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Abstract
NBNPQD (2-benzyl-l-oxo-l,2-dihydropyrido[4,3-b] quinoxaline

5,10-dioxide) is a new synthesized quinoxaline derivative. It could be 
labeled with Auger emitter iodine-125 successfully with yield about 
90%. The labeled product was evaluated by electrophoresis and thin 
layer chromatography. Factors affected labeling yield were studied.

1- NBNPQD was stable up to 48h post labeling. Biodistribution 
study of 1-NBPQD in normal and tumor bearing mice was also 
conducted. The biodistribution data revealed that 1- NBNPQD 
diffused rapidly to tumor sites in both ascites and solid tumor bearing 
mice. 1- NBNPQD was declined rapidly from most of organs but 
slowly from tumor sites. In-vitro radiotoxicity of I- NBNPQD 
increased with the increase of its radioactivity. This study encourages 
the possible use of I- NBNPQD in tumor imaging and treatment. It 
also encourages further studies on the chemotherapeutic activity of 
NBNPQD hoping to get a new potent antitumor agent.
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Introduction
€ancer is still the main cause of death allover the world. The main 

draw back o f most of anticancer drugs is that affecting both normal as 
well as cancer cells. So there is a need to discover an agent to carry or 
deliver anticancer drug to cancer cells without affecting normal 
cells [1]. Targeted radionuclide therapy using radioiodinated 
compounds with a specific affinity for tumor tissue is a promising tool 
for treatment of cancer, but the candidate with the ideal kinetic profile 
remains to be discovered [2]. Targeted radionuclide therapy 
concentrates the effects on tumor cells, thereby increasing the efficacy



Experimental
Materials

1-NBNPQD (2-benzyl-l-oxo-l,2-dihydropyrido[4,3-b]quinoxaline
5,10-dioxide) was kindly provided by Dr. M. A. Waly, department of 
chemistry, faculty of science ofDamietta Mansura University, Egypt.
2-Iodine-125 was purchased from Isotope Production Center. 
Newzland, as a no carrier added and dissolved in diluted NaQH-
3- Ehrlich ascites carcinoma cell line (EAC) supplied from National 
Cancer Institute, Cairo, Egypt.
4- All other reagents were of analytical grades.
5- RPMI 1640 media was purchased from Sigma Ch. Company, USA.
6-Trypan blue dyes to detect non-viable cell from viable one was 
purchased from Sigma Chemical Company, USA.
Animals

Female Swiss Albino mice weighing 20-25 gm were purchased 
from the Institute of Eye Research Cairo, Egypt. The animals were 
kept throughout the e^erim ental period at room temperature (22±2 ) 
c with a 12 hr on/off light schedule. Standard food and water were 
allowed to mice all over the experiments. Female mice were used in 
this study because they are susceptible to Ehrlich ascites carcinoma 
more than male [1?].
Labeling procedures:

The substrate was dissolved in DMF in dark bottle and oxidizing 
agent is added. About 35-70 KBq o f Na l was added and pH was 
adjusted to the appropriate one. After reaction time sodium 
thiosulphate is added to stop the reaction. The labeled compound was 
then evaluated by electrophoresis and thin layer chromatography and 
factors affect the percent of labeling yield such as oxidizing agent, 
substrate content, pH of the reaction and reaction time were studied
[18]. The stability of the labeled compound after labeling and the 
impact of time were also studied.
Chromatographic analysis

The labeled compound was investigated by two chromatographic 
methods, electrophoresis analysis and thin layer chromatography. 
Electrophoresis was done with EC 3000 p-series 90 programmable 
power and chamber supply units using cellulose acetate strips (45cm) 
(E.C. corporation apparatus, USA). These stripes were moistened with 
0.05 M phosphate buffer pH 7 and then introduced in the chamber.



Samples (5 1إل) were applied at a distance of 10 cm from cathode. 
Standing for 1.5 h and application of 300 voltages were done. 
Developed strips were dried and cut into lcm segments, then counted 
by a well-type Nal scintillation counter (Scalar Ratemeter SR7, 
Nuclear enterprises LTD. USA).
The radiochemical yield was calculated as the ratio of the radioactivity 
of the labeled product to the total radioactivity [18].
% Radiochemical yield of^I-NBNPQD =  Peak activity of 1-NBNPOD X ١ ٠٠

Total activity
Also, thin layer chromatography was achieved using mobile phase 
chloroform: ethanol: ammonia (90:10:0.5) with ascending technique. 
The RF value was about 0.9 for I-NBNPQD, while free iodide resist 
at the point of spotting [19].
Tumor transplantation in mice

Ehrlich ascites carcinoma cell line as an excellent model for 
studying the biological behavior of malignant tumors and drugs 
assumed to produce effect at these sites [20]. A line of Ehrlich ascites 
carcinoma cells (EAC) was maintained in female Swiss albino mice 
through weekly IP transplantation of 2.5x10 tumor cells per mouse. 
EAC cells were obtained by needle aspiration with aseptic conditions. 
The ascetic fluid was diluted with sterile saline to 0.1 ml contains 
2.5x10 cells counted microscopically using a haemocytometer [21].
0.2 ml solution was then injected intrapritoneally to produce ascites or 
intramuscularly in the right thigh to produce solid tumor. The animals 
were maintained for 10-15 days till the tumor development was 
apparent as described by Olinescu et al., 1983 [17].
Biodistribution of the iabeled ؛I-NBNPQD in normai mice and 
tumor bearing mice.

Biodistribution of *25I- NBPNQD was carried out in 24 normal 
mice, divided into 4 groups 6 each. Each animal was injected in the 
tail vein with 0.2 ml solution containing 5-10 KBq of 125I- NBNPQD. 
Animals in each group were kept in metabolic cages for scarification 
at its required time, after 15 min, 1 h, 6 h or 12 h post injection o f the 
labeled drug. Scarification of mice was done by cervical dislocation 
and the organs or tissues of interest were isolated, weighted and 
counted for its uptake of radioactivity in a well type Nal (TI) gamma 
counter and the results were calculated as percentages of injected dose 
(I.D) per gram tissue. The final results were expressed as mean ±



standard error of the mean [22].
The expirements was repeated in 24 ascites bearing m؛ee divided to 4 
groups. Each animal was injected in the tail vein with 0.2 ml solution 
containing 5-10 KBq of 1- NBNPQD 10 days post inoculation. Each 
group subdivided into 4 subgroups o f 6 mice each and follows as in 
normal mice. Ascites fluid was drained and counted as a whole 
Rad؛ot،>x؛c؛ty of I-NBNPQD

In vitro r^diotoxicity of ' l-NBNPQD on EAC cells was done by 
calculation of the number ©fnon-viable cells using a h^m©cytomcter. 
This experiment was performed by mixing 0.1cm of tumor cell 
suspension, 0.8 cm RPMI 1640 media, and different concentrations of 

I-NBNPQD in centrifuge sterile tubes. The tubes were incubated at 
37 C in a titanox incubator for 2 h, then centrifuged (Harmonic 
centrifuge), and the cells were separated by aspiration of the 
supernatant and stained with trypan blue. The percentage ofnonviable 
cells (NVC) was calculated using a haemocytometer [23].
Statistical analysis

The results were expressed as means ± SED for the indicated 
number of different experiments. To compare the difference among the 
groups, an unpaired Student’s test was performed, p value o f less than
0.05 was considered significant.

Results and discussion
Electrophoresis analysis

Figure (1) illustrates the analysis of the fractions that produced 
from the reaction by electrophoresis. Two main peaks were formed, 
one corresponding to the free iodide that moved towards the anode 
with 16 cm distance at the condition mentioned before. The species 
that stayed at the point of spotting was found to be identical to that of 

1-ldoxuridine (ا ) under the same electrophoretic 
conditions [25],
Faetors Affecting the Labeling Yield of NBNPQD:
Effect of CAT

Labeling yield was increased with the increase o f CAT content till 
50 ^Ig, which is the optimum content. Above 50^g no significant 
change in the labeling yields.
Effect of substrate

75 (ig NBNPQD was the optimum concentration required to 
obtain the maximum labeling yield.



Table 1 Effect o f  CAT content on the radiochemical yield o f  125I NBNPQD,
CAT ،هعء> % Labeled compound % Free iodide

10 ٣٤ 85.2 ± 0 .4 0 14.8 ن 0.3
25 Îg 88.1 ± 0 .4 0 * 1 1 . 9 ± 0 . 3
50 ng 9 3 . 2 ± 0 . 5 0 * t 6.8 ± 0 .7 5

100 ng 94.4 ± 0.04* 5.6 ± 0 . 0 6
200 ^g 94.5 ± 0.32* 5.5 ± 0 .3 5

Values represent the mean ± SEM n - 6
*Significantly different from the initial values using student's t- test (P<0.05). 
^Significantly different from the previous values using student's t- test (p<0.05).
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Table 2 Effect of (NBNPQD) content on the labeling yield
NBNPQD (ng) % Labeled compound % Free iodide

25 80.4 ± 0 .3 1 19.6 ± 0 .4 1
50 8و.0±0.مهو 1 1 .0 ± 0 .2 5
75 9 3 . 7 ± 0 . 1 8 * t

100 94.5 ± 0 .4 0 ♦ 5.5 ± 0 .3 5
200 94.5 ± 0 .2 6 * 0.30 5 .و±

Values represent the mean ± SEM ٨ = ^
*Significantly different from the initial values using unpaired student's t-test (?<0.05) 
^Significantly different from the previous values using unpaired student's t-test (P<0.05)

“ i-Ompound

Freeiodde



Effect of pH
It was observed that pH 4, 7 were the optimum pH. At low

and at higher pH the yield was deereased.
Table 3 Effect of pH of the reaction med^m ©١١ the labeling yield of 
125I-NBNPQD _______________________

pH value % Labeled compound ٥/© Free iodide
ت 0إ 8ي1. 5 . 2 1 4 .8 ± 0 .1 5
4 93.7 ± 0.30* 6.3 ± 0 . 2
7 9.ق± 0.30* 4 5.5 ± 0 .2 0
و 7 8 . 2 ± 0 . 4 4 * t 11 8 ± 0 .2 5

١١ 65.2 ± 0 .20*t 34.8 ± 0 . 4
Values represent the mean ± SEM n = 6
* Significantly different from the initial values using unpaired student's t-test (p<0.05) 
t  Significantly different from the previous values using unpaired student's t-test (P<0.05)

Effect of reaction time
Maximum labeling yield was observed at 5 min reaction time. 

Extending the reaction time to lh  showed no n significant change 
in the labeling yield. This may be attributed to the rapid 
reactivity o f quinoxaline derivatives (26).
Table 4 Effect of reaction time on the % labeling yield of 1-
NBNPQD

Time/min. % Labeled compound % Free iodide
١ 89.9 ± 0 .3 6 10.1 ± 0 .5 5
5 93.8 ± 0 .5 * 6 . 2 ± 0 . 1 5

15 94.2 ± 0 .3 * 5.8 ± 0 . 2
30 94.1 ± 0 .4 * 5 - 9±Q- l
60 93.8 ± 0 .2 5 * 6 . 2 ± 0 . 1 5

Values represent the mean ± SEM n = 6
^g n i f ic an t ly  different from the initial values using unpaired s tudent’s t-test (P<0.05)

Biodistribution study of I- NBNPQD in norma! mice
Biodistribution study of 125I- NBNPQD in normal mice showed that 

125I- NBNPQD was distributed rapidly in blood, stomach, heart and 
intestine at 15min post injection. After lh, '^I-NBNPQD uptake was 
significantly decreased in organs and tissues like blood, heart and 
liver. However, I-NBNPQD uptake was significantly increased in 
stomach, spleen, kidney, and thyroid. At 4h and 24h post injection, the 
majority of organs and tissues showed significant decrease in 125I- 
NBNPQD uptake. Thyroid gland showed significant increase in 125I- 
NBNPQD uptake at 4h post injection and also at 24h when compared 
to each previous value, may be due to invivo deiodination of the
compound [251 (Table 5).



Biodistribution study of *25I- NBNPQD in tumor bearing miee
The data presented ؛آل  Table 6 s^©wed rapid diffusion of 125I- 

NBNPQD into tumor tissues. The uptake of I- NBNPQD decreased 
at 24h due to excretion mainly in urine. It was observed that the

' of 1- NBNPQD was the highest in blood, stomach and 
thyroid and the least in muscle, spleen and the bone at 15-minute post 
injection. Each ml o f ascitic fluid contains 3.2 % of total activity so 
uptake in ascites rapidly takes place. The uptake of ascitic fluid was 
significantly increased after 4h to reach 7.2 %. The uptake was 
significantly decreased at 24h post injection when compared to its 
previous value. Some organs showed significant decrease at lh  post 
injection like blood, intestine and muscle, while significant increase 
was observed in some organs like ascetic fluid, bone, liver, stomach, 
kidney, spleen and thyroid. At 4h post injection the majority of organs 
showed sئgnنfآ cant decline in uptake of I- NBNPQD.
Table 5 Biodistribution o f  ٠ ١ - NBNPQD in normal mice

Organs ه  
Body 
fluids

Percent I.A./gram organ 
Time post injection

15min 1 ١٦ 4 h 24 h

Blood 12.1±0.1 و.ها±0.2م 8.7 ±0.04* 3.7 ±0.3*
Bone 2.3 ±0.05 2.5±0.1* 1.9±0.1* 0.9 ±0.1*
Muscle 2.1 ±0.م1 1.7 ±0.02* 1.3±0.1 0.7 ±0.02*

Liver 5.1 ±0.05 4.6±0.15* 3.2 ±0.06* 1.1 ±0.02

Lung 4.8±0.1 4±م.12م .5 2.8 ±0.2* 1.1±0.01*
Heart 6.1 ±0.8 5.2 ±0.3* 3.1 ±0.01* 1.2±0.04*
Stomach 8.9±©.9 11.2 ±0.6 9.6 ±0.16* 5.7 ±0.2*
Intestine 6 .4±0.50 6.1 ±0,3* 4 .5 ± 0 . i* 1.5 ±0.03*
Kidney 4.7 ±0 .4 6,2 ±0.6* 3.9 ±0.3* 1.2 ±0.06*
Spleen 2.1 ±0.3 3.2±0.1* 2.1 ±0.02 1.2 ±0.05*
Thyroid 4.1 ±0.02 6.5±0.14* 6.7 ±0.16* 9.2 ±0.2*

Values represent mean ± SEM.
*Means significantly differ from the previous each value using unpaired student’s t-test p<0.05).

In-vitro-toxieity of ^-NBNPQD
The radiotoxicity of I-NBNPQD was increased with the increase 

of radioactivity (Table7). Increase the radioactivity from lKBq to 16 
KBq showed significant increase in the radiotoxicity of ا 2؟ I-NBNPQD. 
This may be explained as Augger effect of iodine -125 increased with 
the increase of radioactivity [26].



Table 6 Biodistribution o f  125I- NBNPQD in ascites bearing mice
Organs & 

Body
fluids

% 125I-NBNPQD /gram organ Time post injection
15 min 1 hr 4 hr 24 hr

Blood 1م?.0±م. 10 8.l±0.4* و±م.ما ا. 3.2±0.15*
Bone 1.70±0.15 3.3±0.15* 2.4±0.ا5* 1.8±0.17*
Muscle 2.25±0.09 1.9±0.02* م ا .ا7±ه.م 0م .04±1.2
Liver 4.70±0.25 0م .2±7.1 4 .8±0.06* 2 .5±0.07*
Lung 3.50±0.10 4.5ئ0.04* *± 0 3.إ1. *0 1.3ن1.
Heart 4.50±0.30 4.0±0.40* 0م .1±2.0 *4±0 .إ12.
Stomach 8.10±0.30 13.1±0.9* 9.1±0.6* 7.1±0.5*
Intestine 5.10±0.50 4 .5±0.07* 0م .1±3.1 1.2±0.2*
Kidney 4.50±0.40 0م .1±6.2 4.5±0.ا* 2.2±0.06*
Spleen 1.30±0.10 2.3±0.01* 2.3د0.01* 1.1±0.0*
Thyroid 5.30±0.02 6.3±0.04* 8 . 1±0.06* 10.2±0,05
Ascitic
fluid

3.20±0.20 *0 6.2ي4. 0م .1±7.2 4.3±0.05*

Values represent the mean ± SEM n = 6
٠ Significantly different from the initial value o f  each organ using unpaired student's t-test

(0.رئه ? >
Table 7 in-vitro-toxicity of 125I-NBNPQD

Dose (KBq) % Non viable cells
1 3,2±0.15
2 5.2 ±0.35*
4 7.4 ± 0.40*f
8 و م اا3±ا.آ .

16 18.5±3.1*t
64 20.2د 1.2*

Values represent the mean ± SEM. n = 6
* Significantly different from the initial values using unpaired student’s t-test (P<0.05). 
t  Significantly different from the previous values using unpaired student’s t- test (P<0.05).

Conclusion
I-NBNPQD was prepared by electrophilic substitution with yield above 

90%. The maximum labeling yield was obtained using CAT at pH 7 at room 
temperature within 5min reaction time. Biodistribution of I-NBNPQD in 
solid and aseites tumor bearing mice revealed that the uptake of I- 
NB^P^D was higher in tumor sites. This uptake declined slowly so it may 
be to that the '2؟I-NBNPQD was coupled or introduced to DN^ of tumor 
cells.آ ا ا € data encouraged the possible use of I-NBNPQD in imaging and 
treatment of tumor.
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