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Abstract

Phenylacetate has been reported to have a potent anti-proliferative and anti-differentiating effect in haematological

malignancies and in solid tumours at non-toxic concentrations. This study is a preliminary investigation of 131I-

radiolabelled  4-iodophenylacetic acid as a potential radiopharmaceutical equivalent. Radiolabelling by isotope

exchange gave a radiochemical yield of 53 ± 6 %, and a radiochemical purity of 97.8 ± 1.2 %, as qualified by

HPLC. The labelled product was used in Sprague Dawley rats and athymic nude (balb/c) mice xenografted with

WHCO1 cells (an oesophageal cancer cell line). Dynamic and static scans were carried out on *rats with a SPECT

camera to determine the biodistribution of 4-[131I]-iodophenylacetic acid. No target organ was found after 5 h with

fast  excretion  from all  organs  via  the  kidney into  the  urine. Ex vivo studies (termination 5 h after injection) were

performed in 12 xenograft mice carrying tumours of 5-8 mm on their right flank. Tumour uptake of 4 + 0.4 % ID/g

was recorded with a tumour to background ratio of 2. As the blood pool still contains high levels of activity after 5 h

in mice, increased tumour uptake may occur at later time points, which might warrant further investigation.
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Introduction

Phenylacetic acid (Fig. 1) and its physiological deprotonated form, phenylacetate, is an aromatic molecule and is

present in low concentrations in human serum, as a product of phenylalanine metabolism. It is conjugated with

glutamine in the liver by phenylacetyl coenzyme A, to form phenylacetylglutamine, which is excreted in the urine

[1]. Phenylacetate is one of the tumour metabolism compounds that are currently studied in phase II clinical trials

targeting brain tumour by reducing plasma levels of glutamine. [2].Place for Figure 1

Phenylacetate has been reported to have a potent anti-proliferative and anti-differentiating effect in haematological

malignancies and in solid tumours at non-toxic concentrations. It has been used safely to treat children with

congenital errors in urea synthesis and in patients with hyperammonaemia [1, 3].  Furthermore, it has been shown to

inhibit tumour growth while sparing normal tissue and to induce phenotypic reversion and differentiation of

malignant cells. The antiproliferative effect of phenylacetate has been demonstrated in numerous cancer cell lines

including, prostate carcinoma [4], melanoma [5], rhabdomyosarcoma [6], breast cancer [7], pancreatic

adenocarcinoma [8, 9], ovarian carcinoma [9], B-chronic lymphocytic leukaemia [10] and medullablastoma [11].

Phenylacetate showed minimal toxicity in Phase I trials of patients with hormone-refractory prostate cancer and

high-grade glioma, and a partial antitumourigenic response was observed at a serum concentration of (2-10) × 10-3

mol/dm-3 [12, 13].

Increasing evidence points to phenylacetate having multiple effects on gene expression and on regulatory proteins

responsible for its antineoplastic effects [14]. In fact, phenylacetate has been shown to down-regulate Bcl-2 and up-

regulate bax/p21 apoptosis-related genes [9,15]. Phenylacetate also activates the human peroxisome proliferator-

activated receptors (PPAR), which belong to the superfamily of nuclear steroid receptors, including retinoids,

vitamin D, and thyroid hormone receptors - all important regulators of cell growth and differentiation [16, 17]. In all

these studies phenylacetate exerts its effects at clinically acceptable serum concentrations ((2.5 – 10) × 10-3 mol/dm-

3) [14].

In recent years, the quest for an agent that can be used for both the diagnosis and therapy of a disease is progressing

world-wide. Most notable is the exploitation of the synergism between the chemistry of the isotopes of technetium

(99mTc) and rhenium (186Re and 188Re), in which 99mTc is used for diagnosis and 186Re and 188Re for therapy of the

disease [18]. 131I labelled compounds also fulfil the criteria of both diagnostic and therapeutic agent. Although the β-

energy of 131I is not ideal (t½ = 8.02 d; γ-energy = 364 keV; $-energy = 0.6 - 0.8 MeV [19]), it is adequate for use in

diagnostic studies using a high-energy collimator. The $-energy is sufficient to deliver an internal therapeutic

radiation dose to the target organ or carcinoma. A further advantage of 131I is that the biodistribution of the labelled

phenylacetic acid and radiation exposure of a therapeutic dose to the target organ or carcinoma, can be evaluated by

imaging the emitted γ-radiation. These diagnostic and therapeutic effects can be achieved using extremely small

amounts of the agent, as the effects observed are determined by the radioactivity of the compound and not by the

mass of material used. Radiolabelling with iodine also affords the options of 123I SPECT imaging (with t½ = 13.3 h;
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γ-energy = 159 keV), 124I PET imaging (with t½ = 4.2 d; β+-energy = 1.5 MeV) and therapeutic 125I (t½ = 59.4 d)

Auger electrons.

To our knowledge, the biodistribution of 131I labelled phenylacetic acid has never been evaluated in animals or

humans. Due to the closeness of its structure compared to phenylacetic acid, as well as its reported biological

activity, examination of the biodistribution of a 131I labelled agent in animals (especially with regards to its uptake in

neoplastic vs. normal tissue) was warranted. The results presented here describe the biodistribution of [131I] 4-

iodophenylacetic acid in healthy rats and athymic nude balb/c mice xenografted with WHCO1 cells demonstrating

its potential as a diagnostic imaging and/or therapeutic agent for the treatment of neoplastic conditions.

Materials and methods

Radiosynthesis of 4-[131I] iodophenylacetic acid

The radiosynthesis has been described in detail by Szucs et. al. [20]. Briefly, 0.3 mg (1 μmol) cold 4-

iodophenylacetic acid was dissolved in 10 µl ethanol in a 1 ml vial.  Freshly prepared ascorbic acid (0.5 mg, 3 μmol)

in 20 µl water, 0.6 µmol of CuCO3 catalyst and 2.1 mg (11 µmol) citric acid was dissolved in 20 µl of water and

transferred to the 1 ml vial. The reaction mixture was diluted with 50 µl water and 40 µl ethanol.  The reaction

contents were purged with argon gas, a micro-magnetic stirrer bar was introduced and 100 µl (> 150 MBq) of the

radioactive 131I was added. The reaction vial was hermetically closed and the isotope exchange reaction was carried

out at 150°C for one hour with vigorous stirring. After cooling, the reaction contents were transferred to the AG-

MP-1M column for removal of unreacted radioiodine. The eluates (ethanol) were collected and gently evaporated

under argon gas flow down to 1 ml.  The residue was diluted by saline to 3 ml and filtered through a 0.22 µm Millex

GV (Millipore) sterile filter into a sterile, pyrogen-free bottle with a silicon based septum. Quality control was

carried out at room temperature by a Varian HPLC equipped with the Agilent Eclipse XDB-C18 column.

Separation was carried out by a gradient method, using ethanol and 0.01 M ortho-phosphoric acid in water, as

solvents.  The flow rate was 1.0 ml/min. Twenty microlitres of the final solution was injected.  The radioactivity of

the sample was detected by a 30 µl flow-cell and the chemical composition by the UV-detector at 210 nm. All

chemicals and solvents used were of AR or high performance liquid chromatography (HPLC) grade purity. 4-

iodophenylacetic acid was purchased from Alfa Aesar L13345 with a certified purity of 97%. The 131I solution was

supplied by NTP Radioisotopes Pty. Ltd, Pretoria, South Africa, in a 0.05 M sodium hydroxide solution without

thiosulphate or buffer solution.

Biodistribution of 4-[131I]-iodophenylacetic acid in rats

All studies were performed with the approval of the Ethics Committee of the University of Pretoria in accordance

with the guidelines of the National Code for Animal Use in Research, Education, Diagnosis and Testing of Drugs



4

and Related Substances in South Africa. Four adult (12 weeks) male Sprague Dawley rats obtained from the

UBPRC were each injected with 10 MBq of 4-[131I]-iodophenylacetic acid. The chemical dose was 30 µg, which is a

non-toxic dosage of the radiolabelled compound.  The rat used for the dynamic study was anaesthetised with a

subcutaneous injection of 70 mg/kg BW Ketamine hydrochloride 100 mg/ml (Anaket-V, Centaur Labs, Isando,

RSA) and 0.4 mg/kg BW medetomidine hydrochloride 1 mg/ml (Domitor®, Pfizer, manufactured by Orion Pharma,

Espoo, Finland). The other rats were anaesthetised with Isofluorane (Isofor®, Safe Line Pharmaceuticals (Pty) Ltd,

Florida, RSA), first in an induction chamber, then maintained with a nosecone. The injection of the 4-[131I]-

iodophenylacetic acid was administered through a Delta Vent 26G intravenous catheter (Delta Med s.r.l., 46019

Viadona (Mn), Italy), placed in the distal third of the tail. The rats were placed in ventral recumbency on the camera

and, on countdown, 4-[131I]-iodophenylacetic acid was injected. Imaging was performed using an integrated SPECT-

CT (Infinia-Hawkeye, GE Healthcare) in planar mode, equipped with a high-energy, parallel-hole collimator

(photopeak window set at 20 %, 364 keV). A one-hour dynamic study was done on one animal, followed by static

studies on the hour up to 5 hours on all four animals. Two minute static studies were performed at every hour after

injection of the radiopharmaceutical, using  Isofluorane to immobilise the animals. Regions of interest were drawn

over the heart, lungs, liver, kidneys and a background area to determine the uptake in each organ.  These values

were used to generate time-activity curves to determine the biodistribution of the [131I]-iodophenylacetic acid.  The

animals were euthanised with an overdose of Isofluorane. The brain, heart, lungs, liver, stomach, bladder, thyroid,

kidneys and a portion of muscle from the left leg were removed. A 1 ml sample of blood and all urine from each

were also collected. The organs and a portion thereof were weighed and the tissue radioactivity measured with an

automated γ counter (NaI scintillation detector with Genie-2000 software package from Canberra Co). The remains

of carcases were also counted to balance the activity in the organs with the injected dose. The percent-injected dose

per gram of tissue (% ID/g) was calculated by comparison with samples of a standard dilution of the initial dose.

The activity excreted was indirectly determined by subtracting the activity accounted for in all the organs from the

total injected activity. All measurements were corrected for decay.

Biodistribution of 4-[131I]-iodophenylacetic acid in nude balb/c xenograft mice

All studies were performed with the approval of the Animal Use and Care Committee of the University of Pretoria

in accordance with the South African National Standard for the care and use of animals for scientific purposes

(SANS 10386:2008). Twelve (7-8 week old) female, tumour-burdened, athymic nude balb/c mice were obtained

from the University of Cape Town breeding house. Tumour inoculation was achieved by injecting 2.5 × 106

WHCO1 cells  suspended in  100 ul  PBS subcutaneously  into  the  right  flank of  each  mouse.  After  two weeks,  the

tumours were between 5 and 8 mm in size. The mice (20.2 ± 1.78 g) were each injected with 2.8 ± 0.86 MBq of 4-

[131I]-iodophenylacetic acid. The chemical dose was ~ 3.5 µg, non-toxic dosage of the radiolabelled compound.  The

4-[131I]-iodophenylacetic acid was administered directly into the tail vein in the form of a bolus injection.  The mice

were anaesthetised via an induction chamber containing Isofluorane, then maintained with a nosecone for

cardiocentesis before euthanasia. The animals were euthanized after 5 h with a lethal dose of Isofluorane. The
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tumour, heart, lungs, liver, spleen, GI tract, bladder, trachea, kidneys, abdominal fat and part of the muscle from

each left hindleg were harvested. A sample of blood and all urine from each mouse was also collected. The organs

and a portion thereof were weighed, and the tissue radioactivity measured with an automated γ counter (NaI

scintillation detector with Genie-2000 software package from Camberra Co). The remains of carcases were also

counted to balance the activity in the organs with the injected dose. The percent-injected dose per gram of tissue (%

ID/g) was calculated by comparison with samples of a standard dilution of the initial dose. The activity excreted was

indirectly determined by subtracting the activity accounted for in all the organs from the total injected activity. All

measurements were corrected for decay.

Results

Radiolabelling of iodophenylacetic acid

It  was  found  that  inert  atmosphere  and  adequate  temperature  are  the  key  parameters  for  the  synthesis.  Fresh

preparation of the ascorbic acid solution was also essential. The HPLC QC showed that the radiochemical purity of

the final product was higher than 98% (Fig. 2). As described by Szucs et al. [20], the ethyl ester of iodophenylacetic

acid can also form during the synthesis, the retention time being 3.5 min longer (see Fig. 2). The peak was present

and constituted approximately 1.70 % of the product solution. The activity of the product was 96 MBq. The

calculated specific activity was 355 Ci/mol.

Proposed place for Fig 2

Biodistribution of [131I]-iodophenylacetic acid in rats and xenograft mice

A 1 h dynamic scan was recorded for one of the rats, whereafter static scans were recorded for all four rats up to 5 h

The time-activity curves are presented in Fig. 3 and the t½ values in Table 1. After completion of the scintigraphy,

the rats were euthanised, dissected and the radioactivity of the organs counted. The average of the percent-injected

dose per gram of tissue (% ID/g) is given in Table 2.

Similarly, the xenograft mice were euthanised 5 h after injection, dissected, and the radioactivities of the organs

were counted. The average of the percent-injected dose per gram of tissue (% ID/g) is presented in Table 3 for nine

subject mice. Three subjects were considered outliers (and excluded from the study), predominantly due to a high

percentage of activity remaining in the tail after injection. The tumour to background ratio was calculated by

comparing the muscle on the left hind leg as opposed to the right flank where the tumour was induced.

Proposed place for Fig 3 and Table 1, 2 and 3
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Discussion

The labelling via isotopic exchange yielded a low specific activity of the tracer, which meant that a substantial

amount of 4-iodophenylacetic acid was injected into the subject animals. This amounts to 30 µg per rat, or 75 µg/kg,

or 1.1 µg/ml blood (mass of rats ~400 g and assuming 7 % of body weight is blood). The LD50 value for

phenylacetic acid is 1600 mg/kg for intraperitoneal injection in rats [21], which is orders of magnitude higher than

the amount administered in these experiments. Likewise the level of phenylacetic acid in normal tissue is 16.8 µg/ml

[22], which is also an order of magnitude higher than the amount of 4-iodophenylacetic acid injected. This implies

that the biodistribution of the tracer may not have been influenced by its metabolic product due to equilibrium with

endogenous phenylacetic acid in the body.

It is known from the work with omega-iodophenyl substituted fatty acids that these derivatives are metabolised to

iodobenzoic acid or iodophenylacetic acid, which is rapidly excreted through the kidneys [23]. Therefore, one would

expect that, in healthy rats, 4-[131I]-iodophenylacetic acid would be excreted and not accumulate in a target organ.

Indeed, this is what we have demonstrated in this study, although the excretion observed was not as rapid as that of

other phosphonate-based radiopharmaceuticals reported previously [24].

The long half-life for excretion from the kidneys seems contradictory to this, but the values in the kidney are not

high at the start and do not increase over time either, yet there is clearance from the blood pool and liver (Fig. 3).

After 5 h, 55 % of the activity was excreted, most likely via the kidneys, as the stomach shows very low % ID/g.

This is supported by the literature [25] that indicates that iodophenylacetic acid is conjugated to amino acids that

facilitate its excretion into the urine, similar to that of benzoic acid, which conjugates with glycine.

The standard deviations for the % ID/g (Table 2) between the four rats are acceptable, except in the case of the

bladder. This may be explained by urine left behind in the bladder (although procedures were followed to remove all

urine after euthanasia) and the very low mass of the bladder (avg. mass was 126 ± 8 mg) making errors unavoidable.

The same argument applies to the thyroid (although the standard deviation is only 20 %), which also has a small

mass (avg. mass was 194 ± 23 mg). The % ID/g for the thyroid is 4.19 %, which is high, but compares well with the

8.53 % (at 180 min) achieved by Mokler et al. [25] for the 125I labelled phenylfatty acid β-methyl-para-

iodophenylpentadecanoic acid (BMIPP). In terms of the overall % ID, the value for the thyroid is only 0.86 %.

HPLC analyses of 4-[131I]-iodophenylacetic acid were performed up to 5 d later and showed no free iodine

formation over this period (data not shown). However, it cannot be ruled out that enzymatic degradation of 4-[131I]-

iodophenylacetic acid may be responsible for the uptake in the thyroid, although no evidence for the release of

iodide by the metabolism of 4-iodophenylacetic acid has been reported in the literature. The bladder and thyroid,

therefore, seem not to be target organs of 4-[131I]-iodophenylacetic acid. [125I]-BMIPP was evaluated as a myocardial

imaging agent [25] and metabolism thereof by the myocardium was demonstrated. The initial high value for the

heart (including cardiac blood pool) in this study (Fig. 3) might be indicative of the same mechanism for 4-[131I]-
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iodophenylacetic acid, but - after 5 h - the remainder in the heart was low (Table 3), which agrees with findings of

the [131I]-BMIPP study [25].

Based on the observation that no particular target organ was found for the 4-[131I]-iodophenylacetic acid in this

study, a study with tumour-containing animals was pursued. From Table 3, it is clear that - for the xenograft mice -

all organs contain higher % ID/g after 5 h than for the rats. It seems that localisation was not complete, especially if

one considers the high blood values and that only 32% of the injected dose had been excreted. The standard

deviations for the % ID/g (Table 3) between the nine mice are low (lower than for the rats), except in the case of the

bladder and lung. The results for the lungs are probably an artefact due to the high blood levels of 4-[131I]-

iodophenylacetic acid, which influence the total counts of lung tissue. The reason for the bladder results is the same

as for the rats as well as for the high thyroid uptake. As the organ is so small, a part of the trachea was taken as well.

In terms of the overall % ID, the value for this organ part is only 0.2%. The tumour uptake was 4 ± 0.4 % and the

tumour to background ratio (comparing tumour uptake vs. the muscle tissue on the opposite flank) was 2. This was

not as high as expected, but is mostly likely due to the slower localisation/excretion of radiolabelled agent in the

mice than in the rats. This difference in biodistribution might be due to different renal function or metabolism of the

two species. Indeed, the investigation should also be carried out in wildtype nude mice to allow effective

comparison.  As the blood still contains high levels of activity (which is assumed to be 4-[131I]-iodophenylacetic

acid) after 5 h in mice, increased tumour uptake may be expected later on which might warrant further investigation.

Conclusions

4-[131I]-iodophenylacetic acid was prepared successfully and the biodistribution in rats recorded. As expected, no

target organ was found after 5 h (although at the early stages a high cardiac blood pool uptake was recorded) with

fast excretion from all organs via the kidney into the urine. In the xenograft mice study, a 4 % tumour uptake and a

tumour to background ratio of 2 was recorded after 5 h, although high activity levels in the blood still remained at

that time which might warrant further investigation.

Conflict of interest

The authors declare that they have no conflict of interest.

Acknowledgements

The authors wish to acknowledge Prof. BJ Meyer for suggesting this study before his untimely death by dedicating

this paper to his memory. A special thanks to Ms. Dalene van Wyk for the scintigraphy, Ms. B Marjanovic-Painter

for support with the HPLC, Ms. M Buys for support with the animal experiments and Dr CCP Wagener for the

discussions regarding the synthesis. The authors wish to thank Necsa for permission to publish this work.



8

References

[1] Brusilow, S.W.; Danney, M.; Waber, L.J.; Batshaw, M.; Burton, B.; Levitsky, L.; Roth, K.; McKeethren, C.;

Ward, J. Treatment of episodic hyperammonaemia in children with inborn errors of urea synthesis. N. Encl. J.

Med., 1984, 310, 1630-34.

[2] Tennant, D.A.; Durán, R.V.; Gottlieb, E. Nat. Rev. Cancer, 2010, 267-7.

[3] Del Rosario, M.; Werlin, S.L.; Lauer, S.J. Hyperammonaemic encephalopathy after chemotherapy. Survival

after treatment with sodium benzoate and sodium phenylacetate. J. Clin. Gastroenterol, 1997, 25, 682-4.

[4] Samid, D.; Shack, S.; Myers, C.E. Selective growth arrest and phenotypic reversion of prostate cancer cells in

vitro by nontoxic pharmacological concentrations of phenylacetate. J. Clin. Invest, 1993, 91, 2288-95.

[5] Liu, L.; Shack, S.; Stetler-Stevenson, W.; Hudgins, W.; Samid, D. Differentiation of cultured human

melanoma cells induced by the aromatic fatty acids phenylacetate and phenylbutyrate. J. Invest. Dermatol,

1994, 103, 335-40.

[6] Cinatl, J. jr.; Cinatl, J.; Hernáiz Driever, P.; Rabenau, H.; Novak, M.; Benda, R.; Gümbel, H.O.; Kornhuber,

B.; Doerr, H.W. Induction of myogenic differentiation in a human rhabdomyosarcoma cell line by

phenylacetate. Cancer Lett., 1994, 78, 41-8.

[7] Adam, L.; Crepin, M.; Israel, L. Tumor Growth Inhibition, Apoptosis, and Bcl-2 Down-regulation of Mcf-

7ras Tumours by sodium phenylacetate and tamoxifen combination. Cancer Res., 1997, 57, 1023-9.

[8]  Harrison, L.E.; Wojciechowicz, D.C.; Brennan, M.F.; Paty, P.B. Phenylacetate inhibits isoprenoid

biosynthesis and suppresses growth of human pancreatic carcinoma. Surgery, 1998, 124, 541-50.

[9] Ferrandina, G.; Melichar, B.; Loercher, A.; Verschraegen, C.F.; Kudelka, A.P.; Edwards, C.L.; Scambia, G.;

Kavanagh, J.J.; Abbruzzese, J.L.; Freedman, R.S. Growth inhibitory effects of sodium phenylacetate

(NSC3039) on ovarian carcinoma cell in vitro. Cancer Res, 1997, 57, 4309-15.

[10] Call, C.D.R.T.; Stenson, M.J.; Witzig, T.E. Effects of phenylacetate on cells from patients with B-chronic

lymphocytic leukemia. Leuk. Lymphoma, 1994,14,145-9.

[11] Stockhammer, G.; Manley, G.T.; Johnson, R.; Rosenblum, M.; Samid, D.; Lieberman, F. Inhibition of

proliferation and induction of differentiation in medulloblastoma and astrocytoma-derived cell lines with

phenylacetate. J. Neurosurgery, 1995, 83, 672-81.

[12] Thibault, A.; Samid, D.; Cooper, M.R.; Figg, W.D.; Tomkins, A.C.; Patronas, N.; Headley, D.J.; Kohler,



9

D.R.; Venzon, D.J.; Myers, C.E. Phase I Study of phenylacetate administered twice daily to patients with

cancer. Cancer, 1995, 75, 2932-8.

[13]  Thibault, A.; Cooper, M.; Figg, W.; Venzon, D. A phase I and pharmacokinetic study of intravenous

phenylacetate in patients with cancer. Cancer Res., 1994, 54, 1690-4.

[14]  Kebebew, E.; Wong, M.G.; Siperstein, A.E.; Duh, Q-Y.; Clark, O.H. Phenylacetate inhibits growth and

vascular endothelial growth factor secretion in human thyroid carcinoma cells and modulates Their

Differentiated Function. J. Clin. Endocrin. Metab, 1999, 84, 2840-7.

[15]  Gorospe, M.; Shack, S.; Guyton, K.Z.; Samid, D.; Holbrook, N.J. Up-regulation and functional role of

p21Waf1/Cip1 during growth arrest of human breast carcinoma MCF-7 cells by phenylacetate. Cell Growth

Differ, 1996, 7, 1609-15.

[16] Issemann, I.; Green, S. Activation of a member of the steroid hormone receptor superfamily by peroxisome

proliferators. Nature, 1990, 347, 645-50.

[17]  Apfel, R.; Benbrook, D.M.; Lernhardt, E.; Ortiz, M.A.; Pfahl, M.A. Novel Orphan Receptor with a unique

ligand binding domain and its interaction with the retinoid/thyroid hormone receptor subfamily. Molecular

and Cellular Biology, 1994, 14, 7015-35.

[18]  Behr, Th. M.; Gotthardt, M.; Becker, W.; Béhé, M. Radioiodination of monoclonal antibodies. Proteins and

Peptides for Diagnosis and Therapy. Nuklearmedizin,2002,2,71-79.

[19] Behr, Th. M.; Gotthardt, M.; Becker, W.; Béhé, M. Radioiodination of monoclonal antibodies, Proteins and

Peptides for Diagnosis and Therapy. Nuklearmedizin, 2002, 2, 71-79.

[20] Szucs, Z.; Sathekge, M.; Marjanovic-Painter, B.; Wagener, J.; Sello, T.; Wagener, C.; Zeevaart, J.R.

Synthesis of I-131 labelled 4-Iodo-Phenyl-Acetic acid. J. Lab. Comp. Radiopharm, 2010,54,54-58.

[21] CHEMTOX ® online 2005, Atrion International Inc.

[22] Hoda, S.; Yamamoto, K.; Sekizuka, M.; Oshima, Y.; Nagai, K.; Hashimoto, G.; Kaneko, H.; Tomomasa, T.;

Konno, Y.; Horiuchi, R. Successful treatment of severe hyperammonemia using sodium phenyl acetate

powder prepared in hospital pharmacy. Biol. Pharm. Bull, 2002,25,1244-6.

[23] Davidson, A.; Jones, A.G.; Lister-James, J. Technetium radiodiagnostic fatty acids from bisthiol ligands. US

Patent 4746505. 1988.

[24] Zeevaart, J.R.; Jansen, D.R.; Botelho, M.F.; Abrunhosa, A.; Gomes, C.; Metello, L.; Kolar, Z.I.; Krijger,



10

G.C.; Louw, W.K.A.; Dormehl, I.C. Comparison of the predicted in vivo behaviour of the Sn(II)-APDDMP

complex and the results as studied in a rodent model. J. Inorg. Biochem, 2004, 98, 1523-30.

[25] Mokler, F.T.; Lin, Q.; Luo, H.; McPherson, D.W.; Beets, A.L.; Bockisch, A.; Kropp, J.;  Knapp, F.F. Dual-

label studies with [125I]-3(R)/[131I]-3(S)-BMIPP show similar metabolism in rat tissue. J. Nucl. Med, 1999, 40,

1918-27.



11

 Table 1:Half life of 4-[131I]-iodophenylacetic acid in various body compartments of the rats.

Organ Cardiac
blood pool

Liver Lung Kidney Background

t½ (min) 182 204 117 > 300 > 300

*values calculated by fitting an exponential curve to the data points (as presented in Fig. 3) for the time period 10-60

min

Table 2: The biodistribution of 4-[131I]-iodophenylacetic acid in rats as expressed in %ID/g, 5 h after

injection (n=4).

Organ Average  %ID/g

SD

(%ID/g) %SD

blood 1.53 0.28 19

heart 0.67 0.10 14

spleen 0.33 0.05 17

lung 1.08 0.18 17

liver 0.63 0.14 22

R kidney 1.05 0.24 23

L kidney 1.05 0.24 23

thyroid 4.19 0.84 20

stomach 0.34 0.08 24

muscle 0.17 0.04 23

bladder 2.28 1.35 60

excretion* 55 8 -

* % excretion has been indirectly calculated by subtracting the activity accounted for in all the organs from the total

activity injected.



12

Table 3. The biodistribution of 4-[131I]-iodophenylacetic acid in xenograft mice as expressed in %ID/g, 5 h

after injection (n = 9).

Organ Average  %ID/g

SD

(%ID/g) %SD

blood 17.6 2.0 11

heart 6.18 0.77 12

spleen 1.73 0.19 11

lung 6.27 2.28 36

liver 3.58 0.49 13

kidneys 5.09 0.58 11

fat 2.30 0.53 23

trachea 9.73 1.29 13

GI tract 1.94 0.32 16

bladder 13.1 7.5 57

muscle 2.04 0.18 9

tumour 4.10 0.43 10

T:B# 2.0 - -

excretion* 32 10 -

* % excretion has been indirectly calculated by subtracting the activity accounted for in all the organs from the total

injected activity.
# Tumour to background ratio when comparing tumour uptake vs. the same muscle tissue on the opposite flank
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CH2 COOH
H
C COOH

NH2

CH2 COOHI CH2 COOEtI

4-iodophenylacetic acid

PhenylalaninePhenylacetic acid
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Figure 1. The structures of 4-iodophenylacetic4-Iodophenylacetic acid, phenylacetic acid and phenylalanine.
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Figure 2. Radiochromatogram (top) of 4-[131I]-iodophenylacetic acid and UV chromatogram (bottom) of the cold iodophenylacetic acid standard
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Figure 3. Time activity curves (n=1 for 0-55 min and n=4 for 60-300 min) for cardiac blood pool (-¿-), liver (-n-), lung (-p-), kidney (-Ñ-) and background (-�-) as counts vs. time

in minutes.
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