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AESTRACT 

The work presented in this thesis describes methods by which 

biologically active substances could be isolated from extracts of 

crown-gall infected tomato stalks. Two active principles: tomatine 

and gomatine were isolated. 

Tomatine isolated from crown-gall infected tomato stalk extract 

was found to inhibit contractions of the isolated guinea-pig ileum pre­

paration induced by: histamine, acetylcholine, bradykinin and barium 

chloride. 

Gomatine wh en assayed in vivo in guinea-pigs exerted significant 

protection against the effect of a lethal histamine aerosol. Gomatine 

also protected guinea-pigs actively sensitized to egg alhumin against ana­

phylactic shock. '~en assayed in vitro, gomatine inhibited the contrac­

tions induced by histamine, bradykinin, acetylcholine, 5-HT, and SRS-A. 

Sorne chernical properties (including rnelting point, infrared spectrum and 

elementary analysis) of gornatine were determined. 
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IN T R 0 DUC TI ON 

The observation that extracts of plant tumors such as 

oak-gall and crown-gall when injected into guinea-pigs protected 

the animals against a subsequent lethal dose of histamine aerosol 

has been confir.med by several workers in the past 16 years. It 

was also reported recently that the protection elicited by a single 

intraperitoneal injection of partially purified extracts prepared from 

crown-gall infected tomato plants lasted for several days and same­

times for a few weeks. These findings demonstrated that the extracts 

contained active principle(s) which exerted some unusual and novel 

biological activity. 

In the present study an attempt was made to isolate the 

active principle(s) from extracts of crown-gall infected tomato stalks. 

Methods by which crystalline sUbstance(s) were isolated and some chem1-

cal and biological characterizations of the isolated substance(s) are 

the subject of this thesis. 
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PART 1. HISTORICAL REVIni 

Section A. Anaphylaxis and Allergy. 

a. Introduction. 

A shock-like condition produced in animaIs by a single injection 

of proteose-peptone mixture was observed by Schmidt-MUlheim as early as 

1880 and by Fano in 1881. However, the striking similarity of symptoms 

produced by intravenous injection of the peptone mixture and that of 

anaphylactic shock was recognized only in 1909 (Biedl and Kraus), after 

the genera1 acceptance of Richet's basic discovery which he named 

anaphylaxis. 

Richetts tirst observations in the field of anaphylaxis was made 

in 1898 using the serum of eels. This serum when given intravenously to 

a dog vas samewhat toxic on first administration but caused sudden death 

whenever it was injected into the same animal for the second time. 

Other observations which were made by Richet and Portier (1902) 

concerned the toxicity of extracts of actinaria. From these extracts 

Richet obtained, by alcoholic precipitation, a substance which, when 

injected into dogs, produced intense congestion of the organs with 

hemorrhages into the peritoneum, and which he therefore called "congestine". 

Like the eel serum, congestine was taxic on the first dose, but much more 

taxic when treatment with it was repeated. Richet called this reaction 

to the second dose "anaphylaxis". 

In 1903, Arthus observed that when small doses of horse serum were 

injected subcutaneously into rabbits at weekly intervals, the latter 
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doses in such a series were followed by local areas of inflammation 

which was extensive and severe, frequently progressing to necrosis. 

This peculiar reaction of sensitized rabbits to subcutaneous treatment 

with the specifie protein is frequently referred to as the "Arthus 

Phenomenon". In 1904, Theobald Snith (Lewis, 1908) observed that guinea­

pigs treated repeatedly with small amounts of horse serum, frequently 

died suddenly after a later injection. For tbis sudden death he had no 

explanation but two years later, in 1906, otto published bis work on 

\/ "Das Theobald Schmithsche Phanomen der SerumÜberempfindlichkeit", in 

which he described Wbat we now recognize as clear eut anaphylaxis. 

In 1906, Rosenau and Anderson described the first of their 

beautifully planned experiments, published between 1906-1910, in which 

they worked out the details of Many of the fun dament al features of ana­

phylaxis. At the same time, Von Pirquet (1906) recognized, on the basis 

of clinical observations and experiments, that the introduction of fo­

reign substances into human beings may alter their reaction to subse­

quent applications of the same material. This altered reaction of 

human beings was named by hint "Allergie". 

In 1910, Meltzer recognized that the lungs of patients who died 

of asthma, looked much the same as the lungs of guinea-pigs after a 

lethal anaphylactic shock. Thus, the phenomenon of hypersensitivity in 

man was correlated with the phenomena of experimental anaphylaxis 

in animals. Schloss, in 1912, published his classical description of 

a patient sensitive to eggs, almonds and oatmeal. He also observed 
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positive skin reactions with the extracts of the offending substances. 

From 1910 on, research on anaphylaxis rapidly extended into 

many different phases of the problem. Numerous theories have been put 

forward to explain this phenomenon. The two most important theories,. 

fo~lated nearly at the same time, will be discussed here. They are 

the so called "humoral" or "anaphylatoxin theory", put forward in 1909 

by Friedberger and the "cellular theory" brought to life following the 

observations of Schultz in 1910 and of Dale in 1912. 

b. Humoral or Anaphylatoxin Theory of AnaphYlaxis. 

Though the anaphylatoxin theory had been neglected for Many years 

it will be discussed first. The reason for this is a renewed interest in 

the subject in the past 15 years and also the fact that this theory was 

put forward earlier than the cellular theory. The first comprehensive 

the ory of anaphylaxis was in fact the humoral or anaphylatoxin theory. 

However, it soon fell into general discredit not only because it could not 

explain the experimental fact that anaphylaxis in the guinea-pig was a 

phenomenon of smooth muscle stimulation, but mainly because it had been 

early established by Dale and others that in well washed sensitized 

guinea-pig tissues, free of apparent serum requ1rement, anaphylaxis could 

still take place. Anaphylatoxin was first described by Friedberger (1909). 

He incubated normal guinea-pig serum with washed, preformed immune pre­

cipitate, spun the preparation, and injected the supernatant into 'guinea­

pigs. The animals developed an acute bronchoconstriction, characteristic 



ot anaphylaxis in tbis species. 

The taxic principle tormed in the serum during incubation with 

the immune precipitate was named "anaphylataxin" by' Friedberger. He 

also demonstrated that heating ot the serum at 560 0 would destroy itl 

capacity of generating anaphy'latoxin, when incubated vith the immune 

precipitate. This, according to Friedberger, was an indication that 

complement might play a part in the formation of the toxic principle. 

However, Keysser and Wasserman (1911) dem.onstrated that a similar 

toxic principle vas generated wen the serum vas treated vith inert 

dust-like materials, such as kaolin and bari\lll sulphate. Furthermore, 

Bordet (1913) showed that the incubation of the serum vith agar sus­

pension also generated anaphy1ataxin. Llkewise, this substance could 

be generated by incubating the serum vith starch or inulin (Jobling 

and Petersen, 1915). 

The explanations of the mechanism by' vhich normal guinea-pig se-

rum could be rendered torlc by contact vi th auch diverse substances as 

agar, immune precipitates, kaolin, barilBll sulphate, starch and inulin, 

varied considerably, among the Damerons vorkers on that subject. Practical-

11' all ot them agreed that a chemical or enz.ymatic mechanism vas involved 

and that the enz,matic process vas mainly one of proteolysis. However, 

in the original torm ot the theory, tbere vas the assumption that the 

proteolysis ot the antigen-antibody complex generating toxic principles 

would be the consequence of the incûbation ot the serum vith that complexe 

The tact that agar as vell as starch and inulin vere capable ot generating 
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anaphylatoxin led to a new development ot the the ory by assum1ng that 

the normally occuring proteases ot the plasma would release the taxie 

product. In thie torm, the theory was strongly supported by Jobling 

and Petersen (1915) and Brontenbrenner (1915). According to this theor,v, 

the plasma proteins themselves and the split products would actually 

constitute the anaphylatoxin. However, the anaphylatoxin theory tell into 

general discredit alter the important publication by Dale and Kellaway, 

in 1922. In th1s paper they demonstrated that upon the addition ot 

anaphylatoxin to the isolated guinea-pig uterus preparation, the uterus 

showed only an irregular contraction. On the other band the addition of 

the specitic antigen to the isolated uterus of a sensitized guinea-pig, 

which had been thoroughly washed and was definitely tree of any serum 

tactor, brought about a strong contraction. 

During the f'ollowing 30 years, the humoral theory vas almost ccm­

pletely f'orgotten. Thea, in 1950, Hahn and Oberdorf (1950) demonstrated 

that antihistamines were able to protect guinea-pigs against the systemic 

ef'f'ect of anaphylatoxin.' This observation provided an entirely new 

basis tor reinVestigation'ot the mechanism ot action of' anaphylatoxin. 

One year later, Rocha e Silva et al. (1951) made the observation that 

anaphylatoxin released large quantities ot histamine tram the isolated, 

perfused guinea-pig lung. Giertz et al. (1961) reported that the 

intravenous injection ot anaphylatoxin into guinea-pigs resulted in an 

increased plasma histamine level am the animals trequently died. 'lhey 

also observed that as they increased the dose ot anaphylatoxtn injected 
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to these animale, the p1a8lll& histamine 1eve1 and incidence of mortalit7 

correspondingly increased. On the other hand the7 did DOt find aD1' 

increase in plasma histamine 1eve1 of the same species during a 1ethal 

anaphy1actic shock. From these find1ngs, they conc1uded that during aDa­

phy1atoxin shock in guinea-pig, extrapulmonary histamine was predcn1 nantly 

invo1ved, whereas in anaphy1actic shook, intrapulmona17 histamine was 

most probab1y responsib1e for the reaction. This observation was later 

conf'irmed and extended by Schmutz1er et al. (1']63). They showed tbat 

b100d histaminase activ1ty was a1so increased during anaphy1atoxtn shock 

and to a 1esser degree during anaph71actic shock in guinea-pigs. !hese 

workers suggested that the plasma histudne 1eve1 could be determ1ned 

accurate1y by the use of' histaminase inhibitor such as, aminoguanid1ne, 

added to the b10od. 

Qs1er et al. (1959) demonstrated that parenteral administration 

of' EDTA into rats and guinea pigs prevented the prOduction of anapbylato­

xin. Vogt (1963) contirmed this observation and suggested that the t01'll&­

tion of' anaphy1atoxin in the plasma vas brought about by a metal requ1ring 

enzyme. Vogt and Schmidt (1966) presented evidence that anaphy1atoxin 

was f'ormed in rat plasma by the action of' a specifie enzyme on its subetrate 

anaphy1atoxinogen. They tound the enzyme to be a meta11o-protein ld. th 

essentia1 carboxy1 groups. 

Meta (1959) demonstrated that heating the sensitized guinea-pig 

ileum at 46°C aboli shed its response to the specifie antigen but did not 

suppress the response to anaphy1atoxin. stegemann et al. (1964&) demonstrated 
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that anaphylatoxin resisted heating at 800 C and pH 2 for one hour, and at 60Pc 

and pH 11 tor 30 min. On the other hand, they showed. that anaphylatoxin could 

be destroyed b.r proteinases and carbaxypeptidases. From its beh~vior on ion 

exchangers, they suggested. that anaphylatoxin had basic properties. Friedberg 

et al. (1963) vere able to purity anaphylatoxin obtained. from rat plasma by 

gel filtration on Sephadex 0-100. An active traction vas obtaineà which 

produced fatal shock in guinea-pig at a dose of 30pg/100 grams bodyveight. 

Stegemann et al. (1964b) shoved that the N-terminal &mino acid of anaphyla­

toxin !rom rat plasma vas argin1ne and that the sequence vas probably 

Arg-Leu-Ala. Hog anaphylatoxin, however, probab1y possessed the sequ~ce: 

Arg-Glu-Ala or Arg-Asp-Ala. Stegemann et al. (1965) reporteà that mannose 

and an unidentified sugar vere probab1y essential components or anaphylato­

xin. 

According 60 Austen and Humphrey (1963) serum anaphylatoxin, at 

best, ofrers an alternative pathway to hist~ne release. 

In summary, all the available evidence points to the fact that 

anaphy1atoxin most probably belongs to a clase of canpounds capable of 

liberating histamine. 

c. Cellular Theory and Histamine in AnaphYlaxis and Allergz. 

In contrast to the "humoral t'heoryll which states that the anaphylactic 

reaction starts with the union of antigen and antibody in the serum and that 

the antigen-antibody camplex thus formed resUlts in the formation or anaphy­

latoxin, the "cellular theory" postulates that the union of antigen and 
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antibody takes place on the ce11 surface and that the cambination of the 

antigen with its antibody leads to the release of "histamine-like substanc_s" 

which cause the anaphylactic or allergic syndromes. 

The first exper1mental evidence in favour of the "cellular 

theory" was presented by Schultz, in 1910. He showed that an isolated 

preparation or small intestine of a sensitized guinea-pig responded by 

contraction to the application of the specifie antigen. However, the 

most convincing piece of evidence, and actual formulation or the theor.v. 

was·put forward by Dale in 1912. He demonstrated that the addition ot 

the specific antigen to a thoroughly washed (i.e., free ot any serua or 

blood), sensitized guinea-pig uterus, elicited a strong contraction ot the 

tissue. Dale also deœonstrated that the contraction on exposure ta the 

antigen was a specifie response and could not be obtained even by higher 

concentrations of indifferent proteine 

The release of histamine-like substances resulting fram the 

combination of the specitic antigen with its antibody on the cells of the 

so called "shock organ" of a sensitized animal, as will be discussed 

later on in this chapter, conetitutes the main argument in ravour of the 

cellular the ory of anaphylaxie. 

Although histamine had been synthesized by Windaus and Vogt 

in 1907, its role in anaphylaxis was not known until it was extensive17 

investigated by Dale and Laid1aw, in 1910. They observed that gu1nea­

pigs, when injected vith histamine, developed a condition which strongly 

resembled peptone and anaphylactic shock. They also showed that .the uterus 

of the virgin guinea-pig would react to histamine in a concentration as 
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low as 4xlO-9 g/ml. These observations were subsequently confirmed and 

extended b.r Many workers. 

The tmportant role of histamine in anaphylactic and allergie 

symptoms was further supported b.r the classical observations made by 

Sir Thomas Lewis between 1924-1927. He f'ound that the intradermal 

injection of histamine induced the sequence of' phenomena named "triple 

response n• He also demonstrated that the so called urticarial reaction 

which developed in the sldn of allergie individuals after injèetion:.ot 

the specifie antigen wa8 similar to the triple response elicited by 

histamine. On the basis ofsuch an tmpressive analogy Lewis postulated 

that a substance similar to histamine (H-substance) would be liberated 

in the sldn of allergie individuals during allergie manifestations. 

In 1927, Harris, and Best et al. established beyond doubt that 

histamine is a natural const:l.tuent of the body tissues. In the same ,aar, 

Dale,(1927a, 1927b, 1927c) argued that Lewis' nH-substance" vas histamine 

itseU. 

The tiret direct and conclusive evidence which proved that the 

liberation of histamine was a consequence of the combination of the 

antigen vith its antibody in the tissue of the sensitized guinea-pig 

vas presented by Bartosch et al. (1932) and by Dragstedt and Gebauer­

Fuelnegg (1932). They perf'used the lungs of a sensitized guinea-pig 

vith Tyrode solution. Artificial respiration vas used and the respi­

ratory movements vere recorded. When the antigen vas added to the 

perfusing Tyrode solution, the respira tory movements of the animal 
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stopped. The pertusate ot the sensitized guinea-pig was collected. 

When this perfUsate was added to the pertusing Tyrode solution ot a 

similarly prepared non-sensitized guinea-pig, its resp1ratory move­

ments also stopped. The symptoms observed in the non-sensitized guinea­

pig were similar to those ot the s8nsitized guinea-pig, 

1. cessation ot respiratorymovements; 2. strong b~onchoconstriction. 

When the same antigen was added to the pertusing Tyrode solution ot the 

similarly prepared non-sensitized guinea-pig, its respiratorymovements 

did not stop and no bronchoconstriction was observed. The substance 

appearing in the collected pertusate ot the sensitized guinea-pig was 

tound to be phar.macologically identical with histamine, in its action upon 

the isolated guinea-pig ilewa preparation, blood pressure ot the anesthetized 

cat and also in its capacity ot releasing epinephrine traD the adrenal gland 

ot the cat. 

In subsequent years, the release ot histamine in various species 

during the anaphylactic reaction was demonstrated successfully b.1 Many 

workers. However, the role ot histamine in the symptaDS exhibi ted in 

anaphylaxis varies greatly tram species to species. 

d. The Hale ot Histamine in Anaphylaxie. 

1. Gu:'l.nea-p~g. 

That the lung is the "ehock organ" and the circulatory collapse 

secondar.y, is shown by the tact that bronchiolar conetriction and acute em­

physema can be produced in vitro in the pertused guinea-pig lung (Dale, 1'12), 
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As mentioned above, Bartosch et al. (1932) tound histamine in 

the pertusates ot sensitized guinea-pig 1ungs. This evidence was 

contirmed and extended by Daly et al. (1934) who also showed that the 

yie1d ot histamine in the pertusates ot 38 guinea-pigs varied traD 

0.17-12.8 ug when egg a1bumin vas used as the antigen. This basic experiment 

has been contirmed by many workers (Daly and Scbi1d, 1934; Bartosch, 1935; 

Brocklehurst, 1960). Histamine release has also been demonstrated in 

passive anaphy1axis (Schi1d, 1936a) as we11 as in chopped sensitized 

guinea-pig tissues, such as 1ungs, large arteries, veins and smaU 

intestines. From these sensitized chOpped tissues suspended in physiologie al 

solutions, large amounts ot hist~e were liberated toUowing the application 

ot the antigen (Ungar and Parrot, 1936; Schi1d, 1939; Hangar and Schi1d, 

1952; Brocklehurst, 1960; Austen and Brocklehurst, 1960). The liberation 

ot histamine has also been demonstrated on iso1&ied.preparation ot uterus, 

sma11 intestine and colon ot sensitized guinea-pig, when challenged vith 

the antigen (Albert y and Schiede, 1953; -Paton, 1958). 

2. Dog. 

In 1925, M8nwaring et al. in an ingenious set ot cross-circulation 

experiments demonstrated the antigen-induced release ot a V&sodepressor, 

smooth muscle stimulating principle tran dog lb'er. Dragstedt and his 

associates (1932, 1936) subsequent1y identitied histamine in the thoracic 

duct ly.mph and peripheral b1ood, and extraction ot histamine traD peripheral 

b100d ot dogs in anaphy1actic shock was accamp1ished by Code (1939). 
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Support tor the contention tbat live". 1s the "shock organ" and hi8taniœ 

the mediator cames tram several turther observations. It was demonstra­

ted by Ojers et al. (1941) and by Scroggie and Jaques (1949) that histamine 

W8S re1easèd from the sensitized dog 1iver in vitro after the appropriate 

antigen was added to the pertusate. 

Fe1dberg'(1956) showed that dog 1iver contained a re1ative1y 

large amount of histamine in comparison to that tound in most other 

species. 

Akeasu and West (1960) demonstrated that the dep1etion ot liver 

histamine by 48/80 pretreatment in sens1tized dogs abo1ished the usual 

anaphy1actic reactJ.on to a challenge vith antigen tor at 1east 17 da78. 

3. Rabbit. 

In rabbits the anaphy1actic shock is characterized by circu­

lato17 co11apse. Auer (1911) and Scott (1911) suggested that the ana­

ph71actic circulato17 co11apse of rab bits was related to acute dilata­

tion él the; .. ri!h';;heart. Airi1a (1914) attributed the 'fight heart di­

latation to an increase in pulmona17 arte17 pressure. The experimental 

works of Dragstedt et al. (1940) and of Rose (1941a),however, indicated 

that the circulato17 co11apse was most probab1y due to the mechanica1 

p1ugging of pulmonary capi11aries brought about by mierothrombi. 

Katz (1940) demonstrated that addition ot antigen to sensitized 

rabbit b100d eaused a sh1tt of histamine from ce11s to plasma. This 

observation was conrirmed almost tmmediate1y by Dragstedt et al. (1940) 
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and by Rose and Brome (1941). 

Humphrey and Jaques (1955) demonstrated that antigen-antibody 

interaction !Q vitro released histamine trom rabbit platelets. 

Waalkes et al. (1957), Udentriend and Waalkes (1959), Waalkes 

and Coburn (1959, 1960b) observed that anaphylactic snack in the rabbit 

was associated with an increas8 of plasma histamine, a reduction in 

total blood histamine because of a diminutlon in circulating platelets 

and leucocytes, and an increase in lung histamine in association vith 

platelet-leucocyte clumps. 

4. !2. 
It bas been known tor a long time' that rats are difticult to 

sensitize to toreign proteins (Longcope, 1922). When sensitization is in­

dueecl with a mixture ot the antigen and an accessory agent such as 

Bacillus pertussis vaccine, anaphylactic shock occurs when the challenge 

is made ;dth the specifie antigen. 

The anaphylactic shock in rat is characterized by circulatory 

collapse'and increased peristaltic activity. West (1959) has suggested 

that in this species the gut is the ."shock organ". 

Mota (1957) demonstrated a rise in plasma histamine concen­

tration, during active anaphylaxie ot the rat sensitized vith horse 

serum. Furthermore, Mota and IsMi (1960) in their in vitro experi­

ments, ueing mesenteries trom actively sensitized rats (B. pertussis 

and horee serum) demonstrated that the addition of the antigen resulted 
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in mast cell degranulation and histamine release. However, in passive­

ly sensitized rats, Mata (1962) observed neither rise in plasma hista­

mine nor histamine release tram mesenteries upon the application ot the 

specifie antigen. Austen and Humphrey (1961) reported that addition 

ot antigen to isolated peritoneal mast eells or to preparation ot 

mesentery tram passively sensitized rats tailed to release histamine, 

when bovine serum albumin or human gamma globulin were employed as 

antigens. 

5. !!2!!!!. 
Anaphylaxis in the mouse is eharacterized by respiratory distress 

(Waalkes and Coburn, 1960a) and prostration (Gershon and Ross, 1962). 

It W8S demonstrated by Hayer and Brousseau (1946) and by Pittman 

(1951) that normal mouse tissue vas tairly insensitive to histamine. 

Waalkes and Coburn (1960a) observed an increase in blood and 

lung histamine during systemic anaphylaxis in the mouse. However, in 

their in vitro experiment using the isolated lung ot a sensitized mouse 

no histamine eould be detected tollowing the addition ot specifie 

antigen. 

6. He. 
Rose (194lb) studied patiente with varioue forme of allergy 

ineluding asthma and observed that the blood histamine level was un­

stable relative to normals, but it did not increase during an asthmatie 
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attack when measured in b100d samples taken trom the femcr&1 artery 

or right heart (Rose et al., 1950). 

Evidence was presented by Schild et al. (1951) that iso-

lated human bronehial muscle preparations, obtained from an asthmatie 

patient, eontracted and released histamine when specifie allergen 

was added to the organ bath,in whieh the broncbial chain was 8US­

pended. Though broncbial rings obtained from normal persons were 

fairly sen si ti ve to histamine, they did not respond to the specifie 

allergen. An antihistaminic agent (mepyramine) in a very low concentra­

tion (10-9 g/ml) halved the contractions elicited by histamine. 

However, the contractions of the broncbial chains elicited by the &1-

lergen were only slightly affeeted even by much higher concentration 

of mepyramine (10-5 g/ml). These experiments clearly showed that in 

asthmatic patients, not only histamine, but some other smooth muscle 

stimulating substance(s) 'WaS also released. 

Some rurther evidence about the possible role ot histamine in 

acute allergie reaetions in man came from the study ot Lecomte (1956). 

The injection ot histamine releasers produeed a reaction whieh was cha­

racterized by pruritus, skin erythema, a reduetion in blood pressure, 

supra and infra orbital edema, and tinally full blown generalized 

angioneurotie edams 'Vith or without nausea or vomiting. The reaetion 

was associated 'Vith a three-told rise in plasma histamine and could 

be abolished b,y pretreatment with antihistamines. Thus, at least, 

the pruritus, urtiearia and some portion ot the hypotension seen 
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during anaphylaxie in man, can probab1y be attributed to histamine 

re1ease. 

In summar,y, the fact that hiètamine is present in substantia1 

amounts in the "ehock organ" of gÙ1nea-pig and dog and the fact tbat 

in anaphylaxis it is l1berated from'these organs, suggest that histamine 

is an important mediator in the anaphy1actic reactions in these &pecies. 

On. the other band, histamne does not seem to p1ar an important ro1e in 

systemic anaphylactic reactions in.rat and mouse, main1y because of the 

insensitivity of the tissues of tbese species to histamine. In the rab­

bit, in anaphylactic shock, a1though histamine is probab17 released 

direct17 into the pulmonarr circulation, it is possible that the pul­

monary emboli composed of immune precipitates mar be more important 

than the appearance of this chamical mediator. Austen and Humphrey 

(1963) expressed the view that in man histamine probably accounts for 

only a limited number of the manifestations of anaphylaxis, e.g., 

pruritus, urticaria, angioneurotic edema and some hypotension. 

e. Mechanism of Histamine Re1ease. 

In spite of the vast number of pepers pub1ished in the pest 

40 years concerning this subject, in fact ve know very 1itt1e about 

the intimate mechanian of histamine release follow1ng the reaction of 

antigen vith ceU bound antibody. However, today ve know that most 

of the re1eased histamine originates from one special type of ce11s: 

the mast cella. 
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The classical paper ot MacIntosh and Paton (1949) suggested 

to Rilel" (1953) a means ot discovering whether a release ot hista-

mine was in tact accompanied bl" morphological. changes in the mast 

cells. Rilel" and West, in 1953, demonstrated that tissues tro.m rats 

treated vith compound 48/80 showed a decrease in mast ceU content 

which was accampanied bl" a tall in tissue histamine. On the other band, 

mouse skin treated vith carcinogen showed an increase in mast celi con­

tent accompanied bl" an increase in tissue histaaine. They tound a 

tew mast cells in embryonic tissues and. little histamine; where-

as in certain adult tissues, e.g., in Olt liver capaule and pleura, 

thel" tound many mast cells and much histamine (200-300 pg/g). In 

pathological tissues, i.e., mast cell "tUllor" trœn a child, thel" tound 

large aJD)unts ot histamine (950 p,g/ g) am tor a series ot mast cell 

tumors trom dogs they tound values up to 1290 pg ot histamine/g tis-

sue. 

Though Rilel" and Westls (1953) discovery, which proved that the 

mast cells are the .in source ot the released histamine in the bodl", 

initiated many interesting new studies, the c;rtological basis ot his­

tamine release is still imperfect1;r understood. While it ls not within 

the scope ot this thesis to review in detall the theories ot the mechanism 

ot histamine release, tor the sake ot completeness, we shali summarize 

the most ~nportant data known concerning the liberation ot histamine 

trom the mast cells. 

At present it se8mS a well established tact that the combina­

tion ot a specitic antigen with cell bound antibodl", as well as a large 
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number of different substances, liberate histamine tram the granules 

of mast cells. These substances mal" he grouped as follows: 

1. Sensitizing compounds, Which typically need more than one applica­

tion to an animal to cause histamine release, which produce specifie 

antibodies and whieh are usually of protein nature or are able to 

react wit~ protein in the body to for.m an effective antigen. 

2. Those compounde whieh produce damage to tissues, such as v.noms 

and bacterial toxins. 

3. Proteolytic enzymes, e.g., trypsine 

4. A group of surface active substances. T)pieal members are the deter­

gent Tween 20 whieh Krantz et al. (1948) showed could cause generalized 

urticaria in the dog as well as other anaphylactoid signs and bile 

salts which Schachter (1952) found to release histamine fram isolated, 

perfused cat sldn. 

5. Large molecular compounds, such as dextran in the rat, reported by 

Edlund et al. (1952), horse serum in the cat, shown b.Y Feldberg and 

Schachter (1952), polyvinylpyrrolidone in the dog, as demonstrated by 

Halpern and Briot (1953) and also anaphylatoxin. 

6. 'lbe group of bases known as histamine liberators. 

'lbe last group of canpoUDis stemmed trom the work of Alam et al.. 

(1939), who showed in the course ot studies on muscle, that curarine 

was able to release histamine from this tissue. It vas later found by 

MacIntosh and Paton (1949) that the ability to release histamine extended 

to a very vide range of Dl'ganiC bases. They found that &DY compound pos-
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sessing two or more basic groups carried on and separated by a sur­

ticient aliphatic or aromatic scattold is liable to have histamine 

releasing property. As demonstrated by MacIntosh and Paton, these 

organic bases had a rather characteristic type ot action, exemplified 

in a simple way in the so called "delayed depressor response". 

When injected into a cat under chloralose anesthesia, histamine caused 

a fall in blood pressure in 5-8 sec. However, during this time, the his­

t~ne liberators showed no action at a11; it was not until 20 or 

30 seconds had elapsed that a depressor response occurred. When it came, 

however, it was otten as rapid as with histamine alone. The absence 

ot action during the initial latent period was a nice demonstration 

that the drug itselt had no direct effects on the blood vessels. 

On the basis ot these observations, Paton (1956) expressed 

"the possibility, that there is in tact no single mechanian, even at 

the most fundamental level". He suggested three basic mechan1sms to 

account tor the release of histamine: 

i) antigen-antibody interaction produces a membrane d1sturbance whicb 

in turn leads to histamine leakage through a damaged membrane. 

ii) antigen-antibody interaction causes protease activation, which 

results in splitting ott ot histamine trom a proteine 

iii) antigen-antibody interaction causes protease activation, Which 

leads to the release ot peptides and bases. The latter campete with 

h1st~ne tor the "complex tissue acid" on the basis of ion exchange. 

Thus any base with a greater atfin1ty tor the acid would free histamine. 
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t. Discrepancies in the Histamine Theory ot Anaphylaxis and the Possible 

Ro1e ot ether Pharmaco10gicalll Active SUbstances in Anaphy1actic and 

Allergie Manitestations. 

The principal teature ot the anaphy1actic reaction ot an iso18-

ted smooth mus~le preparation i8 the contraction ot the muscle, sup­

posed1y due to histamine re1ease. However, there are a numher ot situa­

tions where histamine either does not induce contraction or actua11y 

causes relaxation ot smooth muscle, whi1e the specitic antigen causes 

contraction. For examp1e, Ke11away showed as ear1y as 1930 that his­

tamine administration induced a relaxation ot the iso1ated seneitized 

rat uterus preparation, however, the latter responded vith a strong 

contraction to the application of the specitic antigen. 

Schi1d (1936b) demonstrated that the histamine desensitized iso­

lated uterus ot a sensitized guinea-pig gave a maximal contraction in 

response to the addition ot specitic antigen to the organ bath ,in which 

the uterus was suspended. 

The discovery ot the specitic antihistaminic agents (Bovet and 

Staub, 1937), which will be discussed 1ater on in this section, has' 

permitted a mare direct approach to the study of the ro1e ot histamine 

in anaphy1actic and allergie manifestations. 

Wells et al. (1946), in their in vitro studies using antihis­

tamines, reported that these drugs were 1ess ettective in antagonizing 

the anaphy1actic reaction than they were in antagonizing the ettects 

ot histamine. Schi1d et al. (1951), using human asthmatic bronchial 
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chains, demonstrated that low concentrations of mepyramine (10-9 g/ml) 

halved the contractions elicited by histamine, while the reactlon to 

the specifie antigen was not abolished campletely even bymuch higher 

concentrations (10-5 g/ml) of the saœe drug. 

In an effort to explain these discrepancies, Dale (1950) sug­

gested the possibility that histamine vould be maximally effective ~en 

released in, or in a most intimate relation to, the smooth ~scle celle 

Under tnese conditions the histamine vould have access to receptor 

sites on the cell which could not be reached by antihistamines or by 

histamine added tram the outside. However, a more probable explana-. 

tion vas put forward by Schild (1956), Who attributed these discrepan­

cies to the release of smooth muscle stimulants or hietamine-like sub­

stances, the actions of which vere not antagonized by antihistamine 

drugs. 

A number of mediators have been isolated in the p&st 15 years. 

Most of these substances have pharmacological activity very similar 

to histamine and a11 of them seem to be releaeed dur1.ng anaphylaxis. 

Their possible role in anaphylaxie and allergy will be discussed next. 

1. 5-Hydroxxt.mtamine (5-HT). Serotonin. 

5-HT vas first described by Erspamer in 1940 and vas then cal­

led "enteramine". Enteramine vas regarded as an active principle found 

in tissue extracts, chiefly in extracts obtained trom the gastrointes­

tinal tract (argentaftin cells). In 1948, Rapport et al. isolated a 
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substance which appeared in clotted blood under certain conditions 

which theT caIIed "serotonin". Serotonin was identitied as 5-HT 

and later enteramine was tound to be identical vith 5-HT (Erspamer and 

Asero, 1952). 

HumphreT am Jaques (1955) made the observation that the addi­

tion ot antigen to rabbi t pla telets suspended in heparinized plasma 

which contained antibodT was tollowed by' release ot histamine and 5-HT 

tram the platelets. This observation naturally stimulated turther in­

vestigations about the possible role ot 5-HT in the anaphylactic and 

allergic manitestatiobs. 

The role ot 5-HT in anaphylaxis is more important in rats and 

mice than in other species. These animals are known to be verT in-

,sensitive to histamine. It ~as 10gicaI, theretore, to assume that in 

these species 5-HT has the smne role that histamine has in other species. 

This assumption seemed even more probable when Benditt et ali' (1955) 

reported that the mast cells ot rats and mice contained not' oru.,- histamine 

but also 5-HT in tairlT large amounts. 

AU experimental data, however, showed that 5-HT plays a verT 

llmited role, if any, in antigen-antibodT induced anaphylaxis in rat. 

Previous injection ot a 5-HT antagonist, lysergic-acid-diethylamide 

(LSD), did not influence the increased capillar.y permeabilitT brought 

about by the antigen-antibody reaction. Similarly, depletion ot 5-HT 

and histamine by pretreating the animals vith reserpine and 48/80 did 

not prevent anaphylactic shock. Experimer~ts pertormed on isolated or-
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gans gave simi1ar resu1ts. When a sensitized rat uterus vas suspended 

in an organ bath, the addi6ion ot the specitic antigen produced a 

tul1 contraction in spite ot the tollowing treataents: i) the animal 

vas pretreated vith 5-HT and histamine re1easers, beiore its uterus vas 

suspended in the organ bath. 11) prior to antigen administration, LSD 

and antihistamine vere added to the bath. 

On the other band in mice the re1ease ot 5-HT seems to be de­

tinite17 responsible tor most ot the symptoms seen in anaphylactic 

shock. Using the isolated uter.J.8 preparation ot a sensitized mouse 

(Pink, 1956), a previous administration ot LSD to the bath complete17 in­

hibited the antigen-induced contraction. Stmilarly, using sensitized 

animals, LSD pretreatment prevented anaphylactic shock (Fox et al., 1958). 

FUrthermore, Gershon and Ross (1962) demonstrated that 5-HT dep1etion by 

reserpine and methyl DOPA, suppressed the anaphylactic reaction. 

The role ot 5-HT in anaphylaxis in the guinea-pig seans to be 

uncertain. Her.xheimer (1955) demonBtrated that LSD does not influence 

the anaphylactic bronchoconstriction in this species. FUrthe~ore 

Fink and Gardner (1956) and Brocklehurst (1958b), in their perfusion 

experiments vith sensitized guinea-pig 1ung preparation, could not detect 

any 5-HT in the pertusate. Brocklehurst (1958a) a1so reported that guinea­

pig bronchiole vas only moderately sensitive to 5-HT and Udentriend and 

Waa1kes (1959) showed that the concentration ot 5-HT in normal guinea-

pig lung was neg1igible. 
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\ 
On the other hand, Sany81 and West (1958), using the me-

thod ot Brocklehurst (1958b), did tind a substance in the pertusate 

which they thought to be 5-HT. The pertuaate elicited a contraction 

when added to the isolated rat uterus preparation and this contraction 

could be antagonized by LOO. Geiger and Alp!rs (1959) 81so supported 

Sanyal and West's (1958) finding, using the aensitized guinea-pig ileum 

preparation. They showed that the addition ot specifie antigen to 

the organ bath induoed a contract.icn ct the preparation. This contrac­

tion was not canp1etely aboli shed if an antihistamine was added to the 

bath pli or to the specific antigen, but the admirds tration ot LSD and 

antihistamine prior to the antigen preveDted this contraction. 

All available data in t he li terature indicate that 5-HT re1ease 

does not play an important ro1e in the anaphy1actic rea:ction in the doge 

Although dog 1iver contains an appreciab1e &mount ot 5-HT, systemic ana­

phylaxis does not diminish the 5-HT content ot the liver and sensitized 

dog liver a1so rails to re1ease 5-HT in vitro when exposed to specifie 

antigen (Akcasu and West, 1960). 

The observation or Humphrey and Jaques (1955) that antigen­

antibody interaction in vitro can release 5-HT as we11 as histamine 

trom rabbit p1atel8ts prœpted Waa1kes and his associates (1957) to 

study this amine during rabbit anaphy1axis in vivo. A significant 

pulmonary 5-HT concentration was tound in n<rmal rabbit 1ung (Udentriend 

and Waa1kes, 1959) which increased during anaphylaxis (Waalkes et al., 1957). 
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'Ibis increase W8S associated vith a rise in plasma 5-HT and a fal1 in 

total b100d 5-HT due to the reduction in p1ate1et count (Waalkes et al., 

1957; Waa1kee and Coburn, 1959). On the otber hand Fisher and Lecomte 

(1956) demonstrated that the dep1etion of 5-HT b,y reserpine administra­

tion did not ame1iorate anaphylaxie in the rabbit. 

There is at present no information as to whether or not 5-HT 

re1ease occurs during anaphylaxis in man (Udentriend and Waalkes, 1959). 

Human 1ung 1ike guinea-pig 1ung, contains virtually no 5-HT and the 

mast ce11s of man llke ihose of mœt species are devoid. of 5-HT (Sjoerdsma 

et al., 1957). 'Ibough the disappearance of human plate1ets during an­

tigen-antibody reaction bas been demonstrated, there is no evidence 

that this ie associated vith the re1ease of 5-HT (Storck et al., 1955). 

2. Slow Reacting Substance of Anaphrlaxis (SRSo!A). 

Slow reacting substance was first described b.1 Feldberg and 

Ke11away in 1938. Using the in situ guinea-pig 1ung preparation, they 

added snake venom to the pertusing fiuid, because the symptoms of 

snake venon poisoning resemb1ed strong1y those of anaphy1actic shock. 

The pertusate was then tested on the iso1ated guinea-pig ileum prepara­

tion. It was found that the addition of snake venom to the perfusing 

tluid caused the a pp!arance in the perf\1sate of histamine and of a sub­

stance(s) which produced slow contraction and transient changes in the 

excitabillty of the guinea-pig ileum. 

Ke11away and Trethewie (1940) demonstrated that tresh saline 
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extract of sensitized guinea-pig 1ung, after incubation with the anti­

gen, contained a substance or substances, which caused slow contraction 

when tested on the isolated guinea-pig ileum preparation. They called the 

substance(s) "Slow Reacting Substance of Anaphy1axis" or "SR5-A". 

They suggested that anaphy1actic contraction of smooth muscle was in 

part due to llberation of histamine and probab1y in part also to SRS-A 

which was 1iberated in the course of antigen-antibody reaction. 

They a1so showed that the sensitized guinea-pig 1ung did not contain 

SRS-A prior to the addition of specific antigen. 

A detai1ed study of the occurence of SRS-A during anaphy1actic 

shock was publlshed by Brocklehurst (1960). His findings can be 

summarized as fo110ws: i) the time course of the output of SRS-A 

from the perfused 1ung of a sensitized guinea-pig, after the addition 

of specifie antigen, is slower in onset and more pro10nged than that 

of histamine; ii) whereas the antigen-antibody reaction re1eases 

preformed tissue histamine, SRS-A is both formed and re1eased in the 1ung 

as a resu1t of antigen-antibody reaction; iii) SRS-A originates from 

the 1ung tissue, whi1e p1ate1ets and other constituents or b100d are not 

the source of SRS-A and are not necessary for its occurence; iv) when 

formation of SRS-A is studied in chopped tissue fram various organs of 

sensitized guinea-pig it is found to occur chief1y in 1ung and vascu1ar 

tissues: some formation occurs in sa1ivary glands, pancreas, uterus, 

but 1itt1e or none is detectab1e in ileum, trachea and skin; v) SRS-A is 

a1so present in the effluent after antigen has been added to the perfusing 

fluid of the 1ung of sensitized rabbit and monkey but is not present in 
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the effluent from the perfused lung of sensitized rat. 

Brocklehurst (1956, 1960) also performed experiments with 

human asthmatic lung similar to those used by Schild et al. (1951), as 

described previously in the histamine section. He found that, after 

addition of the specific antigen, the perfusate not only contained 

histamine but also SRS-A. Since SRS-A induced contraction of the 

isolated human bronchial chain preparation was not antagonized by 

antihistamine drugs, Brocklehurst suggested that SRS-A plays an im­

portant role in the development of bronchoconstriction in asthmatic 

patients. 

Her.xheimer and Streseman (1963a) showed that an aerosol of 

purified SRS-A irihaled by human subjects produced a slowly developing 

but long lasting bronchoconstriction. 

Middleton and Phillips (1964) demonstrated a striking similarity 

between the capacity of specifie antigen and of cobra venom to give 

rise to SRS-A activity in tissues of sensitized guinea-pig. By either 

method of treatment, lung was found to be the major source of SRS-A. 

Aorta, ileum, spleen and uterus showed considerably less capacity to 

form SRS-A. 

Recent experiments of Movat et al. (1967) and Orange et al. (1967) 

demonstrated that polymorphonuclear leucocytes played an important role 

in the release of SRS-A and the presence of these cells were required for 

optimal SRS-A generation at least in rats and guinea-pigs. 

The chemical structure of SRS-A has not yet been elucidated. 
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Brock1ehurst (1964) suggested that it is acidic and 1ipid. It is 

obtained rather firmly associated with some proteine 

3. Kinins. 

Kinins refer to a group of bio10gica11y active polypeptides. 

They originate from animal tissues, most1y trom plasma protein and possess 

characteristic pharmaco10gical actions: i) they produce hypotension; 

ii) they increase capi11ary permeabi1ity; iii) they produce pain when 

applied to blister base on human skinj iv) they are spasmogenic for 

most iso1ated smooth muscle preparations. 

Frey and associates (1928-1933) were the first to demonstrate 

the presence of a b100d pressure depressive substance in the extracts 

of urine and pancreas. They observed that these extracts, when 

injected intravenous1y into dogs, e1icited a fa11 in b100d pressure. 

The active princip1e was termed "ka11ikrein". At that time, they did 

not rea1ize that the active princip1e extracted from urine and pancreas 

was not a b100d pressure depressive substance itse1f, but an enzyme which 

acted on the plasma globulin of dogs and produced the re1ease of an 

active polypeptide from the plasma, which caused a fa11 in b100d pressure. 

The rea1ization of this fact came on1y in 1949, when Rocha e Silva 

et al. (1949) reported that the incubation of plasma with trypsin resulted 

in the formation of a polypeptide, the action of Which was similar to 

that of kal1ikrein. They found that incubation of trypsin or snake ve­

nom with plasma globulin brought about the formation of a polypeptide 

which caused a fall in b100d pressure and contraction of smooth muscle 

preparations. They ca11ed this polypeptide "bradykinin Il so as to cha-
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racterize its slow contracting effect on the isolated guinea-pig ileum 

preparation, in contrast to that of the fast contracting effect ot his­

tamine. Following these publications, Wer1e (1961) incubated ka1likrein 

vith globulin and found that an active substance was fo~ed which 

showed the same characteristic behavior as bradykinin. He ca11ed this 

pha~acologically active polypeptide "kallidin". 

The chemical and pha~aco1ogical characteristics of bradykinin 

and kal1idin are practically identical (Holdstock, et al., 1957; Pierce 

and Webster, 1961). Snake venom and trypsin act on the ssme globulin 

site as kallikrein does. Thus, if serum was first incubated vith trypsin 

or snakevenom so as to cause for.mation of bradykinin, the second incuba­

tion or the ssme serum vith kallikrein would not result in kallidin torma­

tion. 

Bradykininwas isolated by Elliot et al. (1960) and synthesized 

by Boisonnas et al. (1960). Bradykinin is a polypeptide which has the 

tollowing amino acid sequence: Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg. 

Werle (1961) iso1ated kallidin and found that kallidin had 

practical1y the ssme structure as bradykinin. 

Erspamer and Anastasi (1962) reported the isolation ot another 

polypeptide which they ca1led eledoisin. Eledoisin consists of 

eleven amine acids and has the ssme bio10gical activity as bradykinin 

but is 50-100 times more potent than the latter. 

The probabi1ity that plasma kinins may play an ~portant ro1e 

in anaphylactic and allergie manifestations can be based on the follow-
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ing experimental data: i) their pharmacological actions are practically 

identical to those of histamine; ii) the smooth muscle contracting 

effects of kinins are not antagonlzed by antihistamine or anti-5-HT; 

iii) kinins are very easily for.med in the body by kinin forming enzymes 

and these enzymes can be activated by simple physical alteration; e.g., 

bradykinin formation occurs when plasma cames in contact with glass or 

is simply diluted. 

As early as 1950, Beraldo demonstrated that during anaphylactic 

shock in the dog a substance was released into the blood which possessed 

bradykinin-like activity on the isolated guinea-pig ileum preparation, 

however, he could not prove its identity with bradykinin because there was 

no pure bradykinin available at that time. 

Brocklehurst and Lahiri (1962) have shown that significant 

amounts of plasma kinin appeared in the blood of sensitized guinea-pigs, 

rats and rabbits within 2-5 minutes of injecting the specifie antigen 

intravenously. These workers also found that the effluent from perfused, 

shocked guinea-pig lung contained no detectable bradykinin, but produced 

bradykinin when incubated with plasma pseudoglobulin which had been heated 

to destroy kinin-inactivating enzymes. 

These experiments did not prove directly whether bradykinin is 

involved in anaphylactic reaction but only that bradykinin is released du­

ring anaphylaxisv Neverthele~3, as pointed out by Feldberg (1961), the 

properties of the polypeptide bradykinin, i.e., its potent biological 

activity and ready activation from the plasma globulins and rapid 

inactivation, suggest that bradykinin is a very suit able candidate for 
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an anaphy1actic Mediator. 

4. Heparin, Acetylcholine and Fattr-8cid-like Substances. 

i) Heparin. 

According to our present know1edge MOst ot the histamine 

re1eased during anaphy1axis originates trom the Mast ce11s. It is 

a1so we11 established (Jorpes et al., 1937) that mast cella contain 

not on1y histamine but heparin as welle Thus heparin re1ease May 

account tor the b100d incoagulability observed in anaphy1axis in 

severa1 speci es, particular1y in dogs (Bied1 and Kraus, 1909). 

Indeed, Waters et al. (1938) demonstrated that heparin re1ease tram 

the 1iver ot the dog is the tactor responsib1e tor the b100d incoagula-

bi1ity in anaphy1actic shock. 

Monkhouse et al. (1952) demoDstrated that heparin was in­

creased in the b100d in anaphylactic shock in guinea-pigs, rabbits 

and dogs. The iœrease was sutficient to change the c10tting time 

ot b100d in dogs and rabbits but not in guinea-pigs. 

ii) Acetylcholine. 

The possible participation ot acety1cho1ine in anaphy1actic 

reactions was suggested by Nakamura (1941) and Danie10po1u et al. 

(1948). This proposaI was based on the evidence that acety1cho1ine 

antagonists, e.g., atr~pine, suppressed and eserine enhanced the !n 

~ anaphy1actic reaction. However, the ro1e ot acety1cho1ine in 
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anaphy1axis is probab1y minimal and very little is known about it. 

iii) Fattl-acid-1ike Substances. 

A number ot bio1ogical1y active substances exerting samewhat 

sim11ar pha~co1ogical actions te that of histamine have been found in 

extracts ot ditterent organs and body fluide. Fatty-acid-1ike sub­

stances such as "Darmstoft", "Prostaglandin" and "Irin" may abo 

play some ro1e in the deve10pnent of anaphylactl,c and allergie ma­

nifestations, but at present there is no exper~ental evidence a­

vailab1e to support this hypothesis. 

g. Substances with Antianaphl1actic and Antial1ergic ActivitZ. 

Al1 the aceumulated evidenee described in the preTious 

chapters, support the generally accepted assumption that the re1ease 

ot histamine and other bio1ogical1y active substances play an essential 

ro1e in the deve10pment ot anapbylactic and allergie manifestations. 

'lbe recognition ot this tact natural1y stimulated a great dea1 ot work 

to tind drugs which either prevent the re1ease ot these bio1ogieal1y 

active substances or antagonize their actions on smooth muscles and 

blood vessels. 

The three most important and usetul groupe ot agents employed 

to capbat the symptoms ot allergie diseases at present are: 

1. Physio1ogieal antagoniste (epinephrine and re1ated substances). 

2. Pharmacologie al antagoniste (synthetic antihistsmines). 

3. ACTH and Cortieosteroids. 
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1. Physio10gical Antagonists (Epinephrine and Related Substances). 

As pointed out by Clark (1933), in the case of physiological an­

tagonism, the agoni st and the antagonist exert opposite efrect on the 

same organ system. The main characteristic ot this type of antagonian 

lies in the tact that the agoniat and the antagonist act upon dif­

ferent receptors. A classic~ example of physiological antagonism is 

that of epinephrine and histamine. Thus, histamine sttmulates the 

smooth MUscles of the altmentary-tract, bronchiole, small and 

large veins, dilates capillaries and produces a fa11 in blood 

pressure. In contrast to these actions, epinephrine relaxes the smooth 

muscle of the gut and bronchiole, contracts the small arteries and 

raiaes blood pressure. Due to these facts, epinephrine and its deriva­

tives, partieularly those with powerful actions on beta-receptors (e.g., 

isoproterenol), are the mainstay in the symptomatie treatment or aller­

gie diseases and first of all in the treatment of astbna. Though epi­

nephrine and its derivatives are extremely useful to relieve the symp­

toms of acute hypersensitivity reactions, their usefulness ia limited 

because: i) their duration of action is a very short lasting one; ii) 

after repeated administration tolerance MaY deve10p (epinephrine fast­

ness). 

2. Phannaeologieal Antagonists (Synthetic Antihistamines). 

The recognition that histamine plays an important role in ana­

phylaetie and allergie manifestations stimulated the search for sub-
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stances which can specitically antagonize the eftects ot histamine. 

8,ystematic work on synthetic compounds with antihistamin1c 

activity was begun in 1937 by a team ot French chemists and pharmaco1o­

gists, notab1y by Bovet and his co-workers. Their work originated tram 

the observation ot Ungar et al. (1937) that the 2 campounds prosympal 

and piperoxan, which antagonized the pressor effect ot epinephrine, 

exerted antihietaminic action on the isolated guinea-pig ileum 

preparation. 

The basic study re1ating antihistaminic activity to chemical 

structure was done by staub (1939) to11owi~g the observation ot Bovet 

and Staub (1937) that thymoxy-ethy1-diethy1amine, or "F 929", was 

able to prote ct guihea-pigs against tata1 anaphylactic shock. 

The replacement ot the ether oxygen atom in the cotÎpound F 929 

by an imino group 1ed to the discovery ot other antihistamines, 

among which the most patent was "F 1571" or N-ethy1ani1ine-N-diethy1-

ethy1ene-diamine (staub, 1939). However, these two products could not 

be used in clinical practive because of their low therapeutic index. 

Neverthe1ess, this work soon led to the discovery ot two types ot 

potent antagonists ot histamine, i.e., phenollc ethers, related to F 929 

(Loew et al., 1945), and substituted ethy1ene diamines related to F 1571 

(Halpern, 1942). In the next 20 years a large number ot antihistaminic 

preparations have been put on the market. 

The most trequently used synthetic antihistamines are derivatives 

ot ethylene-diamine, dialkylaminoalkyl ether and propylamine (Raynaad, 1960). 
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Most of tme antihistamines belong to that group ot pharmacolo­

gical antagonists tbat appear to act by occupying the "receptor sites" 

on the effector cells by the exclusion of the agoni st. Presumably the 

antihistamines have such structures that allow them to bind with the 

"histamine receptor" without initiating any response. Tbus it 18 ge­

nerally accepted today that the bulk ot antihistamines Most probably 

act .. as "competitive antagonists" to h18tamine (Marshall, 1955). 

Tbe antibistamines antagonize, in varying degree, Most but not 

all phannacological actions of histamine. They can also reduce the 

intensity of allergie and anaphylactic manifestations and it is this 

property that proTides the basis for their tajor therapeuti~ applica­

tions. 

The methods employed to assay potential histamine antagonists 

are based on experfments in which their action can be tested against 

the following basic pharmacological actions of histamine: 

i) Action on smooth muscle. 

Histamine exerts a highly characteristic effect on smooth 

muscle. According to Dale and Laidlaw (1910): "The tundamental 

and cbaracteristic feature of its action is its direct stimulant 

effect on plain muscle, in which it produces exaggeration ot rhythm 

wi th increased tonus or steady maximal tonus unbroken by rhythm, e.ccording 

to the concentration or which it is applied. The sensitiveness of 

plain mu.cle trom different organs and in difterent species varies 

within wide limits. The Most sensitive ot a11 appears to be the 
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plain muscle of the uterus, the non-pregnant uterus of some species 

responds to the drug in extreme dilution. The muscular coats of the 

bronchioles are also highly sensitive to the action, especially in 

rodents. The plain muscle of the intestinal wall, of the arterioles 

and of the spleen appears to occup,r an intermediary position as re­

gards responsiveness, that of the bladder and the iris was not affected 

by the direct action of such doses as we employed ". Antihistamines: can 

fairly specifically antagonize the smooth muscle stimulating effects of 

histamine both in vitro and in vivo. The actions of these drugs may 

be tested in vitro on a number of smooth muscle preparations such as the 

ileum, utel~s and bronchial chain of the guinea-pig. The potent anti­

histamines can abolish the effect of histamine in a concentration as 

low as 10-9 g/ml when tested on the isolated guinea-pig ileum prepara­

tion. The high sensitivity of guinea-pig bronchial muscle to hista-

nd.ne lends itself to the in vivo method of assaying antihistamines. 

Histamine can be administered in the form of an aerosol. Administered this 

way, histamine produces cough, dyspnea, swaying, falling, lying and death 

by bronchoconstriction in the guinea-pig. The aerosol technique was 

originally described by Alexander et al. (1926) and Kallos and Pagel (1937) 

to study the development of anaphylactic shock in sensitized guinea-pig, 

modified later by Halpern (1942) and adapted for testing of antihistaminic 

compounds. The most potent antihistamines are able to antagonize the 

lethal effect of histamine aerosol in guinea-pigs in doses as low as 

1-5 mg/kg body weight. The intravenous or intraperitoneal administration 
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of histamine in sufficient doses exerts similar effects on the bronchial 

muscle of the guinea-pig. Thus the potency of different antihistamines 

is frequently measured by injecting multiple lethal doses of histamine 

intravenously into antihistamine pretreated guinea-pigs with inter­

vals of 5-10 minutes until death occurs (Staub, 1939). Using this me­

thod it was found that potent antihistamines, like phenergan protected 

the guinea-pigs against up to 1500 times lethal doses of histamine. 

ii) Action on blood pressure and capillaries. 

Histamine exerts a profound action on blood vessels in Most species. 

Its effect is Most characteristic on the capillaries. Histamine given 

intradermally dilates the capillaries and at the same time increases 

their permeability. The effect of histamine upon the capillaries i8 less 

influenced by antihistamines than its effect upon smooth muscles. It 

was only by the introduction of more potent antihistamines that a definite 

diminishing effect upon the whea1ing produced by histamine (triple 

response) cou1d be evidenced by Celice and Durel (1942). The Most specifie 

and very potent antihistamines (neoantergan and phenergan) are very 

powerful in inhibiting the histamine effects not only upon the muscle 

but a1so upon the capi11aries. Phenergan when tested in rabbits was found 

to be effective against the Schwartzman phenomenon (Bovet et al., 1944) 

and against the Arthus reaction (Benacerraf and Fische1, 1949). 

iii) Action on circulation. 

When injected intravenously in sma11 doses (1-10 pg/kg) into 
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anesthetized cat or dog histamine brings about a transient sharp fall 

in blood pressure. The administration of large doses (3-10 mg/kg) 

usually produces a triphasic effect: i.e., an immediate steep fall in 

blood pressure, an incomplete recovery and, a renewed faIl in blood 

pressure leading to shock and death. MOst antihiatamines have a rela­

tively weak effect in antagonizing the action 01 histamine on circu­

lation. Very small doses (4 pg) of histamine should be injected in 

the dog in order to have any appreciable reduction of the hypotensive 

effect alter treatment of the animal with large doses of the antihista­

mines (Rosenthal and Minard, 1939). Even with potent antihistaminic 

drugs, such as neoantergan, only partial inhibition of the hypotensive 

effects of small doses of histamine (10 to 50 ~) can be obserye~ 

(Bovet and Walthert, 1944). 

iV) Action on gastric secretion. 

Popielski (1920) was the first to demonstrate that histamine 

is a powerful stimulant of gastric secretion in doses as low as 

3-4 pg/kg of body weight. In the next 40 years it has been clearly 

established by Many workers that histamine is one of the most 

potent stimulatorn of gastric secretion, though there are still 

many doubts about the manner in which it acts as a physiological 

Mediator of gastric secretion (Code, 1965). Antihist~ines were found 

to be completely inactive upon the secretory effects of histamine. This 

might indicate that the receptors for histamine in the effector cells of 

the glandular tissues are different tram those present in smooth 
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muscle structures and capillaries (Ash and Schild, 1966). 

The synthetic antihistaminea have been employed in the a,mptama­

tic treatment ot var10us allergie disorders in Which thelr usetulnesa 

la clearly attributable to their most eharacteristic action, i.e., 

antagonism of histamine. However, none of theae synthetic antihista­

mines have been proved tully aatisfacto17 trom the ellnical point of 

view due to a number of disadvantagea. They are Mghl,. uaetul in 

urtlcaria, but less so in hay fever, most dermatoses and aathma. 

Their relative eftectlveness is as fOllows:(Cutting, 1964): 

urticaria, angioneurotic edama, anaphylaxis 80% 

ha,. fever, vasOJDotor rhinitis 50% 

allergie dermatitis 20% 

asthma 1% 

In addition, th~ synthetic antihistamines m&y have unpleasant or 

dangerous side effects in therapeutie doses. Sedation is a eommon 

factor var,ying tram a light state of dizziness to the stuporous state. 

Finally, the action of the synthe tic antihietamines is short lasting, 

usually for a fev hours onll". 

3. ACTH and Cortieosteroids. 

It is weIl known that s,mptans of hypersensitivity reaetions of 

the immediate type, sueh as hal" fever, atopie asthma and serum siekness 

ma,. be dramaticall,. relieved in man by the administration of cortieo­

ateroids (Rose, 1954). 
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It is not surprising, theretore, that many studies were made 

on the possible ettects ot corticosteroids on the pharmacologie al 

actions ot histamine as well as in anaphy1axis. A sound basis tor the 

possible involvement ot steroid in histamine dependant allergie respon­

ses was suggested by the.o~servations that: i) adrenaleetamy leads ta 

considerable increase in tissue histamine (Rose and Browne, 1941); 

ii) adrenalectomy increases manytold the toxicity ot histamine in rats 

and mice (Halpern et al., 1952). Hlwever, in spite ot SaRe controvereial 

data, it is a generally accepted tact that corticosteroids do noh in­

tluence the phanœacological actions ot histamine. Neither tlare nor 

wheal reactions produced by the intradermal injection ot histamine nor 

those produced by antigen, can be sign1ticantly inhibited by the admi­

nistration ot corticosteroids. Similarly, neither ACTH nor cortico­

steroids attect the evolution ot acute anaphylactic Shock or histamine 

induced bronchoconstriction in guinea-pigs (Leger et al., 1948; Halpern, 

1964). 

Though corticosteroids do not exert any signiticant ettect on the 

actions ot chemical mediators in acute experiments, they can influence 

both antibody synthesis and histamine biosynthesis in chronic exper~ents. 

It has been tound that corticosteroids can i) depress antibody torma­

tion (Genœuth et al., 1951; Bjorneboe et al., 1951); ii) depress the trans­

tormation ot histidine te histamine (Halpern et al., 1953; Schayer et al., 

1955); iii) deplete the tissue histamine content, at least in guinea-pigs 

(Kovacs, 1965; Hicks, 1965). However, these eftects can be obt&ined on-
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ly after prolonged treatment (7-15 days) and with doses which are usual­

ly much higher than those applied in clinical therap,y. Thus the acute 

and dramatic therapeutic relief seen in man within 24 hours after the 

administration of corticosteroids remains an unresolved problem. 

Although the immediate therapeutic effects are remarkable and 

dramatic, these hormones are not curative, since they do not eliminate 

the cause of the symptoms. Thus, while they are of great value in 

hypersensitivity reactions of the immediate type, continuous therap,y 

is required for those related to intrinsic allergens such as infection. 

Furthermore, these hormones possess the following disadvantages: i) on 

wi thdrawal of the hormone, the symptcms frequently return, often in a 

more severe form; ii) side effects, ranging fram minor and tolerable 

manifestations of hypercorticoism, to dangerous states even more 

hazardous to the patient than the disease itself for which treatment 

was institutedj iii) the tendency of the disease to become resistant to 

a suppressive dose of corticoid medication. 
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Section B. Natura11y Occurring Antihistamine-like Substance(s). 

a. Antihistamine-llke Activity ot Mammalian Tissue and Urine Extracts. 

The presence ot sUbstance(s) in extracts ot eosinophi1 rich 

leucocyte suspensions vith antihistamine-1ike action both in vivo and 

in vitro vas tirst reported by Kovacs (1950) and Kovacs and Kovacs­

Juhasz (1951, 1952). This observation vas continaed by Vercauteren and 

Peeters (1952) and Vercauteren (1953). Experiments carried out vith 

highly puritied extracts ot bovine eosinophi1s indicated that the 

active princip1e vas most probab1y a steroid-llke substance (Kovacs 

and Kovacs-JuJ!asz, 1955). Archer (1963) in his book 8\lIIIIlarized the 

resu1ts ot his experiments performed betveen 1959 and 1963 concerning 

the antihistamine-1ike action ot harse eosinophi1 extracts. He not 

only contirmed the previous findings but also found that these extracts 

vere capable of antagonizing the local edana formation elicited by his-

tamine, bradJkinin and serotonine 

The tact that eosinophi1s contain an antihistamine-like prin­

cip1e suggested the possibility that the smae or simi1ar substances 

may occur in other tissues. Indeed, it w&s reported in 1962 (Kavacs and 

Melville, 1962) that partially purified extracts prepared trom human 

urine vere capable of antagonizing the histamine, 5-HT and bradykinin 

induced contractions when tested on the isolated guinea-pig ileum prepa­

ration. Kovacs and Melville (1963) a1so reported that Dot only human, 

but mammalian urine extracts (dog, horse, guinea-pig etc) in genera1 
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contain the same or simi1ar active princip1e(s). Furthermore, they 

showed that partia11y purified extracts ot horse urine gi ven orally or 

intraperitone~y to guinea-pigs protected the anima1s against a 1ethal 

histamine aeroso1 and prevented the increased capillary permeabi1ity brought 

about by' intradermal injection ot histamine or bradyld.nin. Kovacs et al. 

(1963) and Francis et al. (1963) reported that extracts prepared tran di­

verse human organs also contain the same or similar antihistamine-1ike 

princip1e(s). Recent1y, Kovacs and Voith (1966) showed that partially 

purified extracts ot horse urine which exert antihistamine-like activity 

can a1so antagoniBe the histamine induced acid hypersecretion at 1east 

in guinea-pigs. FUrthermore, they tound that these extracts administered 

ora11y or intraperi toneal1y into rats prevented or strong1y reduced 

the deve10pment ot ulcer tormation induc~ either by the Shay or restraint 

(stress) method. 

b. Previous Work on Antihistamine-1ike Acti vi ty ot Plant Tumor Elctracts. 

The observation that severe burns 1ead to shock with symptoms 

striking1y simi1ar to those sean to110wing the intravenous injection ot 

histamine into experimental animals, 1ed Barsoum. and Gaddum (1936) to 

investigate the changes ot b100d histamine in patients with extensive cu­

taneous burn. They tound an extensive rise ot b100d histamine at the 

time when secondary shock was 1iab1e to deve1op. Rose and Browne (1940) 

confirmed this tinding and Dekanski (1945) observed in mice a strong 

increase in b100d histamine 10 minutes atter extensive experimenta1 

cutaneous burns. 
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Tannic acid vas introduced b.Y Davidson (1925) in the local 

treatment of bums. It seemed possible, therefore, that the therapeutic 

effect of tannic acid vas brought about by the neutralisation of the 

released histamine or that this mechanisœ vas at least partly res­

ponsible for its therapeutic effect. To test this hypothesis the 

effect of tann1c acid against a lethal histamine aerosol vas in­

vestigated in guinea-pigs (Gyure and Kovace, 1949). An intraperitonea1 

injection ot a dose ot 20-40 mg/kg body veight of commercial tannic 

acid gave a detinite protection against the lethal histamine aerosOl, 

vhen the injected guinea-pigs vere tested 1-2 hours later. Hovever, 

when the tannic acid was puritied, this antihistamine effect de­

creased parallel vith the purification and vith the most puritied 

preparations the antihistsmine effect vas no longer obtainable. It 

seemed possible, therefore, that the antihistaminic effect of the com­

mercial tannic acid, which in Hungar,y i8 prepared tram oak-gall, vas 

most likely due to some impurities derived fram the oak-galle. 

Kovacs and Szabadi (1950) made the observation that a simple 

éthanolic extract of oak gal1s contained approximately ten times 

more of the active princip1e than commercial tannic acid. In addition 

they observed that the protection following a single intraperitoneal 

injection ot the extra6t into guinea-pigs vhich vere subsequently 

exposed to lethal histamine aeroso1 lasted tor 18-20 hours. 

In 1951, Kovacs et al. reported that galls of rose, pop1ar and 

willow a1so contained the antihistaminic substance, whereas extracts 
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prepared fram non-tumorous parts of the same plants did not reveal anti­

histaminic activity. 

In 1952, Kovacs et al. described a method by which tannin-tree 

extracts of oak-gall could be obtained. 

Feldberg and Kovaes (1960) deœonstrated that the ethanolic 8X­

tract of oak-gall, when injected intraperitoneally into guinea-pigs, pro­

tected the animals against a lethal dose of histamine aeroeol and that the 

protection lasted for at least 24 hours, sanetimes as long as four days. 

It was also reported that the protection did not result tram the tannic 

aeid present in the extract, because tannic acid injected intraperi­

toneally into guibea-pigs did not proteet the animals, whereas the 

ethanolic extract of oak-galls, from which the tannic acid has been re­

moved by lead hydroxide precipitation, produced protection. 

Galls are hypertrophies of plant tissues caused by insects, mites, 

bacteria, fwngi and possibly by other organisms. These organisme may 

initiate either mechanical or chemical stimulus. The latter is probably 

the more important in the production of galls. The irritant tluid 

or chemical May be in the eggs as in the case of sow flies, because the 

galls grow to full size before the eggs hatch. Oak galls are examples of 

galls caused by wasps, Whereas crown-galls are induced by bacteria. The 

induction of crown-gall tumors by agrobacteria tumefaciens was discovered 

by Smith and Townsend, in 1907. They produced the crown-gall by punc­

ture inoculation of agrobacteria tumefaciens on the Paris daisy, tobacco, 

tomato, root of sugar beet and root of peach tree. The tumor grew ra-
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pidly only in young fleshy organs. The organism attacked both root and 

shoot. It frequently induced abnormal growth on the wounded parts of 

young cuttings. They also observed that the mature daisy galls were 

similar to the peach galls. 

Naturally occuring crown-galls are found Most frequently on the 

stems of tomato, tobacco and sun flower. It is considered as a malig­

nant tumor which produces metastasis and frequently kills the hosto 

In 1962, Broome et al. made the observation that the ethanolic 

extract of the crown-gall tumor of tomato plants, when injected intra­

peritoneally into guinea-pigs, protected the animaIs against a lethal 

histamine aerosol. It was also shown that a single intraperitoneal 

injection of the extract exerted a protection which lasted sometimes as 

long as 47 days. However, when the chloroform extract was taken up in 

saline and added to the bath in which the isolated guinea-pig ileum 

was suspended, no antihistamine-like activity could be detected. 

Amounts equivalent to 2 mg of the chloroform soluble material did not 

antagonize but rather potentiated the effect of histami~e on the isola­

ted guinea-pig ileum. When a higher amount equivalent to 5 mg of 

chloroform soluble material was added to the bath it produced e slow 

contraction of the ileum but no reduction of the contractions elicited 

by histamine. 

In early studies (Kovacs et al., 1964) a crystalline 

substance was isolated from crown-gall infected tomato stalks whose 

chemical properties resembled those of tomatine. The substance showed 
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in vitro antihistamine-1ike activity. Ca1am and Ca110w (1964) 

independent1y a1so demonstrated that tomatine iso1ated from 

both crown-gall infected and normal tomato sta1ke when injected intra­

peritonea11y into guinea-pige protected the anima1s against a 1etha1 

dose of histamine aeroeo1~ Since tomatine forms part of the subject 

of this thesis it will be dea1t ~~th separate1y (Section C). 
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Section C. Tamatine and Re1ated Substances. 

Gottlieb (1943) observed that the expressed juiee of tomato 

plant retarded the growth of Fusarium oxysporum t. 1ycopersici, an 

organism which caused the wi1ting of tomato plant. Since tomato 

speeies vary in their sUBceptibility to this organism, Irving et al. 

(1945) postu1ated that this might be due to differences in the abi­

lit Y of these plants to produce a substance or substances which either 

neutralized the toxin direct1y or inhibited the growth of the fungus. 

Thus, in 1945, Irving et al. reported that an antibiotic agent whieh 

they ca11ed "lycopersiein" eould. be obtained from the expressed juice 

of Pan kmerica tomato plant. However, they 1ater changed the name to 

"tomatine" to avoid confusion, sinee "lycopersicin" was once used as a 

synonym for "lycopene", the red pigment of tomato. 

One year 1ater, Irving et al. (1946) demonstrated that extracts 

eontaining tomatine effective1y inhibited the growth of staphy1oeoccuB 

aureus, baeilus subti1is, phytomonas solanacearum, aspergillus clavatus, 

candida a1bicans, trichaphyton mentographytes, epidermophyton p1accosum 

and microsporum andanini cultures. They suggested that tomatine might 

be used in the treatment of certain fungus infections both in man and 

anima1s. 

It was reported by Ma and Fontaine (1948) that tomatine was a very 

effective inhibitor against the growth of candida albicans. They a1so 

showed that rutin and quercetin, which normally occurred in crude to-
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matine concentrate were capable of neutralizing the inhibitor,y effect 

of crystalline tomatine toward these organisms. They found that quercetin, 

the aglycone of rutin, was more effective than rutin in counteracting 

the inhibitor,y activity of crystalline tomatine toward the organbm 

candida albicans. 

In searching for the fungistatic active principle(s), Fontaine 

et al. (1948) succeeded in the isolation of tomatine, in 1948. The,y also 

demonstrated that tomatine possessed a high antitungi but low anti­

bacterial activit1'. The chemical characteristic of tomatine were des­

cribed as tollows: 1. Melting point 263-7°C; 2. Insoluble in aqueous medium 

at pH 10 but soluble at pH 4; 3. Minimal molecular weight was 1050. 

In the same 1'ear, Kuhn and LOw (1948) isolated an alkaloid 

glycoside trom the leaves of a wild tomato plant with a melting point 

of 2700 C having a molecular weight of 1018. 

Kuhn et al. (1950) and Ma and Fontaine (1950) reported that the 

hydrolysis of tomatine yielded two molecules of glucose, one molecule 

or galactose, one mole of xylose and the agl1'cone, tomatidine. 

Prokoshev et al. (1950) reported the comparative stud1' of 

three cl08el1' related alkaloid gl1'cosides: solanine, demissine and 

tomatine. The se workers found that solanine contained a trisaccharide 

whereas tomatine and demis sine contained a tetrasaccharide unit. 

Tomatidine vas isolated rrom the roots of the Rutger tomato 

plant by Brink and Folkers (1951). 
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Sato et al. (1951) established the structure ot the steroidal 

moiety ot tomatidine and the point ot attachment ot the portion 

containing a secondary nitrogen. In the S8me year, Fontaine et al. 

(1951) presented ev1dence that tomatidine vas a steroid secondary 

amine, because vith digitonin it tormed an ethanol insoluble complex 

vbich is characteristic ot 3-beta-01 sterol configuration and b,y 

acetylation, tomatidine yielded an N, O-diacetyl derivative vhich indi­

cated the presence ot a secondary amino group. The abso1ute configuration 

ot the nitrogen-containing ring F has only recent1y been contirmed 

(BoIl and Sjoberg, 1963) and a tormal total synthesis ot tomatidine 

published (Schreiber and Adam, 1963). 

Galinovsky and Wagner (1951) isolated tomatidine tram the 

1eaves ot cultivated tomatoes. Acetylation ot tomatidine gave an N, 

O-diacetyl derivative identical to that obtained by Fontaine et al. 

(1951). 

The variability ot tomatine content in the leaves ot various 

tomato plants vas investigated by Prokoshev et al. (1952). They tound 

that lycopersicon pimpinellitolium contained tomatine in the highest 

quantity. 

Kuhn et al. (1952) reported the synthesis ot acetylpregne­

nolone tram tamatidine. Dusek et al. (1966) patented the synthesis 

ot dehydropregnenolone acetate tram tomatidine. 

The possibility ot using tamatine tor quantitative determi-

nation ot cholesterol vas thoroughly explored by Schulll and Sander (1957)-. 
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They tound that: 1. Tomatine-cholesterol eomplex is only sparingly 

soluble in 96% ethanol; 2. Tomatine-cholesterol complexis much 

lees soluble in 96% ethanol than the digitonin-cholesterol complex; 

3. In comparison to digitonin, tomatine is simpler to obtain and 

easiar to purity. On the basis ot these tindings they proposed the 

use ot tomatine inatead ot digitonin tor cholesterol precipitation. 

They also observed that cholesterol did not precipitate tomatidine; 

theretore, cholesterol can be used to separate tomatidine trc:m 

tomatine. Kabara et al. (1961) compared the use ot digitonin and 

tomatine tor the quantitative microdetermination ot cholesterol. 

They tound that tomatine vas more specifie than digi tonin in pre ci­

pitating cholesterol. Among the 40 steroids studied, tour vere tound 

to be precipitated by tomatine vhereas digitonin precipitated nine. 

Tomatine, in contrast to seven other glycosides studied, gave a 

minimum color vith Liebermann-Burchard reagent. In addition the 

solution ot tomatine could be prepared easily and kept tor a tew months 

without any sign ot precipitation or cloudiness. These results vere 

confir.med by Edvards et al. (1964). 

The observation that cholesterol quantitatively precipitates 

out tomatine trom an ethanolic solution has been successtully used 

to isolate a new glycoside trom the whole plant ot Solanum Polyadenium 

(Schreiber, 1964). This new glycoside "polyanine" does not tor.m a com­

plex vith cholesterol though its chemical structure is closely related 

to that ot tomatine. Bath polyanine and tomatine lB ve similar aglycones 
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and they ditfer only in that tomatine has a tetrasaccharide while 

polyanine has a trisaccharide unit. 

The possible pharmacological ettects ot tamatine are almost 

unknown. The only data tound in the 1iterature dealing vith the 

pharmacological actions of tomatine are those ot Wilson et al. (1961). 

They summarized their tindings on the taxic and phar.macologic pro­

perties ot tomatine, tanatidine and a deri vati ve dihydrotomatidine as 

to110ws: "These compounds are not taxic orally, except in very high acute 

dosage. A 200 day continued teeding test with rats.caused no reactions. 

A tomatine ointment did not irritate the skin, nor did tomatine sen­

sitize the skin ot guinea-pigs. Irritant properties were apparent 

when tomatine was applied to the rabbit eye, and abscesses were pro­

duced when the materia1 was injected subcutaneously. The damage to the 

eye was reversed on cessation ot treatment. Intravenously, in rats and 

rabbits, these compounds caused a sudden, short-lived hypotension vithout 

great etfect on heart rate, and an increased respiratory rate and depth. 

In the rat, this blood pressure ettect was 1arge1y eliminated or re­

versed by vagotany. Hemo1ysis was observed in vivo and in vitro". 

Calam and Ca110w (1964) demonstrated that tomatine isolated 

tram bath crown-gal1 intected and normal tomato plants, when injected 

into guinea-pigs in doses between 2-3 mg/guinea-pig protected the 

animals against a lethal dose ot histamine aeroso1. In contrast, 

tamatidine, the aglycone ot tomatine, iso1ated trom root extracts 

ot bath nor.mal and intected tomatoes, was tound to be inettective. 
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Pure tomatine tested in vitro on the isolated guinea-pig ileum 

preparation in amounts as ~igh as 50 Jlg was found to be without 

activity~ 

On the other hand, (Kovacs et al., 1964; Wakkary et al., 1966; 

Wakkary et al., 1967) a crystalline substance was isolated from crown­

gall infected tomato plants, which when tested in vitro in a concentra­

tion of 3 Jlg/ml inhibited contractions induced by histamine. The crys­

talline crown-gall substance and tomatine showed the same efficacy in 

inhibiting contractions due to bradykinin, 5-HT and acetylcholine as 

those due to histamine. The chemical characteristics of the crystalline 

substance resembled closely those of tomatine. However, commercial 

crystal1ine tomatine tested in guinea-pigs by intraperitoneal injections 

in a dose range of 10-20 mg/kg did not show significant protection of the 

animals against the letha1 effects of 0.15% histamine aeroso1. The rela­

tionship of tomatine and other constituents of crown-gal1 extract to 1a 

~ and in vivo antihistamine-1ike activity formed the princip1e aim 

of the present study. 
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PART II. GENERAL MEœHODS. 

Section A. Production ot Crown-gall Tumor ot Tomato Plants. 

a. Preparation of the Medium. 

Dehydrated potato dextrose agar (Fisher Scientific) was sus­

pended in distilled water in a concentration of 13 g/liter, thoroughly 

mixed and boiled until the agar dissolved completely. The solution 

and the Petri dishes were sterilized at 1150C under 40 psi steam 

pressure for 15 minutes, in a Barnstead sterilizer, Single Wall, Steam 

Heated (Fisher Scientitic). The hot liquid culture medium was poured 

into sterile Petri dishes and allowed to harden at room temperature 

betore use. In all experiments treshly made culture media were used. 

b. Preparation ot the Culture. 

Agrobacteria tumetaciens strain M25 Un. Edinburgh originally 

received trom Scotland was generously supplied to us by Dr. S. Vas, 

Department ot Bacteriology, McGill University, who kept the bacteria 

in the treeze-dried torm in sterile vials.' Immediately betore use 

one vial was opened and the bacteria was spread onto the treshly 

prepared sterile potato dextrose agar medium in one Petri dish. The 

Petri dish containing the culture medium was incubated at 28 t 0.50C 

in an incubator "Anhydro" National (Fisher SCientific). Alter 7 days 

incubation, the surface ot the medium was completely covered with 
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bacteria. The bacteria grown in the first Petri dish were then 

respread into 40 Petri dishes containing freshly made sterile medium. 

After seven days incubation at 2SoC, the bacteria were harvested by 

adding a few ml of saline into each Petri dish and gently scraping 

off the surface of the medium with a spatula, thereby detaching the 

bacteri~colonies. The saline containing the bacteria was transfer­

red into an Erlenmeyer flask. The bacterial suspension was diluted to 

a concentration of 10 Petri dishes per one liter saline. Immediately 

before use the bacteri~ ~spension was thoroughly mixed by vigorous 

shaking of the container. Freshly prepared bacteria. suspensions were 

used throughout the experiments. 

c. Cultivation of Tomato Plants. 

During the period of 1963-1967, approximately 6000 tomato 

plants of the "Best of Al1" variety were cu1tivated in the green house 

of the Horticulture Department of Macdonald College, McGi11 University. 

The plant seeds were purchased from Best of All Sutton Ltd., Reading, 

Ehg1and. 

Approximately 20 days after seed1ing,the young plants were 

potted and arranged in a 100 plants capacity bench. The pH of the soi1 

was 7.0. The plants were fertilized daily with Ni trogen 10 parts, 

Phosphorus 52 parts, Potassium 17 parts, at the age of between 20-60 

days; with N 19 parts, P 28 parts, K 14 parts, at the age of between 

60-70 days; with N 20 parts, P 20 parts, K 20 parts, at the age of 



-56-

70 days and over, and with Fe203 at the age of 100 days and over. 

Watering and pruning of the plants were carried out daily. 

d. Production and Harvesting of Crown-gall Tumor. 

About 5 mm deep longitudinal cuts were made with a sharp blade 

on the stalks of about 70 day-old tomato plants. Lots of 100 cut plants 

were sprayed with the suspension of agrobacteria tumefaciens by means 

of a compressed air sprayer. Crown-gall tumor began to appear on the 

stalks within 2 weeks arter inoculation. 

Fig. 1 shows the stalks of a normal control and an infected plant. 

The stalks of control plants was each measured about 1 cm in diameter, 

while those of the crown-gall infected tomatoes about 3 cm in diameter. 

In order to determine the optimum time for harvesting the plants, 

2 weeks after the tomato plants were inoculated with agrobacteria 

tumefaciens, 2-4 stalks (200 g) both from infected and nonnal plants 

were collected. Extracts from both the infected and normal stalks were 

prepared according to the method described in Section D,c. The extracts 

were assayed for antihistamine-like activity in guinea-pigs, using the hista­

mine aerosol technique (Section C,a). This procedure was repeated once 

a week for the following 6 weeks and at least twice a week thereafter, 

until the crown-gall extracts exerted significant protection of guinea-

pigs against the effects of a lethal histamine aerosol. At this time 

the crown-gall tumors were harvested. AlI the non infected parts of the 
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Fimre 1 

Photograph of crown-gall tumors on tomato stalk inoculated 

with Agrobacterium tumefaciens and of normal tomato stalk. 



-58-

plants were trtmmed and discarded. The infected parts of the plants 

~ere transferred to green plastic baga which were sealed immediately. 

The baga containing the erown-gall infeeted tomato stalks were stored 

in a chast filled with dry iee (_70°C). 
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Section B. In Vitro Methode for Testing the Biological Activity 

of the Extracts. 

a. Pharmacological Agents. 

The following pharmacological agents, except SRS-A, were of high 

purity: histamine dihydrochloride (Fisher Scientific), synthetic brady­

kinin (Sandoz), 5-hydroxytryptamine creatinine sulfate (Biochem1cal 

Research Corporation), acetylcholine chloride (Merck), tomatine 

(Nutritional Biochemicals Ltd.; Chemical Concentrates), promethazine . 

(Poulenc Ltd.), atropine sulphate (Glaxo-Allenburys Ltd.), crude 

SRS-A (Fisons Pharmaceuticals Ltd.), Tomatidine (K and K Laboratories, 

Inc.). 

Unless otherwise stated, the concentrations of the pharmacolo­

gical agents were calculated as base. 

b. Apparatus. 

A constant temperature water bath (Palmer Co.) made of plexiglass 

with Metal reinforcement with dimensions of 20x23x30 cm was employed 

for the in vitro testing. The water bath was equipped with a thennostat, 

a heating element, an electric stirrer, a thermometer, an organ bath 

and coiled polyethylene tubing. 

The 20 ml organ bath was supported by the glass outflow tube, 

the latter led to a rubber draining tube. The inlet tube of the organ 

bath was connected to the Tyroda reservoir, through coiledpolyethylene 



tubing and a ground glass stop-cock. The tlow of the Tyrode solution 

was regulated by the ground glass stop-cock. The oxygen inlet tube 

was 8USpended above the organ bath. A platinum hook fixed at the end 

of the oxygen inlet tube, provided a means for attaching the ileum strip 

wi thin the organ bath. The other end of the ileum was fixed by means of 

a amali hook attached to a thread, which in turn was fixed to the writing 

lever located directly above the organ bath. The magn1fication of the 

writing lever was 3:1. A cable releaser, at the tulcrum of the lever, 

permitted the tulcrum to be held when the organ bath tluid was renewed. 

A kymograph (Palmer Co.), adjustable to Tartous apeeds, was used for 

recording. In some axpe~ents the contractions were recorded isametrtcally 

by a Grass FT 03 C force-displacament transducer and a Grass Mod 7 poly­

graphe The applied tension on the muscle, usually 500 mg, was adjusted 

to give maximum contractions. 

c. Preparation of Tnyde Solution. 

The TYrode solution was prepared by dissolving: 

10 grams NaHC03J 20 ml of 10% CaC12 solution, 

80 grams NaCl, 5 ml of 40% MgC12 solution, 

10 gram! dextrose, 

7 ampules containing 0.4 mg 

attopine sulphate per ampule, 

20 ml of 10% KCl solution, 

10 ml of 5% Na~P04, 

in 10 liters distilled water. NaHC03 was dissolved first, sir.~e pre­

cipitation might occur otherw1se. Atropine sulphate was incorporated 
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in the Tyrode, except for testing antiacetylcholine activity. 

d. Preparation of Standard Solutions. 

1. Histamine. 

A 100 pg/ml stock solution ol his tamine 'Vas prepared by dis­

solving 16.6 mg histamine dihydrochloride in 100 ml distilled 'Vater. 

This solution remained stable for several Months if stored at 4°C. 

The standard solution ol histamine was prepared by' diluting 1 ml ol the 

stock solution to 100 ml vith Tyrode. Freshly prepared standard 

solution of histamine was employed lor each assay. 

2. Bradykinin. 

Ampules containing 80 llg/ml synthetic bradykinin were routinely 

used. The standard solution was prepared by' diluting tbis stocik solution 

8 times with Tyrode. The standard solution of bradykinin was treshly made 

for each test. 

:3. 5-lbdroxytmtamine. 

A 100 pg/ml stock solution of 5-HT was prepared by dissolving 

23 mg ol 5-HT creatinine sullate in 100 ml distilled water. The standard 

solution of 5-HT in the concentration ol l pg/ml 'Vas then prepared by 

diluting l ml stock solution to 100 ml with T.yrode. 

4. Acetylcholine. 

The stock solution of acetylcholine was prepared by' dissolving 
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10 mg ot acetylchollne ch10ride in 100 ml disti11ed vater. The stan­

dard solution ot acety1chollne vas prepared by dUuting 1 ml ot the 

stock solution te 100 ml wi th Tyrode. Freshly prepared standard solu­

tion ot acety1cho1ine vas routinely emp1oyed. 

5. Barium Ch1oride. 

The standard solution ot barium ch10ride vas prepared by disso1v­

ing 1.0 g ot the salt. in 100 ml dist.illed water. 

6. SRS-A. 

The crude SR5-A vae obtained as the treeze-dried product ot 

2 ml ot sensit.ized guinea-pig 1ung perfusate per ampule. The power, 

theretore, contained SR5-A, hist.amine, T,yrode salts and some protein­

aceous matter, e.g., the sensitizing antigen egg albumine The prepa­

ration vas standardized by the supplier according to t.he method des­

cribed by Smith (1962) who detined the unit ot activity as tollovs: "At 

a concentration ot 1 unit /ml, SR5-A praduced contractions ot guinea-pig 

ileum equivalent ta histamine at a concentration ot 10 ng/ml". According 

to the supplier the potency ot the powder vas 3.32 units/mg (the potency 

ot the original pertusate vas 23 unite/ml). Binee some SRS-A might 

have been lost in the treeze-drying process to prepare the standard 

solution approximately 7 mg ot the crude powder vere disso1ved in 1 ml 

distilled water as recommended by the supplier. 



e. The Iso1ated Guinea-pig Ileum Preparation. 

A guinea-pig ot eUher sex, red vith normal diet and weighing 

between 250-300 g was kil1ed by a b10w on tbe head. Immediately 

afterwards, the abdomen was opened and a piece ot ileum approximately . 

20 cm long, near the caecum, was removed and transterred to a Petri 

dish containing 50 ml Tyrode. The inside as well as the outside 

ot the ileum strip vas thoroughly washed vith Tyrode. 'lhe end ot the 

ileum nearest to the caecum was marked by a gauge nQ. 21 need1e. 

Since this section is most sensitive to histamine, a 5--6 cm ileum 

strip was cut out trom this end. Al1 portions ot the ileum which were 

hand1ed during the procedure were rejected. The other section, 

which was not used immediate1y, was kept immersed in Tyrode at roœ 

temperature and discarded alter 6 bourse Each end ot the 5-6 cm 

ileum strip was tixed through the hooks, in such a way that the lumen 

remained open at both ends. Al1 these operations were carried out 

whi1e the ileum was immersed in Tyrode. The ileum preparation was 

transterred to the organ bath previous1y adjusted to 34 t 10C. A 

mixture ot 95% O2 and 5% CO2 was bubb1ed through the oxygen inlet tube. 

The pressure ot the mixture vas adjusted by the pressure regulator to 

approximate1y 2 bubb1es/second and maintained at this rate throughout 

the experiment. The writing lever was ba1anced with plasticine. 'lbe 

10ad or the tissue was approximately 350 mg. 



f. Testing the Acti vi tl ot the Elctracts. 

1. Antihistamine Activitl. 

Immediate1y alter the preparation was set up, the sensitivity 

of the ileum was tirst tested as tollows. The kymograph was switched 

on and the standard histamine solution (0.05 pg) was added to the organ 

bath am 1eft in contact with the ileum tor 20 seconds. Daring this 

time the contraction was recorded. The kymograph was then switched 

oft and the organ bath was drained of histamine and Tyrode, and 

reti11ed with !resh Tyrode. Twenty secoms betore the next adminis­

tration ot 0.05~ standard histamine solution, the kymograph was 

switched on and kept on unti1 the 20 seconds contact time ot the standard 

histamine solution with the ileum e1ap8ad. At this t1me the organ bath 

was emptied, washed and retilled with fresh Tyrode. The administration 

ot the 0.05 ~g standard histamine solution was repeated at least ten 

times, at intervals ot three minutes, unti1 the ileum deve10ped the 

tulle st reeponse ot Which it was capable at this dos.. If the tenth 

administration caused no contraction or on1y a very sma11 one, 1arger 

doses of histamine were given. This procedure was repeated unti1 the 

full contraction ot the ileum recorded on the smoked drum was about 

5 cm in height. 

Having estab1ished the sensitivity of the ileum, first the 

solvent emp10yed to prepare the extra ct solutions and then the extract 

solutions in different doses were added to the organ bath immediate1y 

alter the replacement of the histamine containing Tyrode with the fresb 



-65-

Tyrode. The extract was left in contact with the ileum ror 2 

minutes, alter which additions or the standard histamine solution 

we~e repeated at intervals or 3 minutes until the contractions were 

at least 50% or the original standards. 

2. Antibradykinin Activity. 

The sensitivity or the isolated guinea-pig ileum to'brady­

kinin was established as described previously ror histamine. The 

amount or bradykinin added to the organ bath varied between 0.5-l.0pg 

depending on the sensitivity or the ileum. The standard dose or brady­

kinin was kept in contact with the ileum ror 40 seconds. Intervals or 

4 minutes elapsed between each administration or the standard dose or 

bradykinin. 

The assay or antibradykinin activity or the extracts was 

carried out by the similar method described earlier ror testing the 

antihistamine activity. The contact time or the extract was 2 minutes. 

3. Anti5-Hydr0xYtryptamin~ Activity. 

The sensitivity or the ileum was established as described 

previously. The amount or 5-HT added to the bath varied between 

0.2-0.5 pg, depending on the sensitivity or the ileum. The standard 

5-HT solution was kept in contact with the ileum ror 90 seconds. 

Intervals or 5 minutes elapsed between each administration or the 

standard dose or 5-HT. 
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The testing of the anti5-HT activity was carried out in the 

same manner as described for testing the antihistamine activity. Con­

tact time between the ileum and the extract was 2 minutes. 

4. Antiacetylcholine Activity. 

The sensitivity of the ileum was establ1shed as described 

previously. The amount of acetylcholine added to the organ bath varied 

between 0.05-0.20pg depending on the sensitivityof the ileum prepara­

tion. The standard acetylcholine solution was kept in contact with 

the ileum for 20 seconds. Intervals of 3 minutes elapsed between each 

addition of standard acetylcholine solution to the organ bath. 

The assay of antiacetylcholine activity of the extracts was 

carried out by the similar method as that used for antihistamine 

activity. 

5. Antibarium-chloride Activity. 

Alter the preparation was set up, the sensitivity of the ileum 

was established as described previously. The amount of barium chloride 

added to the organ bath varied between 0.5-2.0 mg, depending on the 

sensitivity of the ileum. The standard barium chloride solution was 

kept in contact with the ileum for 40 seconds. Intervals of 4 minutes 

elapsed between each administration of the standard dose of barium 

chloride. 

The testing of antibarium-chloride activity was carried out in 
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the S8me way as described for testing the antihistamine activity. 

Contact time between the ileum and the extract was 2 minutes. 

6. Anti SRS-A Activity. 

The same method described above was utilized, with the following 

modifications: 

i) Magnification of the writing lever was 9 times. 

ii) The temperature of the organ bath was maintained at 30 ~ lOC. 

iii) A 5-6 cm strip of guinea-pig ileum, fram about 20 cm proximal 

to the ileocaecal junction was emrloyed. 

iv) Two minutes prior to each addition of the standard SRS-A solution 

4 ug promethazine solution was added to the organ bath. 

v) The contact time between SRS-A and the ileum was 2-3 minutes and 

the relaxation time about the sarne. As the ileum only partly 

relaxed after each wash, 3 washes per minute for 3-4 minutes were 

required to return the ileum to steady state. 

vi) The interval of addition of the standard SRS-A solution was 7 minutes. 

A strict time interval gave the most satisfactory results. 

g. Determination of the Activity of the Extracts gr the pA and Rso Methods. 

The activity of crystalline tomatine in antagonizing histamine, 

bradykinin, acetylcholine and barium chloride were determined in terms 

of pA by the method of Schild (1947). pA2 and pA4 were determined on 
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different segments of the same gut using at least 4 segments for each 

determdnation. The extract to be tested was kept in contact with the 

ileum for exactly 2 minutes. The bath fluid was then replaced 6 times 

with fresh Tyrode and e double or quadruplë: of the stimulating drug 

was added to the preparation at intervals of exactly 3 minutes in the 

case of hist~ne and acetylcholine, 4 minutes in the case of brady­

kinin and barium chlor1de. 

Since the molecular weight of substances tested apart fram 

tomatine was unknown, a modification of the pA method described by 

Rocha e Silva and Beraldo (1948) was chosen to measure the activity 

of extracts against the effect of different agonists. The sensitivity 

of the ileum was established as described previously. The height 

of the uniform submaximal contractions was arbritrarily taken as 

100% response. The amount of the antagonist to be tested was added 

to the organ bath and kept in contact with the ileum for exactly 

2 minutes. Then the bath fluid was replaced 6 times with fresh Tyrode 

and the first dose of the stimulating agent (histamine, bradykinin, 

acetylcholine or barium chloride) was added exactly 2 minutes following 

the removal of the antagoniste The contraction of the muscle and 

changing of Tyrode took 30 seconds; after that time, a resting period of 

2~ minutes was allowed between the addition of the sarne dose of the 

agonist; 30 seconds and 2à minutes elapsed before the third addition 

and so on. The time of the first addition was taken as origin (0) 

and the time in seconds required for 50% recovery of sensitivity of 
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the ileum preparation (based on the height of the standard contractions) 

was taken as R50. The RSO' s obtained for various doses of extract 

were plotted against dose of extract on a semilog scale. 
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Section C. In Vivo Methods for Testing the Biological Activity 

of the Extracts. 

Guinea-pigs. 

Normal guinea-pigs (Quebec Breeding Farm), of either sex, 

weighing between 250-300 g were used throughout the experiments. The 

anima1s, usual1y received a few d~s prior to the experiment, were 

kept on normal pellet diets unti1 used. 

a. Histamine Aerosol. 

1. Apparatus. 

The wooden chamber emp10yed was of dimensions 3Ox30x60 cm 

and was provided with a sliding door on top and with 2 glass walls on 

opposite sides to a1low observation of the anima1s while 1nside the 

chamber. The chamber had 2 holes, each 1 cm in diameter: one of the 

holes was used for ventilation and the other as in1et of the aeroso1 

to the chamber. The histamine solution was nebu1ized using the Jouan 

histamine aeroso1 apparatus (capacity 20 ml/hour and partic1e size 1-3 p). 

2. Testing Procedure. 

A fresh1y prepared 0.15% histamine solution was poured into the 

nebu1izer. In order to secure uniform conditions, the chamber was satu­

rated with histamine aeroso1 prior to p1acing the anima1s into the chamber. 
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A treated animal together with its control were put into the chamber 

and the time was immediately noted by means of a stop watch. The histamine 

aerosol exerted the following effects on the animals: 

i) coughing, dyspnea and gasping 

11) swaying, falling and conw1si ve struggling 

iii) ly1ng on the tloor of the chamber 

iv) cessation of respiration. 

The time of each of these four stages was recorded. stage 4, cessation 

of respiration was chosen as the end point of the histamine effect. The 

maximum exposure time of the animals to histamine aerosol in the chamber 

described above was arbitrarily set at 20 minutes. The animals which 

survived longer than 20 minutes were re-exposed to histamine aerosol a 

few days later. 

b. Anaphylactic Shock. 

Guinea-pigs were sensitized with 2 mg crystalline egg albumin 

(Pentex Inc.). The sensitizing antigen was given intraperitoneally 

from a freshly prepared 0.2% solution twice on 2 subsequent days. 

Twenty-one days after the second injection, the guinea-pigs were 

injected intraperitoneally with the extracts. The control animals 

received the same amount of the vehicle. Three hours after the admi­

nistration of the extract or the vehicle, the challenging dose (0.2 ml 

of 0.2% crystalline egg albumin solution) 'W:.s injected intracardially. 

The time of injection of the cha1lenging dose was recorded. The guinea-
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pigs were observed for the appearance of the following symptams or 

anaphylaxis: 

i) chewing 

ii) seratching of the nose 

iii)dyspnea and gasping 

iv) swaying, falling and convulsive struggling 

v) lying 

vi) cessation of respiration. 

c. Capillary Pe~eability. 

The abdominal skin area of guinea-pigs was carefully shaved 24 

hours prior to intraperitoneal injection of either crown-gall extract 

(treated group) or vehicle (control group). Three hours later the 

animals were injeeted intracardially using a 26 gauge needle wi th 

0.15-0.20 ml of a saline solution of pont amine sky blue (60 mg/kg). 

Immediately following the injection of the dye, duplicate sites, one 

on each side of the shaved abdominal area were separately injected intra­

de~lly with 0.05 ml and 0.10 ml saline solutions of histamine and bradykinin 

(both solutions: 10 pg/ml). Thirty minutes later the animals were 

killed by a blow on the head, the corresponding area of the skin was 

earefully eut, the inner side cleaved of the soft tissues and the 

area of blueing measured for both groups of animals. 

d. Statistical Analysis of Data. 

Means and standard errors were calculated by standard procedures. 
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The significance of differences between means were estimated by 

Student's t test (Hoel, 1960). 

Since in the histamine aerosol experiments the maximum time of ex­

posure was arbritrarily limited to 20 minutes, in all those instances 

in which the animal survived longer than 20 minutes, for the statistical 

analysis of the data their survival time was taken as 20 minutes. 
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Section D. Preparation of Extracts from Normal 

and Crown-gall Intected Tomato stalks. 

a. Reagents and Solvants. 

" All reagents and solvents were of analytical reagent grade: 

absolute ethanol (Fisher Scientifi c), absolute diethylether (Malincrodt), 

chloroform (Malinckrodt), anhydrous methanol (Malinckrodt), "sodium 

hydroxide (Fisher SCientific), hydrochloric acid (Malinckrodt), 

cholesterol (British Drug Houses), argon gas (Canadian Liquid Air 

Limited). 

A solvent mixture of chloroform-ethanol (3:1,v/v) was prepared 

by mixing the required volume of each solvent in a separatory tunnel. 

A stock solution of cholesterol was prepared by dissolving 2.0 g of 

cholesterol in l liter of absolute diethylether. 

b. Apparatus. 

A two speed Waring blendor was employed to grind the stalks. 

Thermostatically controlled water baths adjusted to 70 ± 10C and to 

37 ~ 10C were employed for heating the extracts. A rotary evaporator 

(Buchler Instruments) connected to a Duo-Seal vacuum pump (fisher 

Scientific) through dry ice traps was ~ployed for all drying pro­

cedures. A pH meter (Corning) was employed for pH adjustments. A re­

frigerated centrifuged (International PR-2) was employed for all 

centrifugations. 
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e. standard Crude Extract. 

The tomato stalks (normal or crown-gall infected) were allowed to 

thaw at room temperature, eut into small pieces and weighed. ,The fragments 

were suspended in a known quantity of ehloroform-ethanol (3:1,v/v) sufficient 

to permit grinding in a Waring blendor at top speed for 3 minutes. The 

mixture was transferred to an Erlenmeyer flask and the volume of the ex­

traeting solvent made up to 300 ml/lOO g tissue. The pulp was thoroughly 

mixed, heated in a 700 C water bath for 5 minutes and filtered through a 

Buchne~ funnel using Whatman number 3 filter paper. The elear filtrate 

was taken to dryness by rotary evaporation. The dried extraet was taken 

up in distilled water (15 ml/lOO g tissue) and the resultant mixture was 

weIl blended, using a spatula to serape off the residue which tended to 

stick to the wall of the flask, transferred to a beaker and adjusted to 

pH 2 with 12N HCl. The mixture was'filtered through a Buchner tunnel with 

~batman number 2 filter paper, the residue disearded and the clear filtrate 

adjusted to pH 8. A precipitate formed on adjusting the solution to pH 8. 

The resulting suspension was extracted 3 times using for each extraction 

15 ml/lOO g tissue of chloroform-ethanol (6:1,v/v). The aqueous layer 

was discarded and the organic layers were combined and dried in a tared 

round bottom flask by rotary evaporation. Immediately after weighing the 

flask was filled with argon, stoppered and stored at -150 C. 

d. Cholesterol-treated Standard Crude Extract. 

The standard crude extract or Sephadex LH-20 fraction l derived 
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from crown-gal1 infected sta1ks was dissolved in anhydrous Methanol 

(2 mg/ml) and to the solution (100 ml) was added 100 ml of the stock 

cholesterol solution. Alter thorough mixing and incubation of the c1ear 

mixture at room temperature for 15 minutes, 20 ml distil1ed water were 

added with thorough mixing to ensure complete precipitation of the toma­

tinide (tomatine-cho1estero1 comp1ex). After incubation at 1east for 

1 hour at _150 C the suspension was centrifuged at 2000 RPM for 15 minutes 

o at 20 C. Upon second cholesterol treatment, the supernatant fai1ed to 

yie1d additiona1 precipitate. The c1ear supernatant obtained was taken 

to dryness by rotary evaporation. To remove excess cholesterol, the 

dried residue was washed with 20 ml diethy1ether repeated1y unti1 the 

washings gave negative Liebermann-Burchard reaction (Section F,c). The 

residue was dried by rotary evaporation, weighed and stored under argon 

o at -15 C. 
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Section E. Column Chromatography. 

a. Gel Filtration on Sephadex G-25. 

1. Materia1 and Apparatus. 

The resin consisted of Sephadex G-25, fine, of size 20-80p 

(Pharmacia, Montreal). 

A chromatographie co1umn (Seientific Glass Blowing Reg'd., 

Montreal) of dimensions 0.9x30 cm was provided with coarse glass filter 

dise. The co1umn was connected to a fraction collector (Spinco) by poly­

ethylene tubing. 

2. Proc edure. 

Sephadex G-25 was suspended in dilute Hel pH 3.2. The latter 

was previously deaerated using a Duo-Sea1 vacuum pump for 10 minutes. 

The "fines" were removed by suction and the gel resuspended in the 

dilute HC1 solution; this procedure was repeated unti1 the slurry 

became re1atively free of fine particles. The slurry was poured into 

the chromatographic column and a1lowed to pack by gravity. A reservoir 

. of dilute HCl pH 3.2 (e1uent) was connected to the column by polyethyl­

ene tubing. The eluent was a110wed to pass through the co1umn overnight 

at a fixed flow rate. 

Alter overnight equilibration, the flow of the e1uent was stopped 

and the reservoir disconnected from the column. The e1uent was allowed 

to run out of the column unti1 its surface coincided with that of the 
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packed Sephadex. A saturated solution of the samp1e to be chromatographed 

prepared in the e1uent, was app1ied to the Sephadex dropwise, without 

disturbing its surface and a110wed to penetrate the gel. The same va-

1ume of e1uent was app1ied to the co1umn and allowed to penetrate 

the Sephadex: this wasbing-in procedure was repeated twice. The 

co1umn was fi11ed with e1uent, reconnected to the reservoir and the 

chromatogram deve10ped at the same f10w rate as that emp10yed for equi~ 

bration. Effluent fractions (in 2 ml volumes) were co11ected in a 

Spinco fraction co11ector and monitored by the ninhydrin colorimetrie 

méthod (SectionF,a). Void volumes were determined by measuring the 

peak effluent volumes obtained with b1ue dextran (Pharmacia, Montreal). 

The effluents were examined at 625 ~ with a Coleman Jr. spectrophoto-

meter. 

b. Si1ica-ge1 Column Chromatography. 

1. Matérial and Apparatus. 

The resin consisted of si1icic-acid of size 200-320 mesh (Bio-

Rad, California). 

Anhydrous methano1 and ethy1acetate (Ma1inckrodt) of ana1ytical 

reagent grade were emp10yed without further purification. A solvent 

mixture of ethylacetate-methano1 (65:35,v/v) was prepared by mixing the 

required volume of each solvent in a separatory funnel. 
v 

A chromatographie co1umn of dimensions 2.5x80 cm was provided 

with a glass wool p1ug and tef10n stopcock. The co1umn was connected 
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at the top to 1 liter capacity round bottom flask which served as re­

servoir by means of a ground glass ball joint. An LKB fraction collector 

was placed directly under the column for collection of effluent fractions. 

2. Procedure. 

Silicic-acid was slurried in the ethylacetate-methanol (6;:3;,v/v) 

solvent, poured into the column, and allowed to pack by gravity. The re­

servoir was connected and the ethylacetate-methanol solvent (eluent) was 

passed through the column for at least 20 hours at a fixed flow rate 

adjusted by the teflon stopcock. Following equilibration, 4 ml smnple 

solution (prepared in the ethylacetate-methanol solvent) was applied 

dropwise so as not to disturb the surface and allowed to diffuse into 

the gel. The same volume of the eluent was applied to the column 

and allowed to diffUse into the gel, this washing-in procedure was re­

peated twice. The column was filled with eluent", the reservoir reconnected 

and the flow rate of the column was adjusted to that used for equilibra­

tion. Effluent fractions (in 4 ml volumes) were collected directly in 

an LKB fraction collector and monitored by anthrone, Liebermann-

Burchard and visible spectrophotometric methods (Section F, b,c,e). 

c. Sephadex LH-20 Column ChromatographY. 

1. Material and Apparatus. 

The resin consiBted of Sephadex LH-20," of size 2;-100 p (Phar­

macia, Montreal). 
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Anhydrous methano1 (M81inckrodt) of ana1ytical reagent grade 

was emp10yed without further purification. 

Chromatog~aphic co1umns of dimensions 2.5x60 cm and 4xl00cm 

were each provided with a coarse glass fi1ter dise and tef10n stopeock. 

Each co1umn was connected to a 1 liter capacity round bottom f1ask by 

means of ground glass bal1 joint. An LKB fraction co11ector, p1aced 

direct1y under the co1umn was emp10yed to co11ect the effluent fractions. 

2. Procedure." 

Sephadex LH-20 was suspended in anhydrous methano1 and a110wed to 

swell for 2 hours. The gel was "de-fined" as described for Sephadex 

~25 (Section E,a) and allowed to pack in the co1WIin by gravity. The 

reservoir containing anhydrous methano1 was connected to the co1umn and 

methano1 passed through the resin at a fixed f10w rate (adjusted by the 

tef10n stopcock) unti1 2 1iters of effluent were co11ected. 

After equilibration of the resin, a saturated solution of the 

samp1e(prepared in methano1) was app1ied dropwise without disturbing 

the surface. The samp1e solution volumes were 5 ml and 10 ml for the 

2.5xaO cm and 4x100 cm co1umns respective1y. The samp1e solution was 

al10wed to diffuse into the gel by gravit y and wash-in 3 times using 

equa1 volumes of methano1. The chromatogram was deve10ped with an­

hydrous methano1 and effluent fractions in 5 or 10 ml volumes were 

co11ected direct1y in an LKB fraction co11ector, monitored by the nin­

hydrin, anthrone, su1phuric acid and visible absorption methods 

(Section F,a,b,d,a). 



-81-

Section F. Monitoring of Column 

Chromatographie Effluents. 

a. Ninhydrin Colorimetrie Method (Moore and stein, 1954). 

1. Materials. 

Reagents and solvents were of analytical reagent grade and were 

employed without further purification: ninhydrin (Fisher Scientific), 

anhydrous hydrindantin (Brickman and Company), sodium acetate (Fisher 

Scientific) and methylcellosolve (Fisher Scientific). 

Sodium acetate buffer (4M, pH 5.5) was prepared as follows: 

2720 g of NaOAc.3H20 were added to 2 liters of distilled water and the 

mixture heated in a 1000C water bath until the salt dissolved canpletely. 

The solution was cooled to roam temperature, 500 ml glacial acetic acid 

were added and the volume made up to 5 liters with distilled water. 

Final adjustment of the buffer to pH 5.5 was made with"NaOH or acetic 

acid. 

The ninhydrin reagent was prepared as follows: 20 g of ninhydrin 

and 3 g of hydrindantin were dissolved in 750 ml of methylcellosolve 

(monomethylether of ethyleneglycol). Sodium acetate buffer 250 ml of 

pH 5.5 was added and the resulting solution was immediately transferred 

to a 1 liter dark glass reservoir. The reservoir was arranged to permit 

the reagent to be stored under nitrogen and was connected to an auto­

matie pipet (Brewer). 
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2. Procedure. 

Aliquots of 2% (by volume) of the effluents were transferred 

to test tubes of the same size and optical transparency. Into each tube 

was added l ml of the ninhydrin solution by means of the autO\fJa,tic pipet. 

The tubes were capped, briefly shaken by hands and heated at 1000C for 

30 minutes. The tubes were cOQled to room temperature and to each 

tube was added 5 ml of a mixture of ethanol-water (50:50,v/v) using the 

automatic pipet. The tubes were thoroughly shaken on a reciprocal 

shaker for 5 minutes and read on a Coleman Jr. spectrophotometer at 

570 mJl. A blank was similarly prepared using the e1uting solvent in 

place of the effluent fractions. 

b. Anthrone Colorimetrie Method. 

The method of Morris (1948) for qualitative carbohydrate determi­

nation was adapted for monitoring column chromatographie effluents. 

1. Materials. 

Anthrone (Fisher SCientific) and sulfuric acid (Malinckrodt) 

were of analytical reagent grade and were used without further purifi­

cation. 

A 0.1% anthrone solution was prepared by dissolving l g anthrone 

in l liter concentrated sulfuric acid. This solution was used wi th in 24 

hours after preparation. 
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2. Procedure. 

Aliquots of 2% (by volume) of the effluents were transferred to 

test tubes of sarne size and optical transparency. Into each tube was added 

4 ml of the 0.1% anthrone solution. The tubes were shaken by hands, allowed 

to stand for 30 minutes, and read in a Coleman Jr. spectrophotaneter at 

625~. A blank was similarly prepared using the eluting solvent in 

place of the effluent fractions. 

c. Liebermann-Burchard Colorimetric Method. 

The method of Liebermann (1885) as described by Fieser and 

Fieser (1959) for cholesterol determ1nation was adapted for monitoring 

column chromatographic effluents. 

1. Materials. 

Sulfuric acid (Malinckrodt) and acetic anhydride (Fisher Scienti­

fie) were of analytical reagent grade and were employed without further 

purification. 

The Liebermann-Burchard reagent consisted of a mixture of acetic 

anhydride and sulfuric acid in a ratio: of 10:1, v/v. The sulfuric acid 

was added slowly to the ice cooled acetic anhydride and the reagent, 

after cooling to roam temperature, was used within l hour of preparation. 

2. Procedure. 

Aliquots of 2% (by volume) of the effluents were transferred to 

test tubes of the sarne size and optical transparency. Into each tube 
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was added 4 ml of the Liebermann-Burchard reagent. The tubes were sha­

ken by hands, allowed to stand for 20 minutes and read in a Coleman Jr. 

spectrophotometer at 625~. A blank was similarly prepared using the 

eluting solvent in place of the effluent ~actions. 

d. Concentrated SulfUric Acid Colorimetrie Method. 

The methodof Metz (1961) for spot detection of thin layer chro­

matograms was adapted for monitoring column chromatographie effluents. 

1. Materials. 

Sulfuric acid (Malinckrodt) was of analytical reagent grade and 

was employed without further purification. 

2. Procedure. 

Aliquots of 2% (by volume) of the effluents were transferred to 

test tubes of the same size and optical transparency. Into each tube 

was added 5 ml of the concentrated sulfUric acid. The tubes were shaken 

by hands and read in a Coleman Jr. spectrophotometer at 625~. A blank 

was similarly prepared using the eluting solvent in place of the effluent 

fractions. 

e. Visible Spectrophotometric Method. 

For analysis by visible spectrophotometric method, the tube of 

effluent containing the highest optical density was determined by visual 
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estimation in the pigmented region of the effluents. The optical density 

of this tube of effluent at various wavelengths in the visible reglon 

was read in the Coleman Jr. spectrophotometer. The eluting solvent served 

as a blank. The wavelength (660 ~) corresponding to the maximum opti­

cal density was determined from a graph of optical density vs. wave­

length. Each of the effluent tubes was read in the Coleman Jr. spectro­

photometer at this wavelength. 
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Section G. Thin Layer Chromatography (TLC). 

a. Qualitative TLC Using Sheet Precoated with Silica-gel (PrzybYlowicz et ab.1965) 

1. Materials and Apparatus. 

Sheets precoated with silica-gel (Chromagr~) were purchased from 

Eastman Kodak Co., N.Y. The apparatus for developing the chromatograms 

was obtained fram Fisher Scientific, Montreal and consisted of metalic 

racks, solvent troughs and sandwich type developing chambers. 

Ethylacetate and anhydrous methanol (Malinckrodt) were of analy­

tical reagent grade, and were employed without further purification. 

Various mixtures of ethylacetate-methanol were used as developing solvents. 

2. Procedure. 

A light pen cil line was drawn parallel and about 2 cm fram the 

edge of a precoated sheet (2Ox20 cm). Pencil cross marks were made 2 cm 

fram the edge and 2 cm apart. A methanolic solution of the sample was 

applied on each cross mark by means of a micropipet (Lang-Levy) using a hair 

dryer to evaporate the methanol. The size of the area occupied by each sample 

was less than 5 mm in di~eter. The sheet was placed in the developing 

chamber and the latter into the solvent trough. The developing solvent 

was poured into the trough and the chromatogram was developed until the 

solvent front had travelled approximately 17 cm. The dev'eloping chamber 

was then removed from the trough, immediately opened and the solvent 

front marked. The chromatogram was dried at room temperature. 
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Components were detected on the dried chromatogram by the 

iodine vapor method (Brante, 1949) as follows: lodine crystalls (5 g) 

were placed in a glass cylinder of dimensions 23x25 cm. The cylinder 

was saturated with iodine vapor and the dried chromatogram was placed 

in the cylinder until yellow spots became visible. The chromatogram 

was removed and the spots outlined in pencil. Rf values were determined 

using the formula: 

distance of migration of spot 
Rf = ----------------------------------------

distance of migration of solvent front 

b. Preparative TLC Using Sheets Precoated with Silica-gel. 

1. Materials and Apparatus. 

The precoated sheets solvents and apparatus were as described 

in Section G,a. A mixture of ethylacetate-methanol (65:35,v/v) was 

employed as developing solvent. 

2. Procedure. 

A light peneil line was drawn parallel to and about 2 cm from the 

edge of a 2Ox20 cm preeoated sheet. A methanolie solution of sample was 

streaked along the pencil line by means of a mieropipet. The sheet was 

freed of Methanol by evaporating at room temperature and deposited in 

a sandwich type developing chamber. The chamber was placed in the 

solvent trough and the chromatogram developed until the solvent front 

travel approximately 17 cm. The developing chamber was then removed 
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from the trough, opened immediately and the solvent front marked. The 

chromatogram was dried with a draft of air at room temperature. A guide 

strip of lx20 cm was cut out from the middle (perpendicular to the starting 

line) of the dried chromatogram, stained with iodine vapor as described 

previously (Section G,a) and the Rf's determined. The remainder of the 

chromatogram was eut according to the number and location of the spots 

on the guide strip. Equivalent cut fram several chromatograms were pooled, 

extracted with methanol and the extract was dried by rotary evaporation. 

The dried extracts were stored in a tightly stoppered flask under argon 

at _150 C. 

c. TLC Using Glass Plates Coated with Silica-gel G According to stahl 

(Schreiber et al •• 1963). 

1. Material and Apparatus. 

Methanol and chloroform (Malinckrodt) were of analytical reagent 

grade and were employed without further purification. Various ;ixtures 

of methanol-chloroform were employed as developing solvents. 

Thin layer chromatographie apparatus (Desaga, Heidelberg) consis­

ted of : glass plates (2Ox20 cm and 5x20 cm), an applicator, a platic 

template, developing chrunbers (of dimensions 2lx2lxlO cm) and a metallic 

rack. 

Silica-gel G according to stahl (Canlab) was slurried in distilled 

water. Coating of a single glass plate (2Ox20 cm) with 0.25 mm adsorbent 

thickness required 13 g of the gel slurried in 34 ml distilled water. 
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The glass plates (20x20 cm) were placed on the plastic template and a 

5x20 cm glass plate was plaêed in front. The slurry was poured into 

the applicator which was previously adjusted to give 0.25 mm àdsorbent 

thickness. The applicator W$S immediately opened and run over the glass 

plates with a single constant movement. The adsorbent was allowed to 

settle on the plates for 30 minutes. The plates were placed in the 

metallic rack and dried at 1100C for l hour. 

2. Procedure. 

Methanolic solution of samples were applied 2 cm from a starting 

edge of a coated glass plate, 4 cm from the side ,edges and 4 cm apart, 

by means of a micropipet. The methanol was evaporated fram the sample 

spots at room temperature. The plates were immediately placed in the 

developing chamber (previously equilibrated with 250 ml developing 

solvent) in such a way that the starting edge was immersed in the 

developing solvent. The coyer was replaced and the chromatogram 

allowed to develop until the solvent franthad travelled about 17 cm. 

The plate was then removed from the developing chamber, the solvent 

front marked and the chromatogram dried at roCE temperature. 

Components were detected by phosphomo1ybdate reagent method 

of Kaufmann and Makus (1960). Phosphomolybdic acid solution (10%) in 

methanol was employed. The dried chromatogram was sprayed with the 10% 

solution and heated in the chromatography oyen (National Appliances Co.) 

at 120oC. The spots were marked and the Rils determined. 
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Components were a1so detected bythe concentrated sulturic acid 

method of Metz (1961). The chromatograms were sprayed with concentrated 

sulfuric acid and heated at 1100C for 15 minutes. The spots were marked 

and the Rils determined. 
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PART III. EXPERIMENTS AND RESULTS 

Section A. Antihistamine-like Activity of Normal 

and CroWn-gall Infected Tomato Stalks. 

Broome et al. (1962) reported that extracts prepared from normal 

and crown-gall infected tomato stalks exerted protection in guinea-pige 

against the effect of a lethal histamine aerosol. These workers, however, 

did not carry out a systematic study to compare this biologie al activity 

of extract'. of normal with that of crown-gall infected tomato stalks. 

As the main sim of the study described in this tb.~sis was to isolate 

and characterize the active principle(s) in such extracts, it was of 

interest at the out set to employ starting material providing the highest 

specifie activity in the crude extract. Therefore, studies were done to 

compare the antihistamine-like activity of extracts of normal and crown­

gall infect'ed tomato stalks using the histamine aerosol method (Part II, 

Section C,a) for bioassay (for further experimental data on the histamine 

aerosol method see Appendix p.197). 
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a. Preparation of the Extracts. 

The normal and crown-gall infected tomato plants vere cultivated 

at the sarne time and under the same conditions. At day 70, some of the 

plants were inoculated with agrobacteria tumefaciens. The normal and 

infected plants were simultaneous1y collected at the various time 

intervals fo11owing inoculation as shown in Table I. The corresponding 

stalks were extracted according to the method of preparation of standard 

crude extract described in Part II (Section D,c).The mean yie1ds of the 

extracts obtained are 1isted in Table I. The differences in mean yie1ds 

for normal compared to infected stalks vere found to be statistically 

significant (p(0.05). 

TABLE I 

Mean Yields of Extracts of Normal and Crown-ga11 Infected Tomato stalks. 

No. of expt. Time arter inoculation Normal stalks Infected sta1ks 

veeks % (w/w) :t S.E~ % (v/w) ± S.E~ 

3 2-4 0.015 ! 0.003 0.050 ± 0.012 

6 4-8 0.031 :!: 0.004 0.084 :!: 0.017 

6 8-12 0.039 !: 0.004 0.056 ± 0.006 

• S. E., Standard Error. 
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b. Antihistamine-like Activity of the Extracts. 

Each extract was suspended in 1% acetic acid or distilled water 

'acidified to pH 3.2 with Hel to a concentration of 30 mg/ml and the 

solution was injected intraperitoneally into guinea-pigs in a dose of 

4 mg/100 g of bodyweight; the pH of the suspension was 5.9. The 

control animals were injected intraperitoneally with the same amount 

of the vehicle. Each treated animal together with its control were 

exposed to 0.15% histamine aerosol 3 hours following injection. 

1. Activity of Extracts from Normal Tomato Stalks. 

Fig. 2 sununarizes the results obtained in studies of the biolo­

gical activity of the extracts from normal tamato stalks. 

In the experiments of Fig. 2A the animals were injected with extracts 

obtained fram 3 different batches of normal tamato stalks collected 2-4 weeks 

after inoculation. In 4 of the 9 experiments in this series, the treated 

animals survived longer than their controls. In 3 experiments the control 

animals survived longer than their corresponding treated animals and in 2 

experiments the difference in survi val time between the treated animal 

and its control was less than 30 seconds. The protection was not signifi­

cant (p(0.60). 

In the experiments of Fig. 2B the animals were injected with 

extracts obtained from 6 different batches of nonnal stalks collected 

4-S weeks alter inoculation. In 6 of the S experiments in this series 

the treated animals survived longer than their controls and 2 animals 
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Figure 2 

Frotection of guin~a-pigs ap,ainst 0.15% histamine aerosol by 

intraperitoneal injection of the extracts prepared from non-infected 

tomato stalks collected together with the infected plants: (A) 2-4 weeks; 

(B) 4-8 weeks; (C) 8-12 \~eeks after inoculation. For details see texte In 

this and the followin~ figures the abscissa gives, in minutes, the difference 

in survival time between treated animaIs and their controls. The difference 

is given as positive, if the treated survived longer than the control animal, 

as negative if the control survived longer than the treated animal, and 

as 0, if the difference wes 30 seconds or less, or if both animaIs survived 

the 20 minute exrosur~ time. Each square represents a pair of guinea-pigs 

(control and treated guinea-pig) and the number in the square indicates 

the survival time (to the nearest minute) of the longest surviving animal. 

The numbers in the squares above zero represent the mean survival time 

between the treated and control animaIs. 
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survived the 20 minute exposure time; the mean survival time of their 

controls was 7 minutes. In 2 exreriments the control animaIs survived 

longer than the treated animaIs. The protection was not significant 

(p(0.20). 

In the experiments of Fi~. 2C the animaIs were injected with 

extracts obtained from 6 different batches of normal stalks collected 

8-12 weeks after inoculation. In 12 of the 15 experiments in this series 

the treated animaIs survi.ved longer than their controls but only one treated 

animal survived the 20 minute exrosure time; the survival time of its con-

trol was 14 minutes. In 2 exr.erlinents the control animaIs survived longer 

than the treated animaIs and in 1 exreriment the difference in survival 

time èetween the treated animal and its control Was less than 30 seconds. 

The rrotection was not si~ificant (p<0.40). 

These results demnnstrated that extracts of normal tomato stalks 

(ur tl") 12 weeks after inoculation) sho\'/ed no significant protection of 

the guinea.-riR"s ao:ainst the effect of a lethal dose of histamine aerosol. 

2. Activity of Extracts frl")m Croom-gall Infected Tomato Stalks. 

Fi!!.. ? sunnnarizes the results obtained in studies on the biological 

activity of the extracts from crown-gall infected tomato stalks. 

In the exreriments of Fig. 3A the animaIs were injected with the 

extracts obtained from 3 diffp.rent batches of crown-gall infected tomato 

stalks collected 2-4 weeks following inoculation. In 4 of the 9 exreri-

ments the treated animaIs survived longer than their corresronding controls 

o 
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survived the 20 minute exposure time; the mean surviva1 time of their 

contro1s was 7 minutes. In 2 expel"iments the control anima1s eurvi ved 

longer than the treated anima1s. The protection was not significant 

(p(0.20) • 

In the experiments of Fig. 2C the animals were injected wi th 

extracts obtained from 6 different batches of normal stalks co11ected 

8-12 weeks after inoculation. In 12 of the 15 experiments in this series 

the treated anima1s survived longer than their contro1s but on1y one treated 

animal survived the 20 minute exposure time; the surviva1 time of its con­

trol was 14 minutes. In 2 experiments the control anima1s survi ved longer 

than the treated anima1s and in 1 experiment the diff'erence in survi val 

time between the treated animal and its control was 1ess than 30 seconds. 

The protection was not significant (p(0.40). 

These results demonstratedthat extracts of normal tomato sta1ks 

(up ta 12 weeks after inoculation) showed no significant protection of 

the guinea-pigs against the effect of a 1etha1 dose of histamine aeroso1. 

2. Activity of Extracts fram Crown-gall Infected Tomato Stalks. 

Fig. 3 summarizeë the resu1ts obtained in studies on the bio1ogica1 

activity of the extracts from crown-gall infected tomato stalks. 

In the experiments of Fig. 3A the anima1s were injected with the 

extracts obtained from 3 different batches of crown-ga11 infected tomato 

stalks col1ected 2-4 weeks fol1owing inoculation. In 4 of the 9 experi­

ments the treated animaIs survived longer than their corresponding controls 
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Figure 3 

Protection of guinea-pigs injected with the extra ct prepared 

from the crown-~a11 infected tomato sta1ks harvested: (A) 2-4 weeks; 

(B) 4-8 weeks; (C) 8-12 weeks follo~dng inoculation. For detai1s see 

text. Details of this figure are the same as in Fig. 2. 
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and l of the treated animals in this group survived the 20 minute 

exposure; the survival time of its control was 4 minutes. In 2 experiments 

in this series, the control animals survived longer than the treated ani­

mals and in 3 experiments the difference in survival time between the 

treated animal and its control was less than 30 seconds. The protection 

was not significant (p<0.20). 

In the experiments of Fig. 3E the animals were injected with the 

extracts obtained fram 6 different batches of crown-gall infected stalks 

harvested 4-8 weeks following inoculation. In 8 of the 10 experiments 

the treated guinea-pigs survived longer than their controls, but none of 

the treated animals survived the 20 minute period of exposure. Only in l 

experiment did the control survive longer than the treated animal and in l 

experiment the difference in survival time between the treated animal and 

its control was less than 30 seconds. The protection was significant (p<0.05). 

In the experiments of Fig. 3e the animals were injected with extracts 

obtained from 6 different batches of crown-gall infected stalks harvested 

8-12 weeks following inoculation. In 14 of the 17 experiments the treated 

animals survived longer than their corresponding controls and 4 of the 

treated animals survived the 20 minute exposure period; the Mean survival 

time of their controls was 8 minutes. Only in 2 experiments did the control 

animals survive longer than their corresponding treated animals and in l 

experiment the difference in survival time between the treated animal and 

its control was less that 30 seconds. The protection was significant (p<O.Ol). 

From the results of these experiments it was concluded that maximum 
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development of the biological activity occurred 8-12 weeks following 

inoculation of the plants. 

c. Discussion. 

The mean yields of extracts obtained from normal to~to stalks 

were generally lower than the mean yields of extracts of crown-gall 

infected stalks. Furthermore, the difference in mean yields of the 2 types 

of extracts was found to be statistically significant. The results of 

this study indicated that the older the nonnal plants the higher the 

yield and specific activity of the extractable material. Statistical 

analysis of the data, however, showed that the protective effect of 

the normal stalk extracts against the effect of a lethal histamine 

aerosol was insignificant. These findings are in agreement with that of 

Broome et al. (1962) who reported that extracts prepared from very 

young normal stems produced no protection in guinea-pigs against the 

effect of a lethal histamine aerosol, while extracts prepared from stems 

of older tomato plants exerted "some protection but to a lesser degree 

than that produced by the extracts prepared from infected plants". 

In the present study the specifie activity of the extracts 

prepared from the infected stalks appeared to increase in time following 

inoculation. The extracts prepared from 4-8 week old crown-gall infected 

stalks exerted protection against a lethal histamine aerosol at the 95% 

confidence level, while extracts prepared from the 8-12 week old infected 

stalks pr0duced protection at the 99% confidence level. However, the 
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mean yields of the crown-gall extracts obtained from infected plants 

at different time intervals showed no definite pattern and the dry 

weight of the extracts obtained per unit weight of plants (mg/100 g) 

showed no correlation with specifie activity. 

The results presented in this section clearly demonstrated that 

the extractable specifie activity of crown-gall infected tomato stalks 

and particularly of the older (8-12 weeks) plants was much higher than 

that of non-infected or freshly infected tomato stalks. The compara­

tive study could not be continued beyond the 8-12 week interval owing 

to the death of the infected plants. On the basis of this study it 

seemed reasonable to conclude that the 8-12 week old crown-gall 

infected plants would provide the most efficacious starting material 

for the isolation of the antihistamine-like active principle(s) and 

this type and age of Flant was employed in all subsequent experiments. 
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Section B. The standard Crude Extra ct: Preparation 

and Antihistamine-1ike Activity. 

The primary objective of the experiments described in this sec-

tion was to estab1ish an efficacious method for extracting the anti-

histamine-1ike activity from crown-ga11 infected tomato sta1ks. The 

method of Broome et al. (1962) was employed for the initial step in 

the extraction procedure, with the modification that the stalks were 

extracted with chloroform-ethanol (3:1,v/v). studies were subsequently 

d~ne on the optimum pH for aqueous dissolution of the active chloroform-

ethanol extract and for partition of the antihistamine-like principle(s) 

from the aqueous to organic phases. The results of in vitro and in vivo 

assays of the final "st~dard crude extract" are also presented. 

a. Chloroform-ethanol Extraction of Crown-gall Infected Tomato Stalks: 

Antihistamine-like Activity of the Extracts. 

For the initial step in the extraction procedure, the stalks 

were extracted with chloroform-ethanol (3:I,v/v). The dried chloroform­

ethanol extract Was taken up in 1% acetic acid and 2 ml aliquots (each 
\ 

equivalent to 50 g wet weight of crown-gall infected stalk tissues) 

were injected intraperitoneally into guinea-pigs. Control animaIs were 

similar1y injected with the same amount of the vehicle. Each treated 

animal together with its control were exposed to 0.15% histamine aerosol 

3 hours following injection. 
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The. results of 20 experiments obtained with 5 different batches 

of the chloroform-ethanol (3:I,v/v) extracts are shown in Fig. 4. In 19 

of the 20'experiments the treated animals survived longer than their cor­

responding controls while 2 survived the 20 minute exposure period; the 

mean survival time of their controls was 10 minutes. In 1 experiment the 

control survived the 20 minute exposure period while the survival time 

of its treated animal was 13 minutes. The protection of the animaIs 

against the lethal effect of histamine aerosol was significant (p(O.Ol). 

b. Aqueous Dissolution of the Chloroform-ethanol Extract: pH Reguirement. 

The chloroform-ethanol (3:l,v/v) extract obtained from approximately 

400 g of crown-gall infected tomato stalks was devided into 4 equal portions. 

Each aliquot was separately taken up in 15 ml distilled water and weIl 

blended. The mixtures were adjusted with 12 N HCl to pH 1, pH 2, pH 4, 

and pH 5 respectively. Each mixture Was filtered, dried and taken up in 

2 ml of 1% acetic acid and injected intraperitoneally into guinea-pigs in a 

dose equivalent to 50 g original tissue. The control animaIs were similarly 

injected with the same amount of the vehicle. Each treated animal together 

with its control were exposed to 0.15% histamine aerosol 3 hours following 

injection. The results of 13 experiments are summarized in Fig. 5. 

In 4 experiments (Fig. 5A) the animaIs were injected with 2 different 

batches of the rH 5 aqueous extract. In 2 of the 4 experiments the treated 

guinea-pigs survived longer than their controls and 1 treateà animal survived 

the 20 minute period of exposure; the survival time of its control was 7 
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Figure 4 

Frotection produced by intraperitonea1 injection of ch1oroform­

ethano1 (3:1,v!v) extract prepared from crown-gall infected tomato 

stalks in guinea-pigs exposed to 0.15% histamine aerosol. For details 

see texte Details of.this figure are the same as Fig. 2. 
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Figure 5 

Protection produced by intraperitonea1 injection of extract 

prepared from crown-ga1l infected sta1ks by reextracting the ch1oroform-

ethano1 (3:l,v/v) residue with water at pH 5 (Figure A), pH 4 (Figure B), 

pH 2 (Figure C) and pH 1 (Figure D) in guinea-pigs exposed to 0.15% his-

tamine aerosol. For details see texte Details of this figure are the 

same as Fig. 2. 
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minutes. In 2 experiments the controls survived longer than their cor­

responding treated animaIs. The protection was not significant (p<0.70). 

In 3 experiments (Fig. 5B) the animaIs were injected with 2 dif­

ferent batches of the pH 4 aqueous extract, aIl treated guinea-pigs sur­

vived longer than their controls, the protection was significsnt (p<0.05). 

In 4 experiments (Fig. 5C) the animaIs were treated with 2 dif­

ferent batches of the pH 2 aqueous extract. AlI treated animaIs survived 

longer than their corresponding controls and, of these, 3 survived the 

20 minute exposure period; the Mean survival time of their controls was 

5 minutes. The protection was significant (p(O.Ol). 

In experiments of Fig. 5D the animaIs were injected with 2 different 

batches of the pH 1 aqueous extract, 2 of the 4 treated animaIs died about 

2 hours following injection, the other 2 treated animaIs survived longer 

than their corresponding controls but the protection was not significant 

(p(0.20). Furthermore, the surviving treated animals showed sign of toxic 

side effects (abdominal irritation and tension). 

The results of these experiments demonstrated that in the pH range 

studied, pH 2 was Most suitable for dissolving the active principle(s) 

in aqueous medium. 

c. Partition of the Antihistamine-like Principle(s) from the Agueous 

to Organic Phases: Efficacy of Various Chloroform-ethanol Mixtures. 

The pH 2 aqueous extract (60 ml) equivalent to 400 g of crown­

gall infected tomato stalks was devided into 4 equal portions. Each 

portion was adjusted to pH 8. The 4 aliquots were separately extracted 
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3 times with 15 ml ch1oroform-ethano1 mixtures of the fo11owing v:v 

proportions: 3:1 (a1iquot no. 1); 5:1 (al1quot no. 2); 6:1 (aliquot no. 

3); 9:1 (a1iquot no. 4). The pool of organic layers obtained from each 

a1iquot was dried individua11y. The dried extracts were disso1ved in 

1% acetic acid (20 mg/ml) and injected intraperitoneally into guinea­

pigs in a dose of 4 mg/lOO g of body weight. The control anima1s were 

injected intraperitoneally with the same amount of the vehicle. The 

treated animaIs together with their respective control anima1s were 

exposed to 0.15% histamine aeroso1 3 hours following injection. The 

results obtained with 3 batches of extracts injected into 24 guinea­

pigs are summarized in Fig. 6. 

In 7 experiments (Fig. 6A) the anima1s were injected with 3 diffe­

rent batches of the 3:1 (v/v) ch1oroform-ethanol extract. Of the 7 treated 

guinea-pigs, 5 survived longer than their controls and of these 1 survived 

the 20 minute exposure periodj the survival time of its control was 5 mi­

nutes. In 1 experiment in this series, the difference in survival time 

between the treated animal and its control was less than 30 seconds and 

in another the control survived longer than the treated animal. The 

protection was not significant (p<O.lO). 

In 5 experiments (Fig. 6B) the animaIs were injected with 3 dif­

ferent batches of the 5:1 (v/v) chloroform-ethanol extract. Of the 5 

treated guinea-pigs, 4 survived longer than their corresponding controls 

but none of the treated animaIs survived the 20 minute exposure periode 

In 1 experiment in this series the difference in survival time between 
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Figure 6 

Protection rroduced in guinea-pigs exrosed to 0.15% histamine 

aerosol by intraperitoneal injection of extract prepared from crown-

gall infected sblks by reextracting the pH 2 aqueous extract with chlo­

roform-ethanol, 3:1 (v/v) Figure Aj 5:1 (v/v) Figure B; 6:1 (v/v) Figure C; 

and 9:1 (v/v) Figure D. For details see texte Details of this figure are 

the same as Fig. 2. 
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the treated animal and its control was less than 30 seconds. The pro­

tection was significant (p<0.02). 

Fig. 6C shows the results obtained fram guinea-pigs treated with 

3 different batches of the 6:1 (v/v) chloroform-ethano1 extract. A11 of 

the 7 treated guinea-pigs survived longer than their corresponding con­

tro1s and 4 of these survived the 20 minute exposure periodj the Mean 

survival time of their controls was 6 minutes. The protection of the 

animals from th~ effect of a lethal histamine aerosol exerted by this 

extract was significant (p<O.Ol). 

In 5 experiments (Fig. 6D) in which the animals were injected 

with 3 different batches of the 9:1 (v/v) chloroform-ethanol extract, 4 

of the 5 treated animals survived longer than their corresponding controls. 

In 1 experiment in this series the difference in survival time between 

the treated animal and its control was less than 30 seconds. The protec­

tion was significant (p(0.05). 

The results of these experiments demonstrated that the 6:1 (v/v) 

ch1oroform-ethanol solvent mixture was Most efficacious for extraction 

of the active principle(s) from the pH 2 aqueous solution. 
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d. Yie1ds of Standard Crude Extract. 

The yie1ds of standard crude extracts obtained fram crown-ga11 

infected tomato sta1ks by the method of preparation described above 

varied considerab1y. Table II compares the yie1ds of standard crude ex­

tracts obtained from 10 batches of crown-ga11 infected tomato stalks. These 

yie1ds were typica1 for al1 the standard crude extracts prepared in these 

studies, the lowest yie1d was 0.022% (w/w) whi1e the highest was 0.085% 

and the mean yie1d was 0.061%. 

TABLE II 

Yie1ds of the Standard Crude Extract • 

Amount of crown-ga11 Yie1ds of standard crude extract 

infected tomato sta1ks 

(wet weight in grams) % (w/w) 

1700 0.048 

1200 0.022 

1200 0.085 

560 0.071 

560 0.066 

600 0.075 

450 0.078 

565 0.054 

1175 0.053 

1140 0.053 

Mean ± S.E. 0.061 ± 0.012 
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e. Antihistamine-like Activity of the Standard Crude Extract. 

1. In Vitro Activity. 

A typical example of the effect of the standard crude extract 

on the isolated guinea-pig ileum preparation (Part II, Section B,e,f) 

against histamine-induced contractions is shown in Fig. 7. The standard 

crude extract was dissolved in 1% acetic acid to a concentration in the 

range of 1-2.5 mg/ml. The amount added to the organ bath varied between 

0.1-0.3 ml, since it was found that addition of the same amount of 1% 

acetic acid did not influence the histamine-induced contractions. The 

addition of the extract in a bath concentration of 10-5 g/ml did not 

influence the contractions induced by the standard dose of histamine. 

On the other hand, the addition of the standard crude extract in a bath 

concentration of 2.5xlO-5 g/ml itself elicited a contraction of the 

ileum. However, the responses to the subsequent repeated additions of 

the standard dose of 0.2 pg histamine became smaller. It was necessary 

to double the dose of histamine to obtain responses similar to those of 

the standard controls. 

2. In Vivo Activity. 

( 

The standard crude extract was tested for antihistamine-like acti­

vit y in guinea-pigs by the histamine aerosol method (Part II, Section C,a). 

The dried extract was suspended in 1% acetic acid to a concentration of 

30 mg/ml and injected intraperitoneally into guinea-pigs in doses of 2, 

3 and 4 mg/lOO g of body weight; the pH of the suspension was 5.9. The 
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A.(lOJlQ.lml.) B.(25J1Q./ml.) 

Figure 7 

Responses of guinea-pig ileum preparation to histamine before 

and after the addition of the standard crude extract (as marked at ar­

rows) in bath concentrations of 10-5 g/ml and 2.5x10-5 g/ml. Interva1s 

of 3 minutes elapsed between each addition of histamine, indicated by 

the black dots. The ~istamine was 1eft in contact with the preparation 

for 20 seconds and the standard crude extract 2 minutes. The organ 

bath was washed out between each addition of histamine, the drum being 

temporari1y stopped and restarted 20 seconds before the next addition. 
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HIST., 0.2)1Q. 0.4)1g. 

A.(lojJg.lml.) B.(25jJg./ml.) 

Fip;ure 7 

Res]:'nnses of ~uinea-J:'iR; ileum preparation to histamine before 

and after the addition of the standard crude extract (as rnarked at ar­

rows) in bath concentrations of 10-5 g/ml and 2.5xlO-5 g/ml. Intervals 

of 3 minutes elarsed betNeen each addition of histamine, indicated by 

the b1ack dots. The histamine was left in contact with the rreparation 

for 20 seconds and the standard crude extract 2 minutes. The organ 

hath was washed out between each addition of histamine, the drum being 

temrorarily stopped and restarted 20 seconds before the next addition. 
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control anima1s were similarly injected with the sgme gmount ot the 

vehic1e. Each treated animal together with its control were exposed to 

a 0.15% hist~ne aerosol 3 hours tollowing injection. The results 

obtained trom 40 ditterent batches of standard crude extracts in 81 

experiments are summarized in Fig. 8. 

In 28 experiments (Fig. 8A) the animals were injected with a dose 

ot 4 mg/100 g ot body weight. In 20 experiments in this series, the 

treated animals survived longer than their corresponding controls and 8 

treated animals survived the 20 minute exposure time; the Mean surviva1 

time of their contro1s was 5 minutes. In 8 experiments the control 

anima1s survived010nger than their corresponding treated anima1s and 2 con­

trol animals survived the 20 minute exposure period; the Mean surviva1 

time of their treated was 6 minutés. The protection of the animals 

against the effect of a 1etha1 hist~ne aeroso1 was significant (p~O.Ol). 

In 25 experiments (Fig. 8B) the anima1s were injected with a dose 

ot 3 mg/100 g of body weight. In 19 experiments in this series, the 

treated anima1s survived longer than their corresponding contro1s and 8 

treated guinea-pigs survived the 20 minute exposure time; the Mean survival 

time of their contro1s was 5 minutes. In 4 experiments the control 

animals survived longer than their corresponding treated anima1s and 2 

control anima1s survived the 20 minute exposure period; the Mean survival 

time of their treated animals was 10 minutes. In 2 experiments, the dif­

ference in survival time between the treated animal and its control was 

less than 30 seconds. The protection of the animals against the effect 
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Figure 8 

Protection of guinea-pigs against 0.15% histamine aerosol by 

intraperitoneal injection of the standard crude extract: (A) 4 mg/IOO 

g ; (B) 3 mg/IOO g ; CC) 2 mg/10D g of b,.,dy weight. For details see 

texte Details of this figure are the same as in Fig. 2. 



-113-

of a lethal histamine aerosol was significant (p<O.Ol). 

In 2S experiments (Fig. SC) the animaIs received a dose of 2 mg/ 

100 g of body weight. In 17 experiments in this series, the treated 

animaIs survived longer than their corresponding controls but only 5 

treated animaIs survived the 20 minute exposure periodj the mean 

survival time of their controls was 7 minutes. In 9 experiments the 

control animals survived longer than their corresponding treated animals. 

In 2 experiments the difference in survival time between the treated 

animal and its control was less than 30 seconds. The protection of 

the animals against the effect of a lethal dose of histamine aerosol 

was significant (p~O.Ol). 

f. Long-term Protection Against Lethal Histamine Aerosol. 

Broome et al. (1962) reported that a single intraperitoneal 

injection of rartially purified crown-gall extracts protected guinea­

pigs against the effect of a lethal hist~ine aerosol "if injected in 

sufficient amounts sometimes for a few weeks". Calam and Callow (1964) 

attempted to confirm this finding by retesting 74 guinea-pigs which 

had been injected with either plant extracts or tomatine. From the 

results obtained they concluded that "There might be a slight protec­

tion in the injected animaIs; 53 gave positive results and 21 negative". 

In view of the potential practical as well as theoretical signi­

ficance, if substantiated, of long-term protection resulting from a 

single injection of plant tumor extract, it was of interest to repeat 
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these experiments using the extracts prepared in the present study. 

For this purpose, 44 guinea-pigs (group 1) which in previous 

tests had been pretreated with extracts of crown-ga11 infected tomato 

sta1ks and which subsequent1y had survived exposure to 0.15% histamine 

aeroso1 for 20 minutes, were re-exposed for a second time to the aeroso1 

5-53 days 1ater. Eight guinea-pigs (group II) which had in previous tests 

served as contro1s and which had survived the 20 minute exposure period 

were also re-exposed to the histamine aeroso1 6-13 days 1ater. Each guinea­

pig from the 2 groups was re-exposed on1y once to the aeroso1 a10ng with 

a (fresh) control guinea-pig. The resu1ts of these experiments are summarized 

in Fig. 9. 

As shown in Fig. 9A, on1y 4 of the 8 guinea-pigs in group II 

survived longer than their corresponding contro1s during the second 

exposure. On1y Lof the 8 anima1s survived the 20 minute exposure 

periodj the surviva1 time of its control was 5 minutes. The protection 

was not significant (p(0.10). 

As shown in Fig. 9B,36 of the 44 guinea-pigs in group l survived 

longer than their corresponding contro1s on re-exposure to the aeroso1 

and 12 again survived the 20 minute exposure period; the mean survival 

time of their control was 5 minutes. The protection was significant 

(p<O.Ol). 

g. Discussion. 

The studies presented in this section were aimed at establishing 
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Protection of guinea-pigs against 0.15% histamine aerosol on 

retest. AlI animals had survived l exposure to the aerosol for 20 min-

utes. (A) control animaIs; (D) animaIs injected intraperitoneally with 

extracts of crown-gall infected tomato stalks. The abscissa gives the 

difference in survival time in minutes between the re-exposed animal and 

its control. The difference is given as positive if the re-exposed animal 

survived longer, as n~gative if the control survived longer, and as zero if 

the difference was Iess than 30 seconds or if bath animaIs survived the 20 

minutes exposure time. The numbers in the squares represent the tirne 

elapsed in days between the first and the second exposure. 
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a reliable and reproducible method by which the active principle(s) 

could be regularly extracted from the crown-gall infected tomato 

stalks. At the beginning of these stud~es i.e., sections a and b (and 

only in these) the activity of the extracts was calculated on the basis 

of the original weight of the plant tissues (50 g wet weight). Such a 

method of expressing activity had been frequently used in the past by 

other investigators (e.g., Euler and Gaddum, 1931). This method of 

expressing activity seemed to be the most reliable at this stage of the 

study since the extractable dry weight showed a wide variation depending 

upon the solvents or solvent mixtures employed. 

To extract the active principle(s) trom the plant tissues, the use 

of a number of organic solvents and solvent mixtures not described in the 

experimental part was explored but these solvents were not as effica­

cious as chloroform-ethanol (3:l,v/v) in extracting the maximum biolo­

gical activity from the crown-gall infected tomato stalks. The latter 

solvent mixture was therefore routinely employed in these studies. 

Due to the fact that the chloroform-ethanol (3:l,v/v) extract 

contained large amounts of chlorophyls means of separating chlorophyls 

from the active fractions were attempted. Distilled water acidified to 

pH 2.0 was found to be suitable for this purpose because most of the chlo­

rophyls were insoluble, While the active principle{s) were soluble in 

this solvent. In order to make the acidified aqueous solution suit able 

for bioassay, its pH was adjusted to 8.0 with concomittant precipitate 

formation. The precipitate was separated from the aqueous solution by 
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repeated extractions with a ch1oroform-ethano1 (6:1,v/v) mixture. 

Bioassay of the resu1ting organic 1ayers showed that the antihistamine-

1ike activity was confined to the organic layer. The totality of the 

procedures described in this section resu1ted in the method of preparation 

of the "standard crude extract" (Part II, Section D,c). Some 40 difre­

rent preparations of standard crude extract obtained by this method, at 

this stage of the study, were almost invariab1y active in vitro (Fig. 7) 

at a dose of approximate1y 2.5xlO-5 g/ml and in vivo (Fig. 8) at 2-4 

mg/100 g of body weight. 

In addition to protecting guinea-pigs against the effect of the 

first exposure to the 1ethal histamine aeroso1, the extracts of crown-gall 

infected tomato sta1ks showed long-term significant protective activity 

(Fig. 9) against a second exposure to the aeroso1, in agreement with 

the finding of Broome et al. (1962). (The possible significance of this 

observation is discussed in detail in the general discussion pages 186-

191). One of the ultimate objectives of the present studies was to 

determine if the biological1y active princip1e(s) in the standard crude 

extract would display both immediate and long-term antihistamine-like 

activity in the iso1ated purified state. The isolation and chemical 

and biologie al properties of sueh prineip1e(s) (tomatine and gomatine) 

are described in the succeeding sections. 
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Bection C. Isolation and Chemical and Biological 

Characterization of Tomatine. 

In the previous section, a method was described for the pre­

paration of an extract of crown-gall infected tomato stalks which dis­

played both in vitro and in vivo antihistamine-like activity. This stan­

dard crude extract formed the starting material for the subsequent isolation 

of the biologically active principlea •. One of these principles was 

identified as the steroid alkaloid glycoside, tomatine. 

Early in these studies, evidence was obtained for the presence 

in extracts of crown-gall infected tomato stalks of a component which 

resembled tomatine and displayed antihistamine-like activity when tested 

on the isolated guinea-pig ileum preparation. The results obtained in 

these initial studies are presented in the first part of this section. 

Following this we shall give results obtained in studies on the isolation 

of tomatine from the standard crude extract along with chemical and 

hiological characterization of this alkaloid. 

t. Evidence Suggesting Tomatine as One of the Active Principles 

in Extracts of Crown-gall Infected Tomato Stalks. 

a. Isolation of a Crystalline Product with Antihistamine-like Activity. 

In initial exploratory studies, a crystalline product was isolated 

from extracts of crown-gall infected tomato stalks by gel filtration on 
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Sephadex G-25. 

The extraet emp10yed in this study was prepared as fo11ows: 

Crown-ga11 infeeted tomato stalks (350 g) were ground in a Waring b1endor 

and extraeted 3 times with 350 ml portions of diethy1ether-ethano1 

(3:1,v/v). The tissue homogenate was heated at 700 C for 10 minutes and 

fi1tered. The e1ear diethy1ether-ethanol filtrate was dried and the 

residue was extracted with disti11ed water (15 ml/100 g stalks). The 

aqueous extraet was filtered and the fi1trate was adjusted to pH 8.0 with 

1 N NaOH to give a precipitate (approximate yield: 175 mg). 

Ten mg of the preeipitate was disso1ved in dilute HC1 (pH 3.2) 

and the solution app1ied to a co1umn (0.9x30em) of Sephadex Q-25. 

The ehromatogram was e1uted with di1ute HCl (pH 3.2) at a f10w rate of 

30 m1/ hour. Some pigmented materia1 remained strongly bound to the gel 

and eou1d not be e1uted using acidified water. The effluent was eontained 

in 2 ml aliquots and assayed by the ninhydrin colorimetrie method: a 

. single ninhydrin positive peak was obtained (Fig. 10). The peak effluent 

volume was equa1 to the void volume (14 ml) of the column obtained by 

gel filtration of b1ue dextran. 

To locate the bio1ogieal aetivity by in vitro testing, an aliquot 

from each effluent tube was assayed on the isolated guinea-pig ileum 

preparation. The volume of the sample assayed was 5% (0.1 ml) of the 

total tube content. The clear effluent, usually freshly collected from 

the co1umn, was added to the organ bath without further treatment, sinee 

it was found that addition of the sarne amount (0.1 ml) of similarly pre-
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,Figure 10 

Gel filtration of crude crown-gall infected tomato stalk extract 

(precipitate) on Sephadex G-25. The chrnmatogram, with column dimensions 

of 0.9x30 cm, was developed with dilute Hel rH 3.2 at a flow rate of 

30 ml/hour. The effluent was collected in 2 ml portions. The solid line 

indicates the distribùtion of the ninhydrin positive material at 570 mp 

and the dotted line gives the distribution of blue dextran at 625 mp. 

The histogram gives the % inhibitory activity of each effluent tube 

estimated from Fig. Il. 
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pared effluent (dilute HOl pH 3.2) did not influence the histamine­

induced contractions. Fig. 11 shows the responses of a guinea-pig ileum 

prepar~tion to histamine-induced contractions before and after the 

addition of the aliquots from tubes 6-9, as indicated by the arrows. 

Addition of these aliquots itself elicited contractions of the ileum. 

The responses to the subsequent standard dose of 0.05-0.40 pg of histamine 

with repeated washings, became smaller. To reduce the time required for 

each assay it was necessary to double the original doses of histamine to 

obtain responses similar to those of standard controls. The in vitro 

activity was largely confined to the descending side of the ninhydrin 

positive peak, suggesting slight retardation of the active principle(s) 

on Sephadex 0-25. 

The effluent tubes containing the ninhydrin positive substance(s) 

were pooled. The solution was adjusted to pH 8.0 with 2 N NaOH and 

extracted 3 times with 10 ml aliquots of a chloroform-ethanol (4:1,v/v) 

mixture. The pool of the chloroform-ethanol extracts was dried and the 

yellowish crystalline product obtained was assayed on the isolated gui­

nea-pig ileum preparation. For in vitro assay the crystalline substance 

was dissolved in water acidified to pH 3.2. The volume of the solution 

added to the 20 ml organ bath varied from 0.1-0.3 ml, since it Was found 

that addition of 0.1-0.3 ml water at the same pH did not influence the 

histarnine-induced contractions. A typical example of the effect obtained 

on contractions induced by histamine is shown in Fig. 12. The addition 

of the substance to a bath concentration of 3xlO-6 g/ml itself elicited 
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Figure Il 

Responses of guinea-pig ileum preparation to histamine (Hist. 

at black dots) before and after the addition of the effluents as marked 

at arrows. The arrows are numbered according to the effluent tube num­

ber. From each effluent tube 5% (0.1 ml) of the total content was added 

~o the organ bath. Intervals of 3 minutes elapsed between each addition 

of histamine. In each instance the drum was temporarily stopped after 

washing out the organ bath and restarted 20 seconds before the next 

addition. The histamine was left in contact with the ileum for 20 seconds 

and the effluent for 2 minutes. 



-123-

Figure 12 

Responses of a guinea-pig ileum preparation to histamine before 

and after the addition of crystalline crown-gall substance (as marked 

at arrow) in a concentration of 3xlO-6 g/ml. Intervals of 3 minutes 

elapsed between each addition of histamine (indicated by the black dots). 

The histamine was 1eft in contact with the preparation for 20 seconds, 

and the crown-gall substance for 2 minutes. The organ bath was washed 

out between each addition of histamine, the drum being stopped tempo­

rarily and restarted 20 seconds before the next addition. 
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Figure 12 

Resrrmses of a r:uinea-rig ileurn rreraration to histamine before 

and after the addition of crystalline crown-gall substance (as marked 

at arrnw) in a cnncentration of 3xlO-6 g/ml. lntervals of 3 minutes 

ehrsed between each addition of histamine (indicated by the hlack dots). 

The histamine was left in contact with the preraration for 20 seconds, 

and the crown-~all suhstance for 2 minutes. The organ bath was washed 

out hetween each addition of histamine, the drum being storred temro-

rarily and restarted 20 seconds before the next addition. 
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an initial contraction similar to that of histamine. However, the 

responses to the subsequent standard dose of 0.1 }tg of histamine, with 

repeated washings, were almost completely inhibited •. The sensitivity 

of the ileum remained much reduced for periods in excess of 1 hour. 

b. In Vitro Antihistamine-like Activity of a Commercial Tomatine Preparation. 

Gel filtration on Sephadex 0-25 of an extract of crown-gall 

infected tomato stalks resulted in the isolation of a single ninhydrin­

positive fraction with antihistamine-like activity when assayed on 

the isolated guinea-pig ileum preparation. As the in vitro activity was 

largely confined to the descending side of the eluted ninhydrin positive 

peak, the constituent active component(s) appeared to have a molecular 

weight of less than 5000, the latter being the exclusion limit of Sephadex 

0-25. The active fraction was readily soluble in acidified water (pH 1-3.2) 

but precipitated out from neutral or slightly alkaline media (pH 7-8). 

From these results it was inferred that the active fraction might 

contain tomatine (a known constituent of normal tomato plant) of molecular 

weight 1035 and having similar solubility properties. This inference was 

made more plausible by the results obtained by in vitro assays of a comœer~ 

cial tomatine preparation. 

A crystalline tomatine preparation (Nutritional Biochemicals Corp.) 

was tested for antihistamine-like activity on the isolated guinea-pig 

ileum preparation. For the assay the sample was dissolved in water 

acidified to pH 3.2 and added to the organ bath in volumes between 

0.1-0.3 ml. 
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Fig. 13 shows the effect of the commercial tomatine preparation 

on histamine-induced contractions, when administered to bath concentra­

tions of 3xlO-6 g/ml and 4xlO-6 g/ml. It can be seen that the inhibitory 

activity of the commercial tomatine was very similar to that of the crystal­

line crown~gall product. To reduce the time required for each assay~ it was 

necessary to double the original dose of histamine to obtain responses 

similar to those of the standard controle. 

c. Discussion. 

In the present study we regularly observed antihistamine-like 

activity when the crystalline crown-gall product and commercial tomatine 

were separately tested on the isolated guinea-pig ileum preparation. In 

contrast, Broome et al. (1962) -reported that chloroform soluble material 

derived from crown-gall infected tomato stalks, when taken up in saline, 

showed no such inhibitory activity.~~~ê discrepancy in the findings with 

respect to in vitro activity might be due to variation in the degree of 

purity of the active principle(s) in the respective extracts tested. The 

discrepancy might also be due to differences in solubility of the active 

principle(s) at different pRIS. Broome et al. (1962) employed saline 

to dissolve the chloroform soluble extract, whereas in the present study 

the crystalline product was dissolved in water at pH 3.2. 

The crystalline product and commercial tanatine preparation were 

equally potent in inhibiting the histamine-induced contractions of the 

isolated guinea-pig ileum preparations and both substances displayed a 
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~gure 13 

Responses of guinea-pig ileum preparation to histamine (Hist. at 

black dots) before and after the administration of crystalline tomatine 

as marked at arrows, in two different bath concentrations (3xlO-6 and 

4xlO-6 gm/ml). Intervals of 3 minutes elapsed between each administration 

of histamine. In each instance the drum was stopped temporarily after 

washing out the organ bath and restarted 20 seconds before the na~t dose. 

The contact times were 20 seconds for histamine and 2 minutes for tomatine. 
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Figure 13 

Resronses of guinea-pig ileum preparation to histamine CHist. at 

black dots) hefore and after the admi.nistration of crystalline tomatine 

as marked at arrows, in two different bath concentrations (3xlO-6 and 

4xlO-6 gm/ml). Intervals of 3 minutes elapsed between each administration 

of histamine. In each instance the drum was stopped temporarily after 

washing out the organ bath and restarted 20 seconds hefore the n~~t dose. 

The contact times were 20 seconds for histamine and 2 minutes for tomatine. 

- ---------.-T .... -r-" _____ ~~i_J.iat :a::uZCCiWi& 
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oharaoteristio behavior of elioiting a histamine-1ike oontraotion of the 

gut immediate1y fo11owing their separate administration to the organ bath. 

Sinoe the or,vsta11ine produot and oommercial tomatine preparation each 

revea1ed multiple spots by paper chromatography, it was possible that 

the histamine-like oontraotions induoed,by these preparations were due 

to components other than the inhibitory princip1e(s). Some attempts were 

made to further purify these preparations by partition between aqueous 

and organio phases and by recrysta11ization from a variety of organic 

solvents. However, these attempts proved unsuccessfu1 inasmuch as they 

fai1ed to separate the histamine-1ike from the inhibitor,v effeots of the 

preparations and to separate pigmented from non-pigmented oomponents 

present in both preparations. 

II. Isolation of Tomatine from Standard Crude Extract. 

While no definitive conclusion oou1d be drawn from the initial 

studies, described in the previous seotion, the results were strong1y 

suggestive that tomatine was present in crown-ga1l infected tomato sta1k 

extract and was active in inhibiting histamine-induced contractions of the 

isolated guinea-pig ileum preparation. 

In subsequent studies the standard crude extract was emp10yed as 

starting materia1 for the isolation of tomatine. In view of the diffiou1ties 

encountered in the purification of the crystalline product obtained by gel 

filtration of extract of crown-gall infected tomato stalks, a different 
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methodo1ogica1 procedure (cholesterol precipitation and fission of the 

tomatine-cho1estero1 comp1ex) was app1ied to the standard crude extract. 

The latter method proved efficacious for the isolation of pure tomatine in 

an amount required for the chemica1 and bio1ogica1 characterization of 

this steroid a1kaloid. 

a. Isolation of Tomatine. 

The stanàarà crude extract (472 mg) was treated with cholesterol 

(472 mg) to obtain the tomatine-cho1estero1 comp1ex (Part II, Section D, 

d). The tomatine-cholesterol comp1ex (217 mg) was dissolved in 16 ml 

pyridine. The solution was ref1uxed for 1 hour in a water bath maintained 

at 1000C (Schulz' and Sander, 1957). On cooling to roan temperature, die­

thy1ether was added unti1 precipitation ceased. The amount of diethy1-

ether added was about 10 times the volume of pyridine emp10yed to disso1ved 

the tomatine-cho1esterol comp1ex. A precipitate whichformed on addition 

of diethy1ether was centrifuged at 2000 RPM !or 15 minutes at room tempera­

ture and supernatant decanted. To remove aIl contaminating cholesterol, the 

precipitate was washed with diethylether until the washings showed a negative 

Liebermann-Burchard reaction. The mean yield of diethy1ether washed pre­

cipitate was 86% of the theoretical yield of tomatine (Table III). The 

precipitate (133 mg) was dissolved in a minimum volume of hot methanol 

(600 C) and fi1tered through a fluted filter paper (~atman no. 2) in a 

large funnel with a short, wide stem. The solution was kept at -150C 

overnight, centrifuged at 2000 RPM for 15 minutes at _150 C and the mother 
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liquor decanted. The crystals were dried in a vacuum desœcator over 

anhydrous CaC12• 

The procedure of recrysta11ization was repeated and the melting 

point (corrected) obtained for each batch of crystals was determined on 

a Fisher-Johns me1ting point apparatus. Table IV 1ists the typical 

yields obtained on recrystal1ization and the corresponding melting point 

of the crysta1s. The me1ting point reached a constant value by the lfth 

or 5th recrystal1ization. For further chemica1 characterization and bio­

logical studies a 5 times recrystallized samp1e was employed. 

TABLE III 

Yie1d of Diethy1ether Washed Precipitate Obtained from Fission of Tomatine­

cholesterol Comp1ex. 

Tomatine-cho1estero1 comp1ex Diethy1ether washed precipitate 

mg mg/100 g comp1ex 

294 61 

1008 68 

600 62 

1300 62 

Meail ± S.E. 63 ± 2 
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TABLE IV 

Yie1ds Obtained on Recrystallization of the Iso1ated Substance and 

the Me1ting Points of the Crysta1s. 

f 

Number of Yie1d Me1ting point 

recrysta11ization . 
(mg) (%) Oc 

1 

0 75.5 -- 248-50 

lst 55.5 73 260-2 

2nd 43.9 58 266-9 

3rd 37.1 49 272-4 

4th 32.1 43 273-4 

5th 22.1 29 273-4 
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The resu1ts of e1ementary ana1ysis of the crysta1s, performed by 

Mikroanalytisches Laboratorium, Bonn, are given in Table V. There was 

close agreement between the percentage of carbon, hydrogen, oxygen and ni­

trogen obtained for the crystalline substance and the corresponding theo­

retical values culcu1ated for tomatine. The crysta1line substance and 30 

times recrystallized tomatine (kindly supplied to us by Dr. J.J. Kabara, 

University of Detroit, hereafter referred to as authentic tomatine) were 

examined in the infrared in the KEr pellet form, using a Perkin Elmer 

Model 221 infrared spectrophotometer. Identical spectra were obtained 

for both substances (Fig. 14). 

Data obtained from elementary and infrared analysis demonstrated 

that the 5 times recrystallized product was pure tomatine. 

b. In Vitro Antihistamine-like Activity of Tomatine. 

For in vitro assays (Part II, Section B) the 5 times recrystallized 

product (tomatine) was dissolved in dilute Hel, pH 3.2, or in 80% ethanol 

to a concentration of 1-2 mg/ml. The amount of solution added to the organ 

bath varied between 0.1-0.3 ml, since it was found that the addition of 

the same amount of the solvent to the bath did not influence the contrac­

tions induced by the agoniBts. 
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TABLE V 

The Percentage of Carbon, Hydrogena Oxygen and Nitrogen of 

Crystal1ine Crown-ga11 Substance and Tomatine. 

% Composition 

Elements Crysta1line 2 
1 Tomatine 

crown-ga11 substance 

Carbon 57.38 58.07 

Hydrogen 7.91 8.09 

Oxygen 33.08 32.49 

Nitrogen 1.27 1.35 

l ' 
Microana1ytisches Laboratorium. 

2Ca1cu1ated from the formula C50HS3024,N (Fontaine et al., 1951). 
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Figure 14 

The infrared spectra of the crysta11ine crown-ga11 substance (A) 

and pure tomatine (B). The abscissa gives the wave numbers in cm-1 and 

the ordinate gives the transmittance in percp.ntage. 
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Fig. 15 shows a typica1 examp1e of the effect of tomatine in a 

bath concentration of 4x10-6 g/ml against the contractions induced by 

histamine. The addition of tomatine to the bath itse1f e1icited an 

initial contraction of the ileum. However, with repeated washings the 

contraction to the subsequent standard dose of 0.25 pg of histamine 

became progressive1y smaller. The sensitivity of the ileum remained 

reduced for period in excess of 1 hour. 

In order to determine Whether tomatine-histamine antagonism was 

a competitive or a non-competitive type, the rog dose/response curves 

for histamine with and without tomatine pretreatment of the ileum was 

determined. Fig. 16 summarizes the resu1ts obtained. The ordinate gives 

the percentage response of the ileum and the abscissa gives the 10ga­

rithm of the concentration of histamine (bath concentration). The 

experiments were so conducted that each ileum preparation served as its 

own control. Prior to administration of tomatine, the log dose/response 

curve for histamine was first determined. The maximum response of the 

segment to the addition of histamine was arbritrari1y designated as 

100% response to faci1itate computation of resu1ts. The preparation was 

then washed several times with Tyrode and the concentration of histamine 

which e1icited approximate1y 50% response of the maximal contraction was 

estab1ished. Alter the sensitivity of the preparation to the standard dose 

of histamine had been estab1ished, the tomatine solution was added to the 

bath. Tomatine was 1eft in contact with the preparation for 2 minutes and 

washed severa1 times to remove the unbound tomatine. Histamine was added 
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~, ..... 
A.(4j.1g.lml.) 

Figure 15 

Responses of guinea-pig ileum preparation to histamine (Hist. at 

black dots) before and after the addition of tomatine (marked at arrow) 

in a concentration of 4xlO-6 g/ml. Intervals of 3 minutes elapsed 

between each administration of histamine. In each instance the drum 

was temporarily stopped after washing out the organ bath and restarted 

20 seconds before the next dose. The contact times were 20 seconds for 

histamine and 2 minutes for tomatine. 
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Figure 15 

Hesronses of guinea-rig ileum J=reraration to histamine (Hist. at 

black dots) before and after the addition of tomatine (marked at arrow) 

in a cnncentration of 4xlO-6 g/ml. Intervals of 3 minutes elaFsed 

between each administration of histamine. In eAch instance the drum 

was temrorarily stoFped after washing out the organ bath and restarted 

20 seconds before the next dose. The contact times were 20 seconds for 

histamine and 2 minutes for tomatine. 
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.Figure 16 

The log dose/response curves of histamine (H) with tomatine 

(T) • The ordinate gi ves the percentage response oÏ t!lt' il~t'.m t The 

abscissa gives the 10garithm concentration of histamine. The 1eft 

hand curve was in the absence of tomatine. For detai1 see text. 
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in increasing doses at 3 minute intervals until a maximum response of the 

ileum was obtained. To identify the maximum response, doses of histamine 

were successively doubled and the maximum was considered to have been 

reached when a doubling of the dose produced no increase in response. 

Each point given in the figure reppesent an average of 2 contractions 

elicited by the same dose of histamine. Fresh segment was employed for each 

concentration of tomatine. As can be seen the log dose/response curves for 

hist~ine could be shifted along the agonist dose axis by low concentra­

tions of tomatine (4,8 and l6xlO-6 g/ml) without changing either its slope 

or asymptote significantly. However, with a higher concentration of 

tomatine (3.2xl0-5 g/ml) the maximum of the curve became somewhat lower, 

and was attained using a histamine concentration nearly 10 times that 

required for the original (uninhibited) contractions. 

The specificity of inhibitory action of tomatine was determ1ned by 

comparison of pAx values for tomatine against contractions induced by his­

tamine, bradykinin, acetylcholine and barium chloride of the isolated gui­

nea-pig ileum preparation. The term pAx (Schild, 1947) is defined as the 

negative logaritpm to the base 10 of the molar concentration of an antago­

nistic drug Which will reduce the effect of a multiple dose (x) of an ago­

nist to that of a single dose. The method (Part II, Section B,g) consisted 

of finding 2 mean concentrations of the antagonistic drug, one of which 

reduced the effect of a multiple dose (x) of the agonist to slightly less 

and the other to slightly more than the effect of a single dose. The 

negative logarithm of the molar concentration of the antagonist corresponding 
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to pAx was then obtained by interpolation. 

Table VI lists the mean negative log molar concentrations of 

tomatine and their corresponding mean percentage inhibitory effects. The 

positive % effects represent inhibitory effect of tomatine against a multiple 

dose (x) of the agoni st to slightly more and the negative % effects to 

slightly less than the standard contractions induced by a single dose of the 

agonist. The pAx values listed were obtained by interpolation as indicated 

by the arrows shown in Figs. 17, 18, 19 and 20, for histamine, bradykinin, 

acetylcholine and barium chloride, respectively. It is apparent fram table 

VI that the pA2 of tomatine for histamine, bradykinin and acetylcholine were 

fairly close to each other whereas that for barium chloride was lower. 

c. In Vivo Antihistamine-like Activity of Tomatine. 

Tomatine (recrystallized 5 times) was assayed in vivo using the 

histamine aerosol method. For this purpose, tomatine was dissolved in 

dilute HCl, pH 3.2, or 80% ethanol to a concentration ranging from 10-100 

mg/ml and the solution (pH = 5.4) was injected intraperitoneally into guinea­

pigs in doses in the range of 0.3-1.0 mg tomatine/lOO g of body weight. The· 

contrnl animaIs were similarly injected ~th the sarne arnount of the vehicle. 

Each treated animal together with its control were exposed to 0.15% histamine 

aerosol 3 hours following injection. 

In 6 of the 12 experiments shown in Fig. 21 the treated animaIs 

survived longer than their corresponding controls but none of the treated 

animaIs survived the 20 minute exposure periode In 3 experiments the 
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TABLE VI. 

The pAx values for Tomatine in Antagonizing Histamine, Bradykinin, Acetyl­

choline and Barium Chloride Induced Contractions of the Isolated Guinea-

pig Ileum Preparation. 

Agoni st No. of deter- Neg. log molar % Effect II: S.E. pA2 pA4 
rninations 

concentrations 
of tomat~e 

:t s. • 

12 5.737 ± 0.039 + 19.0 ~ 12.5 

10 5.642 :t 0.028 - 24.0 :t 13.6 5.688 
Histamine 

3 5.440 % 0.006 + 19.0 ~ 22.4 

5 5.423 :t 0.004 - 9.0 :1: 5.6 5.429 

3 5.738 ± 0.003 + 14.0 ± 5.8 

6 5.671 ± 0.023 - 11.0 ± 5.3 5.722 
~radykinin 

4 5.528 ~ 0.018 + 12.0 :t 9.8 

3 5.472 :1: 0.007 - 21.0 :t 8.7 5.508 

4 5.771 ~ 0.014 + 16.0 :!: 9.4 
f\cety1cholin ~ 

5.705 ± 0.006 5.726 3 - 11.0 t 7.4 

1 5.491 + 16.0 
Barium 

5.461 ch10ride 3 5.443 ~ 0.007 - 7.0 :1: 3.0 



-140-

+50 

• 
+40 

+30 • • 
• • • 

+20 * * 1- • • 0 
IJJ +10 
\1., 
\1., 
IJJ 0 - • 
~ • ..... -10 * 

-20 _ .. 
-* • 

-30 
. , 

-40 
1 

5'3 5·4 5'5 5·6 5·7 5·8 5'9 

NEGATIVE LOG. MOLAR CONC. OF TOMATINE 

figure 17 

The pA2 and pA4 
for tomatine against histamine on iso1ated 

guinea-pig ileum preparation. The abscissa gives the negative logarithm 

to base 10 of molar concentration of tomatine. The ordinate gives the 

percentage inhibitory effect e1icited by tomatine against multiple 

(2 and 4) doses of histamine to slight1y 1ess (-% effect) and to slight1y 

more (+% effect) than the standard contractions induced by a single dose 

of histrunine. The aterisks represent mean percentage effects, circ1es 

and squares represent the experimenta1 percentage effects. The arrows 

indicate the pA2 and 'pA4 values obtained by interpolation of the mean 

percentage effects. 
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'Figure la 

The pA
2 

and pA
4 

for tomatire against bradykinin on iso1ated 

guinea-pig ileum preparation. The abscissa gives the negative logarithm 

to the base 10 of molar concentration of tomatine. The ordinate gives the 

percentage inhibitory effects e1icited by tomatine against a multiple 

(2 and 4) dose of bradykinin to slight1y less (-% effect) and to slight1y 

more (+% effect) than the standard contractions induced by a single dose 

of histamine. The aterisks represent mean percentage effects, triangles 

and dots represent the experimenta1 percentage effects. The arrows 

indicate the pA2 and pÂ4 obtained by interpolation of the mean percentage 

effects. 
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Figure 19 

The pA2 for tornatine against acetylcholine-induced contractions 

of the isolated guinea-pig ileum preparation. The abscissa gives the nega-

tive logarithm to the base 10 of molar concentration of tomatine. The 

ordinate gives the percentage inhibitory effects elicited by tomatine a-

gain st a multiple (2) dose of acetylcholine to slightly less (-% effect) and 

to slightly more (+% effect) than the standard contractions induced by a 

single dose of acetylcholine. The aterisks represent mean percentage effects, 

the triangles represent the experimental percentage effects. The arrow 

indicates the pA2 obtained by interpolation of the mean percentage effects. 
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Figure 20 

The pA2 for tomatine against barium chloride-induced contractions 

of the isolated guinea-pig ileum preparation. The abscissa gives the 

negative logarithm to the base 10 of molar concentration of tomatine. The 

ordinate gives the percentage inhibitory effects elicUed by tomatine a-

gainst a multiple (2) dose of barium chloride to slightly less (-% effect) 

and to slightly more (+% effect) than the standard contractions induced by 

a single dose of barium chloride. The aterisk represents mean percentage 

effect the circles represent experimental percentage effects. The arrow 

indicates the pA2 obtained by interpolation. 
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Figure 21 

i 
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Protection produced by intraperitoneal injection of tomatine 

in doses between 0.3-1.0 mg/10a g of body weight, in guinea-pigs exposed 

to 0.15% histamine aerosol. The dots in the squares indicate the dose level 

injected, 0.3 mg/lOO g (1 dot), 0.5 mg/10a g (2 dots) and 1.0 mg/100 g of 

body weight (3 dots) •. Details of this figure are the sarne as in Fig. 2. 
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control animaIs survived longer than their corresponding treated animaIs. 

In 3 experiments the difference in survival time between the treated 

animal and its control was less than 30 seconds. Two animaIs injected with 

a dose of l mg/100 g of body weight died within J hours following injection 

due to toxic effects of tomatine. The protection was insignificant (p<O.20). 

d. Discussion. 

The resu1ts of the studies presented in this section demonstrated 

that the method of cholesterol precipitation followed by fission of the in­

soluble complex was efficacious for the isolation of tanatine from the 

standard crude extract. Under the conditions emp1oyed, a single treatment of 

the extract with cholesterol quantitative1y removed the cholesterol pre­

cipitable material from the extract, since a second treatment with cho­

lesterol (Part II, Section D,d) invariably fai1ed to yield any additional 

precipitate. Based on the theoretica1 yie1d for tomatine, 86% fission of 

the preeipitated comp1ex WaS obtained by refluxing a pyridine solution of 

the complex for the 1 hour period emp10yed by Schu1z' and Sander (1957). The 

iso1ated product, fol1owing recrystallization, showed a sharp melting point 

of 27J-4°C; however, no comparison with the 1iterature values cou1d be made 

sinee divergent melting points for t~atine have been reported (Fontaine 

et al., 1948; Kuhn and Law, 1948). The iso1ated produet reaeted positive1y 

with the anthrone reagent indicating the presence of a carbohydrate moiety. 

Finally, the iso1ated product had an e1ementary composition close to theore­

tica1 for tomatine and an infrared spectrum indistinguishable from authentic 

tomatine. 
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Our observation that the tomatine obtained from the standard crude 

extract, when tested on the isolated guinea-pig ileum preparation, was able 

to antagonize the contractions induced by histamine, bradykinin, acetylcho­

line and bariumchloride, demonstrated a new biological activity for this 

steroid glycoside. Some preliminary studies were done to determ1ne if the 

mechanism of action of tomatine against the agoni st was of a specifie or 

non-specifie, competitive or non-competitive nature. 

It is well known that competitive antagonist produce parallel log 

dose/response curves (Schild and Arunlaksana, 1959), though such curve do 

not constitute proof of a competitive antagonism (indeed they may occur in 

neutralization antagonism; Gaddum, 1943). On the other hand, in the case 

of non-competitive antagonism the log dose/response curves are not parallel 

but become pro~ressively flatter and their maxima decline (Schi1d, 1954). 

In the present studies the log dose/response curves were parallel for low con­

centrations of tomatine (4,8 and l6xlO-6 g/ml) but the maximum was reduced 

in the present of a higher concentration of tomatine (3.2xlO-5 g/ml). 

Furthermore, increasing the dose of histamine (approximately 10 fo1d) failed 

to restore the ileum to its original maximum contractions. 

According tn Schild (1947), if different agonists aet on the sarne 

receptors they eould be expeeted to be antagonized by the same antagonist 

and to produce with the antagonist the same pAx. The pAx values ean con­

sequently be used to determine the speeificity of an anta~onist. Should the 

antagonist give the same pAx with agonists acting on different receptors 

the antagonist ean be eonsidered to have a non-specifie mechanism of action. 
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In the present studies the pA2 values for tomatine in antagonizing 

histamine, bradykinin, acetylcholine-induced contractions of the isolated 

guinea-pig ileum preparation were very close to each other. This would 

suggest that tomatine exerted its effect against the different smooth muscle 

stimulants most probably in a non-specifie manner. However, the log dose/ 

resp~nse curves for histamine remained parallel over a considerable range 

of tomatine concentration. Therefore, the question of whether tomatine 

acts as a non-equilibrium (Nickerson, 1956, 1957) or asanirreversib1e 

competitive antagonist (FUrchgott, 1954, 1966) can be decided by further 

studies only. 

Regarding the in vitro antihistamine-like activi ty of tanatine, 

our findings are not in accord with those reported by Calam and Ca110w 

(1964). These workers reported that tomatine exerted no antihistamine­

like activity When assayed on the isolated guinea-pig ileum preparation. 

Unfortunately, they did not give any detai1s in their publication concern­

ing the experimenta1 procedure employed in their in vitro experiments but 

simply stated in the IIDiscussion" of their paper that "pure tomatine 

(50 Jlg) Was also found to be without acti vi ty". Their finding of a 1ack 

of in vitro activity might have been due to the use of an insufficient1y 

high dose of tomatine administered to the organ. bath. 

In cnntrast to the findings of the present studies that tomatine 

did not exert any significant protection in vivo against the effect of 

a lethal histamine aerosol, Calam and Cal10w (1964) reported that chemically 

pure tomatine was strong1y protective. The in vivo protection observed 
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by the latter workers might have been due to the presence, in their 

tomatine preparation, of a component chemical~ similar to tomatine. 

Evidence for the presence of such an active component in extracts of 

crown-gall infected tomato stalks and studies done to isolate it are 

presented in the following section. 
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Section D. Purification and Chemical and Biological 

Characterization of Gomatine. 

The data presented in the previous section showed that the stan­

dard crude extract exerted a stronger protection against the effect of a 

lethal histamine aerosol than cholesterol precipitable tomatine when 

injected intraperitoneally into guinea-pigs. On the basis of these ob­

servations, studies were done which demonstrated that the standard crude 

extract contained biologically active suhstance(s) other than cholesterol 

precipitable tomatine. The results of these studies are presented in 

the first part of this section. The second part is devoted to the puri­

fication of one of the l'.ctive principle(s) (tentatively called "gomatine") 

and to its chemical and biological characterization. 

l. Evidence for the Presence of Antihistamine-like Frinciple(s) 

in Cholesterol-treated Standard Crude Extract. 

a. Biological Activity of Cholesterol-treated standard Crude Extract. 

standard crude extract was treated \'!ith cholesterol as described 

in Fart II (Section D,d) to quantitati"ely remove cholesterol precipitable 

tomatine. The yields of cholesterol-treated standard crude extracts obtained 

are shown in Table VII. The yields from 6 batches of crown-gall infected 

stalks varied aprreciably (mean yield ± S.E.:20 ± 3 mg/lOO g stalks). 

The cholesterol-treated standard crude extracts were tested for 
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TABLE VII 

Yie1ds of Cho1estero1-treated Standard Crude Extracts. 

, 

Crown-ga11 infected Standard crude extract Cho1estero1-treated 
sta1ks standard crude extract. 

(wet weight) % (w/w) % (w/w) 

2000 0.068 0.025 

3000 0.071 0.027 

1600 0.050 0.009 

1000 0.042 0.025 

1000 0.062 0.021 

1000 0.036 0.012 

Mean :t S.E. 0.055 ± 0.006 0.020 :t: 0.003 
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antihistamine-like activity in vivo in guinea-pigs. For this purpose, the 

extracts were separate1y disso1ved in 80% ethano1 (20 mg/ml) since the ex­

tracts cou1d not be rendered soluble in aqueous medium in the pH range 

1-3.2. The alcoholic solutions were injected intraperitoneally at 2 dosage 

1eve1s of 2.5 t 0.5 mg and 4.0 i 0.5 mg/100 g of body weight. The control 

anima1s were simi1ar1y injected with the same vc1ume of the vehic1e. Each 

treated guinea-pig together with its control were exposed to 0.15% histamine 

aeroso1 3 hours following injection. The results of 81 experiments obtained 

from 40 different batches of cholestero1-treated standard crude extracts 

are shown in Fig. 22. 

In 42 experiments (Fig. 22A) the anima1s were injected with a dose of 

2.5 t 0.5 mg/100 g of body weight. In 26 experiments in this series the 

treated animals survived longer than their corresponding contro1s and 7 

treated guinea-pigs survived the 20 minute exposure time; the mean surviva1 

time of their contro1s was 7 minutes. In 10 experiments the control animale 

survived longer than the treated anima1s and in 6 experiments the difference 

in survival time between the treated and its control was 1ess than 30 seconds. 

The protection was significant (p(O.Ol). 

In 39 experiments (Fig. 22B) the anima1s were injected with a dose of 

4.0 ~ 0.5 mg/100 g of body weight. In 26 experiments in this series the 

treated anima1s survived longer than their corresponding controls and 11 

treated guinea-pigs survived the 20 minute exposure period; the mean survival 

time of their contro1s was 7 minutes. In 8 experiments the control anima1s 

survived longer than the treated anima1s and in 5 experiments the difference 
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Figure 22 

Protection produced by intraperitoneal injection of cholesterol­

treated standard crude extract (A. 2.5 ± 0.5 mg/loa g of body weight; E. 

4.0 ± 0.5 mg/lOa g of body weight) in guinea-pigs exposed to 0.15% histamine 

aerosol. For details see texte Details of this figure are the same as in 

Fig. 2. 
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in survival time between the treated animal and its control was less 

than 30 seconds. The protection was significant (p<O.Cl). 

b. Thin Layer Chramatography (TLC) of Cholesterol-treated Standard 

Crude Elctract. 

1. Qualitative TLC. 

In preliminary studies TLC (Part II, section G,a) using sheet 

precoated with silica-gel was employed to establish the solvent system 

best able to resolve the component present in the cholesterol-treated 

standard crude extracts. Aliquots of 50 Jlg of the extra ct were spotted and 

the chromatograms developed using various mixtures of ethylacetate-methanol. 

The chromatograms were stained with iodine vapor and the Rf of the iodine­

positive compone nt were determined. Of the 7 solvent systems listed in 

Table VIII (A-G) ethylacetate-methanol (65:35,v/v) (solvent systeme) re­

solved the extract into 3 widely separated major components. This solvent 

system was employed in silica-gel preparative TLC and column chromatography 

of the cholesterol-treated standard crude extract. 

2. Preparative TLC of Cholesterol-treated Standard Crude Extract. 

As shown above the cholesterol-treated standard crude extra ct was 

resolved by qualitative silica-gel TLC into 3 widely separated components. 

Experiments using preparative TLC were done to determine which of tp.e com­

ponents was associated with the in vivo antihistamine-like activity of the 

extract. For this purpose the cholesterol-treated standard crude extract 
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TABLE VIII 

TLC of Cho1estero1-treated standard Crude Extract on Sheets Precoated 

with Silica-gel. 

Rf! 
Solvent System Compone nt Cho1estero1-treated 

~tandard crude extract Tomatine 

A. 1 0.000 0.000 
2 0.079 

EtOAc 
3 0.333 
4 0.698 

B. 1 0.000 0.023 
2 0.031 

EtOAc-MeOH (80:20,v/v) 3 0.324 
4 0.465 
5 0.662 

C. 1 0.000 0.206 
EtOAc-MeOH (65:35,v/v) 2 0.230 

3 0.662 

D. 1 0.000 0.265 
2 0.045 

EtOAc-MeOH (60:40,v/v) 3 0.269 
4 0.642 

E. 1 0.000 0.436 
2 0.076 

EtOAc-MeOH (50:50,v/v) 3 0.413 
4 0.666 

F. 1 0.000 0.492 
EtOAc-MeOH (40:60,v/v) 2 0.492 

3 0.715 

G. 1 0.640 0.633 
MeOH 
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was dissolved in anhydrous methanol to a concentration of 20 mg/ml 

and the solution applied on 20x20 cm precoated silica-gel sheets (10 mg/ 

sheet). The chromatograms were developed with ethylaeetate-methanol 

(65:35,v/v) which resolved the extraet into 3 eomponents with Rf values 

given in Table VIII. Eaeh of these components was eluted to give (from 

10 mg extraet chromatographed) 1.5-1.9 mg of eomponent l (Rf, 0.000), 

3.9-5.8 mg of component 2 (Rf, 0.230) and 2.7-3.9 mg of component 3 . 

(Rf, 0.662). The range in yields for each of the canponents was obtained 

from at least 6 separate preparative TLC experiments. 

For bioassay, each of the components derived fram 10 mg of cho­

lesterol-treated standard crude extract (eluted from a single chromatogra­

phie sheet) was dissolved in 0.5 ml of 80% ethanol and injected intrape­

ritoneally into a guinea-pig. The control animal was similarly injected 

with the sarne amount of the vehicle. Each treated guinea-pig together 

with its control were exposed to 0.15% histamine aerosol 3 hours aiter 

injection. Fig. 23 summarizes the results obtained. 

In 14 experiments (Fig. 23A) the animals were injected with 

component 3 (Rf, 0.662). In 10 of the 14 experiments the treated animals 

survived longer than the controls and 3 treated animals survived the 20 

minute exposure; the mean survival time of their controls was 7 minutes. 

In 3 experiments the control animals survived longer than the treated 

animals and in l experiment the difference in survival time between the 

treated animal and its control was less than 30 seconds. The protection 

exerted by component 3 was significant (p<0.05). 
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Figure 23 

Protection of guinea-pigs against 0.15% histamine aerosol by 

intraperitoneal injection of : (A) TLC component 3; (B) TLC comronent 

2; (C) TLC component 1. For details see texte Details of this figure 

are the same as Fig. 2. 
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In 6 experiments (Fig. 23B) the animals were injected with 

component 2 (Rf 0.230). In 4 of the 6 experiments the treated animale 

survived longer than their controls and one animal survived the 20 minute 

exposure; the survival time of ite control was 7 minutes. In 2 experi-

mente the difference in survival time between the treated animal and its 

control was less than 30 seconds. The protection, however, was non-signi-

ficant (p(O.lO). 

In 7 experiments (Fig. 23C) the animals were injected with com­

ponent l (Rf, 0.000). Only in l of the 7 exper1ments did the treated 

animal survive longer than its control. In l experiment the control 

animal survived longer than the treated animal and in 5 experimente the 

difference in survival time between the treated animal and ite control 

was less than 30 seconds. The protection was not significant (p(0.40). 

Thus, only l of the 3 major components of cholesterol-treated 

standard crude extract separated by TLC, significantly protected guinea­

pigs from the effect of a lethal histamine aerosol. 

c. Silica-gel Column Chromatography of Cholesterol-treated Standard Crude 

Extract. 

Since the preparative TLC studies showed that silica-gel brought 

about a fairly good separation of the major components of the cholesterol-

treated standard crude extract it was of interest to determine if silica-
\ 

gel column chromatography could provide a more efficacious method than TLC 

for isolation of the active principle(s). For this purpose, the extract 
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(145 mg) was applied to silica-gel column (2.5xlOO cm) and the chromatogram 

was developed with ethylacetate-methanol (65:35, v/v) at a flow rate of 

60 ml/hour. The effluent was collected in 5 ml aliquots and analyzed 

by the Liebermann-Burchard reagent, visible absorption and the anthrone 

reagent. The results shown in Fig. 24 are typical of 6 silica-gel 

column chromatography runs. The effluents were pooled into 4 fractions 

CI-IV) and the pooled fractions were individually taken to dryness. The 

dry weight of each fraction is shawn in Table IX and typical for all the 

chromatography runs. 

TABLE IX 

Dry Weights of Silica-gel Fractions of Cholesterol-treated Standard Crude 

Extract. 

Recovery! 

Fraction number 
(mg) (%) 

I 39 27 

II 28 19 

III 35 24 

IV 29 20 

Total 111 90 

l Based on dry weight of 145 mg of cholesterol-treatedstandard crude 
extract applied to the silica-gel column. 
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Figure 24 

Fractionation of cholesterol-treated standard crude extract on 

a silica-gel colwnn (2.5xlOO cm). The column was eluted with ethylacetate­

methanol (65:35,v/v) at a flow rate of 60 ml/hour. The effluent was colle ct-

ed in 45 tubes of 5 ml portions. Effluent tubes were pooled into 4 frac­

tions CI-IV). The distribution of Liebermann-Eurchard positive materials 

at 625 mp is given by the broken line, of visible at 660 m~ by the dotted 

line and of anthrone positive material at 625 ~ by the solid line. 
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For bioassay, the dried silica-gel fractions were dissolved in 

80% ethanol to a concentration of 20 mg/ml and the corresponding solu­

tions were injected intraperitoneally into guinea-pigs in a dose of 1.5 mg/ 

100 g of body weight. The control animaIs were injected intraperitoneally 

with the same amount of the vehicle. Each treated animal together with 

its control were exposed to 0.15% histamine aerosol 3 hours following in­

jection. Of the 4 fractions tested only fraction l exerted significant 

protection against the effect of a lethal histamine aerosol. Fig. 25 

shows the results of 12 experiments in which guinea-pigs were injected 

with fraction 1. Of the 12 treated animaIs Il survived longer than their 

corresponding controls and 2 of these survived the 20 minute period of 

exposure; the mean survival time of their controls was 10 minutes. Only 

in 1 experiment, the difference in survival time between the treated and 

the control animal was less than 30 seconds. The protection of the animals 

exerted by fraction l was significant (p(O.Ol). 

The active silica-gel fraction 1 along with inactive fraction II, 

III and IV and tomatine (100 pg) each were analyzed using qualitative TLC 

on glass plate coated with silica-gel G according to Stahl (Part II, Sec­

tion G,c). Ethylacetate-methanol (65:35, v/v) was employed as developing 

solvent. The chromatograms were sprayed with concentrated sulfuric acid 

and heated at l100 C for 15 minutes to develop the spots. Typical results 

obtained are shown in Fig. 26. It can be seen that the in vivo active 

fraction 1 showed no spot corresponding to cholesterol precipitable 

tomatine. 
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,Figure 25 

Protection produced by intraperitoneal injection of silica­

gel fraction l into guinea-pigs exposed to 0.15% histamine aerosol. 

For details see texte Details of this figure are the same as in 

Fig. 2. 
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T 1 ]l' m 

Figure 26 

Thin layer chromatography of tomatine and si1ica-ge1 fractions 

(I-IV). The glass plate (20x20 cm) was coated with silica-gel G (accord­

ing to Stahl) vdth layer thickness of 0.25 mm. The plate was developed 

with ethylacetate-methanol (65:35,v/v) and stained vdth concentrated sul­

furie acid. (T) refers to tomatine and (1), (II), (III) and (IV) to si­

lica-ge1 fractions l, II, III and IV, respeetive1y. 
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Fi~ure 26 

Thin layer chromato~rarhy of tom~tine and silica-gel fractions 

(I-IV). Th~ r:]ass rlate (20x20 cm) WnS coated with silica-gel G (accord-

in~ to Stahl) l'lith layer thickness of 0.25 !Iun. The rlate '1:as deyeloped 

'tli th ethylacetate-methanol (65: 35, v Iv) and st:lined ,'Ii th concentrated sul-

furic acid. (T) refers to tomatine and (1), (II), (III) and (IV) ta si-

licR-~e] frnctions 1, II, III and IV, resrectively. 
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Attempts to recr.ysta11ize fraction l fram hot methano1 by drop­

wise addition of water fai1ed and resu1ted on1y in the formation of an 

amorphous pigmented mate rial. 

d. Discussion. 

The resu1ts presented in this section d~onstrated that standard 

crude extracts void of cholesterol precipitab1e tomatine exerted a defi­

nite protection against the effect of a 1etha1 histamine aeroso1 in 

guinea-pigs. Two major methods, si1ica-ge1 preparative chromatography 

and cn1umn chromatography were emp10yed in attempts to iso1ate the active 

princip1e(s) from the cho1estero1-treated extract. 

A1though the preparative TLC method resu1ted in the isolation of 

an active and re1ative1y pure fraction, it was abandoned because most of 

the active fraction which could be obtained by this technique was just 

sufficient for bioassay purposes. Thus, it was difficu1t to co11ect 

enough of the fraction for further purification studies. Repeated attempts 

to crysta11ize the active fraction resulted on1y in an amorphous product 

contaminated with pigments. 

Though si1ica-ge1 co1umn chromatography resu1ted in the isolation 

from the cholesterol-treated extract of a purified fraction (Fraction 1) 

the method was considered unsuitab1e for isolation purposes because of the 

high losses of activity. Furthermore, the active fraction l contained at 

1east 2 substances, one of which consisted of a pigment. Repeated 

attempts to cr.ystallize the fraction resulted, as was found for the TLC 
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active fraction, in an amorphous pigmented product. 

At this juncture in the studies, a new resin, Sephadex LH-20, 

which was developed for use with organic solvents, became available 

commercially. Gel filtration on Sephadex LH-20 proved to be the most 

efficacious of the methods employed for isolation of an in vivo active 

principle from the standard crude extract. 

II. Purification and Chemical and Biological 

Characterization of Gomatine. 

In the course of the purification studies, Sephadex LH-20, 

a dextran gel suitable for column chromatography with organic solvents 

bec~e available. Since experiments using silica-gel preparative thin 

layer and column chromatography failed to yield the active principle(s) 

in a form which was readily crystallizable, it was of interest to in­

vestigate the efficacy of gel filtration on Sephadex LH-20 for purifi­

cation purposes. In initial exploratory studies, the cholesterol-treated 

standard crude extract was applied to the Sephadex LH-20 column, however, 

this method yielded an active product containing a strongly bound and 

not readily dissociable pigment. The application of the standard crude 

extract directly to the Sephadex LH-20 column proved to be the most 

efficacious of the methods employed for the purification of the active 

principle{s). 
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a. ~ltration of standard Crude Extract on Sephadex LH-20. 

The following procedure was routinely employed: the standard 

crude extract (175 mg) dissolved in 5 ml methanol was applied to a 

Sephadex LH-20 column (4xl00 cm). The column was eluted with methanol 

with a flow rate of 90 ml/hour. The effluent was collected in 10 ml 

aliquots and analyzed by the anthrone, ninhydrin, concentrated sulfuric a­

cid method and visible absorption (Part II, Section F). Typical results 

obtained are shown in Fig. 27. The effluent tubes were pooled into 4 

fractions (I-IV) according to the aforementioned analysis and taken to 

dryness. The dry weight of each fraction is listed in Table X. 

b. In Vivo Antihistamine-like Activity of Sephadex LH-20 Fractions. 

The dried fractions were dissolved in 80% ethanol in a concentra­

tion of 20 mg/ml and the solutions were separately injected into guinea­

pigs intraperitoneally in a dose of 1.7 mg/100 g of body weight. The 

control animals were similarly injected with the same amount of the 

vehicle. Each treated animal together with its control were exposed to 

0.15% histamine aerosol 3 hours following injection. The results obtained 

from 10 Sephadex LH-20 fraction lare summarized in Fig. 28. In 14 of 19 

experiments the treated animals survived longer than their corresponding 

control animals and.9 guinea-pigs survived the 20 minute period of ex­

posurej the mean survival time of their controls was 10 minutes. In 4 

experiments the control survived longer than their corresponding treated 

animals and 2 of these controls survived the 20 minute exposure period; 



0.0. 

1.500 -

1.400 -

1.300 -

1.200 -

1.100 -

1.000 -

.900 -

.800 -

.700 -

.600 -

.100 

-166-

LEGEHO: _ AHT_ REAGENT ' •• 125"'JLl 

_._._. Vlsa.E '.·660nyù 

....... NtffIORIN '.·570 ..... l 

___ ",50. '.·125 .... ) 

O~~~~~~~~==~==~ 
TUBE NO: 1 !l0 66 80 91 102 

POOLEO FR: 

Figure 27 

Gel filtration of standard crude extract on Sephadex LH-20 

column (4xlOO cm). The column was eluted with methanol at a flow rate 

of 90 ml/hour. The effluent was collected in 10 ml aliquots. Effluent 

tubes were pooled into 4 fractions (I-IV) according to the optical 

density curves obtained with the anthrone, visible, ninhydrin and sul-

furic acid spectrophotometric methods. For details see text. 
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TABLE X 

Yie1d of Sephadex LH-20 Fractions of standard Crude Extract. 

Dry weight 

Fraction number 
(mg) % RecoveziL 

l 108.1 61.8 

II 15.6 8.9 

III 21.0 12.0 

IV 11.6 6.6 

Total 156.3 89.3 

1Based on dry weight of 175 mg of standard crude extract applied to the 

Sephadex LH-20 co1umn. 
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Figure 28 

Protection of guinea-pigs against 0.15% histamine aerosol by 

intraperitoneal injection of Sephadex LH-20 fraction 1. For details see 

texte Details of this figure are the same as in Fig. 2. 
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the mean surviva1 time of their treated anima1s was 14 minutes. In 1 

experiment the difference in survival time between the treated and its 

control was 1ess than 30 seconds. The protection was significant (p(O.Ol). 

Fractions II, III and IV did not exert significant activity in vivo. 

c. Further Purification of Sephadex LH-20 Fraction 1. 

Fraction 1 obtained by gel filtration of standard crude extract 

on Sephadex LH-20 was recrystal1ized 3-5 times from methano1 unti1 pigment 

free. The white crysta1line substance was treated with cholesterol 

(Part II, Section D,d) to eliminate cholesterol precipitable tomatine. 

After remova1 of insoluble toma tine-cholesterol comp1ex the supernatant 

was dried by rotary evaporation and washed with ether to remove excess 

cholesterol. The residue (hereafter referred to as IIgomatine") was dried 

by rotary evaporation and weighed. Table XI lists the yie1ds of gomatine 

obtained from various preparation of 3-5 times recrysta11ized fraction 1. 

d. Chemica1 Properties of Gomatine. 

For chemica1 characterization, gomatine was recrystallized 3 times 

from hot methano1 by dropwise addition of diethy1ether. The 3 times re­

crysta11ized product and tomatine (100 pg each) were compared by TLC 

using glass plates coated with si1ica-ge1 G according to Stah1 (Part II, 

Section G,c). Ethy1acetate-methano1 (65:35,v/v) was emp10yed as deve1op­

ing solvent. The chromatograms were sprayed with concentrated su1furic 
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TABLE XI 

The Yie1ds of Gomatine Preparation. 

Recrysta11ized Sephadex LH-20 
fraction l Gomatine 

(mg) (mg) (% of Fr. 1) 

117.0 33.9 29.0 

135.0 35.0 25.9 

161.5 31.1 19.3 

154.7 25.5 16.5 

208.2 70.5 33.9 

242.0 84.0 34.7 

205.4 51.0 24.8 

Mean ± S.E. -- 26.3 ± 2.4 
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o acid and heated at 110 C for 15 minutes to develop the spots. Typical 

results obtained are shown in Fig. 29. While gomatine gave a single 

spot under the chromatographie conditions employed, it was not possible 

to detennine its accurate Rf value because of marked trailing. B.y 

visible inspection, however, it appeared that gomatine migrated slightly 

faster than tomatine. 

The 3 times re-crystallized product was sent to the United States 

Testing Company (New Jersey) for detennination of melting point, infrared 

spectrum and elementary analysis. The resul ts obtained (U. S. Testing 

Company, file no. 79307) were as follows: 

1. Melting point. First determination: l87°C; second determi­

nation: 186°0 

2. Infra-red spectrum. The sample was incorporated into a potassium 

bromide pellet and the spectrum determined in a Perkin-Elmer Model 21 

Infrared spectrophotometer. Fig. 30 compares the infrared spectrum of 

gomatine ta that of tomatine. The spectrum differed from that of tomatine 

in the "fingerprint region". 

3. Elementary analysis. Carbon and hydrogen were determined using 

the "Combustion Method" and found to be 58.1% and 8.4%, respectively. 

Nitrogen was detennined by the Dumas procedure and was found in "trace ll 

amounts only, however, according to this company the nitrogen determination 

waS not accurate because the sample was insufficient. 

Two gomatine samples were then sent to Mikroanalytisches Laborato-

rium with the following results. Sample I: C 58.17%; H 8.62%; 0 30.60%; 
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,Figure 29 

Thin layer chromatography of tomatine and gomatine. The glass 

plate (20x20 cm) was coated with silica-gel G (according to Stahl) 

with layer thickness o'f 0.25 mm. The plate was developed with ethyl­

acetate-methanol (65:35,v/v) and stained with concentrated sulfuric acid. 

T refers to tomatine and G to gomatine. 
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Figure 30 

Infrared spectra of gomatine (A) and tomatine (B). The 

abscissa gives the wave numbers in cm-l. 
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N 2.18%. Samp1e II: C 59.52%; H 8.19%; 0 30.21%; N 2.08%. 

e. Antihistamine-1ike Activity of Gomatine. 

The antihistamine-1ike activity of gomatine was tested in vitro 

using the iso1ated guinea-pig ileum preparation and in vivo in guinea­

pigs using histamine aeroso1, anaphylactic shock and histamine and 

bradykinin-increased capillar,y penneabi1ity. For bioassay gomat~ne was 

disso1ved in 80% ethano1 owing to its inso1ubility in aqueous ~edium 

at pH 3.2. For the in vitro assay volumes of 0.1-0.3 ml and for the !u 

~ assays an average of 0.3 ml of the ethano1ic solution of gomatine 

was emp10yed. Control anima1s simi1ar1y received the same volume of the 

solvent. 

1. In Vitro. 

Gomatine was found to be equally effective when tested in a bath 

concentration of 1.4x10-5 g/ml on the isolated guinea-pig ileum preparation 

against contractions induced by bradykinin, histamine and 5-HT (Fig. 31). 

The effects of gomatine against histamine, bradykinin and barium 

ch10ride-induced contraction were also studied on the iso1ated guinea-

pig ileum preparation, by the R50 method of Rocha e Silva and Bera1do 

(1948) (Part II, Section B,g). This method was chosen since the mo1ecu1ar 

weight of gomatine was unknown. The resu1ts obtained for gomatine and 

tomatine are shown in Fig. 32. It can be seen that the efficacy of gamatine 

against contractions induced by histamine and bradykinin was 1ess than that 
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,Figure 31 

Responses of guinea-pig ileum preparation to histamine (Hist.), 

bradykinin (Br.) and 5-HT (5-HT) before and after the addition of goma­

tine (at arrow) in a concentration of 1.4xl0-5 g/ml. Intervals of 3 

minutes elapsed between administration of each drug (marked at black 

dots). In each instance the drum was temporarily stopped after washing 

out the organ bath and restarted 20 seconds before the next dose. The 

contact times were 20 seconds for histamine, 40 seconds for both brady-

kinin and 5-HT, and 2 minutes for gomatine. 
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,Figure 31 

Resronses of guinea-pig ileum preparation to histamine (Hist.), 

bradykinin (Br.) and 5-HT (5-HT) before and after the addition of goma­

tine (at arro'\'l) in a concentration of 1.4xlO-5 g/ml. Intervals of 3 

minutes elapsed between administration of each dru~ (marked at black 

dots). In each instance the drum was temporarily stopped after washing 

out the organ bath and restarted 20 seconds before the next dose. The 

contact times were 20 seconds for histamine, 40 seconds for both brady-

kinin and 5-HT, and 2 minutes forgomatine. 
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TOMATlNE OR GOMATINE (pQ/ml) 

.Figure 32 

The R50 values of gomatine and tomatine obtained using 

isolated guinea-pig ileum preparations. The R50 's are plotted against 

concentrations of gomatine or tomatine (pg/ml) on logarithmic scale. The 

abscissa gives the concentrations of gamatine or tomatine (pg/ml). The 

ordinate gives the R50 in seconds, which is the time required for 50% 

recovery of the standard contractions of the ileum. For details see 

texte 
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.Figure 32 

The R50 values of gomatine and tnmatine obtained using 

isolated guinea-pig ileum rreparations. The H50 's are plotted against 

concentrations of gomatine or tomatine (pg/ml) on logarithmic scale. The 

abscissa gives the concentrations of gamatine or tomatine (pg/ml). The 

ordinate gives the R50 in seconds, which is the time required for 50% 

recovery of the standard contractions of the ileum. For details see 

text. 
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of 5 times recr,ystallized tomatine, the latter being approximately 3-5 

times more potent (on the weight b~sis). Both tomatine and gomatine 

were almost equally petent against barium chloride-induced contractions. 

The results of studies done to determine the ettect ot gomatine 

against contractions ot the isolated guinea-pig ileum prepar,ation induced 

by SRS-A are shown in Fig. 33. In these studies a synthetic antihistamine 

(promethazine) in bath concentration ot 2xl0-7 g/ml was added to the 

bath immediately preceding the addition ot gomatine and 2 minutes prior 

to the additions of SRS-A. In the presence ot promethazine the addition 

ot gomatine in a bath concentration ot 1.4x10-5 g/ml itselt did not induce 

contraction ot the ileum similar to those observed,.in the experiments ot 

Fig. 31. It can be seen trom Fig. 33 that the contractions ot the ileum 

upon the subsequent additions ot crude SRS-A were almost completely inhi-

bited; after repeated washings the sensitivity ot the preparation returned 

to that ot the initial controls. 

2. In Vivo. 

i) Histamine Aerosol. 

Gomatine was dissolved in 80% ethanol to a concentration ot 20 mg/ml 

and injected intraperitoneally into guinea-pigs in a dose ot 1.7 mg/100 g 

ot body weight. The control animals were similarly injected w1th the sarne 

amount ot the vehicle. Each treated guinea-pig together with its control 

were exposed to 0.15% histamine aerosol 3 hours tollowing injection. Fig. 

34 summarizes the results obtained trom 10 ditterent batches ot gomatine 
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. 
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1,08 unlto Iml. 

fiBUre 33 

'l'he responses of the guinea-rig ileum preparation to crude 

SRS-A (SRS-A at black dots) before and after the addition of gomatine 

(as ffiArked at arrow) in a bath concentration of 1.4xlO-5 g/ml. Intervals 

of 7 minutes elapsed between each addition of crude SRS-A. In each 

instance the drum was temporarily stopped after repeated washings and 

restarted 30 seconds before the next dose. The contact times were 3 

minutes for crude SRS-A and 6 minutes for gomatine. 
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Figure 3lt 

Protection produced by intraperitoneal injection of gomatine 

(1.7 mg/100 g of body weight) in guinea-pigs against 0.15% histamine 

aerosol. For details see texte Details of this figure are the same aS in 

Fig. 2. 
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preparations. In 20 of the 25 experiments the treated animals survived 

longer than their corresponding control animals and 14 treated guinea­

pigs survived the 20 minute exposure period; the mean survival time of 

their contro1s was 8 minutes. In 3 experiments the control anima1s 

survived longer than the treated animals and 2 ofthese control animals 

survived the 20 minute period of exposure; the mean survival time of 

their treated animals was 11 minutes. In 1 experiment both the treated and 

its control survived the 20 minute exposure period and in 1 experiment 

the difference in survival time between the treated and its control was 1ess 

than 30 seconds. The protection was significant (p(O.Ol). 

ii) Anaphylactic Shock. 

Gomatine was disso1ved in 80% ethanol to a concentration of 20 mg/ml 

and injected in a dose of 2 mg/100 g of body weight into 8 guinea-pigs sensi­

tized to egg albumine The control sensitized guinea-pigs were similarly injected 

with the same amount of the vehicle (about 0.3 mi). Three hours later the 

treated and control animals were injected intracardially with the challeng-

ing dose of egg albumine Ei~ht of the 10 control animals died within 5 

minutes and 1 within 30 minutes following the intracardial injection of the 

egg albumine One survi ving control animal showed severe symptoms (broncho­

constriction, lying on its side etc.) for more than 3 hours after injection 

of the antigen. 

Four of the 8 animals treated with gomatine showed only very mild 

symptoms of anaphylaxis (slight dyspnea). Signa of severe dyspnea was seen 
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in l animal within 5 minutes following challenge with the antigen. The 

symptams, however, gradually disappeared and the animal recovered. Three 

of the treated animals died within 5 minutes after the intracardial injec-

tion of the antigen. 

iii) Capillary permeability. 

The effect of gomatine on the increased capilla~y permeabili~y due 

to intradermal injection of histamine and bradykinin in.ftUinea-pigs wàs 

investigated by the method described in Part II (Section C,c). For this 

purpose, gomatine was dissolved in 80% ethanol to a concentration of 20 

mg/ml and injected intraperitoneally into guinea-pigs in a dose of 1.7 

mg/100 g of body weight. The control animals were,similarly injected with 

the sarne amount of the vehicle (about 0.3 ml). Fig. 35 shows a typical 

example of the results obtained in 10 experiments. The upper half of the 

figure shows the effect of 0.5 pg and the lower hal! that of lpg of -
histamine and bradykinin respectively. It is apparent fram the figure that 

gomatine seemed to reduce the histamine and to a lesser degree the bradykinin-

increased capillary permeability. 

f. Discussion. 

Experiments using cholesterol precipitation method as weIl as si1ica-

gel preparative thin layer and colurnn chromatography c1early suggested the 

presence in the standard crude extract of antihistamine-like principle(s) 

apart from cholesterol preciritable tomatine. The results obtained using 
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Figure 35 

Blue patches of the internaI surface of the skin of guinea-pigs 

which had received pont amine sky blue (60 mg/kg) intracardially followeo 

by separate intradermal injections of 0.05 ml solutions (upper half of 

the figure) and 0.1 ml solutions (lm'ler half of the figure) containing 

histamine (H) and bradykinin (B) in concentration of 10 ~g/ml. On the 

right responses in a normal guinea-pig and on the left responses in a 

guinea-pig treated \Jith gomatine (17 mg/kg) intraperitoneally 3 hours 

prior to intradermal injections of histamine and bradykinin. 
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Figure 35 

Plue yatches of the internal surface of the skin of guinea-pirr,s 

which hnd received ponté'JI1ir.e sky blue (60 mg/J(f) intracardiall y followed 

by se}'arate intradermal injections of 0.05 ml solutions (uner half of 

the fil';ure) and 0.1 ml solutions (lovler half of the figure) containing 

histmnine (H) and bradykinin (B) in concentration of 10 p.g/ml. On the 

rirrht res}'onses in a nornal ,~ine~-riG and or. the le ft resronses in a 

p;uinea-rip: treated \Iith gomatine (17 mg/kp;) intrarerit0neally 3 hours 

rrior te intradermal injections of histamine and bradykinin. 
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gel filtration of the standard crude extract on Sephadex LH-20 were 

even more suggestive. Although Sephadex LH-20 fraction l could be crystal­

lized, it contained at least 2 components. One of the components was most 

probably tamatine. Thus, fraction l gave a positive ninhydrin reaction, as 

would be expected with tamatine due to its imino group. In addition, fraction 

l also showed a positive reaction with anthrone damonstrating the presence 

of carbohydrate (mono or polysaccharide) perhaps due to the glycosidic 

moi et y of tomatine and it ~howed a positive reaction with H2S04, indicating 

most probably the presence of the steroidal moiety of tomatine. Further­

more, on treatment of the Sephadex LH-20 fraction l with cholesterol an 

average of 74% of the fraction was precipitated out, most probably due 

to the formation of toma tine-cholesterol complexe 

The chemical properties of the isolated substance(s) which we have 

called gomatine were close to that of tomatine. The finding that gomatine 

was eluted from Sephadex LH-20 in the same region as tamatine, suggested 

that gomatine had a molecular weight close to tomatine, which might perhaps 

explain the observation of Calam and Callow (1964) who located the in vivo 

antihistamine-like activity of crown-gall extract following gel filtration 

on Sephadex G-25 on a single peak together with tomatine. In addition, the 

infrared spectra of gomatine (Fig. 30) was found similar to, though not 

identical with that of tomatine. Furthermore, Dr. T.H. Chan of the Chemistry 

Derartment, McGill University, analyzed quantitatively the carbohydrate 

content of gomatine and the isolated tomatine using gas chromatography. 

According to the data of Dr. Chan, the carbohydrate content of the 2 
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substances were the sarne and in the sarne ratio, i.e., 2 glucose, l 

galactose and l xylose. 

On the other hand, gomatine was found to be less active than 

tomatine in vitro. Tomatine in a bath concentration of 4xlO-6 g/ml 

nearly completely inhibited the smooth muscle contracting action of 

histamine, while gomatine was equally effective only in approximately 

5 times the concentration of tamatine. Unfortunately these 2 substances 

could not becompared in term of pAx (~child, 1947) since the molecular 

weight of gomatine was unknown. As was found for tomatine, however, when 

assayed in vitro gomatine equally inhibited contractions of the isolated 

guinea-pig ileum preparation induced by histamine, bradykinin and 5-HT. When 

assayed in vitro against contractions induced by crude SRS-A gomatine nearly 

completely inhibited the contractions induced by subsequent standard dose of 

SRS-A. The most striking feature was that the addition of gomatine to the organ 

bath itself did not elicit an initial contraction as in the case of in vitro 

assay of gomatine against contractions induced by histamine, bradykinin and 

5-HT (Fig. 31). In the course of in vitro assay against SRS-A, however, pro­

methazine was added to the organ bath immediately following the addition of 

gomatine and 2 minutes prior to each addition of SRS-A. Therefore, the ab­

sence of an initial contraction in this case was most probably due to histamine 

liberating property of gomatine. \~en injected intraperitoneally into guinea­

pigs (1.7 mg/100 g of body weight) gomatine exerted a significant protection 

against the effect of a lethal dose of histamine aerosol. Gomatine injected 

intraperitoneally into guinea-pigs in doses between 1.7-2.5 mg/100 g of body 
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weight did not produce abdominal tension and irritation as was found in 

the case of tomatine. Although 80% ethanol was employed as vehicle to 

dissolve gomatine, this would most probably not account for the difference, 

since tomatine dissolved in the same vehicle did produce abdominal irritation 

and tension. An irnmediate toxic effect (abdominal tension and irritation) 

was not observed for gomatine. However, a delayed toxic effect was 

observed in some of the animals which had received gomatine and which 

had survived the 20 minute period of exposure to the aerosol: the ani-

mals died within 7 days following intraperitoneal injection of gomatine. 

The long-te~ protection of the animals against the effect of a lethal 

dose of histamine aerosol brought about by a single intraperitoneal injection 

of gomatine was also studied. However, no conclusion could be drawn from 

these results since an insufficient number of animals survived beyond 7 days 

following administration of gomatine. The possible mechanism of action of 

gomatine in protecting gUinea-pigs against the effect of a lethal histamine 

aerosol was not investigated in detail. Preliminary experiments, however, 

showed that animals which were pretreated with a beta blocker (pronethalol) 

plus gomatine when exposed to the histamine aerosol did not have significant 

difference in survival time as compared to animals injected with gomatine 

without pronethalol. TheBe results suggest that the protective action of 

gomatine was most probably not mediated through adrenaline release. 

From the results of the present study it may be tentatively con­

cluded that tomatine and gomatine are closely related steroid alkaloids 

having distinct biological properties. 
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PART IV. GENERAL DISCUSSION 

The results of the present study confirm previous observations 

(Kovacs et al., 1951; Broome et al., 1962) that eXtracts prepared from 

crown-gall infected tomato plants when injected intraperitoneally into 

guinea-pigs protected the animals against the effect of a lethal hista­

mine aerosol. 

The comparative study described in Part III (Section A) did not 

clarify whether or not the active principle(s) is intrinsically related 

to crown-gall tumor. This aspect of the problem is extremely important \ 

for the study of the pathophysiology of crown-gall per se. The aim of 

the present study, however, was simply to determine which type of toma­

to plant tissues would provide the best source for the isolation of the 

active principle(s). To this question the experiments described seemed 

to provide satisfactor,y answer. As the activity of the extracts prepared 

from crown-gall infected tomato stalks was found to be significantly 

higher than the corresponding eXtracts prepared fram normal, non-infected 

tomato stalks, the crown-gall infected tomato stalks (8-12 weeks follow-

ing inoculation) served as starting material for the isolation of the active 

principle(s). A potent stable crude extract ("standard crude eXtract") was 

obtained from the crown-gall infected tomato stalks. 

The long-term protection of the guinea-pigs against the effect of 

a lethal histamine aerosol which resulted from a single intraperitoneal 

injection of the extracts of crown-gall infected tomato stalks suggested 
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that the active principle (s) present in th1s extract had a ditterent aocle 

ot action :freDa that ot the çnthetic ant1h1studnes. Ho_ftr. it is 

futile te speculate on the mechaD1 • • t the leng-tera pretection, unl.ess 

a large number ot caref'ul.l.1' designed exper1aents could be p8rtormed. This 

action could be rather non-speoific, brought about by the 1Dtrapenteneal 

injeotien .t the extraot oonta1ning a IlUIIlber ot oonstituents. Further 

experiMnts III1ght show that JJeither ot the ohelldoalq pure &ctift prin.. 

oiple(s) alGDe would produoe a long-tom proteotion in the exper1.mental 

anima1s. Thus, tbis observation nuld be sign1ficant on11' it s1mU 81' 

results could be Gbta1.ned. with chelll1c~ pID'8 aotive principle(s) umer 

carefUl.l7 cGntr.lled experimental ooDiitions. Though at present ne 

explanaUon can be otterad tOI' the long-taN pretection eDrtad by the 

extraot _ would l1lœ te discuss br1e~ ODI 1aportant aspect et th1s 

study. It i. _11 knewn that repeated. exposure ot exper1mental 8l'imaJ s 

to a number of pbarmaoolog1o~ active agents including histamine mq 

result in des.n~tion of the 'n1mals. The phanomena of histamine 

desensitiAtion have been studied. by DI&IlY 1nvestigators in a D11mber ot 

an1mal species (Ambrus et al., 1951; Bemak et al., 1948; Jancso, 1947; 

Karady am Rapcsak, 1953), however, the1r f1ndings did not g1ve a c1ear 

answer to the problem ot desensitiution. Some investigator. deny the 

enstence ot histamine desensitization (Csak;y am levach, 1947; Feinberg, 

19/16; Wells et al. 1942). Recently Mas11nski am Wisn1ewska- (1965)desonbed 

the conditions under wb1ch guinea-pigs can be desensitized to histamine 

aeroso1. According to these worlœrs guinea-pigs have to he expesed to 
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histamine aerosol daily for at least 14 to 20 days to obtain desensiti-

zation. Even then animals could be desensitized only if they were ex-

posed to an optimum histamine concentrations suit able for the individual 

animal. Since in the present study the animals were exposed only twice 

to the aerosol and a mimimum of 5 days elapsed between the first and the 

second exposure, the histamine desensitization as a possible explanation 

for the long-term protection can certainly be excluded. 

The first substance isolated (by cholesterol precipitation method) 

from the standard crude extract was identified as tomatine, a known cons-

tituent of normal tomato plant. In contrast to the finding of Calam and 

Callow (1964) that tomatine had no antihistamine-like activity in vitro, , 

in the present study it was found that tomatine when tested on the isolated 

guinea-pig ileum preparation antagonized the contractions induced not only 

by histamine, but also by bradykinin, acetylcholine and barium chloride. 

An initial exciting and subsequent long lasting depressive effect exerted 

by tomatine against histamine and other smooth muscle stimulating agents 

was regularly observed and has revealed a new biological activity of this 

steroid alkaloid. While the mechanism of action of tomatine on the isolated 

organ preparations was not studied in detail, some preliminary investigations 

employing the pAx and the log dose/response curves method of analysis sug­

gested that the mechanism of action Was MOst probably a non-specifie and 

non-competitive. 

According to Calam and Callow (1964) of the 3 known constituents 

of normal tomato plant (tomatine, tomatidine and rutin), only tomatine 
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exerted protection in guinea-pigs against the effect of a 1etha1 histamine. 

aeroso1. On the other hand, Wilson et al. (1951) reported that rutin 

exerted slight protection in guinea-pigs against shock produced by injec­

tion of a 1etha1 dose of histamine. In contra st to the findings of Ca1am 

and Ca110w (1964), that tomatine had antihistamine-1ike activity in vivo, 

in the present study it was found that tomatine when injected intraperi­

toneally into guinea-pigs exerted a rather weak and uncertain protection 

of the anima1s against the effect of a 1etha1 histamine aeroso1. When 

injected intraperitoneal1y into guinea-pigs in doses between 0.3-2.0 

mg/100 g of body weight, tomatine produced abdominal irritation and 

tension, diarrhea, central effects 10ss of righting ref1exes and ruffling 

of coats, symptoms simi1ar to that observed by Broome et al. (1962) and 

by Ca1am and Ca110w (1964). These side effects observed in guinea-pigs 

treated with tomatine resemb1ed the symptoms reported by Forsyth (1954) 

of solariine poisoning in anima1s Which have eaten green potatoes. 

Higher doses of tomatine (5-20 mg/100 g of body weight) were observed 

to ki11 the anima1s within 2~ hours fo11owing intraperitonea1 injection. 

Thus, the observations of Broome et al. (1962) that a re1ative1y large ~ 

mount of extracts of crown-ga11 infected tomato stalks injected intra­

peri toneal1y into guinea-pigs resu1ted in death of the anima1s was most 

probab1y due to tomatine present in these extracts. Our findings that 

tomatine exerted a much weaker protection than partial1y purified extract 

(standard crude extract) of crown-gall infected tomato stalks in guinea­

pigs against the effect of a 1etha1 histamine aeroso1 indicated that 
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tomatine is one but most probably not the most important of the prin­

ciple(s) active in vivo and present in these extracts. 

Several methods, e.g., silica-gel column and preparative thin 

layer chromatography as well as cholesterol precipitation method were 

employed to obtain an active preparation void of cholesterol precipi-

table tomatine from the standard crude extract. The application of 

Sephadex LH-20 gel filtration for the purification of the standard 

crude extra ct resùlted in the isolation of crystalline product tenta-

tively called gomatine. The chemical properties of gomatine were close 

to that of tomatine, suggesting that tomatine and gomatine are closely 

related steroid alkaloids. Owing to the fact that the isolation of goma-

tine has been accomplished recently, only few preliminary investigations 

could be performed concerning its pharmacological actions. The results 

showed that gomatine was effective in protecting the animals against the 

effect of a lethal histamine aerosol and anaphylactic shock. Unlike tomatine, 

gornatine (1.7 mg/100 g of body weight) did not display abdominal tension and 

irritation. However, some of the animals which had received gomatine and which 

had survived the 20 minute exposure period died within 7 days following 

intraperitoneal injection of gomatine. Thus, no conclusion could be drawn 

concerning the long-term protection exerted by gomatine due to insufficient 

number of animals survived beyond 7 days. Gomatine when tested on the isola­

ted guinea-pig ileum preparation was found to be equally effective in inhibit­

ing the smooth muscle stimulating activity of histamine, bradykinin, 5-HT 

and SRS-A. The latter substances are considered to play an essential role 



-191-

in the development of anaphylaetie and allergie manifestations. If, in 

further investigations using other speeies of animals, gomatine proved 

to be effieaeious it might be of interest to investigate the effeet of 

gamatine in alleviating the manifestations of allergie diseases in man. 
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SUMMARY 

1. Methods for producing crown-gall infected,tomato stalks by 

inoculation of normal tomato stalks with agrobacteria tumefaciens are 

described. 

2. Methods are described for the preparation of a potent stable 

eXtract (standard crude extract) with antihistamine-like activity from 

crown-gall infected tomato stalks. 

3. A single intraperitoneal injection into guinea-pigs of the 

extracts of crown-gall infected tomato stalks seemed to exert a long­

term protection against the effect of a lethal histamine aerosol. 

4. The level of antihistamine-like activity of normal and crown­

gall infected tomato stalks at various t~e intervals following inocula­

tion of the plants was determined. 

5. Methods were developed for the isolation of tomatine fram 

crown-gall infected tomato stalks. 

6. Tomatine added in a concentration of 4xlO-6 g/ml to the isolated 

guinea-pig ileum preparation elicited an initial stimulation and a subse­

quent long-lasting depressive effect against the contractions induced by 

histamine. 

7. Tomatine was found to be equally effective in inhibiting contrac­

tions induced by histamine, bradykinin, acetylcholine and barium chloride 

on the isolated guinea-pig ileum preparatioh. 

8. vJhen investigated on the isolated guinea-pig ileum preparation 
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using the log dose/response curves method of analysis it was found that 

the mechanism of action of tomatine was Most probably non-competitive. 

9. Tomatine injected intraperitoneally into guinea-pigs in 

doses between 0.3-2.0 mg/1OO g of body weight exerted at best only a 

mild protection of the animals against the effect of a lethal histamine 

aerosol. 

10. Extract of crown-gall infected tomato stalks rendered free of 

cholesterol-precipitable-tomatine was assayed in vivo in guinea-pige 

using the histamine aerosol method and shown to exert significant pro­

tection of the animals against the effect of a lethal histamine aerosol. 

11. A cholesterol-precipitable-tomatine-free fraction obtained by 

silica-gel column chromatography of cholesterol-treated standard crude 

extract, when assayed in vivo in guinea-pigs protected the animals against 

the effect of a lethal histamine aerosol. 

12. Methods were developed for the isolation of gomatine from 

standard crude extract. 

13. Gomatine when tested on the isolated guinea-pig ileum pre­

paration was found to be effective in inhibiting contractions induced 

by histamine, bradykinin, 5-HT, SRS-A and barium ch1oride. 

14. Gomatine when injected intraperitoneally into guinea-pigs pro­

tected the animals against the effect of a lethal histamine aerosol. 

15. Guinea-pigs actively sensitized to egg albumin were protected 
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by the intraperitoneal injection of gomatine (2 mg/lOO g of body 

weight) from anaphylactic shock on challenge with the antigen. 

16. Elementary analysis of gomatine for carbon, hydrogen, 

oxygen and nitrogen gave: 1. C 58.17%; H 8.62%; 0 30.60%; N 2.18%. 

II. C 59.52%; H 8.19%; 0 30.21%; N 2.08%. 

17. The melting point of gomatine Was found to be l86-7°C. 

18. The infrared spectrumof gomatine was similar to but not 

identica1 with that of tomatine. 
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CLAIMS TO ORIGINALITY 

1. Two substances with antihistamdne-like activity were isolated 

from crown-gall infected tomato stalks. One was identified as the steroid 

glycoside alkaloid, tomatine and the other is tentatively called gomatine. x 

The latter showed chemical properties close to that of tomatine. 

2. Tomatine, a known constituent of tomato plant was isolated in 

1948, but its antihistam1ne-like activity on isolated guinea-pig ileum 

preparation has not been reported previously. 

3. Tomatine was found to inhibit contractions of the isolated guinea­

pig ileum preparation induced by: histamine, bradykinin, acetylcholine and 

barium chloride. 

4. The mechanism of inhibitory action of tomatine on isolated gui­

nea-pig ileum preparation is most probably non-specifie and non-competitive. 

5. Methods were developed for the isolation of gomatine from crown­

gall infected tomato stalks. 

6. It was demonstrated that gomatine when injected intraperitoneally 

into guinea-pigs, significantly protected the animals against the effect 

of a lethal histamine aerosol. 

7. Guinea-pigs actively sensitized to egg albumin were protected 

by the intraperitoneal injection of gomatine from anaphylactic shock on 

challenge with the antigen. 

8. Gomatine was equally effective in inhibiting contractions 

induced by histamine, bradykinin, 5-HT as well as SRS-A. 
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9. Gomatine was shown to antagonize the activity of SRS-A 

and it represents the first substance described with such an effect. 

10. The elementary composition, melting point, infrared 

spectrum and carbohydrate content of gomatine were determined. 
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APPENDlX 

Histamine Aerosol. 

lt was evident ear1y in the present study that the expiration 

time of normal guinea-pigs expoeed to 0.15% histamine aeroso1 fe11 within a 

fair1y narrow time interva1. This was confirmed by the data obtained in the 

course of testing control guinea-pige over a 4 year periode The individual 

variation in surviva1 time of 1029 control guinea-pige is shown in APPENDlX 

Fig.1. lt is apparent from the figure that an appreciab1e number of the 

control anima1s expired at the 2-10 minute interva1. 

The percent age of the total number of control guinea-pigs which sur­

vived for various time was ca1cu1ated from APPENDlX Fig.1 and the results are 

shown in APPENDlX Table l. Respiration ceased during the first 5 minutes for 

near1y ha1f the anima1s (46%) for 89% during the first 10 minutes and 95% du­

ring the first 15 minutes. Only 3% survived the 20 minute period of exposure. 

lt is difricult to eva1uate and compare data obtained by workers 

from different 1aboratories in studies emp10ying the histamine aeroso1 

technique. This is due to the fact that the deve10pment and the severity 

of bronchoconstriction induced by inhaled histamine aeroso1 depends on the 

concentration of the histamine solution, the pressure emp10yed to spray the 

solution and the size of the partic1es (Jemski and Phillips, 1965). The re­

su1ts obtained in the present etudies, however, are in close agreement with 
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Variation in ~ensitivity of 1029 control guinea-pigs exposed to 

0.15% histamine aerosol. The abscissa gives the time in minutes from the 

beginning of the aerosol. The position of the column indicates the time 

during which the animal respiration ceased. The ordinate gives the number 

of animaIs. 
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APFENDIX TABLE l 

Number (té) of Guinea-pigs Eltpiring After Elsposure to 0.15% 

Histamine Aerosol for Various Times. 

Time of cessation of respiration Number (%) of guinea-pigs 

(minutes} (number) (%) 

0-5 470 46 

5-10 439 43 

10-15 62 6": 

15-20 24 2 

) 20 34 3 
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that of Broome et al. (1962): i.e., in approximately 90% of the control 

animals respiration ceased furing the tirst 10 minutes of exposure to the 

aerosol. We regularly observed that the symptoms leading to bronchoconstric­

tion and death developed in a fairly uniform sequence in the guinea-pigs: cough, 

dyspnea, swaying, falling, lying and death. A number of studies have been. 

reported in which 'any one of these symptoms was emp10yed as the end point 

of the experiment (Halpern, 1942; Loew et al., 1945, 1946) Her.xheimer, 

1951; Broome et al., 1962; Her.xheimer and Stresseman, 1963b; Calam ~nd Callow, 

1964). In most instances the appearence of dy~pnea has been taken as the 

end point. According to Halpern (1942) and Lish et al. (1966) if guinea­

pigs subjected to histamine aerosol were immediately removed trom the 

aerosol chamber when signs of coughing or dyspnea appeared the anima1s could 

be.re-exposed 2-4 hours later without significant change of the predyspneic 

interval. In contrast, in the present study we have observed that the time 

of appearence of dyspnea on the second exposure in the same guinea-pig 

changed in large percentage of the animals. Theretore, the dyspnea time 

as the end point of the experiment and the use of the animal as its own 

control did not seern to be sufficiently reliable. Thus, the method of 

Broome et al. (1962) that is the cessation of respiration taken as the 

end point of the experiment was selected as a routine method of testing. 
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