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Abstract

High radiotoxic effects associated with Auger electrons of iodine-125 on the

living systems have been reported in the literature. The extreme radiotoxicity of Auger

electrons experimentally observed occurs when Auger emitter radionuclide is

incorporated into the structure of DNA or taken place very close to it. The

microdosimetric considerations showed that each decay of iodine-125 results one dsb

on the DNA helix. Of course, this leads to die the cell.

On the other hand, it is also known from the literature that the normal and

cancer cells have some times high level activities of some kind of hydrolytic enzymes.

These enzymatic activities can lead to the selective accumulation of some specific

toxic aglycones into the nucleus. For example, the toxic aglycones of glucuronide

compounds such as aniline-mustard, P-naphthol, 8-hydroxy-quinoline, etc. have the

selective incorporation potential into the nucleus of living cells having high level of P-

glucuronidase activity, e.g. RIF and spindle-shaped sarcoma tumors. Starting from this

enzymatic activities and consequently the selective accumulation of some kind of

glucuronide compounds, iodine-125 as an effective Auger electron emitter, and

iodine-131 as a scintigraphic agent will be able to be selectively incorporated into the

nucleus of cancer cells having high level of p-glucuronidase activity.

In this study, P-naphtyl-glucuronide was extracted from the urine of a rabbit

treated with P-naphthol, and the purified product was radioiodinated using iodogen

method. The preliminary scintigraphic tests showed that this compound was rapidly

accumulated in kidneys reaching up to the maximum level about 10 min after the

injection, and very quickly transfered into the bladder.
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1. INTRODUCTION

The elevated activity of p-glucuronidase as an hydrolytic enzyme in some kind

of tumors has been reported in the literature[l-3] This enzyme is able to

deglucuronidate the glucuronide conjugates on the cell membrane. So, its aglycone

portion can selectively be transported into the cancer cells. On the other hand, the

glucuronidation metabolism is known well as a major detoxification pathway with the

formation of water-soluble glucuronide conjugates of toxic materials in the living

systems. Consequently, the glucuronide conjugates have potential applications in

cancer research.

In 1984 Bicker[4] published a short report on the use of 8-hydroxy-quinolyl-

glucuronide for a new direction of cancer chemotherapy. According to the data given

by Bicker, 8-HOQ-Glu was accumulated 3-4 times more in spindle-shaped sarcoma

tumors induced by methyl-nitrousourea in the neck of male Hauben rats respecting to

surrounding normal tissues. Bicker also reported that p-naphthyl-glucuronide (J3-

Naph-Glu) was accumulated approximately 10 times more in the same tumors of rats

treated with the glucose just before the administration of P-Naph-Glu. Practically any

incorporation was observed for rats non-treated with glucose.

On the other hand, it is well known from the literature[5, 6] that iodine-125

radionuclide incorporated into the living cells is able to cause extreme radiotoxic

effects. This radiotoxicity of iodine-125 as an effective Auger electron emitter is

maximum when it is incorporated into the structure of DNA or found very close to it.

The radiotoxicity level of iodine-125 is, at least, 10 times greater than that of p or/and

y emitter radionuclides such as iodine-131, carbon-14, tritium, etc.. This effect is

attributed to the local absorption of Auger electrons[7-9]. Iodine-125 decays by

electron capture (EC) with a probability of 100 %, and then decays further by internal

conversion (IC) with a probability of 93 % to the stable tellurium-125 ground state.

Thus, two successive Auger cascades occur per each decay of iodine-125. As a

specific Auger electron emitter, iodine-125 emits averagely 21 Auger electrons in

condensed matter per decay, and their energies are between 10 eV and 34 keV. The

ranges of these Auger electrons are very short as being as nm scale in the condensed

matters. The local absorption of these Auger electrons results high energy deposition
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in the decay vicinity of iodine-125 [10-12]. When iodine-125 decays in the nucleus of

a living cell, high dose absorption by DNA results to die the cell. For this reason,

iodine-125 has large potential applications in cancer research, too.

Obviously for such applications, iodine-125 must be selectively incorporated

into the nucleus of cancer cells rather than the normal cells. Starting from the (3-

glucuronidase activity of some kind of tumors indicated above, the glucuronide

conjugates can be used as selective carriers for being incorporated iodine-125

radionuclide into the nucleus of cancer cells. In the case of the use an effective toxic

aglycone in the structure of the glucuronide conjugate, its cytotoxicity and the

radiotoxicity of iodine-125 will be combined. So, the anti-cancer drug potential of the

glucuronide conjugates bearing iodine-125 will considerably be very effective.

In addition, in the case of the use of iodine-131 for radioiodrnation procedures,

the glucuronide conjugates will be able to be used as specific imaging agents of

tumors having high level of p-glucuronidase activity. For this reason, some

glucuronide compounds such as 8-hydroxy-quinolyl-glucuronide (8-HOQ-Glu),

phenyl-N-glucuronide (Ph-N-Glu) and p-amino-phenyl-N-glucuronide (p-NH2-Ph-N-

Glu) have been earlier radioiodinated with iodine-131, and tested their metabolic

pathways in the living system of rabbits[13].

In this study, the radioiodinated p-Naph-Glu has been subjected for evaluation

of its diagnostic and therapeutic potential in cancer research.

2. EXPERIMENTAL

2.1. Metabolic Production of (3-Naphthyl-GIucuronide :

(3-Naph-Glu is not a commercial product. For this reason, it should be

synthesized for its using in cancer research studies; but unfortunately, its chemical

synthesis and purification procedure require hard chemical works. Nevertheless, as is

outlined in the introduction section, the ghicuronidation metabolism is known well as

a major detoxification pathway in the body with the formation of water-soluble

glucuronide conjugates of toxic materials. Of course, P-naphthol as a non-water

soluble toxic compound should rapidly be eliminated by the excration system as its
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Scheme-1 : (3-Naphthyl-Glucuronide (p-Naph-Glu).

glucuronide conjugate. This means that p-Naph-Glu may be extracted from the urine

of a laboratory animal treated with P-naphthol. In earlir studies 8-HOQ-Glu was

successfully extracted from the rabbit urine treated with 8-hydroxy-quinoline by

Robinson et al.[14] and Unak et al.[13, 15]. Similarly, in this study (3-Naph-Glu was

obtained as a methabolic product extracting from the urine of a rabbit treated with P-

naphtol (lg/kg). Urine was collected by a urinary catheter. The metabolic product

were purified by succesive recrystallizations. The spectroscopic examinations of the

purified product verified its formal structure given in Scheme-1.

2.2. Radioiodination Procedure :

The final product was radioiodinated applying the iodogen method. As is

known well from the literature that l,3,4,64etracMoro-3a,6a-diphenylglucoluril

(trade mark iodogen) is an oxidarive agent for radioiodination of different kind of

organic compounds[16, 18]. The method has been applied under the same conditions

described earlier by Unak et al.[15, 19]. According to this description, about 10 mg

iodogen was dissolved in 1.5 mL CH2C12 in a tube of about 1.5 cm diameter

containing small broken glass pieces for augmentation of contact surface. Following

the complete evaporation of CH2C12, iodogen coated the wall of the tube and the glass

pieces with a thin film A few mg of purified compound dissolved in about 1.5 mL

water was added to this iodogen coated tube, and then about 7.4xlO7 Bq (2 mCi) of

Na131I or Na125I was added. This reaction mixture was kept at room temperature

without stirring for about 20 min. At the end of this time, this reaction mixture taken

by a syringe was filtered off using a milipore. The rest solution in the iodogen tube

was washed with water of about 0.5 mL and added to the initial filtered solution.
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2.3. Preliminary in vivo Tests of Radioiodinated Product:

Radioiodinated 0-Naph-Glu with iodine-131 was tested on rabbits to determine

the dynamic metabolism of this compound using a gamma-camera. For these tests, the

radioiodinated product was intravenously injected via ear vein and whole body

scintigraphies were immediately started to monitor after the injections.

3. RESULTS AND CONCLUSION

The chemical structure of metabolic p-Naph-Glu was studied using 'H, I 3 C -

NMR, UV, and IR spectroscopy techniques. According to these spectroscopic

analyses, their structures shown in Schemes 1 was clearly verified.

The radioiodination technique applied by the use of iodogen method, was

resulted very high radioiodination yield, and thin layer radiochromatographic analyses

showed that the labeling yield was as high as >95 %. High radioiodination yiel was

also verified by the scintigraphic test on rabbits (Fig.-l). Any accumulation of

radiactive iodide was not observed in the thyroid gland. As is known well, iodogen is

an oxidative agent, and is able to oxidize the "I to "1 for realization its electrophilic

substitution to a benzenoid ring. Consequently, this was a reasonable result for

substitution of iodine to any position of an aromatic ring of naphthalene. It can be

postulated that most probable bonding position to naphthalene is its 1st position as

indicated in Scheme-1.

Figure-1 shows the preliminary in vivo test of radioiodinated (3-Naph-Glu with

iodine-131 in a non-tumor-bearing rabbit. It exhibits similar metabolic pathway and

rapid elimination character in the body as glucuronide conjugates such as 8-HOQ-Glu,

Ph-N-Glu, p-NH2-Ph-N-Glu earlier studied by Unak et al.[13]. As is shown in Fig.-2,

iodine-131 activity was rapidly tranported to kidneys and accumulated in these organs

where the activity reached up to the maximum level about 10 min after its

administration, and very quickly transfered into the bladder. The dynamic

scintigraphic tests also showed that the radioiodine bond of this compound is

sufficiently stable in in vivo conditions.

501



Figure-1 : Dynamic scintigram of radioiodinated p-naphthyl-glucuronide in a rabbit.

Figure-2 : Iodine-131 activity variations in different organs of rabbit.

1. Yellow-a line : Left kidney.

2. Pink line : Right kidney

3. Yellow-b line :; Bladder,

4. Red line : Right leg,

5. Bleu line : Background.
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Briefly, the results obtained in this study showed that glucuronide conjugate of

ß-naphtol radioiodinated with iodine-125 or iodine-131 have potential applications in

cancer diagnosis and therapy.
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