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Abstract-Radioisotopes of I pose an important health risk to man in nuclear accidents associated 
with electric power generation due to their uptake by the thyroid glands. Topical application 
of tincture of I or povidone-iodine to the skin of rats has been found to be as effective as oral 
administration of potassium iodide in blocking thyroid uptake of parenterally administered 1 3 ' I .  
If the same effectiveness can be demonstrated in humans, this may be an attractive alternative 
method of mass protection from radioisotopes of I following nuclear accidents. 

INTRODUCTION 
EXPANSION of nuclear generation of electrical 
power and recent accidents at nuclear installa- 
tions have increased public concern about the 
atmospheric radionuclide releases. Federal 
emergency planners consider radioiodine one of 
the radioisotopes of greatest concern following a 
nuclear accident because of its high biological ra- 
dioactivity and its potential for entering the body 
through several routes. 

Radioiodine poses an important health risk to 
exposed individuals because it is chemically 
identical to non-radioactive I. Hence, the thyroid 
gland which has a well-recognized requirement 
for I will absorb and concentrate radioiodine 
since it cannot discriminate between the two. This 
can result in irradiation of thyroid tissue and an 
increased risk of thyroid disease. 

Systemic uptake of I in man has been reported 
following cutaneous application to burned skin 
(Pi76; La75), intact mucous membranes (La83), 
and intact skin in both adults (Re73; Co72; Bo70) 
and children (Py77; Ch78). The same phenomena 
has been documented in a variety of animal spe- 
cies (Ka75; Ny32) including dogs, rabbits and 
rats. Systemic I toxicity has not been reported 
with application of I-containing compounds to 
the intact skin, but can occur when the integrity 
of the skin has been severely compromised by 
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trauma (Ar80) or thermal injury (La75; Pi76). 
Systemic toxicity has most commonly been as- 
sociated with ingestion of I-containing com- 
pounds. 

Hypersensitivity to cutaneously applied I 
compounds has been reported, but is associated 
with concentrated solutions of I which are gen- 
erally no longer available (W069). It has been 
established that application of I-containing com- 
pounds under an occlusive dressing to a 45 X 10 
cm area (Bo70) or washing one's hands several 
times a day with an I-containing soap (Co72) in- 
creases the serum I concentration and the urinary 
excretion of I. 

Since tincture of I and povidone iodine prep- 
arations are not uncommon household items, if 
cutaneous application of these materials could 
prove to be as effective as orally administered 
potassium iodide, then this would be an attractive 
alternative to the problem associated with mass 
distribution and use of a prescriptive drug. 

The purpose of this investigation was to use 
an animal model to determine if sufficient I could 
be absorbed following cutaneous application of 
I-containing compounds to block uptake of ra- 
dioiodine by the thyroid glands. 

MATERIALS AND METHODS 
A total of 72 Sprague-Dawley rats (CRL:SD) 

weighing 350 & 25 g were used in the study. The 
animals were divided into groups of six each. 
Control groups consisting of six animals each 
were studied along with each experimental group. 
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Following treatment, the animals were housed 
individually in stainless steel cages in a controlled 
air-flow cubicle to ensure dilution of any vola- 
tilized I and prevent post-treatment contact be- 
tween animals. The environment was maintained 
at 72 * 2°F with 100% fresh air exchange at a 
rate of 29 changes per hour. The animals were 
all fed a commercial laboratory chow and water 
ad libitum. Exposure to I from the food and en- 
vironment was considered to be the same for both 
experimental and control groups. 

All animals were inocculated intraperitone- 
ally on the day of the study with 2 pCi of I3 ' I  in 
0.5 ml of saline. Control animals did not receive 
any further treatment, whereas experimental 
groups received either oral or cutaneous appli- 
cation of I-containing compounds. The intra- 
peritoneal route was chosen for the study after 
comparison with intravascular administration in 
a preliminary study. In that preliminary study, 
intravascular administration of radioiodine was 
accomplished in rats under light holothane anes- 
thesia through a surgically exposed and cannu- 
lated tail artery. There were no statistically sig- 
nificant differences in thyroid uptake of I3'I be- 
tween intravascular and intrapentoneal injections 
and hence, the intraperitoneal route was used be- 
cause of ease of administration. 

Three different I-containing compounds, po- 
tassium iodide, 2% tincture of 1 and 10% povi- 
done iodine solution were studied. Four different 
exposure modalities, a single paw dip, application 
to the skin over the back with and without an 
occlusive dressing and oral administration were 
also examined. 

Oral administration was accomplished using 
an 18-gauge feeding needle. Doses of 1.9 mg/kg 
and 19 mg/kg, which represented one and 10 
times the recommended human oral doses, re- 
spectively, were administered to two groups of 
rats. Skin application was done following shaving 
of an area on the back of the animal of sufficient 
size to allow cutaneous application of I-contain- 
ing solutions to either a 12.8 cm2 or 6.5 cm2 area. 
Shaving was done with an electric clipper and 
care was taken not to traumatize the skin. A so- 
lution of 2% tincture of l was then applied to the 
area using a gauze pad. The area of application 
was allowed to dry and left uncovered in two ex- 
perimental groups. In a third experimental group, 
a 12.8 cm2 area was prepared as above and the 
area of I application covered with an occlusive 

dressing. This dressing consisted of a piece of 
polyethylene film covered with adhesive tape. The 
dressing eliminated any possibility of the animal 
licking the treated area and decreased evaporation 
of the I solution from the skin. 

Paw dipping was accomplished by dipping a 
single hind paw up to the ankle in either 2% tinc- 
ture of I or a 10% povidone iodine solution. Ex- 
cess solution was shaken off onto an absorbent 
towel and the paw was left uncovered. 

After 48 hr, the animals were killed using an 
overdose of carbon dioxide and their thyroid 
glands were surgically excised. The excised glands 
were counted in a previously calibrated sodium 
iodide y well counting system. Counts were cor- 
rected for background as well as decay and ex- 
pressed as the percentage of administered I3'I that 
was absorbed. The mean percent of thyroid I3'I 
uptake that was blocked for each group was also 
calculated. Control groups done on the various 
experimental days were statistically compared 
and then combined for subsequent analyses. 

RESULTS 
The results of the study are presented in Table 

1. Control groups retained approximately 1 1% of 
the administered dose of I3 ' I  in their thyroid 
glands. Animals topically treated with tincture of 
I retained between 0.36 and 0.84% ofthe admin- 
istered dose, depending on the area and method 
of application. Paw dipping yielded similar re- 
sults, however, povidone iodine application re- 
sulted in a slightly higher retention of radioiodine 
in the thyroid glands. Oral potassium iodide (at 
one and 10 times the recommended human dose) 
was as effective as paw dipping or skin painting 
with I compounds. 

DISCUSSION 
The results of this study clearly indicate that 

in the rat topical application of I-containing 
compounds, if administered immediately post- 
exposure, are as effective as oral administration 
of potassium iodide in blocking thyroid uptake 
of radioiodine. While serum levels of I were not 
measured in the present study, preliminary data 
from our laboratory using dogs with similar areas 
of I application suggest that serum iodine con- 
centrations rise to more than 20 mg/dl in less 
than 2 hr post-application. Blum and Eisenbud 
have reported that a serum iodide concentration 
in excess of 5 mg/dl is required in man to achieve 
the same degree of thyroid I3'I uptake blocking 
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Table 1. Eflecis uflupical and ural I administratiun on I3’I  uptake by (he 
thyroid glands in rats 

%of Administered I3lI h k m  % of Thyroid 1 3 l I  
Absorbed Uptake bldced 

Control U.03 5 1.18 

mid M n i s t r a t i o n  

Tincture  of Iodine (2%) 

Paw D i p  (One) 0.38 5 0.04 96.5 

Skin 
12.8d 0.38 2 0.08 96.5 

6 . e  0.36 5 0.04 96.7 

12.8an2 with 
bandage 0.84 5 0.16 92.4 

Povidone Iodine (10%) 

Paw D i p  (One) 1.53 2 0.52 90.2 

oral potassium Iodide 

1.9 ng/kg 1.10 5 0.06 90.0 

19 w/kg 0.31 5 0.02 97.2 

as was seen in rats in this study (B167). It is rea- 
sonable to assume, therefore, that the serum io- 
dide levels in the rats in this study met or ex- 
ceeded 5 mg/dl. 

Certainly, differences in skin permeability to 
I-containing compounds may exist between spe- 
cies and hence, further studies delineating the ki- 
netics of I absorption across animal skin will have 
to be compared to data yet to be developed in 
humans. Enough evidence now exists, however, 
to suggest that there is some similarity between 
animals and man in their ability to absorb I across 
the skin. Boe and Wereide, for example, have 
shown that application of an I-containing com- 
pound (Iodochlorohydroxyquinoline) to a 450 
cm2 area of intact human skin on the thigh, under 
an occlusive dressing will result in elevations in 
the serum protein-bound I concentration as high 
as 16 mg/dl (Bo70). The 450 cm2 area of appli- 
cation represents roughly 2.5% of the total body 
surface area (St67) and is approximately equal to 

the surface area of a single adult human hand. 
Reeve et al. have reported elevations in serum I 
levels within 30 min in patients to whom 2% 
tincture of I was applied over a 450 cm2 area of 
body surface on the chest, abdomen or inner thigh 
(Re7 3). 

In the present study, the surface area on the 
rat’s hind paw and the 12.8 cm2 area of the back 
corresponded to approximately 2.5% of the total 
body surface area of the rat (St67). Both sites of 
application were equally effective in blocking ra- 
dioiodine uptake by the thyroid gland. The 6.5 
cm2 area of application (approximately I 2% of 
the body surface area) was equally as effective. 
This suggests that only a relatively small area of 
application may be required for sufficient I uptake 
to block radioiodine incorporation into the thy- 
roid and that cutaneous I absorption may not be 
restricted to a single anatomical site. In man, suf- 
ficient evidence exists to suggest that I absorption 
can occur through the skin of the hands (Co72), 
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forearms (Co72), abdomen (Re73), thigh (Bo70), 
thorax (Re73), as well as a variety of mucous 
membranes (La83). Additional studies must be 
done to establish the relationship of the area of 
application to the rate of absorption and mag- 
nitude of increase in serum iodide levels in ani- 
mals and man. 

A slight difference in the thyroid-blocking ef- 
fectiveness was noted between tincture of I and 
povidone iodine solution. This difference, though 
quite small, suggests that certain I-containing 
compounds may be more effective in crossing 
the skin than others. Since povidone iodine-con- 
taining preparations are commonly used in hu- 
man medicine and are readily available to the 
general public, their absorption across human 
skin needs to be more thoroughly studied. Con- 
nolly and Sheppard have demonstrated that re- 
peated hand and forearm washing with a povi- 
done iodine-containing soap, as done by oper- 
ating room personnel, is sufficient to cause a 30% 
increase in urine I excretion ((2072). Some in- 
dividuals in that study experienced nearly a 200% 
increase in the concentration of I excreted in the 
urine. This study is particularly interesting in that 
it suggests that prolonged contact with I-contain- 
ing compounds may not be necessary for cuta- 
neous 1 absorption to occur since individuals in 
this study would in all likelihood have rinsed their 
hands free of I-containing compounds at the end 
of the surgical scrub. 

Toxic effects associated with I application to 
the skin were not seen in any of the animals in 
the study. Similarly, systemic toxic effects of I 
application to the intact skin has not been re- 
ported in adult humans. Abnormalities in thyroid 
function have been reported in newborn infants 
following repeated or massive applications of I- 
containing compounds to the intact skin (Ch78). 
These changes were reversible and not life threat- 
ening. Adult human toxicity following cutaneous 
application of I compounds has been confined to 
the use of the agents on burned skin (Pi76; La75) 
or on large skin wounds (Ar80). Cutaneous hy- 
persensitivity to I is rare and has usually been 
associated with the use of concentrated (e.g. 7%) 
solutions of tincture of I. 

While it is not possible to make recommen- 
dations regarding human therapy and prophy- 
laxis based on animal studies, the results of this 
study suggest that topical application of I-con- 
taining compounds may prove to be a reasonable 

method of blocking thyroid uptake of radioiodine 
in man and deserves further study. 

REFERENCES 
Ar80 Aronoff G. R., Friedman S. J., Doedens D. J. 

and Levelle K. J., 1980, “Increased serum iodide 
concentration from iodine absorption through 
wounds treated topically with povidone-iodine,” 
Am. J. Med. Sci. 279(3), 173-176. 

Blum B. and Eisenbud M., 1967, “Reduction 
of thyroid irradiation from I3lI by potassium iodine,” 
JAMA 200(12), 1036-1040. 

Boe E. and Wereide K., 1970, “Increased pro- 
tein-bound iodine in the serum from topical use of 
iodochloro-hydroxyquinoline (Vioform),” Ada 
Dermatovenereolo~icia 50, 397-400. 

Chabrolle J. P. and Rossier A,, 1978, “Goiter 
and hypothyroidism in the newborn after cutaneous 
absorption of iodine,” Arch Dis Child 53,495-498. 

Connolly R. J. and Shepherd J. J., 1972, “The 
effect of preoperative surgical scrubbing with povi- 
done iodine on urinary iodine levels,” Aus/. NZ J.  
Surg. 42( l), 94-95. 

Kakemi K., Kameda H., Kakemi M., Veda 
M. and Koizumi T., 1975, “Model studies on per- 
cutaneous absorption and transport in the ointment. 
11. Hydrophilic ointment of NaI,” Chem. Pharm. 

Lavelle K. J., Doedens D. J., Kleit S. A. and 
Forney R. B., 1975, “Iodine absorption in burn pa- 
tients treated topically with povidone-iodine,” Clin. 
Pharmacol. Ther. 17, 355-362. 

L‘Allemand D., Gruters A,, Heidemann P. and 
Schurnbrand P., 1983, “Iodine-induced alterations 
of thyroid function in newborn infants after prenatal 
and perinatal exposure to  povidone iodine,” J .  Pc- 
diatr. 102(6), 935-938. 

Nyiri W. and Jannitti M., 1932, “About the 
fate of free iodine upon application to the unbroken 
skin: an experimental study,” J.  Pharmacol. Exp. 
Ther. 45, 85-107. 

Pietsch J. and Meakins J. L., 1976, “Compli- 
cations of povidine-iodine absorption in topically 
treated burn patients,” Lancet I ,  280-282. 

Pyati S. P., Ramamurthy R. S., Krauss M. T. 
and Pildes R. S., 1977, “Absorption of iodine in the 
neonate following topical use of povidone iodine,” 
J. Pediat. 91(5), 825-828. 

Reeve T. S., Coupland G. A. E. and Hales 
1. B., 1973, “The effect on serum iodine levels of 
painting tincture of iodine on the skin,” Med. .J. 
Azot. I ,  89 1-892. 

Stahl W. R., 1967, “Scaling of respiratory vari- 
ables in mammals,” J .  Appl. Physiol. 22, 453-460. 

Wolff J., 1969, “Iodide goiter and the phar- 
macologic effects of excess iodide,” Am. J. Med. 47, 

B167 

Bo70 

Ch78 

Co72 

Ka75 

Bull 23(9), 2 I 14-2 1 17 (Tokyo). 
La75 

LA83 

Ny32 

Pi76 

Py77 

Re73 

St67 

W069 

10 I - 124. 


