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RE: “POTASSIUM IODIDE RECIP” 65 MG TABLETS
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Dear Sir/Madame:

The enclosed submission is in reference to Section 505 of the Federal Food, Drug
and Cosmetic Act (21 USC §355), and is a “Citizens Petition" requesting the Food &
Drug Administration to allow the filing of an Abbreviated New Drug Application
(ANDA) for Potassium lodide 65 mg tablets.

Please do not hesitate to contact me at 858 586-0751 if there are any questions or
you require additional information.

Ronald G. Leonardi, Ph.D.
for Recip AB

Enclosure

CC: K. Schulistrom, Recip AB
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Ronald G. Leonardi, Ph.D., President P.O. Box 262049
San Diego, California 92196-2069
October 19, 2000 8

Dockets Management Branch
Food and Drug Administration
HFA-305, Room 1-23
12420 Parklawn Drive
Rockville, MD 20857

CITIZENS PETITION

The undersigned submits this Petition under Section 505 of the Federal Food, Drug and
Cosmetic Act (21 USC §355), which authority has been delegated to the Commissioner
of Food and Drugs under 21 CFR §5.10. Petitioner requests the Commissioner of Food
and Drugs to declare that the drug product, hereinafter described, is suitable for
consideration in an abbreviated new drug application.

A. ACTION REQUIRED

By this petition, the undersigned requests permission of the Commissioner of Food and
Drugs to file an abbreviated new drug application for a Potassium lodide tablet dosage
form containing 65 mg of Potassium lodide.

B. STATEMENT OF GROUNDS

The Federal Food, Drug and Cosmetic Act as amended in 1984 provides under Section
505(G)(2)(C) that a petition may be filed with the Secretary seeking permission to file an
abbreviated application for a new drug which has an active ingredient which differs from
the listed drug in dosage form or strength. Such a petition must be granted unless the
Secretary finds that investigations must be conducted to show the safety and effectiveness
of the drug.

The petitioner requests permission to file an abbreviated new drug application for
Potassium lodide, 65 mg tablets. The listed drug is available as a tablet containing 130
mg of Potassium lodide presently manufactured by ANBEX, Inc. and Carter-Wallace,
Inc., the companies that have received FDA new drug application (NDA) approval for
their non-prescription “radiation emergency potassium iodide” drugs.

It should be noted that the Federal Register (Volume 47, No. 125) dated June 29, 1982,
states “FDA recommends that potassium iodide in doses of 130 milligrams (mg) per day
for adults and children above 1 year and 65 mg per day for children below 1 year of age
be considered for thyroid blocking in radiation emergencies...” It would be convenient
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to have this potency available so that adults could take two tablets for 130 mg dosage
requirement and children one tablet for the prescribed 65 mg/day.

The Agency also states (Federal Register, Vol. 50, No. 142, p. 30258, July 24, 1985) that
risks of side effects, such as allergic reactions, from the short-term use of relatively low

doses of potassium iodide for thyroid blocking in a radiation emergency, are outweighed
by the risks of radioiodine induced thyroid nodules or cancer, if the projected dose to the

thyroid gland is 25 rems or greater. Because FDA has authorized the non-prescription
sale of “radiation emergency potassium iodide,” it is legally available to organizations or
individuals who, based on their own corporate or personal analysis, choose to have the
drug immediately available. '

Additionally, it states “This recommendation is made in full recognition of the potential
positive effects of the drug, action by the FDA permitting KI over-the-counter sales, and
the authority of State and local health officials to elect to distribute and use the drug
based on the specific needs of individual sites.

Since the proposed product, containing 65 mg Potassium lodide would be identical in
active ingredient, and route of administration to currently marketed product, the safety
and effectiveness of the proposed drug product is not expected to be different from that of
the listed drug. Two tablets of the proposed potassmm iodide tablet will be
therapeutically equivalent to the 130 mg tablet Iosat™ marketed by Anbex. This is based
on the well known solubility, dissolution and absorption of potassium iodide resulting in
an appropnate bioavailability profile for the 65 mg tablet of Potassmm Iodide. The
solubility' of potassium iodide is 1. 43g per rnL The dissolution? profile of the 65 mg
tablet is >85% in 30 minutes. The absorption® of potassium iodide is well documented
and noted to be rapid and high.

To the best of our knowledge, the proposed dosage form will not be violating any patents
relating to the composition of the product or the method of manufacture.

We submit that the criteria of Section 505(j)(2)(C) are met and that the requested

permission to file an abbreviated new drug application for the dosage form described
above should be granted.

C. ENVIRONMENTAL IMPACT

The subject matter of this petition is covered in 21 CFR §25.23(c).
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D. ECONOMIC IMPACT

The petition will provide this information upon request.

E. CERTIFICATION

The undersigned certifies, that, to the best of his knowledge and belief, this petition
includes all information and views on which the petition relies, and that it includes
representative data and information kngwn to the petitioner, which are unfavorable to the
petition.

onald G. Keonardi, Ph. D., President, R & R Registrations

Signature:

Name of petitioner:  Recip AB, ¢/o R & R Registrations

Mailing Address: P.O. Box 262069
San Diego, CA 92196

Telephone Number: (858) 586 - 0751

Fax (858) 586 - 1108
References
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2. Dissolution — Recip’s Specification for Potassium lodide Tablets

3. Absorption ~
3.1 Matovinovic J. Jodine. Present knowledge in nutrition. 5 ed. Washington
DC, The Nutrition Foundation, Inc. 1984:587-606
3.2 Zanzonico PB, Becker DV. Effects of time of administration and dietary
iodine levels on potassium iodide (KI) blockade of thyroid irradiation by
1311 from radioactive fallout. Health Phys 2000;78(6):660-7.




7809 Potassium lodide

e P

THERAF CAT: Topicsl antiseptic {
THERAP CAT (veT: In feeds a8 8 source of ladine,

T909. Potassium lodide, Jodid, Thyrvtiock; Thyre-
jod. IK; mol wt 166,00, 1 76.43%, K 23.55%. Ki. Potss-
iodid ontalne sbout 99.5% KI. Prepd
from HI and KRCO, Purification by mditing
droges: Lingane. Kofchd!. Inorg. Sy« 1, 163 (1939). Con-

tanoous slectrolytic process [or 1arge scale industrial prepe:
Moryiott, Blkias, US. pat. 2,908,458 (196) to Dow). Tox-

ity data: Mikebiandt, Aroh Sxp Aashol Pharmekol 96, |
297 (1923). Usc in the trestment of radistion poisoming |

reulting from a pucless accident: W. K,
Med J. 381, 983 (1980); Bull N.Y. Acwl Med. ST,
(1981). »

Colodeu.orvhu.cubmlwy white granules, or
loug expo-
Bare 10 pir becomes due wdine, and

Approx LD L.v. in rats: kg . ndt),
Incompac  Adkaloidal) salts, chioral hydmia, tartaric wd
other aclds, calomel, p i bl 1, wvetallic .
ust: Masnul anulsions; in snimal snd
try focds Lo the satewt of 10-30 pests per million; in
cale 83 3 vouns: of bodine wad in some driniing water; also in
wnal ¥

&
]

1

THEKAP CAT: Antfungal exp t: jodine pupph

THERAP CAT (VW 12 actinotmuillosis. actimomyoosi
simple goiter, As expactorant, {n iodine deficiency sad in
chronic polsoning with jead o¢ mercury. Orully caly,
by imjoction. Bxsernally foc tremtment of bursul eslacpe-
menis,

7810. Potsmsisss Masgasate(VI),
19713, K 39.67%, Ma 27.37%. O 12.46%. Prepu:
1. Watsrastradt, Z Aligem. Chem. 277, 172 (1954,
Dark groen

gives froe chiorine.

! ot . :
reaction; liberuies SO; with ecids; oxidizes in ale to sulfals,
more feidily in prescoce of molsture. It may oateh Kre if
much hnldgvdoruiagwduiu; it. Frealy 30l in water; .

ond well ciosed. i

insol in alcohol. Kaep

blsaching sraw; praservative fo¢ frvits and vegetables.
7812, Pou-l"duo p

Uss;  As antifermestative in brawcrics and winaries;

74, 6033 (1952). wral studies: Jost, dcie Croei. 16,

-te’
623 (1983% Jout Schulse. iid. 358, 1110 (1969); «,4-:

¢ vel 1 (nter:
scienct. New York. 1958) pp 601-673: Tailo, Adwan. Inorg

ibid TTR, 1345 (1971). Reviews
Vas Wazer, and i3

Chem. Rudiochem. 4, 1-73 (1962).
White. monoddinic crystals. d% 2.45. laecl ia gun watee,
Soi in aq solns of alkail metal (cxcept potassivm) salts.

0: mol wt

7613, Potassium Msthyl Sultate, CH,K
1%50.20. C 3.00% K 2.01%, K 26,03%. O 42.8i%, S 21.33%.
XCH30,
Hemibytirate, white crystals. 3o in water, alcobal.
use: In orgsnic syntheses.

7614, Potsssium Molybdate(Vl), K,MoOg mol wt
23313 K )2.84%, Mo 40.29%, O 26.8T%

Page 1316

f

K,Mz0, mok wt |
v Schold- |

).
crysisls; dec wt 19C°, SOt in water. $ol snd
stable in KOH soins. It is an oxldizing agent. With HCI it

Pou-i«-‘wmhé
T P e et cotres of pobyamec
ation mﬁ: upon wm conditions. Prepd by
dahiydration of K . Jiet, 7. A Chom Soc.

Consult the Name Inder before using this section.

'%& (
Pemtahydonie, white, del

SIF. Bk in 0.6 part water: teas; ]
; Potassium Nitrate, :N,,,.
“wt 101.10. K IB6M%, N na.ss“”. Py
| ~99.5% KNO, ‘0a
i Colorless

Nitrite. XNO
43.94%, N 1646%, O 37.60%.
usually comtsims ~B335% KNO, e
chisfly of nitrate.
White or sightly yellow, deliqueec

slkatine. LD

mltzmm Rowe, Souzl

THERA? CAY: Vasodilstor; antidote
7817, Potassion Nitreprasmide,

(<] —

Jervate(11). N,
15.99%, K 26.39%, N 18.57%, O S04

Motprnd oigiange govvical

: 7819, Potassiam Oemase(VI). K008
K 23.52%, O 19.25%, Os 57.23%.
watcr; insol in alcohol, echer. Slowly s
formation of Ut etrvaide, Keep well closed
7830. Polassium Oxalate. C, K0, wel
14.45%, K 4703%, O I50% KO,
Monoh: odoriess

7821. Potassiym Percarbosate.
19932, € 12.12%, K 39.45%, O H41%
peactically smhydr compd: Parting¥on.
Soc. 1988, 1934.

evoiution of oxypem. Owe par( poustiut
wh:wuzlwuwm;d&'ﬂ::""
water dlmoive 6.3 perts potass 9
Wﬁywwﬂ""‘“-

on:  Strong irtitent.  Cave

(racht
the same Axci-hypa 1o remove Wl
sulfate; also as oxiciniag sgeni i che™
longer lavored.




e

470 '

stick may be inserted into a section of rubber tubing, or
wrapped several times with tin foil, to avoid cauterizing
the fingers of the operator. In industry it is used in
the manufacture of soft soap, in electroplating, in paint
and varnish removers. and in many other processes.

POTASSIUM HYPOPHOSPHITE N. F.
[Patassii Hypophosphis; Sp. Hipofosfito Potésico]

Potassium Hypophosphite, dried at 105° for 1 hour,
contains not less than 98 per cent of KPH,0. (104.09).

Cautrion should be observed in compounding Potassium
Hypophosphite with other substances, as an explosion
may occur of it 1s triturated or heated with nitrales, chlo-
rales, or other oridizing agents.

Preparation—When solutions of calcium hypophos-
phite and potassium carbonate are mixed, potassium-
hyvpophosphite and calcium carbonate are produced by
double decomposition, thus:

CII(PH2()2§2 + KgCOs — 2K PH202 + CaCO(; l
Calewm Potassium Patassium. Caleium
Hypuphosphite Curbouate Hypophosphite Carbonate

The caleium carbonate is removed by filtration, and
the clear solution is evaporated until a pellicle forms,
after which it is constantly stirred, with continuance
of the heat, until the salt granulates. The heat em-
ploved in the evaporation shauld be kept considerably
below 100° for fear of explosion.

Description— White, opaque hexagonal plates, crystalline masses, or
a granular powder, and is very deliquescent. It is odorless and has
a pungent, saline taste. [ts aqueous solution (1 in 20) is neutral or
alkaline ro titmus. The N, I, provides tests for Identification.
Solubility——One Gm. is soluble in about 0.6 ml. of water and in
ahout 9 ml. of aleohol at 25°; it is somewhat more soluble in boiling
water or boiling alcohol.
Tests for Purity—The N. F. provides tests and limits for Loss on dry-
ing (5 per cent), Alkalinity, Phosphate, Arsenic, Calcium, and Heavy
metals (20 p. p. m.).
Assay—The salt is assayed by oxidation with excess standard bromine
solution. The surplus bromine is caused to liberate an equivalent
quantity of iodine which is titrated with standard sodium thiosulfate,
using starch as the indicator. See page 1251.
Storage—Preserve in tight containers.
incompatibilities—Sodium citrate promates the solubility of the less
soluble hypophosphites. Most ozidizing agents convert them to
phosphates with simultaneous reduction of the agent. Trituration of
the dry chemical with a siwrong ozidizing agent may produce an ex-
plosion. When rubbed with calomel the latter substance is darkened
due 1o its reduction to metallic mercury. Ferric salts precipitate from
solution as ferric hypophosphite. Bismuth subnitrate is darkened due
to the production of metallic bismuth,

Uses—See Compound Hypophosphites Syrup below,
Dose—{"sual, S00 mg.

Compound Hypophosphites Syrup N. F.

[Ryrupus Hypophosphitum Compositus; Sp. Jarabe de Hipofosfitos
Compuesto]

Calcium Hypophosphite. .. 35 Gm,
Potassium Hypophosphite 17.5 Gm,
Sodium Hypophasphite. 17.5 Gm.
Ferric Hypophosphite. .. 2.2QGm,
Manganese Hypophosphite 2.2Gm,
Quinine. .. . . 1.1 Gm.
Strychaine. . 0.1 Gm,
Sodium Citrate . . 3.7 Gm.
Hypophosphorous Acid S ml
Dextrose. .. .. . . 250 Gm,
Glycerin. .. ... e 300 ml.
Purified Water, a sufficient quantity,

To make... ..... .. 1000 ml.

_Mix the ferric and manganese hypophosphites with the sodium
citrate, add 30 ml. of purified water, warm on & water bath, and
stiv until a clear solution is obtained.” Dissolve the calcium, potas-
sium, and sodium hypophosphites in 400 mi, of purified water, to
which 2 ml. of hypophosphorous acid has been added; then dis-
solve the quinine and strychnine in 30 ml. of purified water with
the aid of 3 ml. of hypophosphorous acid, and add the glycerin;
mix the solutions, and dissolve the dextrose in them by agitation.

Add sufficient purified water to make the product measure 1000
ml., and strain.

572 14285 = /.VBW/M.

ELEMENTS OF GROUP I

=2 Solubility—One Gm. dissolves in 0.7 ml. of water, in 22 ml. of aleo-

}

A

Storage—Preserve in tight. light-resistant containers and avoid ex-
cessive heat,

Uses-—The therapeutic value of the hypophosphites
has been repeatedly questioned in medical literature,
This Syrup has been proposed as an alterative, a tonie,
and a source of phosphorus.

Dose—{/sual, 8 ml.

POTASSIUM IODIDE U. S. P, B. P, Ph. 1.
[Kalii Iodidum Ph. I.; Potassii lodidum B. P.; Sp. Yodurno Potésico}

Potassium Iodide, dried at 105° for 4 hours, contains
not less than 99 per cent of KI (166.01).

Preparation—A hot aqueous solution of potassium
hydroxide is treated with iodine in slight excess. The
result is the formation of two salts, potassium iodide
and potassium iodate.

6KOH + 31, — 5KI + KRI0z + 3H0
Potassium Todine Potassium Potassium Water
Hydroxide lodide lodate

The solution is concentrated by heating over a free;
flame in an iron kettle, then an excess of powdered char-
coal is added and well incorporated. The mixture is]
evaporated to dryness, then ignited. The charcosl
(carbon) reduces the jodate to iodide and all of the
iodine is thus obtained as Potassium Iodide. The mass
is lixiviated with water, filtered, evaporated to a suit-
able concentration, and set aside to crystallize, or it is
granulated from the hot solution.

Potassium Iodide is also prepared by first forming
ferroso-ferric iodide through the reaction between iron.
wire and iodine in the presence of water. A solution of
pure potassium carbonate is then added until the
solution is faintly alkaline, boiled for a few moments,:
and filtered; the filtrate is concentrated and set aside
to crystallize.

The reactions are expressed separately as follows:

3Fes + 8l — 2Feglg
Tron tuddine Ferrosoferric
lodide p
Y
Feals + 4K2003 —~  8KI + Ff‘a()g hs 4(,‘02
Ferrosolerric Potasainm Potassium  Ferrosoferric Carbon
{odide Carbonate lodide Oxide Dioxide

Potassium lodide is always crystallized from an alka-
line solution and to prevent discoloration, due to forma-
tion of free iodine, a small amount of {ree alkali is per-
mitted. See also the equations under Polassium Bro-
made.

Description—Hexahedral crystals, either transparent and colorless ot 4

somewhat opaque and white. or a white, granular powder. It is

stable in dry air, but slightly hygroscopic in moist air. On prolonged -
keeping it may become yellnwish through the formation of iree iodine

by oxidation. The aqueous solution is neucral or slightly alkaline 1w

livmus, and gradually becomes yellow because of the {ormation of (res

iodine. The addition of small amounts of sodium thiosulfate removes

the yellow color. The U. S. P. provides tests for Identification.

hol, in 2 ml. of g " y ml. of acelone at 2o°, and in 0.5 ml. of
boiling water. When dissolved in water heat is absorbed. One
h;mKdIred ml. of its aqueous solution saturated at 23° contains 100 Gm.
[ .

Tests for Purity—The U. S. P. provides tests and limits for Alke-
linity, Loss on drysng (1 per cent); Jodate, nitrite, thiosulfate, and
barium; N-ltrate, mitrite, and ammonia; and Heavy metals (10 p p.m.).
Assay—An acidified solution of the salt is titrated, in the presence of
chloroform, with standard potassium iodate solution. See page 1250.
Storage—Preserve in well-closed containers.
Incompatibilities—Iodides are water-soluble except the lead. silver,
mercury, and cuprous salts. These are soluble in the presence of alkali
iodides, the lead and silver iodides least readily.

In the presence of acid, indides are decompased rapidly with the .

liberation of iodine. Sugar retards the reaction. Ozidizing agents
liberate iodine with simultancous reduction of the agent. Thus. by

reaction with cupric sulfate, iodine is liberated and cuprous iodide i§ °

precipitated; with ethyl nitrite spirit, iodine and nitric oxide {which
forms brown NO; on contact with air) are evolved.

L

Ammonium io-




b)

d)

e)

g)

h)

Reference 2

TEST METHODS AND LIMITS

Content of Potassium Iodide

Quantification was performed by titration with silver nitrate
Limits: 61.8 — 68.3 mg/tablet

Refer to Method: USP XX

Content of Iodine

In-house colorimetric assay using diethyl-p-phenylendiamin and
detection at 550 nm

Limits: < 1.3 ug L/tablet

Content of lodate

Titrimetric assay using starch
Limits: < 4ppm

Refer to method: USP XX, p. 645

Hardness

The strength required to crush a tablet was measured. The mean value of ten
determinations was reported.

Limits: 4.0 - 7.0 kp

Refer to Ph. Eur. 2.9.8.

Disintegration Time

Six tablets were examined during disintegration with water. The maximum time
was noted.

Limits: All tablets disintegrated within 15 minutes

Refer to Ph. Eur. 2.9.2.

Dissolution

Dissolution medium, apparatus and sample withdrawal according to USP
XXIII, P. 1791-93, Apparatus 2

Quantification of potassium iodide is performed as described above.
Limits: > 80% of labeled content after 15 minutes

General Appearance

Approximately 100 tablets were examined by eye regarding color, surface and
defects. The tablets are white to off-white, round, bevelled, with a cross line on
one side. The diameter is 9 mm.

Limits: Approved

Microbiological Control

Limits:

Aerobic bacteria: <10%g
Fungu: < 10%g
E. coli: Absence

Refer to Ph. Eur.
Limits: Approved
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Chapter

[odine

The multiple, often cybernetic relationships between disorders in
iodine nutriture and thyroid disease are evidence of the complex-
ity of humans and their environment. Qur present knowledge
about iodine stems from many observations, empirical experiments
and scientific investigations. The nemesis of both understanding
and controlling nutritional disorders of iodine metabolism, howev-
er, has been in mistaking the complex for the simple, and the
beginning for the end. This has been true both before and after it
became obvious that an environment either deficient or excessive in
iodine is an important source of ill health. Because of unpredictable
and perplexing man-made changes in life and environment, simple
prevention programs of these two abnormalities are not sufficient.
A national and international policy on iodine nutriture is manda-
tory as an integral part of a world-wide improvement of nutrition in
general.

An artificial division of the environment into inorganic, organic
and human worlds may be helpful in the discussion of the relation-
ship of iodine and the thyroid gland in health and disease. This
topic will be discussed from these three viewpoints after a brief look

at the history of iodine.

B History

The sense of taste for iodine, in contrast to that for chloride, does

- Not regulate the intake of this nutrient. But, long before history
came to be written, the peoples of the Pacific coasts of China and
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South America empirically learned to eat iodine-rich seaweed |
the cure of goiter.' The Greeks and probably other ancient maritj o
peopl‘es had the same experience. Fina]ly,l in the twelfth ce;nt ”“,G
Ruggiero Frugardi (Roger of Salerno) from the great Hi o‘ur),
School of Medicine at Salerno, ltaly, recommended an eleth)rpua( o
of ashes of sea sponges for the treatment of goiter, and thi edy
has remained in use for centuries.? , o remedy
Ir.or?ically, iodine was born as a stepchild of potassium nitrate
basic ingredient of gunpowder. Continuous wars and the En ;fa\
blockadg of Europe forced Napoleon’s chemists to intensifg IIS
Er?ducc;xon of salpeter from seaweed (Normanic, varec: Sco}tlti;;]e
e i ; |
No;rar)nanzyzgsxted by the sea on the coasts of Bretagne and
As part of this major undertaking, Bernard Courtois (1777-1838
Fhe son of a salpeter producer and formerly a pharmacist h)'
1solateq morphine from opium, was forced by circumstances torvko
over h¥s father’s business in Paris. Late in 1811, while crystallizé :
potassium nitrate, he probably added too much sulfuric acid to :?\g
concentrated cooling mother liquid of the varec ashes. Thus bea t'e
ful violet fumes were formed and a brownish violet c;ystalline st:bl
stance was deposited on the wall of the vat. Impressed by its color
he named the substance “iode,” the Greek word for violet-colored 3
In 1816, Prout in England was the first to use iodine in the trea‘t-
ment of goiter.® Francois Coindet (1774-1848) was the individual
who most promoted iodine as goiter therapy. In 1820, he demon-
strgted to the Swiss Society of Natural Sciences the res’ul(s of such
goiter treatment. He was the first to observe iodine-hyperthyroid-
iIsm in goitrous patients given large doses of iodine. He warned, “I
cannot sufficiently emphasize the well-known axiom of Boerhaalve:
At prudenter a prudente medico, si methodum nescis, abstine. .."

lodine and the Inorganic World

lodfne, like chlorine, silica and bromine, was present in the pri-
mordial waters of the earth. In the inorganic world of small particles §
and lz'arge energies, the uneven distribution of iodine in water, soil §
anq air has b_een determined by the second law of thermodynamics. 4
The atqmlc number of iodine is 53, and its atomic weight “
126.91. It is poorly sotuble in water, but molecular iodine (1) coms 4
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bines with iodide to form polyiodides, which accounts for the high
solubility of iodine in water.

During the last glaciation period, 18,000 to 8000 years ago, mature
iodine-rich soil was swept away by glaciers and was replaced with
new crystalline soil, which, lacking humus, could not retain iodine.
According to the medical geographic map, most of Canada and the
northern regions of the United States are in the goiter belt of the
northern hemisphere, as are the Pyrenees, the Alps and the Hima-
layan region. In addition, the mountain ranges of Canada, the Unit-
ed States and Mexico were also depleted of iodine by weathering of
the soil during eons of time.

The intensity of iodine deficiency reflects the cycle of simulta-
neous depletion and repletion of soil iodine (from parental rocks to
the sea and back again via wind, rain, snow and flora and fauna).
Some variants are also caused by geological and climatic factors.as
noted in the Andes as well as in the tropical areas of South America,
Africa and Asia.® Thus the condition of iodine distribution in the
inorganic world is responsible for a world-wide low iodine content
of the soil in many countries which are inhabited by about one
billion people.”

lodine is a trace element. Its concentration in the inorganic world:
varies considerably. Approximate values of iodine in the air, sail,
terrestrial water and sea water are 0.7 g per cubic meter, 300 ug per
kilogram, 5 pg per liter and 50 pg per liter, respectively (Figure 1).

Combustion of coal and gasoline enriches the air with iodine.
lodine is returned to the earth in the rain in concentrations of 1.8 to
8.5 pg per liter (Figure 1). The given value for terrestrial waters
represents an average with very wide variations. Sea water contains
the largest total amount of iodine, mostly in the form of iodates.
Solar light with the wavelength of 560 pm can oxidize iodide to
iodine, and about 400,000 tons of iodine escape each year from the
ocean into the air. The highest concentration of this halogen (about
0.5t0 2.0 g per kilogram) is found in the deposits of Chilean nitrate,

where it was brought by the Antarctic anticyclonic air flow from the
Pacific Ocean. The brine of rock salt and especially fossil oil are
important industrial sources of iodine

lodine and the Organic World

In the organic world of macromolecules, jodine became a perma-
nent part of diverse structures in most living organisms. The iodine
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Flgure I: Simple Model of todine Turnover *lodine in air. rain. fiver. sea. soil, grass and
milk. Goitrogens: Disulfide of hydrocarbons in sedimentary rock Sacré::a ;r;g: hzal;;

water cassava. goitrogenic cabbage, soybean and PCBs. ' sniane
(Reproduced by permission from R.L Voight in Trace Substances 1 Enviconmen(al

g—;egr?—v D C Hempnitt. Editor, p. 303 University of Missour Press, Columbia,

concegtration in plants varies directly with the environment. Most
p?anl todine is in inorganic form. Terrestrial plants are usually i
dme—pqor, and their average iodine content is 1 mg per kilogram of
dry weight. The iodine content is higher in marine plants. Brown
seaweeq 1s very rich in inorganic iodine (0.7 to 4.5 g per kilogram
dry welght) and is important for production of iodine in Japan.-3

In marine animals, such as sponges, and in the skeleton of theg
corals, iodine is in the form of ditodotyrosine.” Only vertebratey]
dgveloped the thyroid gland, which is mainly concerned with io%
dine metabolism. The cause of this revolutionary event is con
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+
ered to be the origin of vertebrates in sweet, often iodine-deficient
water. Accordingly, the thyroid has been engaged in accumulation
of iodine and in synthesis and storage of iodotyrosine and iodathy-
ronines. lodotyrosine represents the reserves of iodine in the thy-
roid. The iodothyronine hormones are secreted in the bloodstream
as messengers with different functions (regulators of metamorpho-
sis and homeothermy, stimulators of protein synthesis and of sex-
ual development) in various groups of organisms.

Surprisingly, marine fish do not undergo metamorphosis, and
are poikilothermal, but have retained the thyroid gland. The same
is true for poikilotherm frogs and lizards. They need the thyroid
hormone only for larval metamorphosis; in the adult organism, the
thyroid has no evident endocrine function.

These observations, and especially the exceptional persistence of
the thyroid without adaptative value to some organisms, prompted
Etkin® to suggest that: 1) iodine is a micronutrient per se, indepen-
dently from being a constituent of thyroid hormone, and 2) the
thyroid gland is also the storage organ for iodine (in the form of
iodotyrosines) in support of its special metabolic and/or structural
function in various tissues of the body.

The most important phenomenon of the“iodine:organic world” )
relation is the development of goiter. A goiter represents a compen-
satory enlargement of the thyroid gland caused by difficulties in
secretion and/or utilization of thyroid hormone. Arbitrarily, the
prevalence of sporadic and endemic goiter in the whole population -
is 5 percent and above 5 to 10 percent, respectively. Endemic goiter
in humans and animals is the same disease and occurs in the same
areas.

lodine Deficiency. Absolute iodine deficiency is the most common
world-wide cause of endemic goiter and cretinism. In 1960, about
200 million people from all continents, races and cultures were
afflicted by endemic iodine-deficient goiter.'’ Since that time, re-
duction of goiter prevalence has been accomplished in many areas,
and especially in more developed countries. Because of a great
increase in population in less developed countries, however, at
present more than 200 million people have goiter.

Natural Goitrogens. Natural goitrogens, usually in combination
with iodine deficiency, are the cause of endemic goiter. The most
Important natural goitrogens are cassava, cabbage, disulfides of

b Saturated and unsaturated hydrocarbons from geological organic

,
i
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Scmecnls in drinking water, bacterial products of Escherichia col, in
drinking water, soybean and iodine excess in seaweed and brow
and green keip. "

i

!_.f .

: lodine and the Human World

it .
ig Durlng the last 60 years, progress in the prevention of endemic
; goiter has not been successful everywhere. In less developed coun-

tries, the protagonists of goiter prophylaxis were confronted by th
Fl}al:)tom of Jod-Basedow and many were exhausted by the po)we:
V:,Jaf stacles of ignorance, economic difficulties, civil disorders and
.ln. contrast, the problems of iodine nutriture in some more indus
ma_hz‘ed countries are now of a different nature. Most of thes—
societies introduced successful iodine prophylaxis about 30 to 5§
years ago. In addition, after World War I, many indusirialized
countries have developed economic and efficient technologies of
food production paralleled by a large growth of complex chgemiml
industries. Thereafter, during the last 20 years, an upward tren‘d
towards high to excessive nutritional iodine intake was noted, and
in the last five to ten years several warnings on animal feed'and
human food contamination with synthetic goitrogens were pub-
psh.ed.”"8 The most important cause of these complex chan Es in
lqdlne nutriture of animals and humans comes from use of ifdine’
rich compounds and various goitrogenic chemicals.
lodine-rich compounds are used in dairy farming and industry
(ethyler?ediamine dihydroiodide for therapy and prevention of
lurr}py-,._aw, actinomycosis, foot rot necrobaccilosis and iodophor-
antiseptics for udder and teats as well as cleansing agents for dairy
equipment and containers) and in the baking industry (iodates as
dough(—conditioners in “continuous-vacuum/mix process” and as
cleansing agents for equipment).'? Milk and dairy products as well 4
as bread and bakery products are the largest source of iodine in ]
human food."?
Pollution is another source of iodine-rich com pounds. A potential
pollution of iodine is possibly in the large industrial and pharma3
. ceutical production of iodinated chemical compounds (1,500,000 kg §
|odgne is used per year by industry in the United States alone)z
which either directly, or via sewage turned fertilizer, find their way]

into the drinking water and food.'" R
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The goitrogenic pharmaceuticals and industrial chemicals have
great applications in agriculture (organochlorine insecticides and
fungicides releasing ethylenthiourea) and animal husbandry (bac-
teriostatic sulfonamides and antibiotics of the tetracycline group).
The total effect of the goitrogens used in agriculture and animal
husbandry is not yet known.

For the last fifty years, the chemical industry has produced plasti-
cizers of the polychlorinated biphenyls (PCBs). Since 1978 the pro-
duction of these compounds has been banned, but 375,000 tons still
in use of the total 750,000 tons produced in the United States will
eventually end up in the rivers, lakes and seas.'! Most contaminat-
ed are the Great Lakes and their tributaries. Since 1972 it has been
documented that PCBs cause severe endemic goiter in predator fish
of the Great Lakes waters.'? In 1972, the PCB content in 45 percent
of the U.S. population was 1 ug per gram of body fat."

Fire retardants of the polybrominated biphenyls (PBBs) act like
PCBs. In 1973, a limited, accidental contamination of animal feed
with PBBs occurred in Michigan. Biochemical evidence of disor--
dered thyroid function was detected in some individuals who hadi
consumed contaminated meat and milk,'” but was not confirmed ire

another study.'®

lodine in Food

In areas completely dependent on local food supplies, the iodine:
content of water is a reliable indicator of its content in the soil and:
nutrients. Drinking water, except for some “mineral waters,”is:
rarely an important source of iodine. Vegetables and fruits supply
little iodine. Meat contains more iodine and its content depends on
the feed and food of domestic and wild animals, respectively. lo-
dine is concentrated in milk and eggs, which are second only to
seafood as the richest sources of iodine. Marine salt contains little
iodine. After crystallization of sodium chloride, the mother liquid,
containing all the iodine, is separated to prevent the precipitation of
the bitter magnesium chloride. With only a few exceptions, crude
- rock salt contains little iodine, which has escaped during the eons of

E slow evaporation of sea water.

% Data on the iodine content of food from goiter free Washington,
DC and Athens, Greece, as well as from the “Greek Endemic
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Areas_" (401 pg, 202 ug, and 41y, respectively) illustrate the differ.
ence in nutritional iodine supply of a country with modern food
technology versus that of a predominantly agricultural, less devel-
oped country.® In the industrialized countries, milk and dairy pro-
ducts,A and bread and bakery products are the most imporfam
nutritional sources of iodine (as discussed later in this chapter)

lodine Requirements

'As an essential constituent of thyroid hormone, iodine is an in-
dispensable ingredient of human and animal nutrition. The nutri-
tional need of iodine is influenced by growth, body weight, sex
age, ngtrition, climate and disease. The iodine requiremené was'
determmAed by several methods, and estimates differ considerably
In many individuals living in a goiter-free area, the average urinar .
excretion of iodine was about 150 pg per day.'” The mean thyroidw)l,
uptake of stabile iodine was 72 + 48 1g per 24 hours as determine‘d
by neutron activation analysis.? '

_The daily requirement in adults is placed at about 1 to 2 ug per
kilogram of body weight. An iodine intake between “a minimum of
50 pg and a maximum of 1000 ng” is considered to be safe.X’ The
1980 U.S. recommended daily allowance (RDA) for iodine is in the
range of 40 to 120 p.g for children up to age ten, and 150 ug for older
children and adults. An additional 25 ug and 50 g are recommend-
ed during pregnancy and lactation, respectively.??

The Thyroid Gland: Structure and Function

The normal human thyroid weighs about 0.3 g per kilogram of
body weight, or 20 to 25 g in adults. The thyroid, a storage gland,
has an iodine content of about 8.0 to 10.0 mg per 20 g gland.'
Approximately 95 percent of thyroid iodine is bound to thymglobu:
lin. About 45 percent of thyroidal iodine is in the form of thyroxine, _
and 3 percent is in the form of triiodothyronine; approximately 42,

percent is in iodotyrosines.
The thyroid structure and function are regulated by two interre=

lated systems. The phylogenetically older regulator is iodine itself.$
lts purposes are the homeostasis of thyroid hormone secretion ang
the preservation of optimal iodine reserves in the form of iodo 3

‘.
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sines in thyroglobulin. The pivotal factor in this regulatory mecha-
nism is the quantity of iodine. At a critically low iodine supply, all
functions of the thyroid gland are accelerated. Inversely, at a fixed
excessive iodine intake, all processes in the thyroid are slowed
down or chronically modified, depending on the duration of abnor-
mally high iodine intake.

The younger control system is geared to maintaining a normal
concentration of free thyroid hormones in the bloodstream. The
function of the thyroid is similar to that of a thermostat, for it
interrelates the concentration of free thyroid hormone in the serum
with a secretion of the pituitary thyroid stimulator (thyrotropin,
TSH) and the thyrotropin-releasing hormone of the hypothalamus
(TRH).

Both control systems, the iodine and the TSH, probably regulate
the intermediate metabolism of the thyroid cell mostly via the
adenyl-cyclase-cyclic adenosine monophosphate (AMP) system.
Their effects are complementary under physiological conditions.?

Absorption of lodine from Food. After ingestion, iodine is reduced to:
iodide, and within an hour it is quantitatively absorbed from the:
small bowel. lodotyrosines, iodothyronines, some short-chain io-
dopeptides and radiographic iodinated compourds are absorbed:
without deiodination. lodine in all inorganic compounds and many,
organic compounds is bioavailable.

Utilization of lodine by the Thyroid. The utilization of iodine for.
secretion of thyroid hormone proceeds by three steps. First, fromy
the plasma across the cell membrane is an active process against
electrical and mass gradients. The normal concentration of iodide ir¢
the thyroid cell is 30 to 40 times higher than that in the serum:
Second, at the interface of the cell and the colloid, a peroxidase is
instrumental in oxidizing iodide into an “iodine-intermediate.” The
enzyme also facilitates the formation of monoiodotyrosines and

diiodotyrosines by incorporating iodine into the tyrosyl residues of
}hyroglobulin. The subsequent oxidative coupling of iodotyrosines
into the thyroid hormones, thyroxine (T,) and triiodothyronine

: Crg), is also carried out by the same peroxidase, possibly in coopera-
. tion with another enzyme. Finally, thyroglobulin is engulfed by the
. Cytoplasm of the thyroid cells. The digestion of thyroglobulin is
g accomplished by proteolysis. The secretory phase ends by diffusion

"Of the hormones into the capillaries via extracellular space.”?
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Thyroid Hormones

About 80 to 90 pg of Tyand 10 to 20 ng of Tyare secreted daily
(he.bloodstream. The simultaneously liberated iodotyrosin \)’-““0
dc-noqinated in the thyroid, and iodine is returned to the th ron
pool for reutilization. ol

Most T, in the serum is bound to thyroxine-binding globulin. T}
normal serum levels of Tyand Ty are 8.6 + 0.5 pgand 128 » 6A7 :L,
]fo,r 100 ml, respectively. Dur'ing the passage in blood througﬁ tiwg
iver, abgut 50 percent of T, is deiodinated to T;, and a ver ]
amount is deiodinated to physiologically inactive reverse Ty S?‘”
Significant amounts of T, and Tj are also enzymaticall boix(rd ”
g?ucuronate and sulfate, respectively, and thus are excr):eted n }:0
tfxleA The T, glucuronate and Tj sulfate are hydrolyzed in the ’in tt :
tine, and most of the T, is reabsorbed into the blood. After metnbe?-
ic dggradations of thyroid hormones, a large fraction of i)d'a "
reutilized by the thyroid. e

The primary function of the thyroid hormone is to stimulate heat
production (by increased oxygen utilization) for the preserv(ati mf
a constant body temperature. In addition, the hormone inﬂue(:]c;)s
the synthesis of protein; during embryonal life and childhood. it
promotes physical and mental growth and development a

Normal lodine Metabolism

The complex mu.lticompartmental system of iodine metabolism
xzfggg?gnxently simplified and divided into three compartments

'lnorgnnic lodime Compartment (17). After absorption, iodide is dis-
tributed in the I~ compartment, which represents ab;)ut 35 percent
of body weight (255 liters per 70 kg) and consists of plasma, extra-
cellular space, alimentary tract secretions, red cells and the t’hyroid
gAlandA The concentration of plasma iodide is considered representa-
tive of this compartment (mean, 0.18 ng per deciliter; range, from
0.04to Q.S7 g per deciliter). Therefore, the inorganic iodine pool is$
approxnmgtel.y 98 to 120 ug. Very little iodide is excreted in expil‘e(i'
air, perspiration and feces. A little more, 4.5 to 9 pg per deciliter, is3
excreted in milk. The renal clearance of iodide (40 ml per minute) 1§
constant over a wide range of plasma iodide concentration. In cong
trast, thyroidal iodide clearance varies with thyroid activity, and
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especially with iodine intake; the average is about 30 ml per minute.
Therefore, in adults, the daily thyroidal uptake is about 70 ug and
the urinary clearance is 144 pg. Finally, about 55 ug 1" per 24 hours
enters into this compartment after degradation of thyroid hormone
in the tissue. Thus, the |~ input and output of this compartment are
well-balanced.

Thyroidal Organic lodine (T). The jodine concentration is about 400
pg per gram wet thyroid tissue; a 20-g thyroid contains about 8 mg
iodine. A small fraction of iodide (1 to 2 percent) is not accounted
for. The thyroidal fractional uptake from the inorganic iodide pool
is measured with '*'l and varies with the pool size of inorganic
iodide and thyroid activity. In this model, it represents 32.7 percent
of the iodide pool. The absolute iodine uptake (AlU) can be calculat-
ed from the urinary iodide specific activity and the plasma radioac-
tivity: AlU = UE/(1-U), where U is thyroidal B uptake per 24
hours as a fraction, and E is urinary iodide ('7l) excretion per 24
hours. In this model, AIU = 70 g per 24 hours or 2.9 ug per hour.
The thyroid secretes about 70 pg iodine in the form of thyroid
hormone per 24 hours.

Extrathyroidal Organic lodine (B). All thyroid hormones in the
blood, tissues and enterohepatic circulation belong in this compart-

ment. The average serum thyroxine iodine is accepted as the con=-

centration of iodine in this compartment. Because its volume is
about 9.41 liters in adults, the organic iodine pool is about 470 pg.
Approximately 55 ug of organic iodine (in the form of thyroid hor-
mones) is utilized by the tissue and thereafter is released as iodide
into the inorganic iodide pool. About 3.1 percent (15 pg) of the
extrathyroidal iodine is excreted per day via bile in the feces.

Endemic and Sporadic Goiter

Classification of Thyroid Enlargement. The Pan American Health
Organization classification is retained for estimation of thyroid size.
It is a slight modification of the system of Perez et al.?® and is
delineated as follows:

Stage O-A:  Normal thyroid.
Stage O-B:  Goiter detectable only by palpation and not visi-
ble, even when the neck 1s fully extended.

-
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Stage I Q)iter palpable and visible only when the neck i«

tully extended. This stage also includes ﬁodul .
glaﬁds, even if not enlarged (see below) "
Gon.ter visible with neck in normal positio\n' pal
pation is not needed for diagnosis. e

Very_ large goiter which can be recognized at
considerable distance. )

Stage I

Stage {l[:

In case of doubt be

tween any two stages, t
et y ges, the lower one should be

The diffuse or nodular structure of the thyroid should be
gd, becausg nodules develop in areas of chronic severe jodj recc;)rq_
ciency. This estimation is independent of the thyroid sx'zeme o
when nodules are found in a gland of normal size. Then it is'rizf)igt

ed as Stage I, because llOd UIGS ““PIV g (4
d St “l{l(alll [ I[a(l
y ge in (h

Endemic Goiter

Absolute lodine Deficiency. Absolute iodine deficiency is the domi
nant cause of endemic goiter in the world. The meZsure: e::t'r“mf:
lodme_z in food is difficult, and the 24-hour collection of urine ']‘ ft "
unr'ehable-. Therefore, the severity of endemic, iodine~def-’ci:1(t) ’si‘
ter is classified according to the urinary excretion of iOdide‘ in mié’rc;-
grams per gram creatinine in a casual specimen of a representative
sample of the population in the area.zy preser

Grade [. Goiter endemias with an average of more than 50 A

ug 1™ per g creatinine in the urine. The thyroid
hormone supply is adequate for normal physical
and mental development.

Goiter endemias with urinary excretion between #
an average of 25 to 50 pg iodide per gram creati :
nine. The secretion of thyroid hormone may not 3
be adequate, and these individuals are at risk of
hypothyroidism, but not of overt cretinism. i
Goiter endemias with an average urinary excrezs
tion of iodide below 25 ug per g creatinine. Thé;
population is at serious risk of cretinism.”

Grade 11

Grade 1.

i
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Adaptation to todine deficiency is a dynamic process that starts
after a few weeks of negative iodine balance. At first, an increase in
all thyroid functions and a slight, diffuse enlargement of the thyroid
gland, due to hypertrophy and hyperplasia of thyroid cells, repre-
sent an increased response to the stimulation by the normal amount
of TGH. If that mechanism fails to preserve the normal serum level
of T, and T3, an increase in secretion of TSH will further augment
the above compensatory mechanisms. Thereatter, chronic high
stimulation by TSH will cause a relative increase in secretion of Ty
over Ty, accompanied by continuous, at first patchy and later overt,
nodular thyroidal hyperplasia in one area, as well as degenerative
exhaustion and atrophy of thyroid tissue in another area. The ad-
vantages of relatively higher secretion of Ty over T, are that: 1) Ty
contains 25 percent less iodine than does Ty, 2) Ty is three to four
times more potent than T, and 3) the half-lives of Tyand T, are one
and seven days, respectively. Therefore, the relative increase in
secretion of Ty represents a further modality of adaptation to severe
iodine deficiency.

The beginning of iodine deficiency is characterized by a compen-
satory increase in excretion of stored thyroid hormone and a normal
excretion of urinary iodide. As the stores of thyroid hormone con-
tinue to deplete, the thyroidal clearance of plasma inorganic iodide
increases, with a commensurate decrease of iodide excretion in the
urine. After that, the thyroidal uptake of stabile iodide is equal to
the amount of iodine excreted in the form of thyroid hormone. The
plasma inorganic iodide concentration is decreased, as is the thyroi-
dal iodine content. At this time, iodine deficiency either may be
relieved or may progress into a chronic stage. Itis during the chron-
iciodine deficiency that the metabolism of iodine is greatly altered.
According to the model of Riggs,“’ under conditions of severe i0-
dine deficiency only one-third or less of iodine requirement is sup-
plied in food; the major fraction of iodine in the iodide pool is
fierived from catabolism of thyroid hormone. Therefore, the plasma
Inorganic iodide concentration is less than 4.7 pg per liter, and the
inorganic iodide pool is very small. Because the renal clearance of
fodide is constant, the urinary excretion of iodide, under conditions
of low serum iodide concentration, is also very low.

A Conditiqned lodine Detficiency

thUnder conditions of equal iodine supply or action of goitrogens,
eage, sex, body build and functions, as well as genetic abnormali-
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ties or ac s, can contri i
| oracguired s, can contribute to a higher prevalence and
2 5 . . . . . . ~ N
41r;7er suz'e of gonler n gertam individuals. The most important are
increased requirement tor thyroid hormone and mild genetic dis
ders of the thyroid. o
. Some fast-growing children, as well as some pregnant and lact
!ﬂg women, de\,/e!()n anitor Auin bn a enlatlios a0 3L ctat-
i b . P sLUULr Gue 10 a reiavive jpaimne uenc:ency pr()»
ufe 1 by an mc.reased requirement of thyroid hormone.
X Statistical studies of the prevalence of and freedom from goiterin
omozygous and heterozygous twins, respectively, suggest that
est that

genetic factors do affect goiter development. The higher prevalence

of goiter in some famili v ho
' some families may be partly due to a “lower biological

fz-fft.cn(.er'\cy:' of fhe thyrpid. About 3 to 4 percent of otherwise healthy
Individuals with persistent Wolff-Chaikoff effect manifest an over-
sensitivity to the goitrogenic action of excessive pharmacological

........... Upitd:

doses of iodine (discussed later in this chapter). About 30 percent of

humans and chimmanzee ) ke or b
numans and ¢h 5 lack aswe it
cammpanzees iack tne taste for bitter phenyithiocarba~

mates. Irf ‘the white race, this taste deficiency can also extend to
sTme antithyroid compounds such as methylthiouracil. This anom-
aly occurs more frequently in some individuals with either sporadic

er sporadi ¢

ng{d ullar nqnh-toxic goiter or with endemic goiter of any type.?® [ndi-
Vi A aton ~o b ey % sedres i
viduals with latent Hashimoto's thyroiditis can develop goiter

wh ) e .
en exposed to either mild iodine deficiency or iodine excess. "

e ﬂ

Natural Goitrogens

Recently Gaitan?®’ i ity 1 ; '
y Gaitan*’ observed a great disparity in goiter prevalence =}
7 i X4

:::ef;/ftrilh:teltgh}lb(::"ificf’"";nUniﬁgs in various countries, despite
urinair;/—i(')—(ix?r;e“e;;c;étvi(\):ozcluine deficiency was the same {that is,
following are exampl oo than 25 pg per gram creatlrpne). The

ples of this phenomenon with respective goiter
prevalence: 1) Alto Ventuary and Bailadores, Venezuela, 5 and 55.8
percent; 2) Tiom and Mulia, Western New Guinea, 5 and 58.04

percent: 3) South-Wect Idivi Ial
CEILEIL, Dy oYY art Jolaon A oo 3 N~ 4 R
P s Stigjwiasiana and North Lake Kivu, Zaire, &3

am? ??0 percent; 4) Guangaje, Cumbaya and Pisiculla, 12.4, 16.3
;?% 26.1 percent, versus Penipe, La Esperanza and Tucachi, 49.0, ’
o and 5'4"4 percent in Ecuador. These observations suggest that 3
iodine deficiency in some areas is only the permissive factor, and

the natural ooitrooens in fo
e

onro
<4 HLiio etermi

o - R .
nants i | ed and food are the signuica
s n the prevalence and severity of endemic goiter.
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nam

SR Y] n
shably the domin

Furthermore, natural goitrogens are pit y the dom
cause of goiter in some localities where jodine intake is abundant
1963-64, Indian Creek, Kentucky had a goiter prevalence of 33.1

reent. Similarly, in Richmond County, Visginia, goiter preva-

S
T Seiiiaiaiiy, fis Rl Rh

jence in school children was 29.0 percent; the average daily iodine

intake was 165 to 384 pg per day. Goiter prevalence in children
drinking artesian waters was 9.8 + 2 percent. In contrast, 284 =
2.8 percent of children drinking water from surface springs and
shallow wells were goitrous. Endemic goiter in school childrenin 37
communities in the Cauca Valley in Western Colombia belongs in a

sniter nronhvlaxie with

similar category. After ten to 20 years of goiter prophyiaxis
jodized salt, the goiter prevalence in school children was 1 to 42

percent, and the average daily urinary iodine excretion was in the

range of 65 t0 295 pg. In a prospective study started in 1959, goiter

prevalence in school children decreased from 82 percent to 30 per-
PR SR | fnr 16 unarc- 1r:

cent in Candellaria, but had remained at that level for 15 years; i
Zarza, Colombia only 80 km away, goiter prevalence had decreased

from 16 percent to less than 9 percent.”
Natural goitrogens vary by origin and by their adverse mechas

iNaturar gonrogens valy orl

nism of action. The most important goitrogenic substances of natu-
ral origin will be briefly mentioned.
The tubera and leaves of cassava are the staple source of carbohy-

drates for about 300 million people in tropical countries. During
srocessing of cassava, the plant enzyme, linamarase, liberates hy-

yluu:asﬁ‘lg Of Cassava, ine p:

drocyanic acid (HCN) from the cyanogenic glucoside linamarin.
The consumer’s procedures for removal of the HCN from the cas-
sava dishes are relatively effective. The body’s impressive number
of detoxifying mechanisms change HCN into thiocyanate (SCN ™ ),

which is a strong goitrogen under conditions of moderate to severe

iodine deficiency. SCN ™ can cross the placenta and can disturb the
transplacental transport of iodine to the fetus. It reaches milk, how-
ever, only by diffusion. The ratio of urinary SCN ™ (mg) to 1271 (ng) is

the best available indicator of this goitrogen.

Cabbage, rape and mustard, which belong to the genus Brassica

and the family of Cruciferae, are important as foods, feed and condi-
AAAAA {
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€ ments. Today these plants are enormousiy important sources ©

‘rapeseed meal for animal feed and purified proteins in food, as well

and C and pro
fand especially seeds of domesticated and wild Cruciferac is their

I Aotermi ”-as;apeseed oil in the food induslry.
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h;gh content of glucosinolates, which during processing of t}
gv;n}t ;)reT!lEflrr:;ged byl their myrosinase (thioglucohydrolase Ft
2.3.2). < 1on releases gluco -
ecul(" which is further convert%d ins;f)‘ ts}:zgi;zzgfea?\z%i'lucon o
and isothiocyanates. The allyl-, 3-butenyl, 4»pen’ten l~est; oy
pheﬁyletl?yl and 4-methyl-3-buteny! glucosinalates ar); ;0 W
into lgotlwlocyanates (that is, steam-volatile mustard oils) SnV(’rlcd
these isothiocyanates degrade further ta thiocyanate ion -Mome’ o
pqrtantly, some isothiocyanate intermediates, also calléd oo
trins, by spontaneous cyclation form 5-vinyl-2-thiooxaz I'ngm‘
also known as goitrins. ™" The latter compounds are b a?t'l A
potency -snrnxlar to the synthetic thionamide antithy);oid“:jn .
Yhey inhibit both the iodination and coupling processes in th o :
thgsns of thyroid hormone, and addition of iodine to food d s nor
relxgve their goitrogenic effect. oee et
frostultCA;'ies of saturated aqd unsaturated aliphatic hydrocarbons
from sedimentary rock drained by waters into deep wells
1d§nt1f:ed as the cause for an unsatisfactory reduction of dwer'c
goiter in Candellaria, in the Cauca Valley, Colombia. Ex e:‘ﬂ 'emllc
ly, the ether-methanol extracts from the charcoal ﬁlterspke;)r?:tn:;e-
toitlets C(;f those vye})s causgd inhibition in rats of thyroidal ”"I up-
ake and synthesis of thyroid hormone; enlargement of ;
alsa occurred. & o the thyroid
Se:{’gjhif(::fzrt )pre,\éa]ence w"ith abundant iodine intake was ob-
serve: astern Kentucky™ and northern Virginia,® where the
ing water came from shallow wells and was bacteriologicall
polluted. The cell-free filtrates of cultures of E. coli from thefe wa)-l
ters contained a substance with molecular weight 10° which had an
mgxbxtory effect on the thyroid uptake of ¥/l in the rat. ™%
Warﬁ/t;e:;,t:)hi:lfor 5000 years hés been the principle crop of the - '
e Um;.:ed Stareas of thg O.nentland today is an important
the9%0e. By sl at:qs, Wésé’,rSt identified as a goitrogen in ratsin
the 1930 e“mmatedg}é ore iodine to the diet, its goitrogenic effect’8
_Uptake of "'l increases in the soybean goiter of the rat. Vany
Middlesworth*® injected Pl]-thyroxine intraperitaneally in the rat§
?_Sd obseryed.lhat soybean-fed animals wasted large amounts 'O ,
I~thyroxme in the stool. The goiter development in soybean-f §
rats is secondary to a relative iodine deficiency (1 mg Ty contal :
0.68 mg iodine). Although this type of goitrogenesis is characteri$tig
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of the rat, blood-bihary turnover in humans is generally too small

for such a pathogenic mechanism.
Rats fed peanuts develop goiter."W Phenolic derivates are active

goitrogens in the peanut and in several similar nuts. An unknown

compound in the Persian walnut, similar to soybean, produces a
waste of thyroxine in the feces of the rat.

The small, seed-pine nuts of the female cones of the pinon are
important in the diets of Indians in southwestern United States and
South America. The unknown goitrogenic substance inhibits thy-
roidal uptake and organification of "'l in the rat. Administration of

iodine does not reverse the effects.

lodine Excess in Food and Feed as Goitrogen

In contrast to all other goitrogens, iodine in large amounts dis- -
turbs all thyroid functions, starting from the transport of iodine and
continuing to the synthesis and secretion of the thyroid hormone.

lodide in large doses (that is, usually more than 50 mg per day; or
at serum iodide concentration of 20 ug per deciliter) inhibits the thy-
roidal transport of 'I-iodide. The thyroid hormone synthesis atall
steps, starting with iodination of tyrosyl residues up to the forma-
tion of T, and T, is progressively more inhibited by acute and
chronic intake of large amounts of iodine. This phenomenon,
known as the Wolff-Chaikoff effect, is persistent in only 3 to 4
percent of otherwise healthy individuals, for whom iodine in large
doses is a goitrogen. In other individuals, an escape from or adapta-

tion to this mechanism occurs after 48 hours, because of a more
efficient hormone synthesis caused by a drop in intrathyroidal io-
fiine concentration, which in turn is duetoa persistent reduction of
iodide transport into the thyroid cell.”
_ lodine in large doses is the only constituent of food which can
inhibit the secretion of thyroid hormone by preventing hydrolysis
of thyroglobulin. Excess iodine acts directly on the thyroid cell, but
“'also inhibits the normal stimulating effect of TSH on the proteoly-
g Sis of thyroglobulin, thus interrupting the secretion of thyroid hor-
f mones. Whether excess iodide intake can be a goitrogen in man is at

g Present controversial.
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Synthetic Goitrogens

Some of the synthetic goitrogens are PCBs, fire retardants (PBBs)
organochlorine insecticides (DDT, DDD and Dieldrin), fungicidcsl
(ethylenbidithiocarbamates, EBDCs), bacteriostatic agents (sulfon-
amides) and antibiotics (tetracyclines).'?

The first three groups of goitrogens act mostly by inducing the
thyroxine uridine diphosphate (UPD) glucoronyl transferase actjy.
ity of the liver. This activity leads to an excessive biliary excretion of
T4-glucuronate in the bowel which is beyond the capacity of intest;.
nal reabsorption of thyroxine. The high fecal loss of thyroxine re-
sults in the lowering of serum level of thyroxine. In a servo-
mechanism type of reaction, the pituitary, sustained by the
hypothalamic TRH, augments the excretion of TSH which in turn

stimulates simultaneously an increase in function and size of the
thyroid gland. Concurrent severe iodine deficiency or abundant
supply of iodine, respectively, can increase or prevent the goitro-
genic effect of these compounds. In addition, these chemicals in
larger concentration can directly damage the thyroid gland.

The fire retardants (PBBs) and the organochlorine insecticides
disturb the iodine metabolism and produce goiter in essentially the
same way as the PCBs. The fungicides in question, under the influ-
ence of heat, are degraded to ethylenthiourea, which like thiona-
mide inhibits iodination and coupling of iodotyrosines. The
sulfonamides are similar to thionamide goitrogens, but are less
potent. Their effect, however, is increased in the presence of iodine.
The tetracyclines act as antithyroid agents because they specifically 3§
disturb the coupling of iodotyrosines.

Summary

lodine i; essential for the biosynthesis of the thyroid hormones
The RDA is 2 ug per kg body weight in adults and somewhat more
in children. Endemic goiter caused by iodine deficiency is a wo '_"

yvide problem. Public health policy should ensure optimal iod neg
intake throught the world. The prevention of both iodine deficienchy
and excess, combined with prevention of effects of natural @ o

synthetic goitrogens, should be a continuing public health goal. 48
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FORREST H NIELSEN
WALTER MERTZ

Chapter 4 2

Other Trace Elements

Evidence for the essentiality of molybdenum first appeared
in 1953 when xanthine oxidase was identified as a molybdenum
metalloenzyme.! Reports suggesting that arsenic, cadmium, lead,
nickel, tin and vanadium are essential have appeared since 1970.
Those relating to cadmium, lead and tin have come fromone labora-
tory,2 however, and have not been confirmed by others. Dietary
supplements of cadmium, lead or tin improved the growth of sub-
optimally growing rats slightly, but did not give optimal growth;?
the evidence of a growth effect was not confirmed independently.
Nielsen critically reviewed those findings and concluded that on the
basis of present knowledge, cadmium, lead and tin should not be
included in the list of essential trace elements.? For those elements,
the evidence did not fulfill the requirements for essentiality as de-
fined by Mertz.* Thus, the following discussion will be limited to
aspects of arsenic, molybdenum, nickel and vanadium nutrition.

Arsenic

Metabolismi. Absorption, retention and excretion of arsenic are
influenced by the chemical form and level in which itis ingested.
Rats, unlike other mammals, concentrate arsenic in their blood” and
appear unique in the metabolic management of arsenic. Thus,
metabolic findings from rats may not be applicable to other species.

All forms of arsenic are well-absorbed. Organo-arsenic, however,
may be less well-absorbed than is inorganic arsenic. Human sub-
jects who ingested tissues of chickens fed arsanilic-"*As acid rapidly
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EFFECTS OF TIME OF ADMINISTRATION AND DIETARY
IODINE LEVELS ON POTASSIUM IODIDE (KI) BLOCKADE OF
THYROID IRRADIATION BY I FROM
RADIOACTIVE FALLOUT

Pat B. Zanzonico* and David V. Becker'

Abstract—Radioiodines, particularly *!1, may be released into the
environment in breach-of-containment nuclear reactor accidents
and localize in and irradiate the thyroid with an attendant risk of

growth and other adverse health effects. Pharmaco-
logic thyroid blockade by ora) potassium jodide (KT) (50-100 mg
in adults) can substantially;;duee thyroid uptake of and irradi-
ation by internalized radiciodine. In the current analysis, com-
puter modeling of iodine metabolism has been used to systemat-
ically elucidate the effects of two practically important but highly

variable factors on the radioprotective effect of KI: the time of

administration relative to exposure to radioiodine and the dietary
level of jodine. In euthyroid adults receiving iodine-sufficient diets
(250 pg d~! in the current analysis), KI administered up to 48 h
before 1] exposure can almost completely block thyreid uptake
and therefore greatly reduce the thyroid absorbed dose. How-
ever, KI administration 96 h or more before I exposure has no
significant protective effect. In contrast, KI administration after

to radioiodine induces a smaller and rapidly decreasing
blockade effect. KI administration 16 h or later after '] exposure
will have little effect on thyroid uptake and absorbed dose and
therefore little or no protective effect. The ™I thyroid absorbed
dose is two-fold greater with insufficient levels of dietary iodine,
2,900 cGy/37 MBq, than with sufficient levels of dietary iodine,
1,500 ¢Gy/37 MBq. When KI is administered 48 h or less before
1] intake, the thyroid absorbed doses (in cGy/37 MBq) are
comparably low with both sufficient and insufficient dietary
iodine levels. When K1 is administered after *'I intake, however,
the protective effect of K1 is less and decreases more rapidly with
insufficient than with sufficient dietary iodine. For example, KI
administration 2 and 8 h after I intake yields protective effects
of 80 and 40%, respectively, with iodine-sufficient diets, but only
65 and 15% with iodine-deficient diets. In conclusion, whether
exposed populations receive sufficient or insufficient dietary
iodine, oral K1 is an effective means of reducing thyroid irradi-
ation from environmentally dispersed radioiodine but is effective
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only when administered within 2 d before to ~8 h after radioio-
dine intake.
Health Phys. 78(6):660-667; 2000

Key words: “!I; dosimetry; thyroid; fallout

INTRODUCTION

Rapioisotores oF iodine are produced in abundance in
fission reactions, and significant amounts of radioiodine can
be released into the environment in breach-of-containment
nuclear reactor accidents. The potential adverse health
effects of environmentally released radioiodines lie in the
fact that iodine is readily absorbed into the circulation
following ingestion or inhalation, rapidly concentrated by
and stored in the thyroid, and only slowly secreted in
organified form as thyroid hormones resulting in high
thyroid absorbed doses. Thyroid irradiation at sufficiently
high absorbed doses from internally deposited radioiodine
can cause the late appearance of thyroid nodules and/or
cancer (NCRP 1985) and, at higher absorbed doses, destroy
follicular cells and thereby induce hypothyroidism (Wolff
1980). Following the Chemoby! nuclear reactor accident in
1986, for example, an early and dramatic increase in the
incidence of pediatric thyroid cancer ensued in Byelorussia
and Ukraine, presumably as a result of environmental
dispersion and ingestion and inhalation of radioiodine
and, in particular, 3'I (Astakhova et al. 1998; Baverstock et
al. 1992; Becker et al. 1996; Goslings 1989; Kazakov et al.
1992; Sobolev et al. 1997, Williams 1996).

Radioactive fallout in the immediate vicinity of the
reactor, the so-called near-field, is introduced into the body
predominantly through inhalation but also is deposited upon
vegetation, which is consumed directly as food or indirectly
by consuming milk from cows that have grazed on radio-
actively contaminated fodder. At later times and greater
distances, ingestion is the primary pathway into the body
(Becker 1987; Eisenbud and Wrenn 1963; Holland 1963;
Zanzonico and Becker 1993).

There are 24 isotopes of iodine, """l to 91, all of
which except '¥’I are radioactive. Although P21, 3], 1],
and '3 are actually produced in greater yields than '*'I in
thermal neutron fission of 2**U (Holland 1963), thyroidal




iation off-site followmg breach-of-containment nu-
reactor accidents is ascribed almost entirely to ''I
use of its relatively long half-life (Holland 1963).
e current analysis is therefore restricted to '3'I.
Most reactor accident scenarios are envisioned as
loping over many hours, providing some time to
plement protective actions to reduce intake of radio-
lides. Since the initial near-field exposure is primarily
ough inhalation, air filtration, sheltering, and evacua-
n are particularly important early protective measures.
en minimal respiratory protection with a moistened
andkerchief can filter out some particles and signifi-
l ntly reduce inhalation of radioactivity. Sheltering,
which includes closing of windows, doors, and ventila-
A on systems, can provide non-disruptive protection when
& posure is expected to be of short duration. In high-level
kst contmumg releases, evacuation of populations in the
Eimmediate vicinity of reactor accidents may be prudent.
Einterdiction of contaminated foods, pamcularly milk and
Fwater, can be immediately effective in preventing inges-
tjon of fallout. Radioiodines can appear in cow’s milk
-within 5 to 10 h of ingestion of contaminated fodder,
‘with peak concentrations by 36 to 48 h post-ingestion
i (Becker 1987; Zanzonico and Becker 1993).
' In addition to the foregoing physical measures, a
¥ number of biologic measures can interfere with the absorp-
b tion and internal deposition of some radionuclides. Pharma-
E cologic thyroid blockade by oral potassium iodide (K1) is
. perhaps the most efficient and practical of these protective
¢ measures (Becker 1987; Becker et al. 1984; NCRP 1977,
 Robbins 1983; Rubery and Smales 1990; Stanbury 1990;
F- VanMiddlesworth 1987; Zanzonico and Becker 1993).
E lodine is rapidly and completely absorbed by the upper
B gastrointestinal tract within 30 to 60 min of ingestion.
B Inhaled radioiodines reach equilibrium in the blood within
. about 30 min. Iodide is rapidly concentrated by the thyroid
i with maximum accumulation reached by 36 to 48 h in
P euthyroid individuals receiving sufficient dietary iodine. In
iodine deficiency, uptake is more rapid, and a higher peak
[ uptake is reached earlier, at 12 to 24 h. Intrathyroidal iodine
k. is slowly secreted into the circulation in organic form as the
k. thyroid hormones, tetra-iodothyronine (T3, thyroxine), and
f. tri-iodothyronine (T4). The biologic half-life of the organi-
- fied thyroidal iodine is 60 to 100 d. Because of its rapid
& uptake and long retention, the radioiodine thyroid dose is
- proportional to the uptake (Berman et al. 1968; Wolff 1980;
¢ Zanzonico and Becker 1993; Zanzonico et al. 1995).
: Potassium iodide, given in adequate quantities (50-
¥ 100 mg in adults) at the appropriate times, can almost
- completely block thyroidal uptake of radioiodide (Becker
s 1987 Becker et al, 1984; II’in et al. 1972; NCRP 1977;
Robbins 1983; Rubery and Smales 1990; Stanbury 1990;
Sternthal et al. 1980; VanMiddlesworth 1987, Wolff
1980; Zanzonico and Becker 1993). Although the pre-
dominant mode of action is not well established, several
mechanisms have been postulated. These include isotope
dilution, saturation of the iodide transport mechanism,
interference with intrathyroidal organification of iodide,
and inhibition of hormone release (Dumont et al. 1990;
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Sternthal et al. 1980; Wolff 1980). The time of admin-
istration of the KI relative to radioiodine intake is the
critical determinant of effectiveness of blockade, with KI
administration coinciding with radioiodine intake provid-
ing the greatest protective effect, that is, the greatest
reduction in thyroid uptake of and irradiation by radio-
iodine (Blum and Eisenbud 1967; II'in et al. 1972;
Lengemann and Thompson 1963; Stanbury 1990; Zan-
zonico and Becker 1993). Practically, however, given the
vagaries of environmental release and dispersion of
radioiodine in breach-of-containment nuclear reactor ac-
cidents, it is probably impossible to time KI administra-
tion to coincide exactly with radioiodine intake.

Besides the time of Kl administration relative to
radioiodine exposure (Zanzomco and Becker 1993), the
effectiveness of KI blockade is affected by dietary levels of
iodine. For the purposes of the current analysis, restricted to
euthyroid adults, a dietary intake (00 ug d™! less than and
greater than the recommended dietary intake of 150 pug d™!
(NRC 1989) was defined as iodine deficiency (50 ug d-
overall) and iodine sufficiency (250 ug d=! overall), respec-
tively. In the current paper, computer modeling of iodine
metabolism has been used to systematically elucidate the
effectiveness of thyroid blockade as a function of dietary
iodine status as well as of the time of KI administration
relative to radioiodine intake.

MATERIALS AND METHODS

Compartmental model of iodine metabolism
Whole-body iodine metabolism was simulated using
the compartmental model in Fig. | and Berman’s SAAM
program (Berman et al. 1962; Boston et al. 1981). In Fig, 1,
PBI, or protein-bound iodine, corresponds to circulating
thyroid hormone. This standard model is essendally a
simplification of the detailed model of Berman et al. (1968).
Using the analytic fit of Blum and Eisenbud to their
measurements of suppression of the 24-h thyrmd uptake
of [ as a function of serum concentration of iodide
(Adams and Bonnell 1962; Blum and Eisenbud 1967:
Ramsden et al. 1967), the following formula relating the
iodide-to-thyroid exchange rale to the serum iodide
concentration was derived and used in the foregoing
compartmental model (Zanzonico and Becker 1993):

k(thyroid, iodide) = 0.37k(thyroid, iodide),{Iodide]%*
(n

where

k(thyroid, iodide) = the indide-to-thyroid exchange
rate th™');

k(thyroid, iodide), =the maximum iodide-to-
thyroid exchange rate (h™');
_that is, the theoretical iodide-
to-thyroid exchange rate (h™")
at a serum iodide concentra-
tion of zero,

=0.0456 h™!; and

= the concentration of iodide in
serum (ug/100 mL).

{Iodide]

3
i
)
¥
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Sufficient: 250 ug/day
Deficient: 50 ug/day

Sufficient: 0.031 /hr
Deficient: 0.132 /hr '

Iodide ‘ Thyroid
0.0005 /r

9.08 Mmr Sufficient: 0.000137 /hr
Deficient: 0.6013 /hr

\ 4

PBI

v 0.0071 Mr

.
7

Fig. 1. Simplified whole-body compartmental model of iodine
metabolism, Inter-compartment exchange rates are indicated, in-
cluding the iodide-to-thyroid and thyroid-to-PBI (protein-bound
iodine) exchange rates for iodine sufficiency (250 ng d~!) and
deficiency (50 pg d~'). The clearance exchange rafe from the
iodide compartment, 0.08 h!, corresponds to urinary excretion.

Using eqn (1), the model is quantitatively adaptable
to the entire range of dietary iodine levels, from defi-
ciency (assumed to correspond to S0 pg d™! ingested) to
sufficiency (assumed to correspond to 250 ug d' ingest-
ed), and to K1 blockade (corresponding to oral adminis-
tration of 100 mg of KI). The pertinent concentrations of
iodide in serum were determined using the compartmen-
tal model in Fig. 1 to determine the steady-state amount
(in pg) of iodide for a daily intake of 50 or 250 ug and
a Reference Man serum volume of 3,000 mL (ICRP
1975).

Thyroid cumulated activity

The time-dependent radioiodine activity and the
resulting cumulated activity in the thyroid were esti-
mated using the foregoing model. The effect of radioac-
tive decay was introduced by appending a “clearance”
exchange rate to each compartment i equal to the
physical decay constant (A,) of 'I, k(0,)) = A, =
0.00359 h™'. Assuming an internalized activity of 37
MBq (1 an) the cumulated activity of inhaled/ingested
radioiodide in the thyroid was determined by integrating
the decayed activity in each compartment using the
method of Sgouros et al. (1987).

Thyroid mean absorbed dose

A standard ‘methodology widely used for internal
radionuclide absorbed dose calculations is the “MIRD
formalism,” developed by the Medical Internal Radiation
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Dosé Committee (MIRD) of the Society of Nuclear
Medicine (SNM) (Loevinger et al. 1991; Zanzonico et al.
1995). The DOSCAL program (Sgouros et al. 1988), a
computerized version of the MIRD formalism, was used
in the current analysis.

For internal radionuclides in general and radioiodine
in the thyroid in particular, self-irradiation accounts for
nearly the entire absorbed dose to any given target region
primarily because of the contribution from particulate
radiations (such as beta-rays). Beta-rays are assumed to
be completely or almost completely absorbed in situ
since the dimensions of human organs are typically much
greater than the ranges in tissue of particulate radiations.
The thyroid absorbed dose may be equated with the mean
self-irradiation absorbed dose (Zanzonico et al. 1995):

D(thy) = D(thy<—thy) (2)

= Au,S(thy«thy), (3)
where

D(thy) = the mean absorbed dose to the thyroid;
D(thy(——thy) =the mean self-irradiation absorbed
_ dose to the thyroid;
Ayy = the cumulated activity in the thyroid;
and
S(thy<—thy) = the thyroid-to-thyroid S factor. :
=22 ¢Gy/37 Mbq h~' for '*'1 in the adult
20-g thyroid.

As noted, an inhaled and/or ingested activity of 37

MBq (1 mCi) of "™ was assumed for the current
analysis.

Protective effect

The reduction in thyroid irradiation achieved with
oral KI blockade was expressed as the “protective ef-
fect,” defined below (II'in et al. 1972):

Protective effect

Thyroid absorbed dose without blocking
— Thyroid absorbed dose with blocking

Thyroid absorbed dose without blocking
X 100%. (4)

Protective effects were determined and presented sepa-
rately for sufficient and for deficient dietary levels of
iodine (250 and 50 upg d', respectively) and as a

function of time of KI administration relative to radioio-
dine intake,

RESULTS

In Figs. 2 and 3, thyroid uptake, in decay-corrected
percentage of ingested and/or inhaled activity, is plotted
against the time interval between KI administration and
intake of 'I; the data in Figs. 2 and 3 have been
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Fig. 2. Thyroid uptake of radioiodine in percentage of adminis-
tered activity vs. time for different time intervals between a single
K1 administration (100 mg) and exposure to '*'I for KI adminis-
tration before *'I exposure. The top, middle, and bottom graphs
correspond to KI administered 24, 72, and 96 h before exposure to
M, respectively. The upper curves (X) correspond to the control,
or unblocked, time-dependent thyroid uptake; the lower curves (O)
are the corresponding data for KI blockade. The corresponding
protective effects of KJ, related to the crosshatched area between
the two curves in each graph, are specified.

calculated for euthyroid adults on iodine-sufficient diets.
KI administration before '*'l exposure (Fig. 2) corre-
sponds to negative time intervals (to the left of the
ordinate axis) and KI administration after "' exposure
(Fig. 3) corresponds to positive time intervals (to the
right of the ordinate axis). As indicated on the middle
graph in Figs. 2 and 3, the upper curves in each graph
correspond to the unblocked, or control, time-dependent
thyroid uptake; the lower curves are the corresponding
data for KI blockade. In Figs. 2 and 3, the corresponding
protective effects, related to the difference between the
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Fig. 3. Thyroid uptake of radioiodine in percentage of adminis-
tered activity vs. time for different time intervals between a single
KI administration (100 mg) and exposure to '*'I for KI adminis-
tration after '3 exposure. The top, middle, and bottom graphs
correspond to KI administered 2, 8, and 24 h after exposure to '*'],
respectively. The upper curves (X) correspond to the control, or
unblocked, time-dependent thyroid uptake; the lower curves (O)
are the corresponding data for Kl blockade. The corresponding
protective effects of KI, related to the crosshatched area between
the two curves in each graph, are specified.

areas under the blocked and unblocked thyroid time-
activity curves (represented by the crosshatched region
between the curves), are also presented.

Fig. 4 illustrates the differences between sufficient
and deficient dietary levels of iodine in terms of thyroid
kinetics and the protective effect of KI; in this illustra-
tion, it was assumed that Kl was administered 8 h after
B! intake. In iodine deficiency, the model-derived thy-
roid uptake rises more rapidly to a higher maximum
(60%) at an earlier time (12 h) than in iodine sufficiency
(26% at 36 h). As a result of the approximately two-fold
higher thyroid uptake, the thyroid absorbed dose is
approximately two-fold greater in iodine deficiency,
2,900 c¢Gy/37 MBq, than in iodine sufficiency, 1,400
c¢Gy/37 MBq (assuming no significant difference in the
effective half-time of thyroidal radioiodine).
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Fig. 4. Protective effect of KI blocking in iodine sufficiency and
deficiency illustrated for KI administration 8 h after exposure to
1311, The upper curves (X) correspond to the control, or unblocked,
time-dependent thyroid uptake; the lower curves (O) are the
corresponding data for KI blockade. The protective effect of KI is
proportional to the crosshatched area between the two curves

expressed as the fraction of the area under the control thyroid

uptake curve and thus is greater for iodine sufficiency than iodine
deficiency.

Fig. 5 graphically summarizes the effect on "'I
thyroid uptake (Fig. 5a), ‘absorbed dose (Fig. 5b), and
protective effect (Fig. 5¢) of the time interval between KI
administration and '] intake and of the level of dietary
jodine. As in Figs. 2 and 3, KI administration before '°'I
exposure (Fig. 2) corresponds to negative time intervals
(to the left of the ordinate axis), and KI administration
after 13'1 exposure (Fig. 3) corresponds to positive time
intervals (to the right of the ordinate axis). KI adminis-
tered up to 48 h before 'l exposure can almost com-
pletely block thyroid uptake (Fig. Sa) and therefore
greatly reduce the thyroid absorbed dose (Fig. 5b),
regardless of the dietary iodine level. For example, KI
administration 24 and 48 h before '*'I exposure yields a
protective effect of 90 and 75%, respectively, in iodine
sufficiency and 95 and 85%, respectively, in iodine
deficiency (Fig. 5¢). KI administration even 72 h before
1311 exposure will reduce 24-h thyroid uptake from 26 to
19% (Fig. 5a) and yield a protective effect of 32% in
iodine sufficiency (Fig. 5¢). In iodine deficiency, Kl
administration at this time will reduce 24-h thyroid
uptake from 60 to 25% (Fig. 5a) and yield a protective
effect of 55% (Fig. 5¢). However, as indicated in Fig. 3c,
KI administration 96 h or more before '*'I exposure has
no significant protective effect (less than 10%).

In contrast, KI administration after exposure to
radioiodine induces still marked but less, and rapidly
decreasing, blockade (Fig. 5). Once Y[ is incorporated
into the thyroid, its slow discharge cannot be signifi-
cantly accelerated except perhaps with thyroid stimulat-
ing hormone (TSH), but further accumulation can be
blocked by KI. KI administered up to 2 h after B!
exposure can almost completely block thyroid uptake
(Fig. Sa) and therefore greatly reduce the thyroid ab-
sorbed dose (Fig. 5b), yielding protective effects of 80
and 65% in iodine sufficiency and iodine deficiency,
respectively (Fig. 5¢). However, later KI administration,
even as soon as 8 h after '>'1 intake, will only modestly
reduce uptake (Fig. 5a) and dose (Fig. 5b), yielding a
protective effect of only 40% in iodine sufficiency and
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Fig. 5. Decay-corrected 24-h percent thyroid uptake, thyroid
absorbed dose per unit activity inhaled and/or ingested (cGy/37
MBg), and KI protective effect (%) as function of time of KI
administration relative to '*'1 exposure for iodine sufficiency (¢)
and iodine deficiency (M). Time “0" represents the time of '*'
intake.

even less, 15%, in iodine deficiency (Fig. 5¢). KI
administration 16 h or later after '*'I exposure will have
little effect on uptake (Fig. 5a) and dose (Fig. 5b) and
therefore little or no protective effect (Fig. 5c).
Because the '*'I thyroid absorbed dose is essentially
proportional to the 24-h thyroid uptake, the curves
representing the 24-h thyroid uptake (Fig. 5a) and the "'
thyroid absorbed dose (Fig. 5b) as functions of the time
of KI administration relative to !l exposure are paraliel.
Note that the 24-h thyroid uptake (Fig. 5a) and therefore
the ' thyroid absorbed dose (Fig. Sb) for iodine
deficiency are always greater than or equal to the
corresponding values for iodine-sufficient diets. As fur-
ther indicated in Fig. Sc, for KI administered before




gxposure to '3'], the protective effect is greater in iodine

rdeficiency than in iodine sufficiency, and the earlier K1 is
Phadministered before '*'] intake the greater the protective
Eeffect (as discussed above). However, when K1 is admin-
pistered after '3'1 intake, its protective effect is less and
b decreases more rapidly in iodine deficiency than in
E-iodine sufficiency. For example, KI administration 2 and
k-8 h after '>'I exposure yields protective effects of 80 and
40%, respectively, in iodine sufficiency, but only 66 and
- 17%, respectively, in iodine deficiency (Fig. 5¢c).

DISCUSSION

; The results of the current model-based analysis are
b qualitatively and quantitatively similar to the experimen-
btal results of II'in et al. (1972) in human subjects. These

-results indicate that KI is more effective in reducing the
b'absorbed dose of *'1 to the thyroid when it is adminis-
¥ tered prior to or at the same time as ingestion or
b inhalation of the radioiodine (Figs. 2 and 3), and its
i effectiveness in iodine deficiency ‘may be comparable to
f:or somewhat greater than that in iodine sufficiency (Fig.
g 5). Since logistical issues such as distribution may make
kadministration of KI before or coincidental with the
b radioiodine exposure unlikely, the effectiveness of KI
. given following exposure is of considerable practical

»
3

¢« importance. Clearly, the earlier the K1 is given, the better,
* but it is still useful in reducing thyroid dose if adminis-
~ tered up to 8 h and to a lesser extent even 12 h after a
L single exposure to fallout. Importantly, however, the
. protective effect is less and decreases more rapidly in
& iodine deficiency than in iodine sufficiency when KI is
I administered after '*' intake (Fig. Sc). '
3 It is important to note that in the absence of KI
: blockade the '3'I 24-h thyroid uptakes and absorbed
| doses and, therefore, radiogenic risks are two-fold
k. greater in iodine deficiency than in iodine sufficiency.
Accordingly, in the event of breach-of-containment nu-
E clear reactor accident, KI administration and the prompt-
ness of administration are actually more important
among iodine-deficient than among iodine-sufficient
populations. Endemic iodine deficiency persists in parts
of Europe, where nuclear power reactors are rather
numerous, and in other heavily populated areas of the
world (Delange et al. 1993).
3 The results of the current analysis apply to a single
¢ blocking dose of KI before or after a single exposure to
- '], With continuing or subsequent exposure to ‘I,
however, the effects of even a single administration of KI
¥ may still be significant because of its persistent though
E: decreasing blockade of uptake for as long as 72 h. For

example, 48 h after KI, there is still a 75 and 87%

protective effect in iodine sufficiency and deficiency,

respectively, and at 72 h a 32 and 56% protective effect
E* in iodine sufficiency and deficiency, respectively, against
¥ “new” 3 exposures (Fig. 5¢).

The issue of the optimum oral dosage of KI for
thyroid blockade has been addressed by a number of
different investigators (Blum and Eisenbud 1967; Stern-
thal et al. 1980; WHO 1989). Sternthal et al. (1980)
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showed that 10 mg of KI given in a single dose
simultaneously with a tracer of radioiodine will decrease
uptake from 25 to 16% of control and thus provide a 35%
protective effect. However, KI in amounts of 30 mg or
more will reduce the 24-h uptake from 25 to 1% and
provide a 95% protective effect. Although 100 mg is only
slightly more protective than 30 mg, there are substantial
pharmacokinetic advantages to a larger amount: it will
provide an elevated iodide blood level, which is directly
related to both blocking effectiveness and the duration of
effect. The U.S. Food and Drug Administration has
recommended 100 mg of iodide (130 mg of KI) as the
“standard” adult dose. The recommended dose for chil-
dren is 65 mg. This is the same order of magnitude as
Poland’s selection of 70 mg for children ages 2-16 vy;
Poland gave children from 3 to 12 y 50 mg of iodine and
children under 3 received 25 mg (Nauman 1990, 1991).
By these measures, Poland was able to reduce the
projected thyroid absorbed doses from radioactive Cher-
nobyl fallout by an estimated 40% (Nauman 1990, 1991).

With continuing exposure, it is desirable to admin-
ister KI daily for the duration of the exposure and
perhaps for several days longer. Continued administra-
tion of KI, however, may produce significant physiolog-
ical effects. In the study of Sternthal et al. (1980), most
individuals who received KI in amounts greater than 30
mg a day for 8 d had a significant fall in serum thyroid
hormone levels. Three of the five subjects who received
100 mg a day for 8 d had elevated TSH levels and
biochemical hypothyroidism. Also noted was a consid-
erable individual variation in response which potentially
could be a major problem in large populations.

The World Health Organization (WHO), in their
extensive examination of Kl administration (WHO
1989), concluded that iodide prophylaxis was not gener-
ally justified in the far-field for adults (except for
pregnancy), where the main route of exposure is inges-
tion and where embargo of contaminated food can be
used to limit the thyroid dose. In the near field, however,
where thyroid doses in aduits as well as children may be
high and inhalation the more likely route of exposure,
more rapid action is required. Infants, children, and
adolescents up to 16 y should be given KI in both
near-and far-fields (as was done in Poland). For pregnant
women in the first trimester, the fetal thyroid is not yet
functioning, but in second and third trimesters stable
iodine should be given to protect both the fetal and
maternal thyroids. In all cases, administration should be
determined by projected dose estimates when such pro-
jections exceed the intervention level for the country and
community involved. The oral dose for adults is gener-
ally recommended to be 100 mg of iodide (130 mg of
potassium iodide). Neonates should have doses prefera-
bly not to exceed 12.5 mg and children not to exceed 50
mg (NCRP 1977; WHO 1989).

Considerable attention hax been given to the possi-
bility of adverse reactions to KI, but wide experience
prior to Chernobyl has been limited (Becker et al. 1984;
NCRP 1977; Robbins 1983; Wolff 1985). The primary
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reactions from single or several doses of KI given over a
short period have been dose-dependent non-thyroidal
effects (Wolff 1985). The greatest concern, therefore, is
related to iodine sensitivity, where a small dose may
possibly trigger a pronounced response. Although rare,
such effects have been reported and include dermatologic
reactions (eczema) and sensitivity reactions (edema of
the face and, at worst, glottis) as well as asthma.

The experience in Poland, where 10,5 million chil-
dren and adolescents were given a single does of 70 mg
of KI, showed reactions to be uncommon (overall
~4.5%) (Gembicki et al. 1991; Nauman 1990, 1991).
Somewhat surprisingly, the most common reaction in
children was that of vomiting (2.4%). This could have
been a psychological effect of stress rather than a direct
toxic effect. Other reported side effects include derma-
tologic effects in 1.1% and abdominal pain in 0.36%.

As illustrated by the experience in Poland following
the Chernobyl nuclear reactor accident, rapid distribution
of KI to a very large population requires an extraordinary
degree of organization and centralized authority. Ideally,
KI should be administered prior to exposure, but the
practical aspects of such administration to large popula-
tions raise many difficult questions. These center on the
near impossibility of distributing KI to an entire popula-
tion, including transients, over a wide and varied geo-
graphic area in a timely fashion. If predistribution is
elected, special efforts must be made with regard to the
safety of storage in the home to avoid premature,
inappropriate or accidental ingestion (Becker 1987).

The decision as to whether KI should be recom-
mended for an exposed population is based upon projec-
tions of the radiation dose (Meck et al. 1985). These in
turn depend upon the immediate availability of expert
technical assessment of the reactor, the nature of the
accident, its rate of progress, geographic distribution of
populations at risk, and the prevailing meteorological
conditions. Based upon radiogenic cancer risk estimates,
different local, national, and international bodies have
recommended intervention at somewhat different pro-
jected radiation dose levels. For adults, these range
around 25 rem (250 mSv) with a smaller dose limit (~5
rem) for children (WHO 1989). It should be realized, of
course, that KI provides protection only for the thyroid
and only against the radioiodine component of fallout.
Risks from other radionuclides must be incorporated into
a comprehensive emergency response plan.
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