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Abstract The optimization of the radiolabeling yield of

cefazolin with 99mTc was described. Dependence of the

labeling yield of 99mTc-cefazolin complex on the amounts

of cefazolin and SnCl2�2H2O, pH and reaction time was

studied. Cefazolin was labeled with 99mTc with a labeling

yield of 89.5 % by using 1 mg cefazolin, 5 lg SnCl2�2H2O

at pH 4 and 30 min reaction time. The radiochemical purity

of 99mTc-cefazolin was evaluated with ITLC. The formed
99mTc-cefazolin complex was stable for a time up to 3 h,

after that the labeling yield decreased 64.0 % at 8 h. Bio-

logical distribution of 99mTc-cefazolin complex was

investigated in experimentally induced inflammation mice,

in the left thigh, using Staphylococcus aureus (bacterial

infection model) and turpentine oil (sterile inflammation

model). Both thighs of the mice were dissected and

counted and the ratio of bacterial infected thigh/contralat-

eral thigh was then evaluated. In case of bacterial infection,

T/NT for 99mTc-cefazolin complex was 8.57 ± 0.4 after

0.5 h, which was higher than that of the commercially

available 99mTc-ciprofloxacin under the same experimental

conditions. The ability of 99mTc-cefazolin to differentiate

between septic and aseptic inflammation indicates that
99mTc-cefazolin could undergo further clinical trials to be

used for imaging sites of infection.
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Introduction

Bacterial infection is a major problem worldwide, and

especially in the developing countries. Many a time these

processes result in significant patient morbidity, permanent

disability or even death [1]. Infections, especially internal

infections, resulting in delayed diagnosis, treatment, and

sometimes death, were difficult to detect in the early stages.

Several imaging methods like ultrasonography (US),

computer tomography (CT) and magnetic resonance

imaging (MRI) are available and have been used for the

past several decades 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 sig-

nificant process has taken place in the infective process

leading to abscess formation [2]. Nuclear medical imaging

has an important role in discriminating infections from

inflammations. Inflammatory processes can be visualized

in their early phases, when anatomical changes are not yet

apparent since scintigraphic images are based on functional

changes of tissues. In this connection, various radiophar-

maceuticals, such as radiolabeled antimicrobial peptides

and antibiotics have been developed [3–5]. The early

detection of the infectious focus by radionuclide imaging

helps both patient and physician and reduces the time and

cost of treatment. The radiopharmaceuticals routinely used

for scintigraphic detection include 67Ga-citrate [6], 99mTc

or 111In-labeled leukocytes [7], 99mTc-nano-colloid [8],
99mTc or 111In-labeled HIG (human polyclonal immuno-

globulin) [9, 10] and 99mTc-ubiquicidin-29-41 [11–13].

On the other hand, a non-specific 99mTc-human immu-

noglobulin (HIG) [14] and liposomes [15, 16] accumulate at

an infection/inflammatory site without distinction between

bacterial infection and non-bacterial inflammation. The
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mechanism of non-specific localization is facilitated by

locally enhanced vascular permeability [14]. Recently, sev-

eral radiopharmaceuticals have been developed to differen-

tiate between infection and sterile inflammation [17–20].

However, none of these are infection specific because sen-

sitivity and specificity can differ according to the type of

micro-organism, infection, infection site and clinical con-

ditions/response. Clearly, radiopharmaceuticals that bind to

a variety of bacteria would be better candidates for specific

infection imaging [21]. The first to be proposed was cipro-

floxacin radiolabeled with 99mTc, which is supposed to bind

to DNA-gyrase and topoisomerase IV of bacteria, as does

unlabeled ciprofloxacin [22]. However, previously reported

data about the specificity of 99mTc-ciprofloxacin for infec-

tion are contradictory [20, 23–28]. 99mTc-ciprofloxacin

preparation has some disadvantages related to radiochemical

purity (81 ± 4 %) [29] and stability which are discussed in

details in the literature [1, 2, 29–31]. So other antimicrobial

agents such as levofloxacin [32], pefloxacin [33], lome-

floxacin [20], norfloxacine [34], cefoprazone [35], spara-

floxacin [36], cefuroxime [37], Novobiocin [38], ceftriaxone

[39] and HQMADA [40] were labeled with 99mTc to be used

for imaging sites of infection and to overcome the drawback

of 99mTc-ciprofloxacin.

Cefazolin is one of cephalosporin antibiotics. It is

mainly used to treat bacterial infections of the skin. It can

also be used to treat moderately severe bacterial infections

involving the lung, bone, joint, stomach, blood, heart valve,

and urinary tract. It is clinically effective against infections

caused by staphylococci and streptococci of Gram-positive

bacteria. These organisms are common on normal human

skin.

This work aims to study the labeling conditions and

biological distribution of 99mTc-cefazolin in inflammation

bearing animals.

Experimental

Cefazolin was purchased from Pharco B international

company, Alex., Egypt and all other chemicals were pur-

chased from Merck and they were reactive grade.

Preparation of stock solution of SnCl2�2H2O

Exactly weighed 190 mg of stannous chloride dihydrate

was completely dissolved in 0.5 ml Conc. HCl by heating

on a hot plate then the volume was completed to 10 ml

using nitrogen purged double distilled water. Each ml

contains 19 mg of stannous chloride equivalent to 10 mg

of tin (II). One ml was again diluted to 100 ml with

nitrogen purged double distilled water. Two ml of this

solution was dispensed in a 10 ml clean penicillin vial,

flushed with nitrogen gas for 15 min, then stored at &
-20 �C for future use. The final concentration was 0.1 mg

tin/ml (84.2 9 10-5 mol).

Labeling procedure

Accurately weighed 1 mg cefazolin was transferred to a

penicillin vial then the vial was evacuated. Exactly 50 ll of

SnCl2�2H2O stock solution (5 lg Sn) was added, then the

volume of the mixture was completed to one ml by

N2-purged distilled water. One ml of freshly eluted
99mTcO4

- (400 MBq) was added to the above mixture. The

reaction mixture was vigorously shaken and allowed to

react at room temperature for sufficient time required to

complete the reaction.

Analysis

The labeling yield and radiochemical purity were deter-

mined by thin layer chromatography. The reaction product

was spotted on silica gel ITLC-SG strips (Sigma Chemical

Company, USA) (10 9 1.5 cm2 sheets) and developed in

acetone and saline as the mobile phase. After developing,

they were cut into 1 cm pieces and counted.

Free 99mTcO4
- in the preparation was determined using

acetone as the mobile phase. Reduced hydrolyzed techne-

tium was determined by using saline as the mobile phase.

It was further confirmed by a Shimadzu HPLC system,

which consists of pumps LC-9A, UV spectrophotometric

detector operated at a 230 nm (SPD-6A), and rheodyne

injection valve. Chromatographic analysis of 99mTc-

cefazolin was performed by injection of 10 ll of the

reaction mixture at the optimum conditions into a reversed-

phase column (RP-C18; 5 lm, 4 mm 9 250 mm, Lichro-

sorb) and the column was eluted with mobile phase con-

sisting of acetonitrile and water (43:57 v/v), and the flow

rate was adjusted to 1 ml/min. The mobile phase was fil-

tered and degassed prior to use. Fractions of 1 ml were

collected separately using a fraction collector up to 14 ml

and assayed in a well-type NaI(Tl) detector connected to a

single-channel analyzer.

Biological evaluation

The study was approved by the animal ethics committee,

Labeled Compounds Department and was in accordance

with the guidelines set out by the Egyptian Atomic Energy

Authority. Biodistribution of 99mTc-cefazolin was evalu-

ated in male Swiss mice (body mass 30–40 g). To induce

the inflammation, autoclaved turpentine oil, approximately

107–108 colony forming units of Staphylococcus aureus

suspended in 0.2 ml of saline were administrated into the
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left thigh. For quantitative determination of organ distri-

bution, five mice were used for each experiment and 0.1 ml

of about 18 MBq of 99mTc-complex solution was injected

into the tail vein of mice after 24 h of bacterial induction.

Then the mice were sacrificed by the decapitation under

chloroform anesthesia at 1/2, 1 and 2 h post-injection.

Blood sample was collected at the time of decapitation.

Both thighs (left thigh muscle as target and right thigh

muscle as control) and organs were dissected, weighed and

their radioactivity was measured using a well-type NaI(Tl)

detector connected with a single channel c-counter (SR-7).

Results were expressed as percent of the injected dose per

organ or body fluid. Target and non-target thigh radioac-

tivity ratio was also determined. 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 significance was set at

P \ 0.05.

Results and discussion

Radiochemical purity and stability of 99mTc-cefazolin

complex was assessed by thin layer chromatographic

method using acetone as the solvent (about 15–30 min

required for developing solvent). Free pertechnetate moves

with the solvent front (Rf = 1), while 99mTc-cefazolin

complex and reduced hydrolyzed technetium remain at the

origin. Reduced hydrolyzed technetium was determined by

using saline as the mobile phase (about 30–45 min required

for developing solvent), where reduced hydrolyzed tech-

netium remains at the origin (Rf = 0) while other species

migrate with the solvent front (Rf = 1). The radiochemical

purity was determined by subtracting the sum of the per-

cent of reduced hydrolyzed technetium and free pertech-

netate from 100 %. The radiochemical yield is the mean

value of three experiments.

On the other hand, the HPLC purification method was

presented in Fig. 1 and showed two peaks, one at fraction

No. 3, which corresponds to 99mTcO4
-, while the second

peak was collected at fraction No. 6, which corresponds to
99mTc-cefazolin, which was found to coincide with the UV

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

was recovered as collected activity.

The chemical structure of cefazolin is presented in

Fig. 2. The various complexes of 99mTc may be formed by

interactions between electron donor atoms and reduced

technetium. In order to form bonds with technetium, the

structure must contain electron donors such as oxygen,

nitrogen and sulfur. Although the exact complex structure

is not known, all cephalosporines coordinated with 99mTc

due to the existence of electron donor atoms in their

structure [41–44].

Effect of reaction time Figure 3 describes the effect of

incubation time on the radiochemical purity of 99mTc-

cefazolin complex. After 1-min post labeling, the yield was

low and equals to 41.8 % which increased with time till

reaching a maximum value of 89.5 % after 30 min. The

yield remains stable at *86 % for a time up to 3 h after

that the yield decreased to reach 64 % after 8 h.

Effect of cefazolin amount The labeling yield of 99mTc-

cefazolin complex increased with increasing the amount of

cefazolin. The labeling yield was 39 % using 100 lg

cefazolin then reached the maximum value of 89.5 % using

1 mg cefazolin; after that, the formed complex remained
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stable with increasing the amount of cefazolin up to 2 mg.

So, the optimum amount of cefazolin was 1 mg (Fig. 4).

This is due to the fact that at low cefazolin amount,

SnCl2�2H2O is greater than that of cefazolin, and is easily

converted to colloid as the percentage of colloid was 55 %

using 100 lg cefazolin.

Effect of SnCl2�2H2O amount As shown in Fig. 5, the

radiochemical yield was dependent on the amount of

SnCl2�2H2O present in the reaction mixture. At 1 lg

SnCl2�2H2O, the labeling yield of 99mTc-cefazolin was

59.8 % due to the fact that SnCl2�2H2O amount was

insufficient to reduce all pertechnetate so the percentage of
99mTcO4

- was relatively high (22.4 %). The labeling yield

significantly increased by increasing the amount of

SnCl2�2H2O from 2 to 5 lg (optimum content), at which a

maximum labeling yield of 89.5 % was obtained. By

increasing the amount of SnCl2�2H2O above the optimum

concentration value, the labeling yield decreased again

because excess SnCl2�2H2O was converted to colloid

(44.2 % at 50 lg SnCl2�2H2O).

Effect of pH of the reaction mixture As shown in Fig. 6,

the optimum labeling yield was obtained at pH 4 (89.5 %).

At higher and lower pH values, the labeling yield was low

where at pH 3 the labeling yield of 99mTc-cefazolin com-

plex was 38.5 % and at pH 11 was 27 %.

Biodistribution

The uptake of the 99mTc-cefazolin complex in different

organs of the animals infected with turpentine oil and S.

aureus was given in Tables 1 and 2, respectively. 99mTc-

cefazolin was removed from the circulation mainly through

the urinary pathway (*38.5 % injected dose after 2 h post

injection of the tracer). In the turpentine oil inflamed

muscle, a significant large amount of 99mTc-cefazolin

activity was observed in the liver (12.3 %) after 30 min post injection. After 2 h of tracer administration, the major

part of activity of 99mTc-cefazolin was found in the liver

(7.92 ± 0.16 %), Kidney (16.88 ± 0.3 %) and intestine

(38.17 ± 0.19 %) as shown in Table 1. In contrast, in S.

aureus inflamed muscle, the liver uptake decreased mark-

edly with time from 10.12 % after 30 min till reaching

7.42 % after 2 h as shown in Table 2. The uptake of 99mTc-

cefazolin was significantly low in turpentine oil infected

group of animals (aseptic inflammation) as compared to

infected group with living bacteria (abscess). These data

indicate rapid distribution throughout the body and uptake

in the inflamed areas was observed within 30 min after

intravenous injection of the tracer.

As shown in Fig. 7, mice with infectious lesions injected

with 99mTc-cefazolin showed a mean abscess-to-muscle

(target-to-non target, T/NT) ratio equals to 8.6 ± 0.4 %,

after 30 min post injection. At all time intervals, 99mTc-

cefazolin shows higher T/NT in the infected muscle
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(S. aureus) than in the sterile inflamed muscle (turpentine),

so, the use of 99mTc-cefazolin complex can differentiate

bacterial infection from sterile inflammation.

As a result, 99mTc-cefazolin showed higher uptake in

infected tissue than the commercially available 99mTc-cipro-

floxacin (T/NT = 3.6 ± 0.4 %) [29]. The mean abscess-to-

muscle (T/NT) ratio for 99mTc-cefazolin was higher than that

of other recently published 99mTc-labeled antibiotics such as

sparafloxacin (T/NT = 5.9 ± 0.7 %) [36], difloxacin (T/

NT = 5.5 ± 0.5 %) [45], norfloxacin (T/NT = 6.9 ±

0.4 %) [46], rifampicin (T/NT = 7.3 ± 0.7 %) [47], cef-

traixone (T/NT = 5.6 ± 0.6 %) [39], streptomycin (T/NT =

2.4 ± 0.1 %) [48], and N-sulfanilamide (T/NT = 2.9 ±

0.1 %) [49].

Conclusions

Cefazolin can be labeled easily with technetium-99m using

stannous chloride as a reducing agent and gives higher

labeling yield (89.5 %) than the commercially available
99mTc-ciprofloxacin. Biodistribution study for 99mTc-

cefazolin in infected mice demonstrated high and rapid

accumulation of 99mTc-cefazolin at the site of infection

compared with 99mTc-ciprofloxacin. The use of 99mTc-

cefazolin distinguishes infection from sterile inflammation.
99mTc-cefazolin shows higher mean abscess-to-muscle

(target-to-non target, T/NT) ratio in the infected muscle (S.

aureus) at all time intervals than that of sterile inflamed

muscle (turpentine). 99mTc-cefazolin complex showed

higher labeling yield, stability and uptake in infected tissue

(T/NT = 8.57 ± 0.4 %) than the commercially available
99mTc-ciprofloxacin (T/NT = 3.6 ± 0.4 %). These results

were promising enough to state that 99mTc-cefazolin could

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

rofloxacin as a good radiotracer for imaging of infection at

early stages and distinguishing infection from sterile

inflammation.

Table 1 Biodistribution of 99mTc-cefazolin in turpentine oil inflamed

mice at different time intervals

Organs and body

fluids

Percent I.D./gram organ

Time post injection (min)

30 60 120

Blood 1.97 ± 1.10 1.02 ± 0.002* 0.96 ± 0.04*

Bone 0.08 ± 0.01 0.10 ± 0.01* 0.18 ± 0.01*

Control muscle 0.25 ± 0.01 0.10 ± 0.02* 0.09 ± 0.002

Infected muscle 1.23 ± 0.01 0.30 ± 0.02* 0.18 ± 0.01

Liver 12.30 ± 0.05 9.73 ± 0.15* 7.92 ± 0.16*

Urine 16.55 ± 0.07 19.75 ± 0.25 21.25 ± 0.15

Kidney 13.96 ± 0.40 15.01 ± 0.60 16.88 ± 0.30*

Lung 1.20 ± 0.10 0.91 ± 0.12* 0.63 ± 0.02*

Heart 1.05 ± 0.05 0.50 ± 0.05* 0.25 ± 0.01*

Stomach 2.80 ± 0.09 3.51 ± 0.30 2.38 ± 0.16*

Intestine 42.41 ± 0.50 40.24 ± 0.30 38.17 ± 0.19*

Spleen 0.77 ± 0.02 0.56 ± 0.04* 0.34 ± 0.02

T/NT 4.92 ± 0.20 2.98 ± 0.12 2.00 ± 0.10

Values represent mean ± SEM. n = 6

* Significantly different from previous value of each organ using

unpaired Student’s t test (P \ 0.05)

Table 2 Biodistribution of 99mTc-cefazolin in Staphylococcus aureus

inflamed mice at different time intervals

Organs and body

fluids

Percent I.D./gram organ

Time post injection (min)

30 60 120

Blood 1.95 ± 0.10 0.31 ± 0.02* 0.75 ± 0.04*

Bone 0.11 ± 0.02 0.04 ± 0.01* 0.06 ± 0.005*

Control muscle 0.33 ± 0.01 0.86 ± 0.02* 0.03 ± 0.001

Infected muscle 2.83 ± 0.10 5.09 ± 0.02* 0.13 ± 0.10

Liver 10.12 ± 0.15 9.20 ± 0.15* 7.42 ± 0.16*

Urine 16.55 ± 0.07 17.15 ± 0.25 18.45 ± 0.15

Kidney 14.84 ± 0.40 15.10 ± 0.30 20.06 ± 0.60*

Lung 1.99 ± 0.10 0.93 ± 0.12* 1.13 ± 0.20*

Heart 0.85 ± 0.05 0.58 ± 0.05* 0.07 ± 0.01*

Stomach 4.38 ± 0.40 1.91 ± 0.20 1.77 ± 0.16*

Intestine 28.00 ± 0.50 30.01 ± 0.30 31.17 ± 0.70*

Spleen 1.78 ± 0.12 0.61 ± 0.04* 0.67 ± 0.02

T/NT 8.57 ± 0.40 5.91 ± 0.32 4.60 ± 0.21

Values represent mean ± SEM. n = 6

* Significantly different from previous value of each organ using

unpaired Student’s t test (P \ 0.05)
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