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Abstract
Doxorubicinisa chemotherapeutic drug that showed a great treatment potential, unfortunately, itis not-
selective to cancer cells and affects many other cells. Vitamin K-7 is available from nutritional sources and 
dietary supplements,it has been reported that it had many beneficial effects.

Objective: Evaluate the protective effect of vitamin K-7 against cytotoxicity and genotoxicity induced by 
doxorubicin.

Method: Seventy-two rats divided equally into two groups, each group divided into 6 subgroups as following 
Group I: received distilled water. Group II: receiveda single dose of Doxorubicin (15mg/kg). Group III: 
received Vitamin K-7(16μg/kg) for 11 successive days. Group IV: received Vitamin K-7 (48μg/kg) for 11 
successive days.Group V: received Vitamin K-7(16μg/kg) for 11 consecutive days before a single dose of 
Doxorubicin 15mg/kg on day11. Group VI: received Vitamin K-7 at a dose of 48 μg/kg for 11 consecutive 
days before a single dose of Doxorubicin 15 mg/kgat day 11.

Results: Group II caused significant reduction (P<0.05) in mitotic index associated with an elevation in the 
micronucleus appearance and the total chromosomal aberrations compared to those of control Group I rats; 
meanwhile, Groups IV and V decreased chromosomal aberration, micronucleus appearance and increase 
mitotic index compared to Group II rats treated with doxorubicin.

Conclusion: Vitamin K-7 has protective effects against genotoxicity and cytotoxicity induced by doxorubicin.
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Introduction
Doxorubicin (DOX) is an anthracycline drug that 

showed a great treatment potential, being regarded as one 
of the highly potent of the Food and Drug Administration-
(FDA) approved chemotherapeutic drugs(1). Such a drug 
can combatrapidly dividing cells and suppress disease 

progression. Despite its broad therapeutic effectiveness, 
it has been reported that the major hindering factor of 
DOX chemotherapy is its significant toxic effect on 
various organs; furthermore, early clinical assessments 
on DOX during phase II and III studies showed common 
side effects of acute vomiting and nausea, gastrointestinal 
(GI) problems, baldness,and disturbances to the 
nervous system (often causing hallucinations and light-
headedness)(2). Unfortunately, DOX has been reported 
not to be specifically targeted only cancer cells but, it 
can also affect the growth of many other cell types in 
the body. The severity of unwanted effects and their 
occurrence by DOX may depend on the dosage of such 
a chemotherapeutic drug and the duration of its use(3). 
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Moreover, authors have been well documented that 
DOX had toxic effects mostly on the bone marrow (BM) 
cells(4), heart(5), liver(6), brain(7), kidney(8) and testis(9).

Vitamins are essential micronutrients that are very 
important for physical well-being conditions, and vitamin 
deficiency can have serious health consequences(10). 
Vitamin K is a fat-soluble vitamin,which presents in 
three forms: vitamin K-1 (phylloquinone), vitamin K-2 
(menaquinone), and vitamin K-3 (menadione).In general 
vitamin K plays essential roles in blood coagulation, 
regulation of calcium metabolism in tissues, cell growth 
and proliferation, oxidative stress (OS), inflammatory 
reactions, and hemostasis(11)(12).

Vitamin K-7 (menaquinone-7) is the common 
name for vitamin K-2 (13).Vitamin K-7 is a long-
chain menaquinone that is not produced by human 
tissue (14).Moreover, vitamin K-7 may be producedby 
phylloquinone (vitamin K-1) in the colon by Escherichia 
colibacteria(15). However, these menaquinones 
synthesized by bacteria in the gut appear to contribute 
minimally to overall vitamin K status(16,17).Moreover, 
vitaminK-7 is rapidly becoming popular as a supplement 
and is available as over the counter, it has also been 
reported that such type of vitamin K hadbeneficial 
effects like reducethe risk of osteoporosis, osteoarthritis 
(OA), and vascular and tissue calcification(18).

Chromosomal aberration it’s any change in either 
the structure of chromosome called or the number of 
chromosomes(19). Structural abnormalities examples are 
deletions, ring chromosomes acentric chromosomes or 
dicentric chromosome(20).

Mitotic index is a measure for the proliferation status 
of a cell population and defined as the ratio between 
the number of cells in mitosis and the total number of 
cells(21).

Materials and Method
Animals and Treatment Protocols: Seventy-

two(72) adult Wistar Albino experimental rats of both 
sexes, weighing 160-250gm were used in this study; they 
were obtained from and maintained in the Animal House 
of the College of Pharmacy,University of Baghdad. The 
animals were maintained under normal conditions of 
temperature, humidity and light/dark cycle.

The experimental rats were randomly allocated 
into six groups, each containing 6 rats as follows: 
Group I: Rats received 0.5ml of distilled water (D.W.) 

intraperitoneally (IP) injected,this group served as 
(negative control). Group II: Rats were IP injected with 
a single dose of DOX (15mg/kg BW) (positive control). 
Group III: Animals received MK-7 (16μg/kg BW/day) 
orally by oral gavagefor 11 successive days. Group IV: 
Animals were administered MK-7 (48μg/kg BW/day) 
orally byoral gavage for 11 successive days. Group V: 
Rats received MK-7 (16μg/kg BW/day)orally byoral 
gavage for 11 consecutive days before a single IP dose 
of DOX 15mg/kg on day11. Group VI: Animals treated 
with MK-7 at a dose of 48 μg/kg orally-administeredonce 
daily for 11 consecutive days before a single IP dose of 
DOX 15 mg/kgon day 11.

Evaluation of the mitotic index and chromosomal 
aberrations in bone marrow cells and spleen-cells: 
After 24 hours of the end of treatment, all rats were IP 
injected with 1mg/kg colchicine, and then two hours 
later, the animals were sacrificed by cervical dislocation. 
The BM sample of each rat was aspirated from the femur 
bone and spleen cells have been extracted from spleen, 
as previously reported elsewhere(22).

Evaluation of the micronucleus appearance in 
bone marrow(BM) cells: At the end of treatment, rats 
were sacrificed by cervical dislocation. Bonemarrow 
(BM) samples were aspirated from the femur bone 
by using fetal calf serum and processed using for the 
evaluation of an appearance of micronucleus(22).

Statistical Analysis: All results of the study were 
demonstrated as Mean± Standard deviation (SD) and 
data input and analysis were examined by Statistical 
package for social sciences program version 24 (SPSS 
V 24) and ANOVA test was performed to compare 
among test groups;and (P values<0.05)were regarded as 
statistically significant.

Results
Table (1) showed that, Group III rats produced a 

non-significant difference in mitotic index compared to 
such index in negative control rats (P>0.05) in both BM- 
and spleen-cells; but at the Group IV rats, the mitotic 
index was significantly increased (P<0.05) compared 
to negative control rats in both BM- and spleen-cells. 
Moreover, mitotic index was significantly different 
when comparison was Group II, Group V and Group 
VI(P<0.05) in both BM- and spleen cells. Additionally, 
There was a significant difference (P<0.05) in the mitotic 
index Group V and Group VI in both BM- and spleen-
cells.
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Table (1). Effects of various treatments on the incidence of mitotic index in the bone marrow and spleen cells 
of experimental rats’ groups

Treatment Groups
Mitotic Index

Bone Marrow Cells Spleen Cells

Distilled water (Negative control) (Group I) 14.1±3.2 12.1±1.8

Doxorubicin (Positive control) 15mg/kg (Group II) 4.67±1.6*a 3.1±1.3*a

Vitamin K-7 at dose 16µg/kg (Group III) 13.3±2.2 11.6±2.1

Vitamin K-7 at dose 48 µg/kg (Group IV) 18.6±2.7* 15.8±1.7*

Doxorubicin 15 mg/kg plus
Vitamin K-7 at dose 16 µg/kg (Group V)

7.8±2.3Ab 6.1±1.4Ab

Doxorubicin 15 mg/kg plus
Vitamin K-7 at dose 48 µg/kg (Group VI)

9.1±1.4Bc 8.5±1.8Bc

Data are expressed as mean±SD.
*significantly different compared to distilled water (P<0.05).
• � Values with non-identical small letters superscripts (a, b, and c) are considered significantly different when a comparison among group 

II, group V and group VI(P<0.05).
• � Values with non-identical capital letters superscripts (A, and B) are considered significantly different when a comparison between 

group V and group VI (P<0.05).
(P<0.05).

In table (2), Group III produced a non- significant 
difference (P>0.05) in the micronucleus appearance 
compared to negative control rats in BM cells; but, 
when the dose of vitamin K-7 increased to 48µg/kg, the 
micronucleus appearance was significantly decreased 
when compared to negative control in BM cells 

(P<0.05). Moreover, the micronucleus appearance was 
significantly different when comparison was made among 
Group II,Group V, and Group VI in BM cells(P<0.05); 
In addition, there is a significant difference (P<0.05)in 
the micronucleus appearance in BM cells of Group V 
and Group VI rats.

Table (2): Effects of various treatments on the incidence of micronucleus appearance in the bone marrow of 
experimental rats’ groups

Treatment Groups Micronucleus Appearance

Distilled water (Negative control) (Group I) 3.8±1.2

Doxorubicin (Positive control) 15mg/kg (Group II) 31.3±2.1*a

Vitamin K-7 at dose 16µg/kg (Group III) 4.5±2.1

Vitamin K-7 at dose 48 µg/kg (Group IV) 2.1±1.1*

Doxorubicin 15 mg/kg plus
Vitamin K-7 at dose 16 µg/kg (Group V)

24.5±2.1Ab

Doxorubicin 15 mg/kg plus
Vitamin K-7 at dose 48 µg/kg (Group VI)

16.1±2.8Bc

Data are expressed as mean±SD.
*significantly different compared to distilled water (P<0.05).
• � Values with non-identical small letters superscripts (a, b, and c) are considered significantly different when a comparison among group 

II, group V and group VI (P<0.05).
• � Values with non-identical capital letters superscripts (A, and B) are considered significantly different when a comparison between 

group V and group VI (P<0.05).
(P<0.05).
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In the table (3), Group III and IV produced a non-
significance difference (P<0.05) in total chromosomal 
aberrations compared to negative control rats in both 
BM- and spleen- cells. Furthermore, total chromosomal 
aberrations were significantly different (P<0.05)
in BM-and spleen-cells when comparison was made 

among doxorubicin Group II, Group V, and Group VI. 
Additionally, there was a significant difference (P<0.05) 
in total chromosomal aberrations in Group V rats 
compared to the corresponding aberrations in Group VI 
rats both bone marrow cells and spleen cells.

Table (3): Effects of various treatments on the incidence of total chromosomal aberrations in bone marrow 
cells and spleen cells of experimental rats’ groups

Treatment Groups
Total Chromosomal Aberration 

Bone Marrow Cells Spleen Cells

Distilled water (Negative control) 0.09±0.05 0.07±0.04

Doxorubicin (Positive control) 15mg/kg 0.34±0.01*a 0.3±0.02*a

Vitamin K7 at dose 16µg/kg 0.07±0.02 0.06±0.03

Vitamin K7 at dose 48 µg/kg 0.05±0.01 0.04±0.01

Doxorubicin 15 mg/kg plus
Vitamin K7 at dose 16 µg/kg

0.22±0.02Ab 0.193±0.02Ab

Doxorubicin 15 mg/kg plus
Vitamin K7 at dose 48 µg/kg

0.176±0.03Bc 0.163±0.02Bc

Data are expressed as mean±SD.
*significantly different compared to distilled water (P<0.05).
• � Values with non-identical small letters superscripts (a, b, and c) are considered significantly different when a comparison among group 

II, group V and group VI (P<0.05).
• � Values with non-identical capital letters superscripts (A, and B) are considered significantly different when a comparison between 

group V and group VI (P<0.05).
(P<0.05).

Discussion
In the current study, in Group II rats caused 

significant reduction (P<0.05) in the mitotic index 
associated with an elevation in the micronucleus 
appearance in bone marrow cells and elevation in the 
chromosomal aberrations in both bone marrowand 
spleen-cells compared to those in negative control; 
meanwhile,(Group IV) and (Group V), decreased 
chromosomal aberrations, micronucleus appearance and 
increased mitotic index compared to those in (Group II) 
rats. Tables (1, 2, and 3)

A previous study showed that reactive oxygen 
species (ROS) cause DNA damage in cells(23,24). 
Moreover, mitochondria are the site of ROS production 
due to electrons escaping from electron transport chain 
and production of superoxide anion (O2

•−); moreover, 
DOX can drive these ROS productions through enzymes 

within the mitochondria, including the reduced form of 
nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase, cytochrome P-450 reductase, and xanthine 
oxidase (XO), can convert DOX in the form of quinone 
to semiquinone(25), which can be regenerated back to its 
parental quinone readily by reacting with oxygen with the 
generation of O2

•−, which in turn could further be changed 
to other ROS(26), butvitamin K can alter redox balance in 
cells(27). In its reduced form, vitamin K hydroquinone 
(KH2) can protect phospholipid membranes from 
peroxidation by ROSuptake(28). Furthermore, vitamin K 
inhibitedof 12-lipoxygenaseenzyme which preventsROS 
formation(29); alsovitamin K reducesOS by lowering 
levels of pro-inflammatory factors(30).
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