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Abstract
Background: Some chemotherapy drugs such cyclophosphamide (CP) has destructive effects on hematopoietic
cells in the bone marrow tissue. Due to antioxidant and anti-inflammatory features, medicinal herbs have protective
effects on the bone marrow tissue. The aim of this experimental study is to examine the protective effects of Rubus
fruticosus L. extract (RF) on blood parameters in male rats treated with CP.
Methods: In this experimental study, 35 male Wistar rats (220–250 g) were randomly divided into 5 groups (n = 7):
Control (0.5 mL normal saline), CP (15 mg/kg), positive control (RF per se 200 mg/kg), treatment 1 (CP 15 mg/kg +
RF 100 mg/kg), and treatment 2 (CP 15 mg/kg + RF 200 mg/kg). All drugs and extracts were given intraperitoneally
for 15 consecutive days. At the end of the intervention, all animals were euthanized and their blood samples were
collected by cardiac puncture in anti-coagulant tubes for blood parameters evaluation.
Results: The data analysis showed that CP has decreased significantly in RBC, WBC, Platelets number, hemoglobin
and hematocrit in rats (p < 0.05). RF could protect hematopoiesis in CP-induced rats (p < 0.05).
Conclusion: The use of RF can protect the blood hematopoietic tissue in bone marrow and prevent CP toxic
effects.
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Introduction
Chemotherapy is an invasive drug treatment that uses
chemical drugs lethal for fast-growing cells. Although
chemotherapy is an effective way to treat a variety of
cancers, the side effects of the drugs used in this method
are very hazardous [1]. Cyclophosphamide (CP) is one of
the drugs belonging to the group of cytotoxic drugs,
which is used in chemotherapy. It is available under the
brand name Endoxan and is an anti-neoplastic drug.
This drug is converted to the active alkylating metabolite
in the body. It adds an alkyl to the cell DNA and prevents it from replicating. CP is absorbed well from the
gastrointestinal tract and spreads to body tissues and
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fluids. It is metabolized in the liver and excreted by the
kidneys [2]. CP has several side effects such as anemia,
neutropenia, thrombocytopenia, secondary tumors, and
genital abnormalities [3]. CP can prevent the proliferation of hematopoietic and immune cells in connective
tissues, especially bone marrow [4]. CP has debilitating
effects on the immune system due to its anti-cell proliferative activity in hematopoietic and lymph node tissues
[5].
Medicinal herbs with their protective effects are able
to prevent cell destruction activities as well as the lethal
effects of some chemicals and drugs [6]. In addition, the
positive effects of most medicinal herbs on
immunization and inhibition of abnormal cell growth
have been proven [7]. The raspberry plant, scientifically
referred to as Rubus fruticosus L. and with a fruit called
Blackberry, belongs to the Rosaceae family, which has
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various medicinal properties [8]. Glucose, fructose, and
sucrose sugars have been reported in the fruit of this
plant. Furthermore, vitamins such as A, C, E and folic
acid in the raspberry fruit powder have been mentioned
in anti-cancer studies [9]. Phenolic acids such as ellagic,
gallic, caffeic acid as well as flavonoids such as quercetin,
hyperoside, kaempferol, myristicin, catechin, epicatechin,
epicatechin gallate, procyanidin B1, and quercetin 3,4′diglucoside have been identified in the raspberry fruit
and leaf [8, 9]. Anthocyanins are a group of flavonoid
derivatives and water-soluble pigments giving color to
flowers and fruits. Studies show that anthocyanins have
anti-cancer, anti-inflammatory, and anti-obesity properties along with their role in preventing diabetes and cardiovascular disease. The primary anthocyanin detected
in blackberry is cyanidin-3-O-glucoside. Other anthocyanins have also been identified in the blackberry fruit
such as cyanidin 3-xyloside, cyanidin-3-O-dioxaloylglycoside, and cyanidin 3-(600-malonylglucoside) [10]. Carotenoids are an important group of natural fat-soluble
pigments and are believed to have properties that boost
the immune system and promote health. Various carotenoids including β-cryptoxanthin, lycopene, zeaxanthin,
β-carotene, and α-carotene have been also extracted
from the raspberry fruit [11]. Blackberries constitute a
rich source of natural antioxidants as they contain large
amounts of phenols, flavonols, and anthocyanins, including cyanidin, and therefore are free radical inhibitors [12].
The presence of anthocyanins in general and cyanidin-3glucosides in particular in raspberries indicates their antioxidant ability to inhibit both chemical and intracellular
oxidation that is suppressed by peroxyl radicals. Cyanidin3-O-glycoside extracted from blackberries has a strong
antioxidant activity and leads to inhibition of neoplastic
stimulation, metastasis, neoplastic cell migration and invasion, activation of tumor cell markers (NF-κB, AP-I, Cox2, TNF-α and MAPK), the activation of cell migration
markers (JNK, p38 and ERK), and the induction of apoptosis in HL-60 neoplastic cells [13]. Due to the antioxidant
activity of blackberries, their chemotherapy effects have
been shown in rats. All types of raspberries reduced the
number of esophageal tumors (papilloma) in animals receiving N-nitrosomethylbenzylamine (NMBA) by 24–56%
compared to the control group. This inhibition was accompanied by a decrease in the production of O-6-methyl-guanine induced by NMBA that is added to
esophageal DNA. This indicated that raspberries affected
NMBA metabolism, reducing DNA damage and thus preventing esophageal cancer in rats [9].
For the reason that the protective effects of the extract of R. fruticosus (RF) on rats’ bone marrow tissue treated with CP have not been studied thus far,
an attempt was made to investigate this issue in this
study.
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Materials and methods
Chemicals and reagents

Chemicals and reagents used in this study include cyclophosphamide purchased from Baxter Oncology GmbH,
Germany, and ethyl alcohol purchased from Sigma company, Germany (grade for molecular biology, purity
≥99.45%).
Preparation of RF fruit extract

From the orchards around the city of Rasht in the north
of Iran, 2 kg of R. fruticosus fruit was prepared and after
scientific identification with the herbarium code (1036,
Malayer University, Iran), the fruits were dried in a suitable place without moisture and in the shade for 20 days.
The fruits were then pulverized by a mixer. Afterward,
300 g of the yielded powder was placed in a container
containing 80% ethyl alcohol in a refrigerator for one
week. The contents of the container were then sifted
through a filter paper and concentrated in a rotary apparatus at 60 rpm and at a temperature of 55 °C. The
concentrated extract was placed under the hood for 48 h
and was dried (the amount of the obtained dried extract
was 16.71%). The desired concentrations were prepared
and used from this extract.
Animals and ethics

In this experimental study, a total of 35 Wistar rats in
the weight range of 220–250 g were purchased from Hamadan University of Medical Sciences. The rats were
kept for one week to adapt to the environment at 22 ±
22 °C with a daily cycle of 12 h of light and free access to
water and food. All conducted experiments pertaining to
animal rights and conservation in this study were in accordance with the standard ethical guidelines (European
Communities Directive 2010/63/EU) and were approved
by the Local Ethics Committee at the Bu-Ali Sina University (ethic code number: IR.BASU.REC.1397.036).
Experimental design

The rats were randomly divided into 5 groups with 7
rats in each group as follows:
 Control group: Rats that received 1 mL/day normal

saline;
 CP group: Rats that received cyclophosphamide

dissolved in normal saline at a level of 15 mg/kg
body weight/day [14].
 RF 100 group: Rats that received cyclophosphamide
15 mg/kg body weight/day along with R. fruticosus
fruit extract at a level of 100 mg/kg body weight/day;
 RF 200 group: Rats that received cyclophosphamide
15 mg/kg body weight/day along with R. fruticosus
fruit extract at a level of 200 mg/kg body weight/day;
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 RF 200 per se group: Rats that received only R.

Results

fruticosus fruit extract at a level of 200 mg/kg body
weight/day and served as per se group;

The effect of RF on the number of blood RBC, WBC, and
PL

The treatment doses of RF were based upon an earlier
report [15]. Injections were administered intraperitoneally for 15 consecutive days.

Blood parameter count

At the end of the experiment, the rats were euthanized
using a chamber prefilled with the carbon dioxide (CO2)
gas with a concentration of 70% which, according to previous studies, is a common and safe method for euthanizing laboratory rats [16]. Blood samples were then
taken by cardiac puncture and collected in tubes containing ethylenediaminetetraacetic acid (EDTA). Blood
samples were counted using cell counter device (MS9,
MS Laboratoires, Germany), and white blood cell by the
leucocyte formula.

Statistical analysis

The continuous variables were expressed as mean ±
standard deviation (SD) or median (min, max) and analyzed in the GraphPad Prism software. Normal distribution of data was checked using the Kolmogorov-Smirnov
test. In case the data passed the test, the one-way analysis of variance (ANOVA) statistical test and Tukey
post-hoc test were used to examine the differences between the groups. Alternatively, if the data did not pass
the test, then the Kruskal-Wallis test and Dunn test were
employed to determine the level of significance. The significance level was set at p < 0.05.

The effect of RF on blood Hb, Hct, MCV, MCH, and MCHC

Figure 2 (a-e) shows the effect of different RF treatments
on blood hemoglobin (Hb), hematocrit percentage (Hct),
mean cell volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin concentration (MCHC). CP affected the levels of these parameters
and significantly reduced these parameters compared to
the control group (p < 0.001). Treatment group RF 100
did not have a positive effect on the process of blood cell
formation, when compared with the CP group. In the
treatment groups, the effect of RF 200 was very substantial as it significantly increased the blood Hb, Hct, MCV,
MCH, and MCHC compared to the CP group (p <
0.001). The RF 200 per se group did not play a
hematopoietic role in bone marrow and had no significant difference with the control group
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Figure 1 (a-c) shows the effect of different RF treatments
on the number of blood red blood cells (RBC), white
blood cells (WBC), and platelets (PL). The results of this
study showed that CP significantly reduced the number
of RBC, WBC, and PL during the experiment compared
to the control group (p < 0.001). Treatment group RF
100 did not have a positive effect on the process of
blood cell formation, and only affected the number of
PL when compared with the CP group (p = 0.002, Fig.
1c). In the treatment groups, RF 200 was had a very substantial effect in that it led to a significant increase on
the blood parameters compared to the CP group (p <
0.001). The RF 200 per se group did not change these
factors and had no significant difference with the control
group
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Fig. 1 The effect of RF on the number of blood RBC (a), WBC (b), and PL (c). Results are expressed as group median (min, max) and analyzed by
ANOVA or Kruskal–Wallis, followed by the Tukey or Dunn posttests, respectively (n = 7). Different small letters in the box indicate the significance
of differences at P < 0.05. Abbreviations: RBC: red blood cell, WBC: white blood cell, PL: platelet
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Fig. 2 The effect of RF on blood Hb (a), Hct (b), MCV (c), MCH (d), and MCHC (e). Results are expressed as group median (min, max) and
analyzed by ANOVA or Kruskal–Wallis, followed by the Tukey or Dunn posttests, respectively (n = 7). Different small letters in the box indicate the
significance of differences at P < 0.05. Abbreviations: Hb: Hemoglobin, Hct: Hematocrit, MCV: Mean corpuscular volume, MCH: Mean corpuscular
hemoglobin, MCHC: Mean corpuscular hemoglobin concentration

The effect of RF on indicators of the leukocyte formula

Table 1 shows the effect of different RF treatments
on the indicators of the leukocyte formula. CP significantly reduced the percentage of lymphocyte and neutrophil compared to the control group (p < 0.001).
However, no significant effect of CP on the percentage of monocyte, eosinophil, and basophil was found
in comparison to the control group. Treatment with
RF 100 played a very constructive role in the process

of making monocyte and neutrophil compared to the
CP group (p = 0.003 and p < 0.001, respectively). However, changes in lymphocyte, eosinophil, and basophil
did not differ significantly compared to the CP group.
Similarly, there was a significant difference between
treatment group RF 200 CP group in term of
lymphocyte and neutrophil (p < 0.001). Nevertheless,
RF 200 did not make significant changes in the percentage of monocyte, eosinophil, and basophil

Table 1 The effect of RF on indicators of leukocyte formula
Groups

Control

CP

RF 100

RF 200

RF 200 per se

Lymphocyte (%)

70.14 ± 5.305a

28.86 ± 3.716b

34.43 ± 3.823b

65.71 ± 5.851a

68.71 ± 4.786a

Monocyte (%)

3.286 ± 2.289a

2.571 ± 0.535a

5.857 ± 1.773b

3.429 ± 0.976ab

3.286 ± 0.951ab

a

b

c

Neutrophil (%)

22.29 ± 2.870

60.00 ± 2.887

50.43 ± 3.101

24.57 ± 4.429

24.57 ± 4.392a

Eosinophil (%)

3.00 ± 1.414ab

5.429 ± 1.813b

5.571 ± 1.718b

3.286 ± 0.951ab

2.571 ± 0.787a

Basophil (%)

ac

1.286 ± 1.113

abd

3.286 ± 0.951

d

3.714 ± 1.496

a

abcd

2.00 ± 0.817

1.143 ± 0.90c

Results are expressed as group mean ± SD and analyzed by ANOVA or Kruskal–Wallis, followed by the Tukey or Dunn posttests, respectively (n = 7). Different small
letters in the table indicate the significance of differences at P < 0.05
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compared to the CP group. Finally, RF 200 per se
had no incremental effect on the percentage of the
leukocyte formula in comparison with the control
group.

Discussion
Nowadays, the use of chemical cytotoxic drugs is faced
with various side effects in patients with malignant neoplasms [17]. CP is used as an anti-neoplasm drug in the
treatment of some tumors. The use of this drug in most
patients is associated with several disorders such as
anemia, decrease in the number of white blood cells, and
weakened immune system [18]. In traditional medicine,
medicinal herbs have long been widely used to treat
many disorders, especially blood disorders. Being rich in
a variety of antioxidants, medicinal herbs are able to prevent cell damage [19]. The presence of vitamins that
prevent cell damage and death such as vitamins C, E, A,
and D in various medicinal herbs has been proven.
These vitamins are an important factor in protecting tissues against oxidizing and destructive factors of DNA
[9]. CP reduced the number of red blood cells, white
blood cells, and platelets in the bone marrow
hematopoietic tissue of the rats used in this study. The
raspberry fruit extract could protect the bone marrow
tissue against CP due to containing high amounts of
various antioxidants and protective vitamins. Colonystimulating factors involved in cell proliferation and differentiation in bone marrow hematopoiesis are enhanced
by chemicals in the raspberry fruit extract. Anthocyanins
in the raspberry fruit have been reported to be involved
in cell proliferation [10]. The presence of this important
substance may have protected hematopoietic tissue
against CP. CP significantly reduced the amount of
hemoglobin in red blood cells and this effect was significant compared to the control group. As the destructive
effects of CP on bone marrow progenitor cells have been
proven [20], it appears that the decrease in blood
hemoglobin has been due to impaired cell formation and
the mechanism of hemoglobin synthesis by this drug.
It has been reported that grapefruit kernel extract inhibits the process of hemoglobin production decrease in
mice receiving CP [21]. In line with these results, the
raspberry fruit extract was able to reduce the amount of
hemoglobin in the blood of the rats receiving CP to its
normal amount and inhibit the destructive effect of the
drug. The cause of this phenomenon may be related to
the effect of the extract on the process of cell proliferation and its antioxidant property to protect the process
of protein synthesis. In a study that demonstrated the
hematopoietic effect of Hyperricum perforatum extract,
it was shown that specific chemical agents in this plant
accelerated the conversion of megakaryocytes to platelets [22]. In the present study, the raspberry fruit extract
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could significantly increase the platelets in the rats
treated with CP. It is possible that the raspberry fruit
was able to prevent the reduction of blood platelets in
rats by affecting megakaryocytes or the process of synthesis of interleukin (IL)-6. Moreover, the raspberry fruit
is rich in cyanidin called cyanidin-3-O-glycoside. A study
showed that this substance plays an effective role in controlling breast adenocarcinoma in humans [23]. Therefore, it is assumed that the presence of this substance in
the raspberry extract could have reduced the effects of
CP and prevented the destruction of hematopoietic
tissue.
Carotenoids have very beneficial effects on the process
of protecting cells against tissue damaging agents such
as oxidants. Carotenoids are natural color pigments that
play a pivotal role in physiological activities. The presence of carotenoids against tissue oxidants, chemical
drugs, and some toxic compounds can protect tissues
against these hazardous substances [24, 25]. The raspberry fruit is rich in a variety of carotenoids. The presence of these agents in the raspberry fruit is thought to
have reduced the hazards of CP in the tested rats. Another anti-cancer agent is a compound called kaempferol, which plays a significant role in protecting tissues
from the tumor progression process [26]. Reports indicate the presence of this compound in the raspberry
fruit. It appears that the kaempferol in the raspberry
fruit extract has been able to prevent the destructive effects of CP in bone marrow. Further, the role of caffeic
acid in preventing tissue damage has been suggested in
some studies. Caffeic acid is a non-toxic polyphenol
found in many foods. It can participate in the modulation of glutathione-S-transferase and glutathione reductase enzymes. The above enzymes are involved in the
resistance of cells to cisplatin [27]. The raspberry fruit
contains large amounts of caffeic acid [8, 9]. The presence of this compound can play an effective role in protecting the bone marrow tissue against hazardous drugs
such as CP. Some medicinal herbs, such as green tea,
contain a compound called catechin, which acts as an
antioxidant. Some reports suggest that catechins sweep
away free radicals and are effective in reducing the impacts of reactive oxygen species (ROS). CP is among the
factors producing ROS in tissues [28]. Since catechin in
the extracts of some fruits such as raspberries [9] and
many medicinal herbs inhibits the effect of CP in the
production of ROS, the presence of catechin in the extracts of raspberries in this study might have protected
the hematopoietic tissue of bone marrow in the tested
rats against this destructive drug. There were some limitations in the present study that should be considered.
Our study did not evaluate the effect of RF on the animal model of non-Hodgkin lymphoma and other important biochemical and molecular parameters, such as
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antioxidant levels, inflammatory cytokines, gene expression of cell survival pathway, due to limited funding, and
sample size. Therefore, supplementary studies need to
be conducted to confirm the results and beneficial effect
of RF on the CP toxic condition.
In this study, which was conducted on Wistar rats receiving CP, it was demonstrated that CP had the effect
of destroying hematopoietic tissue. The number of red
blood cells, white blood cells, and platelets was significantly reduced in the rats receiving CP. Simultaneous
treatment of rats with the raspberry fruit extract improved their blood parameters. These results indicate
that various beneficial compounds in the raspberry fruit
extract can protect the bone marrow tissue against the
destructive effects of CP in the tested rats.
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