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Abstract: A rapid and simple high-performance liquid chromatography (HPLC) method using extraction with 

zinc sulfate has been developed for the determination of Casiopeina III-ia (Cas III-ia) and validated over the 

linear range 10-120 g/mL in 200 L of rabbit blood. Previously we have reported a HPLC method to quantify 

CasIII-ia in plasma, but in distribution studies in total blood [20], the Cas III-ia concentrations were higher in 

total blood that in plasma [19]. The analysis was performed on a Symmetry C (18) (5 microm) column. The 

mobile phase was Methanol-sodium phosphate buffer (pH 6.5; 0.01 M) (40:60 v/v) was kept at a flow-rate of 

0.8 ml/min. The analyses were performed at room temperature. The column effluent was monitored at 262 nm. 

Acetaminophen was used as internal standard. The results showed that the assay is sensitive at 10 g/mL. 

Maximum intra-day coefficient of variation was 5.10%. The average recovery obtained in blood was 94.51%. 

The applicability of this method for distribution in vitro and pharmacokinetic studies in rabbits was 

demonstrated. Conclusions: the present assay is rapid, simple, precise, and accurate. The pharmacokinetic study 

was carried out in rabbits and the following pharmacokinetic parameters were obtained: (kel) = 0.0150 min-1, half-

life time (T1/2) = 53.92 min, apparent volume of distribution (Vd) = 202.81 mL, clearance (Cl) = 2.08 mL /mi and 

area under the curve (AUC)=23163.85 µg/mL.min. Contributing to the preclinical characterization of the Cas III-

ia. 

Keywords: anitneoplastic; casiopeina III-ia; validation HPLC-UV; pharmacokinetics 

 

1. Introduction 

Several metal complexes have shown promising antineoplastic activity against cancer cells and 

tumors both in vitro and in vivo [1]. A group of such complexes is casiopeinas® which was a result 

of the search for new anticancer drugs based on endogenous (essential) metals which could present 

less toxicity [2–4]; they have proven cytotoxic to cancer cells sensitive or resistant to cisplatin, and to 

xenograph tumors in mice [5]. 

Some of these Casiopeinas ® have exhibited greater antineoplastic potency than cisplatin in vitro 

and in vivo studies of a variety of tumor cell lines [4,6]; also have shown superoxide genomic 

instability through intrachromosomal recombination [7], and a low potency to induce genomic 

instability through intrachromosomal recombination [8]; these features suggest that these drugs have 

diminished undesirable side effects [9]; stability constants and structural data have been reported 
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[10]. Casiopeina III-ia (CasIII-ia), (Figure 1) has shown in vitro a pharmacological effect and 

selectivity towards tumor lines (MCF-7, HCT-15, SK-N-SH neublastoma, HeLa and SiHa) and healthy 

cells, such as T lymphocytes and macrophages[24–26]; in addition, in the case of CasIII-ia, its 

pharmacokinetic studies have been completed in different species such as rats [27] and dogs [20]. It 

should be noted that Cas III-ia is the first Mexican drug developed in a university with anticancer 

activity. that reaches phase 1 in clinical studies in Mexico. 

Some of the mechanisms reported for casiopeinas® include DNA fragmentation and base 

oxidation, generating reactive oxygen species (ROS) and thereby causing copper reduction [21]. ROS 

also affect the mitochondrial membrane by deporalizing it and causing mDNA damage by decreasing 

the levels of proteins involved in the respiratory chain, causing cell apoptosis via the caspase 

pathway. Casiopeinas have shown interaction with the cytochrome p450 isoform CYP1A1 enzyme, 

and an affinity for adenine [22]. Additionally, it has been reported that casiopeinas interact with 

tubulins, integrins and proteins such as fibronectin, thereby producing changes in the cytoskeleton and 

finally cell death [23]. Hemotoxicity in rat’s points to a more complex in vivo cytotoxicity of 

casiopeinas®, since the administration of a single dose of CII (5 mg/kg) did not generate serious damage 

and is within the functional range [11,12]. In terms of acute toxicological studies at a preclinical level in 

different species for casiopeinas®, the following results have been reported for casio III-Ea: NIH mice 

LD50 by intraperitoneal route = 12.47 mg/kg (females), 6.67 mg/kg (males); intravenously 7.12 mg/kg 

(females), 10.15 mg/kg (males); Wistar rat LD50 by intraperitoneal route 4.63 mg/kg (female), 5.26 

(males); intravenously 8.48 mg/kg (females), 8.48 (males). The differences between species are visible, 

with Wistar rats being the most affected since their LD50 is smaller than in mice. The LD99 reported in 

dogs was 200 mg/m2 for casio III-ia and 160 mg/m2 for casio IIgly. These water toxicity data found in 

the different casiopeinas ® serve as a scientific basis to be able to extrapolate through allometric studies 

to select a dose that is safe to use in future clinical studies [33,34]. 

Studies have been reported on the pharmacokinetics of Cas III-ia in different animal species such 

as rats and dogs. The reported viability in terms of pharmacokinetic parameters is related to body 

weight and the physiological processes of each animal species [20,27–29]. 

 

Figure 1. Chemical structure of Cas III-ia, [Cu(4,4’dmbipy)(acac)]NO3. 

Cas III-ia (Figure 1) is a potentially useful antineoplastic agent [13]. It is very active against L1210 

leukemia cells and kills cells by induction of apoptosis [11]; induces a weak recombinogenic action 

and can degrade DNA in vitro under a range of several cultures. 

High-performed liquid chromatography (HPLC) methods for the quantification of Cas III-ia® 

and Cas IIgly® in rat plasma were reported. [14,15], however to determine the preclinical 

pharmacokinetic parameters in rabbits and in vitro distribution, a sensitive and specific method of 

assay is needed in order to measure the drug in blood.Therefore, in this article we have developed 

and validated a simple and available gradient reversed-phase HPLC. The method was validated 

according to procedures and acceptance criteria based on national (NOM-177-SSA1-2013)[31] 

,international (FDA,2001) [32] guidelines and recommendations of other authors [16–18]. 

2. Materials and Methods 

2.1. Reagents and Chemicals 
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Cas III-ia was obtained in our laboratory following the procedure reports in Patents [2,3]. Poolet 

rabbit total blood samples were used for the validation method. Acetaminophen (2.5 µg/ml) USP 

reference standard) was used as internal standard. It was added to academic solutions (calibration 

samples in methanol and control rabbit total blood samples). The relative peak area (drug 

peak/internal standard peak) was analyzed. 

Methanol was HPLC grade. Water was produced by Milli-Q water system (Millipore, Bedford, 

MA, USA) Methanol was of HPLC grade, sodium phosphate sodium and other reagents are 

commercially available and were of analytical grade. 

2.2. Animals 

Male New Zealand rabbits, weighing between 2.0 and 3.0 kg were used in the study. The animals 

were kept under clean conventional conditions and had access to food and water ad libitum. 

2.3. Chromatographic Conditions 

The assay was performed using a high performance liquid chromatograph system with a 

Shimadzu pump Model LC10ADVP (Kyoto Japan), a Shimadzu variable-wavelength UV absorbance 

detector model SPD10ADVP, an automatic injector Shimadzu model SIL10ADVP fitted with a 50 L 

sample loop (Cotati, CA, USA), a Shimadzu system controller model SCL10AVP (Kyoto Japan) and 

an integrator chromatography data station, (Shidmadzu Class VP Version 5.0, Shimadzu, 1999)., 

separations were achieved using a Symmetry ® C18 column of 250 x 4.6 mm I.D  and particle size of  

5 m (Waters Associates, Millford, MA, USA) that was preceded by a C18, 5 m guard column 

(Phenomenex®). The mobile phase was 0.01 M sodium phosphate buffer (pH 6.5)-Methanol (60:40) 

was kept at a flow-rate of 0.8 ml/min. The analyses were performed at room temperature. The 

absorbance at 262 nm was recorder at a sensitivity of 0.1 AUFS (absorbance units full scale) in the 

programmed parameters. 

2.4. Sample Preparation 

To 200 L of blood was added to 0.6 L of methanol and the mixture was shaken for 30 s in a 

vortex, then 50 L of zinc sulfate (10% w/w) and 150 L of Acetaminophen (concentration of 2.5 

g/ml) were added, followed by vigorous stirring for 30 s, and centrifugation for 5 min a 5000 g. The 

supernatant was transferred to vials and an aliquot of 50 L was injected into the HPLC system. 

2.4.1. Calibration Curves in Methanol  

Stock solution of Cas III-ia was prepared dissolving 100 mg of Cas III-ia in methanol and then 

diluted to 10 ml with the same solvent. Concentrations of 10 –120 g/ml were prepared in mobile phase. 

2.4.2. Calibration Curves in Total Blood of Rabbit 

4.0 mg of Cas III-ia was diluted to 10 ml in rabbit blood (400 g/ml); the required concentrations 

(10-120 g/ml) were prepared in rabbit blood at a dilution of 2 ml. 

2.4.3. Intraday and Interday Variation Coefficient 

We analyzed by quintuplicate, with three concentrations (high, medium and low quality 

control), 15, 35 and 75 ug/mL). 

2.5. Stability Studies  

For stability studies, control rabbit blood and methanol solutions were spiked with Cas III-ia 

(1mL) in Eppendorf tubes, at 6 °C (during 96 h) and at room temperature with or without protection 

of the light (during 96 h); each determination was performed in duplicate and the samples were 

treated in accordance to the sample preparation. 
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2.6. Preclinical Pharmacokinetics 

Ten healthy male New Zealand rabbits, weighing between 2.0 and 3.0 kg were used in the study.  

A dose of 10.0 mg/kg of Cas III-ia was prepared in 30 ml of a mixture of saline solution and methanol 

(10:1), it was administered by slow infusion (0.5 mL/min) during 60 min. into the marginal ear vein. 

Blood samples were collected into small plastic centrifuge tubes through a cannula inserted into the 

marginal ear vein just before dosing and at 80, 90, 100, 110, 120, 140, 160, 180, 210, 240, 270 y 300 

minutes after Cas IIIi-a administration. After each sample withdrawal, the cannula was flushed with 

an equal volume of heparinized solution. The blood samples were then immediately stored at 4°C 

until analysis. 

3. Results and Discussion 

Representative chromatograms of rabbit blood are shown in (Figure 2) blank total blood 

chromatogram, (Figure 3) Retention time for Cas III-ia was 10.0 min. No interfering peaks from blood 

were detected at the retention time of Cas III-ia 

 

Figure 2. chromatogram blank  in rabbit total blood. 
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Figure 3. (A) Chromatogram of total blood spiked with heparin (b),  and internal standard (a), 

retention time 3.9 min. (B) Blood spiked with Cas III-ia (c), retention time 10.1 min. 

A relationship (r2=0.9944) was found when the relative peak area of Cass-III-ia was plotted 

against various concentrations from 10 to 120 g/mL, (10.0, 20.0, 40.0, 60.0, 80.0 and 120.0 g/mL in 

600 L of rabbit blood, curves in triplicate assays (Table 1 and Figure 4). 

 

Figure 4. Cas III-ia average curve in rabbit total blood, triplicate assays. 

Table 1. Cas III-ia linearity in rabbit total blood, triplicate assays. 

Theorical 

concentration 

(g/mL) 

Relative 

peak area 
 

Relative 

peak area 

Relative 

peak area Mean 
Standard 

Deviation 
C.V.% 

Curve 1  Curve 2 Curve 3 

10 0.9800  0.8900 0.9100 0.9260 0.047 5.09 

20 1.8242  1.8753 1.8654 1.8550 0.010 0.55 

40 3.6015  3.577 3.5902 3.5896 0.007 0.21 

60 5.2748  5.344 5.4094 5.3427 0.038 0.71 

80 6.9966  6.9043 7.0628 6.9879 0.079 1.13 

120 9.6987  9.7083 9.6236 9.6769 0.043 0.44 

Intra-day and inter-day precision of the method, assessed by analyzing samples, are shown in 

Table 2. It was estimated from control curves samples prepared on the same day (n=15) and different 

days (n=30)., using different stock solutions. The corresponding coefficient of variation (C.V) was 

0.89% to 5.10. 

Table 2. Accuracy and precision of HPLC method in rabbit total blood. 

Theorical concentracion 

(g/mL) 

Average experimental 

concentration 

(g/mL) (n=5) 

Recovery (%) C.V. (% 

Intra-day (n=15)    

15 12.3 82.00 5.10 

35 31.62 90.36 1.15 

75 61.73 82.30 0.89 

    

    

  Average recovery  

  84.88  

Inter-day (n=30)    

15 12.45 83.00 2.20 

35 33.95 97.00 0.93 

75 73.28 97.70 1.50 
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  Average recovery  

  92.56  

The recoveries of Cas III-ia was determined by comparing the relative peak area from total blood 

spiked with amounts of the compound (15, 35 and 70  g/mL) using described extraction procedure 

vs. the relative peak area from the same series prepared in mobile phase and injected into HPLC. 

Each sample was determined in quintuplicate. The mean recovery of Cas III-ia in blood averaged 

84.88% (n=15).There are previous reports where casiopeinas® in plasma protein binding assays 

present a significant accumulation in total blood compared to plasma because a significant binding 

to blood cells is reported in red blood cell/plasma ratios (Ke/p) above 2 for human blood and Beagle 

dogs at concentrations of 1 µg/mL.[19]. Therefore, performing the extraction process in total blood 

was more efficient to determine  pharmacokinetic parameters  with respect to rabbit plasma. 

El LOQ of 5.08 g/mL was defined as the sample concentration from spiked blood resulting in a 

peak area of ten times the noise level. 

The LOD was defined as the sample concentration resulting in a peak of three times noise level. 

A value of 3.5 g/mL was determined. 

The stability of Cas III-ia; before and after sample pre-treatment was determined. After 96 h at 

40C 99.85% of Cas III-ia was still present in blood rabbit. There was 74.96% Cas III-ia at 370C protected 

of the light after 96 h and blood spiked with Cas III-ia at 370C without protection of the light was 

determined to be 97.5 % for 96 h. 

Pharmacokinetic Results 

No chromatographic interferences from any endogenous compounds were found.  

Shows (Figure 5) the blood levels in the stationary state (Css) concentration-time profile of Cas 

III-ia were 117.42 3.26 g/mL in a one-compartment model, obtained by WINNOLIN software, and 

the half-life time was 53.92 25.41 min. 

  

Figure 5. Pharmacokinetics application of Cas III-ia (New Zeland rabbit). 

The pharmacokinetic parameters obtained in rabbit were the following: (kel) = 0.0150 min-1, half-

life time (T1/2) = 53.92 min, apparent volume of distribution (Vd) = 202.81 mL, clearance (Cl) = 2.08 mL 

/mi and area under the curve (AUC)=23163.85 µg/mL.min. 

According to the results obtained, we can observe that the half-life time in the rabbit (0.88 h) is 

shorter compared to the rat (12.46 h) [29]. When comparing the clearance in the rabbit, which was 

2.08 mL/min, with respect to the clearance in the rat (0.45 mL/min), we can observe that the rabbit 

has a higher elimination rate. Comparing the volume of distribution in the different species rabbit 

(202.81 mL), rat (0.462 L)[29] and dog TMR= approximately 2 weeks (data obtained from 

compartmental modeling program winnolin)[29] we can observe that Cas III-ia presents a wide 

distribution in tissues; according to these results obtained, we can suggest that as reported for other 

casiopeinas® casiopeina III-ia has a wide distribution in tissues such as blood due to its high affinity 

to blood cells such as erythrocytes [19]. However, although different doses were administered 

intravenously in each species, it is observed that it presents low bioavailability when comparing the 
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3 species dose 10 mg/kg, rabbit=23163.85 µg/mL.min, dose 10 mg/kg rat=22.27 mg/mL.min,[29] dog 

dose 3.5 mg/kg=40472.75 µg/mL.min,[29]. These data indicate that there is interspecies variability 

because of the body weight and physiological processes of each species. Pharmacokinetic scaling 

between species is necessary for the optimization of test doses in humans through allometric 

equations where biochemical, anatomical and physiological similarities between animals can be 

generalized and expressed in mathematical models [30]. 

4. Conclusions 

The method development proved to be useful and reliable for the determination of Cas III-ia in 

total blood rabbit. The pre-treatment procedure for the sample, involving direct precipitation with 

zinc sulphate, is fast and simple. 

The method, validated for concentrations in the range of 10 to 120 g/mL, had good repeatability 

and accuracy and low limits of quantification and detection. The recovery of Cas III-ia was good 

enough; it is reproducible and constant over the entire range of the calibration line. This method is 

sufficiently sensitive to perform pharmacokinetic studies and can be applied in future preclinical 

pharmacokinetic studies. 

The pharmacokinetic data obtained in the present work and its comparison with the data in the 

different species reported [29], contribute to the characterization of Cas III-ia, these data at a 

preclinical level will allow us to know the bases to be able to extrapolate an adequate dose through 

allometric studies to carry out studies in future clinical stages and also build on the adequate design 

of dosing intervals that are safe for humans. 
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