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Radioiodine (U1I) hard-gelatin capsules are widely

used for the diagnosis and treatment of various thyroid

disorders. Until 1980 radioiodine was supplied by us as a

liquid dosage. This proved to be a rather inconvenient form

since it resulted in inaccurate dosing by the physicians and

caused frequent contamination of the patients and the

hospital personnel. In an attempt to overcome these

problems we have designed and constructed a production

facility for capsules in which '""i is packaged. Because of

the extreme precautions necessary in handling radioactive

compounds, encapsulation of radioactive materials requires

specifically designed production techniques, special

instrumentation and unique quality control procedures that

are not encountered in the standard capsule production

processes in the pharmaceutical industry.

In this account of 13II gelatin capsules production,

problems such as the chemical stabilization of the

radioiodine in the mother solution and the rates of

dissolution and disintegration of the capsules are discussed.

Presented also are highlights of the production process, the

quality control procedures, regulatory issues and marketing.

The thyroid, the largest of the endocrine glands, is

located at the root of the neck at the center of a complicated

vascular network; in adults, its average weight is 20 g. The

thyroid consists of two lobes, one on either side of the

trachea, that are either separated or joined by a narrow

isthmus in front of the trachea. The gland is made up of

clusters of acinar units roughly 200 microns in diameter

which are lined by a single layer of cuboidal parenchymal
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cells and contain stored hormone within their colloid. These

units receive an abundant blood supply as well as

autonomic nerve fibers'".

The functions of the thyroid include the conservation

of iodine, the synthesis of thyroid hormones, their storage

and release into the circulatory system via feedback

mechanisms. The thyroid is the source of two kinds of

hormones. The first kind includes the two thyroid hormones

tetraiodothyronine (T4 or thyroxin) and triiodothyronine (or

T3), which are necessary for normal growth and

metabolism. The second kind includes a single hormone,

calcitonin, which plays an important role in calcium

metabolism'2'31.

The synthesis of thyroid hormones starts with the

oxidation of iodine and the iodination of the tyrosyl groups

of thyroglobulin. Of particular importance in this synthesis

is the efficient and active transport of iodine from the

circulating blood to the gland. Due to this iodine uptake

mechanism, the concentration of iodine in the thyroid is

higher by a factor of 20 to 50 than that in the plasma. This

active and efficient mechanism for iodine uptake is the basis

for treatment with radioactive iodine t3'4).

The term thyrotoxicosis refers to a status

characterized by the formation of a biochemical and

physiological complex that occurs when the tissues are

exposed to excessive quantities of thyroid hormones. The

term thyrotoxicosis is preferred to the term

hyperthyroidism. The latter term is reserved for the usual

instances in which thyrotoxicosis results from

overproduction of hormones by the thyroid gland per se ( H
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Untreated hyperthyroidism is quite dangerous as

evidenced by the reported mortality from this disease

which ranges from 15 to 25%. Compared with the options

of surgery or antithyroid drugs, radioactive iodine has

numerous advantages that make it the preferred method of

therapy in most situations. The achievement of a

permanent remission with a simple dose schedule,

avoidance of surgical, anesthetic and pharmaceutical

risks, and a high degree of safety explains the popularity

of radioactive iodine therapy<6~ \

3. Physiology and
Following absorption into the blood stream, 13II is wdiobiology o ' 3 '

distributed throughout the body in the form of a stable Uptake

iodide. The normal thyroid readily takes up iodide by an

active transport process. Consequently, the I31I accumulates

quickly and efficiently within the thyroid gland. In a single

passage of blood perfusing the gland, approximately 20% of

the 131I is taken up within the gland. Twenty-four hours

after I3II administration, the normal range of thyroidal

uptake is 20 - 40%. Uptake values above 50% may be

indicative of hyperthyroidism, whereas uptake below 10%

indicates hypothyroidism. It should be noted that I3II

accumulation in organs other than the thyroid, such as the

salivary glands'l0)" has been reported.

Factors influencing the uptake of I3II by the thyroid

include age, thyroid volume, renal clearance, the level of

circulating iodide and of various pharmacological agents.

The clearance rate of free 131I by the thyroid is 20 - 50

ml/min under normal conditions, approximately 100 ml/min
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in the case of iodide deficiency and 2 - 5 ml/min in the case

of overloading. Under steady state conditions, iodide

appears in circulation in several forms. Five percent appears

normally as iodide, whereas the other 95% consists of

organic iodine present in molecules like T3 and T4. The

hormones T3 and T4 are transported in the blood, bound to

a protein, an equilibrium exists between the protein; bound

and free forms of T3 and T4 and it is the latter which are

active physiologically at the cellular level110).

When I31I is administered, it is rapidly and efficiently

trapped by the thyroid cells, incorporated into iodoamine

acids, and stored in the colloid of the follicles. After

storage, the liberation of the radioiodine and its products is

slow. When a large dose of radioiodine is used, the beta

radiation originating from 13II in the follicle destroys almost

exclusively the parenchymal cells of the thyroid, with little

or no damage to the surrounding tissues. The ionizing

radiation prevents cell division of metabolically active cells

of non-malignant tissues and also kills some of the thyroid

cells. With time, a slow loss of cells takes place: connective

tissue cells replace active thyroid cells and the tissue is

changed to fibrous connective tissue"".

The purpose of the treatment with I3II is reduction of

the size of the gland, normalization of the undesirable

hyperactive metabolic state and the destruction of

autonomous hormone-secreting nodules"". Low doses are

used mainly for diagnostic purposes, whereas high doses are

given for the ablation of remaining thyroid tissue or

treatment of thyroid cancer that retains iodide uptake

capability.
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The main metabolic site of I3II is the thyroid gland.

Immediately after uptake of the ion takes place, I3II -iodide

is oxidized and iodination of the tyrosyl group of

thyroglobulin occurs. From this step on, 13II becomes a part

of thyroglobulin, which is stored in the lumen of the thyroid

follicle.

In healthy persons, the iodine remains in the thyroid

for about 60 hours. In pregnant women, iodine that

accumulates in the placenta is drawn upon by the fetus. In

the fetal thyroid, depending on the stage of gestation, the

same metabolic process occurs as in the thyroid. The

principal route of I3II clearance from the blood stream is

through the kidney (l2). Iodide is almost completely filtered

by the glomerulus. During its passage through the tubule,

the iodide is subject to passive reabsorption.

The urinary clearance of I31I amounts to about 3% of

the total amount passing through the kidney. In normal

persons this urinary clearance is constant and does not differ

from one person to another. It is affected by various clinical

conditions like renal failure, hypothyroidism or

hyperthyroidism. Therefore, analytical determination of the

amount of iodide excreted in the urine serves as an

important and reliable clinical tool that can be used for

diagnosis and for evaluation of the treatment's outcome.

The normal urinary excretion after 24 hours is

approximately 40 - 70% of the administered dose. When the

thyroid is hypoactive, the urinary excretion is 80% or more

of the dose, whereas in hyperthyroidism, less than 30% is

excreted (12).
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4. Hyperthyroidism Hyperthyroidism refers to excessive production of

thyroid hormones. When the patient shows symptoms

caused by excessively high levels of thyroid hormones, the

condition is known as thyrotoxicosis. Two major causes of

hyperthyroidism are known. Diffuse toxic goiter, otherwise

known as Grave's disease, is characterized by thyrotoxicosis

and ophthalmopathy, and is thought to be due to an

autoimmune condition affecting the TSH receptor. The

other form is toxic nodular goiter characterized by an

autonomously functioning nodule. The hyperthyroidism in

patients with Plummer's disease113) is almost

indistinguishable from that seen in Grave's disease. The two

conditions differ by the clinical manifestations of infiltrative

ophthalmopathy and dermopathy in the latter.

All toxic goiters (diffuse, multinodular or solitary

adenoma) can be controlled (l4"l6) when treated with a

sufficient dose of radioactive iodine. Thus there are no

contraindications to I3II so far as gland size is concerned.

The autonomous hyperfunctioning thyroid adenoma

presents the ideal case for radioiodine therapy since

suppression of the normal thyroid tissue allows the

radioiodine to concentrate in the "hot" nodule, sparing the

suppressed area from damage. The usual result is control of

the hyperthyroidism through destruction of the adenoma

and recovery of the normal gland to maintain an euthyroid

state.

Generally, the euthyroid state is reached in three to

four months in 60% of patients treated with a single

"non-ablativeM dose of radioiodine'l7). The remaining

patients become euthyroid within one year after a treatment

with two or more doses of1311. However, if in a patient a
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solitary cold area appears on a thyroid scan, malignancy

might be suspected and a biopsy should be performed. The

radioiodine thyroid uptake may, in addition, be lowered by

such substances as thyroid preparation, antithyroid drugs,

thiocyanate and perchlorate, corticotropin and

corticosteroids, phenylbutazone, sulphonamides and

p-aminosalicylic acid, arsenic, lead, and mercury.

Malabsorption syndromes and renal diseases also lower

thyroid uptake"8'.

For thyroid uptake, the most commonly employed

technique involves the oral administration of 5 to 25

microcuries of I3I1 - sodium iodide followed by

measurement of thyroid's radioactivity after elapse of a

given time. An identical sample of 131I sodium iodide is set

aside as a standard. After the elapse of, say, 24 hours, the

radioactivity of the thyroid is determined with a

gamma-sensitive detector and the activity compared with

that of the standard when measured using identical

geometry .

The normal range for iodide uptake is about 10 to

40% in 24 hours. Uptake exceeding 50% is highly

suggestive of hyperthyroidism" \ wheras uptake of less

than 15% may usually be interpreted as indicating

myxedema.

Until 1980 we supplied radioiodine for treatment and

diagnosis purposes, to all medical centers in Israel, in liquid

dosage form. This resulted in inaccurate dosing by the

physicians and caused frequent contamination of the

patients and the hospital personnel. The disadvantages and

5. Production ofi3i

sodium iodide
capsules

5. / The rationale, the
problems and the
solutions
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benefits in the use of capsules as compared with solutions

of radioiodine, are summarized in Table 1.

Table I. A comparison of the
advantages and disadvantages of
'"I gelatin capsules vs. '"l
solutions.

1 'l gelatin capsules
Advantages

Safety for hospital
personnel. No

contamination by
spillage or aerosols

Safety for the patient

Very safe for
transportation

High dosage
accuracy

Disadvantages
Possible volatility of the

iodine

The dose is fixed

Gastric evacuation" might
be slow, resulting in

possible local radiation

'"] solutions
Advantages

Iodine is non - volatile
even at high

concentrations

Physician has flexibility
in chosing dosage
Iodine is quickly

absorbed into the blood

Disadvantages
Very high risk of
contamination of
surroundings and

personnel
Mouth and upper

respiratory tract are
alwavs contaminated

Danger of crushing the
vials, which must be

made from glass
Dose is never precise,

due to incomplete
ingestion

No difference in thyroidal uptake of I J I I , between capsules and solutions

Since the benefits of the usage of radioiodine capsules

outweigh the few disadvantages, we have adjusted

ourselves to the worldwide trend and market demand by

designing and constructing a production facility for a wide

range of diagnostic and therapeutic capsules.

In the pharmaceutical industry, the production of capsules

containing antibiotics or other ingredients involves the

mixing of the active ingredients with an inert excipient and

then 'pouring' this mixture into empty capsules which are

then 'sealed' with the upper cap of the capsule. Such a

procedure is, of course, not practical when dealing with

radioactive materials, due to. the high risk of radioactive

contamination of the air in the production area and hence
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contamination of personnel and equipment.

In order to overcome this problems, we have adopted

a totally new encapsulation concept according to which a

highly concentrated solution of radioiodine is pipetted on

top of an inert matrix that is already present in the pre-filled

hard gelatin capsules. The capsules are then opened and the

'body' of each capsule is filled with powdered phosphate

salt. Into each individual capsule, designed for a specific

patient, a very small volume of a concentrated solution of

radioactive iodine is pipetted. A photograph of the

encapsulation setup is presented as Figure 1.

For our conditions we have found that the

concentration of the radioiodine solution should be as high

as possible in order to pipette a relatively small volume, not

Fig. 1: The encapsulation setup
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exceeding 0.1 ml. Otherwise the borders of the capsule

become wet and closure of the cap becomes impossible.

The pipetted volume is calculated in order to meet the

amount of radioactivity prescribed by the physician for a

given patient and date. The capsules are then 'capped',

using the upper part of the gelatin capsule and are packed

separately in a lead container for immediate transfer to the

medical center.

The conventional procedures of capsule production

could not be adopted for our purpose of small scale

production, nor was the commercially available machinery

suitable, because automatic capsule filling machines are

designed for mass production of thousands of capsules and

include means of transferring capsules to a packaging

machine. Our machine is designed on the basis of an old

manual capsule machine in which opening of the empty

gelatine capsules and holding each part of the capsule in a

separate part of the machine, is followed by filling the

capsule with phosphate powder and its sealing. As these

procedures do not involve handling of radioactive material,

these steps may be carried out outside of the

'tong-operated-lead shielded glove box' in which all of the

subsequent production stages are performed.

In addition to the manual machinery, an automatic

pipetting unit had to be designed. Moreover, every piece of

equipment which is placed in a lead-shielded glove-box

must fulfill the following requirements:

1. Its operation must be fairly simple in order to enable
remote controlled - procedures.

2. Its dimensions must fit the glove-box.

3. All parts should be resistant to very high radiation fields.
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4. Very sophisticated equipment should be avoided in
order to enable repair and/or replacement.

A process of drying, grinding and sieving of the

phosphate salt which serves as an excipient was developed

in our department. This procedure contributed to the

unfiormity in the weight of the capsules.

In order to meet the requirements of the

pharmacopoea, dissolution tests and disintegration tests

were conducted. All capsules dissolved within 2 minutes at

37°C and the concentration of the salt in the medium

indicated a complete dissolution. Since the irradiation dose

to which the gonads and the gastrointestinal tract are

exposed should be as low as possible*20', the rate of

dissolution is crucial and should not exceed 15 minutes. The

disintegration test in which we established that all capsules

disintegrate within 2 minutes was performed at 37°C using

Gastric Simulant. At room temperature, both tests lasted 3

hours.

Upon storage, mainly high dose capsules (50-100

mCi), tend to liberate molecular iodine - h, a phenomenon

which has been noticed also by other producers. This

phenomenon is caused by the extremely high concentration

of the radioactive 13II in a small volume having a very high

surface area that results in a creation of a point-sized,

localized and very intense, radiation field (thousands of

Rads in the capsule). Under these circumstances, the

radioiodine causes ionization of the air and free radical

formation in it. These radicals react with the iodide and

oxidize it to h, I and I+. In its molecular form iodine is

experiments
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highly volatile and penetrates every polymer from which

the walls of the packaging containers are made while I+

reacts readily with many organic compounds, thus

degrading the polymer walls of the capsule and increasing

their permeability to h.

The radioiodine which is present in the capsules must

be in its I" state because only in this form it is

physiologically available for the thyroid, and also fulfills

previously mentioned safety requirements.

The stability of radioiodine in the capsules was

assessed in an experiment in which 20 capsules each

containing 20 uCi of 13II have been stored for 10 days.

Every day two such capsules were dissolved and the

oxidation state and form of the radioiodine were determined

using TLC chromatography. The results indicated that the

radioiodine retained its stability for up to 10 days, during

which time, 99% of the radioidine remained as I ".

5.3 Quality Control
The Radiochemistry Department, as a producer of

radioiodine capsules, is considered as a 'mini'

pharmaceutical enterprise and as such is subject to the rules

and instructions set forth by the Israel Ministry of Health.

According to these regulations. production of

Pharmaceuticals (regardless of their nature) is prohibited

unless a certificate of GMP (Good Manufacturing Practices)

has been granted to the producer. GMP requirements have

been implemented in our department for production and

packaging units and for the final control of the external

radiation fields. As a general rule, the Radiochemistry

Department has adopted the guidelines suggested by the
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FDA's CFR 21 (Code of Federal Regulations).

Our quality control practice requires the analysis of

all inactive raw materials. However, when analysis cannot

be performed, as in the case of the hard gelatin capsules, the

producer's "Drug Master Files", GMP certificates and

producer's certificate of analysis (COA) are sufficient. Each

batch of 1311 sodium iodide, the principal active material, is

accompanied by the producer's COA. Even so, some

batches are occasionally sampled for gamma-spectrum

analysis and TLC is employed for radiochemical purity

analysis. Quality control of the finished product is based on

the counting of each I3II capsule using a "Capintec" dose

calibrator.

6. Marketing
l31I-sodium iodide capsules for therapeutic use were

introduced to the medical community by the

Radiochemistry Department of Rotem Industries in May

1983. Their introduction tripled the sales of radioiodine

within one year. Since 1983 until the end of 1996, a total of

14,139 patients in Israel received about 339 Ci (the doses

ranged from 1 mCi to 100-150 mCi per capsule). The

Radiochemistry Department supplies the entire Israeli

demand for I31I capsules and the data cited here include

Hents from all medical centers in Israel.
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