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Abstract Meropenem was successfully radiolabeled with
99mTc in high labeling yield (92 ± 2%) and stability

(*6 h). 99mTc–meropenem showed high accumulation in

tumor hypoxic tissue (4.193% injected dose/g organ).
99mTc–meropenem showed high ability to differentiate the

tumor tissue from inflamed or infected tissues in different

mice models as its T/NT ratio *4 in case of tumor mice

model while T/NT ratio *1 in case of inflamed mice

model. So, 99mTc–meropenem showed high selectivity in

comparison with FDG-PET and 99mTc-nitroimidazole

analogues. Thus, 99mTc–meropenem could be used as a

selective potential imaging agent for diagnosis of tumor

hypoxia.
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Introduction

Nuclear oncology, as a tool for tumor imaging [e.g. Single

Photon Emission Computed Tomography (SPECT) and

Positron Emission Tomography (PET)], is the medical

branch which involves a large variety of procedures to

assess patients with already-known or unspecified neo-

plastic conditions [1]. The differences of the pathological

and physiological processes between the tumor cells and

the normal ones allow the differentiation of the tumor tis-

sue from the normal tissue [2, 3]. Tumor imaging tech-

niques depend on the approach of developing specific

radiopharmaceuticals able to target the radiotracer to the

specified tumor tissues with high T/NT ratios showing high

selectivity and specificity [4]. Tumor hypoxia is a patho-

logical condition in which tumor cells lack the oxygen

required for their normal metabolic pathways [5, 6], and it

occurs when the size of a tumor increases to a range dis-

rupting the balance between supply and consumption of

oxygen in the area. Up to 50–60% of the advanced solid

tumors may exhibit hypoxic tissue areas due to the rapid

proliferation and vascular abnormalities [5–7]. Hypoxia

represents a basic role for the tumor resistance for radio-

therapy. The development of noninvasive imaging radio-

pharmaceutical targeted to tumor hypoxia represents a

solution for the wide limitation of the invasive methods to

measure hypoxia. In the development of hypoxia imaging

agent, nitroimidazole analogues, which are enzymatically

reduced and accumulated in hypoxic regions, have received

great attention as hypoxia imaging agents. Several 99mTc

labeled nitroimidazole analogues have been reported,

however they showed some defects like, lower tumor

uptakes and slow blood clearance [8–13]. Currently,
18F-fluoromisonidazole ([18F] FMISO) has been used to

evaluate tumor hypoxia [14, 15]. However, the short half

life and high cost of the [18F] isotope restrict its wide

application in clinical nuclear medicine. Differentiation

between tumor and inflammation is the main fundamental

unsolved problem in the staging of malignant tumors [16,

17]. The well recognized limitation of FDG-PET, which

gives rise to false positive results, is the high uptake of

FDG in human [16–18] and experimental inflammatory

lesions [19–26]. Therefore, tumor imaging tracers are

required that accumulate exclusively in tumor cells [27].
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Meropenem, Fig. 1, is a beta-lactam carbapenem antibiotic

for parenteral use which exerts bactericidal action by

interfering with vital bacterial cell wall synthesis and it

penetrates well into many tissues and body fluids [28]. This

work aims to label meropenem with 99mTc under different

experimental conditions and investigation of the potential

use of 99mTc–meropenem (prepared under the optimum

conditions) as a potential SPECT probe for tumor hypoxia,

using a mouse model.

Experimental

All of the chemical reagents were of AR grade and bidis-

tilled water was used for solution preparation. Meropenem

was obtained as a gift from Astra Zeneca Company. Albino

mice, each of 20–25 g, were used for the biological dis-

tribution study. A NaI(Tl) c-ray scintillation counter

(Scaler Ratemeter SR7 model, England) was used for the

measurement of c-ray radioactivity. A HPLC (Hitachi

model, Alphabond C18 125A 10U column with I.D. 3.9

and length 300 mm, Japan) was used to analyze the purity

of the prepared 99mTc–meropenem. 99mTc was eluted as
99mTcO4

- from 99mMo/99mTc generator (radionuclidic

purity: 99.99%, radiochemical purity: 99.99%, activity:

1 Ci, Elutec Brussels, Belgium).

Preparation of 99mTc–meropenem complex

Labeling procedure

Exactly weight 3 mg amounts of meropenem, dissolved in

1 mL N2-purged distilled water, were separately trans-

ferred to evacuated penicillin vials. Then, 1 mL of phos-

phonate buffer at different pH ranging from 3 to 9.5 were

added. Exactly 4 lg of SnCl2�2H2O were added to each

vial followed by 1 ml of freshly eluted 99mTcO4
-

(400 MBq) was added to each vial. The reaction mixtures

were left at room temperature for 5 min. The same pro-

cedure was repeated with varying SnCl2�2H2O amounts

(4–100 lg), varying meropenem amounts (1–15 mg), and

different reaction times (1–240 min).

Radiochemical purity of 99mTc–meropenem complex

The radiochemical purity, percent labeling yield, of the

labeled 99mTc–meropenem complex was determined by

using ascending paper chromatographic technique and

HPLC. Strips of Whatman No. 1 paper chromatography of

13 cm long and 0.5 cm wide were marked at a distance of

2 cm from the lower end and lined into sections 1 cm each

up to 10 cm. A spot from 99mTc–meropenem complex

solution was applied using hypodermic syringe, and then

the strip was developed in an ascending manner in a closed

jar filled with N2 gas. The developing solvents were

acetone for developing one paper and a mixture of

ethanol:water:ammonium hydroxide (2:5:1) for developing

a duplicate paper strip. After complete development, the

strips were dried and cut into fragments 1 cm each. Then

the sections were assayed in a NaI(Tl) c-ray scintillation

counter.

The HPLC analysis of 99mTc–meropenem complex was

done by injection of 10 lL 99mTc–meropenem complex,

after 0.22 lm Millipore filtration, into the column (RP-18.

300 9 3.9 mm2, Alphabond) and UV spectrophotometer

detector (SPD-6A) which was adjusted to the 270 nm

wavelength. The column was eluted with mobile phase

(acetonitrile: 0.05 M phosphate buffer pH 7: H2O mixture

in ratio 30:5:65) and the flow rate was adjusted to

1 mL/min [29]. Fractions of 1 mL were collected sepa-

rately using a fraction collector up to 20 and counted in a

well-type NaI(Tl) detector connected to a single channel

analyzer.

In vitro stability of 99mTc–meropenem complex

The in vitro stability of 99mTc–meropenem complex was

investigated as a function of time up to 6 h post labeling.

Biodistribution study

The study was approved by the animal ethics committee,

Labeled Compound Department, and was in accordance

with the guidelines set out by the Egyptian Atomic Energy

Authority. Target organ uptake of 99mTc–meropenem com-

plex was evaluated in male Albino Swiss mice weighing

20–25 g. A volume of 0.1 mL of 99mTc–meropenem

complex containing 185–1850 kBq was intravenously

injected in the tail vein of mice. The animals were anes-

thetized by chloroform at the predesigned time interval

and their body organs and fluids were separated, weighted

and their radioactivities were assayed using a NaI(Tl)

c-ray scintillation counter. Biological distribution of
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Fig. 1 Meropenem chemical structure
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99mTc–meropenem complex in mice organs and fluids was

studied as a function of time, 20, 60 and 100 min post

injection. The percentages of the injected dose/g organ or

fluids were calculated. Differences in the data were evalu-

ated with the Student t test. Results for P using the 2-tailed

test are reported and all the results are given as mean ±

SEM. The level of significance was set at P \ 0.05.

These procedures were performed on three different mice

models where T/NT ratio are calculated and compared.

Tumor hypoxia bearing mice model

The parent tumor line (Ehrlich Ascites Carcinoma) was

withdrawn from 7 days old donor female Swiss Albino

mice and diluted with sterile physiological saline solution

to give 12.5 9 106 cells/mL. Exactly 0.2 mL solution was

then injected intramuscularly in the right thigh to produce a

solid tumor. The animals were maintained till the tumor

development was apparent (10–15 day).

Bacterial infection bearing mice model

Induction of infectious foci in mice was induced as follow:

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 [30–32]. Then, the mice were left for 24 h to

get a gross swelling in the infected thigh.

Sterile inflammation bearing mice model

Sterile inflammation was induced by injecting 200 lL of

turpentine oil [32, 33], sterilized by autoclaving at 121 �C

for 20 min, intramuscularly in the left lateral thigh muscle

of the mice. Two days later, swelling appeared.

Results and discussion

Radiochemical purity of 99mTc–meropenem complex

The radiochemical purity, percent labeling yield, of the

prepared 99mTc–meropenem complex was checked by two

chromatographic techniques.

1. Ascending paper chromatographic technique, using

acetone as a developing solvent where free 99mTcO4
- was

moved with the solvent front (Rf = 1) while other species

(reduced hydrolyzed-99mTc colloid and 99mTc–meropenem

complex) remained at the point of spotting. When a mixture

of ethanol: water: ammonium hydroxide (2:5:1) was used as

a developing solvent, reduced hydrolyzed-99mTc colloid

remained at the origin (Rf = 0) while free 99mTcO4
- and

99mTc–meropenem complex migrate to the top of the paper.

The percent of 99mTc–meropenem complex was deter-

mined as follows:

% Labeling yield ¼ 100� % Free99mTcO�4
�

þ % Reduced hydrolyzed

�99mTc colloid
�

2. An HPLC radiochromatogram (Fig. 2) showed two

peaks, one at fraction number 5, which corresponds to
99mTcO4

2, while the second peak was collected at fraction

number 20 which corresponds to 99mTc–meropenem

complex, which was found to coincide with the UV

signal. Nearly, 98% of the injected activity in the HPLC

was recovered as collected activity.

Effect of pH of the reaction medium

Figure 3 clearly shows that, the pH is critical factor for the

formation of the 99mTc–meropenem complex and the

maximum labeling yield of 99mTc–meropenem complex

(92 ± 2%) was obtained at pH value equal to 9.

4 6 8 10 12 14 16 18 20

0

500

1000

1500

2000

2500

3000

20.0

5.0

U
V

 s
ig

na
l

Retention time, minutes

C
ou

nt
s/

m
in

ut
es

 x
 1

00

  Radioactive

  UV

Fig. 2 HPLC radiochromatogram of 99mTc–meropenem complex
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Fig. 3 Effect of pH of the reaction medium on the percent labeling

yield of 99mTc–meropenem complex
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Effect of meropenem content

Meropenem content ranging from 1 to 15 mg was studied

as shown in Fig. 4. At 1 mg meropenem, low percent

labeling yield (64%) was obtained which increased with

the increasing of the meropenem content till reach its

highest yield (92 ± 2%) at 3 mg meropenem. Increasing

the meropenem content beyond to 3 mg, the labeling yield

decreased.

Effect of SnCl2�2H2O content

The SnCl2�2H2O content, in the range of 4–100 lg, was

investigated affecting the percent labeling yield of the
99mTc–meropenem complex as shown in Fig. 5. At

SnCl2�2H2O content 4 lg, the maximum labeling yield

(92 ± 2%) was obtained. By increasing the SnCl2�2H2O

content up to 100 lg, the percent labeling yields were

decreased extensively. This may be due to the fact that

most of the ligand molecules were consumed in the for-

mation of complexes, so the pertechnetate is reduced to

insoluble technetium (IV) TcO2�xH2O in the absence of

ligand [34] or due to the fact that the excess amount of

stannous chloride leads to the formation of stannous

hydroxide colloid Sn(OH)3 (62 ± 1.1% at 100 lg

SnCl2�2H2O) in basic medium [35]. So, the optimum

amount of SnCl2�2H2O content required for the formation

of 99mTc–meropenem complex was 4 lg.

Effect of reaction time

The formation of 99mTc–meropenem complex was rela-

tively fast as the maximum labeling yield was obtained at

5 min and remained constant up to 1 h.

So, by studying all the factors affecting the labeling

yield of 99mTc–meropenem starting from meropenem

amount, SnCl2�2H2O content, pH and time, it was found

that the highest labeling yield (92 ± 2%) was formed with

3 mg meropenem and 4 lg SnCl2�2H2O at pH 9 after

5 min reaction time.

In vitro stability of 99mTc–meropenem complex

The in vitro stability results of 99mTc–meropenem complex

indicated that the labeled product remained nearly stable

for more than 6 h after labeling.

Biodistribution study

Figure 6 shows the T/NT ratios of the three induced states

in mice at different time intervals. This figure approve that
99mTc–meropenem is a very selective and specific tumor

hypoxia imaging agent able to differentiate between dif-

ferent clinically manifested cases like infection or inflam-

mation and the tumor which already cleared by the T/NT

ratios of both of the bacterial infection and the inflamma-

tion as that their T/NT ratios *1 at all time intervals

while in case of the tumor hypoxia case it reaches high

T/NT ratio *4 at 60 min. This approach shows that
99mTc–meropenem is highly advance than FDG-PET which

gives rise to false positive results in experimental inflam-

matory lesions [16–26].

Table 1 represents the biological distribution of
99mTc–meropenem in tumor hypoxia bearing mice model

showing the % accumulation in body organs and fluids

expressed as % injected dose/g organ (fluid) (% ID/g). The

high activity of both of the liver and kidneys approves that

the 99mTc–meropenem excretion is through the two path-

ways renally and hepatobilliary. The high percent tumor
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hypoxia uptake of 99mTc–meropenem (4.193 at 100 min)

shows high affinity to the tumor tissue if compared with

different tumor imaging agents like 99mTc(CO)3-VIP and
99mTc–polyamine analogues which showed percent tumor

hypoxia uptake ranging from 0.5 to 1 [36–38].

Conclusion

99mTc–meropenem represents a potential tumor hypoxia

imaging agent able to overcome two main problems of the

commonly used agents, as it highly accumulates in the

tumor cells showing %ID/g 4.193 and has a very powerful

ability to differentiate between inflamed or infected tissues

from the tumor tissues showing T/NT ratio *4. So, this

paper can implement new potential specific and selective

tumor hypoxia imaging agent which is 99mTc–meropenem.
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