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Experimental Medicine 

David Chu 

The Purifica"Gion of an Antihistamine-1ike Princip1e{s) of the Rungarian Oak 

Gall and Its Efficacy Compared to Tomatine and Gomatine. 

Abstraot 

The purpose of tbis workwas to purify and, if possible, to isolate an anti

histamine-like princip1e{s) from the Hungarian oak ga11. Although the study 

fe11 short of isolating the active principle(s), it succeeded in obtadn;ng a 

hig~ purified tann;n-free fraction by 8i1ica gel G and sephadex LH-20 co1umn 

chromatogra~. According to the thin ~er chromatograp~, the active frac-

tions so obtained still contain at 1east 4 - 8 substances. 

The antihistamine-1ike activity of the purified oak gal1 extract was compa.red 

to tbat of tomatine and gomatine in the guinea pigs. All tbree substances 

significantly inhibited histamine-induced bronchoconstriction. Tomatine and 

gomatine significantly reduced the effects of both histamine and bradykin;n, 

but the purified oak ga1l extract only antagonized the histaminic effects. 

Gomatine and the purified oak: gall extract but not tomatine, exerted anti

ana~lactic activity. None of the three substances inhibited the PCA reaction. 
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PART l. HISTORICAL BEVIEW 

Section A,. Alns.ph.yl.a.x:i.s and AJ.lergr. 

The systematic investigation of the phenomenon ofanaph1'la.xis began-with, 

the fœldamental observations of Richet (1898) and Richet and Portier . 

(1902). They studied. the effects of diversesubst&nces,e.g., eel se~· 

and ertracts of actinaria, ·on experiment81 a:nimals~In the coursé of-these 

experiments, they observed that when the eel serumor-theextracts· of: 
.' .",.' . 

actinaria was given intravenously to dogs, it induced. somet~xiè.symptoms~ 
. . . . ' . . 

However, if these dogs, which had received one injection previously-; were'_ 

treated with the same extracts or serum" even with a mucbsmaJ4;e;o :do'Se,_ sEN.

.eral weeks later, this seoond injection iIlva:riably resulted ina sudd~n 

death of the anima.ls. ltlchet called this unexpected reactionto: t.hés~caiid -

injection "àna~l.a.xis"l. 

Rosenau and Anderson (1906), Gay and Soutbard (190a), and A.U~randLeWis 
~ . . . . 

(1910) worked out ma.ny f;mda.mental features of ana~laxis usingguinea 

pigs as experimerLtal anjmals. They noted that the lungs of .the guineà.pig, 

which succumbed to the ana~laotie shock, 'iie:i?e t'ully distended .,. aven a:fter 

they were excised trom the thoracic cari ty.. They concluded tha. t in the guinea 

pig, the "!immobilization of the lungs"' was themost cba.ra.cteristic sign of 

immediate anap~l.a.xis and tba.t the deathoi the animal ws brought about by 

the tetanic contraction of the bronchial smooth muscles. ln 1906, von 

Pirquet (1906) recognized that the introduotion of foreign substances into 

human beings may alter their reaction to subsequent applications of the same 

materlalo This altered reaction of human beings DS named by him "a.llergie"'. 



However, it was Meltzer (1910) who first noted tbat the pathologioà.l 

alterations in the lungs of the guinea pigs and the lungs of patients 

~ of asthma. were very similar. 

~ese earl1 observations stimulated great interest, and research on 

anaphylaxis soon extended into many aspects of the proble~ HUmerous 

theories bave been put forwa.rd to explain this phenomenon and the wo most 

widel1 accepted were the "humoral" the ory and the "cellular'" theory of ana-

~e concept of the 'lhumoral nI the ory of ailaphyl.a:x:::i.s ms put forth by Fried

berger (1910). He observed tbat the incubation of the normal guinea pig 

serum with the washed, preformed ill!JlJPlle precipitate resulted in the formation 

of œ.toxic substance in the serum, since the injection of the supernatant 

into the guinea pigs evoked a typical a.naphylactic shock. Friedberger called 

this toxic substance tfanaph1'la.to%in"I. On the basis of these fjDdings, he 

thought tbat ana.p~lactic shock develops because the antigen-antibody complext 

activates certain proteolYtic enzymes in ,the guinea pig serum which briDge 

aibout the formation of a.na.pqlatoxin. In the ensuing years, it was found. 

tbat besides the antigen-antibody complexee, a great ma.ny substances, e.g., 

kaolin, agar, dextran, etc., were also capable of producing anaphyls.toxin 

when incuba ted wi th normal guinea pig serum (Keysser and Wasserma.n., 1911; 

Bordet, , 1913). There ms no generally- accepted theory to explain the mech-

anism of anaphylatoxin formation by these inert substances. BOwever, most 

investigators' agreed tbat an enzymatic proce'ss - most probabl1 proteolysis -

was involved in the formation of a.na.p~latoxin.Thus a modified fom of the 



"humoral" thaory was put forwa.rd, stating tbat in the presence of immune 

precipitate or certain other substances, non-specifie pro~eolYtic enzymes 

are mobilized to cause the cleavage of the normal serum protein to pro

duce anapqlatoxin (Job1iDg et al., 1915; Bronf'enbrenner, 1915). The oost 

important aspeot of this the ory is the assumption tbat serum factors are 

indisp~nsable for the formation of anapqlatoxin and, consequently, an&l!- . 

p~laxis. Ho..rever, the "humoral" theory was si1enoed for .30 y~s·.hfmlnL1e 

and Kellaway (1922) demonstrated tbat while ana~latoxinooul~i.z34.uèe 
. . ....... ,' . 

only a weak and irregular oontraotion of the isolated~ea.p:tg:utEl~' .the 

addition of the specifie a.ntigen ellei ted a strong oontraeti()n: of, th~·SeD.~· 

si tized guinea pig uterus. Interest in the "humoral"' theo~ wasrevi~ea. ; 
. . . 

after Hahn and Oberdorf' (1950) reported that anaPh3'latoxinmo~'b,:probably 
. . .' 

acts through histamine release, since i ts effects were' iriliibited.bysyn- . 

"' .. 

thetic antihistamines. Thisobse..-vation was oonf'irmed by Hocha e:SUVa·(195:r.). -. " .."... . 

who found that a.na.plwlatoxin released a large quanti v. .. of~bistamiJiet'iom . 

the isolated perfused lungs of' the guinea pig.In196l,G:i:ertz·etal~(1961)· 

were able to demonstrate tha.t the increase of plasma histamille.J$.\"el.;iilthe .... 

guinea pig was directly proportional to the dose. of." the ~i?by~to~.aci~:· 

ministered, i.e., the higher the dose of a.na.~lato~,th~higb~ris th~': ..... 
'". . .' . "" 

plasma histamine level and oonsequently, the· highertb~.~CJrtalitymte~:·:·The· 
'. .' . . ' .. 

implication that the liberated histamine playeda.. major'roi~:'in'~eapig< 
death induced by anaplwlatoxin was further confirmed by SobmU.tzl~r·eta.l. 

(1963) when they observed tba.t in both ana~lactic and anaJlb3rlatoxin shock, 

similar death rate occurred with equally high plasma histamine concentration. 

Aceording to the recent work of Lepow et al. (1968), a.na.phylatoxin is the 

cleavage product of the complement system, i.e., the C'3 and C'5 componenta. 
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At present the ganeral consensus i8 that ana~latoxin can be classified 

as a potent histamine liberator. 

,~e "~ellUl8r"~,theory; ev:olved., frO~',' the:'ëtwlj- ~f ;thffa.na.p})tlactic response . .." . . . '." . '. 

",oil the' :Piain':!IÛ~~le~'~f.:'g,~i;'ea pigby Schultz (1910) and Dale (19î2).Dale 
",' . ," ....... ". . 

re~rt~ thâ,t ,tb.~{ i~olatéd ut~rus of sensi tized guinea pigs; freed'from sil 
. C,·. • • . ." 

.. : ' 1;r&Ces .. of . blood" and serum, strong:q contra.cted a.fter the addi tionôf the 
" . '.' .. 

. :: 'o." ~~e6ific antigen. In contrast to the "humoral" theory, the "celluJ.s.rn'theory 

. ."". ,',: 

'", ," .... 

postulated by' Dale, sta.ted tha.t the most important basic mecha.nism::ln~

l8ad.sis the combination of the antigen with the cell-bound.~tibody which, 
. . 

:through the release of "bistamine-like substances"', leads te' anaphylactic 

'. symptoms. The relea.se of histamine-like substances in a.naphylaxieproposed 

by Dale wa.s based on the observation (Dale and Iaidlaw, 1910) that thé: symp-

trJms of a.na.~lactic shock and those produced by pa.renterally administered 

. " ," . histamine were striking:q similar. 
',' ': . 

',' .. 

,'. 

In the subsequent yea.rs, the "cellular"' theory of anaphy'la.x:i.s ga.ili~ wide-
" 

spread aeceptance as evidenee aceumulated to show that histamine,ia present 

.. in normal mammalian tissues (Best et al., 1927; Dale and Dudley, 1929) and. 

that hist-ClmiT'e ie Hbemted in ane.phy'la.xie (Gebauer-Fllelnegg aria. Dragstedt, 

1932,:partosCh et al., 1932). Although it wss firmly estabïished tha.t the 

. release"of histamine ws intimately assoeiated with a.na.phylaetie and allergie 

symptoms, it wss soon diseovered tba.t the "'cellular"' theory, whieh implied 

tha.t histamine alone was responsible for the ana~lactic symptoms, as ori-

ginally proposed. by Dale, was no'c entirely correct. For eXa,mple, it wss found 

tha.t besides histamine, other mediators with simiü~ pharmaeologieal activity, 



-~ 

were also released during anap~laxis (Frey et al., 1933; Schild, 1936; 

Tretherie, . 1939). Furthermore, the histamine theory could not explain the 

experiment&l fjndings of Bocha e Silva (1942) who reported tbat the ad

ministration of a specific antigen in rabbit produced a decrease in blood 

pressure, while the injection of histamine increased it .. Further con

vinoirlg evidence was presented by Schild (1951), who used the isolated human 

bronchial muscle preparation obtained from an asthmatic patient. Be found 

tbat a very low dose (10-9 gmfml) of the antihistamini ~ agent, mepyramine, 

ma.rked~ red.uced the contractions of the branchial muscle elici ted by histamine. 

The allergen-induced contractions, on the other hand,were onlyslightly in

hibited, aven with a much higher dose of the antihista.tnbte(10-5gm/ml). In 
.. 

the rat, antihistamines (:Brocklehurst, 1955, 1960) or histamine depletion 

with compound. 48/80 (Bocha e Silva, 1955) do not modify thecut&neoù's 8ll8-

phylaotic reaction. 

It is nowan est&blished fact that not only histamine butseveraloth~ .. ' . " 

chemical mediators as well (5-HT, bra.dykin:ln, SBS-A} are released in ana

~laxis and allergy. However, histamine is still one of the most important 

mediators of the anaphylactic and allergie manifestations in most mammalian 

species. Thua, in the next section, the possible role of histamine and other 

chemical mediators in anaphylaxis and allergy will be brieflY considered. 

a. Histamine 

Section B. Chemical Mediators In Anaphylaxis 
and Allergy 

The importance of histamine in allergie manifestations was first indicated 
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by Dale and Ie.idlaw (1910), who were able to mimic most of the symptoms 

sean in anapqlactic shock by administeriJJg histamine into guinea pigs. 

Lewis and Grant (1924) and Rare 1926) were able to extract a "histamine-

like princip1e"'from urticarial whea1s whioh elicited contraction of the 

isolated gainea pig '\1teru.s. Lewis (1927) foundthat, the urti~a.ria.l whea1s 

formed on the sldn of the a1iergiè' individua1fch1oW:l.ng the intraderma1 
.'. '. " .:. ,,' o" • 

, . 
injection of a speéifio ,8.11erg~ wEt~e 'strik:1DglY,'siDlilar' to those seen after 

. . . '.' . . . 

the iDtra.a.ermal ~e~t;on of Ms_a. ' :Be st e't,8;l~,: (1927) demOnstra ted the 
" ", .' .. " .., ,,',' . 

presence '~~' his~e' in no_i "tist:JUes(sple~n 'and', liver), ' :and~the~,' 

findings'werè' C~nfirJlledby'Ha.rriS(1927} a.Ild.':ThOrp~(l928)~' ]wwever;','th~ , 
. . . . . - '. ," . ,,' 

firat 8.nd"conc1usiveeV1dance which proved, that hisœ.mne: is :~eed ,Ubè~ted 
" • M 

, , ' 

in ~phyl.ax:i.8 was presantedby Gebauer-FuelIiegg 8.nd DraSsieci t '(193~). They'" 
. . ' ,'. -, . 

fomldi;hatthe histamine leve1 was signifioantly increased during anaPhY:l&c~~ 

tic Shook in both the blood of the inferior vena cava. and the lymphof', the', : .. 
'. . . : .. 

thoracio lymph duct of the doge Further confirmation of tllese findjngs,camè " .' . . .... '" .. ' 

from Bartosch et al. (1932), when they found bistaminein the per:t'u~ate of, ," " 
, . ..' .. ' ':.' ~:: 

the a.na.pbylactic guinea pig lungs âÏld identified i t as the subs~c~' ~ea:pon,..., 

eible for t}l(~bro!lchooonstriction manifested in the guUl,e~ 'pig, ~~hY~~.:"'::' 
;",' \,' 

" .. ,." 
.-:" \.' 
, , 

In the 20 years :fo1lowing the important publications .-:of ~bau~r"7~el.Îlegg , ' 
.. .'. ' . . 

and Dragstedt (1932) and Bartosch et al. (l932)~ the 'role, of, histalninein 

a.na.pqla.x:is was studied in many mamma.lian speoies. Existing data indicate 

tbat histamine is probably the most important mediator of anaphylaxis in 

the guinea p~g (Ungar and Parrot, 1936; Austen and Brocklehurst, 1960). 

Histamine is also an important mediator of anaphylaxis in the dog (Ojers et 



al., 1941; Akcasu and Wes1;, 1960) and the rabbit (Auer, 1911; Bose, 1940), 

but not in the rat and mouse. The sensitivity of man. to histamine seeme 

to be somewhere between tbat of the guinea pig and the mouse. That is, in 

man during bnlersensitivity reactions not ollly histamine r.·ut some other 

chemical mediators, such as SRS,"",-, are also released (Schild, 1951). It was 

shown (Katz and Cohen, 1941) that the blood of an allergie individusl in-

cubated with a specifie allergen in vitro, resulted in an increased histamine 

content of the supernatant. This report was confirmed by van !radel et al. 

(1958) and Mlddleton and Sherman (1961). Histamine was also found to be re

leased into the blister fluid of &topic individuals (Katz, 1942). On the 

other band, Bose (1941) reported tbat, with the exception of urticaria, 

there was. a high variability of histamine content in the b100d of allergie 

patients and, furthermore, the histamine level of the femoral blood ns 

notincreased significantl1 during asthmatic attacks (Rose et al., 1950). 

Theae observations were confirmed by Guinchi and Serafini (1944), and Hjort 

et al. (1950) who failed to find elevated histamine levels in the blood of 

a.11ergicpatients. Lecomte (1956) reported that the injection of a sma.11 dose 

of compound 48/80 into man resulted in a three-fold increase of plasma 

histamine leve1 accompanied by acute clinica1 al1ergic symptoms (pruritus 

urticaria and angioneurotic edema). 

The importlUlce of histamine in ana.p~la.xis and a.llergy instigated great 

interest in the possible e1ucidation of the mechanism of histamine release 

brollght about by the antigen-a.ntibody reaction. This a.spect of investigation 

was greatly facilitated when Riley and West (1953) firmly established that 

histamine, in most species, was mainly stored in the mast cellso They were 
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able to show that the treatment of rats with compound 48/80 resulted in 

&:. marked decrease in the mast cell population, which was accompanied by 

a corresponding fall in tissue histamine content. This finding ms con

f1rmed and extended by lfota (1957) who observed that when the mast cells 

lIere damaged by antigen-antibody reaction in the rat, the content of plasma 

histamine level was increased. Other investigators abowed that, besides the 

anti~-antibody reaotion, the release of histamine from the mast cells could 

be accompliabed by maQY non-specifie substances, e.g., proteolytic enzymes, 

snake venom, surface active agents, dextran, etc. (RoCha e Silva and Essex, 

1942; lüdD1Dg, 1955, 1956; Schachter, 1952; Halpern and Briot, 1953). 

The exact mechanismof .histamine release· during anaph1'lactic and allergie 

manifestations has yetto be elucidated. At present, the two most widely 

accepted theories were put forward b,y MOngar and Schi1d and Uvnas et al., 

Accoxding to MOngar and Schild (1955, 1957 a,b), in the sensitized guinea 

pig tissues, histamine ie released through an energy requiring enzymatic 

process fo1lowing antigenic challenge, since histamine release can be in-

hibited by anoxia, iodoacetic acid and other metabo1ic inhibitors. The fact 

that the processis heat labile further supports their contention that the 

release of histamine is mediated through an enzymatic pathway. ~modifi

cation of the Manger and Schild theory was suggested by Austen and Brockle

hurst (1961 a) when they reported that the release of histamine in guinea 

pigs required the presence of a cbymotr,ypsin-like enzyme. Another theory, 

formulated by Bogberg and Uv.nas (1958), stated that the combination of 

antigen with its antibody activates a normally inactive lytic enzyme located 

on the mast ce Il surface. This activated enzyme splits the phospholipid mem-
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brane into fatty aeid and lysoleoi thin. ~soleei thin, be~,:lg strongly lytic, 

causes cellular damage whieh leads to the release of histamine. 

b. Serotonin. 5-B.ydroxytrYDtamine (5-BT) 

The presenoe of an unidentified smooth muscle eontraoting substanoe in 

extraots prepared ~m mammalian tissues was first reported by Erspamer 

(1940). In 1948, Rapport et al. (1948) sucoeeded in isolating this aotive 

prineiple and identified it as 5-~xytryptamine. It is now known ihat 5~ 

is formei in the body from the ami no aoid tryptophan by hydroxylation and 

deoarboxylation(Clark et al., 1955), and it is present in most tissues. 

, The first evidenee that 5-BT might be invoilved in a.na.pqlaxi.s was reported 

, by lfumphrey and Jaques (1955) who found that the addition of a specifie antigen 

to rabbit platelets suspended in heparinizedplasma, whieh eontained the 

antibody, resulted in the release of histamine and 5-BT trom the platelets. 

This observation initiated a number of investigators to s~ the possible 

role of 5-HT in ana.pqlaxis in several speeies. Fillk and Gardner (1956) and 

Broeklehurst (1958) using the sensitized guinea pig lung preparation eould 

not deteet 5-BT in the perfusate of their perfusion experiments. At present, 

indications are tha.t 5-BT does not play an important role in gainea pig aœ.-

phylaxis. Similarly, it is unlikely tha.t 5-BT eontributes towards the ana.

p~laxis in doge, sinee the 5-HT level in the liver did not change during 

anapqlaetie ~hoek nor was the li ver capable of releasing 5-HT in vitro when 

the specifie antigen was added to it. (Akeasu and West, 1960). Although an 

increase in the plasma 5-HT level was seen during a.na.p~lactie shoek (Waalkes 



and Coburn, 1959), the depletion of 5-HT by reserpine administration did 

not modify the intensi ty of anapqlactic shock in the rabbi t (Fisher and 

Lecomte, 1956). It is wall astablished tbat the rats and mice are re-

latively insensitive to histamine. It es thus assumed that in these species, 

5-HT has the same role that histamine has in other species. This assumption 

was supported by Eanditt et al. (1955) who found that the mast ce11s of both 

rats and mice contained not only histamine but also 5-HT in fairly large 
\ . 

amounts. Howevar, there 1s no direct evidenoe tha.t 5-BT plays an important 

role in the rat ana:ph1'lactic reaction (Austen and Humphrey, 196~). lJ7j, the mouse, 

5-BT appears to be a probable candidate as the major ohemical mediator during 

anapqlactic shock, since serotonin depletion by reserpine and me~l DOPA 

was capable of suppressing the anapqlactic shook (Fox et al., 1958; GeJ"shon 

and Ross, 1962). The recent work of Halpern et al. (196~) showed that 5-BT 

plays a major role in the development of the passive cutaneous ana:ph1'lactic 

reaotion in the mouse. 

Thus, atpresent, the role and possible oontribution of 5-BT to anapb;ylactic 

symptoms in spacies other tban the mouse, remain uncertain. 

c. Slow Reacting: Substance of Anaphylaxis -(S~) 

Feldberg and Kellaway (1938) were first to draw attention to the existence 

of the slow reacting substance. They reported that when the guinea pig lung 

was perfused with cobra venom, a substance(s) was released whioh alicited a 

slow and prolonged oontraction of the isolated gainea pig ileum. ln 1940, 

Kellaway and Trethewie (1940) obsarved that the same or a similar substance 
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vas released together w:i. th histamine from the lllDg of the guinea pig during 

anaplv"lactic shock: and they referred to this substance as the "'slow re

acting substance of anap1:~'laxis" or SRS-A. The y.l"esence of S~ vas un

·equivocably confirmed by Brock:lehurst (1953) who obtained the characteristic 

response on the isolated gainea pig ileum, even when he added to the pre

para tion a potent ant:'Lhistamine prior to the addition of the perfusa te of 

the ana~lactic gainea pig lung. Brockle1mrst (1960~ ~ported that w~le ,.. 

a large quanti ty of SBS-A was released in the lungs of guinea pig duriDg , 

ana~l.a:ds, o~ a trace amount vas present in unshocked tissues. He thus 

concluded tbat SBS-A was both formed and released during the antigen-antib~ 

reaction and that the lung tissues were the. main site for the formation of 

SBS-A:. In 1963, :Berry et al. (1963) demonstra.ted that SBS-A. given intraven-

ously, induced bronchoconstriction in goinea pigs. Asthmatic patients exposed 

to SBS-&.aerosol, developed a mild and prolonge! bronchoconstriction which 

vas not observed in normal healt~ Subjects lHerxheimer and Streseman, 1963). 

While both the mechanism. of the formation, release and the chemical struc

ture of SES-A. remain to be elucidated, the recent work of Jlova.t et al. (1967) 

and Orange 0t al. (1967) indicate that the f01'ma.tion and relea.se of SBSootA. 

are closely associated with the po1;ymorphonuclear leucocytes - at least in 

the rat and the guinea pige 

!.: Kinjns 

K;nins are a group of biologically active po~eptides which originate mostly 

from the plasma proteine. Their characteristic pharmacological properties 

may be briefly summarized as follows: They i) produce h;ypotension; ii) in

crease capillar,y permeabilit.y; iii) produce pain when applied to the blister 
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base of the human skin; and iv) are spasmog-.dt1ic for most isolated smooth 

muscle preparations. 

Frey and. associates (1928 - 1933)· were the,first to show the presence of a" 

hypotcmsive substance in the extracts of urine and pancreas. They demon

strated that these ertra.cts, when injected intravenously into dogs, elicited 

a fa11 in b100d pressure, and. they'ca.l1ed tbis active princip1e "kallikrein"'. 

In 1949, Booha e Silva et al. (1949) observed that the inoubation of plasma 

with trypsin produced a substance (whiohtheYllBJlled brady1d.n:Jn), the biolo~, 

gica.l activity of which was similar ta that of ka11ilaein. It ns then ra

alized that ka1liki'ein ie, an enzyme which by i tself is not a blood pressure 

depressive agent but reaots withthe plasma. globulin to re1ease an active' 

~tensive polypeptide. Wer1e (1961) found that if kallikrein ns inoubated 

wi th globulin, an aotive substanoe (lœ.11idin) ns formed. The moleoular con

figuration of ka1lidin (Werle, 1961) ns found to be almost identical with 

that of bradyldnin (Elliot et al., 1960). Farthermore, comparative studies 

showed that the biologica1' activity' of bra.dykinjn and ka11idin were a1so al ... 

most identical (Boldstook et al., 1957; and Pierce and Webster, 1961). 

The possible invo1vement of kinins in anaphylaxis ns first indicated by 

Eeraldo (1950) who drew attention to the taot that d~ne anapbylactic Shock 

in the dog, a b~kinjn-like substance was relessad into the blood. Accord

ing to the fjndjngs of Brocklehurst and Lahiri (1962), during anaphylaxis, 

significant amounts of kinjns were detectab1e in the b100d of the guines pig, 

rat and rabbit. They also reported that the perfusate of the shocked gainea 

pig lungs contained no de tee table amount of bradykjnin but bradykinin was 

formed when the perfusate wss incubated with plasma pseudoglobulin. In other 
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words, the perfusate eontained Idn;n generating enzymes but not ldnin. Diniz 

and Cavalho (1963) fo,._ that the plasma. substrate for bradyldnin formation 

was dep1eted after IS1stemieanapbyl.ax:is in rabbit, and ~roeklehurst and 

Zeitlin (1967)oba~rvedthat the ISUdden re1ease of free kinin is aceompanied' 
. .. . . 

"byàsUdflen.,'fa11 in~'k;h,:hlogen 1eV~1. Abe et al. (1967) ahowed tbat the plasma 

,Idni ns1fere aignificantly hcreasedin most patients with severe bronchia1 

asthma wben compared to the normal heà1thy ISUbjecta. 

Although conclusive evidence ia still lacking, nevertheles'a~present expe

rimental data. indicate that bra.ëQrldnin pl.lqs an importantro1e :i.nanapbyla.x:i.s 

and allergy, at 1east in certain species. 

Section C. Histamine Antagoniste 

A11 accmlm]ated evidence supports the genera1ly accepted assumption tbat 

histamine and other mediators with similar bio1ogica1 activityplay a vital 

part in the deve10pment of anaphylactic and allergie manifestations. ~e 

realization of this fact prompted many iDvestigators to search for drugs which 

ei ther prevent the release of these bio1ogically active substances or antag-

onize their action on smooth muscles and blood vessels. 

The most important agents or classes of agents investigated and used in com

batiilg a.llergie diseases to date are: 

a. Ph;rsiological antagonists, e.g., catecholamines., 

b. Pharmacologica1 antagonists. e.g.,· ~the1dc antihista'!lines, 

histidinedecarboxylase inhibitors and hist8minase. 

c. Non-specifie antagonists, e.g., glucocorticoids. 
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a. ~siological Antagonists (~inephrine.and related 

substances) . 

The sympathomi.metica have a long and intimate associiti~n"with' f3,11erBt~ 
. ' ~ . 

They cau be considered as ~siological antagOD.1sts· of bis1;a1DiT)e, .. i~~~:,.;~::. . . ............ ; 
'.: " 

they produce effecta oppoai te to those evoked by hista.miD.e· on' the '~e,:: : . " •. 
, . . .' ~. 

organ system, but they act on different receptora tha.ll histam1D.e·. F~r.~,· , > .. ~ 

example, histamine atimula.tes the smooth muscles of the. aliinentâ,ry·tract ",." 

and bronchioles, dilates ca.pillaries, and produces a fall in blood presSure:_ '.".~ 

In. contrast to these histamine-induced effects, epinephrine relaxes .the 

smooth muscles of the bronchioles and the gut, a.ud elevates blood presSll.re.'. 

Accord~ to Loew (1947), these actions represent "'the &nti thesis of 1;hose 

produced by histamine". 

. ... : 

. '" .. ' It is thus not surprising that epinephrine and its congeners ha.vebe~.·. 

the mainstay in the symptomatic treatment of allergie diseases. Bowever, .... 

"" . 

de spi te the immediate therap.:.utic a.dva.nta.ges of epinephrine and i ta 'congen~s':: . 
,,' , 

in combating ~ersensitivity' reactions, their short duration of ~ction. 

and the tendency to develop tachyphylaxis limi t their usefu.lnesEl~·· 

..•• f' 
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b. Pharmaco10dca1 Antagonists: 
1. The Smthetio Antihistamines 

Introduction 

In 1933, Bovet and Fourneau (1933) reported first that certain pheno1ic 

ether~.wereBb1e to antagonize soma pharmaoo10gic aotions of histamine. The 

',1'I10st 'aotive of the series es the c1assica1 compound 929F. However, 929F 

".>,.;, ' .. at therapeutica1lyeffective dOse 1eve1s'Was found. to be too toxic (Bovet 
. . . . '. . . .' 

, .... , "'~.', ~.,~tal1b ;'l937) ~ . The Orig:l.ns.l~b~erv~~ions of Bovet and Fourneau ÏDi-
.'~ ': .'. .. ': . . .' .. . .. . . . ." .. ' . .' . . ." '. 

"",:'" ti~tedexterisive 'researoh for.bet~ter.··.and·ieàs··.:toxioana10gs from whioh syn-
'.. . . .. .' .. , . " .. . . .' '. ..:' . ".' ...... ',' . 

;. ,,' : ..... . ," ': 

. " ,:-'.' th~UC; çtibiE!~eswit~· aoce.pta.~~e:the~apeuti.o' .. ~eX.,.~oon émerged. 
~. ": .: .'. .' '. ~ . . . .' . . " ... ,,:' '. '. :" ':., .. ,.. . ' .. : ... :'.~.:. . ",' ~',.', . ';". . : '. . . ... ;. .',.. :, . 

. : ~ . 
'::", " 

.,' . 

;The'f~r$t .. 8yIltheticantihista.miD.~~.·.of·tJlerapewtiO:· importance'were antergan 
. '... . . . ,'. . . . ,".. . ..' ',,' .. ':. ", '.' " 

·.(l~ipern, .1942) ~. Ne~~ter~: (B~veteti a;l~,1944):.In ·theriext five years, 
'. ." '.' '.. .' . . .' . .. . . . . 

;. ;. .'. . ::' . ~ç~t. '~lUIibe; 'Of;. ~thetio antibi~ta.minesWitb bâs:i.08.1~thè same actions 

, . '.: trere. ~t~~siZ~ ',~ : a few ~~~le~::~~ebi~ed·.·~S·,,;~~nergan (Halpern, 1947); 

.. : pyrlbenz~e' (Huttrer et al., . 1946); i4stadyl(Weston"1947); and chlorothen 
.... 

·(Cla.ppeta1~, ,1947).,. 

, , 

Àntihistamines Bct specifically 'by oompeting ri th histamine for 'the same 

reoeptor sites (Ariene, 1954) ana this relationship is referred to ae 

"bompetitive inhibition" (Rocha.;. e Silva, 1959). The ohemica1 struoture of 

antihistamines have a oertain similari ty to tbat of histamine, and aocording 

to our present know1edge, antihistamines oounteract the aotion of histamine 

by forming a reversib1e union with a oommon reoeptor-site, without elioiting 

intrinsic aotions of their own (Ariens, 1954). Furthermore, they do not in-



aetivate his'hamine ehemical:Qr, either in vivo or in vitro, and they do not 

interfere with the release of histamine eaused by either antigen-a.ntib~ 

reaction or by histamine liberating agents (Wilhelm, 1961). The antihistamines, 

in general, antagonize in varying degrees, most but not aIl pharmaco1ogical 

actions of histamine. The methods chosen to assess the potency of potential 

antihistamines are based on their abili ty to. antagonize the followiDg basic 

pharmacologie actions· of histamine •....... 

Action on Sinooth·1fwjclés . 
". :., 

", ;' .':\ 

.. :.. : ' .. '." 

. : ~ ' .. " .' 
~ : .. 

. .. ' . '". ~..:' .. : ~.:"' . 
. . ,: 

. ;": 

. " ' .. '. : .... 
... 

.'.: ',~ t • 

. Histâmiiie,exerts,. 8., ,hi~" e~éteri'B~içf:~tfeçt, on, '$Diooth, InÛsolés.According 

····~Dale$na~idi..lV Ù910)~IlÙt~;,~~t~t~Bsmo6th~QleB. The~ensi t.-
iVi ty.of the 'SIIlooth DiUècles ,ta: hist.a.min~ dep9nds on theo~gan' and . the, species 

. . '. . ..... ", ::" .. ', .. . . '.,: . .'. . .... 

fro~lIhichthey: or:t.giŒte~ AinoÛg the"mè>st,sensitive are ,thé smootb muscles 
.". . .'. :".' ........ ..' . ", . ",",. 

of the uterus 8.:ndbroncMoles '~f~ertB.iz"sPf:lcieS, especially the rodents, 

and to alesserdegree, the intestinaismootbmuscles. Antihistamines cau 

antagonize the actions of hista.miJle on the se smooth muscles both in vitro and 

in vivo. Thus, the evaluation of potential antihistamines cau he assayed on 

such smooth muscle preparations as ileum, uterus and the bronchial chain. of 

guinea pigs~ Potent entihistamines canabolish the effects of histamine on 

the isolated guiDea pig ileum preparation in a concentration as low a~ 10-9 

g/ml. 

Histamine administered to guines pigs in the fOrln of an aerosol is frequently 

used as an in vivo method to evaluate the potency of antihistamines on smooth 

muscle preparations. ln untreated guiDea pigs, histamine aerosol causes strong 
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bronchoconstriction, ma.n1fested. by a series of cha.ra.cteristic symptoms, i.e. 

cough, dyspnea, falling, lyingand. death. The a.eroso1 technique was or:i.giDail.ly 

des9ribed by Memnder et a'l. (19a6) aud l'allos and. Pagel (1937) to s'tudy 

the deve10pment of a.na~la.ctic shock :ln gainea pige. In 1942, Halpern (19~) 

modified the orig1na.l E4eroso1 technique to eva~uate potential a.ntihis"taminic 

compounds. !he mostpotent a.ntihistamine ca.n inhibit the letha.l effects of 

histamine aeroso1 st dose layels as lowas 0.1 - 5 mg/kg body.weigbt. 

Histamine injected intravenously in doses of 0.1 - 0.4 mg/kg into guinea.pigs, 

exerts effects very simila.r to those provoked by histamine serosol. The pro-

tective effect of a.ntihistamines against the letbal effects of histamine 

aerosol and tntravenously tnjected histamine vas thought to be highly specifie, 

brought about directly by competitive a.ntagonism of these agents on the smooth 

muscle receptors of the bronéhi. Recently, however, Idsh et al. (1966) re

examined and compared the specifici ty of histamine aerosol and intravenously 

injected hista.ini.ne shock techniques. They found tbat while the histamine 

aerosol technique was quite ~pecific, »revention of tntravenously injected 

histamine shock by a.ntihistamine could not be entirely explained by com

petitive inhibitiono They fUrther observed tbat the shock induced. by intra

venously imjected histamine led to the release of epinepbrin~ which poten

tiated the ·action of antihistamines. ~~s potentiating effect was evident 

when the action of the liberated. epinephrine was inhibited by a beta-adrener

gic blocker suoh as propranolol, since a much higher dose of a.ntihistamine 

was need.ed to antagonize the shock. 

Histamine exerts a profound effect on the capillaries. The injection of a 
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small amount of histamine .(1 - 10 ug) intracutaneously to man or ex:perimen

tal animals, brings about the following classical response (the triple ra

sponse) 1 i) vasodil'l.tation resulting in a prompt red.dening of the aru; 11) 

increased capillar.y permeability leading to edema or the formation of a 

wheal; and. iii) a bright crimson "tIare"' surrounding the wheal, which is pro

bably due to paripheral tsenBory nane involvement. This effect ca.n easil): be 

demonstratad by injecting a; dye (which binds to pla.sma-protein) intravenously 

into the experimen.tal animals just before the intradermal administration of 

histamine. Thus, when 0.1 - 1.0 ug histamine is injected intradermally, the 

permeabili ty of· th.e capillaries is increased, parmi tting the lea.kage of the 

plasma protein~bound dye into the extr&vascular space which causes the blue

ing of the affected area. This technique is used to evaluate the capacity of 

potentiel antihistamines to antagonize the vascu.l.ar effects of histamine. 

The effects of histamine on the capillar,y is less influenced by antihistamines 

than itseffects on the smooth muscles. Nevertheless, potent antihistamines 

such as phenergan and neo-antergan can d;minish or completely inbibit the 

triple response. 

~tion on the Elood Pressure 

Histamine, injected in sma.ll doses (1 - 5 ug), produces a. fa.ll in blood 

pressure in most species. If a large dose of histamine II - 10 mg) is admin

istered intravenously; the Ittriphasic"' response may be observed, where the 

initial hypotension is followed by an attempt to return to normotension which 

then ia followed by another drastic fall in blood pressure and this may in 

tur.n lead to an irreveraible ahock and death. 
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Most antihistamines have a relatively weak effect in ant8g0nizing the action 

of histamine on oirculation. Very sma1l doses (4 ug) of histamine abould be 

injected tnto the dog in order to have any appreciable reduction of the h1Po

tensive effect af'ter trea.tment of the animal with large doses of anti

histamines (Bosenthal and Minard, 1939). Even with potent antihistamines such 

as neo-antergan, onl7 partial inhibition of the ~otensive effects of small 

doses of histamine (10 - 50 ug) can be observed (Bovert and Walthert, 1944). 

Action on Gastric Secretion 

Popieski (1920) was first to demonatrate that histamine is apowerful atim-

. ulant of gastric secretion. In the 40 years that followed, it was established 

that histamine is a potent stimulator of gastric seoretion, although the 

exact mechanism of émstric secretion mediated through histamine is yet to be 

cla.rified (Code, 1965). The success of antihis.tamine in antagonizing the 

effects of histamine on the capi11aries and the smooth muscles prompted in

vestigators to explore the activity of these agents against histamine-induced 

gastric acid secretion. As early as 1941, Loewand Chickering (1941) re-

ported that compound 929F was not able to influence the histamine-induoed 

gastric acid hypersecretion. This report was confirmed by Ba11enbeck (1943) 

who tested compound 157lF in dogs with denervated Beidenbain gastric pouchese 

Today it·is we11 estab1ished that even the MoSt potent antihistamines are 

comp1etely ~~ctive against histamine-induced gastric acid bypersecretion 

(Douglas, 1965). 

The lack of activity of antihistamines against histamine-induced gastric acid 
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~rsecretion may indicate tbat the reoeptors for histamine in the effector 

ce11s of·the glandular tissues are different trom those present in smooth 

muscle structures and oaPlllaries (ASh and Sohild, 1966). 

Aintihistamines and Aller&'( 

It appears tbat antihistamines are JnCst effec'~ive in. the e:mdative types of 

allergy such as pollinosis and urticaria. In seasonal bay fever, antihistamines 

relieve the sneeziDg, rhinorrhea, and the i tobing of the eyes, nose and 

tbroat - except where the pollen counts are extremely high~ Although the 

reaults in perennia1 vasomotor rhinitis are less gratifying, about 50;' of 

the patients respond favourably to antihistamine therapy. 

In certain allergie dermatoses, especially in. acute urticaria, antihistamines 

have been of great value. To a lesser degree, they are a1so useful in chrome 

urticaria, angioedema, atopie and contact dermati tise In serum sickness, only 

the urticarial and edematous lesions respond to antihistamines. 

Altbougn antihistamines are ver.1 usefUl as therapeutic agents, nevertheless, 

they possess a number of undesirable side effecta wbich tend to lessen thsir 

therapeutic value. For examp1e, almost a11 antihistamines st therapeutie doses 

elicit undesirable side-effects, ~ch as sedation and reduced co-ordination. 

Furthermore, they are ineffective if other mediators are also re1eased and 

this ie exemplified by bronchial asthma, where antihistamines bave been 

dismal~ ineffectual. 

Thua, a1though the role of antihistamines as effective combatants a.ga.inst 
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allergy is far fram being ideal, they nevertheless offer some ver,y signifi

cant relief to patients suffering from certain allergie s.ymptoms. 

2. Histidine Decarboxylase lnhibitors 

The existence of an. enzyme (histidine decarbo:ç-lase) which is capable of con

verting histidine to histamine was first reported by Werle (1936). ks soon 

as it was established tha.t histamine is a. product of the decarbo:ç-lation of 

histidine, i~ was logically assumed that histamine formation would be pre

vented or diminished if the aotivit.y of histidine decarbo:ç-lase was inhibited. 

Schayer et a;l. (1954) observed that when cortisone ms given pall"enterally' 

into rats, it inhibited histamine formation in vivo by inhibiting the activ

it.y of histidine decarbo:ç-lase. Mthough Sch.aw'er (1956) demonatrated that 

prednisolone greatly reduced the histidine decarbo:ç-lase activity in the rat 

lung, Kahlson et al. (1963) showed tbat steroids in gen~ral, were relatively 

weak histidine decarbo~lase inhibi tors. More reoently', Skidmore and Whi te

house (1966) reported that a number of anti-inflammatory drags (salicylate, 

ibufenao and phenylbutazone) inhibited histamine formation by competing with 

pyridoxal phosphate for the co-enzyme binding site,whioh is be1ieved to be 

lysy1- ~-a.min.o group on the mammalian histidine decarbo~lase. This obser-

vation oonfirmed the earli~r report that pyridoxa1-5-phoephate was neces8ar,1 

for the activity of histidine decarbo:ç-lase (Gale, 1953). 

In the past six years, several new histidine decarbo~lase inhibitors were 

described (<<-methylhistidine by Robinson and Shepherd, 1961; 4-bromo-3-
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bydro~benzylo~e or NSD-1055 by Reid and Shepherd,1963; and the 

~ra.zine compounds by Clark, 1963). In man, Sams ( 1968) found tba.t 

NSD-I055 therap,r alleviated the s.y.mptoms of ehronic simple urticaria 

and urticaria pigmentosa. 

3. Bistaminase 

In 1929,.:Best: .<.~929) reportedthB.t. Bome. tissue extraets eontained a hist

a.m:I.noJ.itic ~t(s} "ea.lled hista.miila.se.· I~ was subsequently proven tba.t 
. . , 

hist.8JDinÂ:se:Î.san' enzyme which inactivates histamine (Kapeller-Adler,lU9). 

ROse ,et,~i~' (1946) observed tha.t the plasma. hist&minase level in pregnant 

womenwas niarkedly inoreased - eoinciding .. wi th a period of elinioal ra-

,JDis.sio:n'from allergie manifestations - and, furthermore, when astbmatie con

: ditions ,.persisted during pregnaney, the plasma hista.mina.se level was eon-

sistently lower tba.:n normal in pregnancy. These observations were confirmed 

by Janowitz and Grossman (1949), Kullander (1952), and Clark and ~e1 (195~), 

but they à,lso reported tba.t therewas no difference in the sensitivity of 

p~egnant,and non-pregnant women to injectèd histamine. These and other ob-
. . .' . 

servatione iedsome workers to·-believe tba.t the elevated plasma. histaminBse 

level during pregnancyactua11y was not associated with an increased inactiv

ation of histamine. On the other band, Lindberg and Torngvist (1960) ob

eerved a higher concentration of l4C_hietamine in the b100d of pregnant women 

who received the histaminase inhibitor, aminoguanidine. Furthermore, Lindberg, 

(1963) demonstrated tba.t· the intravenous infusion of 14C_histamine resulted 

in a lower blood concentration of l4C_histamine in pregnant Romen when co~ 

pared to non-pregnant women. 



-2;-

The possibility that histaminase might play an important role.inlln'~r

sensitivity reactionswas indicated whenIic>se and·~i~:I.":.(i9.52)· ~êported that 

duringa.nap~la.xisinrabbi ts, the b100d and tissuehis~~ .. ~BBignifi~ 
'" . . 

cantly reduced, dwhi1etheserwn histBminase was con~e~tly elmted. In' . 

1957 ,Angelakos and Loew(1957)reported that histandnese inhibitors poten

tiated the effects of histaminain rats and mice. The e1eva.tion of b100d 

histSminase during anap~lAxiSwas confirmed by Code et a10 (1961) llSing 

whi te rats and by Logan (1961)using guinea pigs. Farthermore, anaphyla.toxin 

. shook a.1soincreased the pla.sma.histsmi nase ~.~ve1 (Giertz et al., 1964). 

. . 

:t:nguinea pige, the 1iver appea.rs to be the chief source of histaminase 

(Dave and Secbdev, 1967) and in rats, Waton (1956) had shown that the intes-

tines were the riohest source of hista.mina.se. Recent findings indica.te tha.t 

histeminsse might be a genera1 term for severa1 enzymes which have the capa.

city to 1nactivate histamine. In 1964, Mondovi (1964) reported that the puri-

fied pig kidney diamine oxidase possessed histaminase activity. In the same 

year, B1ascbko and BufioDi (1964) identif"ied the pig plasma. histaminaee as 

benzylamine oxidase. 

As III8\Y be evident from the data presented, the ro1e of histaminase in 

~ersensitivity reactions remains to be clarified. 

c. Non-specifie Antagonists (G1ucocorticoids) 

It is we11 estab1iShed that symptoms of immediate hypersensitivity rea.ctions 

in man such as ha.y fever, atopic astbma., and serum sickness respond dra:ma.ti-
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callY to glucocorticoid therapy (:Bordley et al., 1949; Bandolph et al., 1950; 

and Rose, .1954). It is not surprising, therefore, tbat ~ studies were done 

on the possible effects of the glucocorticoids on the pharmacologioal actions 

of chemical mediators released by antigen-antibody reaction. 

A soundbasis for the possible involvement of the adrenal steroids in histamine 

dependent allergic responses was suggested by the observations tbat, i) adren

alecto~ leads to a considerable increase in tissue histamine (Rose and B.rowne, 

1941), ii) adrenalecto~ increases manifold the toxicity of histamine in rats 

and mice (Halpern, :Benacerraf and :Briot, 1952). Although, Oskov (1949) claim~d 

that ACTH protected guinea pigs from passive ans.phylaxis, Leger, Leith and Rose 

(1948), Feinberg and Malkiel (195~) and Halpern (1956) could not confirm 

Oskov's finding and concluded that ACTa was not effective in either active and 

passive anaphylaxie or in histamine shock. 

According to most investigators glucocorticoids do not exert ~ significant 

antagonizing effect on the actions of chemical mediatore in acute experiments. 

They can, however, influence both antibody and histamine biosynthesis in chronic 

experiments. It has been found that glucocorticoids can, i) depress anti-

bo~ formation (Germuth et al., 1951; :Bjorneboe et al., 1951), ii) deprees 

the formation of histamine from histidine (Halpern et al., 195~; Sc~er et 

al., 1955); and iii) deplete tissue histamine content in the guinea pigs 

(Kovacs, 1965; Hicks, 1965). It should be noted, however, that these results 
.. 

were obtained using ver,y high doses of steroids for several days. Thus, the 

dramatic therapeutic effect seen in man within 24 hours after the administra-

tion of glucocorticoids remaine an unresolved problem. In spite of ite initial 
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dramatio therapeutio effeot, there are several inherent disadvantages whioh 

make long term therapy with gluoooortiooids dangerous. 

do Antihistamine-like Aotivity of Mammalian Tissues and Urine Extraots 

It was first reported by 7!ovaos (1950) and Kavaos and KOvaos-Jühasz (1951) 

tbat guinea pigs treated with the extraots of rabbit leuoocyte suspensions 

were proteoted from the letbal effeot of a histamine aerosol. Furthermore, 

the degree of proteotion bore a direot relationship to the total number of 

eosinophils present in the suspensions. Extraots of eosinophil rioh human 

leucocytes also demonstrated similar results. These early reports on anti

histamine-like aotivity of leuoooyte suspensions were oonfirmed by Vercauteren 

and Peeters (1952) and Vercauteren (1953) who used extraota prepared from the 

granules of horse eosinophils. In 1960, Aroher (1960) reported that the 

water,y extraots prepared from horse eosinophi1 suspensions, which were re

latively free from other blood elements, inhibi~ed the histamine-induced local 

edema formation on horse skin and also counteraoted the effeots of 5-BT and 

bradykjnjn. Aooording to lreldberg and Kovacs (1960) the isolated ileum ob

tained from guinea. pigs pretrea ted wi th the extraots of the buffy coat layer 

wae found ta be 100 ~ 1000 timee lees sensitive te histamine tban that ob

tained from normal untreated animals. Furthermore, guines. pigs injected intra

peri toneally wi th the extraots from the btlffy coa. t le.yer were found to be pro

teoted from the lethal effeot of a histamine aerosol. 

The chemical structr1."e of the active princip1e(s) present in extracts of the 

eosinophils is not as yet known. Veroauteren (1953) suggested that the ob-
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served activit,y was in part attributable to the presence of a free arginine 

mole cule on the "histonlike protein"'. On the other band, a highly purified 

extract of bovine eosinophils indicated tbat the active principle(s) could 

be a steroid-like substance (XOvaos and KOvacs-JUhasz, 1955). 

The mechanism by which the affeots of histamine isant8gonized by the extraots 

of eosinophi1s bas not yet been eluoidated. It is now lmown tbat histamine 

is not inactivated when incubated with the aqueous extract of the eosinophi1s. 

However, histamine is inactivated when a sma.l1 amount of ~ogen peroxide 

is added to the eosinophi1 extract-histamine miXture (Archer, 1963). The fact 

tbat bydrogen·peroxide itself could, to some extent, inactivate histamine in 

the presence of heavy matal ions·, 1ed Archer (1963)to postula.te the involve-

. ment of a potent peroxidase enzyme wi thin the eosinophi1. An intriguing aspect 

. of the histamine-eosinophil interaotion is that on exposure to eosinophi1s, 

histamine itself is changed and thus eJ;m;nates the possibilit,y of competitive 

inhibition and promotes the possibility of enzymatic degradation. 

The presence of an a.n.tihistamine-like sUbetance(s) in the eosinophils in

dicated that the same or similar sUbstance(s) might a1so be present in other 

tissues. In 1951, ~ et al. (195i) reported that the extracts of different 

animal organe, such as the guinea. pig liver, lung and spleen, and human urine 

possessed antihistamine-like activit,y. Similarly, Francis and Melville (1958) 

demonstrated tbat the extracts of human and dog gingival tissues dimin;shed 

the histamine-induced contractions of the isolated gainea pig ileum prepara

tion. Work on the a.n.tihistamine-1ike activi ty of the human urine was extènded 

by Kovacs and Melville (1962) who found tbat the extracts, besides being in-
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hibi tory to histamine, also antagonized 5-HT. When the extracts were given 

either orally or intraperitoneally to gainea pigs, they 'were protected against 

the lethal effect of a 0.2 % histamine aeroso1. Furthermore, they showed that 

histamine or bradykin;n-induced capi11ar.y permeabi1ity was prevented or 

markedly reduced by the extract (Kovacs and Melville, 1963). In the meantime, 

Francis et al. (1962, 1963) and Kovacs et al. (1963) showed that the erlracts 

of human colon, gingiva, stomach, lUllg and breast a1so exhibited antihista:.min.e

like activit.y. In 1963, Pelletier (1963) prepared extracts from 14 different 

human organs and reported tbat all the extracts exerted antihistamine-like 

activity. Furthermore, he demonstrated tha.t the extractab1e antihistamine-like 

activi ty in the tumoroua part was significallltly higher tban in the non-tumo-

roua part of the same organ. This :rindi ng was con:firmed and extended by Stot

land (1966). She also reported that in the gainea pig, the concentration of 

the extractable antihistamine-like principle(s) was not associated with the 

tissue level of histamine or other amines. In 1966, Kovacs and Voith (1966) 

demonstrated that the partially purified extracts of human or horse urine, 

which exerted antihistamine-like activi ty, also antagonized the histamine-in-

duced. acid bn>ersecretion in the guinea pige Furthermore, the extracts, ad-

ministered either orally or intraperiiioneally into rats, prevented or strongly 

reduced the development of ulcer induced either by the 8hey or re8trajL~t 

(stress) Method. 

e. Antihistamine-like Activit:y of Plant Tumour Extracts 

1. Plant Tumours: Plant tumours or galls are bn>ertrophies of the plant 

tissues caused by insects, mi tes, bacteria., tung:i. and possibly other organisms. 
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Wasps, f'or example, are inst:r:umental in the production of' oak galls, while 

crown-galltuInour is induced by baoteria. The exaot mechanism by which the 

ga1ls are produced is Dot known. In the case of' the oak gal1s, the wasps 

deposi te their eggs on the branches and the f'luid or chemica1s in the eggs 

~ contribute to the f'ormation of' the galls which envelope the eggs. 

Another type of plant tumour is the orown-gall. Natura1ly occuring cromi

galls are frequently f'oundon the stem of' the tomaji'o plant, tobacco and sun-

f'lower. The tumeur is considered mal~gnant, since it produoes metastases and 
- ---P""'-

f'requently ki1ls the hosto In 1907 ,Smith and Townsend f'irst demoDstra. ted 

that crown.-ga1l tumour was induced by a bacterium, agrobaoterium tumef'aoiens. 

They produced the gâlls by puncture iDnoOUlatioD of' agrobaoterium tumef'aoiens 

on the paris daisy, tobacoo, tomato, root of' sugar beet and the root of' peach 

tre~. 

2. Antihistamine-like Aetivity in the Oak Gall Extract: The knowledge that 

severe bums lead to symptoms strikingly similar to those seen after the intr.a

venous injection of' histamine into gainea pigs led Barsoum and Gaddum (1936) 

to study the changes in blood histamine level in patients with extensive bums. 

They f'ound that a sharp rise of blood histamine coincided with the period 

when secondary shock was likely to develop. Rose and Browne (1940) conf'irmed 

this f'inding and Dekanski (1945) reported that a marked increase in the blood 

histamine of' mice was observed 10 minutes f'ollowing the induction of' ex-

tensive bums. 

Tannic acid was introduced by Davidson (1925) and had been successfully used 

f'or many years in the treatment of bums. Thus it seemed possible tha.t the 
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therapeutio effeot of tanriic aoid was in some way brought about b.1 the neut-

ralization of the released histamine or that this mechanism was,at least 

in part·responsible for its therapeutio effect. To test this ~othesis, the 

effeot of tannio scid was investigated against a lethal hista-mine aerosol in 

the guinea pige (Gyure and Kovaoe, 1949). It was demonstrated tbat the intra

peritoneal injeotion of 20 - 40 mg}kg body weight of oommeroial tannio aoid 

gave a definite proteotion against a lethal histamine aerosol when the injeoted 

guinea pig was teeted 1 - 2 heure later. On the strength of this expérimental 

observation, it was thought that a purer preparation of oommercial tannio aoid 

could oonfer a longer protective effeot. On further purification of the oommer-

cial tannio aoid, however, the antihietamine-like aotivit~ deoreased oorrespond-

ingly and no antihistamine-like aotivity was observed with the purified tannio 

acid preparation. It seemed possible, therefore, that the antihistaminio effeot 

of the commeroial tannio aoid, which in Hungary is prepared from oak galls, 

was most likely due to some impurit:!..as derived from the oak galle. In 1950, 

Kovaos and Szabadi (1950) reported tbat the simple eth&lolic extraot of oak 

galls oontained 10 times more of the aotive substanoe(s) than oomparable amount 

of commercial tannio aoid. In addition, guinea pigs trea ted wi th the extraot 

were proteoted from the lethal effeots of histamine for 18 - 20 hours. In the 

following year, i t was found. that galle from other plants, e.g., rosa, poplar 

and willow, also possessed antihistamine-like aotivity (Kavaos et al., 1951). 

In 1952, Kovacs et al. (1952) described a mathod by whioh tannin-irae extracts 

of oak galle could be obtained. Feldberg and Kovaos (1960) were able to oon

firm the antihistamine-like activity of the oak gall extraots by showing tbat 

the ethanolic extraots of the oak galls proteoted gainea pigs from the lethal 

~ffeot of the histamine aerosol and tbat the proteotion lasted 24 hours or 
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longer. They were also able to demonstrate that the antihistamine-like ac-

tivity did not r~sult from the tannic acid present in the extra.cts, because 

t8.nnic acid injected intraperi tonea1ly into ~ea pige did not protect the 

a.nimals, while the etbanolic extract of oak galls, t'rom which tannic acid had 

been removed by lead h1droxide precipitation Showed protection. 

In 1962, Broome et al. (1962) deseribed a method to obtain a tannin free and 

stable extraet of the oak ga.11s and further confirmed the antihistamine-like 

activity of the oak ga.11 extraet. These find;ngs were eonfirmed by Berr,y et al. 

(1962) who a1so reporled that the extract was able· to antagonize the broncho

constrictive effect of 5-HT in the guinea pige In 1966, Calam (1966) studied 

wo kinds of oak ga11':"extracts and confirmed the antihista.mi.ne-like activity 

in them. He a1so observed that severe toxic symptoms were mani.fested by the 

treated animaIs and thus eoneluded that the observed antihistamine-like activ-

ity was non-specifie. BoWever, it should be noted that the extracts CalBm used 

were of a very crud.e nature and tha t no attempt was made to remove the large 

quanti ty of tannie aoid present in these extracts. 

;. Antibistamine-1ike Activi ty in the Crown-Ga11 Extraotl It was first :re-

ported in 1952 tha.t the extraet of the crown-gall infected tomato plants,when 

injeeted intraperi toneally into gu:i.nea pigs, protected the animaIs from the 

1etha1 effects of a histamine aerosol (Kavacs et al., 1952). This f"inding was 

subsequently eonfirmed by Broome et al. (1962) who showed tbat a single in-

jection of the partia1ly purified extracts of crown-galls brought abo'~t a pro

tection whieh lasted for severa1 days or weekso In 1964, two groups of inves-

tiga.tors (Kovacs et al., 1964; Calam and Ca11ow, 1964) wo:rking independently 
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longer. They were altso able to demonstrate that the antihistamine-like ac

tivity did not result !rom the tannic aeid present in the extracts, because 

ta.mù.e a.cid injected intraperi toneally into ~ea pigs did not protect the 

animals, while the ethanolic ertra.ct of oak galls, from which tannic acid had 

been removed b.Y lead ~o~ide precipitation showed protection. 

In 1962, Broome et al. (1962) described a method to obtain a tannin free and 

stable extract of the oak galls and f'urther confirmed the antihistaJiline-like 

activity of the oak gall extract. These fjndings were confirmed by Eerry et al. 

(1962) who also reported that the extract was able· to antagonize the broneho

constrictive effect of 5-HT in the gaines pige In 1966, Ca1am (1966) studied 

two. kinds of oak gall.:.extracts and confirmed the antibistamine-like activity 

in them. He also observed that severe toxic symptoms were manifested by the 

trested animale and. thus concluded that the obeerved antihistamine-like activ

ity wae non-specifie. However, it should be noted tbat the extracts Calam used 

were of a. very crude natu:re and that no attempt was made to remove the large 

quanti ty of tannic acid present in. these extr&cts. 

3. Antibistamine-like Activitx in the Crown-Gall Extra.cta It was first re

ported in 1952 that the extract of the crown-gal1 infected tomato plants,when 

injected intraperi tones1ly into guinea pige, protected the animals from the 

letha1 effects of a histamine aeroso1 (Kovacs et al., 1952). This finding was 

subsequently confirmed by Broome et al. (1962) who showed that a single in

jection of the partiallY purified extracts of crown-gal1s brought about a pro

tection which lasted for eeveral ~s or weeks. In 1964, two groups of inves

tigators (Kovacs et al., 1964; Calam and Call0w, 1964) working independentlY 
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of each other, reported the isolation of a crystalline substance with anti-

bis'tamine-like activity from the crown-gall infected tomato stalks. Calam and 

. Callow (1964) identified their isola.ted crystalline substœlce as tmnatine, 

while Kavacs et al. (1964) reported tbat their crystalline substance possessed 

chemical ~?Ope-~iee cloee~ reeembling tomatinee 

4. Tomatinel The report of Gclttlieb (1943) that the expressed juice of the 

tomato plant retarded the growth of Fusarium o~sporam f. lycopersici, an or

ga:nism which cause~ the wilting of the tomato plant, drew considerable interest 

on the nature of the ~tive s~bstance. Irving et al. (1945, 1946) observed 

that the active principle, found in the extract of the tomato plant, was a 

potent fungistatic agent vith some ability to inhibit the growth of certain 

bacteria, e.g., stapbylococcus aureus, bacillus subtilis, etc. and they named 

this active princl1ple "tomatine". These findings were confirmed by Ma. and 

Fontaine (1948) who demonstrated tba.t the growth of candida albicans was strongly 

inhibited by the extracts of tomato plants. In the same year, Fontaine et al. 

(1948) and Kuhn and Low (1948), isolated tomatine from the tomato plant and 

found tba.t tomatine possessed potent fUngistatic and mild bacteriostatic pro-

perties. Some physical cbaracteristics of tomatine reported by Ma and Fontaine 

(1948) W9re as follows: i) Melting point 263 - 70 0.; 1i) Insoluble in aquous 

medium a.boye pH 10 and soluble a.t pH 4; 1ii) Minimal molecula.:i: weight was 1050. 

The bydrolysis of tomatine yielded two molecules of glucose, one mo1ecu1e of 

galactose, one mo1ecule of ~lose and the aglycone tomatidine (Kuhn et al., 

1950 and Ma. and Fontaine, 1950). The sterioda1 nature of the aglycone of toma

tine was reported by Sato et al., (1951) and Fontaine et al., (1951). In 196j, 



the ehemical ~thesis of tomatidine was accompli shed by Schreiber and Adam 

Very li ttle is lmown about the pha.rma.cological effects of tomatine. Some pre-

lirn;nary studies on its pharmacologie and toxic properties were carried out by 

Wilson et al. (1961) and their findj nge may be summarized as follows: Tomatine 

is not toxic orally, except in very high doses. No adverse reactions are seen 

in rats Bubjected to a 200 da.y continued feeding test. Tomatine ointments do 

not irritate or sensitize the skin of guinea pigs. HOwever, when applied topi-

cally onto the rabbit eyes, tissue damage was observed and it RS :1!aversed on 

the cessation of treatment. Tomatine adrninistered subcutaneously resulted in 

the formation of ab sees ses in rabbit. When given intravenously to rats anâ 

rabbits, it caused a sudden and short-lived ll1Potension with no cardiac effect 

and the rate and depth of respiration were significantly increased. In rats, 

the blood pressure effect wss largely eliminated or reversed by vagoto~. 

Hemolysis was observed both in vivo and in vitro. 

In 1964, Calam and Callow (1964) demonstrated that guinea pigs treated with 

tomatine isolated from the normal tomato plants, were protected from the lethal 

effects of histamine aeroso1. Bowever, when tomatine was tested in vitro it 

did not inhibit the histamine-induced contractions of the isolated guinea pig 

ileum. On the other band, Kovacs et al. (1964) found. tbat the commercial 

tomatine inhibited the histamine-induced (as well as bra.dykinin-, 5-HT-, and 

acety1cho1ine-induced) contractions of the isolated guinea pig ileum in a con

cent~ion as low as , x 10-6 gm/ml, but showed a re1ative1y weak protection 
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of the guinea pigs against the letba1 effeots of a histamine aerosol. Further-

more, they a1so reported that the orystalline substanoe isolated from the orown-

t.a11 infeoted tomato plant not only inhibited histamine in in vitro experiments, 
, 

but also proteoted the animals from the 1etha1 eff~ots of a histamine aeroso1. 

(Kovaos et al., 1964). 

The antihistamine-like property of tomatine as presented by the above data was 

somewbat oontradiotory, however, the situation was amended when a substanoe 

very simila.r to tomatine was isolated from the orown-gall infected tomato plants 

(Wa.kka.ry, 1968) and this active substance was ca11ed "gomatine". 

5. Gomatinel Earlier studies have shown that the extracts of plant tumours 

(Feldberg and Kovacs, 1960; Berry et al., 1962; Broome et al., 196~) exerted a 

long lasting protection against a subsequent histamine aeroso1. In 1964, 

Kovaoe et al. (1964) isolated a tomatine-like substance from the orown-ga.11 

infected tomato plants and they found tbat it exerted a definite antihistamine-

like adtivity both in vivo and in vitro while commeroial tomatine only abowed 

a very weak antihistamine-like effect. On the basie of these observations, 

Wakkary (1968) succeèded in isolating the active princip le from the orown-ga11 

infected toma.to plant and named the active principle "gomatine". The pre

liminary pharmacological studies done on the gomatine bli Wa.kka.ry (1968) ~ 

be summarized as fo1lows: 

i) Gl~ea pigs treated intraperitoneally with gomatine were pro-

tected from the lethal effects of histamine aerosol. 

ii) Contractions of the isolated guinea pig ileum induced by histamine, 
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bra.dyldnin, 5-BT, SRS-A and barium chloride were effectively in

hibited by gomatine. 

iii) In guinea pigs, anaphylactic shock brought about by antigen-anti

body reaction, was diminished or inhibi ted by gomatine at a dose 

level of 20 mg/kg body weight. 

Prel1mi nRry physical and.ohemical cbaracterizations of gomatine showed tbat 

it resembles tomatine ver,y.closely. At present, there are reasons to believe 

tbat the antihistamine-like activity of tomatine, isolated from the crown-ga.ll 

infected tomato plants, was at least in part attributable to the gomatine 

contamination of the tomatine preparation. 



PART II. GENERAL METHODS 

Seotion A. Preparation of Extraots from the BUngarian Oak Galle 

Reagents and Solvents 

AlI reagents and solvents were of analytioal reagent grade: .A.nhydrous methanol 

(American Chemioals), ohloroform (Amerioan Chemioals), absolute dietbylether 

(Malinokrodt), ~drOUB etbyl aoetate (Amerioan Chemioals), and nitrogen g8S 

(Ca,nadian Liquid Air Ltd.). 

Alppa.ra.tus 

A grinding mill (Quaoker City Mill) wae ueed to grind the galls to a fine pow-

der. A rotatory evaporator (Buohner Instruments) oonneoted to a Duo-Seal vaouum 

pump (Fisher Soientifio) tbrough a dry ioe trap, was employed for aIl drying 

prooedures. 

1 

a,AÔ Crude Extraot 

The Hunge,rian oak galle (Fig. 1) were obtained tbrough Agrimpex Hungarian 

Trading Cm., Budapest, Hungary, who oolleoted the galls in the autumn monthe. 

The galls were then paoked into wooden orates and shipped to MOntreal in re-

frigerated oompartments. On arrivaI, the galls were traneported to a oommer

oial oold storage, where they were kept in _4°C until used. 
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Hungarian oak galls identified as those of Andricus quercus-tozae were used. 

The galls which were blown due to the escape of the insects and those tbat 

were mouldy were discarded. The selected galls were ground to a fine powder 

in a grinding mille The powder was extracted with chloroform: methanol 

(2:1, v/v), at 10 ml/gm powder, in a stoppered round-bottom flask. The 

mixture, saturated with nitrogen gas, was stored for 16 hours andfiltered 

through a Buchner funnel using Whatman No. 3 filter paper. The clear filtrate 

was taken to dryness with a bath temperature of not higher than 400 0. The 

residue was extracti::ld three times with ethyl acetate (50 ml/100 gm oak gall 

powder) and filtered through a Buchner funnel using a Whatman No. 3 filter 

paper. The filtrate was thoroughly dried and washed twice with ether absolute 

(20 ml/100 gm oak gall powder). The ether insoluble residue was taken to dry-

ness. 
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Figure l 

Photograph of Hungarian oak galls (Andricus quercus-tozae). 



Section :B. Column Chroma.togra:ph.v 

a. Gel Filtration on Silica Gel G 

1. Material 

The resin consisted of medium size (max. 10 - 40 Pi silica gel G according 

to Stahl (E. Merckag, Darmstadt, Ge~). A... chromatographie column 

(Scientific Glass Blowi~ Regld, Montreal) of dimensions 4.0 x 60 cm with 

a ground glass socket joint at the top and a teflon stopcoDk at the bottom 

wes used throughout aIl the silice gel G filtration experiements. The filter 

of the column Was made up of glass wool (Corning Glass Works), sea sand 

(fiSher Scientific) and silicic acid of 200 - 320 mesh (Bio-Bad, Californie), 

respectively. The column was connected at the top to a l liter capacity se-

parator,y funnel which served as reservoir by means of a ground glass baIl 

joint. A saturated solution of ferric chloride was used to detect the presence 

of tannin. 

2. Procedure 

Silice gel G wes suspended in etbyl aeetate. The "fines lll were removed by 

suction and. the gel resuspended in the etbyl aeetate. This procedure wes re-

peated until the slurry beca.me relativelY free of fine particles. The slurr,r 

was poured into the chromatographie eolumn and allowed to be paeked under 

Ditrogen pressure (2.5 l/min.). The paeked chromatographie column was then 

allowed to equilibrate over tbree hours. After equilibration, the" eluent was 
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allowed to run out of the column until its surface coincided witb. that of 

the packed silica gel •. A saturated solution of the sample to be ohromato

gra.phed was prepared in the eluent and applied onto the. silica gel dropwise, 

without disturbing the surface of the gel and allowed to penetrate the gel 

under ni trogen pressure. The same volume of the eluent was similarly applied 

to wash-in the samplê and eluted. The column was filled wi th the eluent, 

connected to the reservoir and the chromatogram developed at thesame pressure 

as that employed for equilibration. The effluent was collected in a glass 

beaker. Small samples were taken at regular intervals for the detection of 

tannic acid by mixing the samples wi th the ferrio chloride solution. The 

presence of tannic aoid was indioated by the formation of blue colour complexj 

b. Sephadex LH-20 Column Chromatographv 

1. Ma. terial and Appara tus 

The resin consisted of Sephadex LH-20, of size 25 - 100 ~ (Pharmacia, MOntreai). 

Analytical grade ~ous met~l alcohol (American Chemica.ls )was employed 

without further purifica.tion. 

A chromatographie column of dimension Z.5 x 80 cm was provided with a coarse 

glass filter dise, a wa.ter jacket and a teflon stopcock, (Scientific Glass 

Blowing Regld). The column was connected to a 2 liter capacity separatory 

funnel by means of a ground glass ball joint. Al. Buchler refrigerated fraction 

colleotor (Buchler Instruments), placed directly under the column was employed 

to collect the effluent fractions whioh were monitored by a DU-speotrophoto-
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meter (Beokman). 

2. Prooedure 

Sephadex LH-20 was snspended in anhydrous methanol and allowed to swell for 

WO hours. The gel ms naa - fined"' as desoribed for .silioa gel G (Section B, 

a, 2?). The slurry ms poured. into the column and allowed to pack· in the 

column by gravi ty. The reservoir containing a.nbydrous methanol ms oonnected 

to the column and metbanol passed through the resin at a fixed rate (00.-

justed by the taflon stopcock) until two litera of the effluent were collected. 

The equilibration ms done at 40 0. After the equilibration of the resin, a 

sa.turated solutiol11 of the sample (prepared in metbanol) was applied dropwise 

without disturbing the surface. The sample volume (15ml) was allowed to 

diffuse into the gel by gravi ty and waahed-in three times using equal vol-

umea of methanol. The chromatogram was developed w:i.th ~oua metbanol and. 

effluent fractions of 10 ml volume were collected directly in the refriger

ated fraction collector at 400, monitored by the DU~spectrophotometric method 

(at 280 m,). 
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Section C. Mani toring of Co1umn Chromatographie Effluents 

a. Ninhydrtn Colorimetrie Method (Moore and Stein. 1954) 

1. Materials. 

Reagents and solvents were of analytical reagent grade and were used without 

further purification: nizlh3rdrin (Fisher Scientific), ~ous ~tin 

(Brickman and Co.), sodium acetate (Fisher Scientific) and methylcellosolve 

(Fisher Scientific). 

Sodium acetate buffer (414, pH 5.5) was prepared as followsl 2720 gm NaOAc.;H20 

were added to 2 liters distilled water and the mixture heated in a 100°C 

water bath until the salt was completely dissolved. The solution was cooled 

to room tempera. ture. 500 ml glacial a.cetic acid were added and the volume was 

made up to~'5 li ters wi th distilled water. The final adjustment of the buffer 
- . 

to pH 5.5 was accompli shed with sodium bwdroxide or acetic'acid. 
?: 

To prepare the ~ reagent, 20 gm ninb;yd.rin and. ; gm ~tin 

were dissolved in 750 ml methylcel1osolve (monomethylether of e~leneglycol). 

250 ml of pH 5.5 sodium acetate buffer were added and the resulting solution 

ViaS immediately transferred to a 1 liter amber glass reservoir. The reservoir, 

provided wi th means to parmi t the storage of the reagent under ni trogen, was, 

connected to an automatic pipet (Brewer). 
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2. Procedure 

AUiquots of 2% (by volume) of the effluent fractions were transferred to 

test tubes of the same size and optica1 transparency and 1 ml of ninhydrin 

solution was added to eaoh tube by means of the automatie pipet. The tubes 

were oapPed, briefly shaken by band and heated at 1000 0 for 30 minutes. The 

tubes were oooled to room temperature and to eaeh tube ns added 5 ml of a 

mirture of ethanol-water (111, v/v) using the automatic pipet. The tubes were 

then thoroughly shaken by a reciprocal shaker for 5 minutes and read in the 

80leman Jr. speotrophotometer at 470 mp. A blank was similarly prepared using 

the eluttng solvent in plaoe of the effluent fraotions. 

b. Anthrone Oolorimetrio Method 

The method of Morris (l94S) for qualitative oarbohydrate determination. was 

adapted for monitoring oolumn ohromatographie effluent. 

1. Ma.teria1s 

Jlnthrone (Fisher Scientifio) and sulphurie aoid (Malinokrodt) were of e....,~~ical 

reagent grade and were used without further purification. A 0.1% anthrone 

solution was prepared by dissolving 1 gm anthrone in 1 liter concentrated 

sulphurie acid. This solution was used within 24 hours after preparation. 

2. Procedure 

Aliquote of 2% (by volume) of the effluent fractions were transferred to test 
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tubes of the Bame Bize and opticaltransparency. 4 ml of the 0.1% anthrone 

Bolution were added into each tube. The tubes were Bhaken by band, allowed 

to stand for 30 minutes and raad in the Coleman Jr. speotrophotometer at 625 ~. 

A. blank \'mS similarly prepered ueing the eluting solvent in place of the 

effluent fractions. 

c. Coneentr.ated Sulphurie Acid Colorimetrie Method 

The method, described by Metz (1961) for spot detection of thin laJer ehromato-

grams, was adapted to monitor column chromatographie effluent. 

1. :Ma.terials 

Sulphuric aeid (:Ma.linckrodt) of analytical reagent grade was employed without 

fUrther purification. 

2. Procedure 

Aliquots of ~ (by volume) of the effluent fractions were transferred to test 

tubes of the same size and optical tranaparency. Into eech tube wae added 5 ml 

of concentrated su1phuric acid. The tubes were shaken by band and read in the 

Coleman Jr. apectrophotometer at 625 ~. A blank was similarly prepared using 

the eluting solvent in place of the effluent fractions., 

d. TrYptophan Reaction 

1. Materials 

Beagents and Solvents were of analytical reagent grade and were used without 
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further purifica.tionl Suphu:cic acid (lVfa.linckrodt) and Tryptophan (Fisher 

SCientific). 

The concentrated sulphuric acid was di1uted to 77% (by volume) with disti11ed 

water and this consti tuted reagent 1. Beagent 2 consisted of a. 1% aqueous 

solution of tryptophane 

2. Procedure 

Aliquots of 2% (by volume) of the effluent fractions were transferred to test 

tubes of the same size and optica1 transparency and 7.5 ml of reagent 1 were 

added to each tube by a buret (this procedure was carried out with the tubes 

containing the effluent fractions placed in a water bath at 10 - l5°è). Thent 

1 ml of reagent 2 was added to each tube, sbaken by band. and heated for 20 

minutes in a water bath at 1000C. The tubes were allowed to cool to room tem-

perature and were read in the Coleman Jr. spectrophotometer at 500 ~. A bl8nk 

was similarly prepared wi th the eluting solvent in place of the effluent 

fractions. 

e. Visible Speotrophotometric Method 

For analysis by the visible spectrophotometric method, the tube of the efflu

ent fractions containing the highest optical density was determined by visual 

estimation in the pigmented region of the effluent fractions. The optical 

densit.1 of this tube of effluent fractions at various wavelengths in the vis

ible region was read in the Coleman Jr. spectrophotometer. The eluting solvent 
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was used as blank. The wavelength (470 mp.) oorresponding to the maximum 

densi ty was determined !rom a gra.ph of optioal densi ty vs. wavelength. Faoh 

of the effluent tubes was read in the Coleman Jr. speot.rophotometer at this 

wavelength. 

f. DU - Spectrophotometrio Method 

To determine the wavelength to be used, the optical density of several tubes 

of effluent fractions were read at a number of wavelengths not greater th8n 

400 ID)l. The eluting solvent was used as the blank. The wavelength (280 DJl) 

corresponding to the ~mum optical density was determined from a gra.ph of 

optical densi ty vs. wavelength. Faoh of the effluent tubes was read in the 

DU-speotrophotometer at this wavelength. 
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Section D. Thin Layer ChromatogratiGy (TLC) 

a. Qpalitative TLC using Sheet Precoated with Si li ca Gel (Przybylowicz 

et al~. 1965) 

1. Materials and !PParatus 

Sheets precoated with silica gel (chromatogram) were purchased from Eastman 

Kodak Co., '.In. The apparatus for developing the chromatograms was obtained from 

Fisher Scientific, MOntreal and consisted of metallic racks, solvent troughs 

and sandwich type drielopillg chambers. 

~ous methanol (American Chemicals) was of analytiCal reagent grade, and 

was employed without :f'urtherpurification. Various mixtures of the reagent 

with water were used as developing solvents. 

2. Procedure 

k light pencil line was drawn parallel (about 2 cm) to the edge of a precoated 

sheet (20 x 20 cm). Pencil cross marks were made 2 cm from the edge and 2 cm 

apart. ~methanolic solution of the eample was applied on each ma~k by means 

of a micropipet (Lang-Levy) using a haïr dryer to evaporate the methanol. The 

area occupied by each sample was less than 5 mm in diameter. The sheet was 

placed in the developing cbamber which was then transferred 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 

developing chamber was then removed from the solvent trough, the chromatogram 

taken out and the solvant front ma~ked immediately. The chromatogram was dr1ed 
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st room tempersture. A 47% o-phosphoric scid was spra.yed onto the dry and 

deve10ped chromatogram and hea.ted for 10 minutes st 650 c. 
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Section E. Preparation of Tomatine and Gomatine from the 

Crown-Ga.l1 Infected Tomato Pla:t1ts ,(Wa.kka.ry, 1968) 

a. Prepara. tion of the Standard Crude Extract . 

1 kg of the orown-ga11 infected tomato stalks was out into sma.11 pieoee and 

riighed. The ,fragments were suspended in euffioient ohloroform-ethano1 (3:1, 

v/v) to facilita.te grinding in a Waring b1endor at top speed for 3 minutes. 

The mixture was tra.nsferred to an Er1enmeyer f1ask and the volume of the ex

tracting solvant wae made up ta 300 ml/100 gm tissue. The' pulp wae tho1!ougbJ.y 

mixed with the extraoting solvent, heatedina 700 C water bath for 5 minutes 

and fi1tered tbrough a Buohner funne1 with Whatman No. 3 Fi1ter paper. ~ 

c1eç fi1t~te was dried and taken up in distil1ed water (15 ml/laD gm tissue). 

The resulting mixture was transferred to a beaker and adjusted to pH 2 with 

12N HC1. The mixture was filtered and the fi1trate adjusted to pH 8. It wae 

then extracted three times by 15 ml/100 gm tissue of chloroform-ethanol (6:1, 

v/v) in a separatory tunnel. The organic layera were combined and dried. 

b. Isolation of Tomatine from the Standard Crude Extract 

The standard crude extract (700 mg) was dissolved in 10 ml anh;y'drous methanol 

and app1ied to a 4 x 100 cm sephadex LR-20 co1umn for column cbromatograpby. 

The 10 ml effluent fractions, col1ected directly into a LKB fraction col1ector, 

were monitored for tomatine by ninhydrin, antbrone, su1phuric aoid and visible 

spectrophotometry. The tubes indice.ting the presence of tomatine (fraction 1) 

were poo1ed and thorougbly dried. The dried residue was disso1ved in anhydrous 

methano1 (2 mg/ml) and an equa1 volume of cholesterol (2 mg/ml) was added. The 
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two solutions were tboroughly mixed and incubated for 15 minutes in room tem-

·perature. 20 ml distilled water was then added to the mixture and thoro~ 

mixed to ensure complete precipitation of the tomatinide (tomatine-cholesterol 

comp1ex). The precipitate obtained by cantrifuging at 2000 RP.M for 15 minutes, 

was taken to dryness. Excess cholesterol was removed by repeated washing of 

the precipitate with dieth.Ylether and the residue (tomatinide) was dried .. Thè 

dry tomatinide was diss01ved in pyridine (14 mg/ml) and ref1Uxed for one hour 

in a water bath maintained at 100°0 (Schulz and Sander, 1957) to cleave the 

tomatine-cholesterol complexe On coo1ing to room temperature, the free tomatine 

was precipitated out of the solution by adding diet~lether until precipitation 

ceased. The precipitate (tomatine), obtained by centrifuging at 2000 BP.M for 

15 minutes at room temperature, was wasbed thoroughly with dietbylether to re-

move all excess cholesterol. The tomatine was dried and dissolved in a minimum 

volume of bot Methanol (60°0) and filtered through a fluted filter paper 

(Whatma.n No. 2). The solution was kept at _15°0 overnight, centrifuged at 

2000 RPM for 15 minutes at _15°0 and the mother liquor decanted. The tomatine 

cr,ystalls were dried in a vacuum dessicator over ~ous Oa012• The process 

of recrystallization was repeated 5 times beiora the tomatine was used. The 

a.verage yield of tomatine trom 1 kg of tomato stalks was 74 mg. 

ë. Isolation of Gomatine tram the Sta.nd.a.rd Orude Extract 

700 mg of the standard crude extract were processed by the method described 

for tomatine. Tomatine was removed by cholesterol precipitation (Part II, 

Section E, b). The tomatine-free supernatan.t w&s thoroughly dried and washed 

repeatedly with diethylether to remove all excess cholesterol. The residue, 
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a white cr,ystalline-like substance - gomatine - was dried and weighed. 

Gomatine was used in this fom for all the biological studies. 



1 
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Section F. Methods for testing The Biological Activity of 

the Extracts 

Be In Vitro Method - The Isolated Guinee. Pig Ileum Preparation 

1. Pha.rma.cologic Agent 

Histamine d.ih1drochloride (Fisher Scientific) of high puri ty was used. Unless 

stated othervrise, the concentration of the histamine ~ochloride wascal

culated as base. 

2. Apparatus 

A constant temperature water bath (Palmer Co.) made of plexiglass with metal 

reinforcement of the following dimeusions 20 x 23 x 30 cm was employed for the 

in vitro testing. The water bath was provided with a thermostat, a heating 

element, an electric s'tirer, a thermometer, an organ bath and a coiled poly

e~lene tubing. 

The 20 ml organ. bath was supported by a glass outflow tube which led to a 

rubber drainage tube. The inlet tube to the organ bath was connected to the 

T,yrode reservoir by the coiled polyet~lene tube and a ground glass stopcock, 

which sened to regu.1.a.te the flow of the Tyrode solution. The o~gen inlet tube 

was suspended above the organ bath • .A. platinum hook fixed at the end of' the 

o:Q'gen inlet tube, provided a means for attach:i.ng the 1leal strip within the 

organ batho The other end of the ileum was f1xed to a hook which 1s attached 
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to a tbread. The tbread in turn was fixed to the writing lever, located 

directly above the organ bathe The magnifica tion of the wri ting lever was 

3:1. When the organ bath fluid was renewed (during washing), the lever ~ 

be held at the fulcrwn by a cable releaser. A kymograph (Palmer Co.) with 

variable speld ms used for recording. 

,. Preparation of the Tirode Solution 

10 liters of T.yrode solution were prepared by dissolving the following: 

10 grams BaRCO, 

80 grams NaCl, 

10 grams dextrose, 

7 ampules atro~ine sulphate 
(0.4 mg/ampule) 

20 ml of l~ CaC12 solution, 

5 ml of 4~ MgC12 solution, 

20 ml of lQ% KCl solution, 

10 ml of 5 % NœH2P0
4

• 

The atropine was incorporated into the Tyrode solution for all the in vitro 

assays. 

4. Preparation of Standard Histamine Solution 

~ 100 pg/ml stock solution of histamine was prepared by dissolving 16.6 mg 

histamine dib;ydrochloride in 100 ml distilled water. This solution remained 

stable for several months when kept in 4°C. The standard solution was prepared 

by diluting 1 ml of stock solution to 100 ml with Tyrode. Freshly prepared 

standard solution of histamine was used for each assay. 
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5. The Isolated Guinea Fig Ileum Preparation 

&guinea pig of either sex, fed with normal diet and weighing between 250-

300 gm was killed by a blow on the head. The abdomen ms immedia tely exposed 

and a piece of ileum, approx:i.ma. tely 20 cm long, near the caecum waa removed 

and transferred to a petri dish conta.ining 50 ml Tyrode. The inside and the 

outside of the ileum were thoroughly washed with Tyrode. The end of the ileal 

strip nearest· t.:> the caecum was :ma.rked by a ga.uge No. 21 needle. As this sec

tion is the most sensitive to histamine, a length of 5 - 6 cm of the ileal 

strip was cut out. Oare was taken to avoid handling of the ileal strip, and the 

cleaned section which ms not in use was kept immersed in T.yrode solution at 

room temperature and discarded after 6 hours. Bach end of the 5 - 6 cm ileal 

stnp was attached to a hook, in a manner tba t permi tted the lumen to remain 

oHen at both ends. The entire procedure was carried out with the ileal strip 

immersed in Tyrode. The ileal strip, properly fixed to the hooks, was trans-

ferred to the organ bath, the temperature of which ha.d previously been adjusted 

to 34.± 160. A mixture of 95% O2 and 5% 002 was bubbled through the o~gen in

let tube. The pressure of the mixture was regu.lated to approximately 2 bubblesl 

second and maintained at this rate tbroughout the experiment. The writing lever 

was balanced with plasticine. The load of tissue was approximately 350 mg. 

:p. Testing the Antihista.mine Activity of the Extracts 

Immediately after the preparation was set up, the sensitivity of the ileal 

strip was first tested as follows: The kymograph was switched on and 0005 ~ 

of the standard. histamine solution was added to the organ bath and left in 
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oontact with the i1ea1 strip for 20 seconds. During this time the contraction 

of the ileum was recorded. The :Qmograph was then swi tohed off and the organ 

bath drained of hists.m.ine and Tyrode, and refi11ed with fresh Tyrode. Thirty 

seconds before' the next administration of 0.05 pg standard histamine solution, 

the qmograph was awitohed on and remained "on" unti1 the 20 seconds contaot 

time of histamine with the ileum had elapsed. At this time the organ bath was 

emptied, washed and refi11ed with fresh Tyrode. The administration of the 0.05 

J18 standard histamine solution was repeated at 1east ten times at interva,ls 

of fuee minutes, until the ileum developed the ful1est response i t was cap

able of at this histamine dose 1evel. If the tenth administration of histamine 

oaused no oontraotion or only a very sma11 one, larger doses of histamine were 

given. This prooedure was repeated until the i1ea1 contraction reoorded on the 

smoked drum"was about 5 cm high. 

~ter the sensitivity of the ileum had been estab1ished, the antihistaminic 

aotivity of the extraot was tested as follows: First the solvent emp10yed to 

prepare the extraot solution and then the extraot in different doses were added 

to the organ bath immediate~ after the replaoement of the histamine oontaining 

Tyrode with fresh Tyrode. The extraot remained in oontact with the ileum for 

2 minutes, after which, addition of the 

peated at 3 minutes interva1s until the contractions were baok to normal. 

b. In Vivo Methods 

Guinea Pigs 

Normal a1bino or multicoloured guinea pigs of the short hair variety (supplied 
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by Qu,ebec Breeding Fa.rm and Robidoux) of ei ther sex, weighing between 250 -

300 gm were used throllghout the experiments. The animals, received a few d,qs 
1 

before the experiments, were kept on normal pellet diet (guinea pig chow) with 

free access to water until used. 

1. Histamine Aerosol 

The wooden test cbamber measured 30 x 30 x 60 cm and was provided wi th a slid

ing door on top and twa glass walls (front and back) to permit observation of 

the animaIs during the test. One of the two holes on the cbamber was used for 

ventilation while the other was used as inlet of the aerosol into the chamber. 

The histamine d~ochloride solution (0.15% histamine base) was nebulized 

with the Jouan histamine aerosol apparatus which bad a capacity of 20 ml/br. 
The aerosol particles produced varied from l - 3 microns. 

A.. freshly prepared 0.15% histamine solution was poured into the nebulizer. The 

test chamber was then saturated with histamine aerosol prior to placing the 

animals into the cbamber in order to obtain uniform testing conditions. A treated 

and a control guinea pig were placed into the test chamber and the time was 

immediately noted by means of a stop-clock. The test was scored on the basis 

of four distinct stages of ~sical s,ymptoms, which marked the development 

of progressive respirator.y deterioration and these are the following: 

i) Coughing, dyspnea and gaspingf 

ii) S~, falling and convulsive struggling; 

iii) ~ on the floor of the cbamber; 

iV) Cessation of respira~ion - death. 
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The time course of each of these stages was recorded and stage 4 was taken 

as the end point of the test. The ma.x:i.mum expoaure time of the guinea pigs to 

the histamine aeroso1 was set arbitrarilY at 20 minutes. 

2. Anaphylactic Shock 

The guinea pigs were sensitized with 10 mg/kg crystal1ine egg a1bumin 

(Pentex Inc.). The freShly prepared sensitizing antigen in a concentration 

of 10 mg/ml, was Mm;n; stered intraperi toneallY twice on two subsequent days. 

Three weeks after the second sensitizing injection, the guinea pigs were 

injected intraperitoneallYwith the extracts and the control animals received 

the'corresponding volume of the vehicle. :3 to 5 hours later (depending on the 

extracts ueed), both the_treated and the control guinea pige were given the 

cha.llenging dose of antigen intracardiacally. The time of cballenging was re

corded and the guinea pige were observed for the appearance of the following 

anaphylactic symptomsl 

i) Chewing. 

ii) Scratching of nose. 

iii) Dypsnea and gasping. 

iV) Swaying, falling and convulsive str~gling. 

v) liflng. 

vi) Cessation of respiration - death. 

As in' the histamine aerosol test, the end point of the eXl?eriment was taken 

at 30 minutes following the antigenic challenge. 
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3. Capillar;r Permeability 

The abdominal area of the gaines pige were care:f'ully' shaved ri th an Oster 
,"-4 

electric clipper 24 hours prior to the experiment. The anjmals designated 

as "treated"! were given the extracts intraperitoneally' and the controls were 

given the corresponding amount of the vehicle. 3 to 5 hours later, 30 mg/kg 

pontamine sq blue in saline was injeoted intraoardiaoa.lly' wi th a 23 gauge 

hypodermio needle whioh was immediately followed by adrnjnjstering 0.01 ml and 

0.05 ml saline solution of histamine or bradykinin intradermally on the sha.ved 

a.bdominal ares. Thirty minutes later, the aydmals were saorifioed by s. blow 

on the head. The skin of the sba.ved ares. was oarefully removed, the soft 

tissues of the inner side cleaned and the ares. of blueing for both the tres.ted 

and the control anj mals were measured. The area of blueing was measured by 

the product of the two large st diameters of the affected area. 

4. Passive Cutaneous Anaphylaxis (PCA) 

The back of the albino gainea pig was shaved with the Oster electric clipper 

24 hours before the experiment. The antibody, anti-BSA, was injected intrader-

mally on the shaved area of the back in several dilutions. A. four hour inter-

val permitted the antibody to fix itself to the tissues. One group of these 

guinea pigs was treated with the extracts intraperitoneally l hour before 

(for the oak gall extract) and l hour after (for tomatine and gomatine) the 

intradermal injection of the antibody. The control group was similarly treated 

with the vehicle. 4 hours after the intradermal injection of the antibody, 

these animaIs were challenged by injecting the antigen (2' mg/kg HSA) intra-
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cardiacally together with ;0 mg/kg pontamine slq blue, a.nd the time was 
. ~ 

noteâ.. Fifteen minutes later, the animal was saorificed and the skin was 

prepared according to the method described in the capillar,f permeabi1it,y 

test .. 

5. Statistica1 .Ana~y8i, of Data 

l!eans and sta.Dd.ari errcrs were caloula1;ed by sta.nda:rd prooedures. The signif'i

canee of differences between means was estimated by Student's t test (Boel, 

1960). 

Sinee the maxi mum time of exposure liaS arbi trarily limi ted to 20 minutes in 

the histamine aeroso1 experiments, in instances where the anjma.ls survived 

longer than 20 minutes, for the statistical a.na.lysis of the da.ta, their 

survivaJ. time was taken as 20 minutes. 
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PART III~ RESULTS 

Seotion A. The Sensitivity of Normal Guinea Pigs to the 

Histamine .Aerosol 

To looate the aotive prinoiple(s) in the different fraotions, the histamine 

aeroso1 teohnique was routinelY used beoause of the la.ok of a re~iable chemioal 

method. ConsequentlY, the results .of the purifioation study will be presented 

in terms of the histamirie aerosol results. 

It bas been shown by several authors using the oessation of respiration as the 

end point of the experiment that when exposed to a letha.1 histamine aerosol, 

80 - 90% of the normal guinea pigs died between 2 - 10 minutes (Broome et al., 

1962; Ca1am and Callow, 1964; Wakkar,y, 1968). The reliability of this method -

i.e. using the death time of the animal as the end point of the experiment -

was further oonfirmed in the oourse of the present study in whioh 815 normal 

guinea pigs were exposed to 0.15% histamine aerosol. Fig. 2 shows the individual 

variations in survival time. The ordinate gives the number of animals and the 

absoissa gives the time in minutes. Eaoh reotangle represents one guinea pige 

~f respiration oeased between the first and the seoond minute, the position of 

the reotangle is between 1 and 2, if between the second and the third minute, 

it is between 2 and ;, and so ono If the animal survived the 20 minutes period 

of exposure, the position of the reotangle is after 20. 

The peroentage of the total number of animals whioh survived for various length 

of time was ca.lculated from Fig. 2, and the results so obtained are shown in 

Table l. Respiration ceased during the first 5 minutes for 20.6%; during the 
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firet 10 minutes for 74.5~; and during the firet 15 minutes for 90.8%. Only 

3.~ survived the 20 minutes period of exposure. Theee results are in close 

agreement with those of Broome et al. (1962), Calam and Ca110w (1964) and 

Wa.kka.ry (1968). 
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Variations in" sensitivity of 815 control gainea pige exposed ,to 0.15% 

histamine aerosol. The abscissa gives the time in minutes from the beginnirJg 

of the aerosol. The position of the columu·indica.tes the ,time at which the 

respiration of the animal_ceas~d. The ordinate gives the number of guinea ~igs. 
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TABLE l 

Number (%) of Normal Guinea Pigs Expiring After Exposure to 0.15% Histamine 

Aerosol for Various Times 

Time of Respiration Cessation Number ~) of guinea pigs 

, 

(minutes) (number) (%) 

0-5 168 20.6 

5 - 10 441 54.1 

10 - 15 131 16.1 

15- 20 49 6.0 

20 26 3.2' 

Percentage of Guinea Pigs in which respiration ceased between 0 - 5 minutes, 

between 5 - 10 minutes, between 10 - 15 minutes, between 15 - 20 minutes and 

those that survived the 20 minutes period of exposure to 0.15% histamine aero801. 
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Section B. Purification of the .tmtihistamine-like 

Principle(s) from the HUngarian Oak Galls 

The initial step in the extraction procedure, with slight modifications, was 

essentially the same as tbat described by Broome et al. (1962). In the ea.rly 

stage of the purification studies, the activi ty of the extra.ct was calcula.ted 

and expressed on the basis of the original weight of the oak gall powder. This 

method of expressing the activity had been fre~uently used by other investig

ators (Elller and Gaddum, 1931) &lld appeared to be most sui table in this stage 

of the investigation, because the extractable dry weight was highly variable 

from batch to batch, in spite of identical experimental conditions. 

a. Chloroform:methanol Extraction of the Hungarian Oak Galls 

;00 gIn of freshly ground oak gall powder was thoroughly mixed with ; 1. chloro

form:metha.nol (2:1, v/v). The mixture was kept in room temperature for 16 

hours and filtered. The clear filtrate was dried (the dry weight of different 

batches ranged from 500 - 2.500 mg/100 gIn oak gall porier. An aliq.uot of the 

dr.r residue was taken up in isopropyl ~istate and injected intraperitoneallY 

iTlto guinea pigs (each animal received an equivalent of 10 gm oak gall powder 

or an average of 184 mg extra.ct per animal). Control animaIs were similarly 

injected with the same amount of fhe vehicle. Each treated animal together 

with its control was exposed to 0.15% histamine aerosol 5 hours after the in

jection. The results of 15 experiments obtained with 8 different batches of 

the ch1oroform:methano1 extracts are shovm in Figo 3. In 14 of the 15 expe

riments, the treated animals survived longer than the contro1s. The mean sur-
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Figure 3 

, "~ 

Protection produced. byintraperi toneal in;j~ction of the chloroforDlsmethanol 

extract prepa.J:.ed from the I:tungarian oakgalls in guinea pigs exposed to 0.1.5% 
.~ 

histamine ~erosol. In this and the following figures, the abscisBa gives, in 

minutes, the diffe~ences in survival time betwei~ the injected animals and 

their controls. The difference 18 given as positive, if the treated a.II:ilna.l sur

vived longer tha.n the control animal; as negative, if the control animal sur-
. . 

.r 

, ~ 

vived longer than. the ·trea.ted anjmal; and as .0, if the differencè we.s 30 se.coMa::: 

or less, or, if 1?oth s.n1ma.ls survived the 20 minutes exposure time. Eà.ch-sQuare 

representà l guinea. pig and the numbers in the squa.resîndicate the survival 

time (to thenearest minute). 
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vival time of the controls was 6.9 minutes while that of the treated was 

11.7 minutes. Statistical analysis showedthat the mean survival time of the 

treated animals' was significantly longer than that of the corresponding con

trols (p < 0.05). 

b. The Etltvl Acetate Soluble Fraction of the Ohloroform:Methanol Extract 

According to Broome et al. (1962), the antihistamine-like principle(s) could 

be re-extracted from the chloroform:methanol (2:1, v/v) dry residue with chloro

form., The results of 25 experiments obtained in this laboratory did not in

dicate that chloroform was efficacious in extracting the active principle(s) 

from the chloroform:metbanol residue. A number of other solvents were tried 

for the re-extraction of the aotive principle(s) from the chloroform:methanol 

(2:1, v/v) residue and eventuS.lly, etbyl acetate was found to be the most 

efficacious solvent. Accordingly, a method had been routinely adapted by which 

the dry chloroform:methanol residue was extracted three timeei with etbyl acetate 

(50 ml/100 gIn oak gall powder) and the filtrate was taken to dryness. The dry 

weight of the different batches of oak gall extract averaged 600 mg/100 gm 

of oak gall powder. 

An aliquot of the ethyl acetate soluble residue was taken up in isopropyl 

~istate and injeoted intraperitàneally into guinea pigs (each animal reoeived 

an equivalent of 10 gm oak gall powder or an average of 60 mg extraot per guinea 

pig). The oontrol animals were similarly injeoted with the sarne arnount of the 

vebicle. Eaoh trea ted an; ma 1 together wi th i ts oontrol was exposed to 0.15% 

histamine aeroeol 5 hours after injeotion. 
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The results of 16 experiments obtained with 8 batches of the ethyl eceta.te 

soluble fraotion are shown in Fig. 4. In 15 of the 16 experiments, the treated 

animals survived lènger than the controls and 5 of the treated guinea. pigs 

survived the 20 minutes period of: exposure. The mean survival time of the oon

trol guinea pigs was 7.7 minutes while that of the treated animaIs was 13.4 

minutes. Statistioal analYsis showed tbat the mean survival time of the treated 

animals was signifioantly greater than that of the oontrol animaIs, when both 

groups of animals were exposed to a lethal dose of histamine aerosol (p -< 0.02). 

o. Chlorophyll Removal from the Eth.yl Acetate Extraot 

Chloro~ll, wbioh consti~tes a substantial portion of the total dr.1 weight 

of the etbyl aoetate soluble fraotion, was removed by washing the residue 

(600 mg/lOO gm oak gall powder) twice with ether absolute (20 ml/lOO gm oak 

gall powder) in room temperatu:t'e. The dr.1 weight of the different batohes av

eraged at 480 mg/lOO gIn oak gall powder. An aliquot of the dried ether insol

uble residue was taken up in isopropyl ~istate and. injected intraperitoneally 

into guinea pigs (each animal reoei ved an equi valent of 10 gm oak gall powder 

or an average of 48 mg per animal). The controls were simila.rly injected ri th 

the same amOlmt of the vebicle. Each treated animal together with its control 

was exposed to 0015% histamine a~rosol 5 hours following the injection. 

The results of 20 experiments obtained with 10 batohes of the chlorophyll-free 

ethyl acetate extract are shown in Fig. 5. In 17 of the 20 experiments, the 

treated animais survived longe~ than the controls and 7 of the treated guinea 

pigs survived the 20 minutes period of exposure. The mean survival time of the 



. :. 

--.' . '. . ... ~ '.:' . . 

1 . 
1 ; 

\, 

)-20 

1 
1 
1 

, ! 

-1' • -10 -5 

;~ . 

'~",-66- ' 
.,,) .... 

.. ' -

l ~ ~IIID 1ii11
1
4
5 

la 'Ôlij 91 I!!!I 1!41 
,0 +5 

MINUTES 

• 
+10 

. ' 

+15 

------'--'--

1 
+20)20 

1 
,1 

1 

1 

j 
i 

._._~ __ •. _ .. _. __ •. _ .. __ . ____ .. _______ ......, ____ ._ .. _. ____ .. ____ . __ ._J 

., 

. .1 ;~. 

-f 

....... 

. 
·1 
1 

\ 
i 

Figare 4 -._--- ~.':-"..-, 

Protection prodüced by intraperitoneal injection of the extract preparedfrom 

the Hungarian oak galls by ~e-extracting the chlorof~rm:metbanol (2:1, v/v) 

residue with anhidrousetbyl acetate in guinea pige exposed, toO.15% histamine 

aeroBole Details of this figure are the swne as for figure 2. 
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Protection produced in guinea pigs exposed to 0.15% histamine aerosol by 

intraperitoneal injection ofextract prepared from the HUngariwn oak galls 

af'ter most of the chloropbyll in the ~ous etby-l acetate residue was re- . 

m.oved by ether absolute. Deta.ils 'of this' figure att"e the same as for figure 2. 
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controls was 9.2 minutes while that of the treated animaIs was 14.1 minutes. 

Statistioal analysis showed that the mean survival time of the treated animaIs 

was significantly greater tban that of the controls (p < 0.05)~ 

d. Tà.n.nin-free Crude Extract 

The chlorop~ll-free et~l acetate extract (averaged at 480 mg/loa gm oak gall 

powder) was dissolved in 60 ml et~l acetate and applied onto a silica gel G 

column (4 x 30 cm). The column was eluted with ethyl a.cetate with a flow 

rate of 10 ml/min. A single fraction was collected until the appearance of 

traces of tannin (determined by Feel; reaction) and the tannin-free effluent. 

(about 800 ml.) was thoroughly dried. The yield of 8 d.ifferent batches of the 

tannin-free orude extract is listed in Table II. 

An aliquot of the dried tannin-free extract '\'laS dissolved in isopropyl 

~state in a concentration of 40 mg/ml and injected intraperitoneally into 

guinea pigs at a dose of 80 mg/kg of boç! weight. The oontrol animals were 

similarly injected with the same amount of the vehicle. Each treated guinea 

pig together with its oontrol waS exposed to 0.15% histamine aerosol 5 hours 

siter the injection. 

The resul ts of 21 experiments obtained wi th 10 batches of the tannin-free ex-

tracts are shown in Fig. 6. In 16 of the 21 experiments, the treated animaIs 

survive! longer than the controls and 1 of the treated guinea pigs survived 

the 20 minutes period of exposure. The mean survival time of the treated an

imaIs '\'laS 12.4 minutes while that of the controls was 1.6 minutes. Statistical 
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TABLE II. 

Yield of the Tanni n-free Crllde Extract 

Amount of Oak: Gall Powder Yields of the Tannin-free Crude 

(in grams) Ex:tract (Crude X-4) in fi (w/w) 

300 0.042 = 126 mg 

300 0.065 = 195 mg 

300 0.053 = 159 mg 

200 0.052 = 104 mg 

200 0.042 = 84 mg 

150 0.036 = 54 mg 

150 0.086 = 129 mg 

150 0.054 = 81 mg 

+ Mean ... 0.053 + - 0.005 53 mg/100 gIn 
oak gall powder 

Table II compares the yields of the tannin-free crude extracts prepared from 

8 batches of BUngarian oak galls. These yields were representative of all the 

tannin-free crude extracts prepared in theee etudies. The range was 0.036 -

0.086 % {w/w)o 
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analysis showed that the mea.n survivel time of the treated animaIs was signif

icantly longer than that of the oontrol anjmals (p ( 0.01). 

e. Methanol Soluble Extraot of the Tannin-free Crude Residue 

The tannin-free residue (about 160 mg) was extraoted 3 times with 40 ml of 

methanol. The olear filtra te of the metbanol soluble f:ra.ction was taken to 

dryness and the methanol insoluble residue was discarded. An aliqout of the 

dried methanol soluble fraction (amout 110 mg) was taken up in isopropyl 

~state in a concentration of 30 mg/ml and injected intraperitoneally into 

guinea pigs in a dose of 50 mg/kg of body weight~ The control anjmals were 

similarly injeoted with an equal amount of the vehicle. Eaeh treated guinea 

pig together with its oontrol was exposed to O.l~ histamine aerosol 5 hours 

following the injection. 

The results of 20 experiments obtained with 10 different batches of the methanol 

soluble fraction are shown in Fig. 7. In 17 of the 20 experiments, the treated 

animaIs survived longer tban the controls and 12 of the treated guinea pigs 

survived the 20 minutes period of exposure. The mean survival time of the 

treated animaIs was 16.4 minutes while that of the oontrols was 10.5 minutes. 

Statistical a.nalysis showed that the mean survivel time of the treated animaIs 

was significantly longer tban that of the oontrol animaIs (p < 0.001). 

f. Sepbadex LH-20 Column Chromatography of the Methanolic Extraot 

The methanol soluble extract (110 mg) was dissolved in 5 ml methanol and applied 
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Protection produèedin' guinea pigs exposed to' O.l~ histamine aerosol by -'. 

intraperitoneal injection of· the extract prepared from the ~ oak galls 

by re-extracting the tannin-free residue withanhydroUs me~ol. Details of 

this figure are the satne as for figure 2. 
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onto a Sephadex LH-20 water jacketted column (2.5 x 80.0 cm). The column was 

eluted with methanol at a flowrate of 2 ml/min. The efflu~t fractions were 

collected in 10 ml aliquots and analysed by the Coleman Jr. Spectrophotometer 

(470 ~) and the DU-Spectrophotometer (280 ~). Representative spectrophoto

metric results obtained are seen in Fig. 8, which shows that two peaks were 

obtained with the Coleman Jr. Spectrophotometric method (470 ~) and five peaks 

were obtained with the DU-Spectrophotometric method (280 ~). The effluent 

fractions were also investigated by the ninhydrin, anthrone, concentrated 

sulphuric acid,and the tr,yptophan methods. The results obtained weret however, 

not eaeily reproduceable. Thue the effluent fractions of the Sephadex LH-20 

column were pooled into 6 fractions according to the DU-spectrophotometric 

peaks and each fraction was thoroughly dried. 

An aliquot of the dried fractions wae diesolved in isopropyl myristate in a 

concentration of 10 mg/ml and the solutions were injected intraperitoneally 

into guinea pigs in a dose of 10 - 20 mg/kg of body weight. The control animaIs 

were similar~ injeoted with the same amount of the vehicle. Each treated 

animal together with its control wae .exposed to 0.15% histamine aerosol 5 houre 

after the injection. Of aIl the fractions teeted, o~ Fraction l and Fraction 

VI ehowed antihietamine-like activi~. The yields of Fraction l and Fraction 

VI are shown in Table III. 

The reeults of 13 experiments in which the guinea pigs were treated with Frao-

tion l are shawn in Fig. 9A. In 10 of the 13 experiments, the treated animaIs 

survived longer than the controle; and 7 of the treated guinea pige survived 

the 20 minutes period of exposure. The mean survival time of the control animale 
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Gel Filtration of the methanol soluble extract of the lhulgarian oak; ga.]~ on .. , __ <_._, 

sephadex LH-20 column,(2.5 x 80.0 cm). The column was eluted withme~~ol at 

aflow :t"S.te of 120 ml/hr. The effluent was collected in 10 ml a.liQ..Uots. Eff-

luent tubes were pooled into 6 fra.~tions (I-VI) according t,o the opticalden-

sities obtained with the visible and UV spe~trophotometri~analysis. For de

tails, see text. 
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TüLE III 

Yie1ds of Fraction l and Fraction VI 

Amount of Oak Gall :foder 

(in grams) Fraction l (%) Fraction VII (%) 

300 0.0030 0.0060 

300 0.0041 0.0081 

300 0.0024 0.0100 

600 0.0030 0.0060 

600 0.0026 0.0059 

900 0.0025 0.0049 

Mean ! 0.0029 ± 0.0003 0.0068 ! 0.0007 

_1 . 

Table III compares the yie1da of Fraction l and Fraction VI prepared trom 6 

batehes of Hungarian oak Galla. Theee yielde were repreeentative of all the 

Fraction l and fraction VI ~pared in thia etudiee. 
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was 11.9 minutes, while tbat of the treated animals was 17.0 minutes. Statisti

cal analysis showed tbat the mean survival time of the treated animals was 

significantly longer than that of the controls (p < 0.05). 

The resul ts of 15 experiments in which guinea pigs were trea ted wi th Fraction 

VI are s!.l.Own in Fig. 9:8. In all of the 15 experiments, the treated animals sur

vived longer than the controls and 7 of the treated gainea pigs survived the 

20 minutes period of exposure. The mean surviv~l time of the control animaIs 

ns 8.8 minutes, while that of the treated ani~ls .as 16.0 minutes. Statisti

cal analyais showed that the mean survival time of the treated animals ns 

aigniticantly longer tban that of the controls (p < 0.001). 

g) In Vitro Asœ:y "'" The :DSola ted Guinea Pig Ileum Preparation 

The antihistamine-like activi ty of the Hungarian oak gall extracts (the tannin

free extract and Fraction l and Fraction VI of the Sephadex LH-20 column) were 

tested for in vitro activity using the isolated guinea pig ileum preparation. 

The purified oak gall extracts were taken up in ethanol (6~) at a concentration 

of 1.6 mg/ml aDd the bath concentrations ranged from 2 ug/ml to 100 ug/ml. 

Controls were obt&ined by administering the corresponding volume of the vebicle 

into the organ bath. 

The results obtained from both the tannin-iree extract and Fraction l and 

Fraction VI of the sephadex LH-20 column showed that the purified oak gall ex

tracts could not inhibit the bistamine-induced contractions of the isolated 

guinea pig ileum preparation. The resul te of a typical in vitro asBS\Y of the 
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peritoneal.inj"ection of the two active fractions (I and VI) of the sephadex 

LR-20 column chromatog'rapq of th~ crwle extra.cts prepared from the l!un8mriaD 

oak galle. Details of thisfigure are the ~ &8 for fi~e 2., and for 

f'urther detaile of the fig'!1re, osee texte 
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purified oa.k gall extracts are seen in Fig. 10. It cau be seen tbat the firet 

dose of histamine following the administration ot the sample was inhibited. 

Bowever, since the controls gave similar results, the observed inhibition can 

be attributed to the solvent. 

h) Thin Layer Obromatogr&~ (TLO) of the Tannin-free Extract and the Active 

Fractions of the Sephadex L1I-20 Column Effluent. 

AJ.iquots of 100)l8 of the tamd.J'I-free extract, Fraction l 8.13d Fraction VI 

were spotted on sheets precoated with silica gel and the cbromatograms were 

developed in the water:methanol (2 3/4:1, v/v) solvent mixture. 

Fig. lU shows the TLC results of the taJ'lnin-free enract. !he chroJM.togram 

was stained by o-phosphoric aeid (47%) and heated in. 650 0 for 5 minutes. 10 -

14 components were regula.rly obtained with this extract. 

Fig. lU shows the TLC resul ts of Fraction l of the sephadex LH-20 column. The 

chromatogram was stained in o-phosphorie acid (47%) and heated in 650C for 5 

minutes. Only one compound whioh remajne at the base was seen. 

Fig. llC shows the TLC results of Fraction VI of the sephadex LH-20 column. 

The chromatogram,which was stained in o-phosphoric acid (47%) and heated in 

65°C for 5 minutes, showed at least four components. 
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Figure 10 

Responses of the guinea pig ileum preparation to histamine (black dots) before 

and after the addition of (A) Fraction l (5 x 10-5 gm/ml, and 1 x 10-4 gm/ml) 

and (B) Fraction VI (5 x 10-5 gm/ml, and 1 x 10-4 gm/ml) of the sephadex 

LH-20 column. Intervals of , minutes elapsed between each admini~tration of 

histamine. In each instance, the drum was temporarily stopped after waShing 

out the organ bath and restarted ,0 seconds before the next dose of histamine. 

The contact time was 20 seconds for histamine and 2 minutes for the purified 

oak gall extracts. 
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Figure Il 

A diagrammatic thin layer chromatography representation of (A) tannin-free 

extract, (B) Fraction l and (0) Fraction VI. A sheet (20 x 20 cm) precoated 

with si1ica gel was used as the thin layer cbromatogram and developed with 

water:methanol (2 3/4:1, v/v). The chromatogra.m was stained with o-phosphor-lc 

acid (41%). 
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Section C. A Comparative Study of the Antihistamine-like Activi ty 
. 

of the Purified lI!mga.rian Oak Gall Extract, Tomatine and Gomatine 

'l!he Runga.ria.u oak gall, coneidered to be a form of plant tumour, ms found to 

possess in vivo antihistamine-like activity. Since similar activity ne ob

served with substances recently isolated from a different type of plant tumour, 

it was of interest to compare their antibistamine-like activity in terma of 

potency and tonci ty. 

There had been ver" little investigation into the biological activity of 

tomatine (Fontaine et al., 1948) and gomat:i.ne (Wa.kk.ary, 1968). tt had been re-

ported that both tomatine and gomatine possess antihistamine-like activ:i.ty 

(Calam and Ca1101l', 1964; Wakkary', 1968). These reports, however, were either 

cOnflicting, e.g., regarding the statue of tomatine as having antihistamine

like acti vi ty (Calam and Callow, 1964; Kovacs et al. ,~264; Wa.kka.ry, 1968) or 

the nature of the investigation so prel;minar,y that no definite conclusion 

about their antihistamine-like activity could be drawn. The tomatine and gomatille 

used in the present study were isolated by the methods described by Wakkar,y 

(1968) and the purified oak gal1 extracts were prepared according to the method 

previously described (Part II, Section E) Q 

The fol10wing methods were employed to evaluate the antihistamine-like ac-

tivity of these three substancesl 1. bronchoconstriction induced by histamiJle; 

2. systemic anap~lactic shock; 3. capillary permeability induoed by histamine 

and bradyldn::iD; and 4. POA reaction in guinea pige. 



a. Antihistamine-like Aotivit:v of the Purified Hopga.ria.n Oak Gall Extraot 

1. Histamine Aerosol 

The tannin-free orude extract of the lIunga.rian oak gall 11'&8 taken up in i80-

propyl JÇrletate and injected intraperi toneally in doses of 40 mg/kg and 80 

mg/kg of body weight into gaines. pige. The çontrol anima.le were similar~ 

treated with the same volume of the vehiole. Eaoh tres.ted anjmal together with 

its oontrol 1I'&S exposed to 0.15% histamine aerosol 5 hours after the injecticn. 

The reaults of 15 experiments in whioh guiDes. pigs were tres.ted with 40 mg/kg 

of purified oak gall extract are shown in Fig. l2B. In 13 of the 15 anjmal~ , 

the treated onee survived longer than the oontrols and 5 of the treated anjmals 

survived the 20 minutes period of exposure. 

The results of 15 experiments in whioh guiDes. pigs were trea.ted with 80 mg/kg 

of the purified oak gall extract are shown in Fig. 12A. In 14 of the 15 animals 

the trea ted ones eurvi ved longer 1ihan the controls and 7 of the trea. ted gainea 

pige survi ved the 20 minutes period of exposure. 

2. Anaphylactic Shock 

Guinea pigs sensitized to egg albumen were injected intraperitoneally with 40 

mg/kg and 80 mg/kg of purified oak gall extra.ct in isopropyl ~sta.te. The 

sensi tized controls were simila.rly injeoted wi th the s&me &mount of the vehicle. 

The trea.ted and the control animaIs were injected intra.cardia.cally with the 
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Figure 12 

Protection produced in guinea pige exposea to 0.15% histamine aerosol b.1 intra

peritoneal injection of th~ ~fied oak-ga11 ertract (A.) 80mg/kg and (B) 

40 mg/kg of body weight. 



challengiDg dOl!le of the egg albumen (2 mg/kg of bo~ lleight) 5 hours after 

the treatment with the purified oak gall extract or the vehicle. 

The reeul te of 12 experimente in wbich 12 guinea pige were trea ted wi th 80 

mg/kg purified oak gall extract a.nd 10 guinea pigs were trea ted ri th the same 

amount of the vehicle showed that 10 of the t:r .. eated animals were definitely 

protected (they survived the 30 minutes of observation time with no signs of 

~8pne& following the antigenic challenge). The animals treated with 40 mg/kg 

purified o~ gall extract were not protected aqinst the anapb~,lactic shock, 

sinee their mean survival time was identical to that of the control animals, 

whieh bad a mean death time of 4 minutes following the administration of the 

antigen. 

3. Capill.arz Permeabilit;y 

The effect of purified oak gall extracts on the inereased capillar,y permeabilit,y, 

inducèd by the intraderms.l injeotion of histamine and braàykinin in 13 guinea 

pigs, was investigated. The purified oak gall extract was taken up in isopropyl 

~state in a concentration of 40 mg/ml and injected intraperitoneally into 

albino guinea. pigs in doses of 40 mg/k/5 and 80 mg/kg of b()l1..y weighte The control 

animale lI'ere similarly injected with the sa.me a.mount of the vehicle. Five hours 

after the injection, each animal received 30 mg/kg pontamine ~ blue intra

eardiacally followed immediately by the intradermal administration of 0.1 pg 

and 0.5 pg of hfustamine or bradyld ni n. 

The results of 5 experiments in which guinea. pigs were treated with 40 mg/kg 

purif'ied oak gall extract are shown in Table IV. The mean ares. of blueing 
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produced by 0.1 pg histamine in the treated animals was 177 mm2 while that 

of the controls 'Re 189 mm
2• Similarq, the mean ares. of blueing produced by 

0.5 ug histamine in the treated guinea. pigs 1I'8.S 437 mm2 while that of the 

controls was 435 mm
2• No inhibition of the increase in capillar,y permeabilit,r 

by 40 mg/kg purified oak gall extraot "aS f'ound • 

. The rel!lUlts of 8 experiments, in which guines. pige .. ere treated with 80 mg/kg 

purif'ied oak gall extract, are shown in Table V and Fig. 13. The mean ares. of 

blueing 'produced by 0.1 pg histamine in the treated animals was 34 mm2 while 

that of the controls wa.s 235 mm2• Similar~, the mea.n ares. of blueing pro

duced by 0.5 pg histamine in the treated animals was 102 mm2 while that of the 

controls waB 515 mm2• The inhibition of the increase in ca.pillary permeabili ty 

by the 80 mg/kg purified oak gall extract was highly significant (p < 0.001). 

The results of 8 experiments in which guinea pigs were treated with 80 mg/kg 

purified oàk gall extract are shown in Ta.ble VI. The mean area. of blueing pro

duced by 0.;1 pg bradykinin in the trea.ted animale was 226 mm2 while that of 

the oontrols was 258 mm2• Similarly, the mean area of blueing produced by 

005 J18 br~kiD1n in the trea.ted animale was 545 mm2 while tha.t of the controls 

was 543 mm2• Statistica.l analysis showed tbat the inhibition of the increase 

in capillary permeabili ty by 80 mg/kg purified oak gall extract W8.S completely 

laoldng. 
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A Figure B. e, 

Blue patches of the internaI surface of guinea pig skins, which received pontarnine sky blue (30 mg/kg) intra-

cardiacally followed by' separate intradermal injection of 0.1 pg (upper half of photograph) and 0.5 pg (lower 

half of photograph) hist~mine. (A) responses of a normal guinea pig and (B) responses of a guinea pig treated 

with the purified o~~ gall extract (80 mg/kg) intraperitoneally 5 hours before the injection of histamine. 
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œABLE IV 

.A':rea. of blueing aB a measure of the increaBe in eapillary permeabili ty induced 

by histamine injeoted intraderma1ly into gu1nee. pige. 

freatment 

IUmber 

1 

2 

3 

4 

5 

Purified Oak Gall Extra.ot 
(40 mg/kg) 

Vehio1e 

EXTRAVASATION OF DYE (~2) 

B Y II l S T A Li l li E (pg) 

135 

140 

228 

246 

138 

+ • 
Mean - 177 - 22 

p NS 

0.5 pg 

342 

310 

494 

560 

482 

437 :!: 44 

180 

153 

208 

198 

206 

189 :!: 11 

449 

535 

410 

435 ! 27 



-ss-

TULE V 

e' Ares. of b1ueiDg as a measure of the 1ncrease in capi1l.ary permeabili ty induced 

by histamine injected intraderma1ly into guinea pigs. 

Treatment Purif'ied Oak Gall Extract Vehic1e 
(80 mg/kg) 

Animal EXTRAVASATION OF ,D Y E (mm2) 

Number BY HISTAMINE (pg) 

0.1 pg 0.5 pg 0.1 Jl8 0.5 Jl8 

1 21 45 144 478 

2 40 108 308 860 

3 48 100 209 527 

4 42 144 340 522 

5 19 114 283 458 

6 34 96 202 410 

7 27 90 160 325 

8 42 126 234 538 

+ Mean - 34 ± 4 103 ! 10 235 ! 23 515 ! 51 

P < 0.001 < 0.001 



TABLE VI 

Area of b1ue:mg as a measure of the increase in capillary permeabili V iDduced 

by bradyld.n:t n injected intradermal~ into guinea pigs. 

1 
I~eatment l!aritied Oak Gall E:rtraet Vehicle 

(ao mgjkg) 

Animal EXTRAVASATIOH OF DYE (mm2) 

Ifumber :BY :BRADYXINIH (pg) 

0.1 pg 0.5 pg 0.1 pg 0.5pg 

1 198 720 238 336 

2 150 408 273 625 

3 168 560 372 608 

4 204 589 280 561 

5 304 660 210 548 

6 288 551 180 642 

7 204 480 248 481 

8 292 392 2'62 542 

+ + 
Mean - 226 - 20 545 :!: 38 + 2'58 - 26 

+ 
543 - 33 

p NB NB 



4. Passive Cutp.eous A!1a.ph,ylactic Beaction (PCAl 

The effect of the purified oak gall extract on the increalSe in capi1lary 

permeabi1i ty 1nduced by antigen-antib~ reaction 'liaS investigated. The anti

body (anti-BSA) was injected intraderma.l.q in the follow1lJg dilutions. 1'100, 

1.1000; 1.10000; and 1.100000 and Da allowed 4 hours to be fiDd to the guinea 

pig Bkin (Fig. 14). The purified oak ga.ll extract liaS taken up in ilJopro:w1 

m.yristate in & concentration of 40 mg/ml &Dd injected intraperitoneally into 

albino guinea pige in a dose of 80 ~ of bod1' weight one hour before the 

intraderma1 injection of the anti-BSA. The contro1s ... ere aimilarly injected 

rith the same amount of the vehic1e. Five hours followiDg the admini stration 

of the purified oak ga11 ertract, the antigen (BSA), in a dose of 2 mg/kg &S 

given intracardiaca1ly as a mixture ri th 30 mg/kg pontamine Bq b1ue into the 

treated and control an;hna.ls. 

The resul ts of 1 experiments in which the passively sensi tized guinea pige 

were treated w:Lth 80 mg/kg of purified oak gall extract are shown in Table VII. 

The pltrified oak gall extract did not inhibi t the increase in capillary per

meabili ty induced b;y the antigen-antibody rea.ction. 

b. Antihistamine-like Activity of Tomatine 

1. Histamine aeroBol 

Tomatine was dissolved in water acidified to pH2 b;y l2N BOl in a concentration 

of 30 mg/ml and injected into guinea pige, intraper1 toneally, in a dose of 
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TAl3LE VII 

A:eea of b1ueiDg as a measure of the PCA.' reactioDs induced by the BSA. and Anti-

.. ~~ 
freatJnent Parified Oak Gall Extract ' .. Vehio1e 

(8Omgfkg ) 

&:dma.1 AREA OF DYE EXTRAVASATION (mm2) 
Number 

ANTI130DY DILUTIONS 

11100 1.1000 1.10000 11100 111000 1110000 

;>-1 

1 320 2al. 144 234 180 49 

2 180 168 42 284 180 30 

3 • 224· 154 35 365 210 88 

4 360 265 110 420 230 120 

5 484 280 88 540 254 110 

6 410 200 96 390 160 94 

... 7 348 168 80 386 145 70 

Mean :!: 332 :!: 37 186 :!: 39 85 :!: 13 374 :!: 25 194 :!: 14 80 ::11 

p NB NB NB 
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30 mg/kg of body weight. The oontrol animaIs were similarly injected wi th the 

èame volume of the vehicle. Each treated animal together with ita oontrol was 

e%pOaed to O.l~ histamine aerosol 3 houra following the injection. 

Fig. 15 summarizea the resulta obtained. f'rom 4 batches of tomatine prepara.tions. 

in 10 of the 13 animals, the treated 8nima.1a survived longer than the oontrols. 

The mean survival time of the control animaIs was 8.2 minutes, while tba.t of 

the tre&ted animale waa 12.0 minutes. Statistioa1 analysis showed tbat the 

mean survival time of the treated animaIs 'RS signif'icant~ grea.ter than :Chat 

of the controls. (p( 0.05). 

2. Allaphylactic Shock 

Guinea pigs sensitized to egg (chicken) albumen were injected intraperitoneal~ 

w:i.th 30 mg/kg tomatine, which was dissolved in water acidified to pH2 with 

l2N Hel in a concentration of 30 mgfml •. The sensitized control animaIs were 

similarly injected with the same amount of the vehicle. The treated and the 

control guinea pigs were injected intracardiacally with the ohallenging dose of 

egg a.lbumen (2 mg/kg of body weight) 3 hours following the tre8;tment with 

tomatine or the vehicle. 

The results of 13 experiments showed that none of the treated animale survived 

the 30 minutes of observation time. However, the death time of the trea.ted 

animaIs was slightly prolonged (mean time of death being 9.0 minutes) compared 

to that of the control guinea pigs (mean time of death being 4.0 minutes) • 

... ~_ ~.; •• 0' • oC i .. , œ.~,,~nc::: .. 
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Figure 15 

Protection produced in guinea. pige èxposed' to 0.15% histamine aeroso1 by 

intraperi toneal: injection of 30 mg/kg toma.tine. 
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~. Capillarx Permeabilit:i 

~e effect of tomatine on the increase in capillar.f permeability,brought about 

by the intradermal injection of histamine and b~, was investigated. 

Toma1;ine was dissolved in water acidified to pH2 with l2N HOl in a concentration 

of ~O mg/ml and ad mi ni stered intraperi toneally in doses of 15 mg/kg and ~O mg/kg 

of body weight. The control animals were similarly treated with the eame &mOunt 

of the vehicle. Tbree hours later, each animal received ~O mg/kg pmtamine aky 

blue intracardia.cal.l.y and followed immediate~ bl" injecting 0.1)l8 and 0.5)l8 

histamine or bradykini.n i!J:~ermal~.· 

The results of 8 experiments in which the guinea pige were treated with 15 mg/kg 

tomatine are ahown in Table VIII. Statistica1 analysis shows that the inhibition 

of the incre&se in capillar,y permeability by 15 mg/kg tomatine was not signifi

ca.nt a t the 5% level. 

The results of 1~ experiments in which guinea pige were treated with ~o mg/kg 

tomatine are show in Table IX and Fig. 16. The mean area of blueing produced 

by 0.1 pg histamine in the treated animals WB.S 101 mm2 whi1e that of the controls 

was ~26 mm2• Similarly, the mean area of blueing produced by 0.5 pg histamine 

in the treated animals was 234 mm2 while that of the controls was 548 mm2• 

Statistical analysis showed that the inhibition of the increase in capillar,1 

permeability, induced by 0.1 pg and 0.5 pg histamine DS significant (p < 0.001). 

The resul ts of 8 experiments in which guinea pigs were trea ted wi th ~O mg/kg 

tomatine are shown in Table X. The mean area of blueing produced by 0.1 Jl8 



TABLE VIII 

Area of b1ueing 8.8 a measure ot the increaae in oapi1lary permeabili ty iDduced 

by histamine injeoted intraderma1ly into guinea pigs. 

!h-ea tment Tomatine Vehic1e 
(15 mg/kg) 

Animal EXTRAVASATION O'F DYE (mm2) 

Number BY HISTAMINE (pg) 

0.1 pg 0.5 p.g 0.1 pg 0.5pg 

1 231 512 299 544 

2 220 392 360 560 

:; 532 700 231 :;04 

4 48 108 198 575 

5 9 60 200 490 

6 324 420 -- -
1 49 160 -- -
8 180 465 - -

+ + Mean - 199 - 58 352 :'; 74 258 , 27 495 ! 42 

P NS NS 

1 
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!!!ABLE IX 

A:rea of b1ueiDg as a measure of the. morease in ~pi1lary permeabili V induoed 

b;y histamine injèoted intraderma1ly into gu:i.nea. pigB~ 

Trea:t'œent ~omatine Vehio1e 
(~O mg/kg) 

.Animal EXT-RAVASATION OF DYE (mm2) 

Number :sy HISTAMINE (pg) 

0.1 pg 0.5 ]l8 0.1 Jl8 0.5pg 

1 15 80 4~2 814 

2 25 108 ~20 680 

~ 1~0 0190 225 565 

4 149 460 280 612 

5 78 150 189 594 

6 80 117 204 4~0 

7 94 198 196 ·00 480 

8 117 400 288 544 

+ Mea.n- 86 :t 16 21~ : 61 267 :t 27 596 : 25 

p <. 0.001 < 0.001 
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A B 

Figure 16 

Blue patches of the interna1 surface of the guinea pig skin which had re

ceived pontamine sky b1ue (30 mg/kg) intracardiaca1~ fo11owed by separate 

intraderma1 injections of 0.1 pg (upper half of photograph) and 0.5 pg (lower 

half of the photograph) histamine. 

(A) responses of a guinea pig treated with tomatine (30 mg/kg) and 

(B) responses of the control animal. 
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.Area of b1ueiDg aB a meaaure of the inerease in· capi1lary permeabili V. iDduced 

by brac1yld.nin iDjeeted intrad.ermally into gainea pige .. 

Treatment Tomatine Vebic1e 
(30 mg/kg) 

A:D1ma1 EXTRAVASATION OF DYE (mm2) 

lfamber BY BRADYKIlfIN (pg) 

'. 

0.1 pg 0.5 pg 0.118 0.5pg 

1 15 80 432 814 
, . 

2 25 108 320 680 

3 130 190 225 565 

4 ' . 149 460 280 612 

5 78 150 189 594 

6 80 117 204 430 

7 94 198 196 480 

8 117 400 288 544 

-
+ 

Mean - 86 ! 16 + 213 - 45 '267 :t 27 596 :t 25 

P < 0.001 ( 0.001 



. '. .... .2. . 
bradyldu:ln .in .thetreated animaIs was a6 mm while tbat of the controls _s 

. . . '. 2 .' .. ' ...... . . .. ' . 
267 mm • Simila:rly, the srea ofblueing pr~l1ced 'by' 0.5 pg. b~ in the 

.. ,. . .... . . 2' ... .' ...• ...• .'. . 2 '.' 
treated a;nima.ls Yas 213 mm . whilethat of the.controls WB.S 596 mm • Statistica1 

aœ.qsiilshQveO. thatthe:lnhibi tionofthe i11~easein oapillarypermeabili tj 

iDducedby O.lpg· sad 0.5]28. b~k1Diu lias signUicant, (p « 0.001). 

4. Passive· Cutaneoull Ana.phylacticReaction . (PaAl . 
- . . .". - ,. . ',' .. ~ 

Antibodi (anti-BSA) lIail inj~ctedintraderinal1y'into 7'guinea pige in dil~tions 
otl 1.100, lalOQf; 1110000; BJ:ldl()()()OO aDclallowed 4 hours to be fixed to the 

skin. Tomatine liaS dissolved inwater 'acidifiedto pB2 vith l211 HOI in a con';' 
. . , -

centration of ·30 mg/ml and injected intrapèritonea.lly into the guinea pige in 

& dose 'ot 30 mg/kg of bo~ weight 1 hour followingthe intradermal injection 

of the anti-BSA. The sensitized control animaIs were similarly injected vith 

the same amount of the vehicle. Three hours following the tomatine administration, 

2 mg/kg ot the antigen (BSA) mixed with 30 mg/kg of pontamine sky blue, DS 

injected intracardiacally into thetreated and the control animaIs. 

The reamlts of 7 experiments are shown in Table XI. There RS no difference 

in the mea.n area oi blueing in the i;wo groups oi animaIs at any antibody dilu-

tions. 

c. Antihistamine-like .Activi1;y of Gomatine 

10 Bistsmine Aerosol 

Gomatine was dissolved in 95% ethanol to give a. ooncentration of 30 mg/ml amd 
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TABLE XI 

Areaof b1ueing aB. amea.sure of. the PCA reactionainduced by' the lIS&. and anti
BSA.&ystem in the gaines. pige 

~e&tment : Tomatine Vebic1e 
: (30 mgjkg) . 

~1 . :.&R BA. OF DYE EXTRAVA.SATIOB (mm.2) 
.. 

lfumber 

:A li T IBO DY . . D IL tr T l 0 11 S 

11100 111000 1:10000 . 1:100 1.:1000 1':10000 

1 320 245 136 368 '280 135 

2 391' 265 150 340 270 130 

3 360 235 120 376 210 130 

4 160 :80 25 400 264 l26 

5 700 240 120 382: 244 154 

6 342 143 36 330 :200 84 

7 380 210 100 500 104 108 

+ + 
Mean - 379 -57 202 :24 98 : 17 385 :20 224 : 23 123 ! 10 

p NS NS NS 



-102-

injeoted intra.peri toneal:q into guiUea pige . in a dose ot 20· mg/kg ot body 

weight. The oontrol animala are similar:q injected with the aame .amount ot 

thevèbicle.Ea.oh· treated &nimal together with it.scontrol 118.8 U,POaed to 
. . . . . 

. 0.15%histam:lne aerOsol 3 heurs tollowing the· injection. 

The re8uJ.ta of 24 experiments obta.ined with l8batohes ot gomatine.preparatione 

are ahown in Fig. 17. J:n 19 of th8 24ex;per1ments the treated an;mals sur

T.Lved longer tban the oontrols. The .Dle8D survival time ot the treated anima] a 
. ." .". '. -

"':21 16.4 minute. wbile that of the oontrols .... s 10.1 minutea •. Statistical 

. ana.l.ysis showed that the mean. surri:vaJ. tiDle ot the treated anima's -.as sigDifi

oant:q grea.ter than tbat of·thecontrola (p < 0.001). 

2. AlDaphylaotio Shock 

Guinea pigs sensitized to egg albumen wereinjected intraperitoneally with 

20 mg/kg ot the etbanolio solution of gomatine (30 mg/ml). The sensitized 

control animaIs were injected with ·the same amount ot the vehicle. The treated 

and the oontrol animals were injected intracardiacallywi.th the oha.llenging 

dose ot egg albumen (2 mg/kg ot body weight) 3 hours after the treatment with 

tomatine or the vehiole. 

The resulta ot 18 experiments, in whioh the ~ea pigs were treated with 

2.0 mg/kg gomatine, showed tbat 8 of the treated animals llere definitely pro-

teoted aga.in.st the anaph1'laotic shûek, ainee they survived the 30 minutes 

period of observation time ri thout the development of severe dyspnea following 

the antigenio challenge. One ot the treated an;male developed severe d.yspnea 
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Proteotion produ~ea. ,in, gu:inea pige exposed: tG 0.15% histamine UroBol 'hi»" 

.' 

iDtraperitoneal injection of 20~ soma~tne. 
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within 5 minutes after the administration of the antigen but it gradual~ 

recovered. The response of the other 9 treated animals ns not significant~ 

different !rom the 14 controls, in which the ana~lactic shock symptoms were 

ful~ developed in the first minute with a mean death time of 5 minutes. 

3. Capillar:y Permeability 

The effect of g omatine on the increase in capillary permeability brought 

about by the intradermal injection of histamine and bradyldnin ms investigated. 

Gomatine "liaS diesolved in ethanol (95%) in a concentration of 30 mg/ml and 

administered into albino guinea pige in dosee of 10 mg/kg and 20 mg/kg of 

body weight. The controls were similar~ treated with the same amount of the 

vehicle. Three houre later, each animal received 30 mg/k8 pontamine sq blue 

intracardiacal~ followed immediate~ by injecting 0.1 pg and 0.5 pg histamine 

or bra.dykinin intradermally. 

The results of 8 experiments in which guinea pige were treated with 10 mg/kg 

gomatine and tested against histamine are shown in Table XII. Statistical 

analysie showed that the inhibition of the increase in capillar,y permeability 

by 10 mg/k8 gomatine was not significant at the 5% level. 

The results of 8 experimente in which the guinea pige were treated with 20 mg/k8 

gomatine and. tested against histamine are ehovm in Table XIII and Figure 18. 

The mea.n area of blueing produced by 0.1 )l8 histamine in the treated animale 

ms 80 mm2 while that of the controls was 244 mm2• Simila.rly, the mea.n area 

of blueing produced by 0.5 fl5 histamine in the treated animals was 162 mm2 
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TABLE XII 

Area of blueing ae a measure of the inoreaee in oapil1ary permeabilit,y induoed 

by histamine injeoted intradermally into guinea pige. 

Treatment Gomatine Vehicle 
(10 mg/kg) 

Animal EXTRAVASATION OF DYE (mm2) 
Number BY HISTAMINE (pg) 

0.1 pg 0.5 Jl8 0.1 ]l8 0.5 p8 

1 148 440 166 404 

2 52 189 204 420 

~ 144 24~ 485 88B 

4 144 192 ~45 646 

5 5~6 777 ~89 627 

6 '378 805 297 73~ 

7 2~1 497 210 460 

8 24 90 150 410 

+ + 
Mean - 2~2 - 45 404 ! 84 231 ! 40 574 ! 

p NS NS 
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TABLE XIII 

Area of b1ueing as a measure of the increase in ca.pi1lary permeabili ty induced 

by histamine injected intraderma1lY into guinea pigs. 

Trea.tJnent Gomatine Vehic1e 
(20 mg/kg) 

Animal EXTRAVA.SAT l ON OF DYE (mu?) 

Number BY HISTAMINE (pg) 

0.1 pg 0.5 pg 0.1 pg 0.5 pg 

1 84 144 154 414 

2 96 105 254 663 

3 60 140 218 304 

4 48 144 204 402 

5 100 277 264 520 

6 78 172 310 485 

7 82 184 300 388 

8 90 135 248 425 

Mean ! 80 ! 4 163 ! 17 244 ! 17 450 ! 36 

p <. 0.001 < 0.001 
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A B 

Figure 18 

Blue patches of the interna1 surface of guinea pig skins, which received 

pontamine sky b1ue (30 mg/kg) intracardiaca1ly fo11owed by separate intraderma1 

injections of 0.1 pg (upper ha1f of photograph) and 0.5 pg (lower ha1f of 

photograph) histamine. (A) responses of a normal guinea pig and (B) re~lponses 

of a guinea pig treated with gomatine (20 mg/kg) intraperitoneal1y 3 hours 

before the injection of hi stamine 0 
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while that of the controls was 450 mm
2• Statistical analYsis showed that 

the inhibition of the increase in capil.lary permeability induced bl' 0.1 pg 

and 0.5 p« was significant (p < 0.001). 

The re~te of 13 experiments i!!. which gn;nea, pige ",ere treated with 20 mg/kg 

gomatine and tested against bradykinin are shown in Table XIV. The mean area 

of blueing produced by 0.1 pg bradykinin in 13 treated animaIs was 105 mm2 

while that of the controls was 241 mm
2 • S:i.milarly, the mean ares. of blueiDg 

prodl1.ced by 0.5 pg bradykinin in the treated animaIs 1I8.S 365 mm.2 while that 

of the oontrols was 642 mIi. Statistical analysis showed tha.t the iDh:ibition 

of the increase in capillary permeabili ty induced by 0.1 pg and 0.5 p.g brady

ld.nin 1I&S significant at the 1% and 5% levels respectively. 

4. Passive Cutaneous Anaphylactic Reaction (PQA). 

The effect of gomatine on the increase in capillar,y per.meabilit.1 induced by 

antigen-antibody reaction was investigated. in 6 guinea pigs. The antïbody 

(anti-HSA) was injected intradermally in the following dilutions: 1:100; 

1:1000; 1:10000 and 1:100000 and allowed 4 hours to be fixed "to the guinea 

pig skin. Gomatine, in a concentration of 20 mg/ml in ethanol (95%), na in

jected intraperitoneally in'to albino gninea. piga in a doee of 20 rr.:g/k€ of body 

weight one hour following' the intraderma.l injection of the anti-BSA. The 

control an.ima.ls were similarly injected wi th the SSJIle amount of, the vehicle. 

Three hours following the aàmini stration of gomatine, the antigen (HSA) in a 

doae of 2 mg/kg, was given intracardiacally as a mixture with 30 mg/kg pont-

amine sky blue into the treated and the control animaIs. 
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TABLE XIV 

Area of b1ueing as & measure of the inerease in capi1kry permeabi1i ty induced 

by bradyldnin injected intradermalq into guinea pigs. 

Treatment Gomatine 

1 
Vebic1e 

(20 mg/kg) 

Animal EXTRAVASATION OF DYE (mi) 

Number BY BRADYKIBIN (pg) 

0.1 pg 0.5 pg 0.1 pg 0.5 pg 

1 176 651 247 874 

2 60 234 236 400 

3 168 540 171 122 

4 198 741 162 680 

5 238 882 260 700 

6 2!{ 156 189 594 

7 48 165 425 924 

8 119 464 -- --
9 72 204 - -

10 21 180 - --
11 63 165 -- --
12 50 16a -- --
13 126 190 -- --

+ + 
Mean - 105 - 23 365 ! al 241 ! 29 642 ! 56 

p ( 0001 < 0.05 
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The results of 6 experiments are show in Table XV. Gomatine did not 

inhibi t the increase in capi1lary permeabili ty induced by the PCA re

action. 
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TABLE XV 

Area of blueing as & measure of the PUA reaotions induced by the BSA and 

Anti-BSA. sy.tems in the guinea pige. 

TreatmeD: Gomatine Vehiole 
(20 mg/kg) 

.Animal AREA OF DYE EXTRAVASATION (mm2) 
lfumber 

ANTIBODY DILUTIONS 

1:100 1:1000 1:10000 1:100 1:1000 1:10000 

1 500 130 49 240 120 30 

2 260 170 55 420 180 90 

3 340 160 70 540 160 64 

4 680 216 144 312 208 96 

5 308 182: 100 364 188 160 

6 320 288 100 410 175 120 

+ Mean- 401 ! 61 191 ! 20 86 ! 14 381 :!: 38 172 ! Il 93! 17 

p NB NS ~ 
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PART IV. DISCUSSION 

8.e Purification of an A'ntihistamine-like SUbstance(s) from the 

Hunga.ria.n Oak Galls. 

The results of the present studies confirmed previous reports that the ex-

tract of the Hungarian oak galls exerted an antihistamine-like activity 

(Kovacs and S§abadi, 1950; Kavacs et al., 1952; Feldberg and Kovacs 1960; and 

Broome et al., 1962). Although several attempts were made to isolate the ac

tive principle(s) from the oak gall extracts, as indioated by the results, 

the study fell short of this objective and resulted, instead, in obtaining a 

highly purified, tannin-free oak gall extract with an antihistamine-like ac-

tivity. 

In the past 18 years, several methods had been published by which crude extract 

could be obtained from several species of galls. Kovacs and Szab~i (1950) re

ported that an extract with antihistamine-like activity was obtained when the 

IIungarian oak gall powder was extracted with ethenol. In the following year, 

it was found that similar extracts prepared. from galls of rose, poplar and. 

willowalso exerted an antihistamine-like activit,y (Kavacs et al., 1951). Feld

b~rg and Kavacs (1960) confirmed the activity of the oak ga11 extract, but 

also noticed that the poteney of different batches of the extracts varied widelY, 

espeeially when old stored galls were used. They attributed this variability 

in aetivity to the entry of air through fine holes produeed by the eseaping 

wasps, sinee it was presumed that O2 inactivates the antihist.a.mine-like prin

ciple(s). Aceording to Berry et al.,(1962), the erude alcoholie extraets of 
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the oak galls not only protected the animaIs from the effects of histamine 

but also of serotonine In the same year, Br~ome et al. (1962) obtained a stable 

extract of the BUngarian oak galls, using the chloroform.methanol (2J19 v/v) 

mixture for extraction. Calam (1966), who confirmed the antihistamine-like 

activity of extracts prepared either byethanol or by the chloroform+methanol 

method, also reported that the guinea pigs receiving the oak gall extract 

showed toxic reaction and the toxicity of the extractâ appeared to var,y accord

ing to the extracting solvents. He thus concluded that the observed anti

histamine-like activity of the oak gall extract was probably a non-specifie 

effect, produced by the interaction between a toxic sUbstance(s) (probably 

tennjn and other po~enolic compounds) in the extract and the animal tissues. 

MOreover, he suggested that the prote ct ive effect of the oak gall extract 

against histamine and serotonin, as reported by Berry et al. (1962), further 

supported this assumption of non-specifie action. However, he did not make an 

attempt to explain the finding of the same authors, who showed that the extract 

was ineffective against acetylcholine (Berry et al., 1962). In our view, this 

observation, in fact, suggested a certain degree of specificity. FUrthermore, 

Calam's explanation did not take into account the previous experimental find

ings that the tannin-free extract retained its antihistamine-like activity 

with an increase in specifie activity and a concomitant decrease in toxicity 

(Kovacs et al., 1952; Feldberg and Kovacs, 1960; Broome et al., 1962). 

In view of Calamts (1966) conclusion, it appeared important to make an attempt 

to resolve the ~uestion whether the observed antihistamine-like activity of 

the oak gal1 extract was in fact, exerted by some specifie antihistamine-like 

sUbstance(s) or that the effect was brought about by some non-specifie toxic 
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reaotion. The resolution of this question involves the fUrther purification 

and possible isolation of the antihistamine-like principle(s). In this re

spect, it seemed important first to find a method by which a stable and a/c-

ti ve crude extract could regularly be obtained. The resul ts obtained showed 

that the method of Broome et al. (1962), subjected to slight modification, 

was reproduceable. The modification instituted was the inc~se in extraction 

time from 1.5 hours to 16.0 hours by the chloroform:methano1 (2:1, v/v) mix-

ture. Whi1e Broome et al. did not a11ude to the importance of time as a de-

termining factor in the complete extraction of the antihistamine-like prin

ciple(s), we found that the time of extraction was important and that 16.0 

hours appeared to be the optimum time. 

The toxic effect of tanni n present in the crude extract was recognized by early 

workers (Kovacs and Szabadi, 1950). Two methods bad been deve10ped to obtain 

tannin-free extracts of the oak galls. In 1952, Kovacs et al. (1952) removed 

the tannic acid by precipitation wi th lead h;y'droxide and the antihistamine

like activity of the tannin-free extract was also confirmed by Feldberg and 

Kovacs (1960). Broome et al. (1962) worked out a method to obtain a stable 

tannin-free extract by re-extracting the dry chloroform:methanol residue wi th 

chloroform. This method ha.d been applied in our laboratory but was abandoned, 

when the antihistamine-1ike activity could not be consistently transferred in-

to the ch1oroform phase. We are not able to offer any explanation at present 

for this lack of reproduceabili ty. However, i t is possible that the great 

variabi1i ty in the dry weight of the extract may involve a change in the ratio 

of the components present in the extract which could influence the solubility 

of the active sUbstance(s) in chloroform. Etbyl acetate, on the other band, 
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was found to be effica.cious since all the antihistamine-like activi ty from 

the ohloroformamethanol residue could be transferred to the etby1 aceta. te 

soluble fraction with an increase in specifie aotivit.f. The etbyl acetate 

soluble fraction was composed of substanoes ra.nging from strongly htY'drophilic 

(e.go, tannin) to highly hydrophobie (e.g., chloropbyll) oompounds. As indi

ca.ted by the results, after the extraction of the etbyl aoetate soluble frao

tion with dietbylether, the active principle(s) was found to be present in 

the ether insoluble residue, which also contains the tannin. This finding could 

be interpreted that either the active prinoiple(s) has solubility properties 

similar to tbat of tannic acid or that the active principle{s) is in some ~s 

bound to the tannin moleoules. 

~though two methods had been reported by which active tannjn-free extracts 

could be obtained, such preparations were also known to be very labile, making 

any further purification steps practical~ impossible (Feldberg and Kavacs, 

1960; Broome et al., 1962). Therefore, several methods were tried by which 

tannin present in the either insoluble fraction could be removed and at the 

same time, a stable and active tannin-free extract could be obtained. The 

application of the ether insoluble fraction onto a silica. gel G column and the 

use of etbyl acetate for elution resulted in the separation of the active prin

ciple(s), which moves with the solvent front, tram the tannin which was strong-

~ adsorbed to the silica gel. The bioassay results of the tannin-free fraction 

conclusively show that tannin does not contribute to the antihistamine-like 

a~tivity of the extract and confirmed similar reports by other investigators 

(Kovacs at al., 1952; Feldberg and Kovacs, 1960; and Broome et al., 1962). 

The observed antihistamine-like activity of the preparation was accompanied 

by a marked increase in the specific activity of the extract. 
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As indicated by the results obtained with the effluent of the sephadex ~20 

cOlumn, Fraction l and Fraction VI showed consistent biological activity with 

a marked incre&se in the specifie activity. In spite of these favourable re

su1ts, however, there were severa1 disturbing factors, which strongiy influenced 

the outcome of the prob1em of isolation. The presence of two active fractions 

could either mean that the oak gall extracts contain at 1east two active prin

ciples or more 1ikely, that the B,ystem used resulted in the splitting of the 

single active principle into two cbromatographically distinct areae. Further 

attempts to iso1ate the active principle(s) were a1so hindered by the lack of 

a reliab1e a) in vitro or b) chemica1 as~ method by which the active prin

cip1e(s) could be located in small quantities. 

The resu1 ts of the in vitro experiments showed tba. t the purified oak gall ex

tract did not iDhibit the histamine-induced contraction of the isolated guinea 

pig ileum. In view of the stroDg in vivo activ..ity of the extract, the reason 

for the lack of in vitro activity is puzzling. However, it III8\Y' indicate tb§t 

the active sUbstance(s) par se has no antihistaminic activity and that the 

active substance(s) may, in fact, be a metabolite which exists as an inactive 

precusor in the extract. The possibility that the active principle(s) may be a 

metabolite is further suggested by the fact that guinea pigs tested :; houre 

following the intraperitonea1 injection of the extract are 1ess protected !rom 

the lethal effect of the histamine aerosol tban gainea pigs tested 5 hours 

1ater. In contrast to the rather extended period that the oak ga1l extract 

requires for optimal activity, most synthetic antihistamines, which are active 

per se, are optimally effective within :;0 minutes after administration. 

The tannin-free effluent developed with water:metbanol (2 :;/4:1, v/v) on the 
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precoated TLC sheet gave a weIl defined pattern when treated with o-phosphoric 

acid (41%). Although 10 - 14 spots were consistently obtained with this frac-

tion, we have not been able to determine which spot(el) was associated with 

the antihistamine-like activity. fUrthermore, a large number of sta;ning 

methods were used in our &ttempts to identify the reactive groups associated 

with Fraction l and Fraction VI, butwe were not able to arrive at a satis-

factory conclusion. 

Probably the most important reason for failing to isolate so far the active 

principle{s) from the Hungarian oak gal1 was the unfortunate fact that when 

the sephadex LH-20 purification method was established, the stock of the 

Hunga.rian oak galls was exhausted. Due to the ma.ny factors involved in ob-

ta; ning fresh gallé from Hunga.ry, the arrivaI of the ordered galls was unex-

pectedly delayed. 

Nevertheless, the results of the present studies confirmed the original assump-

tion tha t the Hungarian oak gal1 extract contains one or more active sub-

stance{s) which exert an antihistamine-like activit.1. The probability that 

this antihistamine-like activity is brought about by some as yet unknown sub-
.. 

stance rather than by soma non-specifie general toxic effects of the injected 

extract~ as suggested by Calam (1966) is indicated by the continuaI increase 

in specifie activi~r with a concomitant decrease in "toxicity as the purifica

tion of the active principle(s) present in the extract progressed. In this 

respect our conclusion contradicts Calam's. 
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b. The Antihistamine-like Activity of Tomatine, Gomatine and the Purified 

Oak Gall Extract 

As the reeults obtained indicate, the sensitivity of the normal untreated 

guinea pige to 0.15% histamine aerosol was essentiallY identical to that ob

served by other investigators (Broome et al., 1962; Calam and Cal1ow, 1964; 

Wa.kka.ry, 1968). In the course of our investigations we found, as others did, 

that the symptoms leading to bronchoconstriction and asphyxiaI death deve10ped 

in a fairly uniform sequence in the guinea pigsa cough, dyspnea, swaying, 

fal1ing, lYing and death. A number of studies have been reported in which any 

one of these s,ymptoms was regarded as the end point of the experiment (Halpern, 

1942; Loew et al., 1945; Herxheimer," 1951; Broome et al., 1962; Herxheimer 

and Stresemen, 1963; Calam and Callow, 1964; Wakkaxy, 1968). In most instances, 

the appearance of dyspnea bas been taken as the end point. According to 

Halpern (1942) and Lish et al. (1966), if guinea pigs exposed to histamine 

a~rosol were removed from the aeroso1 chamber when signs of coughing or dyspnea 

~ppeared, the animaIs could be re-exposed 2 - 4 hours later without signifi

cant change in the predyspneic interval. On the other band, Waklœ.ry (1968) re-

ported tbat the dyspnea time of guinea pigs on second exposure,within 2 •• 4~ 

hours, to the histamine aerosol changed in a large percentage of animaIs. In 

view of the foregoing contradiction, the method of Broome et al. (1962) that 

is, the cessation of respiration as the end point of the experiment, was 

selected as a routine method of testing. 

The capi11ary permeabi1ity test is a common method used to eva1uate the spe

cificity and potency of potential antihistamines. Bain et al. (1948) reported 
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that there is an inverse linear relationship between the logarithm of the 

dose of the antihistamines and the area of the fIare induced by histamine. 

As in~cated by the results~ aIl three substances - the purified oak gall ex-

tract, tomatine and gomatine - were able to antagonize the histamine-induced 

increase of the capillar,r permeabilit,y. This finding is interesting, since 

it is weIl established that only the most specifie and potent antihistamines 

can antagonize this phenomenon (Celice and Durel, 1942; Parrot and Lefebvre, 

1943; Rooha e Silva, 1955). 

The use of the systemio anaphylactic sbock to evaluate antihistaminic drags 

was initiated as early as 1937 by Staub and :Bovet (1937) and has since been 

used by many others (Halpern, 1942, 1947; Mayer et alo, 1945; Feinberg et al., 

1950).'It is weIl established that potent antihistamines oan prevent the death 

of guinea pige from anaphylactic shock and this fact serves to indioate that 

histamine during anaphylactic shock pl~s a major role in the death of the 

guinea pige (Nodine and Seigler, 1964; Kabats and Mayer, 1961). In our exper-

ience, the mean death time of the sensitized guinea pigs reoeiving 2 mg/kg 

egg albumen intraoardiacally was 4.2 minutes, with 86.5% expiring between. 

2 - 4 minutes;; 10.8% expiring between 4 - ;0 minutes; and 2.7% surviving the 

;0 minutes period of observation time. Thus, the anaphylactic shock method 

provided a sensitive indicator for testing the activit,y of the antihistamine-

li.ke substances. 

The passive cutaneous anaphylactic (PCA) reaction, described first by Ov.ar.y 

( ), utilizes one of the fundamental characteristics of the immediate aller-

gic reaction, i.e., the liberation of vasoactive substances and their action 
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on the minute vessels of the skin. If the amount of the antibo~ used for the 

intradermal sensi tiza tion is not very grea t, potent antihistamines may in

hibit the reaction (Ova:ry, 1958; Rocha e Silva, 1966; }lovat et al., 1967). The 

animal of choice for the PCA reaction is the guinea pig, because of the ea.se 

with which good PCA reactions are elicited and of the major ro1e pla.yed b.1 

histamine in this species (Ovary, 1964). In connection wi th our study, we found 

tha t the PCA reactions were easily produced and the size of the whea1s :ranged 

fram 30 mrl to 160 mm 
2

• This wide range of reaction in the guinea pig iD, llI1-

fortunately", inherent and is ammended only by using an adequate number of 

animals for a greater statistical certaint,y. 

The results of the present s~, using the histamine aeroso1, anapbylactic 

shock, capilla.ry permeability and PCA. methods, confirmed the previous observa.-

tions that all tbree substances, i.e., the highly purified oak ga11 extract, 

tomatine and gomatine exerted antihistamine-like activity (Kovaçs and Szabadi, 

1950; Kovacs et al., 1951; Broome et al., 1962; Wa.kka.ry, 1968). In contrast to 

the findings of Wakkary (1968) in our in vivo experimental results it showed 

that tomatine exerted antibistamine-like activity when tested by the histamine 

aerosol or the capillary permeability method, but it did not protect the sen

sitized guinea pigs from a lethal anapbylactic shock. Dr. T.H. Chen (Dept. 

Ohemistry, McGill University), who is presently engaged in the elucidation of 

the chemical stru.cture of go~tine, indicated tbat the so-ca.l1ed chemically 

pure tomatine obtained from the crown-gall of tomato stalks, is contan)jnated 

by gomatine, a substance which bea.rs close chemica.1 resemblance to tomatine 
, 

and possesses antihistamine-like activity (Wakkary, 1968). Our observation 

that the antihistamine-like activity of freshly prepared tomatine decreased 
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with time and the finding that antihistamine-1ike activity of gomatine ~uiokly 

deteriora.ted (Wa.kkary, 1968), might indicate that the abi1ity of tomatine to 

inhibit both the histamine-induced bronohoconstriotion and inoreased oapi1lary 

permeabili ty could simply have been brought about by the presenoe of a minute 

quantity of gomatine in the toma.tine preparation. While it cannot be stated 

that gomatine, at the dose level investigated, is a very potent antihistamine, 

our findiDg is in accord with those of Wakkar,y (1968) who a1so reported tbat 

gomatine exerted a strong protection ag.ainst the letha1 effects of a histamine 

aeroso1. 

In the present study, ~are was taken to use only freshly prepared gomatine for 

aIl the tests, because of the ease with which the substance was irulctivated. 

As was the case with tomatine, the intraperitoneal injection of gomatine in a 

dose of 20 mg/kg of body weight into guinea pigs produoed abdominal tension 

and irritatione These symptoms oannot be accounted for by the 80.% ethanol used 

as vehicle to dissolve gomatine, because the symptoms were not observed immed

iately after the intraperitoneal injeotion but were detected'one hour after 

the injection. Furthermore, oontrol guinea pigs receiving the same amount of 

the vehicle showed no signs of abdominal irritation and tension. In view of 

the observed toxio symptoms, the dose of gomatine was not increased beyond the 

20 mg/kg level. Gomatine also inhibited the increased capillar,y permeability 

effect of intraderma.lly injected bradykinin. These' resul ts oonfirmed the iB. 

vitro findings of Wakka.ry (1968) that gomatine was equally effective in anta

gonizing the oontraotion of the isolated guinea pig ileum induced by histamine 

and bradykinin. Under these oircumstances, the specificity of gomatine is not 

&Ii Blll clear. On the one band, Wa.kka.ry (1968) was able to demfJnstrate clearly 
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in his in vitro tests tbat the effect of gomatine is dose dependent. On the 

other hand, i ts almost equal inhibi ting capaci ty against a number of chemical 

mediators is disturbing, since if this is really the case, then gomatine should, 

theoretically, be a potent anti-an.ap~lactic. agent, which i t is note 

In contrast to the toxic effects imparted by tomatine and gomatine, the puri-

fied oak gall extract showed very little toxicity. Central effect, which was 

freq'llently observed in guinea pigs treated wi th tomatine and gomatine, was ab-

sent in animals treated with the purified oak gall extracts. 

Since the active principle(s) has not been isolated, it is not possible to 

state whether the antihistamine-like activity of the purified extract is the 

attribute of a single or a group of closely'related substances. However, with-

in the parameter of this preliminary investigation, there is some evidence 

which indicates that the observed antihistamine-like activity of the purified 

oak gall extract is probably specifie. It was clearly demonstrated in the ana-

p~lactic shock and capillary permeabili ty tests tha t the effect of the extract 

was dose dependent. The complete lack of activity against the bradykinin-in-

duced increase in capillary permeability, further suggests tbat the purified 

oak gall extract probably acts more or less specifically against histamine. 

Results obtained from the PCA reaction showed that none of the three substances 

tested antagonized the increase in capillary permeability induced by the 

antigen-antibody reaction. The present study, however, only investigated the 

heterologus PC& reaction (HSA and anti-HSA system), which is known to be qui te 

insensitive to antihistamines (Craig and. Wilhelm, 1962; Harada et al., 1966). 
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Due to the great variability in the reactivity of the guinea pigs, even if 

a slight inhibition did occur, it would have not been detectable. Admitted~, 

the effect of the purified oak gall extract should have been investigated in 

homologous PUA reaction, especially since MOvat et al. (1967) showed that the 

cutaneous anaphylactic reaction in the guinea pig is mediated through at least 

two antibody types: the anapbylactic V\ antibody and the anapbylactic tï. anti

body. They were able tn demonstrate that PCA mediated through the ft antibody 

was suppressed by antihistamines because fa sensitizes and disrupts the mast 

cells to release histamine, which in tur.n provoked the observed cutaneous 

anaphylaxis, while the PCA:. mediated through the (2. antibody did not respond 

to antihistamine pretreatment because the t'i. PC!!. is mediated through the ra

lease of lysosomes from the polymorphonuclear leucocytes. 
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SUMMARY 

1. The method deacribed by Broome et al. (1962), using the chloroform:methanol 

mixture (211, v/v) to obtain a stable crude extract of the Hungarian oak 

galle, exertiDg antihistamine-like activity, was adopted as the startiDg 

point of the purification procedures. 

2. The active stable crude extract obtained with the method described by 

Broome et al. (1962) was further purified by extracting the chloroform: 

methanol residue with anhydrous ethyl acetate. 

3. In order to remove the biological~ inactive chlorophyll from the ethyl 

acetate soluble residue, it was extracted with ether absolute. 

4. The active principle(s) was separatedfrom the biologically inactive and 

highly toxic tannj n by submi tting the chlorophyll-free ethyl aceta te sol

uble fraction to silica gel G column chromatography •. 

5. FUrther purification of the active principle(s) was achieved by re-extrac

ting the tannin-free residue with anhydrous methanol, in which the active 

principle(s) was soluble. 

6. The methanol soluble fraction was applied onto a sephadex LH-20 column and 

the effluent was divided into 6 fractions on the basis of their optical 

densitiee. The results of the bioassays showed that only Fraction l and 

Fraction VI possessed antihistamine .. like activi ty. A.ccording to the TLC 
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studies, these active fractions contained at least 4 - 8 components. 

7. The active fractions !rom the sephadex LH-20 column chromatograp~ showed 

a marked increase in specifie activit.y when compared to the crude extract 
. , 

obtained with the method of Broome et al. (1962). 20 mg/kg of Fraction l 

or Fraction VI provided the seme pr-otection as 550 mg/kg of the crude ex-

tract. 

8. Neither the purified oak gall extract nor the two active fractions from 

the sephadex LH-20 column chromatograp~, added to the organ bath in a bath 

concentration Qf 10-4 gm/ml, inhibited or modified the histamine-induced 
\ 

contractions of the isolated guinea pig ileum preparation. 

9. The antihistamine-like activity of the purified oak gall enract was com-
\ 

pared to those of tomatine and gomatine (isolated by the method described 

by Wakkary, 1968) and it was found that a single intraperitoneal injection 

of aIl three substances into guinea pigs, in doses of 80 mg/kg, ;0 mg/kg 

and 20 mg/kg respectively, significantly increased the survival time of the 

treated animaIs when exposed to the lethal effect of a 0.15% histamine 

aerosol. 

10. The increase in capillary permeabili ty induced by histamine was signifi-

cantly inhibited in guinea pigs, when pretreated with 80 mg/kg purified 

oak: gall extract, ;0 mg/kg tomatine and 20 mg/kg gomatine respectively. 

Il.The inorease in capillary permeability induced by bradykinin was inhibited 



-126-

in guinea pige pretreated ri th 30 mg/kg tomatine or 20 mg/kg goma tine 

(Wa.kkary, 1968) but not by 80 mg/kg purified oak gall extract. 

l2.ActivelY eensitized guinea pige pretreated with 80 mg/kg purified oak 

gall extract or 20 mg/kg gomatine were protected fram ana~lactic shock 

following the antigenic challenge. 

l3.P.retreatment of guinea pige with either 80 mg/kg purified oak gall extract, 

30 mg/kg tomatine or 20 mg/kg gomatine did not inhibit or modify the 

heterogeneous pC! reaction. 
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