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ABSTRACT  

Cancer represents a broad category encompassing various diseases that can impact any area of the body. It is also 

referred to as malignant tumors or neoplasms. Aiming to diagnose tumors, a promising monastrol analogue (1b) 

methyl 4-(2-hydroxyquinolin-3-yl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate, was designed via 

structural modification of monastrol, and synthesized in good yield. This compound was in vitro evaluated via 

MTT assay and revealed potent antitumor effects on a panel of cancer cell lines namely; HepG-2, HCT-116, MCF-

7, and PC3 against standard 5-fluorouracil. The target 1b was radiolabeled with iodine-131 by a direct electrophilic 

substitution reaction. It was found that 131I-1b has a high radiolabeling yield (96.40 ± 2.00%), stability, solid tumor 

uptake, and Target/Non-target ratio (T/NT) ratio (5 ± 0.03 at 30 min. post-injection) compared with many new 

tracers which have been developed in recent years. This study encourages the possible use of this tracer as a 

potential imaging and/or therapeutic agent for cancer. 
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1. Introduction 

Cancer represents a broad category encompassing various diseases that can impact any area of the body. It is also 

referred to as malignant tumors or neoplasms. A hallmark characteristic of cancer is the swift proliferation of 

atypical cells that exceed their normal limits and can infiltrate neighboring body parts and migrate to other organs 

(metastasis). The majority of cancer-related deaths are due to extensive metastases (Bray et al., 2018; Xu et al., 

2008). 

Quinoline ring, 1-aza-naphthalene or benzo[b]pyridine as a bicyclic heterocyclic system,  comprises 

pyridine and benzene rings fused to each other by adjacent carbons (Dobbin, 1934) so it is considered a nitrogen-

containing heterocycle and functional intermediates in organic synthesis. Being a tertiary amine, the quinoline ring 

can form a salt with acids and displays both electrophilic and nucleophilic aromatic substitution reactions, and it 

or its derivatives have natural as well as synthetic sources (Matada, Pattanashettar, Yernale, & Chemistry, 2021).  

Quinolines play a crucial role in medicine, forming the backbone of many drugs for treating many disease 

conditions including schistosomiasis associated with hepatic fibrosis (El-Barabry et al., 2021), acute and chronic 

toxoplasmosis as a single therapy (Abd Elgawad et al., 2019) or combined with nitazoxanide (Elblihy et al., 2024; 

Youssef & El Ganyny), epilepsy (El-Gamal et al., 2022), Alzheimer (Li et al., 2023), hypertension (Patil, 

Padmashal, & Uppar), and cancer (Chu et al., 2019; Fujioka et al., 1992; B. Mansour, Bayoumi, El‐Sayed, 

Abouzeid, & Massoud, 2022; B. Mansour, Henen, Bayoumi, El-Sayed, & Massoud, 2021; B. Mansour et al., 2023; 

Massoud, El-Sayed, Bayoumi, & Mansour, 2019). Furthermore, quinoline-based compounds were ubiquitously 

used as anti-inflammatory and analgesic (Ghanim et al., 2022), antiviral (Wang et al., 2021), anti-bacterial and anti-

fungal (Sharma & Singh, 2022). 

However, another nitrogen-based heterocycle is the functionalized 3,4-dihydropyrimidin-2(1H)-one 

(DHPM) ring. DHPM which was first reported by the Italian chemist Petro Biginelli (Biginelli, 1893) via a three-

component condensation reaction of an aromatic aldehyde, urea, and ethyl acetoacetate, is a doubly unsaturated 

six-membered ring and has two nitrogen atoms at positions 1 and 3. Soon after its first report, DHPM ring became 

one of the most important  and desirable scaffolds in medicinal chemistry due to its diverse biological activities 

such as anti-inflammatory and analgesic (Dawood, Jasass, Amin, Farghaly, & Abbas, 2017), antibacterial (Cui et 

al., 2017), antioxidant (Ergan et al., 2017), antihypertensive activities (Teleb et al., 2017), antifungal (de Azambuja 

et al., 2019), antiviral (Ma et al., 2021), and anticancer (El-Azab, Abdel-Aziz, Ghabbour, Al-Gendy, & Chemistry, 

2017; Ragab, Abou-Seri, Abdel-Aziz, Alfayomy, & Aboelmagd, 2017). Moreover,  a recently prepared series of 

3,4-dihydropyrimidines was reported to possess significant antiproliferative activity and anti-breast cancer 

cytotoxicity (Sośnicki et al., 2014). 

The early and accurate diagnosis of tumors will intensively improve the treatment plans for the patients. 

In an effort to increase patient survival and improve prognoses, the development of tumor diagnosis and treatment 

agents is important (M. Motaleb, Abdel-Ghaney, Abdel-Bary, & Shamsel-Din, 2016). Radioiodinated compounds 

are widely used for the diagnosis and treatment of tumors e.g. [125I]-iodothioguanine for cancer treatment (Saleh-

Abady et al., 2010) and [123I]-iodocelecoxib for tumor imaging (Saleh-Abady et al., 2010). Most nuclear medicine 
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departments use single-photon emission computed tomography (SPECT) as one of their standard technologies 

(Ibrahim et al., 2015; Sakr, Essa, El-Essawy, & El-Mohty, 2014).  

Recently, studies have focused on radiopharmaceuticals containing technetium-99m and radioiodine to be 

used for targeting solid tumors (M. Motaleb et al., 2016). The development of new radiopharmaceuticals, which 

target specific receptors in solid tumors, could potentially have high tumor uptake and high solid tumor to normal 

muscle (T/NT) ratio which results in potential diagnostic radiopharmaceuticals with a high quality (M. Motaleb et 

al., 2016).  

2. Material and methods 

 

2.1. Chemistry 

Methyl 4-(2-hydroxyquinolin-3-yl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1b) was 

synthesized according to the previous report (B. A. Mansour, El-Sayed, Massoud, & Bayoumi, 2024). 

2.2. Radioiodination procedure 

Different amounts of substrates (10–250 μg) in dimethyl sulfoxide (DMSO) were added to an amber color vial. 

Then, 170 μL of freshly prepared chloramine-T (CAT) solution in ethanol containing (10–250 μg) CAT was added. 

Then, 10 mL of Na131I (7.2 MBq) was added to the reaction mixture and pH was adjusted by using 150 μL buffer 

solutions.  The reaction mixture was vortexed and left at ambient temperature for 5–60 min. A drop of saturated 

sodium thiosulfate solution (10 mg/mL H2O) was added to decompose the excess of iodine (I2) in order to quench 

the reaction by reducing it to iodide (I-) as it is oxidized to tetrathionate (S4O6
2-) (Kurth, Dahl, & Butt, 2015). The 

effect of various reaction parameters and conditions on radioiodination efficiency, such as the amount of oxidizing 

agent (CAT), amount of substrate, pH of the reaction, and the reaction time were optimized in order to maximize 

the radiochemical yield. 

2.3. Tumor transplantation 

Ehrlich Ascites Carcinoma (EAC) as a model in cancer research was used in this work. EAC was maintained in 

female Swiss albino mice through weekly intraperitoneal (IP) transplantation (Ozaslan, Karagoz, Kilic, & Guldur, 

2011). EAC cells were obtained by needle aspiration under aseptic conditions. The ascetic fluid was diluted with 

sterile saline (0.1 mL contains 2.5 × 106 cells) then 0.1 mL of this solution was injected into the peritoneal cavity 

of mice to produce liquid tumor and intramuscularly in the muscle of the right leg of the mice to produce solid 

tumor keeping left leg as control. Mice were kept for 7 to 10 days on a normal diet in a metabolic cage till the 

tumor was observed. 

2.4. Biodistribution of 131I-1b 

Biodistribution assay was carried out in normal and tumor-bearing (ascites and solid) mice. Each group consisted 

of 16 mice divided into 4 subgroups (4 mice each). Injection of 0.2 mL (74 KBq) of 131I-1b was done via mice tail 

vein. Mice were sacrificed at 15, 30, 60, and 120 min by cervical dislocation after anesthesia with chloroform. 

Organs and fluids of interest were removed, weighed, and counted in a gamma scintillation counter to determine 

their uptake of 131I-1b. Samples of blood and organs of interest were removed, weighed, and assayed for 
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radioactivity, and the percentages of injected dose per gram (% ID/ g) were calculated. Bone, blood, and muscle 

weight were taken as 10, 7, and 40% of the total body weight, respectively (M. Motaleb, Selim, El-Tawoosy, Sanad, 

& El-Hashash, 2017). Solid tumor to normal muscle (T/NT) was calculated. 

3. Results and Discussion 

3.1. Radiolabeling study 

Several Monastrol derivatives (1a-i) (Figure 1) were selected for radioiodination via electrophilic substitution 

reaction with radioactive iodine-131 and chloramine-T (CAT) as an oxidizing agent. Out of the tested compounds, 

compound 1b showed the highest radiochemical yield (96.40 ± 2.00%) and has been promoted for further biological 

investigation. Several parameters affect the process of radiolabeling, as follows: 

 
Figure 1. Synthetic Scheme for target derivatives 1a-i 

Effect of 1b amount  

The dependence of radiochemical yield on the amount of 1b is depicted in Figure 2. The reaction was performed 

at different 1b amounts (10-300 μg). The radiochemical yield of 131I-1b was small at a low 1b amount where at 10 

μg the labeling yield was 62.50 ± 2.50% and by increasing 1b amount the labeling yield was increased where the 

maximum labeling yield (96.40 ± 2.20%) was obtained at 200 μg. At 1b amounts higher than the optimum amount, 

the labeling yield was slightly decreased again until reached 89.50 ± 2.60% at 300 μg, which may be attributed to 

the fact that 200 μg of 1b is enough to capture the entire generated iodonium ion as a result the yield reached a 

maximum value at this amount.  

Effect of CAT amounts  

The effect of oxidizing agent amount (CAT) on the labeling efficiency of 131I-1b is demonstrated in Figure 3. 

Radioiodination of 1b has been performed by using CAT as a mild oxidizing agent, transforming iodide (I-) to an 

electropositive form of iodine (oxidative state I+), which allows a spontaneous electrophilic substitution on the 
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aromatic ring with a good leaving group such as H+. When the high specific activity of radioiodide is oxidized in 

situ, it generates electropositive iodine, but it is unlikely to form I2 because there is so little radioiodine present that 

statistically it is not possible for two iodine atoms to join together at the concentrations involved (El-Azony, 2010). 

 
Figure 2. Effect of 1b amount on the radiochemical yield % of [131I]iodo1b 

 

Figure 3. Effect of CAT amount on the radiochemical yield % of 131I-1b 

In addition, although CAT is a mild oxidizing agent, its effect is enough to oxidize all I- into I+ without 

forming I2. At low CAT amounts (10 μg), the radiochemical yield of 131I-1b was low and equal to 57.20 ± 2.30%. 

A high radiochemical yield of 96.40 ± 1.90% was achieved by increasing the amount of CAT to 150 μg, increasing 

the CAT amount above that value led to a slight decrease in the iodination yield where at 250 μg of CAT, the 
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labeling yield was 89.00 ± 1.90%. This decrease in labeling yield may be attributed to the formation of undesirable 

oxidative byproducts like chlorination, polymerization, and denaturation of substrate (M. A. Motaleb, Attalah, 

Shweeta, & Ibrahim, 2023). The formation of these impurities may be attributed to the high reactivity and amount 

of CAT (El-Rhman, Ibrahim, El-Halim, & El-Tawoosy, 2016). Consequently, the optimum amount of CAT (150 

μg) is highly recommended to avoid the formation of by-products and to obtain a high labeling yield. 

Effect of pH   

Figure 4 shows changing the pH values in the range from 3 up to 10 using buffers to adjust pH at the desired value. 

The labeling yield for each pH value of the reaction mixture was measured; where at pH 7 the maximum labeling 

yield (96.40± 1.90%) was obtained and considered the optimum pH. Above and below the pH 7, of the medium 

led to a decrease in the iodination yield. At pH 10, the labeling yield decreased dramatically to 50.70 ± 1.06% due 

to an increase in the alkalinity which led to the formation of hypoiodite ion, and at pH 3, the labeling yield was 

slightly decreased to 89.80 ± 1.09%. 

 

Figure 4. Effect of pH change on the radiochemical yield % of 131I-1b 

Effect of reaction time 

It is clear from Figure 5 that the yield is significantly increased with increasing the reaction time in the range from 

5 to 60 min., where at 5 min. The yield was low and by increasing the reaction time the yield was increased till 

reached its maximum value of 96.40 ± 2.90% at 15 min. In-vitro stability of 131I-1b was studied in order to 

determine the suitable time for injection to avoid the formation of the undesired products that result from the 

radiolysis of the labeled compound. These undesired radioactive products might be accumulated in non-target 

organs. The results of stability showed that the 131I-1b is stable up to 72 h. without detection of any by-products in 

the reaction mixture affecting the radiochemical yields, thus no significant change in the radiochemical yields was 

observed. 
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Figure 5. Effect of reaction time on the radiochemical yield % of 131I-1b 

Table 2. Biodistribution of 131I-1b in normal mice 

Organs and 

body fluids 

Percent I.D./gram organ /time post-injection, min 

15 30 60 120 

Blood 14.70±1.20 10.3±0.30* 8.25±0.4* 4.2±0.20* 

Bone 0.90 ±.01 1.20±0.01* 1.80±0.10* 1.40±0.30* 

Muscle 0.70±0.01 0.90±0.02* 1.10±0.021 0.9±0.02 

Liver 12.30± 0.5 17.80±0.15* 11.92±0.16* 7.90±0.16* 

Lung 2.70±0.10 5.9±0.12* 4.93±0.02* 2.70±0.02* 

Heart 5.05±0.05 4.7±0.05 3.50±0.01* 3.20±0.01 

Stomach 4.20±0.09 6.3±0.30 4.30±0.16* 3.30±0.16* 

Intestine 2.40±0.50 4.40±0.30 5.10±0.9 2.50±0.19* 

Kidney (urine) 3.10±0.40 9.30±0.60 15.60±0.30* 24.80±0.30* 

Spleen 0.90±0.02 1.60±0.04* 0.80±0.02 0.50±0.02 

Values represent mean  SEM. N=6                       

*Means significantly differ from the previous value using unpaired student’s t-test (p ≤0.05). 

3.2. Biodistribution of 131I-1b in normal mice 

In normal mice, blood uptake of 131I-1b was 14.7% at 15 min post injection and it decreased with time tell reach to 

4.2% at 120 min. All tissues showed a decrease in 131I-1b uptake within 120 min except kidneys and urine as the 
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pathway of excretion. Liver uptake of 131I-1b with increases may be due to hepatic metabolism. The majority of 

organs showed a significant decrease in the 131I-1b uptake at 120 min post-injection except in the kidney and urine 

(Table 2). 

Biodistribution of 131I-1b in solid tumor-bearing mice  

Table 3 shows the biodistribution of 131I-1b in solid tumor-bearing mice. The uptake of 131I-1b in the muscle of the 

right leg (solid tumor) was 3.6, 7.4, 9.3, and 8.9% at 15-, 30-, 60-, and 120 min. post-injection; respectively. The 

maximum solid tumor uptake was observed after 120 min post-injection of 131I-1b. The excretion of 131I-1b goes 

mainly through the urinary pathway. 131I-1b uptake in tumor showed higher uptake in tumor cells (T/ NT = 5.0 at 

2h post-injection).  

Table 3. Biodistribution of 131I-1b in solid tumor-bearing mice 

Organs and 

body fluids 

Percent I.D./gram organ/time post-injection, min 

15 60 120 240 

Blood 14.70±1.10 12.2±0.02* 6.6±0.04*7 3.5±0.04* 

Bone 0.90±0.01 1.20±0.01* 1.40±0.01* 0.80±0.01* 

Control muscle 0.90±0.01 0.90±0.02* 0.70±0.002 0.45±0.002 

Tumor muscle 2.70±0.01 2.90±0.02* 3.50±0.002 1.75±0.002 

Liver 9.30± 0.5 12.80±0.15* 11.92±0.16* 6.90±0.16* 

Lung 3.20±0.10 4.92±0.12* 2.4±0.02* 2.30±0.02 

Heart 5.5±0.05 5.51±0.05 3.50±0.01* 1.1±0.01* 

Stomach 3.70±0.09 5.50±0.30 4.30±0.16* 2.10±0.16* 

Intestine 2.40±0.50 5.40±0.30 6.50±0.9* 3.10±0.19* 

Kidney (urine) 5.50±0.40 8.04±0.60 16.20±0.30* 21.80±0.30* 

Spleen 0.90±0.02 1.60±0.04* 1.20±0.02 0.80±0.02 

Normal leg 1.20±0.02 2.80±0.04* 3.10±0.02 3.20±0.02 

Tumor leg 3.60±0.40 7.4±0.60 9.30±0.30* 8.90±0.30* 

Values represent mean  SEM.   N=6  

*Means significantly differ from the previous value using unpaired student’s t-test (p ≤0.05). 

Target/Non-target ratio 

Comparing the uptake of 131I-1b in tumor muscle to that in normal muscle (T/NT) was represented in Table 4. The 

maximum T/NT ratio was 5, obtained at 120 min post-injection. Wash out of 131I-1b from normal muscle was 
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observed rapidly, while the opposite was done in tumor muscle. This may be attributed to that 131I-1b may be 

attached to the DNA of tumor cells. 

When uptake of 131I-1b in tumor muscle was compared with that of some recently developed 

radiopharmaceuticals, it was found that it was more than that in most of them as 99mTc-DMSAme (2.49 at 2 h), 

99mTc-nitride-pyrazolo[1,5-a]pyrimidine (2.2 at 60 min), 99mTc-BnAO-NI (3.96 at 2 h) and 99mTc-sunitinib (3 at 1 

h) (Table 4). 

Table 4. Target/Non target ratio 

Time (min) 15 30 60 120 

Target/nontarget 2.7/0.9 2,9/0.9 3.5/0.7 1.75/0.45 

Ratio 3.0 3.2 5 3.9 

Conclusion 

Synthesis, radiolabeling, and biological distribution of a novel derivative with radioactive 131I were achieved. The 

optimum conditions of the labeling of 1b to give a radiochemical yield of 98.00 ± 2.00% were 200 μg 1b, 150 μg 

of CAT, and 150 μL phosphate buffer pH 7 when the reaction mixture was heated at 100 °C for 15 min. A 

biodistribution study for radioiodinated substrate showed high tumor uptake (8.64 ± 0.02% ID/g at 30 min. p.i.) 

and a T/NT ratio of 5.17 ± 0.03 at 30 min. p.i. compared with many new tracers that have been developed in recent 

years. In addition, radioiodinated substrate showed good in vitro and in vivo stability. So, this research paper 

demonstrated the possibility of the use of this tracer as an imaging and/or therapeutic agent for cancer. It also 

encourages further studies on the chemotherapeutic activity of substrate hoping to get a new potent antitumor agent. 
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