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ABSTRACT

In this contribution, we investigate the chemical and thermodynamic parameters of the
isotopic exchange reaction between radioiodine as iodide ion ( I " ) and iodohippuric acid
isomers (i.e. o-, m- and p-iodohippuric acid). The reaction was performed on molten
ammonium acetate (m.p. 114°C) as exchange medium for 5-10 min. by allowing no-carrier-
added (n.c.a.) radioiodine (125I") to react with o-, m-, and p-iodohippuric acid at 120°C.

The absolute radiochemical yield varied as a function of initial inactive iodohippuric acid
used. Also, the different parameters affecting the radiochemical yield of the isotopic exchange
reaction were investigated. The isotopic exchange reaction revealed that radioiodine as 2 I"
for iodine-127 of o- and p-iodohippuric acid isomers exchange occurs more rapidly than
iodine-127 of m-iodoohippuric acid isomer exchange. The results indicate that the reaction
occurs by nucleophilic substitution as second order reaction. Since, we were also interested in
iodohippuric acid labelling with short lived radioiodine, we tried to optimize the labelling
followed by determination of the radiochemical and radiopharmaceutical purity by
chromatographic analysis. The ultimate purpose of our use of 2 I" was to centralize the
different chemical reaction conditions.
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Introduction

Radiorodinated sodium iodohippurate is a diagnostic radiopharmaceutical currently used in

nuclear medicine for the non-invasive determination of renal function, renal blood flow and

urinary tract obstruction (1-3).

Different radioiodinated sodium iodohippurate (i. e., o-, m- and p- isomers) were prepared

by an isotopic exchange reaction methods wherein the reactants (i.e. the substrates and Na*I)

exchange isotopes. So that, the products differ from the reactants only in the isotopic

composition (4-7).

The rate of a nucleophilic halogen exchange usually increases with substrate concentration

and temperature. The mechanism of the isotopic exchange reaction between iodohippurate as

pure substrate and radioiodine as iodide *I" in molten state at 160- 170°C with no-carrier

added is still open to application (8-10). That is due to the formation of other labelling

products i.e. glycyl iodohippurate (g-IHA) and iodobenzoic acid (IBA)

318



In our laboratory, this problem was overcome using ammonium acetate (m.p. H4°C)as

molten medium for the isotopic exchange reaction (10), which controls the formation of other

labelling product, rather than iodohippurate (Fig.la,lb)

C O - N H - C H 2 - C O O H

CO-NH-CH2-COOH
O CO-NH-CH2-COOH

o-IHA ^ X * I X

m-IHA *j

p-IHA

Fig.la: Structuralformula of0-, m- and p- iodohippuric acid ispmers

) - C O - N H - C H 2 - C H 2 - C O - N H

COOH

o-[*IJiodoglycyl h^puric acid (g-o-IHA)

•I
o-[*I]iodobenzDic acid (oIBA)

Fig.lb : Structural formula of g-o-IHA and OIHA

Also addition of ammonium acetate to the dry lyophylized reactants where gradual loss of

ammonia by heating above 120°C increases the acidity of the medium which may be required

to perform the isotopic exchange (6,10).

In this work, we tried to investigate the different physical and chemical parameters of the

no-carrier added radioiodination of different iodohippurate i.e. 0-, m- and p- iodohippuric

acid) at different substrate concentrations and different reaction temperatures. Where the

activation energy of each isomer of iodohippuric acid was investigated at 120°C without

interference of any bi-products.
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The rate of the reaction and the activation energy were studied by using the exponential

exchange law. The mechanism of the exchange reaction is probably not simple but depends

on the structure of the substrate, the condition under which exchange is carried out, the

presence of catalyst (11), where the equilibrium constant will be unity according to the

following mechanism :

RI + F = R*I + r

. [R*I] [H

[R*I] [RI]

= — i

[*I] [I']

100[R*I] 100

% Exchange = =

[R*rj + [*n l + [i]/ [Ri]

It is a common observation that the presence of excess base (i.e. NaOH) from the

radioiodine solution tends to inhibit the exchange and the yield dropped from quantitative to

less than 15 % and the exchange proceeds very rapidly close to the neutralization equivalent

point (11). So that, neutralization of the radioactive sodium iodide solution before performing

the experimental procedure is a must.

TLC chromatographic analysis was used to determine the exchange yields using

a developing system (12) consists of the organic phase of the following solvents :-

benzene : Acetic acid : Water : n-butanol (5:5:2:1) which reveals the unknown product

obviously rather than the paper chromatographic analysis presented by British Pharmacopiea.

RfofIHA = 0.5± 0.02

RfOfg-IHA = 0.25 ± 0.02

RfofIBA = 0.81± 0.05
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Experimental

Materials

All reagents and solvents were of analytical grade and were used without further

purification. The [l25I"]sodium iodide solution used was delivered from Amersham (England)

of radiochemical grade carrier free and reductant free and usually had a concentration of

0.8 -1.0 mCi / ul diluted with 0.1 M NaOH up to 20 ul to keep the specific activity constant

during the experiment 0.8 - 1.0 mCi / mg iodohippuric acid isomer.

Synthesis of [ 2SI]iodohippuric acid isomers by dry-state isotopic-exchange up to melt at

120°C

In a quick-fit glass vessel as shown in Fig.2, 6 mg of the iodohippuric acid isomer, 20 \il

Na125I in 0.1 N NaOH (0.8 -1.0 mCi/mg IHA carrier free and reductant free) and 0.20 - 0.25

ml of 10% solution of ammonium acetate (10 gm /100 ml water) were placed in the V-shaped

bottom tube, The mixture was gently swirled to dissolve the content and ensure homogenity,

then a gentle stream of nitrogen was applied to evaporate the solvents.The closed reaction

vessel was kept in an oil bath at a temperature of 120°C for a complete reaction period of 5-10

min. under vacuume and then cooled using ice bath and the solidified melt was dissolved in

50 JJ.1 ethanol and submitted for TLC chromatographic analysis.

Results & Discussion

The results obtained herewith revealed that the factors affecting the rate of this isotopic

exchange are temperature, medium of exchange, concentration of substrate and pH . For

performing the exchange reaction using ammonium acetate as molten medium. The results are

generally in different with well known principles of nucleophilic substitution (11,12,13). In

contrast, three components are formed corresponding to g-IHA, IHA and IBA when the

isotopic exchange is performed in molten state using the substrate itselfas molten medium at

160-170°C.

The main parameters affecting the yield of isotopic exchange.

(1) Effect of iodohippuric acid isomer conten

The infuence of iodohippuric acid isomer content on the radiochemical yield of 125IHA

isomer using 25 mg ammonium acetate at 120 C has been investigated . Fig.3 illustrates the
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Nitrogen gas
outlet.

Nitrogen gas
inlet.

Silicon oil bath

Fig. 2 : Glass (Quick-fit) Reaction Vessel for Molten State no-carrier added

Non-lsotopic Exciiange.
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relationship between the amount of IHA isomer and the radiochemical yield of !25IHA. The

radiochemical yield increases gradually until reaches-98.2, 97.2 and 98.5 % for o-, m-and

p- IHA respectively at 6 mg IHA isomer. Any increse in the quantity of IHA isomer has no

effect. So, to maximize specific activity, 6 mg of IHA isomers were used.

(2) Effect of ammonium acetate

It is clear, as shown in Table 1, which illustrates the relationship between the radiochemical

yield % of l25IHA and ammonium acetate concentration that the radiochemical yield of o-, m-

and p-125IHA increases from ~ 82 - 98.2 %, from 79.4 - 97.2 % and from 86 - 98.5 %

respectively, when amm. Acetate increases from 5 -25 mg within 5-10 min at 120°C. The

observed increase in the radiochemical yield using ammonium acetate may be attributed to "

in situ " thermal decomposition of ammonium acetate which render the final pHofthe

reaction mixture more on the acidic side which facilitates the isotopic exchange.

Table 1 : Relationship between the radiochemical yield % of I25IHA and amm. acetate

Concentration.

Amm. Salt

Mg

0

5

10

15

20

25

30

40

50

o-125IHA

79.2

82.0

84.0

88.0

94.0

98.2

98.1

98.0

98.2

Radiochemical Yield (

m-l25IHA

74.5

79.4

82.0

86.0

91.0

97.2

97.2

97.1

97.3

p-125IHA

81.0

86.0

89.0

92.0

95.0

98.5

98.4

98.2

98.3
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Fig. 3 : Effect of IHA isomer content on the radiochemical yield % of o-, m- and p-l25IHA.

[ x mg IHA isomer, 25 mg Amm. Acetate, t = 5-10 min. at temp. 120°C]
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(3) Effect of the molarity of NaOH solution

In order to percolate the best molarity of NaOH solution (in which most of radioactive

iodine are usually dispensed) required for maximum radioiodination, different sodium

hydroxide concentrations have been used to study the effect of the molarity of NaOH on the

radiochemical yield of 125IHA. Fig. 4 shows that the best molarity is approximatlly 0.03 M.

Below and above this investigated concentration show a decrease in the radiochemical yield

percent.

(4) Effect of Temperature

There is a significant effect of temperature on the exchange reaction rate of IHA isomer

with I25F (Fig.5). The exchange reactions were performed with 6 mg IHA isomer, 25 mg

amm. acetate and 20 ul Na125I in dry state using a glycol path thermostate. It is clear that the

maximum radiochemical yield % (98.2, 97.2 and 98.5 % for o-, m- and p-125IHA respectively)

is obtained at 120°C within 5-10 min. Whereas at 100°C, the reaction yield approximates-

73, 70 and 76 % respectively within 5-15 min. The radiochemical yields are very poor at 70°C

and 25°C in comparison with those at 120°C. The optimum temperature was therefore set at

120°C, thus maintained for all subsequent experiments.

Isotope exchange reaction between [125F]iodide and IHA isomers

The reaction to be investigated is :

IHA + Na125I > 125IHA + Nal

The exchange reaction between [ Fjiodide and IHA is a simple homogeneous radioisotope

exchange reaction and its kinetics follow the exponential exchange law (14) :

[A] + [B]

- In ( 1 - F ) = Rt

[A] . [B]

where F = fraction of exchange, [A] = the concentration of IHA in mol L"1 (M), [B] = the

concentration of Nal25I (nca), R = isotope exchange rate, and t = time in min, the fraction of

exchange (F) was calculated, considering that:

X
T7 —
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Fig. 4 : Effect of the molarity of NaOH on the radiochemical yield % of o-, m- andp-l25IHA.

[ 6 mg IHA isomer, 25 mg Amm. Acetate, t = 5-10 min. at temp. 120°C]
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Fig. 5 : Radiochemical yield % of o-5 m- and p-I25IHA as a fiinction of reaction time at

different temperatures using amm. Acetate in molten state.
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[ 6 mg IHA isomer, 25 mg Amm. Acetate, t = x min. at temp. x°C.

where X and XoO are the radiochemical yield ( % labelling ) at time t and at equilibrium

(t = oo), respectively. When log ( 1 - F) is plotted as a function of time, a straight line with

a negative slope passing through the origin is obtained for all reaction temperatures (Fig.6).

This strongly suggests that the mechanism of this exchange is a simple second order iodide

iodine isotopie exchange reaction (14). The rate of exchange (R) is givin by :

R = k [A] [B] where k is the specific rate constant

The specific rate constant (k) was calculated from the slope (p) of the plot of In (1-F) against

t(Fig.6)(14).

- 2.303 log ( 1 - F ) = p t

where p is the slope of the corresponding straight line.

2.303 p

where a = [l25I] + IHA ~ IHA = 0.39334 mol L"1.

Nca [125I"]iodide tracer was negligible considering the radioactivity used in each run only

(20 nl, 20 fiCi) compared to the chemical quantity of IHA isomer.

The activation energy was obtained, according to the Arrhenius equation :

k = A e"E/RT , where A is a constant, usually known as the frequency factor of the reaction,

E = activation energy, R = universal gas constant =1.987 cal / mol. deg., T = absolute

temperature.

This equation can be written as :

E

In k = + constant

RT

plotting log K versus 1/T, a straight line was obtained (Fig.7) its slope = - E / 2.303R.

The activation energy E was calculated to be 10.01, 10.11 and 9.92 k cal / mol for o~, m- and

p-IHA respectively at 120°C using ammonium Acetate.

The activation parameters at 120°C, enthalpy of activation (AH*), free energy of

activation (AG*)and entropy of activation (AS*) were obtained by these equations

:AH* = AE* - RT
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20

Reaction Time, min.

-1.0

Reaction Time, min.

10 15

RcadbnTnrK,min.

Fig. 6 : Variation of Log (l-F) as a function of time at different temperatures using amm.

Acetate in molten state.

[ 6 mg IMA isomer, 25 mg Amm. Acetate, t = x min. at temp. x°C.
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-as
26

2.4

i/TxlO5

28 3.0 3.2

1/T x 10 s

3.4 3.6
-0.8

I/TXSO'

Fig. 7 : Relationship between reaction rate constant Log K and reaction temperature 1/T

(T= Absolute temp.) using amm. Acetate in molten state.

[ 6 mg IHA isomer, 25 mg Amm. Acetate, t = x min. at temp. x°C.
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R

AG* - 2.303 RT [(Log Log h) - (Log K - Log T)]

N

R

where — = 0.3298 X 10 '23 Cal. deg.4, R = 1.9871 Cal. deg.4 mol"1, h is planck's

N

constant 1.5822 X 10 '34 Cal. Sec.

AH - AG

The equations were derived on the basis of the activated complex theory of reaction rates in

gaseous state (15). The values of E, AH*, AG* and AS* are shown in Table 2.

Table 2 : The activation parameters of the isotopic exchange for o-, m- and p-IHA.

Activation parameter

E, Kcal.mol"1

K^L.mor'.min-'

AH*, Kcal.mol"1

AG*3 Kcal.mol1

AS*,Kcal.mor1. Deg'!

o-IHA

10.01

0.8034

9.23

23.397

-3.605 XI0"2

m-IHA

10.11

0.698

9.33

23.505

-3.607 XI0"2

p-IHA

9.92

0.933

9.14

23.271

-3.5 X 10'2

From the kinetic of the exchange reaction between I25I" and o-, m- and p-IHA, it was found

that the exchange is a second order reaction.

Conclusion

The use of the molten ammonium acetate (m.p. 114°C) as a medium for the nucleophilc

isotopic exchange has been favoured the measurement of the activation energy of each isomer

of iodohippurate due to the high purity of the labelled compound formed. Also, adjusting the

molarity of NaOH of the radioiodinated Na*I before performing of the isotopic exchange
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restored quantitative reaction substitution with high yield over 95 % and high radiochemical

purity over 99 %.
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