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Abstract 2,20-[(8-hydroxyquinolin-7-yl)methylazanediyl]

diacetic acid (HQMADA) was synthesized via reaction of

8-hydroxyquinoline with iminodiacetic acid in presence of

paraformaldehyde with a yield of 27%. The obtained com-

pound was well characterized via different analytical tech-

niques. Labeling of the synthesized compound with

technetium-99m in pertechnetate form (99mTcO4
-) in the

presence of stannous chloride dihydrate was carried out via

chelation reaction. The reaction parameters that affect the

labeling yield such as HQMADA concentration, stannous

chloride dihydrate concentration, pH of the reaction mixture,

and reaction time were studied to optimize the labeling

conditions. Maximum radiochemical yield of 99mTc-

HQMADA complex (91.9%) was obtained by using 1.5 mg

HQMADA, 50 lg SnCl2�2H2O, pH 8 and 30 min reaction

time. Biodistribution studies in mice were carried out in

experimentally induced infection in the left thigh using

E. coli. 99mTc-HQMADA complex showed higher uptake

(T/NT = 5.5 ± 0.3) in the infectious lesion than the com-

mercially available 99mTc-ciprofloxacin (T/NT = 3.8 ±

0.8). Biodistribution studies for 99mTc-HQMADA complex

in Albino mice bearing septic and aseptic inflammation

models showed that 99mTc-HQMADA complex able to dif-

ferentiate between septic and aseptic inflammation.
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Introduction

Infectious diseases remain a major health problem and

cause of death worldwide, particularly in developing

countries. Timely and specific diagnosis of infection dis-

eases can be clinically challenging but essential for the

patient’s outcome. Clinicians use a variety of clues, e.g.

clinical, laboratory, and radiological tests, to give a good

diagnosis of infection as earlier as possible. Several

imaging methods like ultrasonography (US), computer

tomography (CT), and magnetic resonance imaging (MRI)

are available and have been used for the past several dec-

ades for the localization of infection. But it is well known

that these are not the best of methods for the localization of

infection at early stages. These procedures detect the

morphologic alterations of the tissues after significant

process has taken place in the infective process leading to

abscess formation [1]. The radiopharmaceuticals routinely

used for scintigraphic detection include 67Ga-citrate [2, 3]

and 99mTc or 111In-labelled leukocytes. 67Ga-citrate has

been used for identify infection for more than three decades

but it presents a low specificity and exposes the patient to a

high dose of radiation [4, 5]. Leukocytes labeled with 99mTc

is considered ‘‘gold standard’’ for imaging of infections and

inflammation but in vitro labeling process is labor and

involves direct handling of blood potentially contaminated

[4, 6].

Considering these radiopharmaceuticals disadvantages

efforts has been devoted to the search of new agents for

scintigraphic imaging which allows for the quick and

efficient identification of inflammatory and infecious foci,

with a high level of sensitivity and specificity [7, 8].

One of the most important radiopharmaceuticals that are

now currently available for imaging infection is the anti-

microbial agent ciprofloxacin labeled with 99mTc, which has
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probably shown the best results. However, previously

reported data about the labeling yield, stability and speci-

ficity of 99mTc-ciprofloxacin for infection are contradictory

[1, 9–14]. Therefore, other antimicrobial agents such as

levofloxacin [15], pefloxacin [16], lomefloxacin [17],

cefoperazone [18], cefuroxime [19], sparafloxacin [20],

difloxacin [21], and moxifloxacin [22] were labeled with
99mTc to be used for imaging sites of infection and to

overcome the drawback of 99mTc-ciprofloxacin. 2, 20-
((8-hydroxyquinolin-7-yl)methyl azanediyl) diacetic acid

(HQMADA) carries the pharmacophoric group iminodi-

acetic acid IDA (essential for complexing with 99mTc for

imaging effect) is a simple broad spectrum antibacterial

drug. In the present study HQMADA was synthesized,

characterized and the labeling conditions for 99mTc-

HQMADA complex was studied in detail and the biological

distribution in inflammation bearing animals was studied.

Experimental

Melting point was determined using a Mettler FP 80 melting

point apparatus and is uncorrected. The infrared spectrum

(IR) was recorded on Perkin Elmer, FT-IR, using potassium

bromide disc. 1HNMR spectrum was recorded on a Varian

XL 500 MHz FT spectrometry; chemical shifts are expres-

sed in d ppm with reference to TMS. Mass spectrum (MS)

was performed on a Joel JMSAX 500 mass spectrometer

using the electron ionization technique. Thin layer chro-

matography was performed on precoated (0.75 mm) silica

gel GF254 plates (E. Merck, Germany). HQMADA was

detected with 254 nm UV lamp.

2,20-[(8-Hydroxyquinolin-7-

yl)methylazanediyl]diacetic acid (HQMADA)

A mixture of paraformaldehyde (0.18 g, 0.002 mol) and

iminodiacetic acid (0.528 g, 0.004 mol) in DMF (25 mL)

was refluxed for 30 min. 8-hydroxyquinoline (0.29 g,

0.002 mol) was added and the reaction mixture was

refluxed for 24 h. The reaction mixture was concentrated

under reduced pressure and then poured onto ice-water.

The solid formed was filtered, washed several times with

diethyl ether and crystallized from DMF (mp 210-212,

yield 27%) (Fig. 1). The formed pale yellow crystal was

characterized as follow: The IR spectrum (t, cm-1)

exhibited bands at 2400–3667 (OH of carboxylic acid

moiety and OH of quinoline ring); 1550–1621 (the car-

boxylate ion). Its 1HNMR: d ppm (DMSO-d6) showed

peaks at d 2.7 and 2.8 (s, 4H, 2 CH2–COOH), 3.4 (s, 2H,

CH2–N), 7.6–9 (m, 5H, aromatic protons) and 9.9 (s, 1H,

aromatic C–OH). 13CNMR: d ppm (Acetic Acid) showed

peaks at d 30.69, 35.88 & 43.79 (3 9 CH2), 122–160.87

(aromatic carbons), 178.52 (2 9 CO). Its MS showed the

molecular ion peak at m/z 290.

Elemental analysis calculated for C14H14N2O5: C

57.93%; H 4.86%; N 9.65. Found: C 57.31; H 4.52; N 9. 19.

Labeling of quinoline by technetium-99m

A specific amount of HQMADA (1.5 mg) dissolved in

0.5 mL DMF and 0.5 mL phosphate buffer of pH 8 was

added, 50 lL of freshly prepared deoxygenated aqueous

solution of stannous chloride dihydrate and sodium per-

technetate (1–1.5 GBq) were introduced and mixed in

sterile and under positive nitrogen gas pressure glass vial,

closed with a rubber stopper and an aluminum cap. The

mixture was agitated in a vortex mixer and left to react at

room temperature (25 �C) for 30 min. The factors that

affect the labeling yield like quinoline amount (0.5–2 mg),

stannous chloride amount (10–100 lL), reaction time

(5–120 min) and pH of the reaction mixture (2–11) were

studied to optimize the reaction conditions.

Quality control

Radiochemical yield and purity

The radiochemical yield and purity of 99mTc-HQMADA

complex were determined by thin layer chromatography

(TLC) and high performance liquid chromatography

(HPLC).

TLC analysis

The radiochemical yield of 99mTc-HQMADA complex was

determined according to the following method:

The percentage of reduced hydrolyzed technetium-99m

(RH99mTc) and stannous hydroxide colloids were deter-

mined by filtration of the reaction mixture through 0.22 lm

N

OH

NH COOH

COOH

paraformaldehyde

N

OH

N

HOOC

HOOC

Fig. 1 Scheme of synthesis of

HQMADA
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Millipore filter by using a suitable pressure. TLC-SG sheets

were marked 2 cm from the base and lined into fragments

1 cm each up to 14 cm using non-pointed pencil. A spot

(5 mL) from the reaction mixture obtained after filtration

was applied using micropipette and then the sheet was

developed in an ascending manner in a closed jar containing

the developing solvent of methyl ethyl ketone (MEK). The

sheets after complete development were removed, dried, and

cut into strips, each strip is 1 cm width, and then the strips

were counted in a well type c-counter.

HPLC analysis

It was further confirmed by a Shimadzu HPLC system, which

consists of pumps LC-9A, Rheodyne injector and UV

spectrophotometer detector (SPD-6A) operated at a wave-

length of 254 nm. Chromatographic analysis was performed

by injection of 5 lL from the reaction mixture of HQMADA

into a reversed-phase column (RP-18-250 9 4 mm, 5 lm,

Lichrosorb). The column was eluted with 10% ethanol in

0.2 M phosphate buffer pH 7.2 and the flow rate was adjusted

to 0.5 mL/min. Then fractions of 0.5 mL were collected

separately using a fraction collector up to 14 mL and counted

in a well-type c-scintillation counter.

Stability of 99mTc-HQMADA in serum

Stability of 99mTc-HQMADA was studied in vitro by mixing

1.8 mL of normal serum and 0.2 mL of 99mTc-HQMADA

complex and incubated at 37 �C for 24 h. Exactly 0.2 mL

aliquots were withdrawn during the incubation at different

time intervals up to 24 h and subjected to ITLC for deter-

mination the percent of 99mTc-HQMADA complex, reduced

hydrolyzed technetium and free pertechnetate.

In vitro binding of 99mTc-quinoline to bacteria

Binding of 99mTc-HQMADA to both living and heat killed

E. coli bacteria was assessed by the method described

elsewhere [23]. Briefly, 0.1 mL of sodium phosphate buf-

fer containing about 5 MBq of 99mTc-HQMADA complex

was transferred to a test tube. Exactly, 0.8 mL of 50% (v/v)

of 0.01 mol/L acetic acid in phosphate buffer containing

approximately 1 9 108 bacteria was added. The mixture

was incubated for 1 h at 4 �C and then centrifuged for

5 min at 2000 rpm at 4 �C. In competition experiments,

bacteria were pre-incubated for 1 h with 50–100 fold

excess of unlabeled HQMADA before addition of radio-

labeled HQMADA. The supernatant was removed and the

bacterial pellet was gently resuspended in 1 mL of ice

cooled phosphate buffer and recentrifuged. The supernatant

was removed and the radioactivity in the bacterial pellet

was determined by a c-counter. The radioactivity related to

bacteria was expressed in percent of the added 99mTc

activity bound to bacteria with regard to total 99mTc

activity.

Induction of infectious foci

A single clinical isolation of Escherichia coli (E. coli) from

biological samples were used to produce focal infection.

Individual colonies were diluted in order to obtain turbid

suspension. Groups of three mice were intramuscularly

injected with 200 lL of the suspension in the left lateral

thigh muscle. Twenty-four hours required to get gross

swelling in the infected thigh.

Induction of non-infected inflammation

Sterile inflammation was induced by injecting 200 lL of

turpentine oil, sterilized by autoclaving at 121 �C for

20 min., intramuscularly in the left lateral thigh muscle of

the mice. Two days later, swelling appeared.

Induction of heat killed E. coli (non-infected inflammation)

Sterile inflammation was induced by injecting 200 lL of

heat killed E. coli, sterilized by autoclaving at 121 �C for

20 min., intramuscularly in the left lateral thigh muscle of

the mice. Two days later, swelling appeared.

Differences in the data were evaluated with the Student

t test. Results for P using the 2-tailed test are reported and

all results are given as mean ± SEM. The level of signif-

icance was set at P \ 0.05.

Results and discussion

Radiochemical purity and stability of 99mTc-HQMADA

complex were assessed by thin layer chromatographic

method and reversed-phase high-performance liquid chro-

matography. In thin layer chromatography using MEK as

the developing solvent, free 99mTcO4
- moved with the

solvent front (Rf = 1), while 99mTc-HQMADA remained

at the point of spotting (Rf = 0). Reduced hydrolyzed

technetium was determined by filtration of the reaction

mixture through 0.22 lm Millipore filter and the percent-

age of colloid was determined according to the following

equation:

% Colloids

¼ Activity before filtration�Activity after filtration

Total activity
� 100

The radiochemical purity was determined by subtracting

the sum of the percent of colloid and free pertechnetate
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from 100%. The radiochemical yield is the mean value of

three experiments.

An HPLC radiochromatogram is presented in Fig. 2 and

showed two peaks, one at fraction No. 5, which corresponds

to 99mTcO4
-, while the second peak was collected at fraction

No. 12.6, which corresponds to 99mTc-HQMADA complex,

which was found to coincide with the UV signal.

Factors affecting the labeling yield

Effect of reaction time

The radiochemical yield of 99mTc-HQMADA was studied

at different reaction times (5–60 min) in the presence of

stannous chloride dihydrate and pH 8 as shown in Table 1.

It is clear that the labeling yield increased from 47.5 to

91.9% by increasing the reaction time from 5 to 30 min.

The radiochemical yield reaches the saturation value and is

not affected by increasing the reaction time above 30 min.

Effect of HQMADA amount

The radiochemical yield of 99mTc-HQMADA, as a function

of HQMADA concentration was studied as shown in

Fig. 3. The results clarify that the radiochemical yield of
99mTc-HQMADA increased from 84 to 91.9% by increas-

ing the amounts of HQMADA from 0.5 to 1.5 mg. The

amount of HQMADA higher than 1.5 mg has no effect on

the labeling yield. This may be attributed to the fact that

the amount of HQMADA at 0.5 mg is insufficient to shift

completely the complex formation equilibrium towards the

final complex, while 1.5 mg can shift it with higher effi-

ciency. Increase in the amount of HQMADA above 1.5 mg

does not modify substantially the yields.

Effect of stannous chloride dihydrate amount

For contributing most of technetium-99m to increase the

labeling yield of radiopharmaceuticals, SnCl2�2H2O

remained the best reducing agent for reduction of 99mTc

from (VII) to lower valence state, which facilitates its che-

lation by compounds of diagnostic importance. The influ-

ence of stannous chloride amount on the labeling process

was studied as shown in Fig. 4. The experiment was carried

out by adding different volumes of nitrogen purged stannous

chloride dihydrate solution to the solution of HQMADA and

pertechnetate in closed penicillin vial (10 mL) kept under

positive nitrogen gas pressure. The results clarify that the

labeling yield increased from 60 to 91.9% by increasing the

amount of SnCl2�2H2O from 10 to 50 lg. By increasing

the stannous chloride amount more than 50 lg, the labeling

yield decreased. This may be due to the fact that most of the

ligand molecules were consumed in the formation of com-

plexes, so the pertechnetate is reduced to insoluble techne-

tium (IV) TcO2�xH2O in the absence of ligand [24] or due to

the fact that the excess amount of stannous chloride leads to

the formation of stannous hydroxide colloid Sn(OH)3
- in

basic medium [25] as the very high Sn(II) concentration

increases the reduction reaction rate to colloid formation so
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Fig. 2 HPLC radiochromatogram of 99mTc-HQMADA

Table 1 Effect of the reaction time on the radiochemical yield of
99mTc-HQMADA

Reaction time (min) 99mTc-HQMADA (%) 99mTcO4
- (%)

5 47.5 ± 1.5 52.5 ± 1.9

15 88.1 ± 2.8 11.9 ± 1.1

30 91.9 ± 3.5 8.2 ± 0.8

45 91.8 ± 3.4 8.1 ± 0.9

60 91.9 ± 3.1 8.1 ± 1
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that it becomes more competitive with respect to the com-

plexation reaction thus decreasing the labeling yields. Most

of the radiochemical impurities found are colloids equal to

16.9% at 100 lg SnCl2�2H2O.

Effect of pH of the reaction mixture

The data presented in Table 2 reflect the results obtained

from the labeling of HQMADA with technetium-99m at

different pH values. The results confirm the influence of pH

of the reaction mixture on the radiochemical yield of
99mTc-HQMADA. The percentage of 99mTc-HQMADA

increased gradually with increasing the pH up to 8 to give a

labeling yield of 91.9% at 25 �C within 30 min. By

increasing the pH of the reaction medium above pH 8 the

yield of 99mTc-HQMADA slightly decreased and reached

81% at pH 11. At low pH (pH 4), the low values of the

labeling yield may be attributed to the formation of

unstable 99mTc-HQMADA complexes, which decompose

after destroying the reductive medium. At pH 8, the

labeling yield increased to 91.9%, which may be attributed

to the deprotonation of the HQMADA that is surely present

at high pH values and increased the stability of TcO(V)-

(HQMADA)2 complex. Higher OH- concentration could

be responsible for the partial hydrolysis of the complex and

oxidation of Tc(V) to pertechnetate.

In vitro stability of 99mTc-HQMADA

The stability of 99mTc-quinoline was studied in order to

determine the suitable time for injection to avoid the for-

mation of the undesired products that result from the

radiolysis of the labeled compound. These undesired

radioactive products may be accumulated in non-target
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Table 2 Effect of pH of the reaction medium on the radiochemical

yield of 99mTc-HQMADA

pH value 99mTc-quinoline (%) 99mTcO4
- (%)

4 45.5 ± 1.5 54.5 ± 1.9

6 68 ± 2.8 32 ± 2.1

8 91.9 ± 3.5 8.1 ± 1.1

9 85.7 ± 1.9 14.3 ± 0.9

11 81 ± 2.1 19 ± 2.0
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organs. Table 3 clarifies the stability of 99mTc-HQMADA

complex. The results show that 99mTc-HQMADA complex

is stable up to 8 h.

Stability test

Incubation of the preparation containing 99mTc-HQMADA

in normal serum for 24 h at 37 �C resulted in a small

release of radioactivity (8.5 ± 2.7%, n = 5 experiments)

from the 99mTc-HQMADA, as determined by HPLC and

ITLC.

In vitro binding studies

In vitro binding of 99mTc-HQMADA to bacteria (49–57%)

was similar to that of 99mTc-ciprofloxacin [22] (40–65%).

Competition binding of the 99mTc-HQMADA to E. coli was

assessed by pre-incubating the bacteria with 10–100 fold

excess of the unlabeled corresponding HQMADA and then

assessing the amount of radioactivity bound to the bacteria.

The results reveal that pre-incubating with 100-fold excess

of HQMADA significantly decreased the binding of 99mTc-

HQMADA to E. coli but in case of killed E. coli the added

unlabelled HQMADA does not affect the binding percent-

age indicating that; 99mTc-HQMADA complex is a specific

agent for bacterial cells Fig. 5.

Biodistribution

Data in Table 4 revealed that, after 24 h of tracer admin-

istration the major part of activity of 99mTc-HQMADA was

found in liver (9.7 ± 0.4% ID) and intestine (33.7 ± 2.8%

ID). The amount of accumulated activity in the left thigh

inflamed tissue was nearly five and half fold higher than

that in the right thigh control tissue in the live E. coli mice

Table 3 Stability of 99mTc-HQMADA

Time (h) 99mTc-quinoline (%)

1 91.8 ± 1.5

2 91.9 ± 2.8

4 91.1 ± 3.5

6 91 ± 1.9

8 89.7 ± 2.1
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Fig. 5 In vitro binding of the 99mTc-HQMADA to E. coli (n = 4)

Table 4 Biodistribution of 99mTc-HQMADA in E. coli, heat killed E. coli and turpentine oil inflamed rats at different time intervals

Organs and

body fluids

% Injected dose/organs at different time intervals (h)

E. coli Heat killed E. coli Turpentine oil

2 4 24 2 4 24 2 4 24

Inflamed

muscle

1.38 ± 0.2 1.25 ± 0.11 1.15 ± 0.06 0.53 ± 0.01 0.46 ± 0.02 0.36 ± 0.0 0.63 ± 0.0 0.46 ± 0.01 0.34 ± 0.0

Control

muscle

0.2 ± 50.1 0.23 ± 0.02 0.22 ± 0.0 0.24 ± 0.0 0.22 ± 001 0.2 ± 0.0 0.25 ± 0.0 0.22 ± 0.0 0.2 ± 0.0

Liver 14.9 ± 3.2 17.1 ± 2.0 9.7 ± 0.4 15.2 ± 2.4 18.3 ± 2.2 9.9 ± 0.5 15.0 ± 3.0 19.2 ± 2.2 10.2 ± 0.6

Urine 19.5 ± 3.5 27.9 ± 4.2 31.9 ± 3.1 18.1 ± 1.3 25.3 ± 1.1 32.4 ± 2.7 19.0 ± 0.9 27.4 ± 1.8 31.8 ± 2.4

Kidneys 13.2 ± 1.2 11.7 ± 1.3 7.9 ± 0.4 13.9 ± 1.3 11.2 ± 2.3 7.5 ± 0.7 14.3 ± 2.5 13.0 ± 1.2 6.9 ± 0.3

Blood 6.3 ± 0.4 4.1 ± 0.2 1.00 ± 0.0 7.10 ± 0.2 5.0 ± 0.2 1.3 ± 0.1 6.5 ± 0.2 4.3 ± 0.2 1.0 ± 0.0

Heart 0.4 ± 0.1 0.1 ± 0.0 0.09 ± 0.0 0.3 ± 0.09 0.1 ± 0.0 0.1 ± 0.0 0.4 ± 0.08 0.2 ± 0.0 0.1 ± 0.0

Lung 1.3 ± 0.2 0.3 ± 0.0 0.1 ± 0.0 1.1 ± 0.09 0.2 ± 0.0 0.1 ± 0.0 1.4 ± 0.09 0.4 ± 0.1 0.2 ± 0.0

Intestine 22.9 ± 2.5 26.1 ± 0.5 33.7 ± 0.3 22.1 ± 3.4 24.5 ± 0.4 31.2 ± 0.7 18.9 ± 1.9 21.9 ± 0.8 31.9 ± 0.4

Stomach 1.9 ± 0.02 2.3 ± 0.0 2.9 ± 0.0 1.1 ± 0.09 1.2 ± 0.0 3.1 ± 0.2 1.4 ± 0.09 2.4 ± 0.1 3.2 ± 0.0

Spleen 2.40 ± 0.1 1.20 ± 0.2 0.3 ± 0.1 2.3 ± 0.3 1.3 ± 0.0 0.5 ± 0.1 2.1 ± 0.1 1.3 ± 0.0 0.3 ± 0.0

Bone 0.90 ± 0.1 0.50 ± 0.1 0.20 ± 0.0 1.1 ± 0.0 0.5 ± 0.1 0.3 ± 0.0 1.1 ± 0.2 0.5 ± 0.1 0.1 ± 0.0

T/NT 5.52 ± 0.2 5.43 ± 0.0 5.22 ± 0.0 2.2 ± 0.09 2.1 ± 0.0 1.8 ± 0.0 2.5 ± 0.09 2.1 ± 0.1 1.7 ± 0.0
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model but in the turpentine oil mice model and in the killed

E. coli mice model, the T/NT value was nearly equal to 2

Fig. 6. As a result 99mTc-HQMADA complex is specific

agent and can differentiate bacterial infection from sterile

inflammation.

Conclusion

99mTc-HQMADA complex can be prepared easily with a

high labeling yield (91.9%) and stability (up to 8 h) than

the commercially available 99mTc-ciprofloxacin. These

findings, combined with the advantages of the high T/NT

value and in vitro binding of 99mTc-HQMADA complex,

was promising enough to state that 99mTc-HQMADA could

be used instead of the commercially available 99mTc-cip-

rofloxacin as infection imaging agent.
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