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Abstract: Recently, we identified the promising anticancer potential of the synthetic
4-thiazolidinone-based anticancer lead compound Les-3833 which demonstrated tumor-suppressing
action in vitro and in vivo. Based on the results of previous studies, the aim of this research was
to investigate the cytotoxicity in vitro and the biodistribution in laboratory mice to support the
biotherapeutic drug development of Les-3833. Les-3833 (2.5 mg/kg) was intravenously injected into
male Balb/c mice. Measurements were performed at 5 min, 15 min, 1 h, 4 h, and 24 h time points
in blood plasma, brain, liver, and kidney using high-performance liquid chromatography/tandem
mass spectrometry. After the administration of Les-3833, the maximum level of this compound
was observed in plasma at 2.08 min. In the brain, the mean maximum concentration of Les-3833
was 7.17 ng/mL at 5 min, while after 15 min, it was not found. In the liver, at 5 min, the maximum
concentration was 1190 ng/g. At 15 min, concentration of Les-3833 in the liver decreased by 14.3%;
at 6 h by 22.8%; and after 24 h by 64.7%. Its maximum concentration in kidney was 404 ng/g within
5–15 min, at 1 h it decreased by 36.1%, and after 24 h by 49.3%. Thus, Les-3833 was rapidly taken
up by different organs from the bloodstream, partially metabolized in the liver, and excreted mainly
through the kidneys, while in the brain, a very low concentration could be observed for only a short
period of time.

Keywords: BALB/C mice; cytotoxicity; biodistribution; 4-thiazolidinone derivative

1. Introduction

Development of any new drug involves an assessment of the benefit–risk balance between the
effective therapeutic dose levels and the potential side effects and toxicity levels that may diminish or
nullify the curative effects of new substances [1,2]. Therefore, the importance of the early evaluation of
toxic properties of drug candidates cannot be underestimated [3].
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Biodistribution studies support the early development of a biotherapeutic drug and track where
the drug travels in experimental animals or human subjects. Quantitative measurements can be made
in the organs of interest by using high-performance liquid chromatography [4]. In biodistribution
studies, new compounds are injected intravenously into a group of animals, typically rodents such as
mice or rats at intervals of 1, 2, 4, and 24 h, and then Cmax, AUC, and t1/2 can be studied [5]. The results
give a dynamic view of how the compound moves through the body of the animal.

Pharmacokinetics describes how the body affects the specific chemicals in a drug compound
that have been administered by an oral, intravenous (IV) or other route and how these chemicals
are affected by the mechanisms of absorption, distribution, metabolism, and elimination; these
mechanisms can have a dramatic impact on the biosafety and efficacy of the investigated compounds [6].
Pharmacokinetic studies during the preclinical stage support the improvement of drug candidates
and provide information for evaluating their possible clinical applications [7,8]. The information
obtained is also useful for choosing doses in efficacy studies, providing preliminary identification for
drug-specific toxicity in the target organs, and, in some cases, revealing delayed toxicity [3].

During a search for potential biologically active molecules as drug candidates, novel
4-thiazolidinone derivatives were synthesized by our team and their anticancer potential was evaluated
at the National Cancer Institute (Bethesda, Maryland, USA) towards 60 human cancer cell lines and
then studied in more detail through targeting of selected human tumor cells in culture [9] and in
rats [10] and mice bearing experimental tumors [11]. Among the various synthesized 4-thiazolidinones,
anticancer, antioxidant, anti-inflammatory, anti-microbial, and anti-trypanosomal agents have been
identified [12]. It is known that the combination of different bioactive fragments with complementary
pharmacophoric functions is often a precondition for creating ligand-target binding and potential
selectivity for bio-targets [13].

Among the non-condensed 4-thiazolidinone derivatives, considerable attention has been drawn
to the pyrazoline-thiazolidinone-isatin conjugates due to the fact of their significant anticancer activity.
It was found that the antitumor mechanisms of these derivatives can be associated with their affinity
to c-Jun NH(2)-terminal kinase (JNK) stimulating phosphatase-1 (JSP-1), cyclin-dependent kinases
(CDKs), tyrosine kinase, tumor necrosis factor alpha (TNFα), vascular endothelial growth factors,
and P-glycoprotein [14–16]. We have shown that the 4-thiazolidinone derivative Les-3833 induced
the accumulation of tumor cells in the G1–G0 phase, increased the ratio of Annexin V-positive cells,
and increased the amount of pro-apoptotic cleaved caspase-3 in treated cells [17].

Recently, we designed and synthesized a series of non-condensed heterocyclic compounds
containing 4-thiazolidinone, 2,3-dihydro-1H-indol-2-one, and pharmacologically attractive pyrazole or
pyrazoline moieties [18]. Among a series of mentioned pyrazoline–thiazolidinone–isatin conjugates,
the Les-3833 was found to be the most active compound in accordance with the protocol of the
Drug Evaluation Branch, National Cancer Institute (www.dtp.nci.nih.gov), with mean GI50 (growth
inhibition of 50%) and TGI (total growth inhibition) levels of 0.071 and 0.76 µM, respectively [18].
The structure of Les-3833 is shown in Figure 1.
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For the anticancer lead compound Les-3833 that contains 2,3-dihydro-1H-indol-2-one
4-thiazolidinone, the objectives of the present work were to determine its (1) cytotoxicity in vitro in
human myeloid leukemia HL-60 and human colon carcinoma HCT116 cells and (2) its biodistribution
in the blood plasma, brain, kidney, and liver of laboratory mice. The study findings might provide
useful information for further drug design based on this heterocyclic compound.

2. Materials and Methods

2.1. Drug

The Les-3833 is 5-bromo-3-{2-[5-(4-methoxyphenyl)-3-naphthalen-2-yl-4,5-dihydropyrazol-1-
yl]-4-oxo-4,5-dihydro-1,3-thiazol-5-ylidene}-2,3-dihydro-1H-indol-2-one, with Mr = 609.51 g/mole.
Les-3833 was supplied as a dry powder and dissolved in Captisol (Ligand Pharmaceuticals, Inc.,
San Diego, CA, USA; 10% of final Captisol concentration in the formulation). The final Les-3833
concentration was 0.5 mg/mL. The batches of working formulations were prepared 1 h prior to the
in vivo study.

2.2. Cytotoxicity In Vitro

Human myeloid leukemia HL-60 and human colon carcinoma HCT116 cells were obtained from
the Institute of Cancer Research at Vienna Medical University (Vienna, Austria). Human breast
adenocarcinoma MCF-7, human T-cell leukemia Jurkat cells, rat glioma C6 cells, and human glioma
U251 cells were obtained from the Collection of the Institute of Experimental Pathology, Oncology
and Radiobiology named by R.E. Kavetsky, National Academy of Science of Ukraine (Kyiv, Ukraine).
Cells were grown in RPMI-1640 culture medium (Thermo Fisher Scientific, Vienna, Austria) or
Dulbecco’s modified Eagle’s medium (DMEM, Sigma–Aldrich, St. Louis, MO, USA) supplemented
with 10% fetal bovine serum (Biowest, Nuaillé, France) at the standard conditions.

The cytotoxicity was measured using the trypan blue exclusion test. Cells were plated at 50,000
cells/well (substrate-dependent cells) or 500,000 cells/well (suspension cells) in 1 mL in 24 well plates
and allowed to incubate overnight. The cell number was counted in a hemocytometric Neubauer
chamber after staining with trypan blue dye (DV-T10282, Invitrogen, Life Technologies Corporation,
Camarillo, CA, USA) at 0.04% final concentration. The percentage of live cells related to control was
calculated as the cell number experiment/cell number control × 100%.

2.3. In Vivo Biodistribution Study

Study design, animal selection, handling, and treatment were all in accordance with the
pharmacokinetic study protocols and Institutional Animal Care and Use Guidelines of Danylo
Halytsky Lviv National Medical University, Lviv, Ukraine. The Ethical Committee of Bienta, Biological
Services Department Bienta/Enamine Ltd, Kiev, Ukraine ratified the Institutional Animal Care and Use
Approval #10, dated on 07 November 2018.

Fifty-five male Balb/c mice (9–10 weeks old, body weight 26.3 ± 2.1 g) were used in this study.
The animals were obtained from the breeding facility of the Institute of Pharmacology and Toxicology,
Academy of Medical Science of Ukraine, Kiev, and acclimatized for 7 days. Intravenous (IV) injection
and a five time point setup (5 min, 15 min, 1 h, 4 h, 24 h) were used in this study. Each time point treatment
group included 5 mice. The five control animals were treated with 20%:80% Captisol–physiological
saline formulation at equal volume. The animals were weighed in the morning, 1 h before the dosing.

The dosing was done according to the treatment schedule outlined in Table 1. Prior to drawing
blood, mice were given IV injections of 2,2,2-tribromoethanol at the dose of 150 mg/kg; 0.5 mL of
whole blood was taken from the orbital sinus and placed in microtubes (MicroTube, lot# 171205;
Sarstedt, Nümbrecht, Germany); the interiors of the microtubes were coated with dipotassium
ethylenediaminetetraacetic acid (K2EDTA). After that, the animals were sacrificed by cervical dislocation.
The microtubes were placed on ice immediately after blood drawing. For the following 20–30 min,
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the microtubes were spun in a cooled centrifuge (AccuSpin Micro 17R, Fisher Scientific, Waltham, MA,
USA) at 3000 rpm for 10 min. Blood plasma was transferred to 1.5 mL Eppendorf vials, then frozen
and kept at –20 ◦C.

The kidney, brain, and liver specimens were collected at each of the five time points (5 min, 15 min,
1 h, 4 h, 24 h), weighed using analytical balances (Mettler Toledo PM400, Greifensee, Switzerland)
0.001 g, and kept at –70 ◦C.

Table 1. Study design and treatment schedule.

Number of
Mice (Male) Compound Formulation Delivery

Route

Target Dose
Level

(mg/kg)

Target Dose
Concentration

(mg/mL)

Target Dose
Volume
(ml/kg)

50 Les-3833

20%:80%
Captisol:

physiological saline
solution

IV 2.5 0.5 5

5 Vehicle

20%:80%
Captisol:

physiological
saline solution

IV 0 0 5

The concentrations of Les-3833 in blood plasma, kidney, brain, and liver were determined by
the high-performance liquid chromatography/tandem mass spectrometry (HPLC-MS/MS) Shimadzu
Prominence system (Shimadzu Corp., Kyoto, Japan). After centrifugation (described below), aliquots
from each supernatant (1 µL: plasma, liver or kidney; 3 µL: brain) were injected into the HPLC-MS/MS
system. A solution of dactinomycin (400 ng/mL in acetonitrile–methanol mixture 1:1, v/v) was used as
the internal standard (IS) for the quantification of Les-3833 in plasma samples. The mass spectrometric
analysis was performed using an API 3000 (triple-quadrupole) instrument from AB Sciex (Concord,
Ontario, Canada) with an electrospray interface. The data acquisition and system control were
performed using Analyst 1.5.2 software from AB Sciex. The concentrations of Les-3833 that were below
the lower limit of quantitation (LLOQ = 50 ng/g for liver and kidney) were designated as zero.

2.3.1. Calibration Standards for Quantification of Les-3833 in Blood Plasma Samples

The compound Les-3833 was dissolved in dimethyl sulfoxide (DMSO), and a resulting solution
with a concentration of 1 mg/mL was used for preparation of calibration standards (stock solution).
A series of 12 calibration standards was prepared by sequential dilution of the stock compound solution
with blank mouse plasma to a final concentration of 20,000, 10,000, 5000, 2500, 1000, 500, 250, 100, 50,
20, 10, and 5 ng/mL. Standard plasma samples (50 µL) were mixed with 200 µL of the IS. After mixing
by pipetting and centrifugation for 4 min at 6000 rpm, 1 µL of each supernatant was injected into the
LC-MS/MS system.

2.3.2. Calibration Standards for Quantification of Les-3833 in Brain Tissue

The stock solution of Les-3833 (described above) was consecutively diluted with IS400(80) to
obtain a series of 13 calibration solutions with final concentrations of 20,000, 5000, 2500, 1000, 500, 250,
100, 50, 25, 10, 5, 2, and 1 ng/mL. A calibration curve was constructed using blank mouse brain samples.
To obtain calibration standards, blank brain samples (average weight 100 ± 1 mg) were homogenized
in 500 µL of corresponding calibration solution using zirconium oxide beads (150 ± 5 mg) in The Bullet
Blender®homogenizer for 1 min at speed 8. After this, the samples were centrifuged for 1 min at
14,000 rpm, and 3 µL of each supernatant was injected into the LC-MS/MS system.

2.3.3. Calibration Standards for Quantification of Les-3833 in Liver and Kidney Tissues

The stock solution of Les-3833 was consecutively diluted with IS to obtain a series of 13
calibration solutions with final concentrations of 20,000, 5000, 2500, 1000, 500, 250, 100, 50, 25,
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10, 5, 2, and 1 ng/mL. A calibration curve was constructed using blank mouse liver or kidney samples.
To obtain calibration standards, blank liver or kidney samples (average weight 100 ± 1 mg) were
homogenized in 500 µL of corresponding calibration solution using stainless-steel beads (150 ± 5 mg)
in The Bullet Blender®homogenizer for 1 min at speed 8. After this, the samples were centrifuged for
4 min at 14,000 rpm, and 1 µL of each supernatant was injected into the LC-MS/MS system.

The definitions for calculation of distribution volume (V) and the clearance (CL) definitions are
largely dependent on a pharmacokinetic model:

CL = drug amount eliminated per unit of time/drug concentration in plasma (1)

V = drug amount in the body/drug concentration in plasma (2)

The CL is not time dependent, and it may be shown that CL = D/AUC. Volume cannot be time
independent because of drug distribution in tissues outside the plasma; but under some general
assumptions, it may be shown that the ratio of CL approaches a limit value given by Varea = D/λ ×

AUC, where D is the drug amount that enters into the systemic circulation (after IV an intravenous
administration, D is the dose), and λ is the lowest exponent used to get the terminal half-life. Varea has
been used to characterize the drug distribution in the total body, while CL is a measure of the efficiency
of the drug elimination process.

Selected key distribution parameters of Les-3833 in blood plasma, brain, liver, and kidney clearance
(CL) and distribution (Varea) were determined using the Phoenix WinNonlin software program (Certara,
St. Louis, USA). For practical reasons, sampling in the present study was restricted to 24 h post-dose.

2.4. Statistical Analysis

Pharmacokinetic parameters were calculated by means of standard non-compartmental analysis
using a commercially available computer program (Kinetica 3.0, Innaphase Corp., Philadelphia,
PA, USA). Maximum plasma concentration (Cmax), time to maximum plasma concentration (Tmax),
and area under the concentration–time curve from 0 to the last measured concentration (AUC0–24)
were calculated from non-fitted data. For the AUC calculation, the trapezoidal rule was employed.
For an accurate description of the pharmacokinetic profile of drugs with long half-lives, the US Food
and Drug Administration recommends a sampling period covering 3–5 half-lives of the investigated
drug [19]. Statistical analysis was performed using a commercially available program (IBM SPSS
Statistics 22; IBM Corp., Armonk, NY, USA). A p-value of 0.05 was considered as the threshold for
statistical significance. All values are shown as the mean ± standard deviation unless otherwise stated.

3. Results

3.1. Evaluation of Cytotoxic Effect of Les-3833 on Different Cell Lines In Vitro

Before initiating a biodistribution study of Les-3833 in vivo, we analyzed the results of our former
investigations for the cytotoxic effect of this potential anticancer agent in vitro. The biological activity
of this 4-thiazolidinone derivative was determined by its action in vitro against six different cell lines.
To determine the cytotoxic activity of these compounds and the LC50 value, a viability method based
on staining of trypan blue cells was used. The results presented in Table 2 demonstrate that the average
cytotoxicity index of Les-3833 is in the range of 0.83–4.75 µm, depending on the cell line. Human and
rat (C6) glioma cells were the most sensitive to the toxic action of Les-3833. It should be noted that the
LC50 values for Les-3833 targeting these glioma cells, 0.84 µg/mL for U251 and 0.89 µg/mL for C6 lines
(Table 2), were comparable to those calculated for the effect of doxorubicin, 0.90 µg/mL and 0.84 µg/mL,
respectively [20].
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3.2. Biodistribution Study of Les-3833 In Vivo

The next step of our study was to perform the in vivo investigation of the acute toxicity of Les-3833.
The initial dose of Les-3833 was 10 mg/kg, but one animal died immediately after the first injection.
Thereafter, the dose was decreased 4 fold to 2.5 mg/kg. Figure 2 shows that the blank mouse plasma
and brain and liver tissues did not interfere with Les-3833 and the IS.

Table 2. IC50 values for Les-3833 in different cancer cell lines.

Cell Lines Les-3833 µg/mL Doxorubicin µg/mL

human acute promyelocytic leukemia HL-60 2.04 ± 0.21 0.09 ± 0.01
breast adenocarcinoma cells MCF-7 4.75 ± 0.24 1.38 ± 0.12

human glioma U251 cells 0.84 ± 0.09 0.90 ± 0.11
rat glioma C6 cells 0.89 ± 0.12 0.84 ± 0.08

human melanoma WM793 cells 0.22 ± 0.03 0.24 ± 0.05
human melanoma SK-MEL-28 cells 0.30 ± 0.04 0.35 ± 0.06
human lung carcinoma A549 cells 2.50 ± 0.19 0.80 ± 0.05

human colorectal carcinoma HCT-116 3.40 ± 0.32 1.10 ± 0.09
human embryonic kidney HEK293 cells >5 3.20 ± 0.42
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Figure 2. Chromatographic plots from the in vivo investigation of the acute toxicity of Les-3833 in male
Balb/c mice. (A) blank plasma sample, (B) blank plasma spiked with Les-3833 (5 ng/mL, left panel)
and internal standard (IS, dactinomycin, right panel), (C) blank brain sample, (D) blank brain sample
spiked with Les-3833 (10 ng/g, left panel) and IS (right panel), (E) blank liver sample, and (F) blank
liver sample spiked with Les-3833 (50 ng/g, left panel) and IS (right panel).

After IV administration, the Les-3833 concentration in blood plasma reached its maximum at 1.88
to 2.23 min. The peak concentration was observed at 2.08 min after the IV injection. The maximum
plasma concentration of Les-3833 was 5.55 ± 0.25 ng/mL, and the half-life of its elimination was 15 min
(Figure 3, Table 3).

In the brain, the maximum concentration of Les-3833 was observed at 5 min, but was only 7.17 ng/g,
and the half-life of its elimination was 15 min (Figure 3, Table 3). After 60 min, Les-3833 could not be
detected in brain tissue (Figure 3).

In the liver, at 5 min, the maximum concentration was 1246 ng/g (Table 3). At 15 min, it had
decreased by 14.3%, at 6 h by 22.8%, and after 24 h by 64.7% (Figure 3).

In the kidney, the maximum concentration was 404 ng/g within 5–15 min (Table 3). At 1 h,
the concentration decreased by 36.1% and after 24 h decreased by 49.3% (Figure 3).



Sci. Pharm. 2020, 88, 18 8 of 12

Sci. Pharm. 2020, 88, x FOR PEER REVIEW  8 of 12 

 

sample spiked with Les‐3833 (10 ng/g, left panel) and IS (right panel), (E) blank liver sample, and (F) 

blank liver sample spiked with Les‐3833 (50 ng/g, left panel) and IS (right panel). 

After IV administration, the Les‐3833 concentration  in blood plasma reached  its maximum at 

1.88  to  2.23 min.  The  peak  concentration was  observed  at  2.08 min  after  the  IV  injection.  The 

maximum plasma concentration of Les‐3833 was 5.55 ± 0.25 ng/mL, and the half‐life of its elimination 

was 15 min (Figure 3, Table 3). 

 

Figure 3. Concentration–time curves for Les‐3833 following dosing during 24 h in the plasma, brain, 

liver, and kidney of male Balb/c mice. Since the concentrations of Les‐3833 were very low for plasma 

(approximately 5 ng/mL) and brain (<10 ng/g), the X‐axis and Y‐axis each consist of two segments. 

In the brain, the maximum concentration of Les‐3833 was observed at 5 min, but was only 7.17 

ng/g, and the half‐life of its elimination was 15 min (Figure 3, Table 3). After 60 min, Les‐3833 could 

not be detected in brain tissue (Figure 3).   

In the  liver, at 5 min, the maximum concentration was 1246 ng/g (Table 3). At 15 min, it had 

decreased by 14.3%, at 6 h by 22.8%, and after 24 h by 64.7% (Figure 3).   

In the kidney, the maximum concentration was 404 ng/g within 5–15 min (Table 3). At 1 h, the 

concentration decreased by 36.1% and after 24 h decreased by 49.3% (Figure 3). 

Mean values of Cmax  after  IV dosing  reached  approximately  1190  and  404 ng/g  in  liver  and 

kidney, respectively (Table 3). Overall bioavailability in the brain was slightly poorer, with a mean 

Cmax of 7.17 after IV exposure. 

Table 3. Pharmacokinetic parameters for Les‐3833 in male Balb/c mice. 

Sample 
Administration 

Route 

Dose, 

mg/kg 

Tmax, 

min 

Cmax, 

ng/mL, 

ng/g 

AUC0→t min 

(AUClast) 

ng × 

min/mL 

AUC0→∞ 

(AUCINF_obs) 

ng × min/mL 

T1/2 

(HL_ λ _z), 

min 

Kel 

(λ_z), 

min‐1 

Plasma  IV  2.5  2.08 
5.55 ± 

0.25 
119.9  119.9  15 

1.10 × 

10−1 

Brain  IV  2.5  5.00 
7.17 ± 

3.58 
205.2  205.2  15 

2.74∙× 

10−2 

Liver  IV  2.5  5.00  1246 ± 65  1,190,000  4,070,000  2,880 
2.40 × 

10−4 

Kidney  IV  2.5  15.0  404 ± 39  370,000  1,280,000  3,090 
2.24∙× 

10−4 

Tmax—time to maximum plasma concentration; Cmax—maximum plasma concentration; AUC—area 

under the curve; T1/2—half‐life; Kel—elimination constant. 

The AUC0–24 mean values after  IV dosing  reached 1,190,000 and 370,000  in  the  liver and  the 

kidney, respectively (Table 3). The AUC0–24 mean values determined for the full elimination of Les‐

Figure 3. Concentration–time curves for Les-3833 following dosing during 24 h in the plasma, brain,
liver, and kidney of male Balb/c mice. Since the concentrations of Les-3833 were very low for plasma
(approximately 5 ng/mL) and brain (<10 ng/g), the X-axis and Y-axis each consist of two segments.

Mean values of Cmax after IV dosing reached approximately 1190 and 404 ng/g in liver and kidney,
respectively (Table 3). Overall bioavailability in the brain was slightly poorer, with a mean Cmax of 7.17
after IV exposure.

Table 3. Pharmacokinetic parameters for Les-3833 in male Balb/c mice.

Sample Administration
Route

Dose,
mg/kg

Tmax,
min Cmax, ng/mL, ng/g

AUC0→t min
(AUClast) ng ×

min/mL

AUC0→∞
(AUCINF_obs)
ng ×min/mL

T1/2
(HL_ λ

_z), min

Kel
(λ_z), min-1

Plasma IV 2.5 2.08 5.55 ± 0.25 119.9 119.9 15 1.10 × 10−1

Brain IV 2.5 5.00 7.17 ± 3.58 205.2 205.2 15 2.74 × 10−2

Liver IV 2.5 5.00 1246 ± 65 1,190,000 4,070,000 2880 2.40 × 10−4

Kidney IV 2.5 15.0 404 ± 39 370,000 1,280,000 3090 2.24 × 10−4

Tmax—time to maximum plasma concentration; Cmax—maximum plasma concentration; AUC—area under the
curve; T1/2—half-life; Kel—elimination constant.

The AUC0–24 mean values after IV dosing reached 1,190,000 and 370,000 in the liver and the kidney,
respectively (Table 3). The AUC0–24 mean values determined for the full elimination of Les-3833 by the
liver and the kidney. The AUC0–24 of Les-3833 in blood plasma was significantly lower than that in the
liver and kidney (Table 3).

The differences in AUC0–24 between the liver, kidney, and brain was significant (Table 3).
After IV injection, peak concentrations in liver and brain were reached more rapidly than in kidney
(Tmax = 5 min for liver, brain versus 15 min for kidney). The Les-3833 concentrations in the liver were
higher than in the brain and kidney, but then showed an elimination of almost two times in 24 h from
1246 ng/g to 692 ng/g (Figure 3). In kidney, the Cmax of Les-3833 was three times lower than in the liver,
but the elimination half-life was longer, and half of the drug was eliminated in 24 h (Table 3).

3.3. Biodistribution Parameters for Les-3833 in Male Balb/c Mice

The results presented in Table 4 show that the distribution of Les-3833 takes place in the liver and
kidney, since the terminal half-life of this compound in these organs was 48 h and 51.5 h, respectively
(Table 3, 2880 min and 3090 min, respectively). The Varea in these organs was the smallest, suggesting
fast drug distribution in the total body and its relatively slow elimination. In contrast, the extremely
low half-life of this compound in blood plasma and brain (15 min) suggests that it is not retained in
these tissues. Thus, the elimination of Les-3833 from the organism was carried out through the liver
and kidney.
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Table 4. The clearance and distribution (Varea) of Les-3833 in male Balb/c mice.

Plasma Brain Liver Kidney

Clearance 2.09 × 10−2 13.97 × 10−2 2.10 × 10−6 6.8 × 10−6

Varea 1.90 × 10−1 4.45 × 10−1 8.75 × 10−3 3.02 × 10−2

4. Discussion

We studied the biodistribution of a novel 4-thiazolidinone derivative with anticancer potential
approved at the National Cancer Institute (NCI, USA) under the Developmental Therapeutics
Program. The results of that study had shown that the pyrazoline-substituted 4-thiazolidonone
derivatives possessed anticancer action, and the pyrazoline–thiazolidinone–indoline derivative,
Les-3833, was the most promising candidate for further pre-clinical study [18]. Les-3833 was highly
active towards the non-small-cell lung cancer cell line HOP-92 (GI50 < 0.01 µM), colon cancer line
HCT-116 (GI50 = 0.018 µM), CNS cancer cell line SNB-75 (GI50 = 0.0159 µM), ovarian cancer cell line
OVCAR-3 (GI50 = 0.0216 µM), and renal cancer cell line RXF 393 (GI50 = 0.0197 µM) [18,21]. Les-3833
also demonstrated lower general toxicity in vivo compared with that of doxorubicin [10,21–24].

The drug concentration in blood plasma determines the magnitude of the pharmacological
responses. The biodistribution study of Les-3833 in mice supports the pre-clinical toxicology
investigation, because the drug levels in plasma or tissues are often predictive for toxicity and
significant for effective therapeutic application. Biodistribution is an important approach for verifying
the measurable AUC and the Cmax of the drug in blood plasma of treated animals. These parameters
can be used to predict the exposure of the investigated drug in the human body. Biodistribution can
also show differences among various treatment groups, days of treatment, and other factors as well as
estimate the variability among animals and identify cases with abnormal levels of the drug [8,25].

The AUC might be used as an index of the drug exposure of particular tissues, if referred to the
drug levels in tissues. The area under the plasma drug concentration curves is a parameter that is
closely dependent on the drug amount that enters into the systemic circulation and has to be eliminated
(termed as clearance). Therefore, AUC can be used to measure the drug amount absorbed by the body
and estimate the efficiency of the physiological processes that characterize the drug elimination.

Doxorubicin is considered the “gold standard” in cancer chemotherapy. The results of its
pharmacokinetics in rats [26] demonstrated that after IV administration, the Cmax (1.7 µg/mL) in plasma
was achieved immediately after injection, and by 1 h, the concentration was reduced to 0.3 µg/mL.
In our experiments, we treated mice with free Les-3833 and found that it was cleared very rapidly
from blood plasma of treated mice. Its mean peak concentration (5.55 ng/mL) was achieved at 2.08 min
after administration. After that, its concentration in blood plasma gradually decreased below the limit
of quantitation.

When doxorubicin clearance was monitored in liver and kidney of rats, a decrease from
26.4 ± 0.2 µg/g (30 min) to 4.1 ± 0.6 µg/g (24 h) in liver and from 37.2 ± 5.8 µg/g (30 min) to
5.2 ± 0.2 µg/g (24 h) in kidney was observed [26]. In our study, free Les-3833 was cleared from these
organs of mice in a similar way—from 1.02 µg/g (15 min) to 0.42 µg/g (24 h) in liver and from 0.4 µg/g
(15 min) to 0.2 µg/g (24 h) in kidney. These differences in clearance of doses of doxorubicin and
Les-3833 in liver and kidney of treated rats and mice, respectively, are in agreement with the differing
body masses of these animals—300–50 g in rats [26] and 26.3 ± 2.1 g in mice (our study). In addition,
the injected doses of these drugs were different—6 mg/kg in rats [26] and 2.5 mg/kg in mice.

We found that Les-3833 was rapidly eliminated from brain and did not accumulate in the brain tissue
of the treated mice (Figure 3). However, human glioma U251 cells and rat glioma C6 cells were much more
sensitive to the toxic action of Les-3833 compared to tumor cells of other tissue origin (Table 2).

The liposomal encapsulation of doxorubicin was shown to affect its pharmacokinetics in blood
plasma [26]. Its terminal half-life was 69.3 h compared to 17.3 h for free doxorubicin, and the area
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under the plasma concentration curve for liposomal doxorubicin was 40 fold higher than that for the
free drug.

The distribution and binding characteristics of the applied drug can also affect its renal clearance [25,27].
Usually, a drug that is extensively bound to proteins has a long half-life, because its renal clearance is low
and the urine flow rate is 1–2 mL/min [19,27]. Glomerular filtration and re-absorption are passive processes
directly affected by the drug concentration in blood plasma. A drug that is not bound to plasma proteins
and is excreted by filtration only shows a linear relationship between the rate of excretion and plasma drug
concentration [19,27].

The results of our study demonstrate that the distribution and elimination of Les-3833 takes
place in the liver and kidney. A very small half-life for this compound in blood plasma and brain
suggests that it is not accumulated in these tissues. Further pre-clinical pharmacokinetic studies are
required for the novel synthetic heterocyclic 4-thiazolidinone, Les-3833, to evaluate its potential as an
anticancer agent.

5. Conclusions

The tested 4-thiazolidinone derivative Les-3833 displayed prominent cytotoxicity effects on human
(U251) and rat (C6) glioma cell lines with LC50 values of 0.84 µg/mL and 0.89 µg/mL, respectively.
The biodistribution parameters of Les-3833 showed that it was rapidly taken up by tissues from
the bloodstream. Tracking the elimination pathways, Les-3833 was metabolized in the liver with a
half-life of 24 h and excreted by the kidneys. In brain, Les-3833 was detected for a short time at a very
low concentration.
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