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Selection of lodides as a Regulating Factor in
Inflammation
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Abstract — lodides have many non-endocrine biologic effects, including a role they play in
the physiology of the inflammatory response. lodides when given systemically or applied
locally increase the movement of granulocytes into areas of inflammation. They improve
the phagocytosis of bacteria by granulocytes and the ability of granulocytes to kill bacteria.
They alter native protein to make it more susceptible to enzymes produced by
granulocytes. They increase glandular secretions and make mast cells more labile.

They concentrate around tumors and granulomas in man and animals. They also move
into areas of tissue injury. When iodide is redistributing around sites of tumors or injuries
there is decreased thyroid uptake and decreased renal excretion. The multiple effects of
iodides have suggested that iodide may have a physiological role in inflammation. lodides
were once used widely in medicine, especially before a cure for syphilis. Understanding
the many known effects of iodides requires crossing multiple fields.

The purpose of this paper is to propose that the rising iodide content of the primitive
sea played a role in the natural selection of a system which helped the organism recover
from tissue injury or invasion. As primative life forms underwent mutations those with a
defense system more responsive to environmental factors, such as iodide, had the best
chance of survival. It was important for a defense system to move to any point of surface
injury. The diverse biologic effects of iodides suggest a very primative role. This effect
was so important that it was later internalized so that today iodides are concentrated in
the host around sites of injury or tumor growth.

For the purposes of this paper the effect of iodides on inflammation and the
redistribution of iodides around sites of injury or tumor growth will be emphasized.
lodides’ endocrine role is of undoubted great significance; so much so, that it has
overshadowed other functions.
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Effect of lodides on Inflammation
In my first year of an‘malt\/ tmmmu

that the way by which iodides cured Sporo-
trichosis was a mystery. The organism that caused
the disorder could live in a significant concen-
tration of the potassium iodide which was used
therapeutically in small oral doses. [ also read
that iodides caused resolution or prevented
formation of the gummas of syphilis and that
they consistently aggravated acne and dermatitis
herpetiformis. It appeared that some broad
mechanism was involved.

[ spent a year studying the effect of iodide on
various models and eventually found iodide
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more detailed review of the literature. [ found
I had only rediscovered what had been studied
much more thoroughly by others.” %% 1 also
found by review of other fields that iodide has
multiple known non-endocrine biologic effects. S
I bcllwe the non-endocrine blologn; effects of
iodides have been overshadowed by iodides’
endocrine role.

[odides were repeatedly found to be pro-
inflammatory. It scems to be inconsistent that a
substance that increases granulocytic inflam-
mation should be therapeutic for chronic in-
flammatory disorders. My reasoning was that
increased granulocytic inflammation could clear
certain chronic inflammation by speeding micro-
debridement of tissue.' I cannot find this cxpla-
nation used in the past for sporotrichosis or
gummas, but Kolmer
terminology in his description of iodides effect
on the Luetin test, as discussed later. Today.
twenty ycars after 1 published the concept. it is
still basically ignorcd

1 showed that in humans iodides
increased inflammation when dpplled t(‘plCdlly
over sites of injections of dead bacteria.! It had
been known for years that if humans were patch
tested with iodides they occasionally developed
a pustule in the patch test site.® This was known
to be unrelated to allergy and just occurred spor-
adically and never consistently in the same
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Pallblll
by potassium iodide became tender and devel-
oped more severe inflammation and induration
over the sites by the end of 22 hours. None of
the control sites became tender. The ointment
caused no irritation of normal ¢

It appears that the pustular pdtch test that had
occurred sporadically represented patch tests
piaced over sites of subclinical foliiculitis or
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inflammation. The iodide patch test increased
the reaction to form a clinical pustule.

Inflammation — Historical
in i896. Unna’ stated that the formation of
pustular lesions in the skin of persons on todides
was so common and characteristic that it is
almost a physiological response.”™ 1 believe he
meant to lmply phdrmamloyc Hinz." in 1899,
stated that iodides make lLuI\ULvu,s more active.
It is important to realize that syphilis was a
very significant disecase in the carly part of the
century. lodides were widely used for many
disorders and wnthln one year of the discovery
o
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of gummas (the typc of chronic granuloma that
occurs in syphilis). In [915, there was @ much
debated skin test for syphilis known as the
Luetin test which consisted of the injection of
and
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agar a spirochete antigen. A pustular reac-
tion was considered positive.  Since  iodides
prevented gummas from forming, most patients
suspected of having syphilis had been placed on
iodides. In 1915, Sherrick® showed that a
pustular or nodular Leutin reaction could be
obtained in 99% of all paticnts, irrespective of
the presence of svphllls by the administration of
[,)Uldb\lu"] lUUlUL The test uuummcu whetiher
the patient was on iodide therapy rather than
whether he had syphilis. The next two papers by
Kolmer et al**! in 1961 and 1917. studied the
phenomenon in far greater detail. They studicd
non-syphilitic human volunteers and also guinca
pigs and rabbits. The 1917 paper stated, ~lodides
apparently increase the purcly inflammatory and
suppurative phases of skin reactions. As many
of the reactions influenced by potassium iodide
become nn\fnl,ir with extensive infiltration of the

tissucs w1th polymorphonuclear leukocytes. it is
possible that the iodide may influence the leuko-
cytes and facilitate the phagocytosis of the
injected foreign material.™

They concluded that substances most likely to
induce inflammatory reactions in the skin appcar
to be most influenced by iodides. They deter-
mincd that the total and differential fcukoeyte
counts showed no smmhcant alteration.

In 1934, Sulzberger et al’ gave oral iodides to
paticnts with acne and a control group. After
two to three day< ull of the acne patients devel-
lesions and

many new

]CSIOI]S Only one of 21 controls developed a few
small acne lesions.
As noted above. in 1967 Stone and Wiliis!
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showed that iodides increased induced inflam-
mation in both systemic and topical models.

Additional Non-endocrine Biological Effects of
lodides

lodides can influence many chemical reactions,
but I have attempted to describe only reactions
that | think arc of physiologic significance.

In 1913, Rothschild" published the idea that
iodide stimulated phagocytosis. Kolmer ¢t al also
reported that the serum of persons and rabbits
receiving 1odides had increased power for facili-
tating phagocytosis. Persons on iodides had
higher phagocytic and opsonic indices.

Gerasimova'' studied the effect of iodides on
normal and thyroidectomized frogs. The phago-
cytie activity of granulocytes for Escherichia coli
was significantly increased. Klebanoft' described
bactericidal mechanism involving small amounts
of iodide in viable granulocytes.

lodides cause marked increases in bronchial
and salivary secretions and cven lacrimation.
This cffect 1s widely appreciated and. therefore.
will not be reviewed in detatl. It was widely used
in expectorants. Increased lacrimal and bronchial
secretions can be beneficial. Some investigators
believe that glandular secretions and inflam-
mation have similar mediators.

In 1915 Jobling and Peterson'® showed that
larger doses of iodides inhibited the antitryptic
(anti-cnzyme) activity of serum. The paper
revicws the  various theories about iodides’
biologic cffects as they were interpreted in 1915,

in 1964. Lieberman and Kurnick' published
on how iodides decrease the viscosity of sputum.
The studies suggest that jodides interact with the
native protein in purulent sputum and enhanced
its susceptibility to proteolytic enzymes from
granulocytes. To be consistent with the hypoth-
esis being presented here one would state that
iodinated native protein is more susceptible to
proteolytic cnzymes tfrom granulocytes.

Effects on Granulomas

lodides have been used to treat granulomas and
gummas for well over 100 years. The effect has
often been referred to as ““fibrolytic™ or “histio-
lytic.”” lodides have decreased the size of sterile
granufomas. "’

lodides and Infections

lodides are excellent treatment for sporotrichosis
cven though the organism survives in medium
containing 0% potassium iodide. They were
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also used in some forms of tuberculosis. but their
use was complex.'®!” They also had some thera-
peutic effects against deep fungal infections.
Stone'® has previously reviewed how all the
known therapeutic effects of iodides could be
beneficial in sporotrichosis.

Distribution of lodides in the Body

Numerous articles reported on the distribution
of iodides in the body in various discase states
such as infections, granulomas. and tumors.
Early studies depended on chemical analysis and
pharmacologic amounts of iodides. Later studies
used physiologic amounts of radioactive 1odide.
The studies have generally agreed that iodides
are more concentrated in infected, granuloma-
tous or necroftic tissues. but some authors related
this to increased extracellular space. Sternberg
et al' felt that in small amounts iodides were
concentrated in experimental. infected. granu-
lation tissue but they did not find a connection
when large doses were given.

Plasma 1odide levels are clevated in patients
and animals with tumors. The distribution in the
tissue is also altered.

Scott™ has described a phenomenon referred
to as “iodide trapping.” When a small subcu-
tancous tumor is implanted in an animal there is
a higher than normal 1-131 uptake n the skin for
up to 5 cm. With larger tumors the entire skin
took up almost twice the amount of [-131 as
normal. Rats  with large tumors showed a
progressive reduction of thyroid uptake and
urinary excretion of 1-131. The data suggested
increased tissue binding and a reducted glomer-
ular filtration.

Scott and Peng™' found that injection, or
release of, histamine or S-hydroxytryptamine will
prevent excretion of 1-131 and induces the jodide
trapping phenomenon as discussed with tumors.
Injection of histamine or S-hydroxytryptamine
causes increased distribution of iodides to the
skin which then incrcases the lability of mast
cells. Cantin™ showed that larger doses of
iodides rupture mast cells.

The Trapping Phenomenon

The work of Scott and Peng! which showed that
an injury of the animals skin caused a binding
of physiologic doses of iodides in the surrounding
area, made the mast cells in the area more labile.
and also decreased thyroid uptake of jodide and
decrcased urinary  output. This  phenomenon
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could be triggered in multiple ways. If one
believes in inflammation as a gencrally beneficial
response, iodides effects appear as a series of
events that contribute to increased inflammation
and thus host defense. In prior publications 1
published the concept that iodide might play a
role in the physiologic regulation of inflammation.

Hypothesis — Role of Environmental lodides
The system of “iodide trapping” and the many
biologic effects of i1odides 15 extremely complex
to have occurred by chance. Admittedly. iodide
18 a very active chemical so it could have all these
cffects on a non-specific basis. However. the
" trapping p henomenon™ of localiz ng a substance
at sites of injuries which in turn influence many
therapeutic and physiologic responses  scems
unlikely to be chance. The purpose of this paper
is 1o point out that the concentration of iodide
nown to be gradually increasing
at the time when primitive life forms were devel-
oping. Whenever injurics occurred to primitive
life forms. the ones that responded to repair the
best had the greatest chance of survival. Since
iodides were urn]n |”\r 1nr‘rn'iung in the environ-
ment, prlmltlve life forms that developed mu-
tations that were more sensitive in their response
to njury to the iodide mn the environment had
the best chance of survival. It would almost be
surprising if it did not play a role in natural
sclection. By the time primitive life forms moved
into water with lesser jodide content (fresh
water) or an amphibious stage this iodide mech-
anism had become so important that mutations
that shifted internal iodide into injury sites had
the best chance of survival. T do not know
«,nough to try to ‘n‘porutc endocrine function
Q tl CI non- \,llUULlirlC UlUlUgl\. \.llLLl\
I do not know if endocrine function became so
important that an adequate dosc of iodide for
the thyroid was more than adequate to cover the
normal non-cndocrine biologic effects of iodid es.
iodides did
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and remove gummas in persons who were not
hypothyroid. The author still thinks that the non-
endocrine biologic effects of iodides are of
physiological importance. This is not to state that
iodides by themselves
number of medical problems. Extensive human
use of i1odides occurred many years ago and it
was even preceded by studies with burnt sponge.
As we gradually learn to manipulate inflam-
mation to host advantage. the role of iodides
could be more important.

are gmnu to solve a Inun
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Allergy to lodides

Stone'? has previously reviewed  the y
known side effects of iodides. In his opinion
iodide is no more a cause of allergic reactions
than sodium. chloride. or potassium. It docs
cause adverse rcactions but they are @ conse-
quence of physiologic or pharmacologic effects.
lodinated compounds arc a completely different
matter and allergic reactions certainly can occur.

Proliferative inflammatory lesions are one of
todides known reactions. Stone™ has recently

explained the mechanism for this reaction based
on the release of connective tissue — active
pcptldcs from Emnulocvtu lodides would pmh—
auw be more Wquy us ‘(ll, CSp “idllv for
pulmonary discase. if it were not for adverse
cffects.

Additional Comment

Todides may be old fashioned medication but
they play a definite rolc in th series of cvents
that in response ke inf

tumors.

There is a vast, but old, literature on iodides
that may contribute to better understanding. For
cxamplc the syphllologlxt realized if th pdmnt
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symptoms could often be cllmm(md by increasing
the dosage of iodides. This suggests that some
of iodides’ effects only occur in a specific dosage
range.

Abstract

lodides role in cendocrine disorders 15 of great
importance. However. iodides have many other
non-endocrine  effects. They initiate  reactions
that can be bencficial at sites of injury. infec-
tions. or tumors. One of todides known functions
is increased movement of granulocytes into arcas

of inflammation. Thcy improve phagocytosis of
bacteria by eranulocvtes and oplav a yhe S
vactena l'V Sl(l Vl\,\ dna ‘Il(l_y « TOIe [ 8]

helping klll hdgtcrm n granulocytes. They can
change native protein to make it more suscep-
tible to the enzymes relcased by granulocvtes.

lodides are redistributed in the body  to
concentrate in the arca around tumors or
injuries,

The tact that odides concentrate  around

injury and act in multiple ways to promote host
defense suggests that they play a physiologic role
in inflammation.

This  paper proposes  that  the increasing
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concentration of iodides in the sea at the time
of evolution of early life forms played a role in
the natural selection of host defense mechan-
isms. This role became so important that it was
internalized in more developed life forms that
were no longer in an environment containing
external iodides. The selective movement of
iodides into sites of injury and their multiple
beneficial effects on host defense seems to the
author to be more than a coincidence.

lodide was once a major medication and there
is a vast store of empiric and experimental
knowledge. lodides can cure sporotrichosis and
cause regressions of gummas of syphilis but they
might also have an important clinical role in
regulating physiologic inflammation.
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