
Biodistribution of 99mTc–2-aminoestrone-3-methyl ether
as a potential radiotracer for inflammation imaging

Maha S. Al Mutairi • Mohammed A. Motaleb •

Nadia G. Haress • Wafaa A. Zaghary

Received: 9 April 2014 / Published online: 19 July 2014
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Abstract Estrogens may have pro- and anti-inflammatory

properties depending on the situation and the involved tissue.

2-Aminoestrone-3-methyl ether as an estrogenic derivative

was prepared with a yield of 55 % and well characterized.
99mTc–2-aminoestrone-3-methyl ether radiotracer was syn-

thesized to study its inflammatory binding specificity asa novel

selective radiopharmaceutical for inflammation imaging. In-

vivo biodistribution study of 99mTc–2-amino estrone-3-methyl

ether complex in both bacterial infection and sterile inflam-

mation showed high and rapid accumulation of 99mTc–2-am-

inoestrone-3-methyl ether complex at the site of sterile

inflammation compared to bacterial infection sites (target-to-

non target ratio equal to 4.12 ± 0.02). This high biological

accumulation in inflamed cells suggests that 99mTc–2-amino-

estrone-3-methyl ether complex may be suitable as a potential

selective radiotracer able to image inflammatory sites.

Keywords Estrone � Technetium-99m � Inflammation �
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Introduction

Inflammation describes a systemic pathological state

associated with several disease processes, including coag-

ulation, neovascularization, ischemia and hypoxia, as

occurring in many chronic diseases like cancers [1–3],

systemic lupus erythematosus [4–6], rheumatoid arthritis

[7], diabetes [8, 9] and atherosclerosis [10]. Detection of

the inflamed endothelium via imaging analysis or guide the

drug to target lesions is therefore important for early

diagnosis and treatment of vascular inflammatory diseases.

Different imaging techniques show different diagnostic

accuracy. Thus, the diagnosis of inflammatory processes

often relies on the detection of anatomical/structural

changes of the affected organ depending on the nature of

the inflammation under investigation. One goal of different

imaging techniques is to integrate the diagnostic informa-

tion combining anatomical with functional data in order to

describe and characterize the site, and activity of the dis-

ease under investigation. The anatomical description and

the spatial relationships of a lesion is well investigated by

using radiological imaging procedures such as X-ray,

ultrasonography (US), computed tomography (CT), and

magnetic resonance imaging (MRI) whereas nuclear med-

icine provides ideal imaging techniques for the study of

functional and histological changes in inflammatory pro-

cesses [11–15]. The increasing knowledge on the patho-

genesis of inflammatory processes lead to the development

of radiolabeled receptor ligands, such as peptides, antibi-

otics, liposomes etc., able to bind in-vivo to specific

receptors, specifically expressed or over expressed on cells

or tissues of the inflamed organ. These compounds bind to

their specific receptors with high affinity (in a nano molar

range) [16–18]. Among the receptor-specific radiophar-

maceuticals, some radiotracers allow to distinguish among

acute and chronic infection/inflammation, because their

receptors are expressed on different cells. Unfortunately,

most of these compounds are not able to discriminate

between sterile inflammation and infection.

On the other hand, estrogens participate in several bio-

logical processes through different molecular mechanisms.
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Their final actions consist of a combination of both direct

and indirect effects on different organ and tissues. In

general, acute loss of estrogens increases the levels of

reactive oxygen species and activates nuclear factor-kB

and pro-inflammatory cytokine production, indicating their

predominant anti-inflammatory properties. Furthermore,

pro-inflammatory cytokine expression has been shown to

be attenuated by estrogen replacement [19]. Other

researchers reported that estrogens, estrogen receptor-a
(ERa), and estrogen receptor-b (ERb) regulate adipose

tissue distribution, inflammation, fibrosis, and glucose

homeostasis [20, 21]. In addition to that, certain study

revealed that estrogens and androgens are capable of

offering disease protection during experimental autoim-

mune encephalomyelitis [22]. Also, 99mTc-labeled 17a-

triazolylandrost-4-ene-3-one complex was prepared and

tested for antiprostatic cancer activity [23]. Recently 99mTc

(I)-estradiol-pyridin-2-yl hydrazine derivative was devel-

oped for the diagnostic imaging of breast and endometrial

cancers [24]. Estrogens may have pro- and anti-inflam-

matory properties depending on the situation and the

involved tissue [25–32]. The aim of nuclear medicine in

the field of inflammation/infection is to develop non-

invasive tools for the in-vivo detection of specific cells and

tissues; the sensitivity of these techniques usually allow to

detect early pathophysiological changes, before the devel-

opment of anatomical changes, detectable by conventional

radiographic techniques and before the clinical onset

of the disease. This study was aimed at assessing the per-

formance of labeling yield 2-aminoestrone-3-methyl ether

(2-NH2E1MeO, Fig. 1) with technetium-99m efficiently and

studying the factors affecting the labeling yield in details.

Moreover, the study of the biodistribution of 99mTc–2-

aminoestrone-3-methyl ether, and evaluate it as a potential

radiotracer used for in-vivo imaging of inflammation.

Experimental

General

Melting point (�C, uncorrected) was determined in open

glass capillaries using a Barnstead 9001 Electrothermal

melting point apparatus. Ultraviolet (UV) spectra were

recorded for MeOH solutions (1 mg) on Ultrospec-2100

Pro UV visible spectrophotometer. Infrared (IR) spectra

were recorded for potassium bromide discs, m (cm-1) on

Perkin Elmer 1430 spectrophotometer. 1H NMR and 13C

NMR spectra were determined on Ultrashield Bruker

Biospin (300 MHz) Spectrometers. Chemical shifts are

expressed as d values (ppm) using tetramethylsilane (TMS)

as internal reference. Mass spectra (MS) were obtained on

GS/MS QP 1000 EX Shimadzu Spectrometer. All chemi-

cals were of analytical grade and used directly without

further purification. Deionized water was used in all

experiments for the preparation of all solutions. Techne-

tium-99 m was eluted as 99mTcO4
- from 99Mo/99mTc

generator, Elutec Brussels, Belgium. A NaI (Tl) c-ray

scintillation counter (Scaler Ratemeter SR7, Nuclear

Enterprises, Edinburgh, England) was used for radioactiv-

ity measurements. HPLC equipment was Hitachi model,

Alphabond C18 125A 10U column with ID 3.9 and length

300 mm, Tokyo, Japan. Follow up of the reaction and

checking the homogeneity of the compound was made by

ascending thin layer chromatography (TLC) run on pre-

coated (0.25 mm) (GF 254) silica gel plates. The ratio of

the solvent systems used as eluents were volume to vol-

ume. Routinely used developing solvents systems were:

C6H6:EtOAc:CHCl3 (5:1:5). Visualization of the spots was

performed by exposure to UV lamp at 254 nm. Silica gel

(60-230 mesh E. Merck), activated by heating at 110 �C for

1 h and was employed for column chromatography sepa-

rations. Silica gel 60 GF254 for TLC was used for coating

20 9 20 cm glass plates for preparative TLC. All statisti-

cal analyses were done using Graph Pad Prism version 6.0

software. Statistical analysis was conducted using one-way

ANOVA followed by multiple Tukey–Kranes post hoc test

@ P \ 0.05 considered for statistical significance.

Chemistry

Synthesis of 2-aminoestrone-3-methyl ether

(2-NH2E1MeO) (1) [33, 34]

Sodium dithionite (5 g, 0.027 mol) was added to a hot

solution of 2-nitroestrone-3-methyl ether. (1.5 g,

4.5 mmol) in acetone (200 ml) containing 0.5 N aqueous

NaOH solution (50 ml) and the mixture was heated under

reflux for 35 min. Further amounts of sodium dithionite

(4 g, 0.021 mol) and 0.5 N NaOH solution (50 ml) were

added and reflux continued for further 40 min. After

cooling, H2O (150 ml) was added and almost all acetone

removed under reduced pressure. The milky suspension so

produced was left in an ice-bath for 2 h to deposit the

product which was filtered, washed with H2O and dried to

give 750 mg (55 %) of 2-aminoestrone-3-methyl ether.

H3CO

H2N

O

Fig. 1 2-Aminoestrone-3-methyl ether
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Crystallization from MeOH yielded colourless needles

melting at 174–75 �C. Reported mp = 164–65 �C (172),

172.5–174.5 �C (rhombs) and 160.5–162.5, 170–73 and

174–75 �C (needles). IR (KBr) t (cm-1): 3451 and 3342

(NH free and associated), 1725 (C=O), 1625 (C=C aro-

matic), 1224 and 1050 (ms C–O–C) and at 1513 (d NH). 1H

NMR (DMSO-d6) d ppm (300 MHz): 0.80 (s, 3H, C-18–

CH3), 1.33–2.51 (hump, br, 15 H, rings B, C, and D pro-

tons), 3.73 (s, 3H, OCH3), 4.29 (s, 2H, NH2), 6.54 (s, 1H,

C-1–H), and 6.640 (s, 1H, C-4–H). 13C NMR (DMSO-d6) d
ppm (300 MHz): 14.0 (C-18–CH3), 21.7 (OCH3), 24.7 (C-

15), 26.2 (C-11), 27.0 (C-7), 32.1 (C-6), 35.9 (C-12), 37.8

(C-16), 44.3 (C-8), 47.8 (C-9), 49.8 (C-13), 55.8 (C-14),

107.1 (C-1), 118.9 (C-4), 119.7 (C-5), 131.2 (C-2), 132.7

(C-10), 143.9 (C-3), 220.3 (C-17). MS m/z (% relative

abundance): M? for C19H25NO2 299 (100), 284 (15), 174

(11), 160 (11), 136 (11), 130 (16), 122 (33), 115 (15), 97

(8), 93 (10), 91 (13), 79 (11), 77 (14), 57 (13), 55 (45), 53

(17), 44 (11), 43 (31), 42 (20), 41 (59).

Preparation of 99mTc–2-NH2E1MeO complex

Labeling procedure

The direct labeling technique was used to prepare 99mTc–2-

NH2E1MeO complex. Accurately weighed 60 mg 2-am-

inoestrone-3-methyl ether was dissolved in N2-purged

dimethyl sulfoxide and transferred to an evacuated peni-

cillin vial. N2-purged stannous chloride aqueous solution

(containing exactly 1 mg SnCl2�2H2O) was added and the

pH of the mixture was adjusted to 1. Then the volume of

the mixture was adjusted to 1 ml by N2-purged distilled

water. One ml of freshly eluted 99mTcO4
- (400 MBq) from

99Mo/99mTc generator was added to the above reaction

mixture. The reaction mixture was then vigorously shaken

and allowed to react at 80 �C for sufficient time (30 min) to

complete the reaction.

Analysis of 99mTc–2-aminoestrone-3-methyl ether

complex

The labeling yield of 99mTc–2-NH2E1MeO complex was

assessed by using ascending paper chromatographic tech-

nique and HPLC. The radiochemical purity and purification

of 99mTc–2-aminoestrone-3-methyl ether complex was

performed by thin layer chromatographic method using

strips of silica gel impregnated glass fibre sheets (ITLC-

SG). Free 99mTcO4
- in the preparation was determined

using acetone as the mobile phase. Reduced hydrolyzed

technetium was determined using ethanol:water:ammo-

nium hydroxide mixture (2:5:1) as the mobile phase.
99mTc–ligand complex was further confirmed by a

Shimadzu HPLC system, which consists of pumps LC-9A,

UV spectrophotometric detector operated at a 220 nm

(SPD-6A), and rheodyne injection valve. Chromatographic

analysis of 99mTc–2-NH2E1MeO complex was performed

by injection of 10 lL of the reaction mixture at the opti-

mum conditions into a reversed-phase column, (Waters,

Symmetry C18; 5 lm, 4.6 mm 9 150 mm) preceded by a

guard column (Waters, Symmetry C18; 5 lm) and eluted

with mobile phase consisting of acetonitrile and 0.01 M

potassium dihydrogen phosphate/diethylamine (60:40:0.2

v/v) [35]. The mobile phase was filtered and degassed prior

to use and the flow rate was 0.5 ml/min. The fractions of

0.5 ml (up to 20) were collected separately using a fraction

collector and counted in a well-type NaI (Tl) detector

connected to a single-channel analyzer.

Biodistribution study

The study was approved by the animal ethics committee

and was in accordance with the guidelines set out by the

Egyptian Atomic Energy Authority.

Induction of infectious foci

A single clinical isolation of Staphylococcus aureus from

biological samples was 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. 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.

Bio-distribution studies in animals

The biodistribution of the 99mTc–2-NH2E1MeO complex

was evaluated in male Sprague–Dawley rats (body mass

130–160 g). To induce the inflammation, approximately

105–106 colony forming units of S. aureus suspended in

0.2 ml of saline was administrated into the left thigh. For

quantitative determination of organ distribution, five rats

were used for each experiment and 0.1 ml of about

18 MBq of 99mTc–2-NH2E1MeO complex solution was
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injected into the tail vein of rats after 24 h of bacterial

induction. Then, the rats were killed and blood was

obtained by cardiac puncture. Samples of fresh blood,

bone, and muscle were collected in pre-weighed vials and

counted. The different organs were removed, counted, and

compared to a standard solution of the labeled compound.

The average percent values of the administrated dose/organ

were calculated. Blood, bone, and muscles were assumed

to be 7, 10, and 40 %, respectively, of the total body

weight. Corrections were made for background radiation

and physical decay during experiment. Both target and

non-target thighs were dissected and counted. Target and

non-target thigh radioactivity ratio was also determined

[36].

Results and discussion

The radiochemical yield of 99mTc–2-NH2E1MeO complex

was determined by using thin layer chromatography (TLC-

SG) as well as HPLC. Acetone was used with TLC-SG

strip to calculate the percentage of free 99mTcO4
2 which

moved with the solvent front (Rf = 1.0) leaving 99mTc–2-

NH2E1MeO complex and colloid at the origin. Etha-

nol:water:ammonium hydroxide mixture (2:5:1) was used

to check the amount of reduced hydrolyzed technetium

(colloid) which remained at the origin (Rf = 0) while
99mTcO4

2 and 99mTc–2-NH2E1MeO migrated with the

solvent front (Rf = 1). The radiochemical purity was

determined by subtracting the sum of the percent of colloid

and free pertechnetate from 100 %. The radiochemical

yield is the mean value of three experiments.

In case of HPLC, an HPLC radiochromatogram is pre-

sented in Fig. 2. It exhibited two peaks, one at fraction

number 5.8 corresponding to 99mTcO4
-, while the second

peak was collected at fraction number 17.9 corresponding

to 99mTc–2-NH2E1MeO complex, which was found to

coincide with the UV signal. Nearly, 97 % of the injected

activity in the HPLC was recovered as collected activity.

Factors affecting the labeling yield of 99mTc–2-

NH2E1MeO complex

Various factors affecting the labeling yield of 99mTc–ligand

complex were studied using the ascending paper chroma-

tography analysis. These factors were ligand content,

SnCl2�2H2O content, pH, reaction time, and in-vitro

stability.

Effect of reaction time

The radiochemical yield of 99mTc–2-NH2E1MeO complex

was studied at different reaction times (5–60 min) in the

presence of stannous chloride dihydrate and pH 7 as shown

in Fig. 3. It is clear that the labeling yield increased from

43.5 to 98.5 % 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 reaction temperature

The effect of reaction temperature on the percent labeling

yield of 99mTc–2-NH2E1MeO complex was investigated at

Fig. 2 HPLC radiochromatogram of 99mTc–2-NH2E1MeO complex
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Fig. 3 Effect of the reaction time on the radiochemical yield of
99mTc–2-NH2E1MeO complex
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30, 40, 60, 80 and 100 �C. It is clear from the obtained data

that the labeling yield was increased with increasing tem-

perature up to 80 �C where a highest labeling yield was

achieved. It should be pointed out that 30 min reaction

time was enough to achieve a high labeling yield of 99mTc–

2-aminoestrone-3-methyl complex at 80 �C as shown in

Fig. 4.

Effect of Sn(II) content

For labeling with technetium-99m, it is necessary to reduce

Tc7? to its more reactive lower oxidation states. Similar to
99mTcO4

-, the reduction of 99mTcO4
- is generally accom-

plished by the addition of SnCl2 in acidic medium. The effect

of Sn(II) content on the labeling of 2-aminoestrone-3-methyl

ether was studied in the range of 0.1–3 mg. It is clearly

obvious from Fig. 5 that using too little stannous chloride

resulted in incomplete reduction of 99mTcO4
-, which led to

the presence of much free 99mTcO4
- and a poor labeling

yield. However, as the concentration of stannous chloride

was increased, the labeling yield also increased. The opti-

mum amount of Sn(II) content was found to be 1 mg. If too

much Sn(II) is used, the amount of 99mTc-Sn-colloid and/or

reduced hydrolysed 99mTc increased, thus decreasing the

labeling yield.

Fig. 4 Effect of temperature on the percent labeling yield of 99mTc–

2-NH2E1MeO complex Fig. 5 Effect of Sn(II) content on the percent labeling yield of
99mTc–2-NH2E1MeO complex

Fig. 6 Effect of 2-aminoestrone-3-methyl ether content on the

percent labeling yield of 99mTc–2-NH2E1MeO complex
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Effect of ligand content

The influence of the ligand content on the labeling yield of
99mTc–2-aminoestrone-3-methyl ether complex was

investigated in the range of 40–90 mg and the results are

presented in Fig. 6. It is clearly obvious from this figure

that at low quantity of the ligand the labeling yield was low

and this may be attributed to insufficient amount of the

ligand required to bind all the reduced Tc, while a white

precipitate was formed. The labeling yield increased by

increasing the amount of ligand up to 60 mg, above this

amount the labeling yield remained unchanged and the

highest obtained labeling yield was 98.5 ± 3.4 %.

Effect of pH of the reaction mixture

The effect of pH of the reaction mixture on the labeling yield

of 99mTc–2-NH2E1MeO complex in the pH range 0.7–9.0
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Fig. 7 Effect of the pH value on the percent labeling yield of 99mTc–

2-NH2E1MeO complex

Table 1 Biodistribution of
99mTc–2-NH2E1MeO complex

in turpentine inflammated mice

Values represent mean ± SEM

(n = 5)

Significantly different from

previous value of each organ

using unpaired Student’s t test

(P \ 0.05)

Organs and body fluids Percent I.D./gram organ

Time post injection (min)

15 30 60 120

Blood 9.54 ± 0.04 4.27 ± 0.12 1.23 ± 0.02 0.97 ± 0.07

Control muscle 0.27 ± 0.01 0.28 ± 0.01 0.24 ± 0.00 0.20 ± 0.02

Infected muscle 0.38 ± 0.02 0.65 ± 0.02 0.99 ± 0.01 0.48 ± 0.05

Liver 19.40 ± 1.05 22.06 ± 0.95 33.57 ± 1.15 35.31 ± 1.16

Intestine 6.54 ± 0.50 9.18 ± 0.25 13.46 ± 0.30 14.84 ± 0.39

Kidney 2.32 ± 0.14 3.41 ± 0.20 4.66 ± 0.19 5.26 ± 0.30

Lung 2.47 ± 0.01 1.03 ± 0.11 0.96 ± 0.05 1.27 ± 0.12

Stomach 1.60 ± 0.15 3.04 ± 0.29 4.45 ± 0.03 10.27 ± 0.09

Heart 0.48 ± 0.05 0.41 ± 0.03 0.16 ± 0.01 0.48 ± 0.02

Spleen 3.10 ± 0.33 2.33 ± 0.32 1.32 ± 0.09 1.49 ± 0.12

T/NT 1.41 ± 0.01 2.32 ± 0.03 4.12 ± 0.02 2.40 ± 0.07

Table 2 Biodistribution of
99mTc–2-NH2E1MeO complex

in bacteria inflammated mice

Values represent mean ± SEM

(n = 5)

Significantly different from

previous value of each organ

using unpaired Student’s t test

(P \ 0.05)

Organs and body fluids Percent I.D./gram organ

Time post injection (min)

15 30 60 120

Blood 7.94 ± 0.03 4.8 ± 0.11 0.92 ± 0.01 0.90 ± 0.02

Control muscle 0.54 ± 0.10 0.5 ± 0.01 0.45 ± 0.02 0.45 ± 0.10

Infected muscle 1.0 ± 0.20 0.72 ± 0.06 0.6 ± 0.02 0.50 ± 0.60

Liver 17.20 ± 1.08 21.09 ± 0.65 31.29 ± 1.35 32.21 ± 1.21

Intestine 7.55 ± 0.30 9.16 ± 0.21 15.26 ± 0.20 17.71 ± 0.19

Kidney 4.5 ± 0.10 5.20 ± 0.10 12.2 ± 1.10 10.2 ± 0.30

Lung 3.09 ± 0.91 2.86 ± 0.41 2.87 ± 0.12 2.47 ± 0.22

Stomach 0.17 ± 0.09 3.69 ± 0.29 4.58 ± 0.30 11.73 ± 0.66

Heart 0.25 ± 0.00 0.52 ± 0.15 0.30 ± 0.05 1.60 ± 0.21

Spleen 0.50 ± 0.02 0.90 ± 0.10 2.20 ± 0.10 1.30 ± 0.03

T/NT 1.85 ± 0.05 1.44 ± 0.07 1.33 ± 0.01 1.11 ± 0.0
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was investigated. Figure 7 shows that a higher percent

labeling yield (98.5 ± 3.4 %) was obtained at pH 1. The

percent labeling yield was gradually decreased till pH 3. A

sharp decrease of the labeling yield was obtained above pH 3.

Biodistribution in inflamed mice

The uptake of the 99mTc–2-NH2E1MeO complex in

important body organs and fluids of the animals injected

with turpentine oil and bacteria was given in Tables 1 and

2, respectively. 99mTc–2-NH2E1MeO complex was

removed from the circulation mainly through the hepa-

tobiliary pathway (approximately 50 % injected dose after

2 h after injection of the tracer). Rats with infectious

lesions injected with 99mTc–2-NH2E1MeO complex

showed a maximum mean abscess-to-muscle (target-to-non

target, T/NT) ratio equal to 1.85 ± 0.05 at 15 min. The

accumulation of activity at the site of infection was max-

imized at 15 min after intravenous injection then slightly

decreased with time until T/NT equal to 1.11 at 120 min

post injection. On the other hand, mice with inflammation

injected with 99mTc–2-NH2E1MeO complex showed a

mean abscess-to-muscle (target-to-non target, T/NT) ratio

equal to 4.12 ± 0.02, after 60 min post injection. 99mTc–2-

NH2E1MeO complex showed higher T/NT in the sterile

inflamed muscle (turpentine) at 60 min intervals than that

of infected muscle (Bacteria). So, 99mTc–2-aminoestrone-

3-methyl ether complex can differentiate bacterial infection

from sterile inflammation. As a result, 99mTc–2-aminoe-

strone-3-methyl ether complex showed higher uptake in

inflamed tissue and can be used as a possible inflammatory

imaging agent.

Conclusion

2-Aminoestrone-3-methyl ether was labeled with 99mTc by

direct labeling method with a high labeling yield. A com-

parative biodistribution study of 99mTc–2-aminoestrone-3-

methyl complex in both bacterial infection and sterile

inflammation demonstrated high and rapid accumulation of
99mTc–2-NH2E1MeO complex at the site of sterile inflam-

mation compared to bacterial infection sites. The results also

indicated also that the new 99mTc–2-NH2E1MeO complex is

rapidly cleared from the body through the hepatobiliary

pathway.
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