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In this work, the complex of [
99m

Tc]tricarbonyl rolipram was labeled utilizing a [
99m

Tc]tricarbonyl core. Many

optimal parameters have been used such as substrate (100 �g), pH of the reaction mixture (pH 9), reaction

time (30 min), as well as temperature (100°C), providing an optimal radiochemical purity of 97.0%.

Biodistribution investigations of our radiotracer, [
99m

Tc]tricarbonyl rolipram, were conducted on normal

Swiss Albino mice. The results indicated maximum brain uptakes of 8.2 %ID/g tissue at 10 min post injection

(p.i.), which cleared from the brain with time until it reached 1.90 � 0.17% at 1 h p.i. Therefore,

[
99m

Tc]tricarbonyl rolipram complex may be an excessively bio-selective receptor-tracer for brain ulcer imag-

ing through the phosphodiesterase-4 inhibitor.

Keywords: Rolipram; [
99m

Tc]tricarbonyl core; brain imaging; molecular modeling; docking.

INTRODUCTION

Many techniques have been used in brain imaging, either

by direct or indirect methods [1–10]. The fast development

of nuclear medicine throughout the last 25 years was in

mainly due to the success of brain tumor imaging using

radiopharmaceuticals designed to identify changes in the

blood–brain barrier. Brain imaging requires the selection of

certain compounds with high binding affinity to selective re-

ceptors such as phosphodiesterase-4 inhibitor. Rolipram was

discovered and developed as a potential antidepressant drug

[11, 12]. The phosphodiesterases are a group of enzymes that

degrade the phosphodiester bond of secondary messengers

such as cyclic adenosine monophosphate (cAMP) and cyclic

guanosine monophosphate and then terminate their own ac-

tion [13–20]. Recently, there has been increasing interest in

agents that can enter the brain and are designed to provide

functional data ranging from regional perfusion and metabo-

lism to the distribution of binding sites for neuroactive

compounds. Rolipram is one of the selective phosphodies-

terase (PDE)4 inhibitors [21–23]. PDE4 is mostly found in

the nerve and immune cells, and is capable of hydrolyzing

cAMP. Most increments of cAMP levels can inhibit pro-in-

flammatory processes such as chemotaxis, degradation, and

phagocytosis. The aim of the current work was to evaluate

the possible use of [
99m

Tc]tricarbonyl rolipram for brain im-

aging and to study the bio-distribution of [
99m

Tc]tricarbonyl

rolipram in Swiss Albino mice.

EXPERIMENTAL

Rolipram was purchased from Sigma-Aldrich.

Thin-layer chromatography (TLC) aluminum sheets

(20 	 25 cm) SG-60 F
254

were supplied by Merck. All chem-

icals were of analytical or clinical grade and were used di-

rectly without further purification unless otherwise stated. A

well-type NaI scintillation �-Counter model Scalar

Ratemeter SR7 (Nuclear Enterprises Ltd., USA) was used

for radioactive measurement, which is a perfect NaI scintilla-

tion counter. Paper electrophoresis (PE) apparatus from E.C.

Corporation (Albany, OR, USA) was used. All chemicals, as

well as solutions, were bought from Merck (Kenilworth, NJ,

USA), with the exception of pantoprazole, which was ob-
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tained from Sigma-Aldrich in the USA; pertechnetate

[
99m

TcO
4

-
] was extracted from a

99
Mo/

99m
Tc generator from

Elutec (Brussels, Belgium). The National Research Centre

donated H. pylori (Cairo, Egypt). Merck supplied the alumi-

num sheets used in thin-layer chromatography (TLC)

(20 	 25 cm, SG-60 F254). High-performance liquid chro-

matography (HPLC) was performed using a Shimadzu

LC-9A pump, a Rheodyne injector, an SPD-6A UV spectro-

photometer sensor set at 254 nm, and a C-8, 250 	 4.6 mm,

5-�m, Lichrosorb reversed-phase column. At a 0.6-mL gra-

dient flow rate per min, a sample of [
99m

Tc]tricarbonyl

rolipram in a volume of 10 �L was introduced onto a C-8

(Lichrosorb, 250 mm 	 3 mm, 5 �m) column. Utilizing a

fraction collector, 0.6-mL volumes were collected independ-

ently to reach a final volume of 25 mL, which was then re-

corded in a perfect NaI(Tl) counter (BLC-20, BUCK Scien-

tific). Triethyl ammonium phosphate (solvent A) as well as

methanol (the mobile phase) were each at a concentration of

0.05 M (solvent B). The gradient method was implemented

in accordance with the published literature [24–31].

Radiolabeling

Radiosynthesis of [
99m

Tc]-tricarbonyl precursor

Fac-[
99m

Tc (CO)
3
(H

2
O)

3
)]

+
, a [

99m
Tc]tricarbonyl core,

was prepared in accordance with Alberto, et al. [32]. An

RP-HPLC and a Millipore filter with a pore size of 0.22 nm

helped to calculate the radiosynthesis yield and core stability

of [
99m

Tc]tricarbonyl.

Radiocomplexation, Quality Control and Bioevaluation 653

Fig. 1. The structure of rolipram.

Fig. 2. The proposed structure of [
99m

Tc]tricarbonyl rolipram.

Fig. 3A. The HPLC radio-chromatogram of [
99m

Tc]tricarbonyl precursor at R
t
= 4.4 min and R

t
= 11.30 min for free [

99m
Tc]pertechnetate.



Radiolabeling procedure of [
99m

Tc]tricarbonyl rolipram

The volume of the reaction mixture was held constant at

around 2000 �L. At room temperature, 1 mL of the

[
99m

Tc]tricarbonyl core was combined with 100 �g pantopra-

zole diluted in ethanol (1 mg: 1 mL), accompanied by

100 �L of pH 9.0. (potassium phosphate buffer). Moreover,

the mixture of the reaction was heated to 100 Celsius for

30 min. When the temperature dropped to 37°C radio-HPLC

was used to calculate and verify the radiolabeling yield

[24–33].

Radiochemical analysis of [
99m

Tc]tricarbonyl rolipram

Silica gel GF
254

plates, (TLC-SG) sheets, were used to

measure the radiochemical conversion percentage to

[
99m

Tc]-tricarbonyl rolipram complex. The sheets were

marked using a non-pointed pencil at 2 cm from the bottom

and 1 cm from the line up to 13 cm. Following Millipore fil-

tration, a volume of 5 �L (1.60 MBq) of the [
99m

Tc]-tricar-

bonyl rolipram of the reaction was detected utilizing a

micropipette at the zero point, and allowed to evaporate. To

create accurate separation, acetonitrile was used as the mo-

bile phase. To evaluate the radioactivity, an SR.7 gamma
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Fig. 3B. HPLC analysis. The R
t
values of free [

99m
Tc]tricarbonyl and [

99m
Tc]tricarbonyl rolipram complex were 4.9 and 9 min respectively.

Fig. 4A. [
99m

Tc]Tricarbonyl rolipram complex inhibition brain uptakes in normal male Swiss Albino mice at 10 min p.i. (% ID/g � SEM,

n = 5).



counter was used to count the dried and divided 1-cm TLC

strips. Free [
99m

Tc]-pertechnetate had a relative activity (R
f
)

of 0.3–0.4, whereas the [
99m

Tc]-tricarbonyl rolipram com-

plex had an R
f
of 0.8–1.0 and the [

99m
Tc]-tricarbonyl precur-

sor had an R
f
of 0.1 [34].

Physicochemical evaluation

Stability in rat serum media

In accordance with Motaleb, et al. and Sanad, et al.

[24–27], the radiotracer [
99m

Tc]tricarbonyl rolipram complex

was analyzed in rat serum utilizing TLC or HPLC and then

counted within a perfect scintillation counter to verify its sta-

bility [35].

Determination of the partition coefficient

The octanol/water partition coefficient (P
o/w

) of the

radiotracer [
99m

Tc]tricarbonyl rolipram complex was deter-

mined at a pH value of 7.4 by measuring its distribution be-

tween octanol and phosphate buffered saline (PBS). A sam-

ple of 100 �L was added to an immiscible liquid containing

PBS (900 �L, pH 7.4) and n-octanol (1 mL), then after 5 min

of vigorous vortexing, the mixture was incubated for 30 min

at room temperature. Centrifugation at 5000 rpm for 5 min
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Fig. 4B. Brain uptake of [
99m

Tc]tricarbonyl rolipram complex in normal male Swiss Albino mice as a function of time.

Fig. 5A. 3D Self-docking of rolipram showing interactions in PDE4 active site (PDB code 1TBB). It shows three hydrogen bonds (red-dotted

line) with residues in the binding site.



ensured complete separation of the organic and aqueous lay-

ers. An aliquot (100 �L) from each layer was measured using

a �-counter. The experiment was repeated five times. The

partition coefficient value was expressed as log P
o/w

values.

Biodistribution and animal studies

Animal experiments were approved by the Ethics Com-

mittee of the Labeled Compounds Department. The mice

were Swiss Albino mice (35–45 g). Five groups (5 mice for

each group to give 25 mice in total) were intravenously in-

jected with 100 �L (120–130 MBq) of sterile [
99m

Tc]tricar-

bonyl rolipram complex via the tail vein and kept alive in

metabolic cages for different intervals of time under normal

conditions. These were used for quantitative determination

of organ distribution (per time point) and sacrificed at vari-

ous times post-injection (5 min, 10 min, 15 min, 30 min, and

1 h [23, 24]. All organs were separated and measured by

comparison with a standard solution of the labeled substrate.
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Fig. 5B. 2D Self-docking of rolipram showing interactions in the PDE4 active site (PDB code 1TBB). It shows three hydrogen bonds (green

dotted arrows) with residues in the binding site.

Fig. 5C. Top ranked 2D pose of [
99m

Tc]tricarbonyl rolipram showing interactions in the PDE4 active site.



Fresh blood, bone, and muscle samples were also collected

and measured. The mean percentage of the administered

dose per gram was calculated. The ratios of blood, bone, and

muscles were assumed to be 7, 10, and 40% of the total body

weight respectively [36]. Corrections were made for back-

ground radiation and decay during the experiments. The data

were estimated using a one-way ANOVA test. Results for P

were reported and all the outcomes were given as

mean � SD. The level of significance was set at P < 0.05.

Blocking study of phosphodiesterase-4 inhibitor

Different amounts of unlabeled rolipram were used

within the range 0–1000 �g. It was injected into the mice

10 min prior to administration of the radiotracer, and the per-

centage of brain uptake was estimated 10 min post-injection

of heated radiotracer [
99m

Tc]tricarbonyl rolipram complex

(n = 5).

Molecular modeling

Docking simulations were performed using the struc-

tured preparation application in a Molecular Operating Envi-

ronment (MOE), 2014.10 [18]. The x-ray crystallographic

structure of Human Phosphodiesterase 4D (PDE4) in Com-
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Fig. 5D. Top ranked 3D pose of [
99m

Tc]tricarbonyl rolipram showing interactions in the PDE4 active site.

TABLE 1. Docking results (binding affinity, ligand amino acids in-

teracted with binding site)

Compound S-score

Amino acids

involved

in H-bonds

Amino acids

involved in

�-interaction

Rolipram -11.3462 GLN 535 (2.82,

3.28 A°)

HIS 326 (2.41 A°)

No

[
99m

Tc]Tricarbonyl

rolipram

Proposed structure

-12.6890 THR437 (3.18 A°)

MET439 (3.9, 4.29

A°)

ASP484 (3.2 A°)

PHE 538

TABLE 2. The effect of rolipram amount on the radiolabeling yield

of [
99m

Tc]tricarbonyl rolipram

Rolipram (�g)

%

[
99m

Tc]tricarbonyl

rolipram

% Free
99m

Tc
[

99m
Tc(CO)3(H2O)

3]
+

precursor

50 77.0 � 0.18 12.5 � 0.16 10.5 � 0.19

75 82.0 � 0.13 5.0 � 0.15 13.0 � 0.76

100 97.0 � 0.19 1.6 � 0.16 1.4 � 0.17

150 97.2 � 0.39 1.3 � 0.33 1.5 � 0.76

200 96.0 � 0.18 1.8 � 0.19 2.2 � 0.21

250 95.5 � 1.10 2.1± 0.19 2.4 � 0.11

300 95.0 � 0.15 2.6 � 0.19 2.4 � 0.12

Values represent the mean � SEM, n = 3



plex with Rolipram (PDB code: 1TBB) was retrieved from

the Protein Data Bank of the Research Collaboration for

Structural Bioinformatics (RCSB) website (www. rcsb.org]

[18 – 20].

RESULTS AND DISCUSSION

Thin-layer chromatography analysis

The results of thin-layer chromatography revealed that

The Rf values for the [
99m

Tc] tricarbonyl rolipram complex,

free pertechnetate, and [
99m

Tc] tricarbonyl core were 0.9–1.0,

0.3–0.4, and 0.1 respectively. The radiochemical yield of the

[
99m

Tc]tricarbonyl rolipram complex right after the synthesis

was over 98%, which could be estimated by subtracting the

relative percentage concentration of the remaining species

from 100%.

High-performance liquid chromatography analysis

At a flow frequency of 0.6 mL/min, with Rt = 11.30 min

for free [
99m

Tc] pertechnetate and Rt = 4.4 min for the

[
99m

Tc] tricarbonyl core (see Fig. 3A) a radiochemical con-

version efficiency of 97.0% was achieved; moreover, the

HPLC of the [
99m

Tc] tricarbonyl rolipram complex was also

determined to be 98%. Free [
99m

Tc]tricarbonyl core Rt was

4.9 min, whereas the rolipram complex Rt was 9.0 min (see

Fig. 3B).

Reaction optimization

The radiochemical yield of [
99m

Tc]tricarbonyl rolipram

complex was increased to 97% by optimizing many factors

(pH, substrate quantity, and temperature). When the rolipram

amount was increased to 100 �g (7.5 MBq), the radioche-

mical conversion to the complex [
99m

Tc]tricarbonyl rolipram

reached a maximum of 97.0% (Table 1). All other reaction

parameters were held constant. Additionally, the optimality

of the reaction mixture was demonstrated at a pH of 9.0,

which may be a reflection of the stability of the complex,

[
99m

Tc]tricarbonyl rolipram. It was also determined that

30 min was the optimal period for the reaction, yielding a

radiochemical conversion of 97.0%. The compound has been

shown to be stable in rat serum. [
99m

Tc]Tricarbonyl rolipram

complex was noted to be stable up to 24 h to give 95%; after

that, the purity reduced to 80.0% at 48 h.

Biodistribution studies

By tracing the radiotracer [
99m

Tc] tricarbonyl rolipram

complex it was distributed in a variety of tissues and bodily

fluids, as represented in Table 2. All radioactivity measure-

ments are represented as the mean standard deviation of the

injected activity per gram of tissue (%ID/g). The distribution

of the radiotracer revealed that the concentration in the liver

reached 22.30% at 30 min p.i., and then declined to 12.29%

1 h later. Renal absorption reached 19.34% at 30 min p.i. and

declined to 6.77% p.i. at 1 h, which led to the conclusion that

the hepatobiliary and urinary systems are responsible for

washing away the radiotracer [
99m

Tc]tricarbonyl rolipram

complex [16]. Results also revealed a low stomach concen-

tration at all times, indicating that the radiotracer [
99m

Tc]tri-

carbonyl rolipram complex is stable in vivo. The rapid distri-

bution of the radiotracer [
99m

Tc]tricarboxylic rolipram com-

plex in most organs was evident at 5 min p.i. Most of the

complex was absorbed by the brain at 10 min p.i., giving

8.20%. This difference in the uptake of the radiotracer (p.i.)
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TABLE 3. Biodistribution of [
99m

Tc]tricarbonyl rolipram in normal mice at different times

Organs and body fluids

% I.D./g at different times post-injection

5 min 10 min 15 min 30 min 60 min

Blood 5.6 � 0.44 3.8 � 0.12 2.88 � 0.32 2.20 � 0.01 1.3 � 0.12

Bone 1.4 � 0.15 1.3 � 0.12 1.2 � 0.17 1.10 � 0.12 0.9 � 0.02

Muscle 3.1 � 0.25 2.4 � 0.27 2.1 � 0.29 1.60 � 0.20 1.11 � 0.13

Brain 5.3 � 0.44 8.2 � 0.21 4.9 � 0.27 3.60 � 0.12 1.90 � 0.15

Lungs 1.13 � 0.12 1.11 � 0.22 1.0 � 0.09 0.09 � 0.06 0.08 � 0.07

Heart 1.4 � 0.20 1.3 � 0.11 1.22 � 0.06 1.12 � 0.13 0.98 � 0.08

Liver 5.33 � 0.15 8.11 � 0.23 14.20±0.89 22.30 � 0.55 12.29 � 0.33

Kidneys 4.9 � 0.32 8.77 � 0.54 11.76 � 0.85 19.34 � 0.87 6.77 � 0.33

Spleen 1.32 � 0.20 1.22 � 0.44 1.12 � 0.65 1.00 � 0.07 0.99 � 0.08

Intestine 1.9 � 0.66 2.8 � 0.84 3.47 � 0.22 5.66 � 0.66 3.22 � 0.21

Stomach 1.3 � 0.32 1.2 � 0.11 1.11 � 0.08 1.00±0.07 0.99±0.09

Brain/Blood 0.95 2.16 1.70 1.64 1.46

Mean±SEM (mean of five experiments)



in brain could be attributed to the difference in accumulation

selectively to phosphodiesterase-4 inhibitor (PDE4) recep-

tors. By comparing this brain uptake of [
99m

Tc] tricarbonyl

rolipram complex (8.20% ID/g at 10 min p.i.), % ID/g or -

gan � S. D, amount with part of the available labeled com-

pounds indicated that this uptake is considered more than

them. These results are confirmed by rolipram complex inhi-

bition (see Fig. 4A). In addition, the brain-to-blood ratios of

[
125

I]iodorolipram were 0.95, 2.16, 1.70, 1.64 and 1.46 at

5,10, 15, 30, and 60 min respectively (see Fig. 4B). The up-

take of the radiotracer [
99m

Tc]tricarbonyl rolipram complex

is higher than the reported corresponding values for other

agents such as [
99m

Tc]HMPAO, which showed 3.50% ID/g at

30 min p.i. in rats, [
99m

Tc]ECD complex, which showed

4.7% ID/g at 24 h p.i. in monkey, and [
125

I]iodorolipram,

which showed 7.60% ID/g at 10 min p.i. in mice. Our results

indicate that iodorolipram has superior % ID/g � S. D. value

than commercially available complexes ([
99m

Tc]HMPAO

and [
99m

Tc]ECD) [13, 14].

Lipophilicity

The lipophilicity of the radiotracer [
99m

Tc]tricarbonyl

rolipram complex was determined by measuring the partition

coefficient between octanol and phosphate buffer 0.1 M, pH

7.4. A log p value of 2.66 � 0.23 indicates the ability of the

radiotracer [
99m

Tc]tricarbonyl rolipram complex to cross the

blood brain barrier [30 – 40].

Blocking study of phosphodiesterase-4 inhibitor

Pre-dosing albino mice with unlabeled rolipram, using

different amounts of rolipram (250–1000 �g), 10 min before

the injection of the radiotracer [
99m

Tc]tricarbonyl rolipram

complex reduced the brain uptake from 8.2 to 1.3 %ID/g or-

gan at 10 min p.i. This result suggested that the radiotracer

[
99m

Tc]tricarbonyl rolipram complex binds selectively to

phosphodiesterase-4 inhibitor (PDE4) receptors in the brain

and that the uptake was specific. As a result of this study, the

radiotracer [
99m

Tc]tricarbonyl rolipram complex can be used

successfully in imaging of the PDE4 receptor (see Fig. 4A).

These results are in agreement with previous reports [31].

Molecular modeling studies

The main objective of performing molecular modeling

studies is to compare between the binding modes of rolipram

(ROL) co-crystalized ligand of PDE4 (PDB code: 1TBB)

and [
99m

Tc] tricarbonyl rolipram. As shown in Table 1,

rolipram had an S-score of -11.3462 and exhibited three hy-

drogen bonds: two with GLN 535 of distances (2.82, 3.28

A°) and the last one with HIS 326 of distance (2.41 A°)

(Figs. 5
A-B

,). Moreover, docking results of the proposed

[
99m

Tc] tricarbonyl rolipram structure showed that it can in-

teract with 1TBB, as shown in Table 1. The proposed

[
99m

Tc]Tricarbonyl rolipram structure has an S-score of

-12.6890 and exhibited four hydrogen bonds: one with THR

437 with a distance of (3.18 A°); two with a MET 439 with a

distance of (3.9 and 4.29 A°); and one with an ASP 484 with

a distance of (3.2 A°), in addition to a �-interaction with

PHE 538 (Figs. 5
C-D

,). Conclusively labeling rolipram with

[
99m

Tc] tricarbonyl did not disturb its binding to

phosphodiesterase-4.

CONCLUSION

An optimized protocol for the synthesis of the radiotracer

[
99m

Tc]tricarbonyl rolipram complex in a high yield has been

elaborated. Bio-distribution studies indicated that the

radiotracer [
99m

Tc]tricarbonyl rolipram complex has a high

brain uptake of 8.2% ID/g at 10 min. This ID/g value is pro-

visionally improved over agents such as [
99m

Tc]ECD,

[
99m

Tc]HMPAO, and [
125

I]iodorolipram radiotracers. There-

fore, the radiotracer [
99m

Tc]tricarbonyl rolipram could be

considered a new potential selective radiotracer for brain im-

aging.
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