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Abstract. Casiopeína IIgly is a mixed chelate coordination compound 
with copper (II) core that has shown important antineoplastic activity, 
even in some resistant cellular lines to Cisplatin. In this work, preclini-
cal studies as blood to plasma ratio, plasma protein binding, short-term 
stability in blood and pharmacokinetics of this coordination complex 
are reported. The results indicate that Casiopeína IIgly is stable in 
blood at least for 6 hours at 37 °C. Also, this compound exhibits an 
important accumulation in whole blood rather than plasma fluid, a high 
plasma protein binding (>90%) as well as short half-life (47 min).
Keywords: Casiopeínas, copper compounds, pharmacokinetics, blood 
to plasma ratio.

Resumen. La Casiopeína IIgly es un compuesto de coordinación con 
centro de cobre (II) que ha demostrado tener importante actividad 
antineoplásica, incluso en líneas celulares resistentes al fármaco Cis-
platino. En el presente trabajo se reportan algunos estudios preclínicos 
realizados a este compuesto como son la relación sangre total/plasma, 
la unión a proteínas plasmáticas, la estabilidad en sangre a corto plazo 
y la farmacocinética. Los resultados indican que la Casiopeína IIgly 
es estable a 37 °C en sangre al menos por 6 horas. Por otra parte, este 
compuesto demuestra tener una importante acumulación en sangre 
total en comparación al plasma, una alta unión a proteínas plasmáticas 
(>90%) así como un corto tiempo de vida media (47 min).
Palabras Clave: Casiopeínas, Compuestos de cobre, farmacocinética, 
relación sangre total plasma.

Introduction

In recent years bioinorganic chemistry has had an important 
development especially in relation to medicinal chemistry [1]. 
In medicinal inorganic chemistry area, many efforts have been 
done in the development of metal based-drugs for the treatment 
of several diseases considered as public health problems such as 
AIDS [2], cancer [3], Alzheimer [4], tropical neglected diseases 
(Chagas, leishmaniasis, malaria, sleeping sickness, amoebiasis) 
[5] and bacterial diseases such as tuberculosis [6]. All of them 
have to fulfill several requirements, as diminishing the toxicity 
as possible, increase the activity compared with known com-
pounds and reduce the production costs.

Many transition elements, principally of the second and 
third row, have been used in the production of these drugs. 
However, recent investigations in this area are focuses on met-
al-based compounds of essential ions. Copper is an essential 
trace element important for the function of several enzymes 
involved in energy metabolism, respiration and DNA synthe-
sis on the cell [7]. The major functions of biological-active 
copper compounds involve redox reactions in which copper 
react directly with molecular oxygen or hydrogen peroxide 
to produce free radicals (ROS) [8], displace other metal ions, 
participate in lipid peroxidation and directly cleavage of DNA 
and RNA [9].

All these properties were taken on account in the design 
of copper (II) coordination compounds patented [10, 11] and 
register under the name Casiopeínas® [12], the general formula 

are [Cu(N-N)(N-O)]NO3 and [Cu(N-N)(O-O)]NO3 where N-
N = non substituted and substituted 2,2’-bipyridine or 1,10-
phenanthroline, N-O = α-aminoacidate or peptides and O-O 
= acetylacetonate or salicylaldehydate. Due to its interesting 
antineoplastic activity, two compounds of this family named 
Casiopeína IIIia (CasIIIia) and Casiopeína IIgly (CasIIgly) 
have been investigated in the clinical and preclinical field, 
respectively [13].

Casiopeína IIgly [Cu(4,7-dimethyl-1,10-phenanthroline)(g
lycinato)]NO3 has been evaluated in vitro and in vivo showing 
cytotoxic, genotoxic and antineoplastic activity [14]. Although 
the action mechanism is still not completely elucidated, there 
is evidence that supports the idea that this compound is able to 
inhibit cell proliferation and produce cell dose-dependent death 
by apoptosis through dependent and independent caspase acti-
vation mechanisms [15]. Observed apoptosis might be the result 
of several processes like ROS generation [16] or mitochondrial 
toxicity [17-20] that can act alone or in concomitance. In the 
presence of reducing agents cell growth inhibition and DNA 
degradation are observed simultaneously of ROS generation, 
suggesting DNA oxidation as one of the main causes of cell 
death induction [21]. QSAR study [14], of compounds with 
general formula [Cu(N-N)(acetylacetonato)]NO3 and [Cu(N-
N)(glycinato)]NO3, has shown that the presence of the third 
aromatic ring increases cytotoxicity in human tumor cells, also 
the E1/2 value (half wave redox-potential pair Cu(II)/Cu(I)) is 
indicative of antiproliferative activity. The above results let us 
suggest the possibility that this compounds interact with DNA 
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by intercalation through the planar moiety corresponding to 
diimine or acetylacetonate. Also, the interaction with DNA 
has been observed experimentally [22] and theoretical model-
ing has been performed [23, 24]. Some toxicological [25, 26] 
and pharmacokinetics studies [27, 28] have been published. 
However, studies on plasma protein binding, stability in fluids 
and whole blood to plasma ratio have not yet been carried out, 
which are important to characterize the preclinical profile of 
this compound. On the other hand, only one method to mea-
surement Casiopeína IIgly by HPLC-MS has been reported 
[28]. This method uses [M+Na+] specie as internal standard and 
adducts are known to have reproducibility problems. Moreover, 
the reported recovery is poor (about 60%) and the limit of quan-
tification (0.1 μg/mL) is not sensitive enough for the currently 
pharmacokinetics and biopharmaceutics studies.

The aim of this work was determinate important preclini-
cal studies of Casiopeína Ilgly such as whole blood to plasma 
ratio, plasma protein binding, short-term stability and pharma-
cokinetic profile after an IV dose. In addition, we report a new 
validated method to quantify this compound with copper core 
through ion-pairing technology that was used for the analyte 
measurement.

Results and discussion

Method validation

In order to validate this analytical method, parameters as selec-
tivity, matrix effect, linearity, limit of quantification, accuracy, 
precision, recovery and stability were assayed, in accordance 
with recommendations of the CDER-FDA Guidance [29]. The 
retention times of Casiopeína IIgly and IS at the final chroma-
tography conditions were 1.2 and 3.8, respectively. The results 
indicate that %CV of matrix factor between lots to be less than 
5%, therefore, no significant matrix effect was observed. The 
calibration curves were linear over the concentration range of 
0.025 -10 µg/mL with determination coefficient greater than 
0.999. The low limit of quantification was 25 ng. The mean of 
extraction recoveries of Casiopeína IIgly was 86% (%CV= 4%) 
and the values were consistent throughout the dynamic range. 
Inter day and intra day precision were less than 6% and the ac-
curacy was from 99.42 % to 113%. The mean stability values of 
Casiopeína IIgly during sample handling (Freeze-thaw stability 
and short term) were all about 97%.

Preclinical studies

Previously pharmacokinetic assays of Casiopeína IIgly in rats 
[27] and dogs [28] both indicate a high elimination rate with 
low concentrations after an IV administration and intravenous 
infusion, respectively. This behavior may be consequence of 
important contribution plasma/blood instability due to possible 
metabolic degradation or high clearance of the analyte in the 
tissue of sampling. Therefore, stability assay in beagle, rat and 
human blood in vitro at 37 °C were carried out in a period of 
6 hours. In all cases, the recoveries found of this coordina-
tion complex were within 100.5-88.3%. The results of this 
determination showed no significant degradation for the three 
types of whole blood at least 6 hours. Hence, the high rate 
elimination observed for Casiopeína IIgly in the pharmacoki-
netics experiments is not consequence of instability in whole 
blood.

Determinations of blood to plasma ratio for Casiopeína 
IIgly in samples of human, rat and beagle dog at 0.3 and 1 
µg/mL were determinate quantify the analyte directly in blood 
as well as in separate plasma and analyzed by HPLC-MS. 
The time of equilibrium of Casiopeína IIgly between whole 
blood and plasma was determinate in preliminary experiments 
and ranged from 15 min to 2 hours at 37 °C, calculating the 
rate of migration. The equilibrium was reached within 30 min 
therefore; this period of time was used for the formal assay. 
As reported in table 1, the present experiments showed that 
Casiopeína IIgly exhibits an important accumulation in whole 
blood rather than plasma fluid (Kb/p >2.0) for dog at 1µg/mL 
and human in both concentrations. Furthermore, significant 
binding to red blood cells (Ke/p >2) for human and beagle 
dog were observed. The values reported in this work indicate 
some differences in these ratios between species and should 
be considered in preclinical pharmacokinetic and toxicologi-
cal assays. According to these data, analysis of whole blood 
should be preferred over analysis in plasma for Casiopeína 
IIgly due to higher concentrations in the former tissue with 
the purpose to increases the sensitivity, and to obtain a lower 
limit of quantification. Moreover, in the pharmacokinetic field, 
sampling whole blood rather than plasma could be important 
to avoid overestimates blood clearance. These findings contrib-
utes to understand toxicological evidences previously reported 
as problems associated to hemolytic anemia and reduced red 
blood cells counts after an IV administration of Casiopeína 
IIgly in rats [30]. The bound with red blood cells (RBCs) of 

Table 1. Results of blood to plasma ratio (Kb/p) and red blood cells to plasma ratio (Ke/p) coefficients of Casiopeína IIgly from three different 
sources of blood (n = 6).

0.3 mg/mL 1 mg/mL
Hc (%) Kb/p Ke/p Kb/p Ke/p

mean (range) mean (range)
human 47 2.15 (1.84-2.27) 3.54 (2.79-4.08) 2.47 (2.14-2.75) 4.14 (3.43-4.74)
rat 37 0.98 (0.93-1.01) 0.95 (0.82-1.03) 1.23 (1.17-1.28) 1.61 (1.46-1.77)
beagle dog 42 1.29 (1.10-1.49) 1.93 (1.35-2.57) 1.57 (1.32-2.00) 2.85 (2.02-4.23)
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this coordination complexes and this exposition probably leads 
to direct erythrocyte damage.

Plasma protein binding was performed by ultrafiltration at 
concentrations of 1 and 5 µg/mL. These concentrations were 
selected on the basis of the expected therapeutic range of Ca-
siopeína IIgly, which should be below of the DL1 (2.5 mg/kg) 
[25]. The suitability of the micropartition device was assured by 
a control experiment in which filtrate solutions in water of the 
coordination complex was compared with original solutions in 
order to calculate the filter retention. As we can see en table 2, 
the filter exhibit low retention of analyte at the two concentra-
tions tested. Furthermore, Casiopeína IIgly showed extensive 
protein binding in rat, dog and human plasma (protein binding 
rate more than 90%). These data suggested that Casiopeína 
IIgly associated or administrated in concomitant with other 
drugs require possibly adjustment of dose in order to avoid 
emergency toxicity.

Previously, our group reported pharmacokinetics profiles 
of Casiopeína IIgly during intravenous infusion (1 hour) at 1.5 
and 3 mg/kg in whole blood of beagle dog. Due to the method 
sensibility, the elimination phase was not fully characterized. 
Therefore, the present study was thought to obtain the elimina-
tion profile of Casiopeína IIgly after a bolus intravenous ad-
ministration, using the developed method reported in this work. 
The time courses of the concentrations of Casiopeína IIgly 
in whole blood of dogs after intravenous administration of 2 
mg/kg is shown in figure 2. The concentrations levels could be 
detected until the 240 minutes post dosing. According to the 
pharmacokinetic profile, a one-compartment model, first order 
process was the best-fit model to describe the elimination rate. 
As shown in table 3 whereby summarized the relevant phar-
macokinetic parameters, the half-life obtained after modeling 
in this assay was short (47 min). Furthermore, the volume of 
distribution at steady state in male beagle dog was 253 ml/kg 
and indicates that Casiopeína IIgly may be distributed in extra-

vascular compartments. Under the present conditions, we can 
compare the pharmacokinetics data of the dogs treated by intra-
venous infusion at doses of 1.5 and 3 mg/kg to the parameters 
of the intravenously administrated animals at 2 mg/kg, it can 
be found that there are differences between its half-life values; 
2.45 and 1.90 vs. 0.78 hours, respectively. These data sug-
gesting a non-linear pharmacokinetics and more experiments 
should be done to get more knowledge about this important 
parameter that could be affecting a proposed dosage regimen 
in preclinical and clinical trials.

In conclusion, in this work we reported in further our un-
derstanding, relevant biopharmaceutical parameters as blood to 
plasma ratio, short-term stability and plasma protein binding 
of Casiopeína IIgly, a copper (II) coordination complex that 
exhibits antineoplastic activity. Additionally, they provide in-
formation that can be useful in the clinical setting.

Experimental

Chemicals

Casiopeína IIgly ([Cu(4,7-dimethyl-1,10-phenathroline)(glyc
inato)H2O]NO3·H2O) was synthesized in the Department of 

Table 2.  Plasma protein binding of Casiopeína IIgly in rat, dog and 
human plasma at 2 concentrations (n = 6).

Casiopeína IIgly concentration 
(mg/ml)

1 5
Rat

Range 89-94 91-97
Mean ± S.D. 92 ± 1.9 92 ± 2.3

Dog
Range 89-97 93-97

Mean ± S.D. 92 ± 3.5 95 ± 1.7
Human

Range 93-99 97-100
Mean ± S.D. 96 ± 2.8 98 ± 1.2

Filter retention
Range 3-11

Mean ± S.D. 6.4 ± 3.5

N N
C u

H 2N O

O

N O 3

Fig. 1. Chemical structure of Casiopeína IIgly.

Fig. 2. Blood concentration-time profile of Casiopeína IIgly after 
intravenous bolus injection in beagle dogs at doses of 2 mg/kg.
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Inorganic and Nuclear Chemistry (School of Chemistry, Me-
dicinal Inorganic Laboratory, UNAM) following the procedure 
reported in previous patents [10,11]. Prednisone was from USP 
reference. Heptafluorobutyric acid (HFBA) was purchased 
from Sigma-Aldrich. Methanol and acetonitrile (both chro-
matographic grade) from J.T Baker and the deionized water 
was generated in-house using a Milli-Q system from Millipore 
(MA. USA).

Sample determination by LC-MS/MS

A HPLC (Agilent LC, Waldbroon, Germany) coupled to MS 
detector (Agilent, Ion trap, Palo Alto, CA, USA) equipped with 
an electrospray ionization source were used to sample analysis. 
The software using for data processing was LC-MSD Trap 
Version 3.2 (Agilent-Bruker). Mass spectrometer was operated 
under positive ion mode and nitrogen was employed as drying 
gas at 350 °C. The coordination complex and the internal stan-
dard (prednisone) was monitored through the time of analysis 
by selective ion storage (SIS) using the ions [Cu(II) (F7C3COO) 
4,7-dimethyl-1,10-phenanthroline]+ (484 m/z) and 381 m/z, 
respectively. The chromatographic separation was carried out 
by using a Synergy Polar RP column (4µm, 30 × 2 mm, 4 µm 
particle size, Phenomenex) and preceded by a security guard 
cartridge (Polar RP, 4X3 mm, Phenomenex). The mobile phase 
consisted in MeOH/ HFBA 0.7% (6:4) and the flow was 0.7 
mL/min (isocratic).

Sample (0.5 mL of whole blood or plasma) was added 100 
µL of internal standard (prednisone in methanol, 5 µg/mL) and 
700 µL of HFBA (7% in water), mixed for 45 seconds and 
centrifuged (1500 rpm, 5 minutes). The mixture was loaded 
into solid phase extraction cartridge (33 µm, 60 mg, 1 cc, Phe-
nomenex), washed with 300 µL of HFBA (7% in water) and 
eluted using 1 mL of dichloromethane. Further, the sample was 
concentrated to dryness at 37 °C under nitrogen. The residue 
was reconstituted in 100 µL of mobile phase and stirred vigor-
ously for 1 minute. Three microliters of mixture were injected 
and analyzed by LC-MS (ion trap).

Analytical method validation

The method was validated using five levels for the calibration 
curve and the concentrations of the points were 0.025, 0.5, 1, 
5 and 10 µg/mL for whole blood and plasma. The selectivity 

of the methods was verified by the lack of interfering peaks 
that co-elute with the analyte or IS, in blank matrices. Matrix 
effects were evaluated by calculating the ratio of the peak area 
of Casiopeína IIgly in whole blood or plasma to the peak area in 
absence of matrix (analyte in solution) from 6 different lots at 3 
QC levels (0.1, 3 and 7 µg/mL). To assay sensitivity, samples of 
25 ng of Casiopeína IIgly in matrix were analyzed through five 
validation days. Accuracy and precision (intra- e inter- day) for 
the method were assessed from quality control samples (0.1, 3 
and 7 µg/mL) per quintuplicated. These values were considered 
to be acceptable when they were found to be <15%, except for 
the LLOQ, where 20% was allowed. The mean of extraction 
recoveries of Casiopeína IIgly was obtained by comparing the 
relative peak area of extracted samples of the coordination com-
plex and blanks spiked post-extraction with Casiopeína IIgy at 
3 QC levels (n = 5). Freeze and thaw stability was tested a -20 
°C using QC samples at 3 concentrations by triplicate. After of 
the third cycle, the samples were analyzed by HPLC-MS and 
the concentrations were obtained for interpolating the analytical 
response in a fresh calibration curve. In order to determinate the 
short-term stability, spiked blanks with Casiopeína IIgly were 
prepared at three concentrations (n = 3) and they were kept in 
room temperature for 6 hours.

Short-term stability

Fresh blood blank of beagle dog, rat or human (6 mL) were 
placed into deactivated glass tubes and spiked with Casiopeína 
IIgly in order to produce a final concentration of 0.3 and 1 
µg/mL (n = 6). Samples were protected from light and stored 
at 37 °C during experiment. At times of 0, 10, 20, 40, 60 min, 
2, 4 and 6 hours, 0.5 mL of blood was taken and analyzed 
through HPLC-MS system. To establish stability of Casiopeína 
IIgly, the results were analyzed through calculation of percent 
recoveries. Instability was defined to exist when the mean value 
measured in the particular sample differs from the limits of 
analytic precision.

Blood to plasma ratio

Drug free heparinized fresh blood was collected from beagle 
dog, rat and healthy volunteers (hematocrit value 42, 37 and 
47%, respectively). Aliquots (n = 6) of Casiopeína IIgly dis-
solved in methanol were collocated in deactivated glass vials 
and evaporated under nitrogen at 37 °C. Five milliliters of 
blood were added to tubes to obtain final concentrations of 0.3 
and 1 µg/mL of Casiopeína IIgly. Samples were mixed and 
incubated for 30 min at 37 °C. Afterwards, aliquot of blood 
samples were pipetted into a 1.5 mL eppendorf tube and cen-
trifuged at 2500 rpm for 5 minutes. The obtained plasma was 
analyzed by HPLC-MS. In parallel, 0.5 mL of whole blood was 
taken from the incubation system, placed in a tube and imme-
diately the sample was frozen and thawed throughout 3 cycles. 
After, the content of each tube was directly used for sample 
extraction. Whole blood to plasma partition coefficient of drug 
(Kb/p) was calculated from the ratio of concentrations of whole 

Table 3. Blood pharmacokinetics parameters of Casiopeína IIgly in 
dogs (n = 6) after intravenous administration at dose of 2 mg/kg.
Parameter Units Value % CV
K10_HL min 47.13 12.99
CL mL/min/kg 3.73 8.98
AUC min*mg/mL 535.95 8.97
AUMC min*min*mg/mL 36,438.13 21.31
MRT min 67.99 12.99
Vss mL/kg 253.7 6.6
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blood and plasma and red blood cells (RBCs)-to plasma parti-
tion coefficient (Ke/p) was obtained from the hematocrit value 
(Hc) and the equation Kb/p = Ke/p * Hc + (1 - Hc).

Plasma protein binding assay

In order to determine plasma protein binding, the ultrafiltration 
technique was used. Aliquots (n = 6) of Casiopeína IIgly dis-
solved in water were spiked to the fresh plasma of rat, beagle 
dog or human to produce a final concentration of 1 and 5 µg/mL 
and there were mixed by 30 s. After the samples were incubated 
and protected from light 1h at 37 °C. After incubation, 1 mL 
of the test solution was placed into ultrafiltration tubes (Centri-
free; Amicon, Millipore, Bredford, MA, USA, which had mo-
lecular weight cutoff of 30 kDa) and centrifuged for 30 min at 
4000 rpm. Finally, 0.5 mL of sample ultrafiltrate was analyzed 
according to the method described in this work. The amount 
of the test compound was obtained by interpolation in a fresh 
standard curve. The percentage protein binding was calculated 
using the formula of protein binding ratio (%PBR):

 %
[ ]

*PBR
Drug

Drug
ultrafiltrate

total
= -

F
HG

I
KJ1 100

Pharmacokinetics study in blood of Beagle Dog

Animal Laboratory Center of Veterinarian Faculty (National 
Autonomous University of Mexico) supplied six male beagle 
dogs that weighted between 13.6 and 15.9 Kg. Animal experi-
ments were carried out according to our institutional guidelines 
for the care and the use of laboratory animals and all the study 
were approved by the Institutional Committee for the care and 
use of laboratory animals (CICUAL, UNAM). The dogs were 
housed under controlled environment conditions (temperature 
rage 20 ± 3 °C) with a commercial food diet and water freely 
available. Previous the assessment, dogs were fasted with free 
access to water for 12 hours. On the day of the pharmacokinetic 
assay, beagle dogs were administered IV at dose of 2 mg /kg. 
Blood samples (2 mL) taken from the cephalic vein were col-
lected into heparinized tubes at 10, 20, 40, 60, 80, 120 and 240 
minutes and immediately analyzed using the reported analytical 
method in this work. In order to obtain relevant pharmacoki-
netic parameters such as half-life time, volume of distribution 
and clearance, data obtained were processed using WinNonlin 
software version 5.02 (Pharsight).
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