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are fungicidal under conditions of the study, 
the process affected is evidently concerned 
with the growth alone, and not with the sur- 
vival of the resting organism. That this 
property of histamine is specific toward the 
antihistaminics is evident from the fact that 
the fungistatic action of 10% undecylenic acid 
(as Desenes j is not affected. Additional work 
with other strains as well as on the underly- 
ing mechanism of action is now being pursued 
and will be reported at a future date. From 
the practical standpoint not only may the 
allergic component in host tissue response to 
dermatophytoses be controlled by the use of 
antihistaminics (in conjunction with conven- 
tional fungicidal preparations), but also some 
fungistatic action by the antihistaminics them- 

selves might be expected. Finally, our re- 
sults throw light on the mechanism of fungi- 
static action of the antihistaminics ; thereby 
histamine (or chemically related substances), 
liberated by infected host tissue, could not 
be utilized for growth by the organism. 

Sumntary. Several antihistaminics are 
fungistatic, preventing the growth of T. men- 
tagrophytes. The effect is prevented by suit- 
able amounts of histamine, but not by histi- 
dine. 

While this report was in preparation, Reiss et al. 
published similar results with Trimeton Maleate 
(Exp. Med. and Surg., 1950, v8, 330) with reference 
to histamine. 
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IVilson! Jlortarotti and DeEds( 1) reported 
that pre-treatment with rutin resulted in 
slight. though definite, protection of guinea 
pigs given LDzo doses of histamine. There 
was a previous report by Hiramatsu(2) that 
hesperidin afforded protection of guinea pigs 
against anaphylactic shock, and Parrot and 
Richet(3) had found that the increased sen- 
sitivity of scorbutic guinea pigs to histamine 
was returned to normal after administration of 
D-catechin isomers. Since publication of the 
paper by Wilson et d., there have been a 
number of other reports on the subject. Clark 
(1) stated that rutin and quercetin afforded 
protection against histamine; others( 5-1 1) 
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were unable to confirm this. Three papers 
(5,9,10) described a protection against ana- 
phylactic shock, while three others(4,7,8) re- 
ported no protection. In  addition to the 
above direct evidence, there are reports of 
beneficial effect of flavonoids in peptone shock 
(12), in the Shwartzman phenomenon( 13), 
in an anaphylactoid reaction( 14), in drug 
sensitization( 15), and in allergic conditions 
in man(16,17). Shanno(l8) stated that ru- 
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tin was of no benefit in 3 cases of drug sensi- 
tivity. Peiia( 19) found that histamine wheals 
in man were smaller in size and disappeared 
more rapidly when rutin was administered. 

The conflicting findings mentioned above 
indicate that the experiment is not as simple 
as it appears at first glance. In  this paper 
we present data obtained in an attempt to 
repeat our earlier work with rutin, and in 
addition we have studied 3 other flavonoids 
for possible proteotion of guinea pigs injected 
with histamine. 

Guinea pigs were 
purchased from local animal supply firms, 
and represented a heterozygous stock. After 
becoming acclimated to the conditions of the 
laboratory, the animals were placed on a 
scorbutic diet supplemented with ascorbic 
acid, as previously described( 1) , for a week 
or two, in order to deplete them of flavonoid 
materials. Body weights at time of test var- 
ied from 250 to 540 g, with 75% of the 
animals weighing from 310 to 465 g. Body 
weight, within the above limits, and sex did 
not appear to influence either the reaction 
to a given dosage of histamine, or the effect 
of flavonoids on histamine shock. What did 
affect susceptibility to histamine was the par- 
iticular batch of animals. I t  was necessary to 
order 4 or more dozen anilmals at a time in 
order to have a sufficient number of experi- 
mental pigs available after standardizing the 
group against histamine. The dosage of hista- 
mine was critical and varied from batch to 
batch of animals. The variation was not 
seasonal. Histamine was given as the hydro- 
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chloride, with ,the approximate LD50 dose 
ranging from 0.20 to 0.25 mg of histamine 
base/kg. Injection was into the jugular vein 
after the vein had been exposed following 
procaine anesthesia. A 5% change in dosage 
was sufficient to change an LDso to an LDo 
or an LDloo. To demonstrate a protective 
effect of flavonoids on histamine shock, an 
LDo was useless, of course, and the action of 
flavonoids is so slight that a clear demonstra- 
tion of protection was not obtained if a 
dosage of histamine near the LDloo level 
were used. A brief discussion of this point 
has been published (20). All of the flavonoids* 
were given intraperitoneally, 40 mg/animal, 
30 minutes before histamine. At  this high 
level, which was chosen deliberately so as to 
get maximum intraperitoneal absorpkion, there 
was occasional precipitation within the peri- 
toneal cavity, espEially in the case of quer- 
cetin. Eight per cent solutions of rutin and 
quercitrin were made in 33% propylene gly- 
col with the aid of heat and a trace of alkali 
(NaHC03). A 20% 'solution of quercetin in 
straight propylene glycol permitted injection 
of a small enough volume (0.20 ml) to cause 
minimal peritoneal irritation. The hesperidin 
methyl chalcone was dissolved in saline to 
give an 8% solution. All control animals 
received intraperitoneal injections of the ap- 
propriate solvents. 

Results. The results are presented in Table 
I. The data on rutin-treated animals is di- 
vided into 2 parts. The earlier data were ob- 
tained from small groups of inadequately 
standardized animals, and indicate no protec- 
tion against histamine. Later tests with more 
carefully standardized animals show 'that rutin 
gives some, though not marked, protection. 

The other flavonoids were given to some- 
what fewer animals, but the protection is 
more apparent. The animals pre-treated with 
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TABLE I. Survival of Htstamine-Treated Guinea Pigs After Pre-Treatment with Flavonoid 

Controls -> I Experimental -\ 
KO. surviriiig KO. surviving 

No. injected surriving S o .  injected surviving 

Compound,s. 

% -- ?. -______ 

Rutin (early tests) 9/15 60 10/15 67 
’’ (latzr tests) 8/13 53 16/20 80 

Quercitriii 4/7 57 5/5 100 
Quercet in 3/10 30 8/10 80 
JIethyl hesperidiii chalcone 2/; 29 6/11 55 

quercetin were especially noteworthy, in that 
survivors had no, or exceptionally slight, 
symptoms of histamine shock. 

Discussion. There are two points at  which 
niodification of technic can change positive 
to negative results: the time between fla- 
vonoid administration and histamine injection 
(1). and histamine dosage, which may vary 
with each batch of animals. A critical con- 
sideration of the various papers concerned 
with the effect of flavonoids on histamine 
shock shows that the main variable was 
dosage of histamine. In  most cases where 
negative results were reported, the amount 
of histamine was great enough to kill all, or 
nearly all: of the control animals. Since the 
protection by rutin is slight, it is much less 
apt to be apparent a t  high histamine levels. 
With a sufficiently large group of animals 
carefully standardized against histamine, we 
found protection, When less care was taken 
to standardize the animals, and when amounts 
of histamine approaching an LDloo were used, 
we were unable to show any effect from the 
flavonoids. Incidentally, i t  has been our ex- 
perience that the slope of the histamine curve 
in any one group of animals is very steep, so 
that small changes in dosage have a profound 
effect on mortality. 

The three other flavonoids likewise afforded 
protection, with quercetin appearing to be the 
best of the substances tested. The exact de- 
gree of protection cannot be judged by these 
smaller groups. Clark(4) reported that he 
found quercetin sulfonate more efficient 
against histamine than was rutin. 

It should be emphasized that the flavonoids 
are not antihistaminics. Not only is their 
protective action very slight, but there is evi- 
dence( 1,5,9,19) that there is no direct antag- 
onism between rutin and himstarnine: The 
reaction is indirect and is important only in 
suggesting the mode of action of the fla- 
vonoids. 

A slight protection of guinea 
pigs treated with rutin and suibjected to an 
LDSo dose of histamine has been confirmed. 
The failure of certain other investigators to 
substantiate this finding may have been due 
to excessive histamine dosage or the use of 
inadequately standardized animals. Quer- 
citrin, quercetin and methyl hesperidin chal- 
cone also were found to afford protection 
against histamine. The protection is slight 
and is of theoretical rather than clinical in- 
terest. 
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