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The nature of dietary factors contributing to
the maintenance of vascular integrity has not,
as yet, been satisfactorily elucidated. However,
vitamin C appears to play a specific role (1-3) by
functioning in some manner to incorporate the vas-
cular cement substance. The significance of other
agents in alleviating ‘“vascular purpura” has re-
mained inconclusive.

It has been claimed that “vascular permeability”
is dependent upon regulation by the entire class of
“vitamin P” substances. Since 1936, the experi-
mental device of eliminating “vitamin P” from the
diet of guinea pigs has been the customary ap-
proach with markedly contradictory observations
recorded (4-10). Recent investigations in this
laboratory have utilized a somewhat different
principle in a study of exogenous agents contrib-
uting to vascular repair (11, 12). Roentgen ir-
radiation disease in dogs induces a train of patho-
logical phenomena secondary to a generalized cel-
lular disturbance (13). Since a purpura has been
an invariable feature of controlled roentgen irradi-
ation, anti-hemorrhagic agents have been consid-
ered, but vitamins K, C and the B complex and
calcium have proven ineffective (14). When the
flavonol glucoside, rutin, was given to 350 r whole-
body, single-dose irradiated dogs, not only was
the hemorrhagic diathesis significantly reduced,
but mortality fell from 60 per cent to 11 per cent
(11, 12). The control of purpura was achieved in
the presence of marked thrombocytopenia and
other typical manifestations of irradiation disease.

1 This paper is based on work performed under contract
No. W-7401-Ewf 49 for the Atomic Energy Project at
the University of Rochester. The authors gratefully
acknowledge the continued counsel of Dr. H. Blair,
Director, and Dr. A. H. Dowdy, former Director, Atomic
Energy Commission, University of Rochester.

2 Present address: The New York Hospital and De-
partment of Medicine, Cornell University Medical Col-
lege, New York 21.

Thus, it has been proposed that rutin either de-
creases the rate of vascular disintegration, or in-
creases its repair (12).

The purpose of this report is to summarize
briefly observations on the activity of other sub-
stances of the flavonoid and related groups and
to indicate the relationship of these substances
with vitamin C in the irradiated dog.

METHODS

Dogs of the beagle strain, identical to those utilized in
the previous study (12) were used throughout. Diet, the
manner of animal care and recording of observations were
performed as before. Irradiation and hematological meth-
ods have already been described (12). The dosage in all
these studies delivered to the dorsum of the skin of the
dogs was 350r. This value was established with each
irradiation by a direct trial measurement with the Vic-
toreen ionization chamber.

The most reliable and consistent basis for evaluation
of the value of anti-irradiation agents has been a consid-
eration of the end-mortality of treated and control dogs.
A statistical analysis with the X*-test indicated the mini-
mum number of dogs required in the testing of an agent
to validate a deviation from control mortality. Further,
this analysis assisted to establish the significance within a
2-5 per cent probability level. Table I serves to illus-
trate this consideration. Thus, based on a mortality of
60 per cent amongst 37 untreated control dogs, an ex-
perimental mortality of 10 per cent would have a 74 per
cent chance of detection and validation when 10 dogs were
used in the trial; 53 per cent when six dogs were used.
A mortality of 20 per cent would have a 38 per cent
chance of detection when 10 dogs were tested, 26 per
cent when using six dogs.

In view of the limited supply of test animals and of
some scarce compounds, usually five or six dogs were
utilized in each trial. Thus, with numbers such as these,
significance can only be attached to results indicating a
mortality no greater than one dog in each group of five.

Test substances were usually given in single doses of
50 mg. for purposes of direct comparison with results
obtained with the same dose of rutin. The compounds
were given orally in gelatin capsules three times daily
beginning one week prior to irradiation and continuing
until 28 days post-radiation. The consumption of these
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TABLE I
Evaluation of significance of test groups
Probability of detecting a reduction of mortahty from 60 per cent (based on a sample of 37 control animals) when

the X-test is used for a test of significance.*

If the significance level for rejection of the null hypothesis is:
aumber 10-5% 5-29% 2-0%
of experi-
mental
aniisﬂfals If the true mortality of experimental animals is:
10% 20% 30% 0% 10% 20% 30% 40% 10% 20% 30% 409%
6 53 26 12 5 53 26 12 5 0 0 0 0
8 81 50 26 11 81 50 26 11 43 17 6 2
10 93 68 38 17 74 38 15 S 74 38 15 5
12 97 79 49 22 89 56 25 8 66 27 8 2
15 99 84 51 22 94 65 30 9 82 40 13 3
20 100 91 61 25 99 80 42 13 96 63 24 5
* Certain minor inconsistencies result from approximations in the application of X2.
test substances was facilitated by incorporating the cap- TABLE II
sule in approximately 10-20 grams of fresh ground beef. “Active” flavonoids influencing the course of
The control dogs received an equal quantity of meat three irradiation disease
times daily.
Exhib-
Number of Mor- Survival iting
EXPERIMENTAL dogs tality | post-radiation l?feqes;-
Biologic response to irradiation ne
i A
Whe.n 37 dogs were given the stal?dard. t?tal Staried | Suroined| 27 |Alrase| Romee |
body single dose of 350 r roentgen irradiation, Control 37 15 60 | 20 |13-30| ¢4
i i 3 H Rutin 27 24 11 21 |16-31] 22
typical leukopenia, thrombocyfopefna and anemia Hesperidin 6 s 1| o |2 w00
were followed by hemorrhagic signs and gross Morin _ 6 6 0 0| — 0
bleeding in 64 per cent, while 60 per cent of the H‘(’i‘i‘?t;‘;]"‘ 5 5 0 o | — | 2
dogs succumbed in 20 (13-30) days. . When the Epim-d-
: : s e catechin 10 9 10 15 — 50
flavonol glucoside, rutin, was administered con-

tinually pre- and post-radiation to 27 dogs, 22
per cent developed a purpuric tendency and only
11 per cent died in 21 (16-31) days (Table II).
A significant change from untreated controls was
a reduction in the hemorrhagic diathesis (11, 12).
It has already been noted that rutin had little or
no effect upon the panhematopenia of the irradi-
ation disease.

Effect of flavonoids in irradiated dogs

A variety of substances in the flavonoid series
have been tested in the standard manner in the
350 r irradiated dog. These include the flavonol
glucosides hesperidin,® naringin ® and quercitrin,*

8 Furnished by Mr. A. J. Lorenz, Director of the
laboratories, and Mr. W. E. Baier, Manager, California
Fruit Growers’ Exchange, Ontario, California.

4 Obtained from S. B. Penick & Co., New York, N. Y.

* This includes even mild gingival oozing ahd petechiae
formation.

the aglucone, quercitin,® and the derivatives, epi-
merized d-catechin,® homoeriodictyol,* hesperidin
methyl chalcone,® esculin? and morin® Because
of the distinct differences in protective effective-
ness observed with these substances it has been
convenient to classify them roughly as “active”
and “inactive.” Accordingly, the results of these
tests are summarized in Tables II and III. Data

5 Furnished by Dr. J. F. Couch, Eastern Regional Re-
search Laboratory, U. S. Department of Agriculture,
Philadelphia, Pennsylvania.

6 Furnished through Dr. E. L. Sevringhaus, Hoffmann-
La Roche, Inc.,, Nutley, New Jersey.

7 Obtained from the Mercantile Import Company, New
York, N. Y.

8 Obtained from the Eastman Kodak Company, Roch-
ester, New York.
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TABLE III

Substances with no adkivity in influencing the course of
irradiation disease

Exhib-
Number of Mor- | Post-radiation | iting
dogs tality survival gross
bleeding
per | Average| Range
Started | Survived| cent days days | per cent
Control 37 15 60 20 |13-20] 64
Hesperidin . ’
methyl
chalcone 6 2 67 17 | 13-22{ 100
Quercitin 6 3 50 14 | 12-15| 67
Esculin 6 3 50 15 | 13-19] 100
Quercitrin 9 5 44 16 |[12-22| 78
Naringin 6 3 50 21 | 17-28 50
Sodium
gentisate 5 2 40 19 15-22| 80
Dopa 6 3 50 14 | 12-15| S50

obtained with the feeding of rutin are given in
Table II to provide some basis of comparison.

In brief, it is to be noted that as observed with
rutin, treatment with hesperidin, epimerized d-
catechin, homoeriodictyol and morin reduced the
incidence of hemorrhage and mortality of the ir-
radiated dogs (Table II). Animals which suc-
cumbed from the effects of irradiation were grossly
similar whether or not a flavonoid was given;
hypoplasia of hematopoietic centers, generalized
purpura and visceral hemorrhages were always ob-
served. In general, dogs which survived exhibited
fewer and smaller induced petechiae. The results
from careful hematological studies can be sum-
marized as follows: averaged values from dogs
treated with the substances listed in Table III were
identical with those of the untreated dogs while
the changes seen in the peripheral blood of dogs
given the compounds in Table II resembled those
recorded for rutin-treated irradiated dogs (12).
In the latter, the significant differences observed
were a reduced rate of anemia formation, an in-
crease in erythroblasts and nucleated red blood
cells, and a significantly lower sedimentation rate.

Effect of other agents in irradiated dogs

Since flavanones can be degraded in vitro to a
benzopyrone, it appeared possible that the latter
type of compound might retain certain of the anti-
irradiation effects of the parent flavonoids. Ac-
cordingly, coumarin ® was selected as an illustra-
tive compound and tested in the usual fashion. Of
six dogs, only two (33 per cent) succumbed 15

JOHN B. FIELD AND PAUL E. REKERS

(12-19) days after irradiation with some reduc-
tion in hemorrhagic tendencies.

In vitro tests (15) have indicated that members
of the “vitamin P” group are effective in inhibiting
the activity of hyaluronidase. A suggestion was
entertained that increased hyaluronidase activity
in the roentgen irradiation disease might induce
certain features of the vascular dysfunction and
“disintegration” (16).® This was fortified by re-
ports that “vitamin P” compounds possessed anti-
hyaluronidase activity in in vitro tests (15). The
recent note of Meyer (17) of potent hyaluronidase
inhibitors in the quinoid structures raised the pos-
sibility that these substances might also influence
the course of irradiation disease. Thus, 3, 4-dihy-
droxyphenyl alanine (dopa) ¢ and sodium genti-
sate ¢ were tested in the standard manner and the
data are summarized in Table III. Although only
two of five dogs (40 per cent) treated with sodium
gentisate succumbed, the surviving animals were
critically ill. It is to be noted that in so small a
test series, the fate of one animal will influence the
mortality by 20 per cent. In no significant man-
ner did the hyaluronidase inhibitors influence the
course of irradiation disease in dogs.

Effect of ascorbic acid on the anti-irradiation ac-
tivity of vitamin P compounds

Twelve dogs were given 100 mg. of 1-ascorbic
acid orally three times daily beginning one week
pre-radiation, and after the standard exposure to
350 r the test substance was given four additional
weeks (12). Six dogs (50 per cent) succumbed
after 12-14 days post-radiation and the clinical
course and hematological data of all animals were
identical to the control irradiated dogs (Table IV).
Subsequently this treatment, which had been in-
effective in itself, was combined with the substances
selected from the “inactive” list in Table III.
These were hesperidin methyl chalcone and quer-
citin. Thus, 100 mg. of ascorbic acid plus 50 mg.
of hesperidin methyl chalcone were given orally
three times daily to five dogs, and 100 mg. of as-
corbic acid plus 50 mg. of quercitin were given to
10 dogs. The medication was continuous through-

9 In other studies, we have observed that neither irradi-
ation disease nor rutin nor a combination of both, produced
an alteration in the urinary excretion of hyaluronidase from
the dog. Incubating dog blood with hyaluronidase re-
sulted in no hematological changes.
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TABLE 1V

Effect of supplementing ascorbic acid with inactive flavonoids
on the course of irradiation disease

Exhib-
ogs y | pos i
per | Average| Range
Started | Survived| cent days days | per cent
Control 37 | 15 | 60 | 20 |13-20{ 64
Ascorbic
acid* 12 6 50 13 | 12-14] 100
Ascorbic
acid plus
quercitin 10 9 10 11 — 70
Ascorbic
acid plus
hesperidin
methyl
chalcone 5 1 80 19 |17-21f 80

* 100 mg. by mouth given three times daily beginning
seven days before irradiation and thereafter for 28 days.

out in the usual manner from one week pre-
radiation to four weeks post-radiation. The results
of these tests are summarized in Table IV. The
hematological data from all groups listed in this
table were very similar.

DISCUSSION

It has been suggested that the inconsistencies
in the past studies on “vitamin P’ have arisen pri-
marily because the need for this agent is not easily
demonstrated under normal physiologic circum-
stances. Another complication encountered has
been the derivation of an adequate diet free of the
universally distributed flavonoids. A further de-
terrent has been an ignorance of the species re-
quirements for “vitamin P.” Certainly, the latter
has been a formidable obstacle in the program of
this laboratory and to date, consistent data have
been obtained only with the dog but not with the
rabbit, rat, guinea pig or mouse.!?

The technique of acute whole-body, mid-lethal
irradiation in the dog produces predominantly a
vascular derangement detectable most directly in
the clinical course of the animal. Autopsy has
demonstrated the existence of multiple widespread
vascular lesions although the usual histopathologi-
cal examination of vessels in the irradiated tissues
has not revealed the origin of the disintegration.
The nature of a true “vascular purpura” is discus-
sed by Hiramatsu (18). He differentiates this

10 Fjeld, J. B, and Rekers, P. E. To be published.

749

state from a “purpura of the blood” which in-
cludes a thrombocytopenia and presumably the ex-
istence of any anticoagulant such as heparin (14).

In the course of these studies with the flavanones
it has been observed that neither is the course of
the usual post-radiation panhematopenia and se-
vere thrombopenia altered significantly by pro-
tective flavonoids, nor has it been observed that
these agents inhibit heparin.** Thus, it might ap-
pear that these agents affect the vascular system
directly, perhaps participating as a principal in
the “wear and tear” of a part or all of the vascu-
lar system, inhibiting its degeneration and either
stimulating, or being incorporated in, its regener-
ation. In support of this proposition is the ob-
servation that the process of vascular disintegra-
tion together with universal cellular catabolism and
necrosis are accelerated in the irradiated animal.
It appears that the “strain” of repair elicits the
positive anti-hemorrhagic effects of the flavonoids
in the mid-lethal irradiated dog when the usual
dietary complement of these agents becomes inade-
quate.

“Vitamin P” has been identified as a wide va-
riety of flavonoid compounds in the past (4, 5, 19-
21). Claims of activity have been made for many
of the substances included in the present report.
Eventually our present program envisions the
“screening” of an even larger number of com-
pounds with the dog irradiation technique and the
results of these tests will be given on subsequent
occasions. However, it appears that the following
flavanones possess in common, an approximately
equal capacity to protect the 350 r x-irradiated
dog; they are rutin, hesperidin, epimerized d-cate-
chin, homoeriodictyol and morin. It is quite pos-
sible that there exists a considerable qualitative and
quantitative variation of anti-hemorrhagic capacity
amongst these substances. However, it would be
hazardous to draw anything but limited conclusions
from the present data. The purpose of this report
is simply to identify compounds which have “pro-
tected” the irradiated dog under given specific
conditions.

Since the “active” agents possess the same fun-
damental flavanone structure it appeared incon-

11 Heparin will increase the sedimentation rate of blood,
and although rutin #n 2ivo and in vitro reduces increased
sedimentation rates, it does not affect the prolonged co-
agulation time of heparinized blood.
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sistent that other very similar compounds and
flavonol glucosides as quercitrin and naringin failed
to influence the course of irradiated dogs. Par-
ticularly disappointing was the performance of
quercitin, the aglucone of rutin. With the latter
substance only 11 per cent of the dogs succumbed
to the effects of irradiation. Given quercitin, 50
per cent of the dogs died with severe irradiation
disease. Thus, the demonstration of the synergis-
tic action of ascorbic acid when given concomitantly
with quercitin, which reduced mortality to 10 per
cent, is of considerable interest. The inter-rela-
tionship of vitamin C and “vitamin P” has been
sharply debated. Zilva (8) indicated that ascorbic
acid alone would maintain capillary repair while
Szent-Gyorgyi suggested that ascorbic acid prob-
ably exerts a catalytic effect potentiating the action
of “vitamin P.” The present data support the lat-
ter view and it may be predicted that supplemen-
tary treatment with ascorbic acid may potentiate
an anti-hemorrhagic action of other flavanones as
naringin and quercitrin reported at present as
“inactive.” Study of this problem is in progress.

Apparently degradation of the parent flavanone
molecule sacrifices anti-hemorrhagic activity.
Thus, esculin and hesperidin methyl chalcone
failed to “protect” irradiated dogs even when
ascorbic acid supplemented the chalcone in one
test. These findings are in disagreement with re-
ports of high “vitamin P” activity for these sub-
stances as derived through indirect assay methods
(20, 21), or when petechiae formation was meas-
ured in rats with a thrombocytopenia resulting
from treatment with an anti-platelet serum (22).
Two of the six dogs (33 per cent) given coumarin
succumbed compared with a mortality of 60 per
cent in untreated dogs. Until a larger series of
dogs is tested, this result cannot be interpreted as
any more than a suggestion that a molecule smaller
than the flavanones may “protect” irradiated dogs.

The possibility that the “spreading factor,” hy-
aluronidase, plays a role in the course of roentgen
irradiation disease and may be implicated “in ac-
centuating capillary fragility rather than induc-
ing direct change in capillary permeability” (16)
appears unlikely. This impression is supported
by the failure of potent hyaluronidase inhibitors
as dopa and sodium gentisate to influence the
course of irradiation disease. Contrary to other

_irradiation disease in dogs.
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claims (15) that “vitamin P” inhibits hyaluroni-
dase, neither has the administration of large quan-
tities of flavonoids had any effect on the hyaluroni-
dase levels in the urine of the normal dog nor have
preliminary tests implicated hyaluronidase in the
evolution of roentgen irradiation disease of dogs.

SUMMARY

1. Exposed to 350 r single-dose, total-body x-ir-
radiation, 60 per cent (22 of 37) untreated control
dogs succumbed with a prominent hemorrhagic
syndrome. Five flavanone substances appeared
roughly of equal activity in reducing the hemor-
rhagic signs of the irradiation disease when ad-
ministered continuously pre- and post-radiation.
When rutin was fed, 11 per cent (three of 27) of
the dogs succumbed ; with hesperidin, 17 per cent
(one of six) ; with epimerized d-catechin, 10 per
cent (one of 10); and with homoeriodictyol none
of five and with morin, none of six irradiated dogs
succumbed.

2. Other flavonoids and their derivatives did not
significantly reduce either the mortality or hemor-
rhagic changes in irradiated dogs. These included
hesperidin methyl chalcone, esculin, quercitin,
quercitrin and naringin. With the benzopyrone,
coumarin, 33 per cent (two of six) of the dogs suc-
cumbed suggesting slight anti-irradiation activity.

3. Ascorbic acid alone failed to influence the
course of irradiation disease and 50 per cent (six
of 12) of treated dogs died. However, when as-
corbic acid was given simultaneously with quer-
citin which by itself was ineffective (50 per cent
mortality), only 10 per cent (one of 10) dogs suc-
cumbed exhibiting reduced signs of the disease.
No increase in protective activity occurred when
ascorbic acid and hesperidin methyl chalcone were
given together.

4. Tt is suggested that previous misunderstand-
ing of the nature of “vitamin P’ has arisen from
both the failure to recognize that several flavonone
analogues possess very similar anti-hemorrhagic
“activity” and that ascorbic acid has the capacity
to potentiate “activity” in other flavanones.

5. Potent hyaluronidase inhibitors as dopa and
sodium gentisate failed to influence the course of
It is suggested that
the “spreading factor,” hyaluronidase, plays little
or no role in the evolution of this disorder.
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