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l) ONCOLOGY

1.1) HISTORICAL DEVELOPMENT

Oncology is the sclence dealing with pathologlc tumors.
An autonomous new growth is called a tumor or neoplasm. De=-
pending on the extent to which neoplasms influence the normal
physiology of the host they are called benign or malignant.
The difference is merely one of degree and there is a gradual
transition from benign to malignant types of neoplasia.

Neoplastic diseases are mentioned iri the oldest
remnants of Indian and Persian literature, and in the Papyrus
Ebers (1500 B.C.)Sg) They were then treated by excision and
with escharotics, among the latter being an arsenical olintment
used in Egypt.

By the time of Hippocrates (about 400 B.C.) =
multitude of descriptive facts concerning malignant growth
in tissues and organs had accumlated. Hippocrates was the
first to use the term /<“9'“3’QS for indolent ulcers and
K&>ngV%M“ for progressive malignant tumors. Hippocrates!?
terminology has survived in the modern concept of cancer.

The word carcinoma is todey restricted to tumors of glandular
eplithellum in a typical arrangement.

The riddle of neoplasia occupied the minds of
physicians and surgeons through the antique and middle ages.,
Methods of treatment were subject to the medical fashions of

the times. However, some surglcal procedures appear to have
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been remarkably successful.

The advent of printed books during the Renalssance
greatly stimulated oncology. Astruc (1684-1766) was the
first to employ chémlical methods in cancer research. He
ashed cancer and muscle tissues and reported that he found
them to contain Y"the same salts", Le Dran (1685=1770)
studied neoplasms at autopsies and concelved the role of the
lymph in the formation of metastases. An essay by Peyrilhe,
written in the 18th century and submitted to the Academy of
Lyons in answer to the question "Qu' est ce que le cancer?"
constitutes the first systematic treatment of the subject,

Ry animal experimentation Peyrilhe tried to demonstrate a
virus principle originating from tumors. He also treated
ulcerating lesions successfully with carbolic acid. John
Hunter in England (1728~1793) put forth the belief that tumor
tissues were nouriched by the body like normal tissues and
develop following the same blological laws., Pott 1In 1775
correctly described the cancer of chimney sweeps and traced
its etiology, an observation which, some 150 years later,

led to the work on carcinogenic hydrocarbons.

The "Society for Investigating the Nature and Cause
of Cancer" existed in London from 1802 to 1806, "It formulated
the problems of the disease as they stand today." (Ewing 1940
l.c.)e

In 1820 Mannoir announced that each btumor results

through morbid changes of the tissues from which it arises.
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He tried to prove his point by crude chemical and physical
tests. Microscopic studies by Raspail showed 6 years later
that growth of tissues results from the multiplication of
cells. In 1838 J. Mueller published his classlcal studles

on microscopic findings in malignant tumors. During the
perlod of Virchow careful histologic studiss were further ex-
tended. At the time it was believed that cancer orliglinated
from a fluld blastema in the blood. Chemlsts were called
upon to separate from the blood the different blastemas which
were held responsible for different tumors. Fuehrer clalmed
that he could distinguish three varletles of blastemas by
means of color reactions with nltric acid.

By 1860 the main types of tumors had been described
accurately and classiflied mainly on the basls of microscopic
structure. The exlstence of benign tumors, varlious types of
carcinoms, and the separate position of sarcomas (tumors of
connective tissues) and epitheliomas (tumors of epithelial
cells) were accepted facts. Further progreass in the concept
of histogenesis had to wait until Virchow announced hls prin-
ciple "Omnis cellula e cellula" and therby founded cellular
pathology. Through improved histologlc techniques Thiersch
could demonstrate the invariable derivation of epitheliomas
from lining epithelium and thus extended Virchow'!s principle
to "omnis cellula e cellula ejusdem generis", Thiersch held
that the eguilibrium between stroma dnd eplthelium became

disturbed by a process of involution, resulting in overgrowth
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of epithelium. He thus enunciated the first competent physio-
logical theory of the pathogenesis of cancer.

Cohnhelms doctrine (1877) that tumors do not arise
from normal cells but meinly from isolated and usually em-
bryonical cells further clarified the ideas about malignant
growth and separated 1t from all other pathological processes.
While Cohnheim's theory is not applicable to all tumors it
forms one of the most substantial chapters of present day
knowledge concerning the nature and origin of true neoplasia.

By 1900 the natural history of malignent neoplasms
had been written and tumors had been classified on a histo-
genic basis., It had besen shown that neoplasia 1s of local
orlgin and that metastases arise from transported cells. It
was recognized that irritation, trauma, and infection seemed
to be connected with the disease, but the relation of these
factors remained obscure,

With the beglnning of the 20th cenbtury experimental
biology and blochemistry entered actively into cancer research.

The most recent advanced have come from these disciplines.
1.2) RECENT ADVANCED IN ONCOLOGY

The efforts of bilochemistry and experimental blology
in cancer ressarch may be divided into three categories:
Studies on the pathogenesis of neoplasia, on the diagnosis of
the disease, and on methods of treatment.

1.21) Investligations on the Pathogenesis of Tumors.

Some aspects of the pathogenesis of tumors have been
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investigated with remarkable success. During the last decade
of the 19th century the numerous attempts which had been made
to transplant tumors from humans to animals and among animals
finally gave positive results when Morau carried a mouse car-
cinoma through several generations.(s)
The work was further extended by Loeb, Jensen, and
others, and transplanting of tumors is an established tool
in modern cancer research.
The carcinogenic effects of radiation were encountered
even prior to the dilscovery of elther x-rays of radium, both
of which are now recognized as potent carcinogens. Workers
of the Schneeberg mines in Germany for years had been known
to have a strangely prevalent fatal disease of the lung. It
was later identified as cancer of the lung caused by inhalatlon
of radioactive particles from the ore of the mines.(4)
Shortly before World War One Fibiger found that
feeding of cockroaches which were infested with certaln
parasites to rats resulted in the production of carcinoma of
the stomach. Fibiger designated the parasite as splroptera
neoplastica .'l‘ 5)
At the time Fiblger published hls studies, Yamagiwa

and Ichlkawa announced the production of carcinomas in rabbits

by application of coal tar.(7) Some 15 years later Kennaway

*In my experiments with mice I have observed several with
"spontaneous" but otherwise undesignated tumors. On autopsy
I found many of these animals to have a remarkddy large
spleen and stomach, The stomach was often filled with worms,
up to 4 cm long and about 2 mm in diameter. I have had no
opportunity to follow up these observations.
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and Cook(s) discovered the carcinogenicity of certain poly~
cyclic hydrocarbons. In this group methylcholanthrene was by
and large found to be the most potent compound. The mechanism
by which the carcinogenic hydrocarbons exert theilr bilologlc
action 1s not yet understood. Fleser points out that they are
rather active substances, resembling phenols and amines in
their chemlical properties. This may offer a clue to their
mode of action.(g)

Some very interesting studles on the production of
malignant changes in normal cells in vitro were recently made
by Earle.(lo) With hls coworkers he grew normel cells of C3H
strain mice in vitro on a heterologous medium containing
methylcholanthrene in small concentrations. The cells grew
in an abnormal fashion. When samples of the cultures wers
injected into C3H mice, tumors grew at the site of Injection,
and some of these neoplasms metastasized.

A survey of chemical compounds which had been tested
for carcinogenic activity up to 1939 was published by Hartwell

(11) It lists data on some 700 substances, many of

in 1941.
which were found to be active.

Clinicisns have polnted out the possibilities of
hereditary factors in neoplasia ever slnce Warren's report
on a "cancer family" in 1837.(12) In 1914 Little began to
bread mice with the alm of developing cancer resistant and

cancer susceptlible strains. This work has been highly

successful. Several stralins of animals with naturally high
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and naturally low incidence of various types of malignancies
are today avallable for research.(ls)

By the use of pure strain mlce Bittner (1936) could
show that an extrachromosomal factor plays an lmportant role
In rendering mice susceptlible to neoplasia. This extrachromo-
somal factor is present in the milk of mice, and was therefore
called the milk factor or mlilk influence., When mice of a
high mammary tumor strain are suckled by foster mothers from
a low mammary tumor straln, the foster nursed animals show a
low tumor incidence. The complementary procedure, namely
feeding of high tumor strain milk to low tumor strain infant
mice produces high tumor strain animals. The results obtained
by foster nursing experiments were parallelled by studiss on

reciprocal mating.(l4)

1.22) Studles on the Diagnosis of Mallignant Dilseases.

The numerous attempts to develop diagnostic tests
for cancer have been competently reviewed by Stern and Will=-
heim.(ls) At present thers exists no rational basis for the
hope that a diagnostic test for malignant diseases, simllar
in effect to the Wasserman test for lues, can be developed.
However, if a tumor affects a phase of the physiology of the
host which can be evaluated with the sclentific tools now
available the course of the dlsease can be followed, Thus,
the prostate normally produces acid phosphatase. The presence
of acid phosphatase in the serum is a secondary male sex

characteristic of a chemical nature. In prostatic carcinomsa,
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and particularly in the presence of metastases, which produce
acid phosphatase like the normal gland, the serum acld phos=-
phatase level becomes elevated due to excess formatlon of
the enzyme. Furthermore, prostatic carclnoma tends to meta=-
stasize to bone., Closely connected with bone production is
the alkaline phosphatase and the level of thils enzyme 1s a
rather accurate index for the activity of bone tlssue in the
organism. The metastatic carcinoma cells of the prostate
stimulate the osteoblasts, and thereby ralse the serum level
of alkaline phosphatase. The acid and alkaline phosphatase
levels in patients with carcinoma of the prostate can be
used in following the course of the disease and in making a

(16)

prognosise.

1.23) Advanced in the Treatment of Neoplastic Dlseases.
Advances in the treatment of neoplastic dlseases
have generally parallelled the progress of surgery. With
improved operative techniques and better general care for
the patlent, more tumors have become accessible to the knife;
the mortality rate at operation has dropped, and the comfort
of the victim of the disease has increased. The discussion
of the curability of cancer as a whole has, however, little
slgniflcance. It gains meaning only when different types of
tumors are considered as separate entlties. At present per-
centages of cures range from 80 for llp cancer to practically
zero for carclnoma of the esophagus. Sixty-five per cent of

all cancer cases fall into the group of internal tumors with
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which curative medicine can not cope at present.(l7)

The first successful attempt at a chemlcal control
of cancer was precipitated by Huggins in 1940.(18) His
demonstration that estrogens cause epithellal atrophy and
consequent shrinkage of the total bulk of the hypertrophied
prostate gland in dogs laid the basls for clinically success-
ful androgen deprivation of cancerous human prostates, elther
by orchlectomy or with estrogens. That vitiation of androgen
is the key to the suppression of neoplastic activity in the
human prostate may be demonstrated by the fall of the serum
level of acld phosphatase.

Otherwise, radiatlon is so far the closest approach
to a rational curative agent for neoplastic diseases., Thera-
peutic x=-ray apparatus and radium are standard eguipment on
every tumor service. Both suffer however, from some innate
shortcomings. In most cases normal tlssues are exposed to
rather intense pathogenic radiation when x-ray therapy 1is used.
Skin tolerance 1s then often reached before sufficient radia-
tion to check tumor growth has been administered., This is
particularly true in the treatment of iInternal neoplasms,
such as carcinoma of the stomach. The use of radium has
similer limitations. Many tumors can not be reached with
radium appllicators,

Studies to overcome the deficiencies of x=-ray and
radlum therapy by the use of radioactlive isotopes are now

under way. This thesis wlll deal with some aspects of the
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work In conslderable detall later. DBut the already established
use of radiophosphorus in the treatment of leukemia and
lymphosarcome shall be mentioned here. The malignant cells
in these two diseases show a high and rapid uptake of radio-
phosphoruas following its administration as = phosphate. Thus,
when radiophosphate is injected into victims of these maladies,
the neoplastic tissue 1s exposed to intense radiation with a
rather high degree of selectivity. TUnfortunately, bone takes
up larger amounts of radiophosphorus than do the tumors. The
rather intense radiatioﬁ to which the bone marrow becomes
thereby exposed limlts the use of radiliophosphate in the treat-
ment of leukemia and allied conditions.(lg)
The radiosensitivity of tumors is of prime importance
in the radiotherapeutic attack on cancer., But there is no
simple scheme which permits one to judge whether or not or
to what degree a tumor 1s radiocsensitive., Our knowledge
concerning the action of radiation on living cellis is still
in its infancy. Shields Warren has reviewed the factual
information aveilable on the effects of radiation on normal
tissues.(zo) It is important to remember that the effect of
radisticn does not depend on the dose given, but on the
amount absorbed (Grotthuss -~ Draper 1aw).(21) It is known
that all bilological effects of alpha-, beta-, gamme-, and
x-rays as well as neutrons are caused essentially by the
ionization produced in the tissues. Alpha~ and beta-rays

(22)
produce ionization directly, the other radlatlions indlrectly.
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An x-ray photon, on collission with an electron, may transfer
all or part of its energy to the electron, depending on the
energy of the photon (photoelectric effect and Compton effect
respectively.). The secondary electrons thus formed glve
rise to chemlcal changes, which in turn produce biological
effects, The secondary electrons generated by x-rays are
physically similar to the beta-rays emitted by radioactilve
isotopes. Xe-ray dosage is usually measured in roentgens,

one roentgen being equivalent to 83 ergs per gram of tissue.
According to Evans, "1 equivalent roentgen of beta radiation
per day 1s delivered to tissue contalning 57/E microcuries per
kilogram of a pure beta-ray emitter whose maximum beta-ray

energy in mev is E."*(23)

*4 radiation dose of 0.1 roentgen per day is considered rough-
ly to produce no biologic effects. Thus, the maximum safe
concentration of an isotope which emitts beta-rays onl¥ would
be C = 5.7/E microcuries per kg. Pollard and Davidson(24)
add a word of caution to the above filgures, particularly with
regard to possible genetic changes. "The exposure of an in-
dividual to radlation automatically renders him liable to
suffer a mutation, and there is no threshold to the radiation
dose which will produce the change, It is just a gamble.
There is thus no safe dose that can be prescribed; all one
can do 1s to consider what has been taken safely 1n the past,
and this i1s not a negligible amount, for at high altitudes
cosmic rays produce about 1/1000 roentgen per day, and this
seems to be safe. We therefore suggest that the younger
nuclear physiclst and radiologlst limlt his daily dose to
scimething nearer 1/100 roentgen per day. The heslth of
workers exposed to radiation should be checked by blood
counts about every month. The number of white cells and
the relative proportion of polymophonuclear cells become
diminished by radiation, and any such drop should be
watched."
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While it is thus known that radioblologic action
begins with changes in the atomic structure of matter and
terminates with modified behavior of cells, the intermediary
steps of the process are unknown. Intelligent discussion of
the effects of radiation on normal and pathologic tissues will
have to wailt until the action of radiastion on the various
factors of growth are understood in more detail. In the mean-
time practical rules about radiosensitivity must be learned
from the hard school of experience.(zs)

l.24) General Views on Neoplastic Diseases,

Despite the progress which has been achleved in
some disciplines of oncology, the nature of "spontaneous"
neoplastic growth in man remains obscure, indeed so much so
that today two schools of thought look on the whole problem
from two opposite polnts of view. The unitarian school holds
that cancer is one dlisease entity with subsidilary variations.
The broponents of the virus theory of cancer may be sald to

(26)

belong to this school, On the other hand, a conslderable

number of modern investigators feel that neoplasia comprises

a large group of distinct disease entitles. To quote Ewing:(zv)

"o one would think of confusing lobar pneumonia
with pneumonic plague, although both are examples of acute
exudative pneumonitis, but it 1s quite the rule to identify
for statistical study several equelly divergent forms of
mammary cancer, The former dlseases are related only as
forms of inflammation, the latter only as types of neoplasisa.
From this point of view it may safely be sald that there are
more distinct clinlical and pathologic entities within the
groups of neoplasms than exist outside of them."
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In view of the multitude of bilological, chemlcal,
and physical agents which are known to produce cancer, and in
view of the fact that it has not been possible so far to re-
duce neoplastic diseases to a common denomlnator, Ewing's
attltude seems to be the sounder basls for experimental cancer
research, Even if Ewing should be mistaken, consideration of
different tumors as separate dlsease entlitles will not retard
cancer research, and may avold consliderable confusion in the
interpretation of experimental data. The National Cancer
Institute has studied mammary tumors in mice from this polint
of view in recent years. In this thesis carcinoma of the

stomach in humans shall be regarded in a simllar fashion.
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2) CARCINOMA P _THE STOMACE
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Depending on the lnterpretation of statistics, the
stomach can be consldered the most common site of neoplastic
growth in man, and gastric tumors are among the most difficult
to control, They have a tendency to metastaslze early, in-
volving the omentum and peritoneum, liver, lymph nodes, rectum,
ovaries, lungs, bones, adrenals, and brain, roughly in this
order.

The more important diseases of the stomach are
enumerated in table I. Although they differ widely from the
polnt of view of histology, etlology and prognosis, thelr
early symptoms are very similar, and differential diagnosis
at the onset of illness is correspondingly difficult. Ad-
vanced carcinoma of the stomach is about the easiest dlsease
to recognize, but in its beginnings it 1s likely to elude
both patient and physician. While x-ray and gastroscopy have
generally improved the results in the dilagnosis of gastric
disorders, neither could as yet be developed imnto an effective
tool for the early discovery of gastric cancer.(zs)

Evaluation of the gastrlic function was a loglcal
step in attempts to improve methods for the dlagnosis of
diseases of the stomach. During the eighteen seventies
Leube began to asplrate gastric coﬁtents of patlents through

a stomach tube in order to study digestive activity. He gave
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Table I

Diseases of the Stomach

1) Gastritils
1.1) Acute Gastritis

1.11) Acute simple exogenous gastritis (food
poisoning)

1.12) Acute corrosive gastritis (acids, lyes)

1.13) Acute infectious gastritis (caused by toxins
or bacteria entering the stomach from the
blood stream, e.g. in measles, pneumonia, etc.)

1.2) Chronlc Gastritis (classified chiefly on
gastroscoplc observation)

1.21) Chronic superficial gastritis

1.22) Chronlc atrophic gastritis

1.23) Chronic hypertrophic gastritis
2) Peptic Ulcer

2.1) Duodenal Ulcer
2.2) Benlgn Gastric Ulcer

3) Carcinoms of the Stomach (Ewing's classification)

3.,1) Adenocarcinoma

3.2) Gelatinous Carcinoma

3.3) Ulcerocancer

3.4) Carcilnoma simplex., Diffuse Carcinoma.

3¢5) Diffuse scirrhus carcinoma

3.6) Sclerosing fibrocarcinoma. Linlitis Plgstica.

4) Sarcoma of the Stomach (Ewling's classification)
4,1) Wyosarcoma
4,2) Lymphosarcoma
4,3) Miscellaneous sarcomas,

5) Benign Tumors (According to G.BR. Busterman in Portis?)

5.1) Polyp 5.6) Fibroma

5.,2) Smooth muscle tumors 5.7) Neurofibroma
5.3) Adenomas 5.8) Dermoid cyst
5.4) Polyposis 5.9) Papilloma

5.5) Hemangioma

6) Gastric Lues

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16,

his subjects a meal consisting of soup, steak, and a bun.
After several hours the gastric contents were removed and
examined for digested and undigested food.(?®) Ewald and
Boas began to titrate the acid in gastric juice with n/10
sodium hydroxide and introduced the test meal which still
(30)

carries thelr name today. Since then a large number of
publications dealing with the acidity of gastric juice in
health and disease have appeared. The results have been
suminarized by Bloomfleld: "Analysis of the gastric secretions
gives usually 1little or no information of clinical use. In
certain special situations - for instance, when duodenal
ulcer or pernicious anemla 1s suspected - determination of
gastric acidity may be helpful."(Sl)‘
In 1908 a short note on the excretion of Neutral
Red in the Pavlov pouch of a dog was published by Fuld. The
gastric excretion of this compound in experimental animals
and man has since been discussed in some 50 papers.(sz)
During the nine-teen-twenties and - thirties dyes 1in general
were employed extensively in the study of gastric physiology.(55)
B& 1940 it was generally recognized that "basic!" dyes tend to
be excreted by the gastric mucosa, but that "acid" dyes as a
rule do not'enter into the gastric juice from the blood. MNo
significant advances concerning the mechanism of gastric

secretlon or the use of dyes as diagnostic tools had otherwise

been made,
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3) THE EXCRETTION oFr SULFONAMIDES

BY T HE HUMAN S TOMACH

3.1) INTRODUCTION

Except for the fact that they do not absorb visi-
ble light, sulfonamides are very much llke dyes from a
physico=-chemical point of view. The secretion of some of
these drugs by the dog's stomach was studled by Carrier and
Ivy, and by Cooke, Davenport and Goodman.(54) Since sulfona-
mides are amphoteric compounds of medium molecular weight,
Dr. Shapiro, Dr. Schiff and myself felt that they held promise
23 possible tools for the study of humas gastric function.
Purthermore, the pharmacologic properties of these compounds
were well known, they could be obtained in a form suitable
for injectlon into patients, and they could readily be
analyzed for in blological fluids. ZEarly in 1942 we therefore
began to study the gastric excretion of sulfonamides in man,
The experimental detalils of this work have been published

in Gastroenterology.(ss)

3.2) RESULTS
3.21) SULFATHIAZOLE

Nine studies in 6 subjects, comprising 3 normals,
2 patients with atrophlc gastrltis, and 1 with an advanced

carcinoma of the stomach, showed that only small amounts of

1=
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sulfathiazole enter into the gastric secretion. In the
individual experiments maximum concentrations of the drug

in gastric juice ranged from 0.7 to 1.7 mg %; the concentra-

mg¥% sulfonamide in gastric juice
mg% sulfonamide in blood

0.1 to 0.2. Stimulation of the parietal cells with histamine

tion ratios ranged from
did not seem to influence the sulfathiazole level in the
gastric contents. The amount of sulfathiazole excreted was
so small that it could not be used to evaluate gastric func-
tion. Because of possible compllications it was felt that
the dosage of sulfathiazole (2 gm) should not be raised, and

work on this compound was abandoned.

3.22) SULFADIAZINE

A group of 43 subjects was studled, comprising 7
normals (2 with achlorhydria), 10 patients with duodensal
ulcer, 5 with gastric ulcer, 8 with atrophic gastritis (6 with
achlorhydrisa), and 13 with gastric cancer (9 with achlorhydria).

Table II shows the concentrations of sulfadlazine
in the gastrlc julce of the individual subjects at various
time intervals after injection. The peak concentration of
the sulfonamlde in the gastric juice was usually reached
within 15 to 45 minutes. It ranged from 4 to 21 mg%, the
hizghest values occuring in patients with gastric carclinoma.

Table IIT glves the distribution of the concentra-
tion ratios in all of the subjects studied. The highest

values occurred in patlients with gastric carcinoma with
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achlorhydria. 1In the 4 cases of gastric carcinoma with fres
hydrochleric acid in the gastric contents the ratios were no
higher than those obtained in the su?jé?&é:@}?ﬁbﬁﬁ?@arcinoma.

In 10 sub jects studies wer§:mg@e;é@$§§§ﬁébént days
to obtain some 1dea as to the possiblé variit;pﬁiQf the con-
centration ratio in a given individual., The concentration
ratios obtained on different days in the same subjects are
listed in table IV. Almost identical values were obtalned
in 6 subjects. The maxinum difference was 0.24.

The mean concentration ratios in the various groups
are shown in table V. The normals and the patlents with
peptic ulcer, atrophlc gastritis, or gastric carcinoma with
free hydrochloric acid had a mean concentration ratio of
Q.45 or less. In 7 cases of gastric carcinoma and achlor-
hydria in which the lesion was not confined to the pylorus
the mean concentration ratio was 0.,69; iIn 2 similar cases
in which the tumor was confined to the pyloric region, the
mean concentration ratio was 0.27.

Table VI is a diagramatic representation of the
extent of the cancers in the varlious stomachs. With three
exceptions (designated by asterisks) estimation of the size
of the lesion was based on findings at operation or autopsy.
In the three exceptlons, the extent of the tumor was esti-
mated on the basls of x=-ray and gastroscopic findings.

In a few instances (not included in the tables)

0.5 mg histamine was injected subcutaneously at the end of
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Table II

Concentration of sulfadiazine in the gastric juice
(individual determinations)

NORMAL CONTROLS
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Table TIII

Distribution of concentration ratios of sulfadiazine in
normals and patlents with peptlc ulcer, atrophic gastri-
tis, and gastric cancer

NORMAL|NORMAL| DUOD. | GAST. |ATROPH|ATROPH.| GAST. | GAST.
$ HCL | ULCER | ULCER | GASTR. | GASTR. CA. ChA.
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Table IV

Concentration ratios obtained on different days on
the sgsame subjects (as listed by their initisals)
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Table V

Mean concentration ratios in the various groups of patients

Number of Mean Con=-

Ngﬁ:ignzg Determina- centration
tions Ratios
Normal controls o o o o o o o o o o o s o o o o 5] 6 0.43
Normal stomach (gastroscopically) with achlorhydria 2 2 0.358
Duodenal UlCeTr o o « o « o o o o o s o o o s o & 10 12 0.45
GRSEric UICEE & ¢ o« o ¢ o o o « o o o o o o o o s 5 6 0.45
Atrophic gastritis with free HCL . o« o« ¢ ¢ o« o 2 5] 0.40
Atrophlc gastritls with achlorhydria .+ « « ¢« « & 6 9 0,34
Gastric cancer with achlorhydria . « ¢« « & « o & 7 9 0.69
Gastric cancer with achlorhydria (lesion confined
to pyloric regilon) « « o ¢ o o o o o o o o o o 2 2 0.27
Gastric cancer with free HC1 . ¢ ¢ ¢ o ¢ ¢ ¢ o & 4 4 0.39

‘33
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the sulfadiazine injectlon and was found to have no signifi-
cant effect on the concentration of the sulfonamide in the

gastric juice.

5.23) SULFAPYRIDINE

The gastric excretlion of this compound was observed
in a group of 37 subjects, comprising 8 normals, 10 patients
with duodenal ulcer, 5 with gastric ulcer, 1 with both gastric
and duodenal ulcer, 5 with atrophic gastritis, and 8 with
gastric cancer., The peak concentration of sulfapyridine in
the gastric juice occurred about 1 hr. following the injec-
tion of the drug. The concentration ratio of sulfapyridine
was usually much greater than 1 and varisd wilith the acidity
of the gastrlc julce (table VII)., It seemed to be largely
independent of the anatomical state of the stomach. In the
presence of free hydrochloric acid (pH 1 to 3) the concentra-
tion ratios were usually between 4 and 8. As the pH rose
above 3, the concentratlon ratios gradually fell until they
reached values around unity at a pH of 7 to B.

Five patients were given 0.5 mg histamine sub-
gubtaneously at the time of Injection of the sulfapyridinse.
When the histamine lowered the pH of the gastric julce wlth-
out too great an increase in the rate of secretion, a definlte
rise in the concentration ratios occurred. Similar changes
in the concentration ratios were seen in 7 patients who re-

ceived 0.5 mg histamine subcutaneously 1 1/2 hr, after the
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Table VI

Correlation between the Concentration Ratio of
Sulfadiazine and the Extent of the Gastric Cancers
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Table VIT
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injection of sulfapyridine, i.e. after the spontaneous excre-

tion of sulfapyridine alone had been observed,

3.3) DISCUSSION

The data reported above make 1t obvious that none
of the three sulfonamldes as studied are suitable for the
early diagnosis’of gastric cancer, While the concentration
ratio of sulfadiazine was definltely elevated in several
patients with gastric malignancies, the tumors in these cases
were quite extensive and did not present a diagnostlc problem.
The excretion of sulfapyridine was largely determined by the
secretion of hydrochlorilic acid. Further investigation of the
gastric excretion of this drug may show that it can be devel=-
oped into a highly sensitive test for the function of the
parietal cells, and such a test may prove superior to the
methods now in use such as the Ewald test and the histamine
test,

The results obtained with sulfapyridine led me to
suspect that the gastric excretion of this drug 1s essentlally
a funetion of 1ts physico-chemical propgrties and of the pH
of the gastric contents. In 1942 Davenport published a theory
concerning the gastric secretion of sulfonamides "based on
the activities of the drugs in plasma and gastric juice and
upon their rates of diffusion through the tissues."(%6) mig
theory explained all the observations which Cooke, Davenport

and Goodman {(l.c.) had made on dogs. While the results of
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these authors are generally in good agreement with the data
reported above for humans, Cooke and his coworkers did not
report a change of the concentration ratio with changing pH

of the gastric secretion. This is not surprizing because their
studies were performed on normal pouch dogs which are known

to have a gastric secretion with a consistently low pH follow-
ing the iInjection of histamine.

Since the sulfonamides are amphoteric compounds it
seemed to me that it should be possible to develop an equation
for the change of the concentration ratio with the pH of the
gastric contents. These deliberations were based on Nernst's
concept of the distributlion law for a dissociable compound,
such as governs for instance the distribution of benzoic
acld between water and benzene.(Bv) It can be shown that
in such a case there exists a relationship

(1 = 1) Cp
(1 - =

= constant

r1) Oz
where C represents the concentration of the solute in solvents
I and II, and < the degree of dissociatlon or association in
I and IT respectively. Be expressing X in terms of the Kg
and Kp of the sulfonamide and the pH of the gastric julce I
found an analytical relationship between the equillibrium con-
centration ratios of these drugs and the pH of the gastric
juice as follows:

Assume the existence of two aqueous well-buffered

solutions of pH = P and pH = G respectively, separated by a
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membrane ( such as the gastric mucosa) which ls freely
permeable to the sulfonamide in the undissociated form.

Let the total concentration of the sulfonamlide and the con-
centration of any of its forms In either solution be much
lower than saturation., The total concentration of the sul-
fonamide in either solution will be equal to the sum of the
concentrations of the undissoclated, basic, and acid forms.
(1) [z] = [0l + B + [a7]

[B*] and [A~] can be expressed in terms of [H*], Ko and Kp

+ K >
(II) [B*] = 13:1—2-— [u*] [u]

Ko
(2]

Substituting the values for [B*'] and [A"J obtained from

(IIT) [a"] =

[U]

(II) and (ITI) in (I), and separating [U] , (IV) 1s obtained.

(IV) [7] = [v] {1+ —Fo__ [egh—Fa__
-14 +
10 [H*]
The concentration ratio between the solution with pH = G and

the one with pH = P then becomes (V).

[T]G _ [_U]G(l + -——ﬁlgg [H-i-]G + ,,(gaG )

e ol (l * o 575 [I}iaﬂp»)

()

Assume

(V1) [vl, = [,
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Table VIII

Theoretical Concentration Ratios of Sulfapyridine,
Sulfathiazole and Sulfadiazine at Different
pH Values

corseenensen = Sulfadiazine
= Sulfathiazole
———— = Sulfqpyridine

1 i 1 J. ! 1 1 ]
9 10 1t 12 13 14 15 16

. —y e s el e e mot et e o o
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Then:

Q.+ 1§314 4], + T%%E;)

Kb Kg )
1l + T+

The theoretical concentration ratiocs of sulfapyridine,

(VII) R =

sulfadiazine, and sulfethiazole, as obtained from equation
(VII) for [H+]G corresponding to pH velues from 1 to 8 for
gastric juice and for [ﬁ*]P corresponding to the pH of plasmg
and tissue fluids (pH = 7.4), and using values of Kg and Kp
for the sulfonamides as determined by Bell and Roblin(sa) are
plotted against the pH of the gastric julce in table VIIT.™
On comparing the curve for sulfepyridine with the
experlimental data obtalined for this drug'(table VII) it be-

comes gpparent that the experimentally determined concentration

*Identity of Symbols Used in Equations (I) to (VII).
{T] = total concentration of sulfonamide

(U] = concentration of undissociated sulfonamide
[B+]= concentration of baslc form of sulfonamide

[A=]} = concentration of acid form of sulfonamide
[E+] = concentration of hydrogen ion

Kgq = acld dissociation constant of sulfonamide
Kp = base dissoclation constant of sulfonamide
{ ]G = concentration in solution G

Lip = concentration in solution P
10-14 = the dissoclation constant of Hg0

Values of Ky and KB for Various Sulfonamides as Reported by
Bell and Roblin. (3)

Ea g b e
Sulfapyridine 3.7 x 1077 3.8 x 107
Sulfadiazine 3.3 x 107 1.0 x 10-12
Sulfathilazole 7.6 x 10-8 2,3 x 10-12
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ratios of 4 to 10 at pE 1 to 2 are easlly accounted for.

The same is true for the concentration ratios at pH 7 to 8.
However, at the intermedlate pH range of 2 to 7 the experi-
mentally obtalned concentration ratios are apprecilably larger
than the theoretical velues. This difference can be readily
explained if one accepts the theory thet gastric julce 1ls g
mixture of at least two secretions, one originating in the
parizstal cells with a pH of about 1, and the second originating
from the remainder of the gastrlc mucosa with a pH of 7 to 8.
The intermediate pH values and the corresponding concentration
ratios are produced by mixtures of the two secretions.

For sulfadiazine the experimentally determined
concentration ratios in men were generally around 0.5 and
independent of the pH. Postulating again that gastric julce
is a mixture of at least two different secretions with pH of
about 1, and 7 to 8 respectively, one would expect a concen-
tration ratio of about 1 from the calculsted value, independent
of the pH of the gastric julce. (The theoretical concentration
ratio for sulfadiazine is about 1 for gastric secretion of pH
1 as well as for gastric secretion of pH 7 to 8). The fact
that the experimentally determined concentretion ratios were
generally found to be around 0.5 may be atrributed to the
low diffusion constant of sulfadiszine (ka = 0.252 (Davenport
l.c.))e

For sulfathiazole, the calculated ratios fell be=-

tween the values for sulfapyridine and sulfadiazine. Actually,
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the concentration ratios found with this drug in both humans
and dogs were appreciably lower (gbout 0.2). This again may
be attributed to the low diffusion constant of sulfathlaszole
(ka = 0.1%75 (Davenport l.c.)), which 1s consliderably smaller
than the one of sulfapyridine (ka = 2.7 (Davenport l.c.)) or
sulfadiazine,

The practicael application of equation (VII) is
thus limited by conslderatlions involving the diffusion factor.
In this connection 1t is Interesting to note the striking
parallellism between the order of megnitude of the diffusion
factors of the sulfonamides and the degree to which they are
bound to plasme proteins. The compounds with the lowest ka
seem to be bound to plasma proteins to the greatest extent,
and the ones with the greatest ka show the least plasma
binding. (39)

On the other hand equation (VII) gains further
theoretical support from chemical thermodynamics. The

equation
f2c2

AP = nRT 1ln
ficy

gives the change of free energy when n mols of a solute
are transferred from one solution where its actlvity 1ls
fic1 to another in which 1ts actlvity is fgep. AL equilibrium

AF = 0, ioe'
focg
fieq
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Let fo = activity coefficient of a sulfonamide in gastric julce
fP . n " " 1 1! plasma
¢z = concentration " . " " gastric juice
cp = " " 5t n " plasma
Then
(VITI) AF = nRT In 6% . g
Tpep
and
fre
(1X) =2 .1
PP

Davenport (l.c.) has determined the value of the ratio fg/fp
for several sulfonamides, where fy denotes the activity co-
efficient of the drug in 0.153 N HC1l and fp the activity

in dog plasma. (Table IX).

Table IX

Values of fy/fp according to Davenport

Sulfonamide fo/fp
Sulfapyridine 0,077
Sulfadiazine 0.931
Sulfathiazole 0.311

Using these values of Davenport to calculate CG/OP at
equllibrium from equations (VIII) and (IX), and keeping in
mind that equation (VII) was derived for and ideal system

of dilute solutlions, while the values of fG/fP were determined
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on non=-1cdeal systems, we find that the results obtaeined for

cg/cp from (VIII) and (IX) are in general agreement with the

values calculated from (VII) for [Hf]G = 1071, (Table X)

Table X

Values for the Concentration Ratlos Calculated
from Equations VII and IX

Sulfonamide VII IX
Sulfapyridine 36 13
Sulfadiazine 1.0 1.07
Sulfathiszole 8.4 3.2

It appears likely that equations of ths type (VII)
hold not only for the excretion of sulfonsmides into the
gastric julce, but also for the dlstribution of these com=-
pounds between other body fluids and organs, for instance the
distribution between plasma and red cells (whose pHE 1s about
O.1 unit lower than that of plasma), excretion in bile, etc,
Furthermore, 1t seems reasonable to expect that (VII) will
be valid for compounds which resemble the sulfonamides from
& physico-chemical point of view, such as certain dyes. Thus,
the equation may become important in predicting the distribu-~

tion of radioactive organic compounds in the body.
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4) RADIOCACTIVE COMPOUNDS I N

T HE DIAGNOSTIS A ND TREATMENT

O F CANCER oOF THE S TOMACH

If radioactive compouhds could be found which
localize selectively in or close to a gastric tumor, they
mnight well be useful in the diagnosls and treatment of cancer
of the stomach. The terapeutic Impllcations are obvious from
the discussion on radiotherapy of cancer in Chapter 1.23.
Their use as dlagnostle tools is based on the methods for
detection of radiocactive substances. The distribution of
radioactive compounds in the organism can be determlined by
means of Gelger-lueller countvers, electroscopes, or photo=-
graphy. Following the administration of a radioactive com-
pound which has a tendency to locallze selectlively 1ln a
gastrlc neoplasm, there should be at the most a low concen-
tration of radioactivity in a normal stomach. However, in
the presence of a malignant growth, the concentration of the
radioactive substance in the stomach should be increased
greatly, since the compound accumulates in the tumor. There
are several possibllities of detecting such an accumulation
of radioactive material in the stomach in vivo. Externelly
it might be detectable by placing photographic films or
Geiger-rmueller tubes in suitable positions on the patients
chest, back and sides. However, since the radioactive iso=-

tcpes which are at present avallable for this work are
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chiefly short range beta-ray emitters, it will probably be
more advantageous to measure the radiocactivity in the stomach
directly. Thls can be accomplished by fastening a pilece of
photographic film or a small CGelger-)ueller tube in place of
the bucket of a Rehfuss tube or the lamp of a gastroscope.
These devices can then be Introduced into the patlents
stomach by the usual technigues and the radiocactlvity assayed
in situ. It remains to find a radioactlive substance which
will localize selectively in a gastric neoplasm.

It is a well known fact that there are several
naturally occuring elements and compounds which locallze in
certaln organs and tissues with a high degree of selectivity.
Outstanding examples are the deposition of calcium and phos=-
phorus in bone and the uptake of iodine by the thyroid.
Studles on leukemla and related diseases which make use of
the uptake of radliophosphorus were menticned previously.
Radioiodine has been used extensively in the investigation
of thyroid physlology. Hamllton and Soley have measured the
upteke of radioiodine by the thyroid in patlents by placing
a Gelger-Mueller counting tube against the neck and directly

over the isthmus of the gland.(4o)

Radioliodlde appears pro-
mising in the treatment of a number of thyrold disorders,

such as thyrocoxicosls. Unfortunately, in the presence of

a neoplasm the thyrold often loses its ability to store iodine
and for this reason there 1s little hope for radioiodine as

a curative agent in these maladies. Todine 1s also concen-
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trated in the gastric contents and by the sallvary glands.
The mechanism of this phenomenon 1is poorly understood so far.
I have made some studies on the sxcretion of radioiodine by
the stomach and the salivary glands which shall be discussed
later.

A number of synthetic organic compounds are known
to localize with a high degree of selectivity in certain
organs. We have discussed the concentration of sulfapyridine
in the gastric contents. Other examples are the contrast
medlia used in x-ray dlagnosis for the visualization of the
gall bladder or urinary tract, such as tetraiodophenolphthealein,
2-0x0~5-1odopyridine~N-acetate (Iopax), monoiodomethane sul=-
fonate (Skiodan), and mahy others,

Numerous claims have been made to the effect that
certain dyes are taken up by tumors with a high degree of
selectivity. This discovery was essentlally an outgrowth of
the search for chemotherapeutic agents against cancer.(4l)
Some of these studles merit a short review.

Several papers by Roosen, Bernhardt, and others deal
with an allegedly beneficial effect of Isamine Blue on certailn
tumors.(42) However, in the doses required the dye proved
rether toxiec, Furthermore it severely stained the skin of
patients, the pigmentation lasting up to 9 years. On the
other hand the results of the treatment were not very strlking,
and therefore it has been largely abandoned.

Warburgs studles on tumor glycolysis inspired a
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search for compounds which would suppress tumor metabolism
and thereby tumor growth without belng toxic to the organism
of the host. Xarczag tested a number of dyes and other organic
compounds for their abillty to inhibit the glycolytic activity
of zymase and whole yeast.(45) The compounds which inhibited
zymase but not whole yeast Karczag assumed to be specific
glycolysis 1inhlbiltors without being protoplasma poisons., He
hoped that these compounds would show promise in cancer
therapy. But anlmal experiments were disappointing. As a
result of his studies Karczag emphaslzed the importance of
taking into consideration the non specific properties of
compounds, such as their solubility, dispersion, diffusibility,
action on the reticulo-endothelial system etc. in evaluating
their possible use as chemotherapeutlic agents.

As early as 1909 Goldmenn noted during studles con-
cerning the physlologicel behavior of certain dyes that some
of these compounds seemed to be concentrated by tumors.(44)
These Tindings have been confirmed by numerous other obser-
vers.(és) In 1932 Duran~Reynals stated:; "T-1824 and other
poorly diffusible dyes injected Intravenously localize select-
ively in spontaneous and transplantable tumocrs growing in |

n (46) Brunschwig, Schmitz and

mice, rabblits, and chickens.
Clark confirmed the findings of Duran-Reynals 1In rats, and
rabbits bearing benzpyrene sarcomas and carcinomas, benign
adenofibromas, and fibrosarcomas of the gastric wall,; and

furthermore extended his observatlions to humans. Followling
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the intravenous injection of 30 to 100 mg Evans Blue they
found that 20 of the 30 patients studied concentrated the

dye selectively in and about the neoplastic foci. Thres
patients with carcinoma of the stomach were observed, and all
three showed localization of the compound at the tumor site.
The authors belleved that they could satisfactorily explain
the fallure of dye localization in the 10 cases where no
staining was seen (previous treatment with x-rays resulting
in partial sclerosis of the lesions, etc.). "In some of the
treated animal or human sub jects benlgn neoplasms were also

present, and these, in contrast to the malignant growth, did
(47)

not show localization of the dye."
In 1911 Wassermann and his assoclates tried to use

dyes which were selectively taken up by tumors as a vehlcle

for substances which are of possible therapeutic value if

they enter the tumor. They prepared Selenium-Eosin compounds

which were claimed to be highly successful in the treatment

of animal tumors. Eosin was used as a vehicle for the selenlum,

the latter being the actlive agent. Unfortunately the authors

did not report how they prepared their compounds or their

exact formulas.(ég)
Some 30 years later, Zahland Cooper injected

1ithium salts of various dyes such as Trypan Blue, Pontamin

Sky Blue 6B and Carminic Acid into tumor bearing mlice. These

compounds were to be used in the therapy of cancer in conjunc-

(49)

tion with slow neutrons. Slow neutrons are biologically
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rather inert. However, impact of a neutron on a L1 atom
leads to a nuclear reaction with a high release of energy:

6 1 4 3
31 + 4 —= oHe + 1H + 4,6 mev

The energetic particles thus formed have a very destructive
effect on the tissues, The lithium salts of the dyes were
supposed to locallgze selectlively 1n the tumors, therseby
producing a high concentration of lithium in the region in
which the maximum radiation effect was desired. As had to
be expected Zahl and Cooper found that the lithium szalts

of these dyes dissoclate rapidly in the body, and that the
lithium ions went their own way and did not deposit with the
dye molecule in the tilssues,

Toblin and Moore were the first to report a synthesis
of radioactive dyes. They prepared radiocactive dibrom-
Trypan Blue and radiocactive dibrom-Evans Blue by brominating
o-tolidine with Br82 (half-life 34 hrs.) and coupling the
radioactive dibrom-o-tolidine with H~acid or Chicago acid
respectively. Moore's group investigated the distribution
of these radiobrom dyes in tumor mice. Most of the radio-
activity was found to be present in the liver, which was
followed closely by the colon and feces, The average ratlo
between the radioactivity in the various tumors and the
libers of the animals varied from 0O.04 to 1.22, and was
generally around 0.5, with other words, the liver took up

about twice as much radiocactivity as the tumor. While these
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findings cast some doubt on the selectivity of the uptake
of dyes by tumors "the significant fact remains, that the
radioactive colloid permeates into and therefore radiates
tumor tissue wherever this tlssue may be, and no matter how
widespread the metastases are."(50)

The work of Moore and Tobin showed clearly that
determination of radioactive compounds in tissues with
Geiger-Mueller counters 1s both simpler and more accurate
than the chemical or tinctorial assays which had heretofore .
been employed in determining the localization of dyes. Since
many dyes become bound to protelns and stain carbohydrates,
such as cellulose, "fast", and because the amounts used for
injection have to be comparatively small, it is very difflicult
to analyze the tissues for thelr dye content chemlcally.

Most observers have merely estimated the distribution of the
dyes by mac;oscopic or microscopic lnspection and noted the
intensity of the staining by a 1+, 2+, 3+, etc. designation.
The reports in the literature and my own experience show

that by this method egreement between macroscoplc and micro-
scopic findings is poor. Grossly, the presence of dye can
be much more readily seen in a light colored tissue or organ,
such as the cortex of the kidney or & mouse tumor, than 1n
dark organs such as liver or spleen. On studying the toxicity
of Iodo-Trypan Blue in dogs I found grossly that the cortex

of the kidney was most intensely stained, while little dis-

coloration was detectible in the spleen or liver. Under the
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microscope the picture was just about reversed. Granules

of the dye were most frequently observed in the liver and
spleen, where they were stored in the reticulo~endothelial
elements (Kupffer cells), but rarely in sections of the kidney.
This discrepancy can readily be explained. The dye granules
observed microscopically are due to an accumulation of the
pigment by phagocitosis in form of small lumps; these lumps
are then stored in the reticulo-endothelial system. They

are readily visible under the microscope. The staining of the
kidney however is evlidently due to the presence of dye in a
fine dispersed form, similar to that In which the dye 1s
distributed in the blood stream. In this fine dispersion

the dye can not be seen under the microscope. The following
experiment may illustrate this statement: If O.1l mg Evans
Rlue are added to 10 cc plasma, the plasma appears heavily
stained blue. But if a drop of the stained plasma is now

put under the microscope, no dye is visible.

So far, the selective uptake of dyes by malignant
neoplasms can not be attributed to any specific characteristilc
of the tumors. It may be due to differences in the pH of the
cells, or to increased capillary permeability. The latter
is a phenomenon which occurs in many pathological conditions
other than cancer, for instance in abscesses or burns.(5l)
The dyes which stain tumors have also been found to localize
in abscesses. Furthermore, substances other than dyes were

found to localize in tumors. Duran-Reynals (l.c.) for
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instance reported accumulation of foreign sera in a number of
animal neoplasms, as indicated by precipitin reactlons. Dyes
such as Evans Blue and Trypan Blue have been shown to combine
with plasma proteins, particularly albumin, in quantitative

(52) This would seem to indicate that the storage

proportions.
of these dyes in the tumors 1s due to an accumulation of cer-
tain proteins.

In view of the investigatlions discussed above it
gseemed worth while to prepare more radioactive dyes and
related compounds in the hope that they might become useful
in the diagnosis and treatment of malignant neoplasms, or

that they might help to elucldate soms of the theoretical

and practical problems involved.,
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5) S YNTHESES O F ORGANTIC

COMPOUNDS

5.1) INTRODUCTION

In the search for radicactive compounds which will
localize selectively in ftumors, one would at first think of
simply replacing stable elements in substances which had pre-
viously been reported to be taken up by neoplasms with thelr
radiocactive isotopes. Trypan Blue and Evans Blue are probably
the two compounds whose uptake in tumors has been investigated
most thoroughly. They contain the elements C, H, 0, N, and
S. Consequently one would be tempted to synthesize these
compounds with radioactive isotopes of C, H, 0, N, and S.

This may indeed be possible in the not too distant futurs.
However, when I began to study possibilities for the prepara-
tion of radloactive organic compounds some four years ago, it
was not feaslble to use the radioactive modiflcations of
these elements., They either had a very weak radiation, which
would make their assay in tissues difficult, or they were
difficult to obtain from the cyclotron, or they had a short
half-1ife, or any combinatlion of the three.

It was for such reasons that Moore and Tobin

82

chose Br to make their dyes radioactive. To them it had

the adsantage of being readily synthesized into organic com-

pounds. They were but a few miles from a cyclotron which

—bhm
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could supply them, and therefore the rather short half-life
of Br82 (34 hrs.) was not too great a handicap despite the
fact that the production costs of this isotope at the tinme
were high.

To make radicactive organic compounds more generallj
available for tumor research it was desirable to employ an
isotope which had a somewhat longer half-l1ife with a radiation
suitable for biological work, and one which could by synthe-
sized into organic compounds with a firm linkage. 7131 (half-
1ife 8 days) met these specifications.

My choice of compounds was influenced by the work
previously mentioned on various dyes, and by my experlence
wlth sulfonamides. Thus, I have attempted to make available
a series of iodo- and radiolodo derivatives of mono- and bis-
azo dyes and their intermediates, covering a range of molecular
welghts, solubllities, and degrees of acldity and basicity.

My attentlon was focussed on substances which would contaln
iodine in a firm organic linkage, that is on compounds which
would carry the lodine in an aromatic nucleus. I felt that
this type of linkage may be expected to remain unaffected by
me tabollc processes within living organisms.

In developing the syntheses I have tried to take
into consideration the practical needs of the investlgators
who may wish to use these radioiodo-compounds in physiologlcal
studies. Since T191 compounds can not be stored over any

length of time, they have to be prepared shortly before they
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are used. Time generally is an lmportant factor once 1131

enters into the synthesis. Therefore, I have paild attention

to procedures in which the introductlon of iodine constitutes
the last step. The quantity by weight of radiocactive materlal
which 1s used in a physiological study 1s usually well below

1 gm, and for this reason I have studied some syntheses on a
micro scale., In many clinical and physiological laboratories
assistance of a highly skilled organic chemist is not available.
Therefore I have tried to develop methods for radioilodination
which would be simple enough to be carried out by personnel

on a technician level.

The compounds reported may be divided into thres
groups: Intermediates; lodo-compounds, which were prepared
as models; and radiolodo~-compounds.,

All the intermediates were azo dyes contalnlng free
amino or hydroxyl groups. They were obtalned in the customary
menner by coupling dlazonlum salts wlth phenols or amines in
alkaline or slightly acid medium respectlvely. In this manner
sulfanilic acid was coupled with phenol, resorcinol, and
m-phenylenediamine, and o<télidine with H-acid and Chicago
acid. Hydroxy-Trypan Blue was prepared from Trypan Blue by
diazotizatlon of the amino groups of the dye followed by decom-
position of the diazonium compound in an aqueous medium,

Three methods of lodination were employed: Elementary
iodine in alkaline medium, iodine monochloride in acid medium,

and the Sandmeyer reaction.
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Heating of sulfanilic acid~-azo-phenol in an
hypolodite solution gave only small smounts of the iodo
compound. The procedure gave more complete iodination of
azo dyes containing two hydroxy or amino groups in meta
position to each other, and an unsubstituted ortho-~para
carbon in the benzene ring (sulfanllic acld-~azo-resorcinol,
sulfanilic acid-azo-m=-phenolenediamine). It appeared that
the azo linkage rendered amines and phenols less susceptlble
to ilodination, possibly due to increased resonance in the
molecule, Iodination with elementary lodine in an alkaline
medium was highly successful in the case of 4-~iodo-o-
toluidine. This compound was obtalined by refluxing a mixture
of o-toluldine, lodine, calcium carbonate, water, and ether,
followed by steam distillation.(55) p-Iodoaniline-azo-
Nevile-Winther acld was obitained by coupling dlazo~p-iodo-
aniline with the naphtholsulfonic acid.(sé)

Sulfanllamide could be iodinated readily with lodine
monochloride in acid aqueous solution, according to Scudi.(55)
The ilodosulfanilamide could be diazotized and coupled. Io-
dinaetion of sulfapyridine with iodine monochloride in acid
aqueous medlum gave monoiodosulfapyridine in good yields.
Sulfathiazole seemed to decompose when treated with iodine
monochloride,

The preparation of iodo-H-acid from H-aclid by the
Sandmeyer reaction proved very difficult. Unless the reaction

medium 1s kept rather strongly acid (pH 2), dlazo-H-acild
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has a strong tendency to couple with itself. On decomposition
of the dlazonium compound, most of the amino groups are re-
placed by hydroxyl groups. The 8-hydroxyl and 8-iodo deriva-
tives have about the same solublility; both are very soluble

in water., They can be precipitated from the agueous phase
with alcohol and ether. Once obtained, lodo-H-acild was found
to couple readily with diazotlzed amines, such as diazosulfa-
pyridine.

Surprisingly, replacement of the amino group by
iodine through the Sandmeyer reaction 1s quite feasible when
H~acid 1s part of an azo~-compound, such as in Trypan Blue,
Iodo~Trypan Blue can be prepared from Trypan Blue by the
Sandmeyer reaction in satisfactory ylelds., The preparation
of iodo~Neutral Red and iodo-Congo Red showed that it 1s
possible to replace amino groups with iodine by the Sandmeyer
reaction in a number of dyses.

Since iodination with lodomonochloride had been so
successful, an attempt was made to prepare radioiodomono-
chloride from the sodium radioiodine obtained from M.I.T.
by an exchange reaction., An aqueous solution of sodium
radiolodide was shaken up with a solutlon of lodine monochloride
in chloroform. It was found that an appreciable amount of
radlcactivity entered into the chloroform phase; however,
under the conditions of the experiment the 1odine monochloride
decomposed, and further studies on the exchange rcactlion were

abandoned.,
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Surprisingly enough I found that radioiodosuifanila-
mide and radioclodosulfapyridine can be obtained in good yilelds
when acid aqueous solutions of the parent sulfonamide contalin-
ing sodiumradioiodide are treated with 1odine monochloride. The
yleldswith respect to radioactlvity are very satisfactory.

Radioiodo~Trypan Blue was synthesized from Trypan
Blue by the Sandmeyer reaction. The ylelds with respect to
radioactivity were best when an excess of the dye was employed.
Accordingly, the final product was a mixture of hydroxy- and
iodo-~Trypan Blue. The toxicity of this mixture was studied
in mice and dogs. It was found to be of the same order of

magnitude as that of Evans Blue.(ss)

Radiolodotrypan Blue
was adminlstered to three patlents. The detalls of these

studies are reported in chapters 6) and 7).
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5.2) EXPERIMENTAL

5.,21) INTERMEDIATES

5.21.01) Sulfanilic Acid-Azo-Phenol

d-hydroxyaezobenzene=4t=sulfonic acid

won L prer e

One tenth mol sulfanilic acid.Z2Ho0 (1 gm.) was
dissolved in 25 cc 6N aq. NaOH and 100 cc water, and the PH
checked for a value of 8 with in&icator paper. To this
solution were added 7 gm NaNOg (0.1 M) dissolved in 50 cc water.
The alkalline sulfanllic aclid - nitrite solution was dropped
onto 1lce and 30 cc conc. hydrochloric acid (0.3 If) under
effective stirring. After a short while a white precipitate
appeared., Followlng th@ addition of the sulfanilic acid =
nitrite solution stirrihg was continued for another 1/2 hr.
et 0 - 3°C. During this time the diazotization mixture was
checked repeatedly for the‘presence of excess nitrite and a
PE 2. The 3.8 gm ammonium sulfamate (0.03 M) dissolved in
a few cc water were added to destroy any excess NOZ'. After
stirring for another 1/2 hr. in the cold the mixture was
congidered ready for coupling.

Ten gm (0.1 M) phenol were dlssolved in 100 cc
water contalning 4 gm (0.1 M) NaOH and 21.2 gm (0.2M) NaosCOz.

=50~
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The phenol solution was cooled by addition of a few pieces

of ice. Then the diazotlization mixture was added slowly and
under effective stirring. Initlally the coupling mixture
assumed a bright red color. By the time coupling was complete
a brownish yellow dye had precipitated from the solution.

The mixture was stirred for several hours and during that

time permitted to slowly warm up to room temperature, and then
left standing over night. The next morning the precipitate

was filtered off. The filter cake was made into a rush with
300 cc water, and this rush heated to boiling under stirring,
whence 1t gave a dark reddish brown solution. On cooling &
large mass of orange-yellow needles appeared. The recrystal-
lized dye was filtered off, washed with cold water, and dried
in vacuo over Po0g. The filtrate gave but a very slight
turbidity with Agt, indicating that the pigment was practically
free of Cl~.

Yield: 24 gm bright golden-orange crystalline dye = 86% theory
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5.21.02) Sulfanilic Acid-Azo-Resorcinol

2,4-dihydroxyazobenzene~4t-sulfonic acid

OH

HOSS‘O- N=ND OH

A mush was prepared by adding 50 cc 6N sodium
hydroxide (0.3 mol) to 42 gm sulfanilic acid.Z2H50 and stir-
ring it up. On addition of 200 cc water a slightly brown-
vellow solution of pH 8 formed; to it were added 14 gm (0.2
mol) NalNOo dissolved in 100 cc water. The alkallne sulfanilic
acld - nitrite solution was gradually poured into a mixture
of ice and 60 cc conc. hydrochloric acid under effective
stirring. The diazonium compound formed readily as a white
precipitate. The mixture was stirred for 1/2 hr. at O to
5°C, whence it was ready for coupling.

Two tenth mol resorcinol (22 gm), 10.6 gm (0.1 mol)
sodium carbonate, and 8.5 cc 6N sodium hydroxide (0,05 mol)
were dissolved in 100 cc water. The dlazo-sulfanilic acid
suspension was gradually and under effective stirring added
to the reséroinol solution. Toward the end of mixing there
wéa gas development and an orange preclipitate formed; the pH
of the solution at the end of the mixing was 4. Solid sodium
bicarbonate was added to the dye suspension under continued

stirring until the pH of the mixture had risen to 8. It was
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then stlrred for 3 more hours at room temperature and then
left standing for several days. The total volume was now about
1 liter, and the orange dye had settled. It was filtered off,
washed with 2 small quantlty of water, and dried in vacuo
over Po0g.
Yield: 64 gm of a brick red, amorphous dye - 100% theory

Sixty four gm of the crude dye was recrystalllzed
from 400 cc water, and again dried in vacuo over P50gz.
Yield: 36 gm of a brick-red strongly electrophoric dye =~

56% theory
The recrystallized dye was found to be free of

chloride.
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5.21.03) Sulfanilic Acid-Azo-m=Phenylenedlamine

2,4-diaminoazobenzenef4'-sulfonic acid

. NH2
e e

One tenth mol‘sulfanilic acld was dilszotized as
described previously.

A solution of 22 gm (l.2 mol) m-phenylenediamine
dihydrochloride in 100 cc water was prepared. It was cooled
by addltion of some ice, whence the dilazosulfanllic acid sus=
pension was added slowly and under effective stirring. The
solution turned red. Upon addition of 20 gm crystalline sodium
acetate a bright cinnabar red dye precipitated from the solu=-
tion. The mixture was stirred in the cold for several more
hours and then left standing at room temperature over night.
The next day it was slowly and under stirring warmed up. As
the temperature reached 75°C the color of the dye plgment
turned from bright cinnabar red to dark red with a purple
shade. The warm mixture was filtered and the residue washed
with hot water until the filtrate was free of chloride ion.
Then the dye was dried 1n vacuo over P50ge.

Yield: 30 gm bright red amorphous dye - 96% theory

The dye 1s only very slightly soluble in hot and

cold water or dllute hydrochloric acid. It is readily soluble

in dilute alkalies.
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5.21.04) Evans Blue (°7)

3,3'=dimethylbiphenyl~4 ,41<«bis (7! '=az0~1t1=gmino=-
8! t=hydroxy=-211,4!'-naphthalenedisulfonic acid)

NHg OH OH NH,

OGRS

A suspension of 21.2 gm (0.1 mol) o-tolidine in
300 cc water containing 21 cc conc. HCl (0.4 mol) was diazo-
tized by addition of 14 gm NaNOgy (0.2 mol) in 40 cc water at
10 - 15°C under effective stirring. A fine yellow precipitate
formed. The mixture was stirred for 1/2 hour at 10° to 15°C,
whence excess nitrite was destroyed by addition or urea. The
diazotization mixture was coupled at 18° with 82 gm (0.25 mol)
Chicago acid dissolved in a solutlion of 32 gm (0.3 mol) NasCOg
and 8 gm (0.2 mol) NaOH in 500 cc water. The mixture was
stirred for several hours at room temperature and then left
standing over night.

Pifteen gm Darco were then added and the mixture
heated to 85° under effective stirring, and filtered while
hot.

The dark purple filtrate was heated to 85° and 200
gm cryst. sodium acetate added. ©No precipitate formed an¢
the filtrate was discarded.

The filter cake waé dlssolved in 600 cc water at

85° and filtered quickly at that tewmperature. A residue,
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apparently Darco, remgined on the funnel; the filtrate was
dark blue. The filtrate was again heated to 85°, the dye
precipitated at that temperature by addition of 216 gm cryst.
sodium acetate, and filtered off from the hot solution. The
residue was reprecipitated from aqueous solutions with cryst.
sodium acetate thrlce more as descrlibed. The final press ceke
was-dried on air at 110°C ground up and extracted three times
with 95% ethyl alcohol under heating and stirring. The final
alcoholic extract gave no more precipltate wlth a few drops
conc., sulfuric acid, i.e. it was free of Na¥. The dye was
dried in vacuo over Pg0g.

Yield: 39 gm Evans Blue - 41% theory for the tetra sodium salt
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5.21.05) Trypan Blue (°o7)

3,31'=dimethylbiphenyl-4,4'=bls (2! 1~820-8!1=amino
1tt=hydroxy~31"',6!'t~naphthalenedisulfonic acid)

NHo OH OH NHg

Thirteen gm O-toluldine dihydfochloride (46 millimol)
were suspended in 150 cc water, the suspension acidified with
13 cc conc, hydrochloric acid, and dliazotlzed at 10° to 15°C
with 6 gm sodium nitrite (94 millimol) dissolved in 20 cc water.
The diazotization mixture was stirred at 10° to 15°C for 1/2
hour. Then 1 gm urea was added to destroy excess nitrous
acld; foaming was prevented by adding a few drops of n-occtyl
alcohol. The solubtion was now dark orange brown.

Fourty=-cne gm H~acid (0.1l mol) were dlssolved in
370 cc weter containing 4 gm NaOH and 17 gm sodium bicarbonate.
The diazotization mixture was added slowly and under vigorous
stirring to this H-acid solution at 10° to 15°C. The mixture
turned dark purple. It was stirred at room temperature for
two hours. The alkalinity of the mixture was checked fre-
gquently throughout the coupling process. The mixture was
left standing at room temperature over night, whence the dye
settled as a slimy precipitate. The dye was then filtered
off and redissolved in 1000 cc water at 85° to 90°C. The

solution was filtered while hot, the filtrate again heated
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to 90°C and the dye precipitated with 300 gm cryst. sodium
acetate. The mixture was cooled in an ice bath and the dye
filtered off. The residue was again dissolved and reprecipi-
tated as described above., The filtrate was now free of
chloride lons. The residue was dissolved in 700 cc water at
85° to 90°C, the solution filtered hot, and the filtrate
precipitated with 10 volumes of 95% ethyl alcohol. The pre-
cipitate was boiled up several times with 500 cc portions

of 95% ethyl alcohol, until a sample of the supernatant no
longer gave a precipltate with a few drops of conc. sulfuric
acld, i.e. until all the Na* had been washed out. The dye
was finally dried at 120°C for three days.

Yield: 18.5 gm Trypan Blue - 39% theory for the tetra

sodium salt.

Analysis: Found Theory for tetra
sodium salt
Ash (NagS0.) % 28.8 29.6
¥ % (Tiedcke, Dumas) 8.5 8.7
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5.21.06) Hydroxy-Trypan Blue

3,31=dimethylbiphenyl=4 ,41-bis (2t t=gz0=111,811=
dihydroxy—s" »6!1=-naphthalenedisulfonic acid)

OH OH OH OH

HOgS S°3H HO3S3 SOgH

One hundredth mol Trypan Blue (9.6 gm) were dissolved
in 100 cc water at 85° to 90°C under stirring. The hot solu-
tion was flltered, cooled back to room temperature and acidi-
fied with 10 cc conc. hydrochloric acid (0.1 mol HCl). The
dye was then diazotized at 0°C by gradual addltion of 1.7 gm
(0.02 mol) NaNOg in 5 cc water. The color of the dye turned
black green-grey. The diazotization mixture was stirred at
5° to 10°C for 30 minutes, and then left standing over night
at room temperature, whence the color became purple. The
solution was then heated in a boiling water bath (solution
temperature 90°C) under stirring for one hour, Thirty gm
cryst. sodium acetate were added to the hot solutlion, which
was then cooled in an ice bath., TUpon filltration of the cold
solution no precipitate remained on the funnel, l.e. the
sodium acetate had failed to break the solution, The dye
was precipitated from the filtrate with 10 volumes (900 cc)
95% ethyl alcohol, and separated from the mother liquor by
centrifuging. It was dried in the oven at 100°C, ground

up, and then filtered hot. This extraction procedure was
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repeated thrice more, whence the alcohol extract gsve no more
precipitate with conc. sulfuric acid, i.e. 1t was free from
Na*. The dye was then dried on the oven at 80°C.
Yield: 6 gm Hydroxy-Trypan Blue - 62% of theory

The aqueous solution of the Hydroxy-Trypan Blue
was found to be red, while the Trypan Blue itself gave a

blue solution in water.
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5.22) TIO0DO~COMPOUNDS
5.22.0) T odination with Elementarry

T odine in Alkxallilne Medlum

5.,22.01) Sulfanilic Acid-Azo-Todophenol

4-hydroxy=-3=-iodoazobenzene~4'=-sulfonic acid

I

e tat

Sulfanilic acid - phenol, 0.05 mol (15 gm) was dis-
solved in 50 cc water by additlion of 10 cc 6N NaOH. The
resulting solution was dark orange red.

Todine (0.05 mol I, - 13 gm) was dissolved in 100
cc water containing 10.6 gm (0.1 mol) NasCOz at bolling
temperature, glving a dark brown solution.

The hot alkaline lodine solutlon was added to the
cold dye solution under stirring. A bright red preclpitate
formed; it was dissolved by addition of another 18 cc 6N NaOH,
giving a clear brown-red solution., This solution was stirred
at 90 to 95°C for 2 hours and then left standing over night
at room temperature. Then 5 gm (0.05 mol) NaHSOz were added;
the solution foamed slightly and a red precilpitate appeared.
The mixture was acidified to Congo-Red with 30 cc 6N HCl;
there was heavy foaming, a strong SO0g odor and an orange pre-
cipitate appeared. The precipitate was filtered off, washed

with water, and dried in vacuo over Po0Oge
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Yield 14 gm of an amorphous, orange-brown compound with an

1odine or phenol like odor.
The above compound (14 gm) was recrystallized from
100 cc water, and again dried in vacuo over Pg0sge
Yield: 6 gm of an amorphous, orange-yellow dye,
A sample of this compound dissolved in water acid-
ulated slightly with HNOz gave no preclpitate with Ag+, that
is it was free of halogen ion. A sample of the powder heated

with a drop of concentrated sulfurlic aclid developed iodine

vapors.

Analysis: (Parr Bomb) Found Calculated
% I 3,61 3L.5
% s 10.4 7.95
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5.22.02) Sulfanilic Acid~Azo-Iodo-m~-Phenylenediamine

2,4~diamino~5-1o0doazobenzene=4"'-sulfonic acid

NHo

e e

I

Sulfanllic acld - m-phenylenediamine (2.4 gm -
0.033 mol) was dissolved in 400 cc water containing 16 gm
(0.15 mol) NagCOz at 55°C. (When a sample of the solution
was cooled, an orange-red crystalline preclipltate appesred.)
The solution was dark orange-red-brown, Iodine (8.5 gm -
0.035 mol I,) was added and the mixture stirred at 50 to 60°C
for 1 hour. It was then filtered rapldly while hot. There
was no significant residue. Under stirring 3.5 gm (0.033 mol
NaHS03) were added to the filltrate, and it was subsequently
acidified gradually with 20 cc conc, HCl. Initially a black-
brown and coarse precipitate appeared, toward the end the
precipitate was red and fine. The mixture was left standing
over night. The precipitate then seemed to consist of two
components, one made up of fine red particles, the other
one made up of coarse dark red-brown partlicles.

The residue was filtered off, In the process of
filtration the t wo compounds could be separated falrly well,
Most of the fine precipitate (A) was collected on one Buchner
funnel and most of the coarse precipitate on another (B).

Both (A) and (B) were washed with water and dried in vacuo
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over Pg0g5e
Yield: (A) 2.5 gm, purple~black amorphous compound

(B) 6 gm, purple-black amorphous compound

(B) was only slightly soluble in hot and cold water,
ethyl alcohol, and glacial acetic acid. The aqueous extract
gave no precipitate with Ag®, indicating the absence of
halogen ions.

A sample of dry (B) on heating with a drop of con-

centrated sulfuric gcid developed strong lodine vapors.

Analysis: (B){(Parr Bomb) Found calculated
% I 21.6 30.4
% S Bed 7e3
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5.22.03) Sulfanilic Acid-Azo=-Iodoresorcinol

2,4-d1lhydroxy-5-iodoazobenzene~4'-sulfonic acid

OH

HOz8~ >N=ND. OH

I
Sulfanilic acid-resorcinol (11 gm - 0.04 mol) and

11 gm (0.1 mol) Na5COz were dissolved in 100 cc water, gilving
a dark brown solution. To this solution were added 13 gm
(0.05 mol Ip) 1odine and the mixture stirred at 60°C for 1
hour. It was then ccoled to room temperature, whence 2.4 gm
NaHSO0z (0.025 mol) and 8 cc conc. HCl were added, rendering
the solution acid to Congo Red and producihg a thick red
precipitate. The precipitate was filtered off and washed
with water; it appeared quite soluble. The dye was drled
in vacuo over Pg0g.
Yield: 10 gm of a red, amorphous, strongly electrophoric
compound.,

A sample of the dye dissolved very readily 1in a
small quantlity of water. A slightly acidulated hot solution
on cooling formed a red jelly. The aqueous solution gave no
precipitate with Agt, that is it was free of halogen lons.
The dye was found to be soluble in hot ethyl alcohol and

glacial acetic acid; it was insoluble in Dioxane and acetons.
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Analysis: (Parr Bomb) Found Calculated
% I 23.4 30.2
78 762 7.6
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5.22.04) Iodo=o-Toluldine (°8)

4-jodo=-2-methylaniline

NHo
CH3

Two tenth mol 1lodine (50 gm) and 60 gm precipitated
CaC0z (0.6 mol) were ground together and refluxed with 30 gm
(0.28 mol) o=-toluildine, 75 cc ether, and 45 cc water for 1
hour. The mixture was then steam distilled. White crystals
8lightly contaminated with l1odine separated from the distillate.
The crude iodo-compound thus obtalned was filtered off and
recrystallized from a solution of 200 cc ethyl alcohol and
20 cc conc. HCl. A pure white compound was obtained.

Yield: 12.5 gm - 23% theory for CrHgNI.HCL
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5.22.058) p=-Iodoaniline-Azo=Nevile-Winther Acid.

24 1 -1odophenylazo)-l-hydroxynaphthalene-4-sulfonjic acid

=N Ox

OH

S0zH

One tenth mol p-iodoaniline (21.9 gm) was dissolved
in 800 cc water containing 40 cc conc. HCl (0.4 mol HCl) at
about 45°C. This olution was added slowly and under effective
stirring to a mixbture of ice, 6.9 gm (0.1 mol) sodium nitrite,
and a few cc of water and thus dilazotized at O to 5°C.

one tenth mole Nevile-Winther salt (24.5 gm), 24.6
gm (O.1 mol) Nao00z, and 20 cc 6N NaOH werse dissolved in 200
cc water and the dlazonium salt solution gradually. and under
effective stlrring added in the cold. A bright red dye began
to precipitate immediately toward the end of mixing gas devel-
opment began. The coupling mixture was left standing over
night and then filtered. The filtrate had a pH of about 9.
The residue was washed with water, and then stirred up with
1000 cc water and heated to 100°C under continued stlrring,.
Most of the dye did nof go intec solution. The suspension
filtered poorly. The residue was washed with water and driled
in vacuo over P50g5.

Yield: 15 gm of a bright red compound
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Analysis: Found Calculated
%I 31 27
% 8 5.7 6.7

The dye was found to be but slightly soluble in
hot and cold water, aqueous sodium bicarbonate, and ethyl
alcohol. It was practically insoluble in dilute hydrochloric
and sulfuric acid. Anaqueous dilute sulfuric acid extract
gave no precipitate with Agt, indicating that the compound was
free of halogen ions. The dye decomposed on heating with
dilute nitric acid.
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5.,22.1) T odination with T odilne

Monochloride in Acil d

Me dilumnm

5.22.11) Monoiodosulfanilamide (99

4~-gmino-3-iodobenzenesulfonamide

NHg
T

SO2NH2

One tenth mol sulfanilamide (17.2 gm} were dissolved
in 1000 cc water acidified with 30 cc conc. hydrochloric acid
at 35°C., The solutlion was cooled to 10°C and 15.2 gm (0.1
mol} ICl added under stirring. A brown preclpitate formed.
The mixture was left standing for two hours at room tempera-
ture then the residue was filtered off. It was boiled up
with 800 cc water containing 25.2 gm (0.2 mol) sodium sulfite,
whence the precipltate dissolved almost completely. The hot
solution was quickly filtered by suction. On cooling monoiodo-
sulfanilamide crystalized from the mother liquor in long,
white needles. The crystals were filtered off, washed with
water until the wash water no longer decolorized N/10 XTI -
1odine solution, and then with ether; they were dried over
Pg0g in vacuo. A sample of the substance dissolved in dilute
nitrlic acid gave no precipitate with Ag*, indicating absence

of iodide and chloride.
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Yield: 15 gm 50% based on sulfanilamide theory

Analysis: (Parr Bowmb) Found Theory
% s 10.8 10.7
%I 43,5 42.6

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



72.

5.22.12) NMonoilodosulfanilamide=-Azo=Salicylic Acid

2~=iodo~4-sulfamylazobenzene-4'!-hydroxy=-3'-carboxylic acid

cood

I

Six gm (0.02 mol) monolodosulfanilamide were dis=-
solved in 50 cc 1/2N aq. sodium hydroxide containing l.4gm
(0,02 mol) sodium nitrite. This solutlon was dropped from
a burette into 200 cc water containing 10 cc conc, hydro=
chloric acid, HCl, and pinch of sodium nitrite under stlrring,
The compound dlazotlized readily under these conditions
(temperatures 0 - 3°C).

Two hundredth mol salicylic acid (2.8 gm) and 4 gm
sodium carbonate were dlssolved in 50 cc water. The diazo-
tization mixbure was slowly added to this solution under
vigorous stirring at O to 5°C. The solution turned red,

It was left standing at room temperature for 12 hours.

Then the dye was precipitated with 10 cc conc. hydrochloric
acid; it formed a red clump of rubber like consistency.

The dye clump was washed with water and dried in vacuo over
Po0ge

The free acid 1ls almost insoluble in bolling water;
water extract gave no precipltate with Ag™, indicating the

absence of ilodide and chloride. The compound l1ls readily
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soluble in 95% ethyl alcohol.

Yield: 6 gm 62% theory

Analysils: (Parr Bomb) Found Theory
%S 8.8 7.2
%I 36 .4 28.4
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5.22.13) Monolodosulfanilamide-Azo=-Nevile-i{§inther Acid

2= (2t'-iodo~4'=sulfamylphenylazo)-1l-hydroxynaphthalene=-
4-sulfonic acid

' OH I |
‘ SOzH
.

A solution of 12 gm (0.04 mol) monoiodosulfanil-
amide, 4 gm (0.l mol) NaOH, and 2.8 gm (0.4 mol) NaNOg in 100
cc water was prepared. This solution was slowly (within
1/4 hour) dropped into 400 cc water containing 25 cc conc.
HC1 (0.25 mol), maintained at 0-3° C, under effective stir-
ring. A fine orange~yellow suspension formed. Stirring was
cont inued for 1/2 hour following the addition of the sulfona-
mide solutlion, whence the mixture was ready for coupling.

A solution of 10 gm (0.04 mol) Nevile-Winther salt,;
16 gm (0.15 mol) NasC0z and 1 gm NaOH was prepared and cooled
to 0-3° C. The cold diazotlzation mixture was slowly added
to this alkaline solutilon.under effective stirring. A dark
red solution formed initially; finally a cinnabar red dye
was obtained as a fine precipitate. The mixture was stirred
at room temperature for several hours and then left standing
in the laboratory for about a day. It was then warmed on a
water bath, whence the dye went into solution. The solutlon

was evaporated to about 200 cc, acidified with 20 cc glaclal
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acetlic acid, and cocled in an ice bath. The dark vine-red
precipitate thus obtained was readlly filterable,

The dye residue was warmed on a boliling water bath
with 250 cc 95% ethyl alconol under stilrring, the mixture
cooled in the ice box, and the dye filtered off, washed with
95% EtOH and dried in vacuo over Py0g.

Yield: 7 gm - 32% theory

The 7 gm Monolodosulfanilamide=-Azo-Nevile-Winther
Acld were stirred up on a boiling water bath with 50 cc 95%
ethyl alcohol for about 1 hour. Not nearly all the precipl-
tate was dissolved. The mixture cooled in the ice box, and was
then filtered. The filtrate gave no precipitate with a few
drops conc. sulfuric acld, i.e. it was free of Nat. The
residue was dried in wvacuo over Po05.

Yield: 5 gm Monolodosulfanilamide-Azo-=-Nevile-Winther Acild

Analysis: (Parr Bomb) Found Theory
| Monosodium Salt

I % 22.9 22.9

S g 10.7 11.5
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5.22.14) Monoiodosulfanilamide-Azo-Chicago Acid

7~-(2'=-1odo~4"'-sulfamylphenylazo)~l~amino=-8~-hydiroxy=-
5,7-naphthalenedisulfonic acid

NHo OH

I

S05H

Twelve gm monoiodosulfanilamide (0.04 mol) was dis-
solved in a solution of 4 gm NaOH (0.1 mol) and 2.8 gm (0.04
mol) NaNOy 1n 60 cc water. This solution was slowly dropped
from a burette into 200 cc water containing 25 c¢c¢ cone. hydro-
chloric acid (0.25 mol HCl), and a pinch of NaNO,. The diazo-
tization was carried out at 0-3° under effective stirring.

The solution turned yellow and part of the diazonium compound
separated as a fine precipitate. The mixture was stirred in
the cold for another 1/4 hour, whence 6 gm urea were added

to destroy excess nitrite.

The diazotization mixture was coupled with a solu=-
tion of 13 gm (0.04 mol) Chicago acid, 18 gm (0.17 mol) Na,COz
and 1 gm NaOH in 50 cc water at 0-3° under effective stirring.
A thick, dark vine~-red colloidal solution formed. It was
evaporated on a steam bath to about 80 cc and acldified with
25 glacial acetic acid, whence a chocolate brown dye pre-
cipitated. The mixbture was digested on a hot water bath for

a short time, and then filtered while warm. The preclpitate
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was resuspended in a few cc water and 3 vol. 95% ethyl alcohol
added, and left standing over night. The dye was then filtered
off, washed with 75% ethyl alcohol and dried in vacuo over
P2050

Yield: 2.5 gm Monolodosulfanilamide-Azo-Chicago Acid -

10% theory for the tetra sodium salt

Analysis: (Parr Bomb) Found Theory for
. Tetrasodium salt
I% 17.8 17.8
S % 13.0 13.4
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5.22.15) MNonolodosulfepyridine

4—am1no—5~iodo—Nl(2'-pyridyl)-benzenesulfonamide

NHgp
T

:
SO'QNH

One tenth mol sodium-sulfapyridine.Ho0 (28.9 gm)
was dissolved in 700 cc water containing 35 cc concentrated
hydrochloric acid. The solution was cooled to 10°C and 16 gm
(0.1 mol) lodine monochloride added under stirring; a belge
precipitate formed presently. The mixture was stirred for
one hour at room temperature, whence the precipltate was
filtered off. It was boiled up with 2-1/2 1 water contaln-
ing 25.2 gm (0.l mol) sodium sulfite; most of the precipitate
did not go in solution. The hot mixture was filtered
quickly. The residue was dissolved in 100 cc boiling
glacial acetic acid and 5 gm Darco added to the solution.

The glacial acetic acild solution was filtered hot. On cooling
large crystals separated from the brown filtrate. The crys-~
tals were filltered off and recrystallized from 30 cc glacial
acetlic acid. The final crop was washed with cold glacial
acetic acld and water, and dried in vacuo over P205.

A sample of the ijiodosulfapyridine thus obtained

was dilssolved in dilute nitric acid. It gave no precipitate
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with.Ag+, indicating absence of i1lodide.
Yield: 8 gm 21% monolodosulfapyridine as a white,

amorphous powder.

Analysis; (Parr Bomb) Found Theory
S % 8.62 8.5
1% 34,5 34.0
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5.22.16) Monoiodosulfathiazole

4—amino-3-iodo~Nl(2!-thiazolyl)-benzenesulfonamide

One tenth mol sodium sulfathiazole (29.5 gm) was
dissolved in 200 cc water containing 35 cc conc. hydrochloric
acid., The solution was cooled to 0-3°C, and 16 gm (O.1 mol)
iodine monochloride added under stirring. A fine white pre~
cipitate was formed. The mixture wes stirred for 1/2 hour at
10°C, during which time the precipitate turned belge. The
precipitate was filtered off. It rapidly turned dark brown
when exposed to air., It was stirred up with aq. sodium sul-
fite; this treatment changed the color to a light yellow. The
sodium sulfite was removed by washing with water and the com-
pound dried in vacuo over phosphorous pentoxide; on drying
it again turned dark brown and began to smell strongly of
free lodine.

Attempts were made to recrystalllze the compound from
glacial acetic acid and 95% ethyl alcohol., It was not solu-
ble in elther; on heating the mixtures the compound formed a
tarry lump. The compound was soluble in 1N ag. sodium hydrox-

ide.
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The compound was then suspended in 200 cc ethyl ether
and left standing for 2 days. Then it was filtered off,
washed with ether, and dried in vacuo over P205. The product

thus obtained had an orenge-beige color.

Andl ysis: (Parr Bomb) Found Theory
%S 21.2 16.8
4 I 9.16 33.4
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5.22.2) I odlination by t he

Sandmeyer Reaction

5.22.21) TIodo-H-Acld

l-hydroxy-8-1odo~-3,6-naphthalenedisuvlfonic acid

I OH

HOSS SOSH

Principle of Synthesls:

Iodo-H-acld was synthesized from H-scid (l-hydroxy-
8=amino-3,6~-naphthalene disulfonic acid). The H-scid was
suspended in water, the suspension acidified with sulfuric
acid and diazotized with sodium nitrite. The diazo compound
was readily obtained as a bright yellow, crystallineAprecipi-
tate. It was filtered off and decomposed in the presence of
iodide., The iodo-H=acid was finally isolated by precipitation

with alcohol and ether.

Zxample s
Twelve gms H-acld (purified) (0.04 mol) was sus-

pended in 40C cc water, the suspension acidified with 20 cc
conc. HoSO4 and diazotized at 0-5°C with 56 cc of a 4% solu-
tion of NaNOg, in water. The nitrite was added rapldly and
an excess of Nog- and acidlty to Congo Red malntained during
the diazotization. The mixture was stirred at 0-5°C for

1/2 hour. The diazo-H-acid separated from the solution in
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bright yellow, crystalline needles. When dilazotizatlon was
completed excess nitrite was destroyed with urea, and the
diazo=-E-acid filtered off by suctlon.

The diazo-E-acid was immedlietely suspended in a
solution of 40 gm scdium iodlde in 400 cc water; the pH of
this suspension was 1.0-1,5. The suspension was kept at
37° to 38°C for 48 hours. By this time the yellow diazo-H=~
acid had dissasppeared and the solution was dark red-brown.

The solutlion was heated to bolling, cooled back to room
temperature, and the pH adjusted to 7=8 with 20% aqueous
sodium hydroxide.

The lodo=-li-acid wés precipltated from the aqueous
solution with 6 volumes of 95% ethyl alcohol and 7 volumes of
ethyl ether. After the voluminous precipitate had settled
the larger part of the supernatant was decanted and the rest
centrifuged. The residue was redissolved in 20 cc water and
agaln precipitated with 120 cc 95% ethyl alcohol, and 140 cc
ethyl ether., After the precipitate had settled it was separated
from the liquid phase by centrifuging, and finally dried in
vacuo at 90~10C°C.

The disodium salt of lodo-~H-acid thus obtained was
a beige~white amorphous and hard mass. It was very soluble
in water; the aqueous solution gave no precipitate with Ag+.
It coupled readily in alkaline, but not in acid solution. The
substance darkens on standing; 1t has a characteristic odor.

Yield:s 6 gms
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Analysis: Found Theory
Ash (NagSOu) 4% 26 30
I (Tiedcke) % 21.8 26.8
S % 11.8 13.6

Discussglon:

Technical H-acld (Eastman) was the raw material for
the synthesis. It was purlfied prior to use as follows:

50 gm crude H-acld were suspended in 800 cc water
and 10 gm Darco added to the suspension, The mixture was
heated to boiling under continuous stirring. When the H-acld
had dissclved completely, the hot solution was guickly fil=
tered by suction. On cooling H-acld reprecipitated from the
green filtrate. The H-aclid filltered off and redissclved
under bolling 1n 500 cc water; the solution was acidified
with a few drops sulfurlc aclid and flltered quickly by suctlon
while hot. On cooling to room temperature H-scld ageln pre-
cipitated. It was filtered off (leaving a light green fil-
trate), washed with water and acetone and air dried. Thus
30 gm (60%) of H-acld was obtained. It was a white, slightly
greenish tinged, glittering mass of asbestos like appearance
and consistency. Further recrystallizations (up to 8 times)
did not improve the appesarance of the H-acild. Also, the mother
liquor retained a greylsh-green tinge. This discoloration
seems to be due to oxldation of H-acld.

The diazotizatlion of H=-acid with sodium nitrite at

0-5°C in an acld aqueous suspension proceeds smoothly and
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quantitatively. The solution may be acldified with hydrochloric,
sulfuric, or acetlic acid., The diazonium compound separates

from the reactlion mixture as golden yellow crystala., It may

be filtered off and 1s guite stable. It has a tendency to

form a purple pigment, probably due to coupling between diazo=-
H-acld molecules. This decomposition is furthered by excess

of water and higher pH values ( 7) of the medium,

Contrary to expectations, replescement of the dlazo-
nium group by lodine was found to be rather difficult. When
the diazo-H-aclid is decomposed in an lcdlde conteining
solutlion, free elementary lodine is formed initially. The
free lodine disappears after a while. The diazo-H-acld has
a strong tendency to couple with itself; unless the solution
is suffilclently acid a purple pigment (mentioned above) is
formed which 1s very scluble In water, but not as soluble as
lodo-H=acid in ethyl alcohol. Decomposition of the dlazo-H~
acid in I~ containing solution of different concentrations
was tried over a temperature range ffom about 20° to 100°C,
within varying time interludes, with HI and Nal as sourccs
of I7, and with CuSO4 and "Natuskupfer" (both of the latter
forming white Cul) as catalysts. The method outllned above
in detall was found superior to all other modiflcations.

Great difficulty was also encountered in precipi-
tating the iodo-H~acld from 1ts aqueous solution. The
compound is unusually soluble in water. Ethyl alcohol

will not precipitate 1t from water. It 1s possible to
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precipitate the compound from cconcentrated aqueous solutions
with HCl gas; but the product thus obtalned is very unstable,
giving off elementary ilodine. Preclpitation with EtOH and

ethyl ether was chosen because they glve a stable product and

can readily be removed by drying In vacuo at moderate tempera-

tures.
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5.22.22) TIodo=-H-=Acld-Azo=-Sulfapyridine

2-(N1«2"-pyridy1—4'-sulfamylphenylazo)-1-hydroxy-
8-iodo-3,6-naphthalenedisulfonic acid

HO3S S048

I OH

Nine miliimol sodlum sulfapyridine.Hs0 (2.6 gm)
was dissolved in 50 cc water and acidified with 5 cc concen-
trated hydrochloric acid., The solution was diazotized at
0=-5°C with 6.9 cc 109 aqueous sodium nitrite (10 millimol).
Excess sodlum was flnally destroyed with urea.

Eight millimol Todo-H-acid (3.7 gm disodium salt)
were dissolved in 10 cc 20% aqueous sodium hydroxide, and
this solution added to the diazotization mlixture. The solu-~
tion turned red. It was stirred for 1 hour in the cold and
then slowly heated to 80°C in a water bath. After the solu-
tion had cooled back to room temperature, the dye was preclpi-
tated with concentrated hydrochloric acid and separated by
centrifuging. The residue was washed, under stirring and
centrifuging, with agueous hydrochloric acid (about 7%),
and finally with 95% ethyl alcohol. The red dye thus obtained
wes dried in vacuo at 95°C.

Yield: 2.73 gm 50% theory
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Analyslis: Found Theory
(Tiedcke)
N % 9.20 8.1
S % 11.8 13.9
1% 16.8 18,4
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5.22.23) TIodo=-Neutral Red

7-dimethylamino-3-iodo~2-methylphenazine

CHz

CHz
N
N I
Ve
CHz

Oné millimol Neutral Red (288 mg) was dissolved
in 15 cc water. The solution was acidified with 1 cc conc.
sulfuric acid and the compound diazotized at 0° to 5°C by
gradual addition of 69 mg sodium nitrite (1 millimol) dis-
solved in 1 cc water. The dlazotization mixture was stirred
in the cold for 1/2 hour. Then 1 gm urea was added to destroy
excegs nitrous acld, rendering the potassium=-iodide-starch
reaction negative. Now, 300 mg (2 millimol) Nal dissolved in
a few cc water were added, and the mixture left standing at
room temperature for 48 hours. The lodocompound was preclipi-
tated with 250 cc ethyl alcohol and 500 cc ethyl ether and
separated by centrifugation. It was dried in vacuo.
Yield: 276 mg of a purple-black amorphous compound = 67% theory
The compound was only sparingly soluble in water;
the solution was dark purple. On addition of alkall the
color turned bright yellow. The aqueous solution gave
no precipitate with Ag*, indicating that the compound was
free of halogen ions. A sample of the compound on heating

with a drop of concentrated sulfuric aclid developed iodlne

Vapors.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



90.

5.22.24) Todo-Congo Red

biphenyl-4,4'bis(2-azo-1l~1odo=4=-naphthalenesulfonic acid)

T I
OzH

S0xH

Eight millimol Congo Red (5.6 gm) was suspended in
60 cc water, acidified with 4 cc (72 millimol) concentrated
sulfuric acid and cooled to 0=-5°C. The Congo-Red was diazo-
tized at that temperature by dropwliss addition of 1l.12 gm
(16 millimol) sodium nitrite in 5 cc water. After all the
sodium nitrite had been added, the solution was stirred in
the cold for another 20 minutes. Then 2 gm urea were added,
After another 10 minutes of stirring the HI-starch reaction
for free nitrous acid had become negative, 4.8 gm (32 millimol)
sodium iodide in 10 cc water were now added. The solutlion
was warmed up slowly under continuous stirring. A brownish
cast appeared; this color shade disappeared again after the
mixture had been stirred at 21°C for about 10 minutes; how-
ever an odor reminiscent of iodine remained for some time,
At 21°C gas development started. The temperature was raised
slowly (within 3/4 hour) to 82°C and held at that temperature
for 1/4 hour. By then the gas development had stopped, and
the solution was dark purple, The dye was precipitated with

10 cc concentrated hydrochloric acid and separated from the
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mother liquor by centrifuging. The yellow supernatant was
discarded. The black purple resldue was suspended in.100 cc
water Treprecipitated with 10 cc concentrated hydrochloric
acid and again centrifuged. Finally the dye was washed
several times with acetone under stirring and centrifuging,
and air dried. |

Yield: 1.5 gm Iodo=-Congo Red

Analysis: (Parr Bomb) Found Theory
for free acid
I% 9.5 29.1
S 2 7.7 7.3
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5.22,25) Iodo-Trypan Blue

3,3'=dimethylbiphenyl=-4,4'-big{2=azo-1~hydroxy-8-iocdo=
3,6-naphthalenesidulfonic acild)

a) From o=-tolidine and iodo-H=-acid:

A suspension of o-tolidine (1.59 gm = 7.5 millimol)
in 20 cc wate£ was prepared, It was acidified with 4 cc
concentrated hydrochloric acid, and the amine diazotized with
2.5 cc 40% sodium nitrite solutlon at O - 5°C. The diazotiza~
tion mixture was stirred for 15 minutes 1n the presence of
excess nitrite at that temperature. Then urea was added
until the potassium iodide - starch reaction for free nitrous
acid became negative. The solution containing the diazo=
tolidine was added slowly and under effective stirring to a
solution of 12 millimol iodo-E-acid (5.8 gm disodium salt)
in 30 cc water containing 1.6 gm NaOH. The dark purple
solution thus obtalned was stirred for 1/2 hour at room tempera-
ture, and then heated to 85°C in a water bath. The pH of
the solution was adjusted to a value of 6 to 7 with glacial
acetic acid (glass electrode). Then the dye was precipitated
with 800 cc 95% ethyl alcohol and separated from the mother

liquor by centrifuging. The residue was washed with portions
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95% ethyl alcohol under warming, stirring, and centrifuging,
until a sample of the supernatant no longer gave a turbidity
on addition of a drop of concentrated sulfuric acid, i.e.
until the dye was free of Na*. The dark purple pigment was
then drled in vacuo at 90 to 100°C.

Yield: 3.11 gm dye.

Analysis: Found The ory
for tetrasodium salt
Ash (NeyS04) % 24.0 24.0
I (Tiedcke) % 14.8 21.5
S (Tiedcke) % 9.9 10.8

b) From Trypan Blue by the Sandmeyer reaction:

Eight millimol Trypan Blue (7.68 gm) were dissolved
in 50 cc water, acidified with 5 cc (0.11 mol) glacial acetilc
acid and cooled to O - 5°C. The trypan blue was diazotized
at that temperature by dropwise addition of a total of 1.12 gm
(16 millimol) sodium nitrite in 5 cc water under vigorous
stirring. After all the sodium nitrite had been added, the
solution was stirred in the cold for another 15 minutes. 1In
the course of the dlazotization it had formed into a thick
black-grey~-green mass., Finally, 2 gm urea were added to
destroy excess nitrous acid.® After another 10 minutes of

stirring 4.8 gms (32 millimol) sodium lodide in 10 cc water

“*The HI-starch reaction will be slightly posiltive even after
excess nitrous acid has been destroyed with urea. The dlazo-

trypan blue apparently oxidizes iodide to lodine.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



94.

were added. Brownish vapors which blued HI-starch paper werse
observed (obviously elementary iodine); these vapors disappeared
again after a short while. The mixture was then slowly (within
1 hour) and under'continuous stirring heated to 85°C, and kept
at that temperature for 1/2 hour. It changed into a dark
purple solution. The dye was precipitated (from 70 cc aqueous
solution) with 280 cc 95% ethyl alcohol and 350 cc ethyl ether,
It was separated from the mother liquor by centrifuging, washed
repeatedly with 95% EtOH, and finally with acetone. It was
first alr dried in a funnel on a water pump, and then in

vacuo over sodium hydroxide pellets.

Yield: 6 gm Iodo-Trypan Blue

Anaglysis: (Parr Bomb) Found Theory
for tetrasodium salt
1% 16.5 21.5
S % 9.9 10.8
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5.23) RADIOQOIODO-CONMPOUNDS

5.23.01) Exchange of Radiolodine between an Aqueous Solution

of Sodium radioiodide and a Solution of Iodine Mono-

chloride Chloroform,

An aqueous solution of NaIl containing 150 mg NaI in
100 cc solution (4), (10-4MNaI/liter), and a chloroform solu-
tion containing 8 gm ICLl in 50 cc (1Mysy/liter) (B) were pre-
pared.

Into each of three glass stoppered 15 cc test tubes
were pipetted 5 cc of solution (A) and 5 cc of solution (B).
(Tubes NWo. 1, 3, 5). Into 3 similar test tubes were pipetted
5 cc of solution (A) and 5 cc chloroform. (Tubes No. 2, 4, 6).

The tubes were then treated as follows:

Tube No. Treatment
1 Shaken on shaking machine for 1/2 hour.
2 Shaken by hand for a few mlnutes
3 Shaken on machine for 1/2 hour. Left standing for 4 days.
4 Shaken on machine for 1/2 hour. Left standing for 4 days.
5 Shaken on machine for 1-1/2 hour. Left standing
for 4 days.
6 Shaken on machine for 1-1/2 hour. Left standing
for 4 days.

The 1odinemonochloride = chloroform solution was
initially dark brown. During the shaking process it turned
purple and some elementary lodine precipitated, l.e. the ICl

was decomposed. The aqueous phase became light brown.
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All tubes were centrifuged shortly before the
layers were transferred for activity measurement, in order
to assure complete separation of the phases.

Then two 2 cc aliquots from each phase of every
tube were plpetted into a 4 cc screw cap vial., The activity
of these vials was then measured on the Geiger-iuseller
counter.

Results of activity measurements:

Corr, Aver, Activlity in ag.

Sample ¢/min./cc Sum Activity in CHClz
1, aq. Machine 45

shaken 1/2 hour 70 1.8
1. ICi 25 :
2. aqg. Hand shaken 124

for a few minutes 124
2, CHClg 0
3. aqe. Machine 61

shaken 1/2 hour 91 2.0
3. ICL stand 4 days 30
4, aq. Machine ‘ 119

shaken 1/2 hour 119
4. CHClz stand 4 days 0o
5. aq. Machine shaken 1-1/2 63

hour. Stand 4 days 89 2.5
5. ICl1 26
6. 2q. Machine skaken 1-1/2 98

hour. Stand 4 days 08
6. CHClS 0
Standard 102
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From the above table it is apparent that the sum
of the C/min./cc for the agueous phase + C/min./cc for the
chloroform - iodinemonochlorlide phase 1s somewhat smaller
than the sum of the C/min./cc for the aqueous + chloroform
blank phases. It seems that some of the radiolodine had
located in the so0lid iodine phase which had formed, but had
not been transferred into the vial.

The ratio of activity in the agueous phase/activity
in the ICl1-CHClz phase seems to increase slightly with time,
which 1s surprising. One would rather have expected a de-
crease with time. Whether or not any significance may be
attributed to the slight increase of the above ratio can

not be determined from the data at hand.
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5.23.02) Monoradiolodosulfanllamide

4-gmino=3-radiolodobhenzenesulfonamide

NHo
s

w

To 8.5 gm (0.05 mol) sulfanilamide were added 15 cc
concentrated hydrochloric acid and then 500 cc water; on
stirring at room temperature all the sulfanilamide dissolved.

The solution was coocled toc 10°C by addition of a
few pleces of ice. Twenty-five cc NaI® solution (1151 T
helf-1ife 8 d) were added and then under effective stirring
7.6 gm ICl (0.05 mol); a belge precipitate appeared. The
mixture was stlrred at room temperature for 1 hour and then
left standing 1n the laboratory for 2 days. The beige brown
preciplitate settled; the supernatant was clear and slightly
yellow.

The precipltate was filtered off, washed with
water and then with ethyl ether, and dried in vacuo over
P05
(I) Yield: 11 gm Monoradioilodosulfanilamide (beige, amorphous)

- 74% theory be weight

Nine gm of the crude monoradlioiodosulfanilamide

were dissolved in 600 cc water acidified with 2 cc 6N hydro-

chloric acid and containing 10,4 gm (0.1 mol) NaHSOz at
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boiling temperature, giving a yellow solution. The hot solu=-
tion was quickly filtered by suction (leaving no residue) and
then cooled at about 3°C for 3 hours. A white, crystalline
precipitate separated. It was filtered off, washed with
water untlil the washings no longer decolorized aqueous potas-
sium iodide-~lodine solution, and drled in vacuo over Po0g.
(IT) Yield: 7 gm Monoradioiodosulfanilamide (cryst., white)
- 64% by weight of I, 47% by weight of sulfanil-
amide.,

Radiocactivity measurements were made with a commer=-
clal type Gelger-iueller counter (Cyclotron Specialties Co.).
The samples (about 1 gm) were placed in 4 cc screw cap glass
vlials and the vials put under the bell-type counter tube,

All gssays were run in duplicate,

Results of activity measurements, in counts as
recorded on the 1:8 scaling circuit of the Instrument used
and with the geometry employed, corrected for 2/1/48:

Counts addé€d (in 25 cc NaI™ solution, containing 0.1 millimol
NaI/liter) 2450 C¢/M

Specific activity of crude monoradiociodosulfanilamide
184 ¢/M/gm

Total activity in 11 gm crude monoradioiodosulfanilamide (I)
2024 C/M

% Counts recovered for crude monoradiolodosulfanilamide
82

Specific activity of recryst. monoradioiodosulfanilamlde

205 ¢/M/gm
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Total activity in 7 gm recryst. monoradiolodosulfanilamide (II)
1435 ¢/M

% counts recovered for recryst. monoradioiodosulfanilamide
58

Approximate specific activity of recryst. monoradioilodosul-

fanilamide 1 micro-c/gm
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5.23.03) Monoradiolodosulfapyridine

4-amino-3-radioiodo~Nl(2'-pyridyl)-benzenesulfonamide

Tz

I*

SO,NH

One tenth mol sodiumsulfapyridine.Ho0 (28.9 gm)
was dissolved in 1 liter of water containing 35 cc concentrated
hydrochlorlc acid end sodium radiolodide. The solutlon was
cooled to 10°C by addition of some 1lce, whence 16 gm (0.1l mol)
i1odine monochlorlde were added dropwise under effective stir-
ring. A belge precipitate formed. The mixture was stirred
at room temperature for one hour. Then the precipitate was
filtered off. The filtrate was greenish yellow. A small
amount of white precipltate separated after 1t had stood for
a while. The residue was washed with water and dried in
vacuo over Pg0ge.
Yield:; 38 gm Radloiodosulfapyridine, crude (dark beige,

amorphous) - 100% by weight

Thirty-four gm of the crude compound were suspended
in 1 liter of water contalning 21 gm (0.2 mol) NaHSOz and
10 cc dilute (6N} HC1l and heated to boliling under stirring.
The solid phase remained largely undissolved. The mixture

was cooled in an ice bath. Then the resildue was filtered
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off, washed with water until the washlngs no longer decolorized
a dilute aqueous iodlne solution, and finally wilth ether. The
substance was drled 1n vacuo over Pgo0g.
Yield: 31 gm Radiolodosulfapyridine (light ocher, amorphous)
- 91% by weight
Results of activity measurements, in counts as re-

corded on the 1:8 scaling circult of the instrument used
(cyclotron speclalties counter) and with the geometry employed,
corrected for 2/26/26:
Counts added (in 50 cc NaI® solution, containing 0.001 mg I)

4875 ¢/M
Specific activity of crude radiolodosulfapyridine 100 c/M/gm
Total activity in 38 gm crude radiolodosulfapyridine

3800 C/u
4 Counts recovered for crude radlolodosulfapyridine 78
Specific activity of purified radlolodosulfapyridine

101 ¢/M/gm
Total activity in 31 gm purified radlolodosulfapyridine

3131 ¢/u |
% Counts recovered for purified radiolodosulfapyridine

based on counts added 64

based on crude radiolodosulfapyridine 101

Note:
To obtain good ylelds it 1s essential that the
jodination be carried out in a dilute solution and that the

iodine monochloride is added slowly and under effectlve

stirring.
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5,23.04) Radlolodo~Trypan Blue

+*
% . I
% CH 1
o oH CH3 3 oH OH
NOOM
HOzS S0z8 HOzS SOzH

One third millimol of Trypan Blue (320 mg tetra
sodium salt) were dissolved in S cc water. The dark blue-
vurple solution was acidified with 1 cc 5 Molar sulfuric
acid (5 millimol HZSO4) end diazotized at O to 5°C by gradual
additlion of 2/3 millimol (46 mg) NaNOs dissolved in 1 cc
water. The solution changed its color to green-grey. The
diazotization mixture was stirred for 1/2 hour in the cold,
whence 100 mg ammonium sulfamate were added,; and stirring
continued for another 1/4 hour. Then 1 cc of radioiodide-
solution of the desired activity and 15 mg (0.1 millimol)
sodium iodide were added. The solutlon was now slowly
warmed to 50°C and stirred at that temperature for 6 hours.
The color changed to reddish-purple., Finally the solution
was heated to 96 to 100°C and kept at that temperature for
another hour. After i1t had been cooled back to roém tem-
perature, the dye was precipitated with 50 cc ethyl alcohol
and 100 cc peroxide free ether, and separated from the
mother liquor by centrifuging. The compound was then driled,

taken up in a sultable amount of water and the pH adjusted
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to 7.0 to 7.5 with sodlum hydroxide and sodium bilcarbonate.
A glass electrode was used to check the pH values. For in-
jectlion, the dye solution was further diluted with physiologi-

cal saline, filtered, and sterilized.

Note:

The procedure outlined above was adopted for the
preparation of radloilodo-Trypan Blue for physiological studies
on the basls of some 60 runs In which the conditlons for the
decomposition of the diazo-Trypan Blue, such as temperature,
time, amount of Nal, etc., had been varied. The dye obtained
is a mixture of hydroxy=-Trypan Blue, lodo-Trypan Blue, and
radiolodo-Trypan Blue. The yieids with respect to radio-

activity are in the neighborhood of 70%.
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6) STUDTIES CONCERNTING T HE

TOXICITY O F RADIOIODO-TRYPAN

——

BLUE

6.1) STUDIES ON MICE

The toxicity of non radiosctive iodo-Trypan Blue
was investlgated on a total of 110 mice. It was felt that
the toxicity of radiolodo-Trypan Blue due to the organic
part of the molecule should be of about the same order of
magnitude as that of the non radioactive compound. As to
possible toxic effects due to the radiation of radioilodine,
it was known that humans could tolerate a single dose of
1,000 microc. without any untoward effects.

The results obtained with iodo~-Trypan Blue are
given in Table IX. None of the mice showed any 111 effects
from s.c. injections of up to 50 mg/kg of the compound. In
larger doses ilodo-Trypan Blue was found to be a slow acting
polson. Toxic symptoms appeared usually on the 3th to 6th
day following the injection. If the animals appeared healthy
on the tenth day, it seemed reasonable to assume that they
wvould show no ill effects from the injection later on.

The toxlecity of Trypan Blue was studied on 54 mice
for purposes of comparison. The results are shown in Table X.
Todo-Trypan Blue and Trypan Blue were found to have about

the same toxlcity.

=105~
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Table IX

Toxlclty of Iodo-Trypan Blue in Mice

ng . Iogg?grypan Route of No. of Iiice No. of lice
Blue/louse Injection Used Deig gi;gin
{ 25 gm)
1.0 s.c. 10 0
2.5 " 20 1l
3.5 " 10 4
5.0 " 35 27
10 " 20 20
15 " 7 6
50 " 6 5
2.0 1.ve 1 1
20 " 3 3
Table X
Toxiclty of Trypan Blue in lice
Dose No. of Mice
ng. Trypan Route of No, of Mice <pegd Within
Blue/louse Injection Used 10 days
( 25 gm)
2.5 S.c, 10 3
3.0 " 9 : 0
5.0 n 20 13
25 " 10 10
50 " 3 S
20 il.v. 2 2
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6.2) STUDIES ON DOGS

The toxlcity of radioilodo-Trypan Blue was studied
on 15 dogs. The samples of radioiod-Trypan Blue were only
very sllightly radiocactive. The total amount of radiation
adminlstered never exceeded 10 microc. per animal., The com=
pound was given intravenously in saline, Doses ranged from
5 to 110 mg/kg. All animals were observed for not less than
5 and not more than 38 days. Four dogs died in the course
of the study apparently from the effects of the dye. The
others were kililed at various time intervals by i.v. injection
of 20 cc ether. All animals were autopsied and their tissues
and organs studled macroscopically and microscopically.*

Detalls of the experiments and thelr results are
given in Table XI. The dogs tolerated doses up to 50 mg/kg
without untoward symptoms. One dog, which recelved 68 mg/kg ,
showed a heavy reaction immedliately after the dye had been
injected. He dled about 12 hours later. Several dogs showed
significant prolongation of the prothrombin time shortly
after the dye had been administered. The prothrombin time
returned to its normal value within 24 hours following the
injection.

Autopsy revealed the kidneys to be stained blue

grossly in all the animels. On mlicroscopic examination the

*I am greatly indebted to Dr. Ralph Fuller of the Department

of Pathology for preparation and reading of the slides.
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Table XI

Studies on Do¢ s

Radioiodo=-Trypan
Identity Blue mg/kg Death Yacroscopilce
#788 m. 71 38 4 after Kidneys: Cortex strongly ‘Studie
9 kg inj. 20 cc blue stomac
ether 1.v. Medulla slightly blue ‘
Dye de
Otherwise normal
Dtherw
#789 m. 64 38 4 after Kidneys: Cortex strongly [Studie
8.1 kg inj. 20 cc blue stomac
ether i.v. liver
Otherwise normal
Dye de
Otherw
#7900 f. 38 37 4 after Kidneys: Cortex blue -Studie
15 kg Inj. 20 cc liver,
ether 1.v. Otherwise normal creas,
Urinar:
and ah
tion, °
zells
Zears
deposit
Lye dej
#740 m. 26 6 d after Skin slightly blue. Ribs  gtudiec
22.5 kg inj. 20 cc  Dbluelsh cast. Intestine epidids
ether blue. Kidneys very pancres
strongly blue throughout.
- All blood vessels strongly Dye deg

purple blue.
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Table XTI

Studies on Do s

scoplc Microscopilc Remarks
tex strongly Studied:s ILung, spleen, kidneys Prothrombin time:
stomaeh, intestine, liver. 24 hrs. after inj. 9 sec.;
tly blue plasma strongly purple
Zye deposit: Liver 1+
mal Spleen 2+ 48 hrs, after inj. 8 sec.;

Otherwise normal

plasma purple

tex strongly [Studied: TILung, spleen, kidneys,
.stomach, Intestine, pancreas,

Prothrombin time:
24 hrs. after inj. 9 sec.;

liver plasma strongly purple
mal _ :
‘Dye deposit: Liver 5+ 48 hrs. after inj. 7 sec.;
: Spleen 4+ plasma purple
Otherwise normal
tex blue -Studied: ILung, spleen, kidney, Prothrombin time:
‘liver, stomach, intestlne, pan- Before inj. 9 sec.
mal ‘creas, urinary bladder 10! after inj. 8 sec.; plasma

Irinary bladder shows acute
=na chronlc inflammatory reac-
tion, but the inflammatory
zells contained no pigment.
icars in the kldney show no dye
isposit.

~ye deposit: Liver 1+
Spleen 2+

strongly purple
24 hrs, after inj. 8 sec.
6 d hfter inj. 8 sec,

v

" blue. Ribs  3studled: ILiver, festls,

Intestine epididymus, stomach, kidneys,
'8 very cancreas, lungs
- throughout. ‘

sels strongly :Dye deposit: ILiver 2+

Prothrombin time:

Before inj. 9 sec,

10t after inj. 14 sec.; plasma
strongly blue

24 hrs, after inj. 9 sec.

6 d after inj. 9 sec.
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#791 m. 68 Spontaneous Tungs: In parts very strong-Studled:
16.5 kg 12 hrs. ly blue. ILiver: Strongly g.-i.-trac
after 1inj. blue on capsule. Kidneys: spinal cor

Heavily stained throughout.

Pancreas: Very heavily £11 tissue
stained purple-blue. Heart mortem cha
muscles: stalned. epididymit
Testicles: purple=blue '
Lye deposi

#793 . 58 Spontaneous Kidneys: stalned throughout Studled:
8.3 kg 8 d after Had hemorrhage from nose oviduct, m
inj. and lungs kidney, 1lu

bladder.
Advanced p
No dye dep:
#7548 £ 68 16 d after Kidneys strongly blue, Studied:
10.3 kg inj. 20 cc particularly cortex stomach, i:
ether 1.v. ' bladder, uw
propria of
bye deposi:
#1755 f. 77 16 4 after Kidneys very strongly blue, Studied:
6.5 kg inj. 20 e¢c  particularly cortex stomach, i
ether iv. pancreas, ¢
ovary, adr¢
?ye deposii
#7157 f. 110 Spontaneous Kidneys: capsule blue, Studied: I
11l kg 5 4 after Had abscess below the kidney, sic
inj. right forehand, the in- 1lymphnode.

flamed area was heavily
stained blue 1in sharp con-
trast to the surrounding
normal tissue. '

bye deposit
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arts very strongStudled: TILiver, heart, muscle,
iver: Strongly [g.-i.-tract, kldney, lung,
sule. Kidneys: splnal cord, testls, epidymus
ined throughout. i

Very heavily 211 tissues show advanced post

ple~blue. Heart mortem changes. Chronic
tained. epididymitis.
purple-=blue i

Liver 1+

Dye deposit:

S

Prothrombin time:
Before inj. 8 sec,
10' after inj. 26 sec,

Had heavy reaction immediately

after inj.

ained throughout Studied: ILiver, spinal cord,

age from nose pviduct, myocardium, pancreas,
kidney, lung, stomach, uruary

bladder.

ﬁdvanced post mortem changes

No dye deposit noted.

——

Prothrombin time:
Before inj. 8 sec,
10t after inj. 24 sec.

ongly blue, Btudied:

y cortex

Tung, spleen, kidney,

;
_i
i
bladder, uterus, liver, laminsa
propris of endometrium

Liver 1+

Spleen 2+

; Tymphnode 2+

i TLamina propria of
endometrium

Dye deposit:

Etomaoh, intestine, 1lymph, nods,

Prothrombin time:
Before inj. 10 sec.
10! after inj. 20 sec.

Studied:
stomach, intestine, bronchius,
pancreas, oviduct, oesophagus,
ovary, adrenal

y strongly blue,
y cortex

Lung, spleen, kidnsy,

Dye deposit: Spleen 2+

Prothrombin time:
Before inj. 10 sec.
10¢ after inj. 20 sec.

apsule blue.
-below the

and, the 1in-
was heavily
2 in sharp con- Liver trace
8 surrounding Spleen 3+

ue , ! Lymphnode 2+

studied: TLung, spleen, liver,
rldney, stomach, intestine,
L ymphnode,

LS RAYel ST LT

pye deposit:

o BT Gl it

Prothrombin time:
Refore inj. B sec.
10t after inj. 12 sec.

o -&.mﬂ‘ i

Y, Roretads

Gt

g
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7765 m. 23 20 4 after Kidneys: Cortex blue -~ died:
10.2 kg inj. 20 cc Intestine ¢ large number stomach,
ether i.v. of worms
Dye depos
#7175 f. 24 20 d after Kidneys: Cortex blue Jeorilede
7.6 kg inj. 20 cc : stonmach,
ether 1.v. tiver,
Dye depos
#7811 f. 8 21 4 after Kidneys: Cortex slightly gtudied:
12.7 kg inj. 20 cc  Dhlue stomach,
ether i.v. blgdder,
Dye depos
Fhagocyti
“ropria o
ocus of
cnaction
“ody (app
©« withou
#7163 m. 1% 21 4 after Kidneys: Cortex blue “tudieds
1.8 kg in}. 20 cc ~omach,
ether 1.v. Jancreas,
Tye depos
#500 m. 5 3 d after One kidney removed, other Studied:
19.1 kg Inj. 20 cc one wrapped in silk shomach,
ether 1.v. sebaceous cyst on tall sanereas,
~ode, aor
=rst, epl
© depos
“hagocytil

22lls col
s3srimenta
in focus

Lot lammat
sghaceous

e g o
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X blue 3led: Lung, spleen, kidney,
e number ~venach, intestine, testis, liver

Dye deposlt: ILiver 1+

Prothrombin time:

10t after inj. 9 sec.

Spleen 2+
1x blue - iled: Lung, spleen, kidney,
: ztonach, intestine, uterus,

© 7\4'.erg

nve deposit: Liver 2+
Spleen 3+

Prothrombin time:
Before inj. 8 sece.
10t after inj. 10

SecC.

X 8lightly Studieds:s TLung, spleen; kidney,
shomach, intestine, uterus,
Dladdsr, liver.

Dyve deposits  Liver 1+
Spleen 2+

Thiagocytized pigment in lamina
~wppria of endometrium,

~sus of chronle Inflammatory

~action surrounding a foreign

"1y (apparently a small worm)
without dyse.

Prothrombin time:

Before inj. 10 sec.
10t after inj. 9 sec.

x blue tudieds Iung, spleen, kidney,
.omach, intestline, bladder,
Jancreas, liver

~ye deposite: Spleen trace

Prothrombin time:
Before inj. 9 sec.

10' after inj. 9 sec,

ved, other studied:s Iung, spleen, kidney,
silk omach, intestine, gall bladder,
on tail snecreas, liver, heart, lymph

de, aorta, testis, sebaccous
rst, epididymus, lymph node.

¢ deposit: Liver 1+
Spleen 2+
Tumph node 2+
“hagocytized dye in endothelial
»211ls collected about kidney (ex-
szpimental perinephritis; ao dye
"n foecus of acute suppurativs

‘aflammation of a lymph node or 1n

zebaccous cyst.)

Hypertensive dog;
Cardlac Lab.

courtesy of

e
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#1795 f. lst d Radiolodo- Pneumonia Skin: Strongly blue
12.6 kg Trypan Blue Spontaneous TLungs: Pneumonia
25 mg/kg 14th 4 Kidneys: Cortex strongly
8th d Trypan blue ‘
Rlue 8 mg/kg Ribs: Dblueish
12th 4 Trypan Stomach: mucosa shows
Blue 8 mg/kg hypertrophy and an ulcer of
10 .mm @ near site of inj.
of histamine and turpentine;
also an abscess. Acute
peritonitis localized 1n
the region of the experi-
mentally produced lesion
in the stomach,
#761 m. Congo Red 28 d after  Normal
14 kg 35 mg/kg inj. 20 cc
ether 1.v.
#758 m. Congo Red 28 4 after Normal
$.5 kg 53 mg/kg inj. 20 cc
ethel" i.Vo
#1756 m. Neoprontosil 12 d after Normal
14.2 kg 36 mg/kg inj. 20 cc

ether 1.v.
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blue
a
x strongly

2 shows

~an ulcer of
site of inj.
d turpentine;
.  Acute
alized in
he experi-
ed lesion

T N

Cwtty Anflltration of the liver.
deposit: Liver 1+
Spleen 3+
Lymph node 1+

'+ dye about the gastric lesion,.

1st d. Oneration (Nemoutml)
C.4 cc turpentine in
gastric wall

S5th d. Gastroscopy (Vembutal)

7th 4. " v

12th d. Operation (Nembutal)
0.5 mg histamine and

1.0 c¢ turpeantine inj.
into gastric wall.

Studied: TLung, spleen, stomach,
intestine, lymph node, bladder,
liver, kidney.

7> dye found,

Prothrombin time:
Before iInj. 8 sec.
10t after inj. 20 sec,

studied:s TLung, spleen, kidney,
:tomach, intestine, liver,
restis.

oys deposit: Liver 1+
Spleen 2+

Prothrombin time:
Before inj. 8 sec.
10t agfter inj. 12 sec.

Had red stools

2tudled: Lymph node, bladder,
testis, liver, lung, spleen,

‘kidney, stomach, intestine

nve deposits Liver 1+
Spleen 2+
Lymph node 2+

vizment containing endothelial
cells about foel of chronic
inflammatory reaction scattered
1 kidney.

Prothrombin time:
Before Inj. 8 sec.
10! after inj. 9 sec.
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#1764 f. Neoprontosil 12 4 after Normal L
9.9 kg 50 mg/kg inj. 20 cec ERR)
ether 1.v. Dvidu
Dyve d
Focaé
veach
i;’z r2
FURRE=%: §
mant
laslo
#760 f. Trypan Blue 28 4 after Mucous membranes Studi
8.8 kg 57 mg/kg inj. 20 ecec  Skin lung,
ether 1l.v. Intestine intes
Spleen
Ribs Dye 4
Stomach Blue |
Heart
Uterus
Urinary bladder
Urine
Kidneys: strongly blue

Tuangs: normal
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:led: TIung, spleen, kidney,
ach, intestine, bladder,
sviduet, liver.

e deposits Liver trace
Spleen 1«

'ocus of acute inflammatory
szuctbion in a leuticular gland
Lir relation to a culcified

. .-sign body in stomach, no pig-
ment conbaining cells about this

b

hl -
L2310,

Prothrombin timers
Before inj. 8 sec.
10" after inj. 9 sec.

mbranes

Blue

ladder

strongly blue
rmal

Studied: Bladder, uterus, liver,
lung, spleen, kidney, stomach,
intestine

Dye deposit: Spleen 1+

Prothrombin time:
Before inj. 7 sec.
10t after inj. 14 sec.
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dye was generally found in the liver end spleen. One dog had
an abscess below the right forepaw. On gross examination the
inflamed area showed strong blue pigmentation in sharp con-
trast to the surrounding normal tissues,

As controls, two dogs were injected each with Trypan
Blue, Congo Red, and Neoprontosil in comparable doses. Pgst
mortem examination showed Trypan Blue to be distributed simlla-
ly to the radioiodo compound. The tissues and organs of the
animals injected with Congo Red and Neoprontosil showed no
discoloration grossly. However_ the dyes were found mlicro-
scopically in the liver and spleen. Both Trypan Blue and
Congo Red gave rise to prolonged prothrombin times shortly
after the injectlion; Neoprontosil was without effect on the

prothrombin time.
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7) ADMINISTRATION OF RADIODO=~-

TRYPAN BLUE T O PATIENTS

1st Patlent:

E.W. No. 172,803 m. Age 8l.

jagnosis: Scirrhus adenocarcinoma of the stomach.

On September 1, 1943, the patient received an
intravenous injection of about 25 mg radioclodo=-Trypan Blue
of low speclfic actlivity in 20 cc saline. The injection
was tolerated well. There were no reactions, and no changes
in the patients blood pressufe or pulse rate, A sample of
the patient'!s serum 1 hour after the injection showed no dis-
coloration.

The patient received further injections of the
compound as follows:

September 2, 50 mg radioiodo-Trypan Blue of low specific
activity.

September 4, 100 mg radioiodo-Trypan Blue of low specific
activity.

September 7, 200 mg radioiédo-Trypan Blue of low specific
activity.

September 10, 300 mg radioicd-Trypan Blue of low specifilc
activity.

All these injections were tolerated well and there
were no signs of any toxlic effects.

The patient expired on September 1l.
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Exerpt from autopsy report (Dr. Fuller): "No
localization of dyestuff can be grossly or microscopically
detected., The toxic changes do not dlffer from those ordin-
arily seen in cases of advanced malignant neoplastic disease."

Data on the radioactivity measurements for this

study were lost at M.I.T.

2nd Patlent:

L.McC. No. 187,345 mMe A%e 39

Diagnoslis: Malignant teratoma.

On October 15, 1943, the patient received 100 mg
radioiodo-Trypan Blue of low specific activity in saline 1l.v.
The injection was tolerated without any untoward effects. The
patient expired on October 29.

Data on the radiocactivity measurements for this

study were lost at M.I.T.

3rd Patilent:

E.Ke No. 175,747 m. Age 62

Dlagnosiss Carcinoma of the rectum.

The patient received radiolodo~-Trypan Blue as

follows:

& mg Radiolodo=~ Activity
Dage Trypan Blue microc.
October 19, 1943 60 5
October 20, 1943 120 10
(cont)
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Date mg Radiolodo=- Activity
Trypan Blue microc.
October 21, 1943 240 15
October 23, 1943 480 25
October 27, 1943 360 1

All injectlons were tolerated well and no symptoms
of toxicity were observed.

The patient expired on October 29, 1943.

Note from autopéy report (Dr. Fuller): "No abnormal
pigmentation of the tissues was observed grossly. Ilicro=-
scopically, no phagocytosis of exogenous dye-stuff was shown
by cells of the reticulo-endothellal system, inflammatory
cells or tumor cells."

Radioactivity assay of tissues (M.I.T.):

No activity could be detected In a blopsy specimen
of the tumor. Actlvity of tissues obtained on autopsy:
Specimens of the spleen showed a very slight activity; activity
in the kidney cortex was a little greater. No activity was

detected in other tlssues and organs.
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8) T HE EXCRETTON O F RADTIO-~-

I ODIDE B Y T HE HUMAN STOMAC CH

8.1) INTRODUCTION

In 1928 Hellmeyer and Sturm brought out the fact
that lodide ion, following its administration intravenously,
is concentrated by the stomach,(Go)A year later Lipschutz
confirmed this report and extended the studies to saliva.

He found concentration ratios between iodide in gastric juice
and in plasma of up to 15, and salivary iodide concentrations
up to 7 times the plasma level.(sl) Some 12 years later

these studies were taken up agaln by Flexner and his co-
workers, who concluded that iodide "is selectively con-
centrated and secreted by the salivary and gastric glands'

of manfsaDavenport in 1945 tried unsuccessfully to eluci-
date the mechanism of iodide concentration by the gastric
mucosa of dogs. However, he could show that the gastric
excretion of iodide does not invelve a diffusion mechanian,
such as governs the excretion of chloride, bromide, or the
sulfonamides, that the iodide level in the gastric conten?s
is independent of the rate of secretion and the pH of the
gastric juice, and that all the lodine in the gastric con-
tents is present as the iodlde ion.(es)

Whatever its theorsestical basis, the fact that
iodide is concentrated by the human stomach was thus well

established. It seemed of interest to me to evaluate the
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possible use of the gastric excretion of iodide as a function
test for the physiology of the stomach. The determinstion
of iodide in low concentrations in biological specimens by
the usual chemical methods is notoriously cumbersome. But
radioiodide can be determined readily by means of Geiger-
Mueller counters. Therefore, I decided to undertake some
preliminary studles on the gastric excretion of radiolodilde.
My alims were
a) to investigate 1f gastric secretion of radioiodide
might be used as a diagnostic tool; and
b) if selectlive gastric concentrations of radioiodide
could be obtained which would be high enough to
make the substance feasible for radiatlion therapy

of the stomach.

I studied the gastric excretion of radioiodide on
3 patients, and its salivary excretion on myself. All the
subjects were given Lugol's solution prior to the administra=-
tion of radioiodide to cut down the uptake of radloiodine by
the thyroid. The data for these experiments are given in

Tables XIT to XV.~

*Fhe radiocactivity measurenments reported in tables XII to
XVI were carried out on the Gelger-lueller counter of the
Children's Hospltal. I am indebted to Dr. 3. Rapoport for

the use of this instrument.
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8.2) RESULTS AND DISCUSSION

From the data in Tables XII to XV it is apparent
that radiolodide 1s concentrated heavily in the normal and
diseased human stomach. The concentration ratios in the
normal individual were definitely higher than the corres-
pondiag values in the patients with gastric malignancies,
However, the data are insuffilclent to draw any concluslons
concerning the possible value of radioilodide for the diagnosis
of gastric disorders.

Radiolodide was also found to be concentrated by
the salivary glands, but the concentration ratios were
lower than those for the gastric contents (Table XVI).

One experiment on a dog, in which the distribution
of radioactivity In the gastric wall was assayed, indicated
thet radiolodide 1s concentrated largely by the pyloric
portion of the stomach.

In view of these findings 1t appears to be worth
while to investigate the gastrlic excretlion of radiolodide
in health and disease more thoroughly. It may prove of
value Iin diagnosis, particularly for the evaluation of pyloric
secretion for which no test has been developed thus far.
Also, it appears likely that administration of radiolodilde
may result in sufficiently high and localized radiation
to the stomach to be of use therapeutically. This may hold

true not only in malignant dissases, but also in benign
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Table XII

. J. B. No. 190138
Extensive carcinoma of the stomach with pyloric obstruction.

Received 120 min, Lugol's sol. over 4 day period, then
2,000 microc. 1131 with 100 mg. Nal in 20 cc. saline 1,v.

(2-4-44)
Samples af%é%einja Vgi‘ PE corrggged for Concggzigtion
of Nal * 2a15=44 T s
Gastric juice 0 21 4 0 -
" " 15t 19 7 430 3.7
" " 301 16 7 080 13
" " 451 22 7 1510 22
" " 60! 14 75 1310 22
" " 201! 23 7e5 1370 23
" " 1201 23 4 2100 515)
Plasma 101t - - 117
" 30 - - 75
" 607 - - 60
& 24 hrs, - - 32
" 72 hrs. - - 11
" 5 days - - 5
" 8 days - - e
Urine 0=24 hrs, 1400 - 560
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Table XIIT
Je. B

Noo

10138

116,

Received 70 min. Tugol's solution over 3 day perlod,
then 1,000 microc, I131 with 100 mg. NaI in 30 cc saline 1.v.

(2-4-44)
Samplies afgggeinj. Vol. PHE corrggged for C°n°§§§§§§i°n
of Nal CC. S-24-44 )
Gastric juice 0 33 6.8 o) -
" " 15! 65 6.8 653 19
" " 301 22 5.4 680 20
" " 451 28 7.5 460 14
" " 60? 18 7.8 395 15
" " 75! 1z 7.4 329 12
" n 90" 8 7.5 263 10
" 1 120! 38 7.5 665 52
Plasma 501 - - 34
" 1201 - - 21
i 29 hrs. - - 5}
Urine 0-24 hrs. 650 - 780
i 24-48 hrs., 1150 - 86
" 48-72 hrs. 2500 - 7
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Table XIV
UG.P.
Linnitis Plastica

Recelved 100 mg. NalI in saline i.v. (3-21-44)
then 250 microc. I19l with 100 mg. Nal in 15 cc saline i.v.

(3=22~-44)

Samples afgigeinj. Vgi. PH corrgfged for Concgggiision
of Nal : 3-24-44

Gastric Jjuice 0 33 6.8 0 -
" " 15! 65 6,8 653 19
" n 30! 22 6.4 680 20
" " 451 28 7.5 460 14
" " 60! 18 7.8 3986 15
" " 75¢ 12 7.4 329 12
" n 901 8 765 263 10
" " 120! 38 7.5 665 32

Plesma 301 - - o4
" 120! - - 21
1 29 hrs. - - S

Urine 0-24 hrs. 650 - 780
" 24-48 hrs., 1150 - 86
" 48<72 hrs. 2500 - 7
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Table XV
Dede
Normal Stomach

Received 250 microc. IT3! with 100 mg. NaI in 15 cc saline 1.v.

(3=21=44)

Samples aftgiminj. Vgi: PH corrggged for Conc;zgiggion
of NaT 5=20=44

Gastric juice 0 27 2.3 0 -
" " 151 24 1.7 480 11
" " 301 21 1.8 1750 40
i n 451 17 1.8 1650 41
" " 60! 16 1.8 1600 43
" n 90! 31 1.8 1220 41
i f 1201 34 1.8 . 920 38
" " 1501 34 1.7 720 40
i n 1801 42 1.8 570 48
" LTS 2 days 50 4.8 8 -

Plasma 30! - = 44
" 1207 - - 24
" 2 days - - 0

* 44+ Bile
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Table XVI
Excretion of Radioiodide in Human Saliva
Subject: H.S.B. chewed gum

Received 300 microc. IO with 100 mg Nal in 20 cc saline i.v.

Time ClG

Samples after inj. Vg%. Corrected for Conc;gzgigion
of NaTl * 5= S=44
Basal 0 33 0 -
Saliva 15! 24 1000 4.2
" 301 39 540 2.7
it 451 29 580 3ed
" 601 47 350 3.1
" 90! 81 310 1z
" 120t 91 220 13
" 1501 89 280 15
" 180' 68 280 16
Plasma 101t - 240 -
" 901t - 25 -
" 180! - 17 -
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peptic ulcers, it is known that radlatlion therapy of the
stomach can lead to complete histamine achlorhydriafaé%n
the management of the peptic ulcer patient reduction of

gastric secretion and acidity 1s of paramount importance,

and radioiodide may become the answer to this problem.
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9) SUMMARY

The development of oncology and recent advances in
this science are reviewed briefly from the standpoint of a
chemist. Attentlon is then focussed on carcinoma of the
stomach in man. Studles on the gastrlc excretion of dyes
by other workers led the author to investlgations on the
secretion of sulfonamides by the human stomach, with the
aim of developling a test for the early diagnosis of gastric
cancer. Three sulfonamldes (sulfathiazole, sulfadlazine, and
sulfapyridine) were studied. None of them were found to be
applicable to the early detection of gastric malignenciles.
The strikingly high sulfapyridine levels in the gestric con-
tests of patients with normal gastric acidity stimulated a
theoretlical investigation concerning the mechanism of the
gastric secretion of sulfonamide drugs. It could be shown
that the distribution of these compounds between gastric
juice and plasma 1s largely conditioned by their K, and Ky,
and the difference in the pH of gastric juice and plasma.
An equation correlating these quantities with the concen=
tration ratlo of the drugs (conc. of drug in gastric juice/
conc. of drug in plasma) was developed. It seems reasonable
to expect that this equation will not only hold for the
distribution of sulfonamides between the blood and the
gastric Eontents, but also for organs other than the stomach,

and for acidic or basic organic compounds of low to medium
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molecular welght in general. It may thus become useful in
predicting the distribution of medicinals in the body; parti-
cularly, 1t may help in predicting the localization of radio-
active organic compounds related to sulfonamides physico-
chemically.

The posslible use of radiocactive organlc compounds
which localize selectively in certain tissues and organs in
ﬁhe diagnosis and treatment of malignant neoplastic dlseases
is discussed. It is pointed out that a variety of radio-
active organic compounds which may show sslective localization
in the body can be obtained by incorporating radioliodine (1151)
in organic molecules., Particular attention is paid to de-
rivatives of azo-dyes and sulfonamides. Compounds of this
type were prepared by lodination with elementary iodine in
alkaline medium, with iodine monochloride in acid medium,
and by the Sandmeyer reaction., They served as models for
radioiodo derivatives.

The synthesis of radiolodo derivatives from sodium
radliolodide 1s described., Radiolodosulfanilamlde and radio-
iodosulfapyridine were obtalned in excellent yields with
respect to radiolodine by treating an acld aqueocus solution
of the parent sulfonamide, containing sodium radiolodide
of the desired activity, with iodine monochloride. Radio=-
iososulfonamides can be dlazotized and coupled. They may
thus be used to prepare a great varlety of radiolodo compounds,

Radiolodo~Trypan Blue was obtained from Trypan Blue and
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sodium radiolodide by the Sandmeyer reaction.

Radioiodo~Trypan Blue was singled out for some
preliminary physiological studies. It was found suitable
for further clinlcal investigation.

Since lodide itself is concentrated by the stomach
with a considerable degree of selectivity, some prelimlnary
studles on the secretion of radlolodide by the normal and
diseased human stomach were carried out. Followling the
intravenous injection of sodium radloiodide the gastric
juice was found to contain up to 48 times the activity present
in the plasma. The possible use of radioiodide as a diagnostic

tool and as a means of administering radliotherapy is outlined.
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