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ABSTRACT. Epirubicin is a semisynthetic derivate of doxorubicin, used in various antineoplastic therapy 
regimens. Toxic effects of epirubicin are considered milder than those from other anthracycline drugs. One of the 
most common toxicity is myelosuppression. The current study aims at observing the hematologic toxicity in mice 
treated with epirubicin and the changes in complete blood count induced by the administration of silymarin. The 
results described a statistically significant increase in the number of leukocytes and decrease in red blood cell 
parameters in the group treated with epirubicin compared to the control group. We also described an increase in 
red cell parameters in the groups treated with silymarin, alone or combined with epirubicin, compared to the 
control group. These studies require additional research. Epirubicin, as a cytotoxic agent, may induce transient 
myelosuppression, which require careful patient monitoring. 
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 Antineoplastic therapy includes multiple types 

of treatments, single agent or combination regimens, 

aiming at destroying malignant cells in the patient's body, 

thereby inducing the disease remission. Most 

chemotherapeutic agents have side effects. They can be 

subdivided, depending on the organ targeted, into two 

main categories: hematological and non-hematological 

toxicity. Hematological toxicity is a common adverse 

event in cytostatic therapy. These are non-selective drugs 

that target primarily rapid proliferation cells, such as 

malignant cell. Blood belongs to the category of tissues 

having a rapid turnover, along with the epithelial tissue. 

Hematological toxicity is defined as an alteration of one 

of the blood’s components, usually reflected in blood 

counts. 
According to the literature data, cytostatics may 

cause leukopenia, anemia and / or thrombocytopenia. 

Generally, the number of these cells is reduced 

transiently, with restoring after the completion of 

treatment, if no other causes overlap. Bone marrow is the 

organ that produces the blood, most of peripheral blood 

cytopenias occurring post chemotherapy reflect the 

toxicity on this organ.  

Anthracyclines are anti-cancer agents that act 

through a complex mechanism (Airley, 2009), still 

incomplete elucidated: interpose between the base pairs 

of deoxyribonucleic acid (DNA), thereby modifying the 

double helix structure of DNA and leading to inhibition 

of DNA polymerase, of ribonucleic acid (RNA) 

polymerase DNA-dependent, thus stopping the 

replication and / or transcription of DNA; lead to the 

phenomenon of membrane lipid peroxidation with the 

production of oxygen free radicals (this mechanism is 

particularly involved in the cardiac toxicity of 

anthracyclines); inhibit the topoisomerase - 

anthracyclines binds to the cleavable product formed by 

topoisomerase II leading to failure of normal DNA twist, 

its rupture and cell death (alpha II topoisomerase 

provides the spatial conformation and stability of DNA). 

It is supposed they have a direct effect on the cell surface 

and on signal transduction, specifically activating the 

biological signal pathways mediated by the C tyrosine 

kinase (Wintrobe, 2014).  

Epirubicin is a derivative of doxorubicin (4'-

epidoxorubicin), which is generally used in breast cancer 

therapy but it can be used in combination therapy in 

hematological malignancies, having a lower 

hematological and cardiac toxicity but with the same 

mechanism of action and antitumor activity (Asuman et 

al., 2010). The toxicity in animals was found to be lower, 

particularly with regard to cardiac toxicity. Similarly, 

clinical trials on human patients demonstrated that 

epirubicin is less toxic (Launchbury et al., 1993). 

Epirubicin binds to circulating plasma proteins and 

erythrocytes and is metabolized by the liver. 
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Silymarin is a natural compound from the milk 

thistle plant having antioxidant capacity. Its 

hepatoprotective potential has been evaluated through 

several studies, on different dosage (Jain et al., 2011; 

Raskovic et al., 2011). The effect on the blood series was 

observed in hemolytic anemia, in which it stabilizes the 

erythrocyte membrane (Karimi et al., 2011). 

The present paper emphasizes the toxic effects 

of epirubicin on blood counts and the beneficial effect of 

silymarin on ameliorating the hematological toxicity of 

chemotherapy.  

 

MATERIAL AND METHODS 
Animals 

We used CD 1 mice from the Animal Facility of 

Institute of Life Sciences, “Vasile Goldis” Western 

University of Arad. The mice were fed a standard rodent 

diet. The animals were maintained at 12-h light/dark 

cycle at constant temperature and humidity and fed ad 

libitum. All experimental procedures were performed in 

compliance with institutional guidelines and approved by 

the Institutional Research Ethics Committee. 

 

Experimental design 

For analyzing the influence of epirubicin and 

silymarin on the complete blood count in mice, mice 

were randomly divided into six groups: control, 

epirubicin (Epi), epirubicin+ 50 mg/kg silymarin 

(Epi+50SM), epirubicin+100 mg/kg silymarin 

(Epi+100SM), 50 mg/kg silymarin (50SM), 100 mg/kg  

silymarin (100SM), of 10 animals/group. The vehicle 

(0.7% carboxymethyl cellulose solution) was 

administrated by gavage daily to control and Epi group. 

The 12 mg/kg cumulative dose of Epi (Alderton et al., 

1992), was divided into six single doses of 2 mg/kg  and 

injected intraperitoneally, (i.p.) at two days, starting with 

the second day of experiment.  SM powder was 

previously dissolved in 0.7% carboxymethyl cellulose. 

For both co-treated groups (50 mg/kg and 100 mg/kg), 

SM administration started at 24 h before the first EPI 

administration and was performed daily by gavage 

between 1 and 13 day. On 14th day, all mice were 

sacrificed and blood samples were taken for blood tests. 

 

Hematological analysis 

An automated digital equipment (Urit 2900 

VetPlus, China) was used for blood profiling. 

Heparinized blood was used for the complete blood 

count: Red Blood Cell Count (RBC), White Blood Cell 

Count (WBC), Platelet Count (PLT), Hemoglobin 

(HGB), Hematocrit value (HCT). 

 

Statistics  

All results were expressed as mean values  SD. 

The data were analyzed for statistical significance by 

one-way ANOVA. A value of p < 0.05 was considered to 

be statistically significant. 

 
 
RESULTS 

Effect of epirubicin and silymarin on complete 

blood count in mice is presented in Figures 1-5. 

 

Effect of epirubicin and silymarin on the number of 

leukocytes in mice 

 

 
 
Figure 1: The effects of EPI and SM on the number of 
leukocytes in mice. 
 

Values are expressed as mean ± SD 
* p < 0.05 significantly different from the control group; 
# p < 0.05 significantly different from the EPI-treated 
group.  

In the group receiving EPI, after euthanasia of 

mice, we observed an increased number of leukocytes 

compared to the control group (10388.88±2636.02, 

p=0.0041). In the group receiving EPI and silymarin 

50mg/kg, we observed increasing in the leukocytes 

counts compared to the control group (9040±1618.77, 

p=0.0086). In the group treated with EPI and silymarin 

100mg/kg the number of leukocytes decreased compared 

to the EPI group (8100±1501.014, p=0.0474). No 

statistically significant results were obtained in the 

groups treated only with silymarin compared to the 

control or the EPI group (Fig. 1).  

 

Effect of epirubicin and silymarin on the number of 

erythrocytes in mice 

 

 
 
Figure 2: The effects of EPI and SM on the number of 
erythrocytes in mice  

 
Values are expressed as mean ± SD 
 * p < 0.05 significantly different from the control group;  
# p < 0.05 significantly different from the EPI-treated 
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group. 
 

In the EPI group, after euthanasia of mice, we 

observed a lower erythrocyte count compared to the 

control group (6362222.20±509013.21 p=0.0395). In the 

group treated with EPI and silymarin 50mg/kg, we 

noticed the increase in the number of erythrocytes 

compared to the EPI group (7131111.11±445124.82, 

p=0.0036). The group that received EPI and 100mg 

silymarin had an increase in the number of erythrocytes 

compared to the EPI group (6871111.11±455808.19, 

p=0.0401). In the group treated only with silymarin 

50mg/kg we observed an increased number of 

erythrocytes compared to the control group 

(7636000±303871.31, p=0.0001) and in the group treated 

with 100mg/kg silymarin only, the increase in the 

erythrocyte count had a high statistical significance value 

compared to the control group (7747000±315772.42, 

p<0.0001) (Fig. 2). 

 

 

 

 

 

 

 

 

Effect of epirubicin and silymarin on the value of 

hematocrit in mice 

 

 
 

Figure 3: The effects of EPI and SM on the value of 
hematocrit in mice. 

Values are expressed as mean ± SD 
 * p < 0.05 significantly different from the control group;  
# p < 0.05 significantly different from the EPI-treated 
group. 

 

Concerning the hematocrit value, in the group 

treated with EPI and 50mg silymarin, we observed a 

higher hematocrit value compared to the EPI group 

(33.24±2.11 p=0.0463). In the group treated with 

silymarin only, at a dose of 50mg/kg, we noticed an 

increase in the hematocrit value compared to the control 

group (36±2.06, p=0.0002) and in the group treated with 

100mg silymarin, we also observed an increase in the 

hematocrit value compared to the control group 

(36.88±2.03, p<0.0001). There weren’t any statistically 

significant results in the group treated with EPI and 

silymarin 100mg compared to the control group or the 

EPI group concerning the value of hematocrit (Fig. 3).   

 

Effect of epirubicin and silymarin on the concentration 

of hemoglobin in mice 

 

 
 

Figure 4: The effects of EPI and SM on the 

concentration of hemoglobin in mice. 
Values are expressed as mean ± SD 
 * p < 0.05 significantly different from the control group;  

# p < 0.05 significantly different from the EPI-treated 

group. 

 
In the EPI group we noticed a lower hemoglobin 

value compared to the control group (10.88±1.06, 

p=0.0142). In the group treated with 50mg silymarin 

only, we observed an increase in the hemoglobin level 

compared to the control group (13.02±0.76, p=0.0111) 

and in the group treated with 100mg silymarin there was 

a high statistically significant increase of hemoglobin 

level compared to the control group (13.36±0.71, 

p=0.0009). In the groups in which silymarin was added 

to EPI there were no statistically significant results 

compared to the other study groups, concerning the 

hemoglobin value (Fig. 4).  

 

Effect of epirubicin and silymarin on the number of 

platelets in mice 

 

 
 
Figure 5: The effects of EPI and SM on the number of 
platelets in mice. 

Values are expressed as mean ± SD 
 * p < 0.05 significantly different from the control group;  
# p < 0.05 significantly different from the EPI-treated 
group. 
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In the EPI group, we noticed an increased 

number of platelets compared to the control group 

(362666.67±59640.59, p=0.0006). In the group treated 

with EPI and 50mg silymarin, the number of platelets 

increased compared to the control group 

(327777.77±56424.23, p=0.0094). In the group in which 

100mg silymarin was added to EPI, we noticed the 

increase in platelets number compared to the control 

group (318666.66±39509.49, p=0.0043). In the groups 

treated with silymarin only, there were no statistically 

significant differences compared to the other study 

groups, regarding the number of platelets (Fig. 5).   

 
 
 
DISCUSSION 

In the literature there is much research on 

hematological toxicity of anthracyclines and in particular 

epirubicin, either on patients or laboratory animals, due 

to increased frequency of this toxicity and the severity of 

its consequences. Moreover, because usually there’s no 

need for invasive investigations to detect the 

hematological changes, the biological blood samples can 

be easily taken from patients also, with their consent. 

The main toxic effects of epirubicin are 

myelosuppression, mucositis and cardiomyopathy 

(Wachters et al., 2003, Wils et al., 1990; Smit et al., 

1992). 

In the context of acute toxicity, transient bone 

marrow aplasia with neutropenia (Wang et al., 2004), 

anemia (Strausa et al., 2005), and / or thrombocytopenia 

(Scotte et al., 2005) is a complication that can lead to 

postponing of chemotherapy or to chemotherapy dose 

reducing. The frequency of these side effects vary 

depending on the type of chemotherapy regimen applied, 

the patient's pathology (Adams, 2000; Lymana et al., 

2014) and on genetic factors (Yuvaraj et al., 2011). 

Regarding hematologic adverse events, patients 

receiving chemotherapy have a 14.6 times higher risk to 

develop neutropenia or thrombocytopenia and 3 times 

higher to develop anemia compared to patients that don’t 

receive chemotherapy (Hassett et al., 2006). Research 

studies report a rate between 60-80% of leukopenia after 

doxorubicin therapy, with the recovery to day 21 post 

chemotherapy (Zhu et al., 2008). Leukopenia is the 

predominant manifestation of hematologic toxicity 

during therapy with epirubicin and it is the most common 

acute toxicity of epirubicin. Nadir is reached in 10 to 14 

days after administration of epirubicin, leukopenia / 

neutropenia are usually transient. In combination with 

other anticancer drugs, especially cyclophosphamide and 

fluorouracil, it can produce severe leukopenia or 

neutropenia. Clinical manifestations of myelosuppression 

include fever, infections, septicemia, septic shock, 

bleeding, symptomatic anemia and even death. 

Generally, most severe blood cytopenias after 

chemotherapy may last 7-10 days (Liou et al., 2007). 

Severe neutropenia may associate fever, in which case it 

is called febrile neutropenia, and brings a risk of death 

for patients receiving chemotherapy (Lyman et al., 2010). 

As early as possible recognition of these complications 

may give the patient a good prognosis and recovery, by 

administration of granulocyte colony stimulating factors. 

In oncological clinical practice, the therapy protocols 

usually include a standard schedule for the addition of 

granulocyte colony stimulating factors, in order to 

prevent these complications. Febrile neutropenia can 

occur at a rate of up to 23% of patients in the first cycle 

of therapy, the incidence being highest after the first 

application of chemotherapy. Studies have shown that 

administration of granulocyte growth factors in patients 

didn’t decrease the risk for febrile neutropenia within the 

first chemotherapy cycle, but was associated with a 

reduced risk of febrile neutropenia considering all cycles 

of therapy (Prado et al., 2011). There were performed 

several studies that have examined the incidence of 

febrile neutropenia, the study of Cousin described it in 

4.9% of patients, grade 3-4 neutropenia in 5.8% of 

cycles, in 40% of patients during the first cycle of 

therapy. These led to chemotherapy dose reduction, so 

17% of patients received less than 85% of the standard 

doses (Cousin et al., 2012). 

Anthracycline-containing chemotherapy 

regimens have a higher risk of neutropenia, or febrile 

neutropenia, than regimens that do not include 

anthracyclines (48% vs. 17%, respectively; P <.001). In 

multivariate analysis it was observed that the risk of 

neutropenia and febrile neutropenia are different 

depending on the type of neoplasia treated, being higher 

for patients with pulmonary cancer, breast cancer, or 

lymphoma. 

Why is it important the leukopenia diagnosis? 

And why is the percentage of patients who receive dose-

reduced chemotherapy relevant? Because the rate of 

disease remission, and all indicators related to survival in 

cancer patients are intrinsically linked to the pattern of 

administration of anticancer therapies, which must 

comply with dosage, timing of administration. Blood 

cytopenias are one of the reasons most frequently 

invoked in dose reduction, in delaying the dose 

administration or even discontinuation of antineoplastic 

therapy. 

Our study described an increased number of 

leukocytes in the group treated with epirubicin in mice, 

which is a statistically significant increase compared to 

the control group (Figure 1). Being statistically 

significant, the increase was interpreted in the context of 

administration of epirubicin. Furthermore, co-

administration of silymarin 50 mg/kg, respectively 100 

mg / kg decreased the number of leukocytes similar to 

the values of the control group (Figure 1). Given the 

inflammation as an important mechanism in mucositis, 

the increase in leukocyte counts can be attributed to the 

existing inflammatory processes within the 

gastrointestinal tract and liver.  
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Other hematologic changes include: a 

significant decrease in B lymphocytes and T 

lymphocytes number, even after one cycle of therapy 

(Zaremba et al., 2010), disseminated intravascular 

coagulation, acquired thrombotic thrombocytopenic 

purpura, an extremely serious hematologic condition 

(George 2016; Ulas et al., 2015). Moreover, some 

cytostatics may trigger immune hemolysis, or hemolytic 

uremic syndrome (Thurnher et al., 2001). 

For those chemotherapeutic drugs which are 

strongly bounded to erythrocyte, such as taxanes and 

anthracyclines, anemia is associated with a higher drug 

concentration in circulation, which is an independent risk 

factor for myelosuppression (Boussios et al., 2012). 

Epirubicin rate for binding of plasma and erythrocyte 

protein fractions depends on the concentration of matrix 

components. Assessment of this issue showed that 

epirubicin is bound by red blood cells by up to 38% 

(Pernkopf et al., 1996). 

The incidence of grade 3 or 4 anemia after 

chemotherapy can reach up to 80%, and its risk is higher 

in hematological malignancies than in other tumor types 

(Lyman et al., 2005). Post chemotherapy anemia can be 

treated by administration of synthetic erythropoietins. 

Anemia-related fatigue has a major impact on patient’s 

quality of life (Scotte et al., 2015).  

Rodents are the most representative 

experimental model due to the similarities in DNA codes 

(according to the Jackson Laboratory, over 95% of the 

genome of mice is similar to the human one, making 

research on mice specifically applicable to human 

diseases), the simplicity of obtaining, handling and short 

lifespan (Anghelache et al., 2016; Simmons et al., 2008, 

Dragu et al., 2015; http 1). 

Given the erythrocyte binding, the present paper 

noticed that epirubicin showed effects on the red blood 

series in the studied mice lots. The pathogenesis is 

probably multifactorial, with myelosuppression as well 

as through direct toxicity on erythrocyte (Figures 2,3,4). 

The EPI group had low erythrocyte cell count and 

hemoglobin values compared to the control group 

(Figures 2,3,4). These results were statistically 

significant compared to the control group. The results on 

the erythrocyte coincide with other recent studies 

performed on patients or lab animals.  

A study by Anghelache et al. (Anghelache et al., 

2016) showed that after administration of 32mg / kg 

epirubicin in mice with carcinoma, the number of 

leukocytes, neutrophils and monocytes increased. The 

number of lymphocytes and platelets dropped in the first 

24 hours. Platelets have normalized until the end of 

study, i.e. up to day 21 after the first administration. 

Moreover, it was noticed that red cell parameters have 

reduced, namely the number of red blood cells, the 

hematocrit and the hemoglobin concentration decreased. 

Another observation of the same researchers was that, 

after an 18mg / kg epirubicin dose, within 24 hours, the 

number of leukocytes and lymphocytes decreased, with 

increased numbers of neutrophils. In addition, the 

number of red blood cells, hemoglobin and hematocrit, 

and the platelet count decreased. 

But what is interesting to note is the effect that 

silymarin had when administered to mice in this study. 

Co-administration of 100mg silymarin in addition to the 

standard dose of EPI reduced the number of leukocytes 

compared to the EPI group (Fig. 1). Concerning the 

number of erythrocytes, silymarin increased it compared 

to the control group, in the groups of 50 mg/kg or 

100mg/kg silymarin (Fig. 2). Moreover, the groups 

treated with silymarin only, showed an increase in 

hematocrit compared to the control group (Fig. 3). 

Hemoglobin levels were also elevated in the groups 

treated only with silymarin, higher within the group 

treated with 100mg/kg, compared to the control group 

(Fig. 4). In the literature we haven’t found papers to 

present this effect of silymarin. 

Reactive oxygen species can damage the cell 

membrane structure and the protein functions, especially 

the enzymatic ones. Erythrocyte membrane is susceptible 

to lipid peroxidation in patients having glucose-6-

phosphate dehydrogenase deficit, beta thalassemia or 

sickle cell anemia (Karimi et al., 2006). In studies that 

evaluated the effect of silymarin in animal model of 

hemolysis inducing, it was observed that silymarin 

reduced the time to onset of hemolysis and stabilized the 

erythrocyte membranes by reducing the rate and total 

content of glutathione in erythrocytes (Karimi et al., 

2011). The concentration of radical peroxides also 

decreased, through an antioxidant mechanism and radical 

capture (Psotová et al., 2004). 

After EPI treatment the platelet counts increased 

statistically significant in mice compared to the control 

group (Fig. 5), even if hematological toxicity in humans 

causes thrombocytopenia. Concomitant administration of 

silymarin in two doses, reduced the platelet counts 

compared to EPI group. Platelets are usually blood 

components that react almost immediately at any type of 

injury. Their increase can be attributed to the underlying 

mucositis, secondary to inflammation and the oxidative 

stress following epirubicin chemotherapy (Ishii et al., 

2014). 

The effect of silymarin deserves to be further 

studied at hematological level, silymarin proved until 

now its antioxidant capacity (Karimi et al., 2011), the 

protection of digestive mucosa in mucositis and liver 

protection in chemotherapy hepatotoxicity. 

 
CONCLUSIONS  

The data observed in this study on mice treated 

with a standard dose of epirubicin showed  the leukocyte 

counts increased after administration of epirubicin, which 

may correlate the hematological findings to the digestive 

mucosa damage, through inflammation. The red blood 

cell parameters decreased, similar to the high incidence 

of anemia after administration of epirubicin in human 

patients. Interesting data showed the administration of 
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silymarin: the groups receiving silymarin had increased 

red cell parameters values compared to the control group, 

changes that require more detailed and extensive research 

in the future. Silymarin showed a beneficial effect on 

increasing red blood cell parameters compared to the EPI 

group. Research data certifies that epirubicin is a 

chemotherapeutic agent having hematologic toxicity, and 

modify the blood count parameters in mice. 
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