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Abstract

Casiopeína IIgly is a mixed chelate coordination complex
with copper core that have demonstrated high antineoplas-
tic activity in vitro and in vivo. In the present work, a de-
veloped and validated method for measurement of
Casiopeína IIgly in beagle dog and its application in a phar-
macokinetic study is reported. The analyte was isolated from
blood by solid-phase extraction using Strata X cartridges.
The analysis was carried out on a Synergy Polar-RP col-
umn (30 X 2.0 mm) using an isocratic elution and MeOH/
HFBA 0.1% (4:6) as the mobile phase.  An Agilent LC/
MSD Trap VL equipped with an ionization electrospray
source, was operated in selective ion storage (SIS) using
stable ion [Cu(II)(F

7
C

3
COO) 4,7-dimethyl phen ]+ with 484

m/z for quantification result of ESI reaction between
Casiopeína IIgly and HFBA. The method demonstrated to
be linear (r = 0.9992) in the range from the 0.1 to 15 µg/ml
with a limit of detection (LOD) of 50 ng/ml. All the param-
eters of validation such as selectivity, accuracy, precision
and recovery were within the required limits. Pharmacoki-
netics assay was carried out at 2 doses, indicated a high
elimination rate.
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Introduction

At the present time, metal based drugs are an important source
of novel molecules with therapeutic activity. Particularly, coor-
dination compounds with copper core have been investigated in
the last few decades after the discovery of cisplatin, because
they have shown good antineoplastic activity and less toxicity,
being copper an essential element (Wang et al., 2006; Marzano
et al., 2009).

Casiopeínas® are a “the novo” group of coordination com-
pounds with copper that have demonstrated high antineoplastic
activity in vivo and in vitro (Ruiz-Ramírez et al., 1991; Gracia
et al., 2001; Carvallo et al., 2008; Trejo et al., 2005; Mejia and
Ruiz-Azuara, 2008). These compounds have a general formu-
lae [Cu(N-N)(N-O)H

2
O]NO

3
 (where N-N = diimines as 1,10-

phenanthroline, 2,2-bypiridine, or substituted and N-O =
aminoacidate) or [Cu(N-N)(O-O)H

2
O]NO

3 
(where N-N =

diimines as 1,10- phenanthroline, 2,2-bypiridine, or substituted
and O-O = acetylacetonate, salycilaldehidato) and have been
patented (Ruiz-Azuara, 1996; Ruiz-Azuara, 1997). Some sta-
bility constant and structural data are published (Gasque et al.,
1992; Ruiz-Ramírez et al., 1992; Ruiz-Ramírez et al., 1993;
Álvarez et al., 1995) and QSAR studies have been reported for

this group of mixed chelate complexes (Bravo-Gómez et al.,
2009).

Casiopeína IIgly ((4,7-dimethyl-1,10-phenanthroline)
(glycinato) copper (II) nitrate) (Ruiz-Ramírez et al., 1993) (Fig-
ure 1) has shown a good citotoxic activity and low toxicity in
comparison with the others Casiopeínas compounds. This po-
tentially useful antineoplastic agent is active against murine and
human cancer cell lines, including those resistant to other drugs
(De Vizcaya-Ruiz et al., 2000). Its mechanism of action has not
been fully defined yet, but it has been reported that Casiopeína
IIgly uncoupled the cell respiratory chain by interaction with
succinate and 2-oxoglutarato dehydrogenases (Marín-Hernández
et al., 2003), increased reactive oxygen species (ROS) (Alemón-
Medina et al., 2007; Alemón-Medina et al., 2008), induces
apoptosis in  glioma C6 through caspase-dependent and caspase-
independent mechanisms depending of doses used (Trejo-Solís
et al., 2005; Mejia and Ruiz-Azuara, 2008) and binds to DNA
with high affinity (Rivero-Müller et al., 2007). Toxicity studies
(De Vizcaya-Ruiz et al., 2003; Hernández Esquivel et al., 2006;
Leal-García et al., 2007) have been reported and are still in
progress. Also, Casiopeína II gly has shown antitumor activity
on HCT-15 carcinoma in vitro and in a nude mice assay and
induction of apoptosis have been observed (Carvallo et al., 2008).
Besides has shown activity in Hela, SiHa, MCF7 cellular lines
in vitro (Bravo-Gómez et al., 2009).

Figure1: Casiopeína IIgly chemical structure.
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Few methods have been developed to quantify Casiopeínas in
biological fluids and all of them were based in UV detection
(Fuentes-Noriega et al., 2002; Reyes et al., 2003). An HPLC-
UV method to determinate Casiopeína IIgly in rat plasma over
the range 2.5 to 50 µg/ml have been reported and was used for
some assessments. Nevertheless, new toxicological data and re-
lated assays have demonstrated the necessity of quantify this
coordination complexes in lowest blood concentrations, there-
fore more sensitivity is required. On the other hand, the previ-
ously reported methods have excessive sample volume require-
ments for application to preclinical pharmacokinetics studies.
In this communication, the authors report the first method for
measurement of this coordination complex using MS detection
and smaller sample volume.

In order to continue with the pharmacokinetics investigation,
the aim of this research work was to develop and validate a
sensitive, specific, robust and rapid ion pair reversed phase LC-
MS method of Casiopeína IIgly measurement in total blood,
using ion 484 m/z result of an interphase reaction for quantifi-
cation. Ketoprofen was used as internal standard. Analyte was
isolated by solid-phase extraction using Strata X cartridges. The
method was successfully applied in a pharmacokinetics study in
beagle dog.

Experimental

Chemical and reagents

Liquid chromatographic/ mass spectrometer conditions

Liquid chromatography separation and mass spectrometry
detection were performed using an Agilent LC (Waldbronn,
Germany)-MS (Palo Alto CA, USA) system. This equipment
consists in an 1100 quaternary pump (G1311A), an 1100
autosampler (model G1313A) and a Mass Trap VL spectrom-
eter equipped with an electrospray ionization source. The soft-
ware used for data processing was LC-MSD Trap version 5.2.

The selected column to achieve separation was a Synergy Po-
lar RP (4µm, 30 mm X 2 mm, 4µm particle size, Phenomenex)
preceded by a security guard cartridge (4 X 3 mm, Phenomenex)
and the mobile phase used  MeOH/ HFBA 0.1 % (4:6). The flow
was carried out as follow: 0.5 ml/min in the first stage (0-4.5
min) and the rest of chromatographic run until 10 min was 0.9
ml/min.

Mass spectrometer conditions were divided in two segments:
values of nebulizer, dry gas, capillary, capillary exit offset and
trap drive for Casiopeína IIgly quantification (from 0 to 4.5 min)
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were 40 psi, 8 L/min, -4500 V, 61.48V and 47.4 and for
Ketoprofen (I.S.) (from 4.5 to 10 min) were 50 psi, 10 L/min, -
2385V, 50 V and 49, respectively. Target, maximum accumula-
tion, time and average were 200 000, 50 ms and 17 for both
segments. Mass spectrometer was operated under positive ion
mode and nitrogen was used as drying gas at 350°C. Selective
ion storage for stable ions [Cu (II) (F

7
C

3
COO) 4,7-dimethyl phen

]+ with 484 m/z for Casiopeína IIgly and ketoprofen adduct with
299 m/z ([M-H+2Na]+) as internal standard was used for quan-
tification. These fractions were confirmed through MSn experi-
ments.

Preparation of samples

Samples were prepared dissolving an accurate weight of
Casiopeína IIgly in deionized water to obtain concentration of 1
mg/ml at room temperature. Working standards of Casiopeína
IIgly dissolved in water in a concentration range of 10 and 1000
µg/ml were prepared by independent dilution. Calibration curve
with the concentrations of 0.1, 0.5, 1, 10 and 15 µg/ml and
quality control samples (0.3, 5 and 12 µg/ml) were obtained by
spiking the appropriate solution to 2 ml of dog blood. I.S. dis-
solved in MeOH/ HFBA 0.1 % (4:6) at concentration of 25µg/
ml was prepared from 1 µg/ml of Ketoprofen in methanol stock
solution.

Sample treatment

For the protein precipitation, methanol, acetonitrile and solu-
tion as aqueous aluminum chloride (10% w/v), aqueous ammo-
nium sulfate (saturated at room temperature), zinc sulfate
heptahydrate (10% w/v) were mixed of MeOH/HFBA and Ac-
etonitrile/HFBA in different proportions and assayed.

A satisfactory treatment was found when 0.5 ml aliquot of
beagle dog blood was diluted with 600 µL of HFBA 5% in water
(v/v) followed by 300 µL of acetonitrile. The mixture was
vortexed for 30 seconds after each addition and centrifuged for
5 minutes at 15000 rpm.

Extraction

The cartridges Strata X (33µm, 60 mg, 1 cc, Phenomenex)
were prepared passing first 0.5 ml of methanol twice and later
0.5 ml of HFBA to 5% with a Waters manifold system (Milford,
MA, USA). The mixture was added to the cartridges and washed
with 300 µL of HFBA to 5%. Cartridges were dried for 3 min-
utes and eluted with 0.7 ml of dichloromethane. Samples were
concentrated to dryness at 30°C under nitrogen. The residue
was reconstituted in 100 µL of I.S. solution followed by vigor-
ous stirring until dissolution. A 1 µL of mixture was injected
into HPLC/MS system for analysis.

HPLC-MS validation

Specificity and Matrix effect

To investigate possible interference by endogenous compounds,
various lots of blood from different beagle dogs were extracted
and analyzed. Matrix effect was determined according with
Matuszewski methodology (Matuszewski et al., 2003). Blanks
from 6 lots of beagle dog blood were processed following ex-
traction steps. Before evaporation of dichloromethane, adequate
concentration (0.3, 5 and 12 µg/ml, n=3) of Casiopeína IIgly
dissolved in mobile phase was added and injected to HPLC-MS

Casiopeína IIgly ([Cu(4,7-dimethyl,1,10-phenathroline)
(glycinate) H2O] NO3·H2O was provided by the Department of
Inorganic and Nuclear Chemistry (School of Chemistry, UNAM)
and was synthesized following the procedure reported in previ-
ous patents (Ruiz-Azuara, 1996; Ruiz-Azuara, 1997). Ketoprofen
was acquired from Kendrick Laboratories (Mexico).
Heptafluorobutyric acid (HFBA), ammonium formate, ammo-
nium acetate, aluminum chloride and formic acid was purchased
from Sigma-Aldrich. Ammonium sulfate was obtained from
Merck. Methanol and acetonitrile (both chromatographic grade)
and zinc sulfate from J.T. Baker and the deionized water was
generated in-house using a Milli-Q system from Millipore (MA.
USA).
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system. Matrix effects were determined by comparing LC-MS
response of a blank of blood reconstituted with Casiopeína IIgly
and LC-MS response of analyte in mobile phase at same con-
centration.

Linearity

To test linearity, five calibration curves of spiked samples with
Casiopeína IIgly were evaluated. Calibration curves were repre-
sented by plotting the peak area ration of Casiopeína IIgly/
ketoprofen (IS) versus the concentrations of standard curve. The
linearity was tested using different weighted linear regression
of the data.

Limit of quantification and limit of detection

The Limit of Quantification (LOQ) was defined as lowest con-
centration on the standard line that could be measurement with
accuracy and precision according with to FDA guidance rec-
ommendations. For LOQ experiments, 0.1 µg/ml concentration
was evaluated through 5 days of validation. On the other hand,
Limited of Detection (LOD) was defined as the sample concen-
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tration resulting in a peak area of three times the noise level
according with the following mathematical expression: LOD =
(3SDB/ m). Standard deviation of the blank (SDB) was calcu-
lated using 6 blanks and the slope (m) was obtained from cali-
bration curve of Casiopeínas IIgly.

Precision and accuracy

The precision (intra- and inter-day) and accuracy of the vali-
dation was assessed from quality control samples on 3 levels
(0.3, 5 y 12 µg/ml) per quintuplicate through 5 validation days.
Each day of validation a fresh calibration curve with 5 levels
was realized and processed samples were interpolated to obtain
experimental concentration.

Recovery

For recovery assay, done by triplicate, blood samples were
spiked with three different quantities (0.3, 5 and 12 µg/ml) of
Casiopeína IIgly. Samples were analyzed as described in the
section of sample preparation. The recovery was determined by
comparing the relative peak of extracted samples from blood

Figure 2: Mass spectrum of Casiopeína IIgly dissolved in a) Methanol and b) MeOH/HFBA 0.1% (4:6). 484 m/z ( [Cu(II)(F7C3COO) 4,7-dimethyl phen ]+ ) ion is the result
of Casiopeína IIgly and HFBA ESI reaction.
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versus the relative peak of blanks spiked post-extraction with
Casiopeína IIgly at the same level.

Stability

Free-thaw stability was carried out per triplicate of quality
control samples (0.3, 5 and 12 µg/ml) at 24, 48, 72 hours, 7 and
15 days. At defined day, stored samples at -20°C were thawed at
room temperature and an aliquot of 500 µL was taken and ana-
lyzed.

In order to evaluate possible sample degradation stored in
autoinjector, spiked samples of Casiopeína IIgly at 3 leves of
QC (n=3) were extracted and reconstituted, according to the
development method.  Samples were injected over a period of
24 hours in intervals of 3 hours. Assay for short term stability
was determined at 3 levels of QC by triplicate. Samples were
prepared and kept at room temperature, for a period that exceed
the preparation time of the samples (around 8 hours).

Preclinical pharmacokinetics assay

Pharmacokinetic assay was performed under approval of the
Internal Committee Postgraduate of the Veterinarian School at
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National Autonomous University of Mexico, Mexico City,
Mexico. Four male beagle dogs weighting 14.4 ± 2.86 Kg were
administered a continuous intravenous infusion (60 minutes) of
Casiopeína IIgly in a solution of 5% glucose at doses of  3 mg/
Kg and 1.5 mg/Kg  (two beagle dog for each dose) after an over-
night fasting. Blood samples (1 ml) taken from the cephalic
vain were collected  into heparinized  tubes at 20, 40, 60, 80,
120 and 160 minutes from the beginning of infusion and stored
at -20°C prior to analysis.

Results and Discussion

Analytical method development

Initial retention experiments on C
8
, C

12
, and C

18
 column (Syn-

ergy Hydro RP (C
18

, 150mm X 4.6 mm, 4µm), Synergy Max RP
(C

12
, 150mm X 4.6 mm, 4µm), Zorbax Eclipse XDB (C

8
, 150mm

X 4.6 mm, 4µm) and Agilent Eclipse (C
18

, 150mm X 4.6 mm,
5µm) and various mobile phases of different compositions (aque-
ous ammonium formate, aqueous ammonium acetate, formic
acid) with various organic phase ratios (15:85-90:10) demon-
strated that Casiopeína IIgy is unstable in standard chromato-
graphic conditions; dissociation of the coordination complex

Figure 3: Chromatograms obtained from a) blood sample spiked with 1 µg/mL of Casiopeína IIgly (tr= 2.1) and ketoprofen (tr = 7.7) as IS  and b) blank blood.
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was found in every assay, due to rupture of bonds between
bidentade ligand glycinate and copper. Although ternary copper
complexes such as [Cu (II)(RCOO)phen]+ are known to have large
stability constant in solution (β > 1016) (Yamauchi et al., 1985),
the assaying showed that this compound can be un-coordinated
by the effect of partition chromatography.

According to these results and in order to obtain retention as
well as good resolution and a symmetric peak shape in the re-
verse phase, a methodology has been developed on the base of
columns with aromatic stationary phase and an ionic pairing
agent. π-interaction between stationary phase and 4,7-dim-
ethyl,1,10-phenathroline which is part of the Casiopeína IIgly
molecule could occur in order to stabilize the complex. Among
the columns tested, Synergy polar RP (150mm X 4.6 mm, 4µm)
was chosen because of its good resolution and peak shape. Mo-
bile phases containing methanol were selected instead of others
as they help to increase the π interaction between aromatic sys-
tems. Ion-pair agent (HFBA) was an option to develop the ana-
lytical method because Casiopeína IIgly is a highly soluble co-
ordination compound in polar solvents. Furthermore, the formed
ion [Cu(II) (F

7
C

3
COO) 4,7-dimethyl phen ]+ was stable during

electrospray and displayed  a much greater intensity than others
(Figure 2). The best proportion of mobile phase was Methanol/
HFBA 0.1% in water (4:6 v/v) and was found varying the con-
centration of ion-pairing  (from 0.1 to 5%)  and correlating with
retention time and peak shape.

Method validation

According to method developed for quantification of this co-
ordination complex, the retention times for Casiopeína IIgly and
Ketoprofen in segmental optimal conditions were 2.1 min and
7.7 min respectively (Figure 3).

The parameters of full validation assayed in this work were
matrix effects, linearity, accuracy, precision, sensitivity, recov-
ery and stability and was conducted conforming to currently
accepted U.S. Food and drug Administration (FDA) bioanalytical
method validation guide (FDA Guidance 2001).

All samples were found to be free of interferences with the
compound of interest. All ratios of the peak area resolved in the
blank sample compared with resolved by the mobile phase, are
between 85 and 115%, which means no significant matrix ef-
fects at 3 levels determinate.

Journal of Bioanalysis & Biomedicine  - Open Access
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QC sample Concentration (µµµµg/ml) Mean measured concentration (µµµµg/ml)±S.D. Precision C.V.(%) Accuracy(%) 

Intra-day 

LQC 0.3 0.328±0.025 7.62 109.33 
MQC 5 4.732±0.139 1.17 98.92 
HQC 12 11.871±0.139 1.17 98.92 

Intra-day 
LQC 0.3 0.317±0.037 11.64 105.66 
MQC 5 4.845±0.194 4.00 96.95 
HQC 12 11.833±0.340 2.87 98.62 

Linear relationship was found without weighting factors in
the range of concentrations from 0.1 to 15 µg/ml. The simple
linear equation that describes the behaviour was y = -
0.216+0.873X and correlation coefficient mean of calibration
curves was 0.9992 ± 2.9 E-04. For Limit of Quantification (LOQ)
assay, the lowest concentration of standard curve was evaluated
on five validation days and average values of 13% and 107 % of
precision and accuracy was found, respectively. These data are
in agreement with FDA recommendations, consequently 0.1 µg/
ml was considered as LOQ. Limit of detection (LOD) was ob-
tained through mathematical expression previously described
in HPLC-MS validation section and the result indicated a value
approximately of 50 ng/ml.

The precision and accuracy of the method were evaluated us-
ing spiked plasma at concentrations of 0.3, 5 and 12 µg/ml

. 
As

shown in Table 1, the maximum coefficients of variation for
intra-day and inter-day assay were 7.7 % and 11.6 % respec-
tively. The accuracy was between 109% and 97% of the nomi-
nal value at the three levels. These results indicate that the
method is reproducible and accurate.

The extraction recovery determined for Casiopeína IIgly at
three levels of Quality controls (n=3) were shown to be consis-
tent, precise and repeatable. A satisfactory recovery of 65% was
obtained.

The stability of Casiopeína IIgly was investigated under three
conditions: short term stability, post-treatment stability (stored
on injector) and freeze and thaw stability. Table 2 summarized
these data. Results demonstrated that Casiopeína IIgly is stable
in blood at least 15 days and there were no stability related prob-
lems during the routine analysis of samples for pharmacokinet-
ics study.

Application of analytical method in pharmacokinetic study

The fully validated HPLC-IT-MS method was used in a phar-
macokinetic assay of Casiopeína IIgly in blood dog at 2 doses
(1.5 and 3 mg/kg, n=2) and the study was designed with the
aim of characterizer the steady state part. The pharmacokinet-
ics data were tested by compartmental and no compartmental
models, using WINNONLIN software (4.0.1 version). Accord-
ing to static parameters, no compartmental model was chosen.
The relevant pharmacokinetics parameters as t

½
, clearance (Cl),

Volume of distribution (Vd) and Area Under the Curve (AUC
0-
)

Table 1:  Intra-day and inter-day accuracy and precision of Casiopeína IIgly at 3 concentration levels (n=5).

Accuracy (mean ± S.D.)% 

Concentration (µµµµg/ml) Short term stability Freeze and thaw stability Postpreparative stability 

0.3 101.9 ± 6.3 104.2 ± 5.8 95.4 ± 7.9 
5 95.6 ± 4.2 96.0 ± 4.7 98.8 ± 4.2 
12 97.5 ± 6.8 98.2 ± 6.5 97.5 ± 6.8 

Table 2: Data showing stability of Casiopeína IIgly in beagle dog blood at 3 levels of QC.
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for  doses of 1.5 mg/Kg  are as follow: 2.45± 0.04 h,
1460.25±170.9 mL/h kg, 5153.25 ± 89.3 mL/Kg and 0.345 ±
0.04 µg h/mL and for  3 mg/Kg  were 1.905 ± 0.45 h,
3090.55±669.67 mL/h kg, 8267.17 ± 268.61 mL/Kg and 0.512
± 0.9 µg h/mL respectively.

In this work, the steady state levels in beagle dog blood ob-
tained following continuous infusion of Casiopeína II gly in both
doses were achieved rapidly (Figure 4). There are few pharmaco-
kinetics data reported for this coordination complex but the re-
sults as the elimination half–life observed in beagle dog
was similar to previously reported in rats assay.

In conclusion, the HPLC-MS method developed and validated
for quantification of  Casiopeína IIgly in beagle dog blood dem-
onstrated to have good precision, accuracy acceptable recovery,
low limits of quantification and detection and can be used for
toxicokinetics and related assays. For beagle dog the pharmaco-
kinetics parameters such as clearance and half life were obtained
and demonstrated a high elimination rate. These results will be
useful tool in the pharmacokinetics study of Casiopeína IIgly in
clinical trials.
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