
PREPARATION OF 186Re COMPLEXES OF DIMERCAPTOSUCCINIC
ACID HYDROXY ETHYLIDINE DIPHOSPHONATE

K. KOTHARI, M.R.A. PILLAI, P.R. UNNI, A.R. MATHAKAR XA9848016
Isotope Division, Bhabha Atomic Research Centre

H.H. SHIMPI, O.P.D. NORONHA, A.M. SAMUEL

Radiation Medicine Centre, Tata Memorial Hospital Annexe, Parel

Mumbai, India

Abstract

99mTc(V)-DMSA and 99mTc-HEDP are widely used for imaging medullary

carcinoma and bone, respectively. 186Re-HEDP is now well established as a therapeutic

radiopharmaceutical for palliation of pain due to bone metastases. It is expected that

186/188Re(V)-DMSA could find application for treating medullary carcinoma. In the
1 fiA

present paper we report the work carried out for the preparation of Re complexes of

DMSA and HEDP and their bio-distribution studies in Wistar rats. Re was prepared by

irradiation of natural Re metal at a flux of 3x1013 neutrons/cm2/s for seven days and

processed after a cooling period of four days. The specific activity of 186Re formed was

-35 mCi/mg. Complexes with RC purity >98% could be prepared in both the cases by

carefully optimizing the reaction conditions. Bio-distribution studies carried out in rats

revealed that pharmacological behaviour of Re(V)-DMSA was similar to that of

99mTc(V)-DMSA. 186Re-HEDP showed a bone uptake of ~ 30% at 3 h post injection

which remained almost constant for 48 h.

1. Introduction

External beam radiotherapy is an effective modality for treatment of malignant

tumours as well as metastases. However, it has the disadvantage that along with

malignant tissues normal tissues near the vicinity of the tumour also receive radiation
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dose. In order to overcome this problem, research for the development of labelled bio-

molecules which are capable of selectively delivering the radioisotope and thereby the

radiation dose to the target is currently undertaken in several laboratories. Re and

i on

Re are two of the radionuclides which are expected to find wide application for

targeted radiotherapy. 186Re (t1/2 90h, Ep 1.07, 0.93 MeV, EY 137 keV) and 188Re (t1/2

17h, Ep 2.1 MeV, Ey 155 keV) can be prepared in nuclear reactors with adequate specific
1 SIS 18 ft 1 fifi

activities. In addition, carrier free Re can also be eluted from W- Re generator [1].

The chemical properties of Re are similar to Tc as both exist in Group Vllb of the

Periodic table [2]. Hence rhenium analogues of technetium radiopharmaceuticals have

been prepared and explored as therapeutic agents [3-4]. Though technetium and

rhenium possess chemical analogy with each other, it is known that rhenium complexes

are difficult to prepare than their technetium analogues [2]. Rhenium complexes have

higher tendency to get re-oxidised back to perrhenate than do the analogous technetium

complexes. This re-oxidation and consequently the presence of high radiochemical

impurities in the final product is one of the major hindrance in the development of Re

radiopharmaceuticals.

Unlike mTc which is available in very high specific activity from the 99Mo-99mTc

generator, Re is always contaminated with stable Re from the target material. The total

concentration of technetium present during the preparation of 99mTc radiopharmaceuticals

is of the order of 10"8-10"7 M [5] whereas the total concentration of rhenium is of the order

of 10"3 M. Presence of large amount of carrier Re significantly alters the chemistry

behind the preparation of Re complexes. Due to the above problems stringent

experimental conditions are to be standardised to make rhenium radiopharmaceuticals. In

the present paper, we describe the work carried out for the preparation of Re(V)-

dimercapto succinic acid (DMSA) and 186Re-hydroxy ethylidine diphosphonate (HEDP)
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99mTc(V)-DMSA is a radiopharmaceutical used for the detection and follow up of

patients with medullary thyroid carcinoma [6]. Re(V)-DMSA would therefore have

potential for targeted radiotherapy of medullary thyroid carcinoma [4,7]. Bone is the

most common site of metastases in cancer patients and the most prominent symptom

associated with bone metastases is pain which becomes progressively severe as the

disease advances. Re-HEDP can be used for palliation of pain resulting from metastatic

bone lesions [3,8].

2. Materials and methods

Rhenium metal (Spect pure, 99.999%) used for irradiation studies was obtained

from Johnson Matthey Co., U.K. Stannous chloride and DMSA was obtained from

Sigma Chemical Company. HEDP used in these studies was synthesised by a reported

procedure [9]. Flexible silica gel TLC plates (7.5x2.5cm, coating thickness 0.25 mm)

were from J.T. Baker Chemical Company. Whatman no. 3 paper was used for paper

electrophoresis. High purity germanium detector was used to determine radionuclidic

impurities present along with Re. A solid scintillation counter with Nal(Tl) crystal

which is generally used for 99mTc was used for radioactivity measurements.

2.1 Production of 186Re

10 mg of natural rhenium metal was irradiated in the Dhruva reactor for seven

days at a flux of 3x1013 n/cm2/sec and allowed to cool for four days. The sample was

dissolved in 5 mL of 2M HNO3. Radionuclidic purity of 186Re formed was estimated by

gamma ray spectroscopy. 1.5 mL (3 mg, 16.1 uM) of rhenium solution prepared above

was aliquoted in a vial and HNO3 was evaporated to dryness by heating. 1 mL of 25%

ammonia solution was added to the dry residue. Excess ammonia was removed by

heating and the ammonium perrhenate residue was dissolved in 5mL of 5 M NaOH

solution. Rhenium activity was extracted into 5mL of methyl ethyl ketone (MEK) and the
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extraction efficiency was estimated by determining the radioactivity in equal aliquots of

MEK and aqueous phase. Extraction was repeated once more with an equal volume of

MEK and both the extracts were pooled together. MEK was removed by gentle heating

and the residue was dissolved in 5 mL of normal saline. Radiochemical purity of Re

was determined by thin layer chromatography using acetone as solvent.

2.2 Preparation of 186Re(V)-DMSA.

DMSA (2 mg, 11 uM) was dissolved in 0.1 mL of bicarbonate buffer (0.5M, pH

9) and 0.7 mL of normal saline. To this 0.02 mL of stannous chloride (20 mg/mL) in

Cone. HC1 and 0.2 mL (100 ug, 0.54uM) of 186ReO4" solution were added. The reaction

mixture was purged with nitrogen and heated in a boiling water bath for 30 minutes. The

reaction mixture was allowed to cool to room temperature and the pH was adjusted to 8

with 1 M NaOH solution. Since rhenium in lower oxidation states has a tendency to get

converted to ReO4\ all the solutions used for complexation were purged with nitrogen

prior to use. Also the complexes once formed were purged with nitrogen and stored till

use.

Several experiments were carried out to optimize the conditions for getting

maximum complexation yield. These include the effect of DMSA concentration, reaction

temperature, reaction time, pH etc.

2.3 Preparation of186 Re-HEDP

HEDP (50mg, 335 uM) was dissolved in 0.2 mL of bicarbonate buffer and 0.7

mL of normal saline. 0.04 mL (250 mg/mL) of stannous chloride and 0.2 mL of rhenium

(100 jag, 0.54uM) were added to the HEDP solution. The pH of the reaction mixture was

about 2 and the solution was purged with nitrogen and heated in a boiling water bath for

30min.
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As discussed in the case of Re(V)-DMSA, similar optimization experiments were

carried out to get maximum complexation yield in the case of Re-HEDP also.

2.4 Quality control techniques

2.4.1 Thin layer chromatography

TLC was performed using flexible silica gel plates. 5 uL portion of the test

solutions were applied at 1.5 cm from the lower end of the TLC plate. The strips were

developed in acetone until the solvent reached the top of the strip. The strips were dried,

cut into eight equal segments and the radioactivity was measured.

2.4.2 Paper electrophoresis

5 uL samples were spotted on Whatman 3 chromatography paper 10-12 cm from

the cathode and paper electrophoresis was carried out for lh at 300 V in 0.02 M

phosphate buffer at pH 7.5. The strips were cut into 1 cm segments and the radioactivity

was measured.

2.5 Bio-distribution studies

Bio-distribution studies of 186Re(V)-DMSA and 186Re-HEDP complexes were

performed in male Wistar rats weighing 300-400 g. 80-100 nCi of the complexes in ~0.3

mL volume was injected through penile vein and the rats were sacrificed at specific time

intervals by cardiac puncture. The tissues and organs were excised and counted over a

Nal(Tl) scintillation detector with flat geometry. The distribution of the activity in

different organs was calculated as percent injected dose. Blood activity was calculated

assuming blood volume as 5% of the total body weight.

Effect of probenecid to reduce the uptake of Re(V)-DMSA by kidneys was also

studied. 25mg/Kg of probenecid was injected 30 min prior to the injection of Re(V)-

DMSA and bio-distribution studies were carried out as above. Bio-distribution studies of

"mTc(V)-DMSA which was prepared by a reported method was also carried out (10).
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3. Results and Discussion

3.1 186Re and 186ReO4

The amount of Re formed by irradiation for seven days followed by four days

cooling was about 350-400 mCi, giving a specific activity of 35-40 mCi/mg. No other

radionuclide other than ' Re and 188Re was detected in the gamma spectrum. It was

observed that a two step extraction could remove -95% of the Re activity into MEK. The

removal of MEK was achieved by gentle heating of the extracted solution and the activity

could be reconstituted in appropriate amount of saline to give the desired radioactive

concentration (-15 mCi/mL in the present case). Results of the TLC and paper

electrophoresis studies are given in Fig. land 2, respectively. In TLC, the perrhenate

activity moved to the solvent front and in paper electrophoresis, as expected, the activity

moved towards anode. No activity was seen at the point of spotting in both the

chromatography methods. The RC purity of the perrhenate solution was >99 % as

estimated by TLC.

TLC and paper electrophoresis studies were used as quality control techniques. In

TLC using acetone as solvent, the complexes remained at the point of spotting (Fig. 1).

Reduced hydrolysed rhenium, if present, is expected to remain at the point of spotting

and hence an additional quality control procedure was essential to estimate this RC

impurity. The paper electrophoresis pattern of the complexes is shown in Fig. 2. The

complexes moved towards anode with a migration rate similar to ReO4\ Reduced

hydrolysed species, if formed by reduction of 186ReO4", being uncharged is expected to

remain at the point of spotting.

3.2. 186Re(V)-DMSA

The paper electrophoresis studies indicate that the 186Re(V)-DMSA complex

formed is negatively charged similar to the Tc(V)-DMSA reported (10). By combining
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the results of PC/acetone and paper electrophoresis, the yields of the complex, 186ReO4"

and the reduced hydrolysed Re could be calculated.

Results of the studies on the effect of concentration of DMSA on complexation

yield are given in Table I. It was observed from the studies that 0.5 to 2 mg of DMSA is

optimum of get maximum complexation yield, is about. The optimum concentration of

SnCl2 needed for maximum complexation yield was 400 \ig when 2 mg of DMSA was

used for reaction and the reaction was carried out at 100°C (Fig. 3). Complexation

reaction was carried out with the 2 mg of DMSA and 0.4 mg of SnCl2 at pH 2 at room

temperature and at 100°C for different time intervals. The reaction was found to be slow

at room temperature and only 70% complexation yield was obtained even after 24 h of

Table 1: Effect of ligand concentration on complexation yield

DMSA (mg)

%Yield

HEDP (mg)

% Yield

0.06

78

0.15

29

0.13

86

0.3

28

0.25

94

0.6

50

0.5

99

1.5

98

1

99

3

98

2

99

10

98

-

-

50

98

Table II: Effect of pH on complexation yield

pH

2

4

6

8

%Complex yield

DMSA HEDP

97 98

50 97

13 87

2 88

547



incubation whereas the complexation yield was >97% when the reaction mixture was

heated in a boiling water bath for 15 min.

Results of the effect of pH on complexation yield is given in Table II. The

complexation yield was maximum at pH 2 and progressively decreased as the reaction pH

was increased. Hence, the complexation reaction was carried out at pH 2. At this pH the

analogous complex of technetium exists as Tc(III)-DMSA, hence it could be expected

that the complex in the present case could also be Re(III)-DMSA. It is reported that

complexation reaction at pH >7 results in Tc(V)-DMSA (10), however, with Re the

complexation yield was only - 2 % at pH 8. Hence, the complex was prepared at pH 2 and

the pH of the complex formed was adjusted to 8 by addition of 1 M NaOH solution. This

step was expected to possibly convert Re(III)-DMSA to Re(V)-DMSA. A change in the

colour of the solution from pale yellow to pink was seen with increase in pH suggesting a

different nature of the complex in acidic and alkaline medium. Though the complexation

yield was poor at pH 8, the complex prepared at pH 2 and adjusted to pH 8 was found to

be stable for 7 days.

3.3. 186Re-HEDP

Quality control procedures used for characterisation of Re-HEDP was the same

as that used for Re(V)-DMSA and the behaviour of the complex in the chromatography

technique was similar to Re(V)-DMSA (Fig. 1 and 2). The effect of HEDP concentration

on the complexation yield is given in Table I. The complexation yield was -98% at

HEDP concentrations greater than 1.5 mg. The effect of pH on complexation yield was

studied by carrying out the reaction at different pH (Table II). It was observed that the

complexation yield was maximum at pH 2 and even at pH 8 the complexation yield was

~88%. The optimum amount of stannous chloride needed was studied and it was

observed that 400 |ag of SnCl2 was sufficient to give a complexation yield of -98% when
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FIG.3. Effect of stannous chloride concentration on complexation yield

1.5 mg of HEDP was used (Fig. 3). However, it was observed in subsequent studies that

the complexes prepared with 400 ug of SnCl2 was unstable on storage. Hence, stability of

Re-HEDP was studied at different reaction and storage conditions and it was observed

that very careful optimization of the reaction conditions were essential to get a product

with maximum stability. The results of the stability studies are summarised in Fig. 4. The

product which was prepared with 1.5 mg of HEDP and 400 \ig of Sncl2, though showed

98% RC purity at the end of the complexation reaction, decomposed almost completely

in about 48 h. When the complex was prepared with 50 mg of the ligand and 10 mg of

stannous chloride, it was stable for 48 h at room temperature and for 120 h when stored at

4°C. The stability of the product was found to be less when the pH was adjusted to 8,

though even at this pH better stability was seen at 4°C.
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FIG.4. Radiochemical purity of 186Re-HEDP prepared with

a. 1.5 mg of HEDP and 0.4 mg of SnCl2 at pH 2 and stored at 25°C

b. 50 mg of HEDP and lOmgof SnCl2atpH2 and stored at 25°C

c. 50 mg of HEDP and 10 mg of SnCl2 at pH 2 and stored at 4°C

d. 50 mg of HEDP and 10 mg SnCl2atpH 2, adjusted to pH 8 and stored at 25°C

e. 50 mg of HEDP and 10 mg SnCl2 at pH 2, adjusted to pH 8 and stored at 4°C

1 HA

Complexation studies were also carried out with ReO4" prepared by dissolution

of the target in 2M HN03 and without the solvent extraction procedure. It was observed

that the complexation yield at optimized reaction conditions as described above were 7%

and 5% for DMSA and HEDP, respectively. Presence of oxidising agents and other

impurities in the rhenium solution might be responsible for the lower yield observed.
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3.4. Bio-distribution studies of 186Re(V)-DMSA and 186Re-HEDP

The biological behaviour of 186Re(V)-DMSA, 99mTc(V)-DMSA and I86Re-HEDP

is given in Table III. More than 75 % of the injected activity was excreted in 24 h. No

significant difference in blood clearance as well as uptake in major organs was

noticed between 186Re(V)-DMSA and 99mTc(V)-DMSA. The near identical biological

behaviour of the Re and Tc complexes of DMSA suggest that the former is indeed

186Re(V)-DMSA. Kidney uptake of 186Re(V)-DMSA was marginally higher as

compared to 99mTc(V)DMSA. In order to reduce the kidney uptake of 186Re(V)-DMSA,

probenecid was administered 30 min prior to Re(V)-DMSA injection and bio-

distribution studies were carried out. However, no significant reduction in renal uptake

was seen with probenecid injection. The major disadvantages seen with Re(V)-DMSA

were the significant uptake of it in bone (~ 16 % at 24 h p.i.) and the retention of the

activity by the kidneys. These might come in the way of its use as a therapeutic agent.

Bio-distribution studies with Re-HEDP showed faster blood clearance with

- 7 1 % excretion of the activity at 3 h p.i. The bone uptake was -30% at 3h p.i. which

remained almost constant even at 48 h p.i. No significant uptake in any organ other than

bone was seen at 48 h p.i. It is reported that due to in-vivo oxidation of rhenium,

1 HA

Re- HEDP is washed out faster from normal bone than it does from abnormal bone,

thereby increasing the ratio of uptake of abnormal to normal bone a favourable feature for

a therapeutic bone agent (3).

In addition to the chemistry of complexation, the success of the development of

therapeutic radiopharmaceuticals will also depend upon the availability of the isotopes in

adequate quantities with sufficient specific activity. In the present studies, natural Re is

used for the preparation of Re. The calculations leading to the production of Re and

Re at different fluxes are given in Table IV. While using natural Re for irradiation,
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186,Table III: Results of the bio-distribution studies of 8DRe (V)-DMSA,

99mTc(V)-DMSA and 186Re(V) HEDP.

Product

IS6Re(V)-DMSA

15ORe(V)-DMSA

(With probenecid)

""Tc (V)-DMSA

186Re-HEDP

Time

lh

3h

24h

lh

3h

24h

lh

3h

24h

3h

24h

48h

Blood

6.5 (0.9)

1.8(0.3)

0.22(0.1)

6.7(1.8)

2.0(0.1)

0.7 (0.5)

5.5 (0.3)

2.4 (0.2)

0.4(0.1)

1.0(0.1)

0.4(0.1)

0.3 (0.2)

Muscle

15.8(2.5)

4.3 ( 0.8)

1.4(0.4)

17(5.3)

4.4 (0.7)

0.8 (0.5)

13.2(1.4)

6.6 (0.7)

2.0 (0.9)

2.1(0).

0.8 (0.7)

0.4 (0)

Bone

29.7 (10)

19.6(5.6)

15.9 (5.0)

27(11.5)

26(2.7)

15(2.9)

26.2(1.7)

26.6 (3.2)

15.9(3.0)

30.7 (0.4)

28.2 (6.0)

29.5 (4.0)

Liver

1.8(0.2)

1.4(0.20

1.2(0.1)

1.8(0.3)

1.3(0.1)

1.0(0.2)

1.5 (0.2)

1.3(0.2)

0.7 (0.1)

0.5(0.1 )

0.3(0.1)

0.3(0)

Gut

2 (0.4)

2.3(1..2)

4.0 (2.4)

1.9(0.4)

1.0(0.1)

4.2(1.1)

1.5(0.9)

3.3 (0.9)

3.6(1.4)

3.3 (0.5)

2.7(1.3)

1.6(0.5)

Kidney

3.0(0.7)

3.8 (0.5)

6.4(1.5)

3.0 (0.4)

3.9 (0.5)

5.4 (0.2)

3.6 (0.5)

3.0 (0.7)

2.8 (0.2)

1.3(0.1)

0.6(0.1)

0.7(0.1)

Excretion

39 (6.5)

68 (5.6)

76(10)

31(11)

71 (10)

80 (0.6)

36.4 (0.4)

61.7(3.1)

82.3 (2.0)

71 (4.6)

75 (2.0)

80(1.0)

Values reported are percent administered dose/organ Mean(±SD) n = 3-7 Total blood,

muscle and bones are taken as 5,45 and 6 % of the body weight, respectively.

Table IV: Production of Re isotopes by irradiation of natural Re target

Flux

(neutron

/cm2/s)

3xl01J

6xl01J

1x10"

EOB

l5ORe

(mCi)

781

1562

2603

'"Re

(mCi)

1215

2430

4050

Specific

activity

(mCi/mg)

200

400

665

One Day Cooling

15ORe

(mCi)

649

1298

2164

t s sRe

(mCi)

456

914

1522

Specific

activity

(mCi/mg)

111

221

368

Four Days Cooling

"°Re

(mCi)

373

745

1243

'"Re

(mCi)

24

48

81

Specific

activity

(mCi/mg)

40

79

132
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•I QQ

Re is an inevitable radionuclidic impurity, which can be reduced to ~ 6% by allowing a

cooling period of four days. However, such long cooling is not advisable as there will be

reduction in activity and specific activity of I86Re. 100 p.g of Re activity was used in the

present studies for the preparation of the complexes which will give a total activity of ~

4, 8 and 13 mCi at neutron fluxes of 3xl013, 6xlO13 and lxlO14 neutrons/cm2/sec,

respectively. This specific activity is grossly inadequate for therapy assuming the dose

to be 0.5 to 1 mCi/kg of body weight. These calculations clearly indicate that irradiation
1 fifi

of natural Re and cooling to reduce the Re contamination will not be a practical
1 Hfi

solution for the production of Re based radiopharmaceuticals. Irradiation of enriched

Re at 6x10 neutrons/cm /s (an irradiation position ordinarily accessible in the Dhruva

reactor) for seven days followed by 24 h cooling will give a product with adequate

specific activity (-350 mCi/mg). However, the high cost of the enriched target

(-$10,000 per g) is a major handicap. Hence, a better alternative is to use a mixture of

Re and Re for therapy which is obtained by irradiating natural Re for seven days

followed by one day cooling which is used for radiochemical processing, quality control

etc. Under these conditions a specific activity of -220 mCi/mg could be obtained

resulting in a radioactive concentration of 22 mCi/mL for the final radiopharmaceutical.

About 60% of the activity will be l86Re and the rest will be 188Re. We are exploring the

possibility of following the second option as 188Re is an equally effective isotope for

therapy.

Conclusion

The present studies indicate that rhenium form complexes with DMSA as well as

HEDP in high yield. Conditions required for preparation of stable 186Re-HEDP

complexes were more stringent than required for the preparation of l86Re(V)-DMSA

complexes. Bio-uptake in major organs were found to be similar for Re(V)-DMSA
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and 99m Tc(V)-DMSA. A major disadvantage for using Re-DMSA for therapy of

medullary carcinoma appears to be the high uptake of it in the kidneys and bone. Further

work on reducing kidney uptake with proper blocking agents is in progress. Re-HEDP

has shown -30% bone uptake with faster washout. Further studies on exploring the

possibility of using these radiopharmaceuticals for clinical trials will be taken up soon.
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