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Abstract 
In vitro, the cytotoxicity testing for anticancer drugs combination (nilotinib and daunorubicin ) was carried out on the leukemic myeloid stem 
cells. This cells were isolated from bone marrow by using Ficoll -paque from 20 patients (10males and10 females) with CML (new diagnosis) 
with the ages ranged between 40 -7o years who attended to the National Center of Hematology/ Al – Mustansiyria University in the period 
from August 2016 to October 2017. Myeloid stem cells were cultured in the RPMI- 1640 media, the viable cells count was 5× 106 cells. 
Nilotinib and daunorubicin were prepared in different concentrations (300,150, 75, 37.5, 18.75µg/ml) and five combinations from each 
concentration of two drugs, incubation at 37°C for 72 hours. The viable cells were measured by MTT(Methyl thiazolyl tetrazolium) assay.This 
study showed that the cytotoxic effect or inhibition growth rate of nilotinib was higher than daunorubicin on the leukemic myeloid stem cells 
at 72hr and the inhibition growth rate in both drugs depended on the dose or concentration. There was significant differences (P<0.01) between 
concentrations in the same drug. In the high concentration (300 µg/ml), the inhibition rates were 94.03%, 79.26% for nilotinib and 
daunorubicin respectively. In combinations, the inhibition rate was higher in comparison to each drug alone and also its depend on the dose, 
thus the inhibition rate in high concentration (300 µg/ml) was 98.67% and in low concentration (18.75 µg/ml) was 63.49%. 
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INTRODUCTION 
Nilotinib (Tasigna)R is a second generation of tyrosine kinase 
inhibitor (TKI) anticancer drug (1,2), is a phenylamino-pyrimidine 
molecule. It acts through inhibits BCR-ABL, c-kit, and PDGFR- ß 
tyrosine kinases. Nilotinib is orally drug with greater potency and 
selectivity for BCR-ABL than imatinib. It was approved by FDA 
on 2007 (3,4). Nilotinib is used  for the treatment of adult patients 
with chronic phase and accelerated phase of chronic myelogenous 
leukemia (CML)  with positive Philadelphia chromosome (Ph+) 
resistant to or intolerant of prior treatment with imatinib (5,6). 
Daunorubicin is an anthracycline antibiotic antitumor agent. The 
anthracycline antibiotics isolated from Streptomyces peucetius 
(7,8). The cytotoxic effect of anthracyclines through four major 
mechanisms: (1) inhibition of topoisomerase II; (2) high-affinity 
binding to DNA through intercalation, with consequent blockade 
of the synthesis of DNA and RNA, and DNA strand scission lead 
to stop the process of replication result in the cell cannot split into 
two new cancer cells; (3) generation of semiquinone free radicals 
and oxygen free radicals through an iron-dependent, enzyme-
mediated reductive process; and (4) binding to cellular 
membranes to alter fluidity and ion transport. This interactions 
lead to stop the process of replication result in the cell cannot split 
into two new cancer cells(9,10,11). Daunorubicin is used in the 
treatment of acute myeloid leukemia, acute lymphocytic leukemia 
and Kaposi's sarcoma (12).  
Chronic myelogenous or myeloid leukemia (CML) is a malignant 
clonal, myeloproliferative disorder of the pluripotent 
hematopoietic stem cells (13.14).It is characterized by the 
chromosomal translocation 9;22, known as the Philadelphia 
chromosome (Ph) ( 15,16,17).The important clinical hallmarks of the 
disease are ganulocytosis, shift to the left in the differential WBCs 
count, increase in basophils , eosinphils and splenomegaly (18). 
Hematopoietic stem cells (HSCs) are the stem cells from which all 
the blood cells are derived. HSCs gives both of myeloid and 
lymphoid lineages by haematopoiesis process. Myeloid stem cells 
give neutrophils, eosinophils, basophils, monocytes, macrophages, 
erythrocytes, dendritic cells and megakaryocytes . Lymphoid stem 
cells give T cells, B cells, and natural killer cells(19). 

PATIENTS AND METHODS 
Twenty patients  (10 males and 10 females) with CML (newly 
diagnosis) with the ages ranged between 40 -70 years who 

attended to the National Center of Hematology/Al– Mustansiyria 
University in the period from August 2016 to October 2017.  
Human bone marrow was obtained from the posterior iliac crest 
by an aspiration needle under local anesthesia (10 ml 
xylocaine).(20). Ficoll- opaque was added for isolation of myeloid 
cells (21). Cells were placed into 25 cm falcon after adding 10 ml 
of RPMI – 1640 (20 % FCS ), the medium was prepared by 
dissolving 16.35g powder  of RPMI – 1640 with  Hepes buffer 
and L– glutamine. 2 g of sodium bicarbonate, 1ml of ampicillin, 
0.5 ml of streptomycin and 200 ml of fetal calf serum were added 
to one liter of medium. Incubated at 37° C (22,23). The viable cells 
count was  5× 106  Cells. 
Nilotinib (Novartis, Switzerland. Lot S0060) and daunorubicin 
(Pfizer. Actavis, Italy S.P.D,) were prepared in different 
concentrations (300,150, 75, 37.5, 18.75µg/ml) and combination 
of two drugs from each concentration. 200µl of each drug and 
combination were added to the cells culture (200 µl of cell 
suspension  in the each well of micro titration plate of 96 wells 
flat bottom). Four replicates were done. Incubated at 37° C for 
72hr (24,25). 
MTT(Methyl thiazolyltetrazolium)  solution  28 µl (2 mg /ml) was 
added to calculate cells viability. Read at 550 nm by ELISA 
reader (26). The percentage of inhibition rate for cells growth was 
calculated as: (A – B) / A X 100. A : is the mean of optical 
density for untreated wells (control). B: is the mean of optical 
density for treated wells (27).  
Statistical analysis 
The descriptive data of the results was demonstrated as ranges, 
percentages, means, standard errors and LSD (P≤0.05) for 
comparison (28). 

RESULTS 
This study showed that the cytotoxic effect or inhibition growth 
rate of nilotinib and daunorubicin on the leukemic myeloid cells at 
72h depended on the dose of drugs as in the table1, 2 and figure1, 
2. There was significant differences (P<0.01) between
concentrations for each drug. Also this study recorded that the
inhibition rate of nilotinib was higher than the inhibition rate of
daunorubicin. In the high concentration (300 µg/ml), the
inhibition rates were 94.03%, 79.26% for nilotinib and
daunorubicin respectively while in the low concentration of drugs
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(18.75 µg/ml),the inhibition rate were 41.51%, 25.74% for 
nilotinib and daunorubicin respectively. 
In combinations (nilotinib and daunorubicin), the present study 
showed that the inhibition rate of combinations also depend on the 
dose, thus the inhibition rate in high concentration (300 µg/ml) 
was 98.67% and in low concentration (18.75 µg/ml) was 63.49% 
as in table 3 and figure 3. Also there was significant differences 
(P<0.01) in low and high concentrations as in table 3. The 
inhibition rate of combinations was higher in comparison to each 
drug alone as in table 4 and figure 4.  
 

Table 1:Inhibition rate of daunorubicin on the leukemic 
myeloid cells at  72 hr. 

Concentration (µg/ml) Mean ± SEM of IR % 
18.75 25.74 ± 1.07 e 
37.5 32.31 ± 1.36 d 
75 43.51 ± 2.53 c 
150 57.12 ± 2.93 b 
300 79.26 ± 3.06 a 

LSD value 5.924 ** 
P-value 0.0001 

** (P<0.01). 
IR=inhibition rate, SEM=standard error of mean, different letter=differ 

significantly, **=significant    differences.                 
  

 
 

Table 2:Inhibition rate of nilotinib on the leukemic myeloid stem 
cells at 72 hr. 

Concentration (µg/ml) Mean ± SEM of IR % 
18.75 41.52 ± 1.96 e 
37.5 52.19 ± 2.37 d 
75 59.90 ± 2.84 c 

150 81.44 ± 4.61 b 
300 94.03 ± 4.73 a 

LSD value 7.031 ** 
P-value 0.0001 

** (P<0.01).. 
IR=inhibition rate, SEM=standard error of mean, different letter=differ 

significantly, **=significant      differences. 
 

 

Table 3: Inhibition rate of combinations (daunorubicin & 
nilotinib) on  the leukemic myeloid stem cells at 72hr. 

Concentration of combinations 
(µg/ml) 

Mean ± SEM of IR % 

18.75 63.50 ± 3.52 c 
37.5 76.08 ± 3.87 b 
75 81.44 ± 4.07 b 
150 84.28 ± 4.61 b 
300 98.67 ± 5.93 a 

LSD value 8.266 ** 
P-value 0.0001 

** (P<0.01). 
IR=inhibition rate, SEM=standard error of mean, different letter=differ 
significantly, **=significant   differences. 
 

 
 
Table 4: Comparison of inhibition rate between combination 
and each drug  alone on the leukemic myeloid stem cells at 

72hr. 

Concentration 
(µg/ml) 

Mean ± SEM of IR % 
LSD 
value D N 

Combination (D 
&N) 

18.75 
25.74 ± 

1.07 
41.52 ± 

1.96 
63.50 ± 3.52 

8.953 
** 

37.5 
32.31 ± 

1.36 
52.19 ± 

2.37 
76.08 ± 3.87 

7.461 
** 

75 
43.51 ± 

2.53 
59.90 ± 

2.84 
81.44 ± 4.07 

7.952 
** 

150 
57.12 ± 

2.93 
81.44 ± 

4.61 
84.28 ± 4.61 

7.912 
** 

300 
79.26 ± 

3.06 
94.03 ± 

4.73 
98.67 ± 5.93 

8.577 
** 

** (P<0.01). 
IR=inhibition rate, SEM=standard error of mean, **=significant differences, 

D= daunorubicin, N = nilotinib. D&N= combination of daunorubicin  and 
nilotinib. 

 
DISCUSSION 

The present study showed that the cytotoxic effect or inhibition 
growth rate of nilotinib and daunorubicin depend on the dose, 
therefore the inhibition growth rate was increased with the 
increase concentrations in both drugs. Nilotinib was higher 
inhibition rate than daunorubicin on the leukemic myeloid stem 
cells at 72hr that isolated from patients with CML, but the 
combination of two anticancer drugs showed higher inhibition rate 
than each drug alone. The study was investigated combination 
from available anticancer drugs such as nilotinib and daunorubicin  
to obtain a good effect against leukemic cells from patients with 
CML. This may be the foundation for further study on the 
potential of the applied combinations in a clinical setting. 
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           Daunorubicin                          Nilotinib                           Combination of two drugs 

Figure 4: Comparison of inhibition rate between combinations and each drug alone on the leukemic myeloid stem cells at 72 hr. 
 
 
Because of the incidence of leukemias in the human is about 10 / 
100000 of population and its more common in males than in 
females such as the ratio 1.4 : 1 in the CML(29,30). Moreover, 
resistance was developed to target drugs against cancer cells 
especially resistance to target drugs in CML therapy, this is lead 
to prevent or decrease the chance of cure. Therefore many efforts 
can impact on overall therapeutic outcomes in the treatments of 
patients, especially in late staged or resistance to cancer therapy. 
The anticancer drug combinations is one of these effort that lead 
to obtain a good outcomes in patients with CML and reduce 
resistance (31, 32).  
In the previous studies were investigated various combination 
treatment regimens employing nilotinib with other anticancer 
drugs in order to establish the high effective anticancer 
treatment (33,34) as well as the Combination 
therapy or polytherapy is the therapy that uses more than 
one medication versus monotherapy which is any therapy consist 
of one medication, these therapies used to treat a single disease. 
Combination therapy is used in oncology in recent years, with 
various studies demonstrating higher response of combinations in 
compared to monotherapies and the FDA recently approving 
therapeutic combination regimens that demonstrated superior 
safety and efficacy to monotherapies (35,36,37).  

 
CONCLUSIONS 

The present study Showed that the cytotoxic effect of nilotinib 
was higher than daunorubicin and combinations  of two drugs 
were highly inhibition rate than each drug alone on the leukemic 
myeloid stem cells at 72 hr. 
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