The precipitated calcium galt of G E. is collec+ -
ted and washed 8-4 times with dxstllled water and

dried. crR
Hydrolysis of G. E.: 5.0 gm of calcium salt of
G. E. was hydrolysed in 50ml of 6 N hydrochlorlc
acid under a‘reflux condensor for twenty ‘houts. The
hydrochloric acid was removed by the repeated

adding and evaporatmg of alcohol. The residue was

dissolved in ten ml. of water then 5. 0 ml 0f 10%,
calcium hydrox1de solutlon were added and the pH
adjusted to neutral by addmg sodlum hydroxide
and the mixture was-then centrifuged. -

=The:supernatant liquid was collected, ‘alcohol ad-
ded,-and kept in 2’ refrigerator, and'if no crystals
formed it ‘was centrlfuged to prec1p1tate the phos-
phate salt The supernatant llquld conccentrated
under reduced pressure Alcohol  was -added and
thxs was also kept in a.refrigerator, The crystals

were collected - and- recrystalized ‘in a water alcohol'

mixture.

Hydrolysis of G.E. ?5;@&57;2#@?506 analysis: One

hundred mg of:the sodiutsalt of :G. E. was dissol- -

ved in one ml of 6N hydrochlorxc ac1d in a small
tube ‘and ‘the tubé was sealed and boﬂed at 116°C for

8~48 héurs; The G E hydrolysate Was, transfered
to a 100 ml ‘volumetric ﬂask neutralized with sodi-
um hydrox1de and dlluted to the mark w1th distil-
led water:*Two ‘ml of the solutxon were used for
the quantitative analysm for 1n051tol o

~

The detefmlnatlon of 1nos1tol was carried out
accordmg to Bohrn s method(1954) Paper chromato-
graphy r"mos t'ol was carrled out accordlng to’
Hubscher'% methbd(1957) e:rcept the ascendmg ‘me-
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thod in stead of the descending method was used.
The opncal actmty of G E solutlon was 1nves-
tlgated by a Polarimeter. = - f e L
Ammals White rabbits (body welght 1.5~2.0kg),
mice and frogs were used: ’

v G B or Sodium salt of G. E. solution: G. E. or

the sodium salt of G. E. is .dissolved in distilled

water or in 0.9% sodium chloride solution. It is

. -n'e‘uutralizedﬂlwilh-’:‘(soliium hydroxide if necessary.

v.-Calcium:salt of G. E. solution: The calcium salt

clrochlonc acid. After itis completely dissolved, the
solutlon 1s neutrallzed When neutral, the calcium
salt of G. E. forms a suspenswn

i For. determination of the lethal dose, male mice

weighing from 13 to 18 gms. were used. The G. E.
was dissolved in physiological saline, and 0.25~0.5
ml of the solution injected. into, abdomen.

For investigatz'on of the change\ in the calcium con-
tesnt of the Serum: G E. solutlon(z 5~5 Oml) was
anected 1nto the ear vem of rabblts ‘and then the
caquum, content of the serum ‘was determined.

. «.‘For“ ,z'nv_esifigdtion of .the change in blood pressure."
. The :earotid arteria] blood pressure was registered
on a smoked drum by means o f a mercury mano-.
meter. The sodium or calcium-salt of G. E. solution
(2:0~5. b il) was injected into an ‘ear vein in rabbits
and the change of blood _pressure was chymographed.

Atroplne, Hexamethomum and Eplnephrlne were
m;ected before: or after the mJectlon of the G. E.
solution and the change of pressure was chymogra-
phed . .

The method -0f investigation. of intestinal add’
auricular movement ' of 1solated mtestme and heart’
was as follows C G o

The rabblts were sacrlﬁced and 1mmed1ate1y the
mtenstme was exposured by a mldhne incision, and
about 30'cm of the small intestine was removed.

* ‘The isolated intestine was soaked in Loocke's solution:

and was cut into sections’. 0=+2.5.cm long for chy-

mography by the’ Magnus tmethod. o
" Frog’s heart movement was studied by the method

of Engelman. . .
“In studymg auncular movements of * the rabblt

" heart, the fastmg rabblt was sacrificed and the heart

R
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ever, after successive injections, the response was
increased and when the total dose of G.E. reached
to 100-200 mg, the rabbits died. It can be said that
G. E, has a cumulative effect.

' When a moderate dose of G E (30 mg) WaS in-
jected, respiratory disturbances, .occured. When a
large dose(about 70mg) was injected at one tlme,
the blood pressure fell to zero and the rabblts died.

The calcium salt of G. E. showed greater effect
on the blood pressure than did G. E. itself, 15~380
mg. of calc1um salt of G, E. kllled the rabblts and
its hypotensive effect as shown in Fxg 3 Was very
great. ,

. B) Resonse of rabbits atroplmzed or treated Wlth
‘hexamethonium or epinephrine.

As is shown in Fig. 4 and 5. G. E. showed the
same hypotensive effect in atropinized rabbits as in
rabbits treated with hexamethonium. It was the
same as in untreated rabbits. These drugs did not

change the effect of G. E. oii the “blood pressure: —

Epinephrine also did not change the hypotensive
effect of G. E.

C) The effect on auricular movement in isolated
rabbit heart preparations.

As is shown in Fig. 6, 0.05% of G. E. inhibited
the contraction of the auricle, but when calcium
chloride was added drop by drop, the contraction
returned to normal. The calcium salt of G. E. sus-
pension had no effect on contraction.

D) The effect on the frog heart.

G. E. solution showed no effect on frog’'s heart
movement. Even when a large dose of G. E. was
injected into a frog’s superficial abdominal vein, there
was no effect on heart, nor did it kill the frogs.

E) The effect on intestinal movements of rabbits.

As is shown in Fig. 7, as the concentration of
G. E. was elevated, it inhibited intestinal move-
ments but when calcium chloride was added drop by
drop, the. intestinal movements returned to normal.

The calcium salt of G. E. in the same concentra-
tion, had no effect on intestinal movement.

DISCUSSION

Hans Platenins(1935) isolated a = volatile com-
pound containing sulfur from Allilum savitum.
Another investigator, Abe(1938) precisely analysed

the sulfur compound ‘and separated propylsulﬁde,
diallyl disulfide and diallyl trisulfide.

Dittner(1929) stated that the allyl sulfide of the
volatile compound has a antlbacterlal actlon and
termed it allicin. Tt affected gram(+) gram(—)
bacillae. He also confirmed that 1mg of alhcm was
equivalent to 15 oxford unlts of pemc1111n He ana-
lysed its chemlcal structure as CsHsS (—O)SCaHs ;
which is converted mto (CgHss)z by alhcmase or
by steam distillation.

.Sgihara(1926) who separated a volatile substance
from garlic demonstrated that it had a hypotensxye
effect and he thought that this hypotensive effect

was. due to depression of the central nervous system
Thls volatile substance was 1nvest1gated by Kahwa—
ra and its chem icals tructure was found to CeleSz.
This was found to be allicin by Cavalito, et al.
(1944) 87years later, G. E. was separated from
garlic in our laboratory. .It has a hypotensive effect
but is a non-volatile substance and so this material
is quite different from the volatile substance separa-

ted by Sgihara.

When G. E. was injected intravenously into rab-
bits, it"showed a hypotensive effect. The blood pre-
ssure fell abruptly with dyspnea and increasing
muscular activity. G. E. has a hypocalcemic effect
also, which is due to the powerful combination of
G. E. with ionized calcium in blood. The muscular
hyperactivity after G. E. injection might be due to
a secondary hypocalcemia.

When the calcium salts of G. E. were administered
by the same method, respiratory andmuscular hy-
peractivity were not observed.

In isolated intestine and heart muscle, G. E. inhi-
bited the movement of the intestine and contract-
ion. of the heart but when calcium chloride was
added, movement and contraction returned to normal.
Calcium salts of G. E. showed no effect on heart
contraction nor on intestinal movement. From these
facts, it may be said that the effect of G. E. on the
intestine and the heart 'is due to precipitation of
calcium ions from the solution.

G. E. hypotensive effect in atropinized rabbits,
and in hexamethonium ganglionic blocked rabbits
is the same as in untreated rabbits. This is also
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true with epinephrine. So we can not.say that the
hypotensive effect of G. E. is due tq'stimulation of
the vagus endings or to paralysis of the sympathe-
tic nerve endings. The mechanism of the hypoten-
sive effect of G. E. is not yet clear.
As the total dose of G. E. on successive injections

reached to 100-200mg the rabbits died. G. E. may

not be destroyed quickly nor excreted rapidly and
the rabbits did not develop tachyphylaxis.

Concerning chemical analysis, G. E. contains ino-
sitol and phosphate, and the ratio is one to six,
which means that G. E. may contain phytic acid. As
the sodium salt of G. E. is not a pure material
there is the possibility, that other substances are
.combined in it. Further investigation is necessary
to find the active agent.
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