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Abstract:-

The present study was amied to evaluate the effect of leaves powder of Capparis spinosa which using in Libya as folk
medicine for many ailments as cancer treatment against morphological alterations in blood and bone marrow cells in
the blood and bone marrow smears of male mice intoxicated with trichloroacetic acid (TCA). A hundred male mice were
divided in to 5 groups. Group I was considered as a control and received only distilled water, group Il treated orally with
honey (40 mg/kg bw) for 3 weeks, group 11 treated orally with a mixture of C. spinosa leaves powder and honey(40 mg/kg
bw) for 3 weeks, group IV treated orally with TCA in drinking water (500mg/kg bw for 3 and 6 weeks, then left for 3
weeks for self-recovery), group V was given TCA in drinking water (500mg/kg bw) for 6 weeks, then treated with a mixture
of C. spinosa and honey for 3 weeks. Blood and bone marrow samples were collected for the smears preparations and
evaluated morphological alterations in blood and bone marrow cells. Administration of TCA only in drinking water
showed many abnormalities in blood and bone marrow smears which were more pronounced in TCA for 6 weeks and
TCA recovery groups. Administration of mixture of leaves powder of C. spinosa and honey to TCA intoxicated mice
lessened most abnormalities (anisocytosis and poikilocytosis) in blood and bone marrow smears. Result of the present
work suggested that the dose of leaves powder of C. spinosa used in this investigation have no hematotoxicity and have
some beneficial effect to inhibition TCA induce hematotoxicity in mice.
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INTRODUCTION

Capparis spinosa L. family Capparidaceae is well known with its common name Kabbar or Capper in different countries
and it is one of the most common aromatic plants growing in wild dry regions around the west or central Asia and the
Mediterranean basin [1, 2]. It has been known for centuries in traditional phytomedicine which exploited its properties
for several purposes as anti-inflammatory [3, 4] and anticarcinogenic activity [5]. Caper plant has been used in folk
medicine from ancient times due to their strong antioxidant properties, and high phenolics and flavonoid contents [6, 7].
Capers has been used traditionally for the curing of various human ailments including gastro-intestinal problems,
inflammation, anemia, liver dysfunction, rheumatism, heart disease, kidney disorders, and diuretic [6, 8]. Also, Capper is
used in phytomedicine as anti-oxidative and was found to induce an increase in both enzymatic and non-enzymatic
antioxidant levels observed [9]. Hematological profile converted to more or less normal levels in Dalton’s ascites
lymphoma (DAL) tumor bearing mice after treated with methanol extract of Capparis sepiaria (MECS) at the doses of
200 and 400 mg/kg body weight per day for 14 days, also after treatment with MECS antioxidant levels increased
significantly. The results indicate that MECS exhibited significant antitumor activity in DAL-bearing mice [10]. In the
chronic toxicity study, the haematological parameters (hemoglobin concentration, clotting time, neutrophils, easinophils,
lymphocytes, monocytes, red and white blood cells) in the rats treated orally with ethanolic extract of Capparis aphylla
Roth (EECA) at doses of 100, 200 and 400 mg/kg once in a week for 6 weeks did not differ significantly from that of the
control group and all the values remained within normal limits throughout the experimental period, indicating that the
EECA was not toxic to the circulating red cells, nor interfered with their production [11]. On the other hand hematological
changes indicated the development of hypochromic erythrocytopaenia in goats were given daily oral doses ranging from
0.05 to 5 g per kg per day of the dried leaves of C. tomentosa and died or were Killed at various times after dosing [12].
Trichloroacetic acid (TCA) is a colorless to white crystalline solid with a sharp, pungent odor [13] formed from organic
material during water chlorination [14] and has been detected in groundwater, surface water distribution systems,
swimming pool water and drinking water [15]. TCA was detected in vegetables, fruits, and grains [16] and can be taken
up into foodstuffs from the cooking water [17]. Therefore, human exposure to TCA can also occur via food tap water
consumption. TCA administered at dose level 2,000 ppm (300 mg/kg-day) in drinking water for 50 days significantly
increased serum AST, ALT that probably resulted from damage to liver cells [18]. Further, Celik [18] found that TCA
treatments caused different effects on antioxidant defense system and lipid peroxidation in various tissues of rats at the
end of the TCA treatment. In the literature, it is reported that TCA exposure caused different effects on gross and
microscopic examinations, serum chemistry, hematology and biochemical analysis [19, 20]. It was observed that TCA
caused histological alterations in the liver such as centrilobular necrosis, vacuolation in hepatocytes and loss of hepatic
architecture [21]. Moreover, degeneration of renal tubules in rats treated with TCA dose level 3.8 mg/kg-day for 10 weeks
was evident [21]. It was found that oral administered of TCA (2000 ppm) for 52 days consecutively caused a significant
disturbances in hematological parameters and led to hematotoxic in rat [19]. Mather et al. [22] reported that TCA and
DCA (dichloroacetic acid) produced substantial systemic organ toxicity to the liver and kidney during a 90-day sub-
chronic exposure. An increase in incidence of benign and malignant liver tumors was observed in mice orally administered
trichloroethylene. The IARC has concluded that there is sufficient evidence in experimental animals for the
carcinogenicity of trichloroethylene [23].

MATERIAL AND METHODS

Experimental animals:

Healthy adult male Swiss albino mice (Mus-musculus) 8 to 10 weeks old and weighing 22+4 gm were obtained from the
animal breeding house of Faculty of Veterinary Medicine, Omar Al-Mukhtar University, Al-Bayda-Libya. They were
housed in the laboratory animal room in clean plastic cages (10 mice/ cage) under controlled conditions of temperature
(20 + 2)°C and photoperiod (14 h light : 10 h dark) cycle. The animals were maintained on standard commercial pellet
diet and clear drinking water and allowed a free access to food and water. The mice were acclimatized for 1 week prior
to the start of experiments.

Material used:

Fresh plants of C. spinosa were collected from Blgray region Algabal Alakhder in Al-Bayda-Libya between March and
April 2012. The plant was authenticated by Department of Botany, Faculty of Science, Omar Al-Mukhtar University, Al-
Bayda-Libya.

All unwanted materials like stems, flowers, roots or stones were removed from the leaves. The plants were cleaned, air-
dried and then powdered mechanically. Natural bees honey (vehicle) used in this study was purchased from the local
honey market in Al-Bayda-Libya. The honey was collected form beehives built on Algabal Alakhder-Libya. This honey
is also locally known as Seder honey. It was filtered to remove solid particles.

Preparation of the mixture of Capparis spinosa and honey:

Leaves powder of C. spinosa (400 mg) were well mixed with 40 gm of seder honey and used at dose level 40 mg/kg bw
(0.1 ml/mouse) (equivalent to dose used by a human weighing 70 kg in traditional medicine) the mixture of C. spinosa
leaves powder and honey was prepared according to the prescriptions given by traditional healers in Libya. A dose was
determined according to Paget and Barnes [24].
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Trichloroacetic acid (TCA)
Was purchased from (Sigma Co, Germany). Mice were given TCA trichloroacetic acid in drinking as 500 mg/kg for 3
and 6 weeks. TCA was chosen because it has been reported to induce toxicity in mice [25,26].

Fig. (1) : Capparis spinosa

Experimental Design:

A hundred male mice were divided into 5 groups of 20 mice each and subjected to the following treatments:

Group 1 (control group):

Healthy adult male mice received distilled water at dose level 4 ml/kg by oral gavage for 3 and 6 successive weeks and
served as negative control (untreated control group).

Group 11 (vehicle group): Healthy adult male mice were given orally by oral gavage natural bees honey at dose level 4
ml/kg for 3 successive weeks.

Group I (C. spinosa and honey group):
Healthy adult male mice were given orally by oral gavage mixture of C. spinosa leaves powder and honey at dose level
40 mg/kg bw suspended in 0.1 ml honey once per day for 3 successive weeks.

Group IV (TCA group): Healthy adult male mice were received TCA at dose level 500 mg/kg body weight in drinking
water for 3 and 6 successive weeks (Doses were estimated based on default drinking water intake values for mice). After
the end of the experimental period the animals in this group left for recovered and known as recovery group.

Group V (C. spinosa and honey with TCA group) (Treatment group): Healthy adult male mice were received TCA
at dose level 500 mg/kg bw in drinking water for 6 successive weeks then treated orally by oral gavage with mixture C.
spinosa and honey at dose level 40 mg/kg bw once per day for 3 successive weeks.

Preparations and staining blood and bone marrow smears

Twenty four hours after the end of experimental period, un-anesthetized mice from both control and experimental groups
were sacrificed by cervical dislocation. Peripheral blood samples from the neck blood vessels and bone marrow from both
femurs were collected. Peripheral blood and bone marrow smears were prepared and stained with Giemsa stain according
to Lewis et al. [27]. Stained blood and bone marrow smears were examined under light microscope and the alterations
were recognized and photographed using Nikon Eclipse E400, Japan with camera head. In bone marrow preparations at
least 500 cells per slide were counted to investigate morphological alterations in erythroid, myeloid, megakaryocytic
series and myeloid/erythroid ratio and selected sections were photographed.

RESULTS AND DISCUSSION

Examination of blood smears of control mice (Figs.2-4) revealed that erythrocytes (red blood corpuscles RBCs) are the
most common type of blood cells. They are a nucleated, disc shape with smooth contour and showed pale center and
peripheral condensation hemoglobin. Negligible numbers of pikilocytosis cells were noticed in blood smears of control
mice. Leucocytes (White blood cells WBCs) with normal nuclear appearance and distinct cytoplasm were seen. Platelets
(Thrombocytes) are cell fragments that derive from large bone marrow cells called megakaryocytes. Platelets appeared
as minute disk shape exhibited peripheral light blue stain cytoplasm hyalomere and central purple granules granulomere.
Light microscopic examination of bone marrow smears of control mice (Figs.5 and 6) showed unorganized mixture of
hematopoietic cells in different stage of maturation include small size erythroid elements with condensed nuclear
chromatine, myeloid elements with relatively large size and pleomorphic nuclei and large megakaryocytes with large
irregular nuclei and homogeneous cytoplasm.

The bone marrow is the major hematopoietic organ, and a primary lymphoid tissue, responsible for the production of
erythrocytes, granulocytes, monocytes, lymphocytes and platelets [28]. Blood and bone marrow is one of the largest
organs in the body and is an important potential target organ of chemical exposure [29]. Assessments of the blood and
bone marrow have become routine procedures in the investigation of hematologic disorders in toxicology and safety
assessment studies [30]. The hematopoietic tissue consists of a variety of cell types including, the blood cells and their
precursors, adventitial/barrier cells, adipocytes, and macrophages. The hematopoietic tissue cells are not randomly
arranged but demonstrate a particular organization within the tissue [31]. Hematopoietic tissue is also sensitive to external
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influences and can become suppressed in response to dietary restriction, malnutrition, chronic inflammation, toxicity, and
proliferative or neoplastic disorders [32, 33, and 34].

The examination of blood smears of mice treated with honey revealed no abnormalities in RBCs and WBCs. Also,
platelets with normal appearance were seen (Fig. 7). However, normal equilibrium state between myeloid and erythroid
elements and megakaryocytes with normal appearance were observed in bone marrow smears of mice treated orally with
honey for 3 weeks (Fig. 8). Blood smears of mixture of C. spinosa leaves and honey treated group showed RBCs with
slight anisocytosis and poikilocytosis including target cells (Fig. 9). However, examination of bone marrow smears of
mixture of C. spinosa leaves powder of and honey revealed nearly normal cellularity (erythriod/myeloid ratio) and normal
appearance of megakaryocytes (Fig. 10). Similarly, hematopoiesis and leucopoiesis were also not affected in rats treated
orally with ethanol extract of Capparis aphylla Roth at doses of 100, 200 and 400 mg/kg once in a week for 6 weeks [11],
even though the hematopoietic system is one of the most sensitive targets for toxic compounds [35] and an important
index of physiological and pathological status in man and animals [36]. Administration of TCA only in drinking water
showed many abnormalities in blood and bone marrow smears which were more pronounced in TCA for 6 weeks and
TCA recovery groups. The examination of blood smears demonstrated that administration of TCA induced many
poikilocytosis in RBCs appeared in form target cells (codocytes), crenation, elliptocytes and rouleaux appearance of
RBCs with prominent hypochromasia and anisocytosis. Also, aggregation of blood platelets and increase precursor of
white blood cells were noticed. An activation of hemopoiesis and increase of megakaryoblastes and megakaryocytes were
also observed in bone marrow smears of male mice treated with TCA only for 3 or 6 weeks (Figs. 11-14, 15 a-15d and
16 a, b). Blood smears of TCA recovery group showed also hypochromic of RBCs and many poikilocytosis include target
cells and rouleaux appearance of red blood corpuscles was remain observed. Many WBCs showed abnormal nuclear
feature as less condensed chromatin. However, decrease in aggregation of blood platelets and precursor of WBCs were
noticed (Fig. 17). Bone marrow smears of TCA recovery group showed nearly normal equilibrium state between myeloid
and erythroid elements, however an activation of hemopoiesis and destructed of some myeloid elements were seen in
bone marrow smears of some animals (Fig. 18). From the results of above study it can be concluded that TCA exposure
can severely damage heme synthesis and alter the RBCs and WBCs. The alterations in hematological changes serve as
the earliest indicator of toxic effects on tissue [37]. Ferzand et al. (2008) reported that toxic substance can bind to animal
and human hemoglobin and other blood cell proteins. This binding might cause distortion of blood cell shape/morphology
[38]. Anemia may result when the cell membranes of RBCs become more fragile as the result of damage to their
membrane [39]. It was found that administration of mixture of C. spinosa and honey to TCA intoxicated mice lessened
most abnormalities in blood and bone marrow smears. Blood smears of male mice treated with TCA and mixture of C.
spinosa leaves and honey (Treatment group) showed ansocytosis hypochromic of RBCs with obvious diminution of
poikilocytosis (Fig.19) compared to TCA only treated groups. Bone marrow smears of treatment group showed normal
appearance of hemopoietic cells with slight decrease in erythroid elements. Megakaryocytes with normal appearance was
also seen (Fig. 20). This study clearly demonstrates that exposure to TCA is extremely hazardous in causing alterations
in the peripheral RBCs. Nikinmaa [40] suggested that toxic materials directly or indirectly damage the membrane
structure, ion permeability and cell metabolism of erythrocytes thus may cause morphologically damaged erythrocyte
formation. Structural defects and changes in surface shapes of erythrocytes have been reported by [41]. A change in the
composition of hemoglobin inside red blood cells membrane was observed which affects the physiological function of
and capacity to transport oxygen, as observed during decrease in hemoglobin concentration [42]. Erythrocytes are the
most abundant cells in the human body possess desirable physiological and morphological characteristics [43]. Oxidants
produce alterations in erythrocyte membranes as manifested by decreased cytoskeletal protein content [44]. Since TCA
was found to be lessened antioxidant defense system and induced oxidative stress in various tissues of rats [18]. TCA
treatment also resulted in dose-dependent increases in lipid peroxidation production at doses ranging between 77-410
mg/kg/day in the 4-13 weeks treatment periods in liver tissue of mice [45]. The ability of different phenolic substances to
scavenge various types of oxidation-initiating radicals has been reported in the polar phase [46]. It was demonstrate that
binding of the flavonoids to the RBC membranes significantly inhibits lipid peroxidation, and at the same time enhances
their integrity against lyses [47]. This may be explain less RBCs abnormalities in blood smears of mice intoxicated with
TCA and treated with mixture of C. spinosa and honey (Treatment group). Since Caper is very good sources of
glucosinolates, flavonoids (rutin, kaempferol), and quercetin phenolic acids, alkaloids [48][49][50]. These compounds
are powerful antioxidants. Furthermore, rutin strengthen capillaries and inhibits platelet clump formation in the blood
vessels [49]. These findings may be explain obvious diminution of abnormalities in the blood (specially aggregation of
blood platelets) and bone marrow smears of mice intoxicated with TCA and treated with mixture of leaves powder of C.
spinosa and honey (treatment group). In the present work administration of TCA induced disturbance in WBCs.
Leukocytes are the first line of cellular defence that respond to infectious agents, tissue injury, or inflammatory process
[51] and immune processes [52] lead us to suspect that TCA may affect these functions. Exorbitance compounds (such
as quercetin) are flavonoid antioxidant which existing in the C. spinosa may reduce the negative effects of oxidants and
control cell/ tissue damages [53]. These flavonoids not only play a direct role as ROS scavengers but also inhibit the
enzymes involved in the production of these oxidative substances protecting the DNA against the toxic effects of these
compounds [54]. Since lipid peroxidation, a complex radical chain reaction leading to oxidation of cell membrane lipids,
is considered a critical mechanism of injury that occurs in cells during oxidative stress [55]. Flavonoids are phytophenolic
compounds with strong antioxidant effects that function against oxidative stress [56].
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Fig. (2): Blood smear of mouse from control
group showing red blood corpuscles with normal
peripheral condensed hemoglobin and  pale
central pallor, Neutrophil with lobulated nucleus
(Giemsa stamn, X1000).

Fig. (3): Blood smear of mouse from control
group showing normochromatic anucleated RBCs
with central pallor and smooth contour,
Eosinophil with bilobed nuclus (Giemsa stain,
X1000) .

Fig. (4): Blood smear of mouse from control
group showing normochromatic red blood
corpuscles RBCs with pale central pallor and
smooth contour , Platelets with peripheral light
blue stain hyalomere and central purple
granules granulomere , Lymphocyte(Giemsa
stain, X1000).

Fig. (5): Bone marrow smear of male mouse
from control group showing normal equilibrium
state between normal small dark erythroid
elements and myeloid elements in different
stage of maturation (Giemsa stain, X400).

Fig. (6): Bone marrow smear of female mouse
from control group showing hematopoietic cells
in different stage of maturation and large
megakaryocytes with normal appearance.
(Giemsa stain, X400).

Fig. (7):Blood smear of male mouse treated
with honey showing normal red blood
corpuscles RBCs, Neutrophil with lobulated
nucleus (Giemsa stain, X1000 ).
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. Fig. (8): Bone marrow smear of male mouse
' treated with honey for 3 weeks exhibiting

$4 normal erythroid elements, myeloid elements

and Megakarvocytes. (Giemsa stain, X400).

Fig. (9): Blood smear of male mouse treated
. with mixture of leaves powder of Capparis
spinosa and honev  showing normal red
blood corpuscles RBCs with slight
anisocytosis Neutrophil with lobulated
nucleus (Giemsa stain X1000).

Fig. (10): Bone marrow smear of male mouse
treated with mixture of leaves powder of
Capparis spinosa and honey for 3 weeks
showing normal erythroid and myeloid
elements; Megakaryocytes (Giemsa stain,
X400).

Fig. (11): Blood smear of male mouse treated
with aqueous extract of leaves of Capparis
spinosa showing anisocytosis red blood
corpuscles RBCs and few poikilocytosis
RBCs, Neutrophil with lobulated nucleus
(Giemsa stain, X1000).

Fig. (12): Bone marrow smear of male
mouse treated with aqueous extract of
leaves of Capparis spinosa for 3 weeks
showing few decrease and less stained
ervthroid  elements;  Megakaryocytes.
(Giemsa stain, X400).

Fig. (13): Blood smear of male mouse
treated with TCA at dose level 500mg’kg in
drinking water for 3 weeks showing
hypochromic red blood corpuscles RBCs,
Neutrophil with lobulated nucleus (Giemsa
stain.X1000 ).
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Fig. (14): Blood smear of male mouse treated
with TCA for 3 weeks exhibiting aggregation of

Fig. (15): Bone marrow smear of male mouse
treated with TCA for 3 weeks showing an
activation of hemopoiesis. (Giemsa stain,
X200).

Fig. (16): Bone marrow smear of male mouse
treated with TCA for 3 weeks showing
increase of megakarvocytes (Giemsa stain,
X400).

Fig.(17a,b,c,d):Blood smear of male mouse treated with TCA at dose level 500mg/kg in drinking water
for 6 weeksshowing hypochromic poikilocytosis of red blood corpuscles include elliptocytes and target
cells rouleaux appearance of red blood corpuscles, aggregation of blood platelets; Lymphocytes; precursor
of white blood cells. (Giemsa stain, X1000 ).

- Pl O TRIY 2 G~ e %

Fig.(18a,b):Bone marrow smear of male mouse treated withTCA at dose level 500mg/kg in drinking water

for 6 weeksshowing anactivation of hemopoiesis with the increase of megakaryocytes.(Giemsa
stain,X200and 400).
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Fig.(19):Blood smear of male mouse treated with TCA at dose level 500mg/kg in drinking water for 6 then left
for recovery for 3 weeks TCA (recovery group)showing hypochromic red blood corpuscles RBCs with
poikilocytosis, Lymphocyte showing nucleus with less condensed chromatin(Giemsa stain,X1000 ).

Fig. (20): Bone marrow smear of male
mouse of recovery group exhibiting nearly
normal equilibrium state between myeloid
y and erythroid elements. Megakaryocytes
' (Giemsa stain, X400).

Fig. (21): Blood smear of male mouse
intoxicated with TCA at dose level 5300mg'kg
in drinking water for 6 then treated with
mixture of leaves powder of Capparis spinosa
and honey for 3 weeks(Regeneration group)
showing hypochromic ansocytosis red blood
corpuscles RBCs with diminution of
poikilocytosts, Lymphocytes (Giemsa stain,
X1000).

Fig. (22): Blood smear of male mouse
intoxicated with TCA at dose level 300mg'kg
in drinking water for 6 then treated with
mixture of leaves powder of Capparis spincsa
and honey for 3 weeks(Regeneration group)
showing hypochromic ansocytosis red blood
corpuscles RBCs with diminution of
poikilocytosis, Lymphocytes (Giemsa stain,
X1000).

Fig. (23): Bone marrow smear of male
mouse intoxicated with TCA at dose level
500mg'kg in drinking water for 6 then
treated with mixture of leaves powder of
Capparis spinosa and honey for 3
weeks(Regeneration group) exhibiting slight
decrease in erythroid elements;
Megakarvocytes (Giemsa stain, X200).

Fig. (24): Bone marrow smear of male mouse
intoxicated with TCA at dose level 500mgkg
in drinking water for 6 then treated with
mixture of leaves powder of Capparis spinosa
and honey for 3 weeks(Regeneration group)
exhibiting slight decrease in erythroid
elements; Megakaryocytes (Giemsa stain,
X400).

CONCLUSION

Administration of mixture of leaves powder of C. spinosa and honey to TCA intoxicated mice lessened most abnormalities
in blood and bone marrow smears. Result of the present work suggested that at the dose used in this work have no
hematotoxicity and have some beneficial effect to inhibition TCA induce hematotoxicity. Also, the present investigation
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recommended the mixture of leaves powder of C. spinosa and honey as traditional medicine for hematopoietic toxicity.
However further more investigation must be done.
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