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Abstract
The paper presents the hematological modifications (as hemoglobin content) in healthy rats treated with
cisplatin / β-cyclodextrin complex solution and cisplatin / Ficaria verna Huds. extract / β-cyclodextrin
ternary complex. The hemoglobin content in rats treated with cisplatin / β-cyclodextrin complex has no
variation in comparison with the control (a cisplatin treatment lowered the hemoglobin content with more
than 20%). Important results were obtained in the case of using of cisplatin / Ficaria verna Huds. extract /
β-cyclodextrin ternary complexes in the treatment of rats, where the hemoglobin concentration was higher
even than in the case of using β-cyclodextrin complexes without antioxidant compounds. These
observations were more important in male than in female rats.
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1. Introduction
Cancer is one of the most common diseases in the
world and becomes the most important cause of
death in recent years. Among other techniques,
different chemotherapeutic agents are used for
treatment (or control) of these diseases [1-6]. The
most important classes of therapeutic agents are
alkylating compounds, antimetabolites, antibiotics,
alkaloids, hormons, monoclonal antibodies,
photodynamic
therapeutic
compounds,
polypeptides,
immunostimulating
agents
(interpherons), immunosuppressant agents [4,5,7,8].
Alkylating agents are most used in various
treatment protocols, some of them being known
from decades. Classical alkylating agents contain 2chloroethyl moieties in their structures (such as
melphalan, cyclophosphamid, or fotemustin) which
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chemically react with the DNA from the “wrong”
cells and block the replication [5].
Transitional
metal-containing
compounds
(including organometallic ones) are also used as
alkylating agents in the treatment of cancer [9-12].
Compounds such as cisplatin and organometallic
analogues have similar effects, but they interact
with the vicinal purine moieties from DNA chains,
furnishing a DNA-Pt(NH3)2-DNA bond; the result is
the damage of the DNA replication and the cancer
cell death [6,13-17].
All these cytostatic compounds, which acts as cell
growth and multiplication inhibitors, have also
secondary and adverse effects such as
myelosuppresion,
leukopenia,
and
thrombocytopenia for melphalan, carboplatin,
cisplatin or other related compounds [6].
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Cisplatin is one of the most used anti-neoplastic
compounds used in the treatment of cancer, but the
adverse reactions are high for this compound:
emetic effect, severe nausea and vomiting,
nephrotoxicity, ototoxicity, elevated hepatic
enzymes, and anemia occur [6].

the same volume of solution containing 1 mg/mL of
CP and 4.54 mg/mL of Ficaria verna extract/βcyclodextrin complex previously obtained [20]. The
CP dose in all groups was 7 mg/kg body weight.
The blood samples were collected after the end of
the experiment from the inferior vena cava after
narcosis with isofluran (Rompharm Co., Buchares,
Romania); blood samples were put in 2 mL
vacutainers containing K3EDTA; up to 2 mL of
blood was collected from every experimental rat.
All experiments were performed with respect to the
animal protection standards, which are use for
research purposes or other experimental objectives,
according to Directive 2010/63/EU and national
laws.

Some of these adverse effects of cytostatic agents
can be lowered by using various drugs or other
bioactive systems. The presence of antioxidant
compounds, as well as the implication of the host
nanoencapsulation compounds (i.e. cyclodextrins)
in the overall toxicity mechanism can be very
important for the final results [18,19].
In this study the influence of the Ficaria verna
Huds. extracts and its β-cyclodextrin complex on
the cisplatin toxicity in rats was evaluated.

2.4. Hematological parameters. Hematological
parameters were determined by using an Abacus
Junior Vet hematological multiparametric analyzer
by using Para 12®Extend N control serum for the
internal quality control.

2. Material and methods
2.1. Chemicals. The cisplatin (Sinplatin) used in this
study was obtained from Actavis, Inc. (1 mg/mL,
Bucharest, Romania) and has a concentration of 1
mg/mL. β-Cyclodextrin used in this experiment was
purchased from Fluka Chemie AG (purity >98%).
The Ficaria verna Huds. extract / β-cyclodextrin
complexes, obtained according to [20], were used in
this study.

2.5. Statistical analysis. Classical statistical analysis
of the data obtained from hematological analysis
was performed. Thus, the mean values and their
standard deviations were determined for the
hematological parameter values in every
experimental group.

2.2. Animals. Wistar rats from “Iuliu Haţeganu”
University of Medicine and Pharmacy from Cluj
Napoca (Romania) of 70 days old were used in the
experiments. They were ad libitum feeded for
another 10 days in our biobase (Banat’s University
of Agricultural Sciences and Veterinary Medicine of
Timişoara, Romania) when they were in quarantine
and were monitorized their health (desinfestation
was also made) until the experiment.

3. Results and discussion
The toxicity of cisplatin used in the treatment of
various cancer forms is well known and the
amelioration of its side and adverse effects is a
continuous goal of the scientists. From different
methods used in this way, molecular encapsulation
of cisplatin in cyclodextrins [21], alone or together
with other protecting compounds can reduce the
cisplatin toxicity.

2.3. Animal treatments. All experiments were
performed in a range time of 5 days. The average
weight of the selected rats was 157 ± 15 g. Three
experimental groups consist of eight rats (four
males and four females) were selected as following:
the first group (code “C”) was used as control group
where the animals were intraperitoneally injected
with 1.1 mL of physiological saline solution
(STADA Hemopharm SRL, Chiajna, Romania); the
second group (code “CP_bCD”) was injected with
1.1 mL solution containing cisplatin (concentration
of 1 mg/mL) and β-cyclodextrin (concentration of
4.32 mg/mL and a CP:bCD molar ratio of 1:1); the
third group (code “CP_Fv_bCD”) was injected with

It is well known that cisplatin treatment of various
cancer forms, using different treatment protocols,
conduct to a decrease of the hemoglobin lower than
12 mg/dL [22,23], even at values of 6-8 mg/dL.
These analyses were not presented here. Different
methods to maintain or increase of the hemoglobin
concentration were used (e.g. erythropoietin
administration [23]).
A new method to reduce the toxic effect of cisplatin
is the administration of cisplatin/cyclodextrin
complex (CP_bCD) solution instead cisplatin alone,
and further by using a ternary complex of cisplatin /
antioxidant / cyclodextrin (the cisplatin / Ficaria
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verna Huds. extract / β-cyclodextrin complex –
code “CP_Fv_bCD” – was used). In all cases, the
hemoglobin concentration was higher than the
known values in cases of the treatment with
cisplatin only (<12 mg/dL). Thus, the treatment of
rats with CP_bCD complex conduct to similar
values to the control group (14.7 mg/dL and 14.9
mg/dL, respectively), while the treatment of rats
with the ternary CP_Fv_bCD complex conduct to a
higher value for hemoglobin (15.55 mg/dL) (Table
1).

4. Conclusion
The following conclusions can be drawn among the
hematological properties (hemoglobin) of cisplatin /
β-cyclodextrin and cisplatin / Ficaria verna Huds.
extract / β-cyclodextrin complexes in rats: (1) βcyclodextrin complexes of cisplatin reduce the
adverse effect of this cytostatic compound; (2) the
presence of antioxidant compounds in the cisplatin /
β-cyclodextrin complex (a ternary complex
containig flavonoids from Ficaria verna Huds.
extract - antioxidant compounds – among the
cisplatin and β-cyclodextrin molecules) increases
significantly the protection capacity of βcyclodextrin against the lowering of the hemoglobin
content in rats treated with cisplatin; (3) the
protection effect of the Ficaria verna Huds. extract /
β-cyclodextrin complex against cisplatin adverse
effects, evaluated as the hemoglobin content in rats,
is more efficient in male than in female cases.

Table 1. Hemoglobin analysis in rats treated with
cisplatin/β-cyclodextrin and cisplatin/Ficaria verna
Huds. extract/β-cyclodextrin complexes; n – the number
of replicates
No
Code*
Hemoglobin (g/dL)
1
C
14.90 ± 0.52 (n = 8)
2
CP_bCD
14.68 ± 0.95 (n = 8)
3
CP_Fv_bCD
15.55 ± 0.62 (n = 10)
*

C – control group, CP_bCD – cisplatin/β-cyclodextrin
complex, CP_Fv_bCD – cisplatin/Ficaria verna Huds.
extract/β-cyclodextrin complex
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Interesting results were obtained for the rat
female and male subgroups. The treatment with
CP_bCD complex conduct to approximate the
same values for hemoglobin content in female
and male subgroups (14.63 mg/dL and 14.73
mg/dL, respectively; Table 2), which were
close to the hemoglobin content in control
subgroups (~14.9 mg/dL for both cases; Table
2). Higher hemoglobin contents were obtained
in the case of subgroups treated with the ternary
CP_Fv_bCD complex, especially in the case of
male subgroup, ~16 mg/dL (in comparison with
the female subgroup with a hemoglobin content
of 15.1 mg/dL; Table 2).

References
1. Gomez-Ruiz, S.; Kaluderovic, G.N.; Prashar, S.;
Polo-Ceron, D.; Fajardo, M.; Zizak, Z.; Sabo T.J.;
Juranic, Z.D., Cytotoxic studies of substituted
titanocene and ansa-titanocene anticancer drugs,
Journal of Inorganic Biochemistry 2008, 102, 15581570, doi:10.1016/j.jinorgbio.2008.02.001
2. Vessières, A.; Plamont, M.-A.; Cabestaing, C.;
Claffey, J.; Dieckmann, S.; Hogan, M.; Müller-Bunz,
H.; Strohfeldt, K.; Tacke, M, Proliferative and antiproliferative effects of titanium- and iron-based
metallocene anti-cancer drugs, Journal of
Organometallic Chemistry 2009, 694, 874-879, doi:
10.1016/j.jorganchem.2008.11.071
3. Gasser,
G.;
Ott,
I.;
Metzler-Nolte,
N.,
Organometallic Anticancer Compounds, Journal of
Medicinal Chemistry 2011, 54, 3-25, doi:
10.1021/jm100020w
4. * * * Anticancer Agents from Natural Products,
CRC Press, Boca Raton, 2005
5. Avendano, C.; Menendez, J.C., Medicinal chemistry
of anticancer drugs, Elsevier, Amsterdam, 2008
6. Smith, I.E.; Talbot, D.C., Cisplatin and its analogues
in the treatment of advanced breast cancer: a review,
British Journal of Cancer 1992, 65, 787-793
7. Chaudhary, A.; Pandeya, S.N.; Kumar, P.; Sharma,
P.P.; Gupta, S.; Soni, N; Verma, K.K.; Bhardwaj, G,
Combretastatin A-4 Analogs as Anticancer Agents,
Mini Reviews in Medicinal Chemistry 2007, 7, 11861205, doi: 10.2174/138955707782795647

Table 2. Hemoglobin analysis in female and male rats
treated with cisplatin/β-cyclodextrin and cisplatin/Ficaria
verna Huds. extract/β-cyclodextrin complexes; n – the
number of replicates
No
Code
Hemoglobin (g/dL)
Female
1
C
14.93 ± 0.68 (n = 4)
2
CP_bCD
14.63 ± 1.10 (n = 4)
3
CP_Fv_bCD
15.12 ± 0.57 (n = 5)
Male
1
C
14.88 ± 0.40 (n = 4)
2
CP_bCD
14.73 ± 0.93 (n = 4)
3
CP_Fv_bCD
15.98 ± 0.26 (n = 5)
360

Cornel Baltă / Journal of Agroalimentary Processes and Technologies 2012, 18(4)

8.

9.

10.

11.

12.

13.

14.

15.

16.

17. Anders, J.C.; Grigsby, P.W.; Singh, A.K., Cisplatin
chemotherapy (without erythropoietin) and risk of
life-threatening thromboembolic events in carcinoma
of the uterine cervix: the tip of the iceberg? A review
of the literature, Radiation Oncology 2006, 1, 14,
doi: 10.1186/1748-717X-1-14
18. Anconi, C.P.A.; Delgado, L.d.S.; dos Reis, J.B.A.;
De Almeida, W.B.; Costa, L.A.S.; Santos, H.F.D.,
Inclusion complexes of a-cyclodextrin and the
cisplatin analogues oxaliplatin, carboplatin and
nedaplatin: A theoretical approach, Chemical
Physics Letters 2011, 515, 127-131, doi:
10.1016/j.cplett.2011.09.005
19. Lazzarino, M.; Corso, A.; Barbarano, L.;
Alessandrino, E.P.; Cairoli, R.; Pinotti, G.; Ucci, G.;
Uziel, L.; Rodeghiero, F.; Fava, S.; Ferrari, D.;
Fiumano, M.; Frigerio, G.; Isa, L.; Luraschi, A.;
Montanara, S.; Morandi, S.; Perego, D.;
Santagostino, A.; Savare, M.; Vismara, A., Morra,
E., DCEP (dexamethasone, cyclophosphamide,
etoposide, and cisplatin) is an effective regimen for
peripheral blood stem cell collection in multiple
myeloma, Bone Marrow Transplantation 2001, 28,
835-839
20. Hadaruga, N.G., Ficaria verna Huds. extracts and
their beta-cyclodextrin supramolecular systems,
Chemistry Central Journal 2012, 6, 16, doi:
10.1186/1752-1153X-1186-1116
21. Riviş, A.; Hădărugă, N.G.; Gârban, Z.; Hădărugă,
D.I., Titanocene / cyclodextrin supramolecular
systems: a theoretical approach, Chemistry Central
Journal 2012, 6, 129, doi: 10.1186/1752-153X-6129
22. Winter III, W.E.; Maxwel, G.L.; Tian, C.; Sobel, E.;
Rose, G.S.; Thomas, G.; Carlson, J.W., Association
of hemoglobin level with survival in cervical
carcinoma patients treated with concurrent cisplatin
and radiotherapy: a Gynecologic Oncology Group
Study, Gynecologic Oncology 2004, 94, 495-501,
doi: 10.1016/j.ygyno.2004.04.008
23. Thomas, G.; Ali, S.; Hoebers, F.J.P.; Darcy, K.M.;
Rodgers, W.H.; Patel, M.; Abulafia, O.; Lucci III,
J.A.; Begg, A.C., Phase III trial to evaluate the
efficacy of maintaining hemoglobin levels above
12.0 g/dL with erythropoietin vs above 10.0 g/dL
without erythropoietin in anemic patients receiving
concurrent radiation and cisplatin for cervical cancer,
Gynecologic Oncology 2008, 108, 317-325, doi:
10.1016/j.ygyno.2007.10.011

Clapp, R.W.; Jacobs, M.M.; Loechler, E.L.,
Environmental and Occupational Causes of Cancer,
University of Massachusetts, Lowell: The Lowell
Center for Sustainable Production, 2007
Fruh, M.; Shepherd, F.A., Adjuvant Cisplatin-Based
Chemotherapy for Elderly Patients with Completely
Resected Non-Small Cell Lung Cancer: Review of
Current Evidence, European Journal of Clinical &
Medical Oncology 2010, 2, 59-63
Ali, B.H.; Al-Moundhri, M.S., Agents ameliorating
or augmenting the nephrotoxicity of cisplatin and
other platinum compounds: A review of some recent
research, Food and Chemical Toxicology 2006, 44,
1173-1183, doi: 10.1016/j.fct.2006.01.013
Matesanz, A.I.; Souza, P., Palladium and platinum
3,5-diacetyl-1,2,4-triazol bis(thiosemicarbazones):
Chemistry, cytotoxic activity and structure–activity
relationships, Journal of Inorganic Biochemistry
2007,
101,
245-253,
doi:10.1016/j.jinorgbio.2006.09.024
Gupta, A.; Mandal, S.K.; Leblanc, V.; Descôteaux,
C.; Asselin, É.; Bérubé, G., Synthesis and cytotoxic
activity
of
benzopyran-based
platinum(II)
complexes, Bioorganic & Medicinal Chemistry
Letters
2008,
18,
3982-3987,
doi:10.1016/j.bmcl.2008.06.013
Koc, G.; Divrik, T.R.; Unlu, N.; Bulut, V.; Zorlu, F.,
Does cisplatin-based chemotherapy effect on blood
lipid levels of patients with germ cell testicular
tumor in long-term follow-up? International Urology
and Nephrology 2011, 43, 1095-1100, doi:
10.1007/s11255-011-9939-4
Jacobs, S.; McCully, C.L.; Murphy, R.F.; Bacher, J.;
Balis, F.M.; Fox, E., Extracellular fluid
concentrations of cisplatin, carboplatin, and
oxaliplatin in brain, muscle, and blood measured
using microdialysis in nonhuman primates, Cancer
Chemotherapy and Pharmacology 2010, 65, 817824, doi: 10.1007/s00280-009-1085-7
Truong, M.T.; Winzelberg, J.; Chang, K.W.,
Recovery from cisplatin-induced ototoxicity: A case
report and review, International Journal of Pediatric
Otorhinolaryngology 2007, 71, 1631-1638, doi:
10.1016/j.ijporl.2007.06.021
Hoffmann, K.; Marten, A.; Lindel, K.; Fritz, S.;
Jager, D.; Buchler, M.W.; Schmidt, J., Major
combined electrolyte deficiency during therapy with
low-dose Cisplatin, 5-Fluorouracil and Interferon
alpha: report on several cases and review of the
literature [ISRCTN62866759], BMC Cancer 2006,
6, doi: 10.1186/1471-2407-1186-1128

361

