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Cyclophosphamide (CYP) belongs to the anticancer drugs that exhibit potentially life-threatening effects on the 

immune and hematopoietic systems. The study aimed to assess efficiency of carob pods extract against the 

adverse CYP effect on spleen and lymphatic tissues which are the most sensitive components of immune 

system. In the present study, the hematological indices and markers of oxidative stress were assessed. In 

addition, the native protein, lipoprotein patterns, calcium moiety of native protein, catalase (CAT), peroxidase 

(GPx), α- and β- esterase (EST) isoenzymes and genomic DNA patterns were electrophoretically detected in 

both of bone marrow and spleen tissues. It was verified that CYP caused significant (P<0.05) decline in the 

hematological measurements which restored in all carob treated groups. Furthermore, all native electrophoretic 

patterns and isoenzymes in the bone marrow and spleen tissues illustrated that the lowest similarity index (SI %) 

was noticed in the CYP-treated group. The carob extract increased the SI % through restoring the absent normal 

bands and hiding the abnormal ones in all carob treated groups. Moreover, CYP induced cleavage of the 

genomic DNA and the carob extract maintained integrity of the genomic DNA in spleen tissue. 
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INTRODUCTION 
 

Many anticancer drugs exhibit potentially life-

threatening effects on the immune and hematopoietic systems 

(Ryu et al., 2007). The treatment by mean of chemotherapy is 

effective for treating many cancerous tumors although it exhibits 

adverse effects on normal cells. In particular, this treatment may 

destroy hematopoietic stem cells, thereby inducing severe side 

effects, such as anemia and leukopenia. For this reason, the 

individuals who obey these types of treatments are susceptible  to 
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higher risk for viral or bacterial infections (Wang et al., 2002 ; 

Vadhan-Raj, 2009). Anemia is one of the most common side 

effects of chemotherapy. It occurred in approximately 70-90% of 

the patients who undergo this kind of treatment (Groopman and 

Itri, 1999). Therefore, increasing attention is being paid to 

combining chemotherapy with treatments that stimulate the 

immune and hematopoietic systems. In this regard, the researchers 

directed to search in the nature to find active biological 

constituents suitable to possess antioxidant activity and stimulate 

the immune systems with relatively few or without deleterious side 

effects (Ryu and Kim, 2005). It is well known that 

cyclophosphamide (CYP) belongs to the nitrogen mustard subclass 

of alkylating agents that cause serious damage to components of 

the immune and hematopoietic systems leading to a notable 

reduction in leukocytes (Angulo et al., 2000). 

http://creativecommons.org/licenses/by-nc-sa/3.0/
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Spleen, thymus and lymphatic system are the most 

important components of the immune system which are affected 

by intraperitoneal CYP injection (McKallip et al., 2002). CYP is 

effective chemotherapeutic agent and widely used effectively to 

treat lymphoma, leukemia and solid cancers. Toxicity of the bone 

marrow and immunosuppression are considered as the most 

common side effects of CYP. In turn, toxicity of the bone marrow 

leads subsequently to further hematopoietic dysfunction, which 

represented by anemia, leukopenia and thrombocytopenia 

(Vadhan-Raj, 2009).  

It was emphasized that the CYP administration exhibited 

toxicity, in a dose-dependent manner, in blood cells and bone 

marrow of rats (Ayhanci et al., 2009). It was reported that CYP 

exhibits large immunotoxic effects on the blood lymphocytes 

which may be more sensitive indicator of immunotoxic effects 

than spleen lymphocytes (Nygaard and Løvik, 2002). It has also 

been reported that CYP pretreatment rapidly decreased the activity 

of all lymphoid tissue (Ben-Hur et al., 2002). It inhibits 

development of diabetes by inhibiting development of insulitis 

through induction of immunoregulatory cell activity and 

suppression of cytokines that promote differentiation of Thl cell in 

rats (Sobel et al., 2000). 

The native protein pattern in the nuclear matrix varies in 

a tissue-specific manner and change as cells differentiate (Zhao et 

al., 2006). Structural and functional components of the nuclear 

matrix are targets for the alkylating chemotherapeutic agents 

mainly the CYP that interacts with proteins of the nuclear matrix 

and with DNA close to transcription sites and matrix-bound 

replication (Fernandes and Catapano, 1995; Muenchen and Pienta, 

1999). In 2007, Codrington et al. (2007) used proteomic strategies 

during their experimental studies to identify the native proteins 

and to elucidate effects of chronic CYP exposure on expression of 

these proteins. 

It is well known that the environmental conditions in the 

Mediteranean regions are suitable for growth of Ceratonia silique. 

The crude carob pods extract appeared with antioxidant properties 

higher than certain known polyphenols such as catechin, quercetin 

and gallic acid alone (Kumazama et al., 2002; Makris and Kefalos, 

2004). It was revealed that the aqueous carob pod extract exerted 

anxiolytic-sedative effects and act as a chemopreventive agent 

(Avallone et al., 2002).  

The aqueous carob extract exhibited antiproliferative and 

antioxidative efficiency against cancerous cells that grow and 

increase rapidly. This is mostly related to presence of high content 

of the polyphenolic compounds. In addition, presence of 

carotenoids can enhance the antioxidant capacity, which may 

suggest a synergistic effect between polyphenols and carotenoid 

compounds in the carob pods extract (Abdul Karim and Azlan, 

2012).  

Therefore, aim of the present study was to describe the 

possible differences in the different electrophoretic patterns 

occurred in the bone marrow and spleen tissues as a result of CYP 

administration and to evaluate the ameliorative effect of aqueous 

carob pod extract against these abnormalities in rats. 

MATERIALS AND METHODS 

 

Preparation and administration of the aqueous carob extract 

The mature carob pods were dried in an incubator at 50 

°C for 72 h. The dried plant material was crushed into powder in 

an electric blender and dissolved in nanopure water. The aqueous 

carob extract was administrated orally by stomach tube at the dose 

1/10 of LD50 equivalent to 2 g/kg b.w. according to the experiment 

carried out by Rtibi et al. (2015). 

 

Animals and treatments 

Healthy thirty six adult male Wistar rats (weighting 120 - 

150 g) were housed in six per cage. The animals were provided 

with water ad libitum and standard food and maintained under 

normal environmental conditions at 25 ± 2 °C.  

 

Ethics Statement 

The experimental design and animal handling were 

performed according to the experimental protocol which was 

approved by Institutional Animal Ethics Committee of National 

Research Centre, Dokki, Giza, Egypt and were conducted in 

accordance with guidelines as per "Guide for the care and use of 

laboratory animal" and with permission from Committee for the 

Purpose of Control and Supervision of Experiments on Animals. 

 

Experimental Design  

The rats were randomly divided into six groups. Group I 

(Control group): Rats were fed with normal diet as ad libitum and 

received distilled water for 7 days. Group II (Carob extract treated 

group): Rats were fed with normal diet associated with the 

treatment with aqueous carob extract for 7 days. Group III (CYP- 

treated group): Rats were treated with CYP only interperitoneally 

(i.p.) at a dose equivalent to 0.3 mg/kg body weight for 7 days as 

mentioned by Patel et al. (2012).  Group IV (Simultaneous treated 

group): Rats received CYP i.p. and administrated with carob 

extract in parallel manner for 7 days. Group V (Pre-treated group): 

Rats were administrated with carob extract for 7 days and followed 

by receiving CYP i.p. for another 7 days. Group VI (Post-treated 

group): Rats received CYP i.p. for 7 days then treated with carob 

extract for another 7 days. 

 

Collection of samples 

Seven days after the experimental period (i.e., on the 8
th
 

day), all the animals were anaesthetized. Blood was collected from 

retro orbital plexus of the animals into heparinized tubes for the 

hematological measurements. The rats were sacrificed by cervical 

dislocation. All the bone marrow samples were taken according to 

method described by Schwenke et al. (1994) who documented that 

bone marrow was flushed out of the medullary cavity of femora 

with an ice-cold Tris buffer (pH 7.5). Ten milliliters of a bone 

marrow suspension was homogenized at 4 °C using a Teflon 

homogenizer. Furthermore, the spleen tissues were excised and 

washed in ice-cold saline then homogenized in 0.01 M Tris –HCl 

buffer (pH 7.4). Aliquots of this homogenate were used for 
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measuring markers of the oxidative stress and for the different 

electrophoretic patterns. 

 

Haematological analysis  

The blood was analyzed on an automatic blood analyzer 

(XE 2100 D; Sysmex, Kobe, Japan) to quantify hemoglobin (HB), 

red blood cells (RBCs), hematocrit (HCT), corpuscular volume 

(MCV), mean corpuscular haemoglobin (MCH), mean corpuscular 

haemoglobin concentration (MCHC), platelets, white blood cells 

(WBCs) and differential blood cells (lymphocytes, neutrophils, 

monocytes and eosinophils). 

 

Markers of the oxidative stress 

The lipid peroxidation (LPO) product was determined in 

the spleen and bone marrow homogenates spectrophotometrically 

at wave length 535 nm using a UV-vise spectrophotometer 

(Shimadzu uv-2401 pc) according to method suggested by 

Ohkawa et al. (1979). The total antioxidant capacity (TAC) was 

assayed colorimetrically in these tissues based on capacity of the 

sample to inhibit production of thiobarbituric acid reactive 

substances from sodium benzoate under the influence of the free 

oxygen radicals derived from Fenton's reaction as mentioned by 

Koracevic et al. (2001). 

 

Statistical Analysis  

All the grouped data were statistically evaluated by the 

Statistical Package for Social Sciences (SPSS for windows, 

version 11.0). The results were expressed as mean ± standard error 

(SE). Significant difference between the groups were statistically 

analyzed by one-way analysis of variance test (one-way ANOVA) 

followed by Bonferoni test. A "P" value of less than 0.05 was 

considered to indicate statistical significance. 

 

Histopathological examination 

After sacrifice, autopsy samples were taken from spleen 

tissues of different groups and immediately fixed in 10% formal 

saline for 24 hr. The tissues were washed in tap water then 

dehydrated in serial dilutions of alcohol solutions. Tissue 

fragments were cleared in xylene and embedded in paraffin then 

used for histopathological examination. Paraffin bees wax tissue 

blocks were prepared for sectioning at 4 microns thickness by 

sledge microtome. The tissue sections were collected on glass 

slides and deparaffinized then stained by hematoxylin and eosin 

(H&E) stain for examination through the light electric microscope 

(Banchroft et al., 1996). The histopathological changes were 

scored according to Dommels et al. (2007). A rating score between 

0 (no damage) and +++ (maximal damage) was assigned for each 

investigated section. Sections from at least five rats were carefully 

investigated. 

 

Electrophoretic patterns 

The tissues (spleen and bone marrow) were frozen 

rapidly with liquid nitrogen and ground then homogenized in 1 ml 

water-soluble extraction buffer. The homogenates were 

centrifuged at 10,000 rpm at 4˚C for 15 min. The supernatants 

containing water-soluble proteins were transferred to new 

eppendorf tubes. Samples of each group were pooled together and 

used as one sample. Protein concentration was estimated in all 

pooled samples according to method of Bradford (1976) using 

bovine serum albumin as standard. Quantities of protein must be 

equal in all wells during all electrophoretic assays. 

As documented by Laemmli (1970), the polyacrylamide 

gel electrophoresis was carried out using Mini-gel electrophoresis 

(BioRad, USA) at the concentration 10 % but with the 

modification that samples, gels and running buffers were lacking 

sodium dodecyl sulphate (Darwesh et al., 2015). The native gels 

were consisting of Acrylamide/Bis (30% T, 2.67% C) 

(Acrylamide: bis-acrylamide = 29.2:0.8) and 10% glycerol. The 

gel was run in buffer containing Tris (24 mM) and glycine (194 

mM). Bands of the native protein were visualized by staining with 

Coomassie Brilliant Blue G-250. The relative mobility (Rf) and 

band percent (B %) of the electrophoretically separated proteins 

were determined in addition to the molecular weight (Mwt) which 

was estimated in comparison to marker of standard molecular 

weights with regularly spaced bands ranging from 6.458 to 

195.755 KDa. Furthermore, the native gels were stained by mean 

of isoelectrophoresis for lipids and calcium moieties  with  Sudan 

Black B (SBB) (Subramaniam and Chaubal, 1990) and Alizarin  

Red  ‘S’ (Zacharia and Kakati, 2004), respectively. 

 

Electrophoretic localization of in-gel enzyme activity  

The non-denaturing gel was stained for electrophoretic 

catalase (CAT) pattern according to method of Siciliano and Shaw 

(1976). It was stained for the electrophoretic peroxidase (GPx) 

pattern using benzidine stain prepared according to method 

described by Rescigno et al. (1997).  

It was processed for localization of in-gel α- and β-

esterase (EST) activities according to method modified recently by 

Ahmad et al. (2012) who postulated that the gel was incubated              

in reaction mixture containing α, β-naphthyl acetate                       

(5.58 X 10
-3
 mM, pH 7.5) as substrates along with dye coupler 

Fast Blue RR. 

 

Genomic DNA Fragmentation 

The genomic DNA was extracted from spleen tissues 

using method mentioned by Barker et al. (2004). The polymerase 

chain reaction was carried out according to method described by 

Rapley (1998) for amplification of the genomic DNA with 8 

random primers of different nucleotide sequences (OPA-04 (5'-

AATCGGGCTG-3'), OPA-05 (5'-AGGGGTCTTG-3'), OPA-07 

(5'-GAAACGGGTG-3'), OPA-10 (5'-GTGATCGCAG-3'), OPA-

11 (5'-CAATCGCCGT-3'), OPA-12 (5'-TCGGCGATAG-3'), 

OPA-14 (5'-TCTGTGCTGG-3') and OPA-15 (5'-TTCCGAACCC-

3')). The amplification process was carried out using DNA thermal 

cycler (Progeny 30, Techno, Cambridge Ltd. Dux ford Cambridge, 

UK) through the thermal program initial denaturation at 94°C for 5 

min. followed by 40 cycles of DNA amplification. Each cycle was 

consisting of denaturation at 94 °C for 2 min. then annealing at     
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40 °C for 2 min. and extension at 72°C for 7 min. The amplified 

fragments were separated on 2% agarose gel, visualized on a UV 

transilluminator and photographed by Gel Documentation System 

then analyzed in comparison to DNA molecular weight marker 

(HyperLadder II) with regularly spaced bands ranging from 50 bp 

to 2000 bp. 

 

Data analysis 

The native bands in polyacrylamide gel and the DNA 

fragments in agarose gel were analyzed using Quantity One 

software (Version 4.6.2). Percent of the similarity index (SI %) 

was calculated according to equation suggested by Nei and Li 

(1979) to compare all treated groups to control group. 

 

RESULTS  

 

Haematological study 

As revealed in Fig. 1, CYP caused significant (P<0.05) 

decline in all hematological measurements (HB, RBCs, HCT, 

MCV, MCH, MCHC, platelets, WBCs and the differential blood 

cells (lymphocytes, neutrophils, monocytes and eosinophils)). 

Carob extract increased levels of these measurements significantly  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(P<0.05) in all carob treated groups (especially in the simult-

treated group) and restored their levels to normalcy. 

 

Oxidative stress 

Data in Fig. 2 emphasized that CYP exerted significant 

(P˂0.05) elevation in the LPO level associated with significant 

(P˂0.05) decline in the TAC level in both of bone marrow and 

spleen tissue homogenates. Carob extract lowered the LPO level 

significantly (P˂0.05) and restored the TAC level to normal value 

in all carob treated groups. 

 

Histopathological study 

As illustrated in Fig. 3a, normal histological structure of 

white (W) and red pulps (R) was recorded in spleen of control 

group. In carob extract treated group (Fig. 3b), no 

histopathological abnormalities were noticed. On the contrary in 

the CYP-treated group (Fig. 3c), ischaemia and fibrosis were 

detected in the red pulps (R) with moderate severity degree (++ ; 

50-75 %). No histopathological alterations were detected in the 

simult-treated group (Fig. 3d). In the pre-treated and post-treated 

groups (Fig. 3e &f), no severe or deleterious alterations were 

observed but there was hemosiderosis in diffuse manner all over 

the red pulps (R) with mild severity degree (+ ; 25-50 %). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1: Effect of carob extract against cyclophosphamide induced changes in different hematological measurements.  

a: values compared to control group ; b: values compared to CYP-treated group (significant p < 0.05). 
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Native electrophoretic patterns 

The electrophoretic protein pattern in bone marrow          

(Fig. 4a) showed that 3 common bands were identified at Rfs 0.63, 

0.93 and 0.97 (Mwts 17.20, 6.81 and 5.78 KDa, respectively). In 

addition, 2 characteristic bands were identified in the CYP-treated 

group at Rf 0.26 and 0.77 (Mwts 58.47 and 12.62 KDa). CYP 

caused qualitative abnormalities represented by disappearance of 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

normal bands with appearance of 4 abnormal bands at Rfs 0.26, 

0.45, 0.71 and 0.77 (Mwts 58.47, 24.99, 15.33 and 12.62 KDa). 

The lowest SI % value was noticed in the CYP-treated group 

(42.86 %). While in the simult-treated, pre-treated and post-treated 

groups, the SI % values were represented by 76.92, 71.43 and 

80.00, respectively. Furthermore, the electrophoretic lipoprotein 

pattern (Fig. 4b) illustrated that 4 common bands were identified at 

 
Fig. 2: Effect of carob extract against cyclophosphamide induced alterations in markers of the oxidative stress: a) lipid peroxidation (LPO) product and b) total 

antioxidant capacity (TAC) level in bone marrow and spleen tissue. Values inside columns are expressed as mean. a shows the significance in comparison to the 

control group and b shows the significance in comparison to CYP-treated group (significant p < 0.05). 

 

 

 
 

 
Fig. 3: Spleen tissue showing a) control group with normal histological structure of the white (W) and red (R) pulps (H&E, X 40), b) carob treated group without 

deviation from normal histological structure (H&E, X 40), c) CYP-treated group identifying ischemia and fibrosis (black arrow) in red (R) pulps (H&E, X 80), d) 

simult-treated group with normal histological structure (H&E, X 40), e) pre-treated group showing presence of hemosiderosis in red (R) pulps (black arrow) 

(H&E, X 80) and f) post-treated group with hemosiderosis in red (R) pulps (black arrow) (H&E, X 80).  
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Rfs 0.09, 0.59, 0.97 and 0.99 (B % 17.11, 15.78, 12.07 and 12.24, 

respectively) associated with the characteristic band which was 

noticed in CYP-treated group at Rf 0.46 and B % 18.41. CYP 

caused qualitative disturbances represented by disappearance of 3 

normal bands with notification of 2 abnormal bands at Rfs 0.32 

and 0.46 (B % 18.87 and 18.41). In addition, it caused quantitative 

alteration represented by enhancing quantity of the band identified 

at Rf 0.59 (B % 23.47).  

The lowest SI % was noticed in the CYP-treated group 

(61.54 %). Carob extract increased the SI % values in the simult-

treated, pre-treated and post-treated groups (85.71, 92.31 and 

92.31, respectively). The electrophoretic calcium moiety of native 

protein pattern revealed that 2 common bands were identified at 

Rfs 0.03 and 0.96 (B % 20.37 and 18.13, respectively) associated 

with 3 characteristic bands in CYP-treated group at Rfs 0.13, 0.26 

and 0.58 (B % 18.66, 20.23 and 20.63, respectively). CYP caused 

disturbances represented by disappearance of 3 normal bands with 

existence of the 3 characteristic bands. The lowest SI % value             

was observed in CYP-treated group (SI % 40.00). It                   

reached the highest value (100.00 %) in all carob treated groups 

(Fig. 4c).  

The electrophoretic protein pattern in spleen tissue (Fig. 

5a) showed that 5 common bands were identified at Rfs 0.07, 0.56, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.69, 0.85 and 0.95 (Mwts 176.49, 18.97, 15.44, 8.44 and 5.45 

KDa, respectively). In addition, one characteristic band was 

noticed at Rf 0.44 (Mwt 25.72 KDa) in the CYP-treated group. 

CYP caused qualitative abnormalities represented by 

disappearance of 3 normal bands with appearance of the 

characteristic band. The SI % in CYP-treated group (71.43 %) was 

lower than that in all carob treated groups (100.00 %). The 

electrophoretic lipoprotein pattern (Fig. 3b) illustrated that 3 

common bands identified at Rfs 0.23, 0.66 and 0.98 (B % 22.29, 

22.29 and 17.98, respectively). In addition, one characteristic band 

was noticed in CYP-treated group at Rf 0.15 (B % 29.13). CYP 

caused qualitative disturbances represented by disappearance of 2 

normal bands with presence of the characteristic band. The SI % in 

CYP-treated group (66.67 %) was lower than that in all carob 

treated groups (100.00 %). As revealed in Fig. 5b, the 

electrophoretic calcium moiety of native protein pattern revealed 

that 4 common bands were identified at Rfs 0.09, 0.21, 0.31 and 

0.56 (B % 21.01, 18.49, 21.01 and 21.01, respectively) with 

notification of one characteristic band at Rf 0.04 (B % 19.01) in 

CYP-treated group. CYP caused disturbances represented by 

disappearance of one normal band in addition to appearance of the 

characteristic band. The SI % in CYP-treated group (80.00 %) was 

less than that in all carob treated groups (100.00 %). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4: Electrophoretic patterns showing the curative effect of aqueous carob extract against cyclophosphamide induced alterations on  
a) native protein, b) lipoprotein and c) calcium moieties of the native protein in bone marrow of rats. 
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Electrophoretic isoenzymes 

As revealed in the electrophoretic CAT pattern in bone 

marrow (Fig. 6a), there was one common band identified at Rf 

0.87 (B % 32.80) associated with 2 characteristic bands at Rfs 0.43 

and 0.74 (B % 33.91 and 33.91, respectively) in CYP-treated 

group. CYP caused alterations represented by disappearance of 2 

normal bands in addition to appearance of the characteristic bands. 

The SI % was represented by the lowest value (33.33 %) in the 

CYP-treated group. The carob extract increased the SI % value 

(100.00) in all carob treated groups through restoring all the absent 

bands. As illustrated in Fig. 6b, the electrophoretic GPx pattern 

showed that 3 common bands were identified at Rfs 0.10, 0.19 and 

0.63 (B % 14.79, 15.92 and 18.62, respectively). Moreover, there 

were 4 characteristic bands at Rfs 0.05, 0.34, 0.39 and 0.73 (B % 

14.09, 14.09, 14.09 and 14.09, respectively) in CYP-treated group. 

CYP caused disappearance of 3 normal bands with existence of the 

characteristic bands. The SI % was represented by the lowest value 

(46.15 %) in the CYP-treated group. It reached the highest value 

(100.00) in all carob treated groups. 

In spleen tissue, the electrophoretic CAT pattern (Fig. 7a) 

presented that one common band was identified at Rf 0.21 (B % 

16.13) associated with 3 characteristic bands identified at Rfs 0.06, 

0.36 and 0.53 (B % 22.51, 32.12 and 22.51, respectively) in CYP-

treated group. CYP caused alterations represented by 

disappearance of 5 normal bands in addition to appearance of the 

characteristic bands. The lowest SI % value was noticed in the 

CYP-treated group (20.00 %). The carob extract increased the SI 

% value in all carob treated groups (100.00 %) by regaining the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

absent normal bands. The electrophoretic GPx pattern (Fig. 7b) 

illustrated that 3 common bands were identified at 0.03, 0.58 and 

0.70 (B % 15.60, 19.83 and 22.33, respectively). Furthermore, 

there was one characteristic band at Rf 0.29 (B % 24.66) in CYP-

treated group. CYP exhibited mutagenic effect represented by 

disappearance of 2 normal bands in addition to presence of the 

characteristic band. The SI % the CYP-treated group (66.67 %) 

was lower than that in all carob treated groups (100.00). 

As illustrated in Fig. 8a, identification of α-EST pattern 

in the bone marrow showed that 5 common bands were identified 

at Rfs 0.05, 0.11, 0.17, 0.52 and 0.62 (B % 21.94, 21.68, 19.32, 

11.48 and 10.43, respectively) associated with appearance of one 

characteristic band at Rf 0.35 (B % 18.80) in CYP-treated group. 

CYP caused quantitative mutation represented by changing the B 

% of some qualitatively normal bands. The lowest SI % (66.67 %) 

was noticed with the CYP-treated group. While with all carob 

treated groups, it reached the highest value (100.00). The 

electrophoretic β-EST pattern (Fig. 8b) showed that all bands in 

the control group are considered as common bands. One 

characteristic band was identified at Rf 0.23 (B % 12.88) in CYP-

treated group. CYP caused quantitative alterations represented by 

changing B % of some qualitatively normal bands. This was in 

addition to the qualitative alteration which was represented by 

presence of the characteristic band. The SI % value in the CYP-

treated group (90.91 %) was less than that in all carob treated 

groups (100.00). 

The electrophoretic α-EST pattern in spleen tissue (Fig. 

9a) verified the presence of 2 common bands at Rfs 0.52 and 0.63 

 
 

Fig. 5: Electrophoretic patterns showing the curative effect of aqueous carob extract against cyclophosphamide induced alterations on  
a) native protein, b) lipoprotein and c) calcium moieties of the native protein in spleen tissue of rats. 
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(B % 33.12 and 33.77, respectively) associated with 3 

characteristic bands at Rf 0.27, 0.39 and 0.86 (B % 20.36, 20.36 

and 17.19, respectively) in CYP-treated group. CYP exhibited 

qualitative alterations represented by disappearance of one normal 

band in addition to presence of the characteristic bands. 

Furthermore, it caused quantitative mutation represented by 

decreasing B % of 2 qualitatively normal bands. The lowest SI % 

(50.00 %) was noticed with the CYP-treated group. The                    

carob extract increased the SI % value in all  carob  treated  groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(100.00). The electrophoretic β-EST pattern (Fig. 9b) showed that 

number and arrangement of the bands were identical in all groups 

except the CYP-treated group. CYP caused severe qualitative 

abnormalities represented by disappearance of all normal bands 

with existence of one abnormal characteristic band (Rf 0.31 and B 

% 100.00). In the CYP-treated group, the SI % value reached the 

lowest value (00.00 %). The carob extract increased the SI % 

value in all carob treated groups (100.00) through restoring all 

absent bands and hiding the abnormal ones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6: Electrophoretic zymogram showing the curative effect of aqueous carob extract against cyclophosphamide induced alterations on  

a) catalase pattern and b) peroxidase pattern in bone marrow of rats. 
 

 

 
Fig. 7: Electrophoretic zymogram showing the curative effect of aqueous carob extract against cyclophosphamide induced alterations on  

a) catalase pattern and b) peroxidase pattern in spleen tissue of rats. 
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Fig. 8: Electrophoretic zymogram showing the curative effect of aqueous carob extract against cyclophosphamide induced alterations on  

a) α-esterase pattern and b) β-esterase pattern in bone marrow of rats. 

 

 

 

 

 

 
Fig. 9: Electrophoretic zymogram showing the curative effect of aqueous carob extract against cyclophosphamide induced alterations on  

a) α-esterase pattern and b) β-esterase pattern in spleen tissue of rats. 
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Genomic DNA pattern 

As graphically illustrated in Fig. 10a, it was verified that 

CYP caused various deleterious mutagenicity represented 

qualitatively by disappearance of 3 normal bands with existence of 

one abnormal band (Rf 0.34; Mwt 1168.30 Bp). In addition, it 

caused quantitative variation represented by increasing quantity of 

the bands that identified at normal relative mobilities with the 

primers OPA-04 and OPA-05. The amplicon with the primers 

OPA-07 and OPA-10 (Fig. 10b) revealed that CYP exerted its 

mutagenic effect qualitatively by absence of 2 normal band with 

existence of 3 abnormal bands (Rfs 0.15, 0.81 and 0.89; Mwts 

1724.47, 710.09 and 626.46 Bp, respectively). With the primers 

OPA-11 and OPA-12 (Fig. 10c), the qualitative alterations were  

represented by disappearance of 2 normal band without existence 

of abnormal bands in the CYP-treated group. Moreover, CYP 

caused variation at the quantitative level represented by elevation 

quantity of the band identified at Rf 0.12 and Mwt 1932.77 Bp. 

With the primers OPA-14 and OPA-15 (Fig. 10d), the results 

revealed that CYP caused various deleterious mutagenicity 

represented qualitatively by disappearance of 5 normal bands with 

existence of 2 abnormal band (Rf 0.29 and 0.42; Mwts 1400 and 

1142.68 Bp). According to averages of the SI % values with all 

primers with respect to control, the lowest SI % value was noticed 

in CYP-treated group (SI % 48.48) and the carob extract increased 

the SI % values in simult-treated, pre-treated and post-treated 

groups (SI % values 74.50, 70.88 and 68.13, respectively) through 

restoring the absent normal bands and hiding the abnormal ones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 
Blood is body fluid responsible for regulating the vital 

body functions through transportation of oxygen and nutrients to 

different tissues (Savithri et al., 2010). The haematological indices 

provide with crucial information for evaluation of vitality of the 

different tissues (Promise et al., 2014). During the current study, 

CYP caused significant reduction in all hematological 

measurements. This was in accordance with Stalin and Kumar 

(2013) who reported that CYP exhibits profound adverse effects 

on blood and bone marrow due to interaction of its active 

metabolites with the haematopoeitic tissues which subsequently 

cause depression of the haematopoeitic activities. Furthermore, 

CYP caused decrease in these measurements due to 

immunosuppressive effect of CYP and retarded haematopoeisis 

and /or interaction of the active metabolic CYP products with 

proteins of the erythrocytes membranes leading to elevation of 

RBCs destruction rate and decrease in HB synthesis and hence 

decline in MCV, MCH and MCHC (Promise et al., 2014). 

CYP caused decline in WBCs. This was in agreement 

with Mitsuoka et al. (1976) who suggested that CYP caused 

destruction of short-lived suppressor T cells in immune regulatory 

systems. Also, it caused a depletion of lymphocytes and this was 

in agreement with Uitdehaag et al. (1989) who documented that 

lowering count of the blood cells may be attributed to 

immunotoxic CYP effect on all lymphoid cells. Moreover, it may 

refer to role of CYP which stimulates rapid elimination of 

 
 

Fig. 10: Genomic DNA pattern showing the alterations induced by cyclophosphamide in spleen tissue and the curative effect of aqueous carob extract using the 

random primers a) OPA-04 and OPA-05, b) OPA-07 and OPA-10, c) OPA-11  and OPA-12 and d) OPA-14  and OPA-15. 
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lymphocytes from lymphoid tissue in thymus-dependent areas of 

the spleen tissue (Ben-Hur et al., 2002). In addition, it was noticed 

that CYP caused significant decline in all peripheral blood cells 

count (neutrophil, monocytes and eosinophil). These findings were 

supported by Michiyuki et al. (2007) who postulated that CYP 

caused decline in count of the differential blood cells due to CYP 

effect on the bone marrow which is the most sensitive target 

during the immunosuppression therapy with CYP. Subsequently, 

this leads to loss of stem cells and inability of bone marrow to 

regenerate new blood cells. In the present study, the 

antihaematotoxic effect of aqueous carob extract against CYP-

induced haematotoxicity in rats was investigated. The carob 

extract is rich in various polyphenolic compounds (Makris and 

Kefalos, 2004). Presence of these polyphenols contributes 

significant role in improving the immune system thereby fighting 

against numerous infectious diseases (Jones, 1996). It significantly 

increased levels of the haematological indices thereby 

reversing/ameliorating the anaemic condition induced by CYP. 

This might refer to reversal of bone marrow depression thus 

improving haematopoeitic activity of the cells and hence 

improvement of integrity of erythrocyte membranes through the 

antioxidant potential of the extract, thereby reducing haemolysis. 

In addition, the extract may enhance protein synthesis which leads 

to increase in HB level and consequently results to increase in 

MCH and MCHC and increase the RBCs count resulting in an 

increase in MCV. The results indicate that there is significant 

increased all peripheral blood cells count with respect to CYP-

treated group. This might refer to restoration of bone marrow 

activity in all carob treated groups and stimulation of the immune 

response that subsequently leads to significant increase in the 

count of these differential blood cells. 

 During the current study, CYP caused decrease in the 

TAC level in bone marrow and spleen. This was in accordance 

with Schlezinger et al. (1999) who suggested that CYP affected 

activity of antioxidant enzymes due to the different modification in 

protein structure of these enzymes through the reactive CYP 

metabolites which exhibited inhibitory effect on biosynthesis of 

enzyme molecules. Also, CYP reduced activity of the antioxidant 

enzymes due to oxidation of thiol group in the active center of 

these enzymes by acrolein (active CYP metabolite) (Gilbert, 

1984). CYP is associated with induction of oxidative stress by the 

generation of free radicals (Dumontet et al., 2001). In 

consequence, inhibition of these enzymes leads to further 

peroxidation reaction and enhanced LPO level and hence reduction 

of total antioxidant status (Stankiewicz and Skrzydlewska, 2005). 

The carob is rich in various effective polyphenolic compounds 

such as gallic acid, epigallocatechin-3-gallate and epicatechin-3-

gallate (Corsi et al., 2002) and according to schedule of the 

treatment, it was not possible to determine whether the protection 

offered by the extracts was related to a reduction in the efficacy of 

CYP or to a direct effect on the cells themselves. 

Rats are the most suitable model of experimental animals 

for study of CYP toxicity at the histopathological level (Abd-Allah 

et al., 2005). During the current study, CYP caused lesions in 

spleen tissue associated with ischaemia and fibrosis in the red 

pulps. This was in accordance with Hermenean et al. (2008) who 

noticed appearance of red and white pulp and most of lymphocyte 

populations in different stages of apopthosis or necrobiosis. This 

might refer to the qualitative and quantitative recovery in CYP-

treated rats. It was noticed that hematopoesis occurred in spleen 

tissue of CYP-treated groups which were treated with aqueous 

carob extract. This might be attributed to the explanation 

suggested by Litam et al. (1999) who emphasized that structures 

of the spleen has capacity to recover and resuming the normal 

morpho-functionality of the immune system after the treatment 

with CYP. Moreover, the spleen takes part of the organism to 

recover the normal structures affected CYP through reactivation of 

hematopoesis. The carob extract stimulated recovery of the spleen 

tissue. 

Electrophoresis is standard technique for separating, 

identifying and quantifying of different proteins based on their 

physical properties such as the net charge (positive or negative), 

size and shape of the protein molecules (Shah et al., 2010). Each 

band is made up of group of the individual proteins which are 

characterized by independent metabolic properties (O’Connell et 

al. 2005). The abnormalities in the native protein pattern are 

completely related to the physiological and individual conditions 

(França et al. 2011). The electrophoretic identification and 

quantification of the protein fractions enable the researchers to 

determine the altered protein pattern which may reflect responses 

to changes in homeostasis or disease (Ahmadi-Hamedani et al. 

2014). During the current study, CYP caused alterations in the 

native protein pattern. This was in accordance with Omidvar et al. 

(2011) who reported that the alterations in the native protein may 

refer to interaction of CYP with proteins. Moreover, Aguilar-

Mahecha et al. (2002) suggested that the electrophoretic 

alterations may refer to effect of CYP on RNA transcripts, altering 

their amounts, localization or translation. In addition, these 

alterations may be attributed to role of the alkylating activity of 

CYP which preferentially bind to matrix proteins and matrix-

associated DNA (Fernandes and Catapano, 1995). Also, the 

modifications in the overall native protein pattern and the changes 

in its composition may correlate with alterations in DNA 

organization, leading to changes in DNA function and protein 

expression (Harrouk et al., 2000). Lipids are not only membrane 

components, but also represent the important components of 

chromosomes, chromatin and the nuclear matrix (Struchkov et al., 

2002). In the current experiment, CYP caused abnormalities in the 

electrophoretic lipoprotein pattern. This may refer to effect of the 

acrolein (CYP metabolite), which attack the lipid portion through 

inducing formation of the reactive oxygen species and 

peroxidation reaction (Sulkowska et al., 1998). The carob extract 

exhibit antioxidant properties through reducing the oxidation 

process. This might be due to presence of the phenolic compounds 

which scavenge the free radicals and hence reduce the 

peroxidation reaction (Kumazawa et al., 2002). 

During the present study, CYP caused alterations in 

electrophoretic CAT pattern. This may be due to binding CYP 
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with native macromolecules inducing secondary structural changes 

in the enzyme (Mansouri et al., 2013). In addition, the alterations 

in CAT pattern may refer to effect of CYP on thymus and spleen 

through inducing immunosuppression (Wei et al., 2011).  

The current study presented that CYP caused alterations 

in the electrophoretic GPx pattern. This was in agreement with 

Codrington et al. (2007) who reported that CYP induced oxidative 

stress and lipid peroxidation that might be reduced by GPx4. It 

induced changes in the amount of all known forms of the 

antioxidant GPx enzyme especially GPx4. This refers to the full 

effect of CYP on expression of GPx4 resulting in an increase in 

chromatin-bound GPx4 as well as matrix-specific increased 

expression and elevation of GPx4 immunoreactivity in CYP-

treated rats. Carob extract exhibited antioxidant effect and 

minimized the electrophoretic alterations in CAT and GPx 

patterns. This may be attributed due to presence of total 

polyphenols, total flavonols (Kumazawa et al., 2002), 

proanthocyanidins and hydrolysable tannins (Avallone et al., 

1997). 

The spleen esterase is considered to be a nonspecific 

esterase. It appears that in the spleen fraction only one esterase 

functions in the degradation and inactivation of endotoxin 

(Skarnes et al., 1968). The alpha-naphthyl acetate esterase enzyme 

has been considered to be a marker of T lymphocytes in peripheral 

blood and tissue sections, because the enzyme was not found in B 

lymphocytes (Beya et al., 1986). During the current study, CYP 

caused alterations in the electrophoretic esterase pattern. This was 

in accordance with Sakthivel and Guruvayoorappan (2015) who 

documented that α-esterase positive cells were also found to be 

reduced drastically in CYP-treated group. The carob extract with 

its active constituents prevented effect of CYP on esterase enzyme 

due to its potential on stem cell proliferation and differentiation.  

CYP belongs to the oxazaphosphorines group which 

exhibits cytotoxic and mutagenic properties (Hamideh et al., 

2015). It exhibited the cytotoxic effect as a result of its interaction 

with DNA. Subsequently, this leads to defective DNA, abnormal 

cell function and hence cell death (Lee and Schmitt, 2003). During 

the current study, CYP caused changes in the genomic DNA 

pattern. This was in accordance with Codrington et al. (2007) who 

demonstrated significantly that alkylating agent alters the protein 

profile of the nuclear matrix. Moreover, the changes in 

composition of general proteins in the nuclear matrix may 

subsequently lead to altering the composition of the nuclear matrix 

associated with DNA disorganization and hence altering nuclear 

function (Chen et al., 2001). The natural compounds with 

antioxidant properties can exhibit the antioxidant efficiency in a 

dose dependent manner (Paolini et al., 2003). These compounds 

can prevent or reduce the DNA oxidation without decreasing 

effectiveness of chemotherapeutic compounds. In addition, they 

protect normal cells against the adverse side-effects of some 

chemotherapeutic agents (Popov et al., 2011). Scavenging of the 

free radicals as hydroxyl radical which is the major cause of LPO 

by extract may be attributed to their phenolic compounds which 

are the primal source of antioxidant ability of carob (Kumazawa et 

al., 2002; Ahmed, 2010). 

 

CONCLUSIONS 
 

The study concluded that carob pods extract exhibited 

scavenging activities against oxidative stress induced by CYP in 

spleen and bone marrow. It restored all the hematological 

measurements that reduced in CYP treated group. Moreover, it 

increased the SI % value in the native electrophoretic protein, 

lipoprotein, calcium moieties of protein and isoenzymes (CAT, 

GPx, α- and β-EST) in spleen and bone marrow through restoring 

the absent normal bands and hiding the abnormal ones. Also, it 

maintained integrity of the genomic DNA in spleen tissue.  
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