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Atorvastatin and trans-caryophyllene for the prevention of
leukopenia in an experimental chemotherapy model in Wistar rats
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Abstract. Malignant neoplasia represents the second cause of
disease-related mortality and, among all patients diagnosed
with cancer, 70% will receive chemotherapy during the course
of treatment. As a consequence, an increasing number of
researchers have focused their attention on the search for more
specific anticancer therapies associated with fewer side effects.
Leukopenia is an important adverse effect associated with
chemotherapy. Secondary infection is very common among
leukopenic patients, directly affecting the continuity of the
chemotherapeutic treatment and leading to possible compli-
cations in tumor immune defense. Atorvastatin, a type of
statin, is a known agent used to control hypercholesterolemia.
Trans-caryophyllene, isolated from a resinous oil extracted
from the Copaiba tree, possesses anti-inflammatory and anal-
gesic properties. The aim of the present study was to evaluate,
through a complete leukocyte count, the systemic immuno-
modulation potential of pentoxifylline (PTX), atorvastatin and
trans-caryophyllene, as well as the possible prophylactic role of
these drugs against secondary leukopenia, in an experimental
chemotherapy model induced by 5-fluorouracil (5-FU) in
Wistar rats. A total of 32 male Wistar rats were used, 24 of
which were submitted to treatment with atorvastatin, PTX
and trans-caryophyllene prior to the administration of chemo-
therapy. The Shapiro-Wilk test was used to verify normality
and the Kruskal-Wallis test was used for negative data in the
normality test. Among the drugs selected, atorvastatin exhib-
ited the best preventive potential in regards to leukopenia
secondary to experimental chemotherapy induced by 5-FU, in
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comparison to the group receiving saline solution, while PTX
amplified such alterations in the leukograms of the animals in
this trial.

Introduction

Malignant neoplasia represents the second cause of
disease-related mortality worldwide and, among all patients
diagnosed with cancer, 70% will receive chemotherapy during
the course of treatment (1-3). As a consequence, an increasing
number of researchers in several countries have focused their
attention on the search for more specific anticancer therapies
associated with fewer side effects (3.4).

Among the choices of chemotherapy, methotrexate and
5-fluorouracil (5-FU) are considered as safe drugs, with effec-
tive antimitotic activity, although they act on malignant tumor
cells as well as normal cells exhibiting unstable mitotic activity,
such as several glandular epithelial and lining cells, as well as
hematopoietic cells originating in the bone marrow (4).

Leukopenia is a significant adverse effect observed
during chemotherapy. Secondary infection is very commom
among leukopenic patients, directly affecting the continuity
of the chemotherapeutic treatment and leading to possible
complications in tumor immune defense (5). Several authors
consider leukopenia secondary to chemotherapy as one of
the main causes of the anticancer treatment discontinuation,
emphasizing the need to monitor the immune competence of
the patient through a complete blood count (CBC) during the
course of treatment (3,4,6,7).

Chemotherapy is the standard treatment for cancer and
leukopenia is the most common side effect, which is directly
associated with patient survival (8). Consequently, the onco-
logical experimental research has allowed the establishment of
more effective therapeutic protocols, as well as the modulation
of biological reactions and its effects on improved clinical
results, combined with fewer side effects (9,10).

Among all anticancer drugs, 5-FU has been the primary
drug of choice in experimental chemotherapy models, due to
its wide clinical application and low cost (1,10,11).

In an attempt to reduce the systemic and local negative
effects of chemotherapy, several drugs have been proposed in
the literature, the majority of which are immune-modulatory,
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with the purpose of controlling the development of detrimental
side effects throughout the course of treatment (12-14).

Pentoxifylline (PTX) was introduced in the 1990s as a
prophylactic drug used for the prevention of thrombosis, as
it reduces platelet aggregation and the plasma concentrations
of fibrinogen, optimizing the perfusion of the microvas-
culature (15). Platzer et al (16) and Fujimoto et al (17) also
investigated the anti-inflammatory effects of PTX and
suggested that PTX inhibits the migration and activation of
human lymphocytes and is able to modulate the reactions
mediated by T lymphocytes. Of note, PTX is well tolerated at
high dosages, with no severe side effects (18).

Atorvastatin, a type of statin, synthetically derived from
the fermentation of Aspergillus terreus, is a known agent used
for the control of hypercholesterolemia (19-21). In addition to
affecting the metabolism of cholesterol, its anti-inflammatory
properties have been associated with its ability to modulate the
levels of C-reactive protein and nitric oxide by upregulating
the expression of nitric oxide synthase (21-23).

Trans-caryophyllene, isolated from a resinous oil extracted
from the Copaiba tree, has anti-inflammatory and analgesic
properties due to its direct vascular action, modulating capil-
lary permeability and blood perfusion (24-27).

The aim of the present study was to evaluate, through a
complete leukocyte count, the systemic immunomodula-
tion potential of PTX, atorvastatin and trans-caryophyllene,
as well as the possible prophylactic role of these drugs against
secondary leukopenia, in an experimental chemotherapy
model induced by 5-FU in Wistar rats.

Materials and methods

Animals. A total of 32 male Wistar rats were used, with
an average age of 7 weeks and average body weight
of 220 g. The entire experiment was performed at the
Laboratory of Immunopathology and Experimental Pathology,
Center of Reproductive Biology, Federal University of Juiz de
Fora (MG, Brazil) and was approved by the Animal Research
Committee (notion no. 062/2011). The animals were kept in
the bioterium in pairs, in cages quilted with shavings, at room
temperature and controlled lighting, with ad libitum access to
water and feed.

Prophylaxis against leukopenia secondary to experimental
chemotherapy with 5-FU. Of the 32 animals used in the
experiment, 24 were submitted to treatment with atorvastatin,
PTX and trans-caryophyllene prior to the administration of
chemotherapy and, subsequently, were randomly divided into
the following experimental groups: Group II, animals treated
with trans-caryophyllene (n=8); group III, animals treated
with PTX (n=8); and group IV, animals treated with atorvas-
tatin (n=8).

A control group was also established and comprised
animals submitted to experimental chemotherapy priorly
treated with saline solution alone (n=8) (group I).

Trans-caryophyllene was administered to the animals
of group II at a dosage of 50 mg/kg/day (24,28) through
force-feeding, starting 3 days prior to the administration of
5-FU and for 3 days after the last administration of 5-FU,
totalling 9 days of treatment.
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PTX was administered to the animals of group III over
15 continuous days prior to the administration of chemotherapy
by intraperitoneal injection, dissolved in sterile saline solution
to a concentration of 150 mg/ml/day for a total of 18 days of
treatment (4,29).

The animals of group IV received 10 mg/kg/day of
micro-emulsion of atorvastatin by intraperitoneal injection,
initiated 1 week prior to the treatment with 5-FU and during the
entire course of treatment, totalling 10 days of medication (19).

The control group (group I) received 0.9% saline solution
by peritoneal injections, following the same protocol of the
animals on group III.

Experimental chemotherapytreatment. Theanimalsreceivedtwo
intraperitoneal administrations of 5-FU (Eurofarma, Sdo Paulo,
SP, Brazil), at the distinct dosages of 100 mg/kg (Ist day) and
60 mg/kg (2 days after the first application) (30).

Leukocyte count. The animals (n=32) were euthanized with
an overdose of anesthetic (100 mg/kg ketamine and 10 mg/kg
xylazine) and their blood was obtained through cardiac punc-
ture. Following collection, the blood was transferred to tubes
containing the anticoagulant K2-EDTA.

The global leukocyte count was performed with
a Neubauer chamber and the pocH-100iv Automated
Hematology Analyzer (Sysmex America, Inc., Lincolnshire,
IL, USA) at the Laboratory of Immunopathology and Clinical
Immunology (UFJF), at the Center of Reproductive Biology,
Federal University of Juiz de Fora, MG, Brazil.

Turk's fluid was used to dilute the blood (standard, 1/20).
Following dilution and homogenization, the space between
the chamber and the coverslip was carefully filled out to avoid
bubble formation.

The leukocyte count was performed under a Bioval binoc-
ular microscope, model L2000 A (Bioval, Tocantins, Brazil) at
a magnification of x400 at the lateral sets of four quadrants of
the Neubauer chamber and the results were expressed in global
quantification of leukocytes per mm?® of blood.

Statistical analysis of the data. The Shapiro-Wilk test was
used to verify normality and the Kruskal-Wallis test was
used for negative data in the normality test. The analysis was
performed using GraphPad Prism 5® software (GraphPad
Software, Inc., San Diego, CA, USA).

Results

Leukocyte count normality standard. The normality standard
of the leukocyte count for Wistar rats of average age and
weight compatible with the sample, raised and maintained at
the bioterium used in this research, corresponds to an average
of 10,840 leukocytes/mm?®. Of note, the normal value refers to
the animal's colony of origin; therefore, not only this global
value of the colony must be considered for the analysis of data,
but also the reference value of the control group of the experi-
ment (31).

Leukocyte count values. The following values (mean =+ stan-
dard deviation) in terms of total leukocyte count were observed
in the experimental samples: Group I, 2,854+921.8/mm?;
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Figure 1. The total leukocyte count of group I (control; animals submitted
to experimental chemotherapy and treated prophylactically with saline solu-
tion) was 2,854+921.8/mm?, of group II (animals submitted to experimental
chemotherapy and treated prophylactically with trans-caryophyllene),
5,688+2,284/mm?, of group III (animals submitted to experimental chemo-
therapy and treated prophylactically with pentoxifylline) 1,042+694.6/mm?
and of group IV (animals submitted to experimental chemotherapy and
treated prophylactically with atorvastatin) 7,944+3,707/mm?. The results are
expressed as mean = standard deviation. "P<0.05; “P<0.01; “"P<0.001.

group 11, 5,688+2,284/mm?; group III, 1,042+694.6/mm?; and
group IV, 7,944+3707/mm?*. As regards the normal reference
leukocyte count of the colony, the number of leukocytes/mm?
decreased by 73.67% (group I, control), 47.52% (group II,
trans-caryophyllene), 90.38% (group III, PTX) and
26.72% (group 1V, atorvastatin). The results are presented in
Fig. 1.

The results demonstrated that the animals of the control
group (submitted to experimental chemotherapy and priorly
treated with saline solution alone) and of group III (treated
prophylactically with PTX) developed more severe leukopenia
compared to the other groups; in addition, the group treated
with PTX developed more severe leukopenia compared to the
control group.

The animals of group II (treated with trans-caryophyllene)
did not exhibit a significantly improved leukocyte count
compared to that of the control group. However, the animals of
group IV (treated prophylactically with atorvastatin) exhibited
only a minor decrease in the number of leukocytes, compared
to the normal colony parameters (Fig. 1).

Discussion

PTX has been described in the literature as a TNF-a. inhibitor
in several pathological conditions, in experimental and clinical
studies (32). TNF-a was first described as a protein named
cachexin, which was associated with weight loss and other
complications observed during the establishment of a cachexia
state. In the present study, the animals administered 5-FU and
preventively treated with PTX exhibited an exacerbation of the
leukopenia.

The secondary infection that developed in this group during
the experiment was likely a consequence of the leukopenia
associated with PTX administration. The blending episodes of
leukopenia and secondary infection explain the deterioration
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in the overall condition of the rats. In addition, PTX-treated
rats presented with blending episodes of epistaxis, secondary
skin infections and aggravation of systemic symptoms.

The improvement in leukopenia associated with the
preventive use of trans-caryophyllene in group II may be
explained by its anti-inflammatory properties, mediated
by acting directly on blood vessels, modulating capillary
permeability. Trans-caryophyllene has been reported to
possess a number of pharmacological properties, including
antimicrobial and analgesic properties; additionally, it acts
on intestinal smooth muscle, blocking the electromechanical
and pharmacomechanical excitation-contraction coupling.
Due to these activities, trans-caryophyllene is considered as a
potential antispasmodic agent in tracheal smooth muscle (33).
Therefore, further studies should be conducted to investigate
the novel therapeutic possibilities of this molecule. As an anal-
gesic and anti-inflammatory medication, trans-caryophyllene
may improve the quality of life of patients undergoing chemo-
therapy.

Atorvastatin administration significantly prevented the loss
of leukocytes compared to the other groups in this experiment
at several relevance levels; therefore, this drug demonstrated
the best potential regarding the control of leukopenia in
animals submitted to experimental chemotherapy.

Similar results were reported by Medeiros er al (34), who
conducted a study in an experimental hamster model with the
purpose of investigating the occurrence of ulcerated lesions
in the buccal mucosa and its asociation with leukocyte count
in groups treated with different dosage and treatment dura-
tion. The animals were administered 5-FU (on the first and
second days, at dosages of 60 and 40 mg/kg, respectively) and
treated with atorvastatin at a dosage of 1, 5 and 10 mg/kg,
administered 30 min prior to the daily dose of the 5-FU for
5 or 10 days. The results demonstrated that atorvastatin at a
dosage of 5 mg/kg amplified the leukopenia (34).

Atorvastatin, initially used as a modulator of hypercholes-
terolemia, has been recently associated with different functions,
such as protection against microvascular damage, antifibrotic
and anticalcifying effects; in addition, it exhibits antioxidant
properties if administered in high doses for the pretreatment of
lesions of the myocardium in heart failure, renal disease and
abdominal surgery (35-37). These functions are due to the effect
of this drug on populations of mononuclear cells, for example
the subpopulations of TCD4* lymphocytes in reciprocity with
or independent from the population of cells of the mononuclear
system, such as tissue macrophages, Kupffer cells in the liver,
microglial cells in the central nervous system and mucosal
dendritic cells (38-40). Furthermore, extremely relevant to the
chemotherapy model, atorvastatin was suggested by Su et al (38)
as a possible anti-apoptotic drug for renal epithelial cells.

Finally, the results of this study suggest that trans-caryo-
phyllene and atorvastatin may be able to prevent leukopenia.
Atorvastatin is a drug commonly used for several human path-
ological conditions. Therefore, this experimental study may
provide a basis for further experimental studies and clinical
trials investigating the potential of atorvastatin in preventing
leukopenia during chemotherapy in cancer patients.

In conclusion, among the selected drugs, atorvastatin
exhibited the best preventive potential in regards to leukopenia
secondary to experimental chemotherapy with 5-FU, compared
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to the group treated with saline solution, while PTX amplified
such alterations in the leukograms of the animals in this trial.
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