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Abstract

Purpose To propose a new and effective dose regimen for stable potassium iodide (KI) repeated 

prophylaxis in case of prolonged exposure to radioactive iodine.

Methods The pharmacokinetics of iodine was determined in rats by compartmental analyses after 

intravenous and oral administrations of the optimal dose of 1 mg/kg KI, which was previously selected 

in a dose-effect study. The thyroid protection against iodine-125 incorporation was followed during 

24h after a single oral dosing of KI. A repeated KI prophylaxis was modeled using initial estimates of 

iodine pharmacokinetic parameters.

Results A dose regimen consisting in administrations of 1 mg/kg daily for eight days was selected and 

studied. Plasma iodine concentrations predicted by simulation were verified by experimental data and 

varied after the third dose of KI between 174 and 1190 pg/l. The inhibition study of iodine-125 

binding in the thyroid as a function of the time showed that the protection effect of KI could be 

correlated to stable iodine plasma concentrations. Hence, a theoretical decrease in iodine-125 thyroid 

uptake from 63% to 88% could be achieved in a 24h-interval between two KI doses.

Conclusion Given the satisfactory levels of thyroid protection, this dose regimen could be envisaged 

in order to extent KI indications for repeated prophylaxis.

Keywords

Potassium iodide prophylaxis; pharmacokinetics; dose regimen; pharmacokinetic-pharmacodynamic 

relationship; rats
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Introduction

Exposure of populations to radioactive iodine released from reactor during nuclear accidents at a 

nuclear power plant may be responsible in the absence of appropriate protective measures for the 

occurrence of thyroid cancer, particularly after irradiation in childhood in infants and children (1, 2). 

The health consequences can nevertheless be limited by the implementation of protective measures, 

such as the sheltering of populations, their evacuation, the implementation of food restrictions and 

finally, the ingestion of stable iodine tablets. A single dose of 130 mg of potassium iodide (KI) in 

adults provides adequate protection for the thyroid for 24 hours. The ingestion of stable iodine should 

ideally occur two hours before exposure to the radioactive plume or failing this, at the latest within 2 

to 8 hours after exposure (3). The aim of this preventive measure is to saturate the thyroid gland with 

non-radioactive iodine and thus prevent the binding of radioactive isotopes of iodine. However, the 

recent Fukushima disaster has raised questions about the conditions for implementing stable iodine 

prophylaxis. Indeed, this accident has shown that a single intake of potassium iodide tablets cannot 

satisfactorily protect populations exposed to repeated releases of radioactive iodine (4). Thus, if the 

current doctrine envisages the possibility of a second dose, especially in case of impossibility of rapid 

evacuation of populations, it gives to this day no indication as to the conditions for implementing 

repeated doses of stable iodine. As mentioned in the iodine thyroid blocking guidelines of the World 

Health Organization, which have been recently updated, further research is needed to reinforce the 

evidence of efficacy of stable iodine prophylaxis, namely on the dosage, the time of administration 

and optimal dosing regimen for multiple administrations of stable iodine in case of repeated or 

prolonged releases of radioactive isotopes of iodine, as well as the adverse health effects of stable 

iodine administration (5). A few clinical studies have been published focusing on repeated prophylaxis 

by stable iodine in children (6) or in adult volunteers (7-9). However, the number of iodine doses 

tested was limited and the design of the dosage regimen was not explicitly supported by the 

pharmacokinetics of stable iodine. Besides, a correlation between plasma or serum stable iodine 

concentrations and a blockade of radio-isotopes of iodine uptake in the thyroid has already been 

suggested in previous studies but available data are sparse and to our knowledge, this type of
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corrélation has never been fully characterized experimentally or by pharmacokinetic- 

pharmacodynamic (PKPD) modeling. In early studies in healthy volunteers, the minimal serum iodide 

concentration inducing athyroid iodine-131 uptake of less than 1.3% was determined around 100 pg/l 

(10). In another study, a thyroid iodine-123 uptake of less than 2% in euthyroid volunteers has been 

associated with serum iodine concentrations of at least 220 pg/l (9). Hence, in the frame of the 

research program PRIODAC co-funded by the French National Research Agency, we undertook to 

revise and complete the data on stable KI prophylaxis by conducting pharmacological and 

toxicological studies in the rats. An optimal single dose of 1 mg/kg KI has first been determined from 

experiment in adult rats and was selected on the basis of the level of thyroid protection against iodine- 

125 incorporation as well as on the thyroid distribution and urinary elimination of stable iodine (11). 

The purposes of the present work were to study the pharmacokinetics of KI after administration of the 

specific dose of 1 mg/kg KI to rats and to assess the duration of the thyroid protective effect of this 

dose in order to propose an optimal dose regimen for repeated KI prophylaxis.

Materials and Methods

Animais

Male Wistar rats (strain code: 003, 8-9 weeks age and weighing 280-360 g) were used in this study. 

The animals were purchased from Charles River Laboratories (Saint Germain sur l’Arbresle, France) 

and handled in compliance with the French Legislation (articles R214-87 to R214-137 of French Rural 

Code) and the European Directive (2010/63/EU) regarding the care and use of laboratory animals. 

Experimental protocols were reviewed and approved by the IRSN Ethics Committee. Six rats were 

used per sampling time after the oral administration of KI and five rats per sampling time after the 

intravenous injection of KI. They had free access to water and food before and throughout the 

experimental period. The rats are fed with AO4C pellets (Scientific Animal Food and Engineering, 

Augy, France) daily during acclimation periods and experiments. The controlled iodine content of the 

diet meets rodent food requirements (0.3 mg/kg pellets). After exposure, the animals were anesthetized 

by isoflurane inhalation prior to being euthanized by intracardiac puncture.
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Chemicals

Stable potassium iodide (I-127) solutions at different concentrations in sterile water pH 7.4 were 

prepared and provided by the French Central Armed Forces Pharmacy (Orléans, France). Radioactive 

potassium iodide I-125 solution at a concentration of 3700 MBq/ml and with a specific activity of 

643.8 MBq/pg was purchased from Biotrend (Koln, Germany).

Experiment protocols

Experiment 1: Pharmacokinetics of stable iodine after a single intravenous administration of KI

Rats were injected once in the lateral tail vein with either physiological saline or 1 mg/kg of KI 

(volume = 0.2 ml of a KI solution at a concentration of 1.75 g/l). The rats were then placed 

individually in metabolic cages and euthanized by intracardiac puncture at the corresponding time for 

each rat prior to harvesting the blood and the thyroid (5 rats per time point). The sampling times were: 

0, 0.167, 0.333, 0.667, 1, 2, 4, 6, 8 and 24 h post KI administration. Urine was collected from 24-h 

time-point animals.

Experiment 2: Pharmacokinetics of stable iodine after a single oral administration ofKI

Rats were administered once orally by esophageal gavage with either physiological saline or 1 mg/kg 

ofKI (volume = 1 ml of a KI solution at a concentration of 0.35 g/l) using a disposable plastic cannula 

(Instech laboratories, Plymouth Meeting, USA). The rats were then placed individually in metabolic 

cages and euthanized by intracardiac puncture at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 24 and 

48 h post KI administration to harvest the blood and the thyroid (6 rats per time point). Urine was 

collected from 24-h and 48-h time-point animals.

Experiment 3: Effect of a single oral administration of stable KI on the 24h-thyroid uptake of iodine I- 

125

Rats were administered once orally by esophageal gavage with either physiological saline or 1 mg/kg 

of KI (volume = 1 ml of a KI solution at a concentration of 0.35 g/l) one hour prior to being injected in

5



123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

the latéral tail vein with 1.11 MBq/kg of I-125 (volume = 1 ml/kg). The rats were then placed 

individually in metabolic cages and euthanized by intracardiac puncture at 1, 2, 4, 12, 16, 20, and 24 h 

post KI administration to harvest the blood and the thyroid (6 rats per time point).

Experiment 4: Simulation and experimental vérification of repeated daily oral administrations of 

stable KI

The simulation of different KI dose regimen was performed using Phoenix WinNonlin software 

version 6.3 (Certara, Princeton, USA) and the final parameter estimates obtained from the selected 

pharmacokinetic model. In order to verify the plasma iodine concentrations at different times during a 

repeated administration of KI, groups of rats were administered orally by esophageal gavage with 

either physiological saline or 1 mg/kg of KI (volume = 1 ml of a KI solution at a concentration of 

0.35 g/l) once a day for up to eight days. The rats were then placed individually in metabolic cages and 

euthanized by intracardiac puncture at 6h after three KI administrations (day 3), at 24 h after four KI 

administrations (day 5), at 24 h after eight KI administrations (day 9) and 48 h after eight KI 

administrations (day 10) to harvest the blood and the thyroid (4 rats per time point).

Iodine analysis in biological samples

After euthanasia of the animals, the thyroid is dissected, rinsed, dried on gauze and weighed. The 

blood and the urines are centrifuged using an Eppendorf centrifuge 5810R (4000 rpm, for 20 min at 

4 °C). The samples of blood plasma, urines and thyroids are stored at -20 ° C prior to analysis. The 

total radioactivity of iodine-125 contained in the thyroids is determined by gamma counting (gamma 

multidetector RIASTAR A5410, Packard). The analysis of stable iodine in blood plasma and thyroids 

was adapted from a method previously developed for the quantification of iodine in the urines by 

inductively coupled plasma mass spectrometry (12). After slow thawing of samples at laboratory 

temperature (+ 21 °C), the blood plasma and the urines are diluted respectively 1/100th and 1/10 000th 

with 2% ammonia solution (solution made from the Suprapur® 25% ammonia solution, Merck) and 

then stabilized with a sodium thiosulfate solution at 184 mg/l in 2% ammonia. The total iodine content 

is determined by direct measurement of three aliquots of each sample by inductively coupled plasma
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mass spectrometry (ICP-MS, X Series II and iCAP™ Q, Thermo Electron, Courtaboeuf, France) using 

the standard addition method. The internal calibration range consists of a standard solution of stable 

iodide at 1000 mg/l (Iodides AVS Titrinorm IC Standard, Prolabo). Tellurium Te-125, used as the 

second internal standard, is added to the samples at a concentration of 1.25 mg/l from a standard 1000 

mg/l solution (Tellurium ICP standard Certipur, Merck). The internal calibration range is constituted 

in each sample by the following concentrations: 0, 2, 4, 6, 8, 10 md 12 p.g/1 of stable iodide. The same 

method for determination of stable iodine by ICP-MS is applied to the thyroids after preliminary 

mineralization of the samples in a microwave oven (Ethos TC, Milestone, Italy) in 50 ml of ammonia 

4M for 30 minutes at 200 °C. A volume of 1 ml of the mineralized solution is then diluted to 1/125th 

in 2% ammonia for iodine analysis by ICP-MS. The results of measurements of radioactive iodine I- 

125 expressed in number of counts per minute and per gram of tissue (cpm/g) are converted into kilo 

Bequerels per gram of tissue (kBq/g) and then as a percentage of injected activity. The results of stable 

iodine measurements by ICP-MS in blood plasma, urine and thyroid samples expressed in counts per 

second (cps) are converted to pg/1 (or ng/ml) of sample after correlation with calibration curves.

Statistical andpharmacokinetic analyses

All data are expressed as the mean ± standard deviation of a minimum of six independent experiments. 

The comparisons of the results were performed using Student t-test and p values of less than 0.05 were 

considered significant. The concentration-time kinetic profiles for stable iodine and the theoretical 

model describing the pharmacokinetic/pharmacodynamic correlation are obtained by compartmental 

pharmacokinetic analysis and linear regression from the data using Phoenix WinNonlin version 6.3 

(Certara, Princeton, USA). The naïve pool approach, in which all data were treated as they were 

obtained from the same animal, was used to develop the pharmacokinetic and pharmacokinetic- 

pharmacodynamic models. The plasma data after intravenous and oral dosing were analysed separately 

using the classic modeling engine tool of the software in order to compare the different patterns and to 

select the most relevent relevant pharmacokinetic model. Then the data were fitted simultaneously 

using the population mode of the software in order to derive common parameters and increase 

accuracy and precision of the parameter estimates (13, 14). The pharmacokinetic-pharmacodynamic
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models were also obtained after simultaneously fit of pharmacologie effects observed in the thyroid 

and stable iodine plasma data. The selection of the most accurate mathematical models is based on the 

comparison of the calculated statistical parameters of each model such as the Akaike information 

criterion (AIC) or the Bayesian criterion of Schwarz (SBC): AIC=2k-Log(L) and 

SBC=-2Log(L)+kLog(n) (k is the number of estimated parameters of the model; L is the maximum 

value of the model likelihood function and n is the number of observations). The most accurate 

mathematical model is the one with the best visual agreement between data and predictions and the 

lowest AIC and SBC values (15-17).

Results

Pharmacokinetics of stable iodine after a single intravenous administration of Kl (Experiment 1)

The mean stable iodine plasma concentrations at different sampling times post KI intravenous 

injection are presented in the table I and the figure 1. According to the pharmacokinetic modeling, the 

most accurate model from a statistical point of view that best fitted the plasma data was the one 

compartment model with first order rate distribution and elimination processes. Indeed, the statistical 

parameters of this model (AIC=134.92; SBC=135.53) were better than the two-compartment’s 

associated parameters (AIC=138.64; SBC=139.85)The one compartmental model was selected, as it 

was associated with lower AIC and SBC values (AIC=134.92; SBC=135.53) compared with the two 

compartment model (AIC=138.64; SBC=139.85), still providing an adequate description of the data, 

as shown in figure 1 where observations and model predictions appear superimposed. The predicted 

plasma iodine levels were generated with the selected model and represented by the curve in the figure 

1. After intravenous injection of 1 mg/kg KI, the iodine plasma concentration extrapolated to time zero 

was about 1275 pg/l and the concentrations decreased with a half-life of about 5.45 hours (Table III).

The distribution of iodine in the thyroid was quite variable as a fonction of the time after KI 

intravenous injection (Table I). The thyroid iodine content fluctuated from 596 ± 334 pg/g to 

1141 ± 475 pg/g in control rats and from 602 ± 241 pg/g to 1039 ± 329 pg/g in treated rats. Although

8
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a 19% increase in the thyroid iodine content of the treated rats could be observed at 24h, this 

différence was not statistically significant.

The total excreted amount of iodine recovered in the urines 24h post KI dosing was about 246 ± 58 pg 

whilst the control rats excreted about 19 + 5 pg (Table I). This amount of iodine excreted in treated 

rats accounted for about 84% of the injected dose of 269 pg iodine from 350 pg KI.

Pharmacokinetics of stable iodine after a single oral administration of KI (Experiment 2)

The mean stable iodine plasma concentrations at different sampling times post KI oral gavage are 

presented in the table II and the figure 2. The pharmacokinetic modeling showed that these data were 

best fitted by a one-compartment model with first-order rate distribution and elimination processes 

since the related statistic parameters (AIC=151.42; SBC=153.34) were better than those of other 

models tested such as the two-compartment model (AIC=152.42; SBC=155.61). The subsequent 

predicted plasma values were generated with the selected model and represented by the curve in the 

figure 2 and the main pharmacokinetic parameters were calculated and presented in the table IIIThe 

one compartmental model was also selected, as it was associated with lower AIC and SBC values 

(AIC=151.42; SBC=153.34) compared with the two compartment model (AIC=152.42; SBC=155.61), 

still providing an adequate description of the data, as shown in figure 2 where observations and model 

predictions appear superimposed. According to this model, iodine is absorbed rapidly and reaches a 

peak plasma level of about 993 pg/l, approximately 38 minutes after oral administration. In addition, 

the plasma concentration of iodine 24 hours after dosing (predicted value of 158 pg/l and measured 

value of 175 ± 102 pg/l) remains approximately two times higher than the iodine concentration in the 

control rats (69 ± 8 pg/l). The concentrations then decreased with a half-life of about 8.8 hours to the 

value of the control rats after 33 hours. The first order rate constants which were derived after 

simultaneous fitting of intravenous and oral data by a population approach are presentedParameter 

estimates resulting from the simultaneous analysis of the intravenous and oral data are listed in the 

table III.
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The content of stable iodine in the thyroid fluctuated from 692 ± 267 pg/g to 1024 ± 284 pg/g in

control rats and from 814 ± 298 pg/g to 989 ± 124 pg/g in treated rats, irrespective of the sampling 

time. As after intravenous injection of KI, this parameter did not significantly differ as a function of 

the time post KI dosing compared with control rats, although it tended to increase by 10% at 24h and 

by 15% at 48h in treated rats (Table II).

The cumulated stable iodine excretion in the urines was about 173 ± 42 pg after 24h and an additional 

amount of about 29 ± 6 pg was excreted during the next following 24h (Table II). Considering a total 

administered dose of about 269 pg iodine, 24h-excretion of about 14 pg iodine in control rats, and 

iodine oral bioavailability of 90% (Table III), then the total 24h- and 48h-excretion of iodine in treated 

rats represented respectively, 65% and 71% of the administered dose.

Effect of a single oral administration of stable KI on the 24h-thyroid uptake of iodine 1-125: 

Pharmacokinetic-pharmacodynamic correlation (Experiment 3)

The measurements of thyroid I-125 activity as a function of time after oral administration of 

1 mg/kg KI are shown in Table IV and the Figure 3. The theoretical stable iodine plasma 

concentrations corresponding to the same observation times and which were obtained in the 

pharmacokinetic studies are reported in the same table as well as in Figure 3 for comparison purpose. 

These results showed that the efficacy of a single dose of KI in terms of avoided iodine I-125 activity 

in the thyroid compared with the control rats, was comprised between 87% (at 2 hours) and 61% (at 24 

hours). A decrease in iodine-125 avoided activities in the thyroid (expressed as a percentage of thyroid 

uptake in control rats) and in stable iodine plasma concentrations can be observed as a function of time 

from 1 hour after KI administration. This observation supports the hypothesis of a correlation between 

the efficacy of stable iodine and its concentration in plasma. In addition, a decrease in iodine-125 

uptake in the thyroid of the treated rats (expressed as a percentage of the initial injected activity) is 

observed as a function of increasing stable iodine plasma concentrations.

10
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This decrease in the uptake of iodine-125 can be modeled under the Phoenix software by an inhibition 

type pharmacological function (ET) after simultaneous fitting of stable iodine plasma data and the 

observed effects (Figure 4).

Hence, the modeling results showed that the uptake of iodine I-125(EI) can be decreased by stable 

iodine plasma concentration as in equation 1:

E1=E4& (1-C/(/CJ0+C)

(Equation 1)

Where

C: stable iodine plasma concentration

IC50- half-effect concentration, ICso= 174.49 pg/l

E4&. initial extrapolated iodine-125 uptake, E0I0 = 1.7749%

Conversely, the thyroid protection efficacy (expressed in terms of avoided iodine-125 uptake 

compared with control rats) as function of stable iodine plasma concentrations can be modeled by a 

classical sigmoid dose-response function Emax (E) (Figure 5).

This effect (E) can be related to plasma stable iodine as in equation 2:

E=EmaxX C/(EC50+C)

(Equation 2)

Where

C: stable iodine plasma concentration 

Emax : maximum effect, Emax = 94.19%

EC50: half effect concentration, EC5o = 87.26 pg/l

According to these models, the theoretical initial uptake is about 1.77% of the injected activity, 

corresponding to the absolute uptake of iodine 125 by the thyroid in the absence of stable iodine 

circulating in the plasma (Figure 4). In addition, the theoretical maximum inhibition of iodine-125 

uptake (associated with a minimum uptake of 0.25%) at infinite concentrations of stable iodine would

11



281 be more than 94% (Figure 5). This kinetic modeling of the protective effect of stable KI can be

2 282 exploited to verify the efficacy of the selected dose of 1 mg/kg KI by correlating stable iodine plasma
3
5 283 concentrations to a predicted effect. Thus, a minimum plasma concentration of 174 pg/1 of stable

7 284 iodine would be associated with an uptake of 0.89% of the injected activity (Figure 4), which would

8
9 285 represent a 63% decrease in the uptake of iodine-125 compared with control rats (Figure 5). Similarly,

10
11 286 a maximum plasma concentration of 1190 pg/l of stable iodine would be associated with an uptake of
12
13 287 0.23% of the injected activity and a theoretical reduction of 88% of the uptake in control rats. Finally,
14
151 5 288 an efficacy of 75% reduction in the uptake of iodine-125 can be associated with an interpolated
16
17
18 289 concentration value of approximately 340 pg/1 (Figure 5). In terms of kinetics, the predicted stable
19
2 0 290 plasma iodine concentrations were higher than 500 pg/l for about 10 hours after KI dosing. Therefore,
21
22 291 repeated KI prophylaxis with daily dose of 1 mg/kg would theoretically be more than 75% effective
23
25 292 for 10 hours (75% to 88%) and comprised between 63% and 75% from 10 hours to 24 hours post

2627 293 dosing.
28
2 9 294
30
31 295 Simulation and experimental vérification of repeated daily oral administrations of stable KI
32
33 296 (Experiment 4)

35
37 297 Based on the results of the kinetic study of stable KI protective effect for 24h (experiment 3), a dose of

38
3 9 298 1 mg/kg KI once daily could be pertinent and simple enough to ensure a good compliance in case of
40
41 299 prolonged KI prophylaxis. Hence this dose regimen was simulated with the pharmacokinetic software
42
43 300 and tested in rats in order to check the concordance between the measured iodine plasma
44
45 301 concentrations during or at the end of repeated prophylaxis and the values predicted by modeling. The
46
474 8 302 simulation of iodine plasma concentrations during a daily repeated oral administration of 1 mg/kg KI
49
5 0 303 was performed using the final estimates of iodine first order rate constants such as the volume of
51
52 distribution (08040.8038 l.kg-1), the absorption rate (5.71 h-1) and the elimination rate (0.0864 h-1)
53
5 5 305 which were determined by non-compartmental analysis of plasma data after single oral administrations
56
57 306 of KI (experiment 2). The plasma concentration measurements at different sampling times during

58
5 9 307 repeated prophylaxis were interpreted using the mathematical model obtained in the 24h-kinetic study
60 
61 
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63
64
65
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of the protective effect of 1 mg/kg KI (experiment 3). The simulation of iodine plasma concentrations 

during a repeated KI prophylaxis and the plasma samples measurements are presented in Table V and 

Figure 6.

According to this simulation, the steady-state has been achieved after the third dose of KI and plasma 

iodine concentrations varies between a maximum concentration of approximately 1190 pg/1 and a 

minimal concentration of approximately 174 pg/1 (before a subséquent KI administration) (Figure 6). 

Hence, this dose regimen makes it possible to maintain concentrations at least two times higher than 

the concentration of the control rats (about 77 pg/1) throughout the duration of the treatment.

The values of the average iodine plasma concentrations measured in the control rats were uniform 

regardless of the sampling time (Table V, Figure 6). With the exception of the measurements in the 

rats at day 9 (ie 24 hours after the 8th dose of KI) which was higher than the expected theoretical 

value, the mean values of the concentrations measured at the other times in the treated rats (day 3 

+ 6h, day 5 and day 10) were consistent and of the same order of magnitude as the predicted values. 

These results validated the selected dose regimen model.

Discussion

For many years, the absence of analytical methods for the direct determination of iodide anion or 

stable iodine in blood and organs represented an obstacle to research on the pharmacodynamics and 

pharmacokinetics of iodine (18). Hence, the development of biokinetic or pharmacokinetic models for 

iodine was mainly based on studies using radioisotopes of iodine which are toxic elements (3, 19, 20) 

and on computational modeling (21, 22). Former alternative methods for the quantification of stable 

iodine in organs and blood were either indirect and dependent on the measurement of iodine in other 

biological matrixes such as the urines (23, 24), or were based on the Sandell-Kolthoff colorimetric 

reaction after digestion methods of the samples which could lead to a loss of iodine (25, 26). Recently, 

more sensitive methods for direct determination of iodine based on ion chromatography (18, 27-29) or 

capillary electrophoresis coupled to mass spectrometry were developed (30), but very few studies have
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been performed with ICP-MS mass spectrometry for the direct measurement of iodine in serum (30, 

31). If we refer to the available biokinetic models, free iodine once absorbed into the blood, is 

distributed evenly between the extracellular and intracellular medium of red blood cells (32). In 

addition, whole blood would be a biological matrix with high organic matter content that would be 

less favorable for the accuracy and sensitivity of ICP-MS measurements. These are the reasons why 

iodine was dosed only in plasma after centrifugation of blood in our studies.

The ICP-MS method adapted in the present work for the quantification of iodine in blood plasma 

samples proved to be sensitive enough since the results were coherent with data obtained with other 

methods. Indeed, average iodine plasma concentrations in male control rats varied between 76 pig/l 

(Table I) and 103 pg/l (Table II) in the present work. The iodine plasma concentration reported in a 

recent study was slightly lower around 51.1+10.4 pg/l in pregnant rats (31), however those values are 

comparable and in the same order of magnitude. Similar conclusions could be drawn about 

measurements of iodine content in thyroids and iodine concentration in the urines. The total iodine 

content in the thyroids weighing in average 20 pg in the adult rats was comparable with values 

comprised between 10 and 15 pg iodine which were previously published (20, 33). Contrary to our 

previous dose-effect study, the total iodine content in the thyroid sampled at 24h post KI 

administration in the control rats and the treated rats did not differ significantly in the present work 

probably because the experimental conditions were not exactly the same (different animal batches and 

KI solutions), and certainly also because of interindividual variability attested by high standard 

deviations in the measures. Nonetheless, the increase trend in iodine content in the thyroids of KI 

treated rats supports the assumption of a possible saturation of thyroid in iodine for KI doses very 

closed to 1 mg/kg (11). In addition, the total iodine excretions in the 24h-urines in the male rats of 

about 14 pg/24h to 19 pg/24h were slightly higher than values around 4 pg/24h which were measured 

in other studies in female rats (31). The discrepancy could be explained by the different physiology of 

the female rats before pregnancy compared with male rats, as well as by the different iodine content in 

the diets which were used in the studies.
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In the présent studv. the earlv plasma iodine measurement around 800 iig/l after intravenous dosing 

may suggest a short infusion instead of a bolus dose although the injection was performed in less than 

five seconds and no retention at the injection site was observed. As an explanation, it was assumed 

that the maximal plasma concentration was not yet reached in all animals euthanized soon after the 

intravenous bolus. As far as the pharmacokinetics of iodine was concerned, it is interesting to note that 

the elimination half-life value determined in the rats after KI oral administration of about 8.75±1 h was 

comparable with the data in the literature: an 8.27 h iodine plasma elimination half-life was 

determined in a study in which iodine was determined in rat serum samples by ion chromatography 

(28).

The bioavailability value of 90% determined in the present study was consistent with available data in 

the literature indicating a bioavailability of iodides higher than 90% and up to 99% depending on the 

diet (32). The pharmacokinetic modeling of iodine after intravenous or oral administration were both 

consistent, as attested by the statistics. More complicated biokinetic or pharmacokinetic models with 

larger number of compartments have been published so far in order to describe the metabolism of 

dietary iodine or to estimate radiation dose induced by radioiodine incorporation in the thyroid (19, 29, 

32, 34, 35). Besides, a limited number of biokinetic models have been dedicated to stable iodine as a 

thyroid blocking agent (21, 22, 36). Anyhow, the kinetic models and the analysis of plasma data in the 

present work were sufficient for the determination of the main pharmacokinetic parameters (volume of 

distribution, absorption constant and elimination constant) which were useful to model and to study 

iodine plasma concentrations as a fonction of the time during a repeated KI prophylaxis.

In the frame of the present research program, it was decided to study a repeated KI prophylaxis for 

eight days, in order to propose a countermeasure adapted to scenarios of repeated releases of 

radioactive iodine over more than a week, like the events that occurred after the Fukushima accident in 

Japan in 2011. This was also in agreement with other authors who recommended that the maximal 

duration of a repeated prophylaxis in case of impossibility to evacuate the population would be eight 

days (37).
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In terms of thyroid protection, it has been reported in the literature that the percentage of avoided dose 

to the thyroid is comprised between 50% and 75% if the exposure occurs 48 hours after single oral 

administration of 100 mg to 200 mg of stable iodide (1.8 to 3.7 mg/kg KI) (3). Such levels of thyroid 

protection could serve as target values of minimal efficacy and were selected for the assessment of KI 

dose regimen in our study. According to the pharmacokinetic-pharmacodynamic relationship 

determined in this study, the minimal iodine plasma concentration which would be necessary to block 

at least 75% of the radioiodine thyroid uptake in the rats was around 340 pg/l. Interestingly, this iodine 

plasma level is consistent and of the same order of magnitude as values published in a previous work. 

Indeed, a decrease in the thyroid iodide uptake has been observed for plasma iodine concentrations 

higher than 500 pg/l in rats treated with different doses of sodium iodide (38). This iodine effect- 

concentration modeling resulting from the combination of the results of pharmacokinetic studies 

(experiment 1) and the protection kinetic study (experiment 3) presents the advantage of 

demonstrating the existence of a correlation between the effect of oral KI administration and the stable 

iodine plasma concentrations and thus allowed to verify the efficacy of the repeated KI prophylaxis. 

Besides, the proposed dose regimen remains interesting from a predictive point of view since it 

exhibits satisfactory levels of protection of the thyroid by stable iodine throughout the repeated 

treatment. The other reason for selecting an optimal KI dose which is lower than the dose currently 

used in single administrations was to prevent side effects potentially induced by repeated 

administrations of excessive iodine doses (37) Therefore, this dose regimen was also evaluated from a 

toxicological point of view in another study and proved to be safe since the secretion of thyroid 

hormones and the main biochemical parameters were unaffected in adult rats by daily administrations 

of 1 mg/kg KI over a period of 8 days (39). Finally, this dose regimen was studied in an animal model 

kept under sufficient dietary iodine intake. Further refinements and dose adjustments could be 

implemented to the repeated prophylaxis model by taking into account the dietary iodine; as it was 

suggested that the level of thyroid protection by KI could be different when the dietary levels of iodine 

was sufficient or deficient (for instance 250 pg/day and 50 pg/day in humans, respectively) (5, 40).
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Conclusion

The pharmacokinetic parameters of iodine after oral and intravenous administration of the optimal 

dose of 1 mg/kg KI have been determined in order to model a dose regimen consisting of repeated 

daily administrations of this dose over 8 days. The results of thyroid protection kinetic studies and 

plasma kinetics of stable iodine during a repeated prophylaxis showed that this dose regimen would 

provide over 75% thyroid protection for 1014 hours after the first KI administration and more than 

60% protection prior the subsequent KI dosing. Ultimately, application of uncertainty factors may be 

necessary in order to transpose the KI doses and the results obtained experimentally in the rats to 

humans. The rationale for selecting and using smaller KI doses than the currently recommended single 

dose in adults in case of repeated KI prophylaxis was to maintain efficient protection of the thyroid 

whilst minimizing the risks of adverse effects. Hence, further pharmacological and toxicological 

studies of repeated administrations of KI should be performed not only in adults, but also in animal 

models representing more sensitive individuals such as the children or the pregnant women before 

considering the extension of the indications of KI as potential treatment in case of prolonged exposure 

to radioisotopes of iodine.
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1 Table I: Kinetics of stable iodine after KI intravenous injection

Mean plasma iodine concentration

± SD

(^g/l)

Mean thyroid iodine

content

± SD

(^g)

Mean 24h-cumulated
iodine in urines

± SD

(^g)

KI dose

(mg/kg)
0 1 0 1 0 1

Time post KI

(h)

0 86 ± 15 762 ± 282 1067 ± 229 959 ± 296 NA NA

0.167 82 ± 13 1445 ±377 861 ± 194 780 ±361 NA NA

0.333 78 ± 11 1521 ± 160 708 ± 178 906 ± 206 NA NA

0.667 69 ±9 135^ ± 173 596 ±334 737 ± 205 NA NA

1 78 ±5 1171± 113 84^ ± 137 77^ + 235 NA NA

2 81 ± 14 846 ± 80 853 ± 275 810 ±63 NA NA

4 78 ± 13 61^ ± 83 815 ±317 602 ± 241 NA NA

6 74 ±6 598 ± 49 883 ±229 1037 ± 470 NA NA

8 74 ± 11 524 ± 166 114 ^ ± 475 77^ + 259 NA NA

24 6H2 164 ± 45 846 ± 245 1039 ±329 19 ± 5 246 ± 58

2 N=5 rats per time point
3 NA : not available
4

5

6

7

8

9

10

11

1



12 Table II: Kinetics of stable iodine after KI oral administration

Mean plasma iodine concentration

± SD

(^g/l)

Mean thyroid iodine

content

± SD

(^g)

Mean 24h-cumulated

iodine in urines

± SD

(^g)

KI dose

(mg/kg)
0 1 0 1 0 1

Time post KI

(h)

0.25 224 ±3 891 ±95 NA NA NA NA

0.5 128 ± 1 903 ± 185 NA NA NA NA

0.75 93 ±2 988 ± 144 NA NA NA NA

1 148 ± 1 1039 ±36 NA NA NA NA

1.5 76 ± 12 1021 ± 184 97^ ±346 989 ± 124 NA NA

2 117± 84 853 ±280 842 ±215 880 ± 287 NA NA

2.5 8H3 847 ± 225 956 ± 309 871 ± 198 NA NA

3 70 + 16 832 ±143 1024 ± 284 927 ± 145 NA NA

3.5 70 ±6 841 ±209 86^ ± 283 87^ ± 198 NA NA

4 139 ±97 72^ + 111 85^ ± 284 895 ±231 NA NA

6 80 ±29 624 ± 134 692 ± 267 814 ±298 NA NA

8 81 ±27 563 ± 177 841 ± 209 834 ±258 NA NA

24 69 ± 8 175 ± 102 814 ±183 908 ± 233 1^ + 4 173 ± 42

48 70 ±5 97 ±36 839 ±215 985 ± 147 14 ±2 29 ±6

N=6 rats per time point
14 NA : not available
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Table III: Main stable iodine pharmacokinetic parameters after intravenous injection and oral 
administration of 1 mg/kg KI

ParameterPrimary Estimate Units
parameters (coefficient of variation

%)
Volume of distribution 0.8038 l.kg-1

Clearance 0.08637 l. kg-1.h-1
Lag time 0 h

Absorption 5.71297 h-1
constantFirst order rate 
constant of absorption

Oral bioavailability 89.5629 %
Secondary parameters

Maximal concentration 
after intravenous dose

1275.6533 (9.58) pg.l-1

Elimination half life 5.4545 (34.96) h
after intravenous dose 
Maximal concentration 993.3562(2.31) ue.l-1

after oral dose
Time corresponding to 0.6347(14.52) h

the maximal
concentration after oral

dose
Elimination half life 8.7531 (11.34) h

after oral dose

The primary pharmacokinetic parameters were generated by simultaneous fitting of intravenous and
oral plasma data with a mono-compartmental model using the Phoenix modelins tool. and the
secondary parameters were estimated using the classic compartmental analysis tool of WinNonlin
software
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Table IV: Iodine I-125 uptake in the thyroid and avoided activity compared to control rats as a 
function of the time post KI dosing and the concentration of stable iodine in plasma

Time post KI
(h)

Predicted plasma iodine 
concentration (^g/l)

Mean iodine I-125 uptake 
in the thyroid (%IA)

SD

Mean avoided I-125 
activity in the thyroid 

(% controls)
SD

1 74 1.78 ±0.52 NA

2 890 0.37 ±0.08 87 ±3

4 755 0.30 ±0.09 86 ±3

12 391 0.48 ±0.14 76 ±9

16 282 0.74 ±0.17 66 ± 11

20 203 0.62 ±0.12 71 ±5

24 146 0.86 ±0.16 61 ±7

N=6 rats per time point 
IA : injected activity 
NA: not applicable
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Table V: Plasma stable iodine concentrations measured at different times in rats treated by 1 mg/kg KI 
daily for 8 days and predicted inhibition of I-125 uptake in the thyroid

Sampling time

after the

beginning of KI 
repeated 

prophylaxis

Plasma iodine 

concentration in 

treated rats ±

SD (gg/l)

Predicted
plasma iodine 

concentration in

treated rats

(ggd)

Plasma iodine

concentration in

control rats ±

SD (gg/l)

Predicted

efficacy of the 
measured 

plasma iodine

(% inhibition of 
thyroid uptake)

Predicted

efficacy of the

theoretical

plasma iodine

(% inhibition of 
thyroid uptake)

Day 3 584 ± 42 751 92 ± 18 77 79

Day 5 221 ± 40 155 66 ± 6 61 50

Day 9 272 ± 15 151 73 ± 14 66 50

Day 10 107 ±6 77 64 ± 8 28 7

N=4 rats per time point
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1 Figure 1

2 (A)

4 (B)

6 Figure 1. Plasma concentration of stable iodine after intravenous injection of 1 mg/kg KI in the rats;
7 the observed values are the mean of five rats ± standard deviation and represented by the circles; the
8 predicted values obtained from pharmacokinetic modeling are represented by the curve. Graph (A)
9 represents plasma stable iodine concentrations in linear scale, and graph (B) represents plasma stable 

10 iodine concentrations in log scale.
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11 Figure 2

12 (A)

14 (B)

16 Figure 2. Plasma concentration of stable iodine after oral administration of 1 mg/kg KI in the rats; the
17 observed values are the mean of six rats ± standard deviation and represented by the circles; the
18 predicted values obtained after pharmacokinetic modeling are represented by the curve. Graph (A)
19 represents plasma stable iodine concentrations in linear scale, and graph (B) represents plasma stable
20 iodine concentrations in log scale.
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Figure 3

Figure 3. Iodine-125 avoided activities in the thyroid (expressed as percentages of Controls) and 
plasma stable iodine concentration as a fonction of the time after oral administration of 1 mg/kg KI; 
the observed values are the mean of six rats ± standard deviation; the avoided I-125 activities are 
represented by the closed circles (right Y-axis); the plasma stable iodine concentrations are 
represented by the open circles (left Y-axis).
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Figure 4. Iodine-125 uptake in the thyroid (expressed as percentages of injected activity) as a function 
of plasma stable iodine concentration; the observed values are the mean of six rats ± standard 
deviation and represented by the circles; the inhibition function is represented by the curve.
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Figure 5
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Figure 5. Avoided iodine-125 activity in the thyroid compared with the uptake in control rats 
(expressed as percentages of uptake in control rats) as a fonction of plasma stable iodine 
concentration; the observed values are the mean of six rats ± standard deviation and represented by the 
circles; the specific binding fonction is represented by the curve.
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Figure 6. Plasma iodine concentrations measured at different times in rats treated by 1 mg/kg of KI 
daily for eight days; the observed values are the mean of four rats ± standard deviation; the predicted 
concentrations obtained after pharmacokinetic modeling are represented by the curve; horizontal doted 
lines represent concentration levels associated to relevant percentage of uptake inhibition and thyroid 
protection.
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