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ABSTRACT

Aims: We report a pilot study evaluating the antitumor properties of a Schiff base ligand, 3-[2,4-
dihydro-1H-inden-4-yl imino)methyl] napthalen-2-ol] and aqueous herbal extract against N-methyl-
N-Nitrosourea (MNU)-induced carcinomas in albino mice via hematology; and histology of the liver,

thymus, spleen and small intestine.
Study Design: Twenty-three male and female mice respectively received a single intra-peritoneal

dose of 60 mg/kg MNU. Seven males and seven females served as controls.

*Corresponding author: Email: adeyoni2006 @yahoo.co.uk;
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Place and Duration of Study:
January-July 2012,
Methodology: Five months post-induction, four induced males and four females of surviving mice
were given a single intra-peritoneal dose (25 mg/kg) of ligand; three induced males and three
females served as negative control. Three induced mice of both sexes respectively received daily
doses of 136 mg/mL extract orally at an innoculation volume of 0.3 mL/mouse for 30 days (total
dosage= 4.08 ¢g/30 ml;) and monitored for two months. Depending on mortality, 1-3 mice/group
were sacrificed at experiment termination and subsequently processed for hematology and
histology.

Results: Tumor incidence was 13% (male) and 17% (female) respectively. There was no significant
difference (P= .05) between hematology of control and statistically comparable experimental
groups. Histology of control organs showed no abnormal features. Hepatocytes of ligand-treated
mice showed cytoplasmic disintegration and presence of pleomorphic nuclei; while the extract-
treated group showed progressive reversal towards normal with hepatocytic regeneration, fairly
uniformly-shaped nuclei and bi-nucleate cells. Spleen of the ligand-treated group showed moderate
lymphoid depletion, while the extract-treated group showed a regeneration of the central artery and
red pulp with no visible lesion. The extract-treated thymus showed a gradual reversal of some of its
Hassall's corpuscles. The small intestine of the ligand-treated mice showed gross erosion of the

Department of Zoology, University of Ibadan, Ibadan, Nigeria;

intestinal villi; while intestinal mucosa regeneration was observed in the extract-treated group.

Conclusion:

The herbal extract may possess some antitumor properties, thus necessitating further

investigations, while the ligand showed little or no activity in vivo.

Keywords: N-methyl-N-nitrosourea; albino mice; carcinomas; anti-tumor properties; ligand; herbal

remedy.
1. INTRODUCTION

Cancer cells arise from the accumulation of
many small alterations or mutations in the DNA
of normal human and animal cells [1].
Chemotherapy is considered the most effective
method of cancer treatment [2]. A number of
natural and synthetic products have been
experimented in scientific research in order to
find potent anti-cancer agents. An ideal
anticancer agent should incapacitate cancer cells
without causing excessive damage to normal
host cells. Unfortunately, currently available
cancer chemotherapeutic agents subtly affect the
host cells, especially the bone marrow, epithelial
tissues and gonads [3].

Cis-platin, although considered effective in the
treatment of a variety of cancers [4] has been
reported to show a number of side effects, which
include self-triggered drug / tumor resistance and
the  development of systemic  toxicity.
Furthermore, it is limited by its non- or poor
oral bioavailability [5,6]. These drawbacks
necessitated the need for an extensive search for
other anti-tumor active inorganic complexes with
improved pharmacological properties. Natural
products have also been contemplated to be of
exceptional value in the development of effective
anticancer agents with minimum host cell toxicity
[2]. Certain herbs used in folk and traditional

medicine are considered as one of the main
sources of cancer chemoprevention, drug
discovery and development [7].

Results from earlier studies by our group on the
in vitro antitumor activities of a Schiff base ligand
(HL) and three metal complexes [(copper (II),
zinc (I1) and palladium (lI) complexes], showed
varying degrees of activity against colon
carcinoma cells in comparison to the standard
antitumor drug, cis-platin (CDDP) [8]. In order to
designate a compound as an effective anti-
cancer molecule, the in vitro and in vivo effects
should be assessed and the results comparable
[9]. Consequently, in vivo studies became
necessary to evaluate the antitumor activity of
the ligand and the metal complexes on
carcinomas in albino mice.

This study therefore focused on the in vivo
activity of the ligand (HL) 3-[2,4-dihydro-1H-
inden-4-yl imino)methyl] napthalen-2-ol, on MNU-
induced carcinomas. MNU is one of the
carcinogens frequently used to induce cancers in
experimental animals especially rats and mice,
as it takes a relatively short time to induce
carcinogenesis when compared to other
carcinogens [10,11]. A single i.p dosage of 60
mg/kg MNU was used to induce cancers in the
experimental mice. Previous work done by our
group [12] had shown low tumor incidence




(2.5%) at the most commonly used dose of
50mg/kg MNU [13]. Hence, we chose a higher
dosage of 60 mg/kg in this study. We also
evaluated the efficacy of a locally used herbal
remedy in cancer treatment (prepared from the
powdered aqueous extract of four plant parts:
Anona senegalensis leaves (sour sop),
Andrographic paniculata leaves (king of bitters),
Curcuma sp. (red ginger) and Moringa oleifera
leaves on the treatment of MNU-induced
carcinomas in albino mice. The hematological
parameters and histology of the liver, thymus,
spleen and small intestine were examined.

2. MATERIALS AND METHODS
2.1 Experimental Animals

Sixty mice (thirty male and thirty female) of
average weights of 25 and 21 g respectively,
were obtained from the Department of Anatomy,
University of Ibadan, Ibadan, Nigeria and used
for the study. The mice were all six weeks old at
the commencement of the study. Ten mice were
placed into each of six iron cages underlain with
wood shavings as beddings, and acclimatized for
two weeks prior to the commencement of the
experiment. They were maintained on 12 h light /
12 h dark cycle in a well ventilated room in the
animal house of the Department of Zoology,
University of Ibadan. They were fed with
standard animal pellets and given drinking water
ad libitum.

2.2 Chemical Carcinogen
The carcinogen N-methyl-N-nitrosourea (MNU)
was purchased from Sigma Aldrich Chemicals

Co. St Louise and used for tumour induction.

2.2.1 Preparation of carcinogen

A single intra-peritoneal (i.p) dosage of 60mg/kg
of MNU was dissolved in 0.9% NacCl solution at a
concentration of 10 mg MNU/ml of NaCl solution
and given to the mice. Based on the average
weights of 25.37 g and 21.23 g for male and
female mice respectively, each male and female
mouse thus received an i.p injection of 1.52 mg
MNU in 0.152 saline solution, and 1.27 mg MNU
in 0.127 ml saline solution respectively. These
amounts were calculated based on the average
weight of the mice as stated above and were
equivalent to a dosage of 60 mg/kg MNU
dissolved in NaCl solution at a concentration of
10mg MNU/mI of saline solution [13].
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2.3 Preparation of Test Compounds

The Schiff base ligand, 3-[2,4-dihydro-1H-inden-
4-yl imino)methyl] napthalen-2-ol, (Fig. 1) was
dissolved in 0.3ml Di-methyl sulphur oxide
(DMSO) at a dosage of 25 mg/kg, and made up
to 100 ml with saline water. The herbal extract
was prepared as follows: 3.4 g powdered herbal
extract formulation of the four plants was
dissolved in 25 mL distilled water. This was
equivalent to a concentration of 136 mg/ml of
herbal extract. The inoculation volume was an
average of 0.3 ml per mouse of this
concentration.

OH

Fig. 1. Structure of the ligand, 3-[2,4-dihydro-
1H-inden-4-yl imino)methyl]napthalen-2-ol

2.4 Experimental Design

2.4.1 Induction with the carcinogen

Twenty-three male and twenty-three female mice
received a single dose of 60 mg/kg MNU via
intra-peritoneal injection; while seven male and
seven female mice served as controls. They
were subsequently monitored for five months.
During the last twelve weeks of the five month
MNU induction period, just before the
commencement of treatment, the mice were
weighed weekly to note the changes in the
weight of the induced male and female
groups compared to their respective controls.
The entire body of the mice was also palpated
twice weekly over the entire five-month induction
period to monitor tumour appearance. Tumor
volumes were measured with slide callipers in
accordance to the formula: 0.44 X A X B?
where A is the base diameter on the elongated
side of the tumor and B is its perpendicular value
[14].



2.4.2 Treatment with the ligand and herbal
extract formulation

Five months after MNU induction, equal numbers
of surviving male and female mice from MNU-
induced groups were subdivided into three
groups respectively (groups a-c below).

(a) Ligand treated animals comprising of four
male and four female MNU induced mice
respectively. Each mouse received a single
dosage of 25 mg/kg metal free Schiff base ligand
(HL) via intra-peritoneal injection at an
inoculation volume of 0.3 ml/mouse. They were
designated as ligand treated.

(b) Herbal extract treated animals comprising of
three male and three female mice respectively.
Each mouse was given 0.3ml of the herbal
extract via oral gavage daily for a period of
30 days. They were designated as extract
treated.

(c) Induced (no treatment or vehicle comprising
three males and three females respectively).

The control group comprising of seven male and
seven female mice was further subdivided into
two (groups d-e below):

(d) One group of control were not induced with
MNU nor given any placebo. This group was
comprised of four males and four females
respectively. They were simply designated as
control.

(e) The last group comprising of three males and
three females were administered 0.3 ml of
vehicle only and designated as control vehicle.

Five weeks to the termination of the treatment
period, male and female mice in the treatment
groups (a-b) and controls (d-e) were monitored
weekly to note the changes in their weight. At the
end of the experimental period, male and female
mice from each of the five groups (a-e) were
sacrificed by cervical dislocation, dissected and
processed for histological examination. Selected
organs: liver, thymus, small intestine and spleen
were removed and stored in 10% formal saline
prior to histological examination. Blood samples
were also taken from the retro-orbital sinus of the
mice for haematological examination.

The number of mice sacrificed per group
depended on the numbers of surviving male and
female animals in each of the five groups at the
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end of the experimental period. Three male and
three female mice were sacrificed from the
[control male, control female (i.e. group d)],
[induced male, induced female (i.e. group c)] and
three males from the ligand-treated male group
(i.e. group a).

Two mice were sacrificed from control (male with
vehicle; i.e. group e€). One male and one female
mouse each was sacrificed from the extract-
treated groups of both sexes (i.e. group b); and
one mouse each from control (female with
vehicle; i.e. group e) and ligand-treated female
(i.e. group a).

2.5 Histo-pathological Analysis

The histo-pathological analysis was performed at
the Department of Chemical Pathology,
University of Ibadan using a Leica rotary
microtome model 2125 RT, a Leica tissue
embedding machine model 1160, a Raymond
Lamb tissue floatation bath model E652, a hot
plate model E18 and a Tissue-Tek Il tissue
processor model 4634. The prepared slides were
viewed under an Olympus CX31 microscope
attached to a HP pavilion computer monitor to
provide identification record on the location and
gross morphology of the lesions.

2.6 Haematological Parameter Analysis

Blood samples were taken from the retro-orbital
sinus of the mice using heparinised 70 ml micro-
hematocrit capillary tubes and stored in 0.5ml
bottles containing ethylene diamine tetra acetic
acid (EDTA). They were analysed for packed cell
volume (PCV), red blood cell (RBC) count, white
blood cell (WBC) count, hemoglobin (Hb),
platelet count, and lymphocyte; neutrophil,
monocyte and eosinophil counts. WBC count
was done by the method described by [15]; while
RBC, PCV, and Hb counts were determined by
the hemocytometer method [16]. These
hematological parameters were analysed at the
hematology section of the Department of
Veterinary Medicine, University of Ibadan.

2.7 Statistical Analysis

Values of haematological parameters were
expressed as Mean + Standard Error of Mean
(SEM). The data were analysed by one-way
analysis of variance (ANOVA) using statistical
package for social sciences (SPSS) and P<0.05
was considered significant. Mice with similar



numbers per group were subjected to statistical
analysis (n=3). Exceptions were groups with only
one surviving animal which could not be
subjected to statistical analysis.

3. RESULTS

3.1 Mean Body Weight of the Various
Experimental Groups of Albino Mice

The mean body weights of the control and
induced groups of albino mice increased almost
throughout the specified period of exposure,
although the mean body weights (xSD) of the
induced male (29.91+1.82 g) and induced female
(24.1940.43 g) dropped slightly at the eighth
week (Fig. 2). However, in the subsequent period
after treatment, there was no marked increase in
the mean weights of the various experimental
groups of albino mice (Figs. 3a-b). The mean
weights of the ligand-treated male (34.28+0.53 @)
was significantly higher (p<0.05) than the
respective control male groups (30.48+0.77Q);
control (vehicle) (30.50+0.44 g) and higher but
not significant at (p<0.05) than the induced male
group (32.53+0.49 g). There was no significant
difference (p<0.05) between the mean weight of
the control female group (25.97+0.68 g) and that
of the induced female group (23.75+0.63 g); but
the mean weight of the ligand-treated group
(28.41+0.55 g) was significantly higher (p<0.05)
than the female control group only (25.97+0.68
g). Mortality occurred in extract treated animals
immediately following oral administration of
extract, hence only one animal was analysed for
hematology. However, these results showed that
the weight of the only surviving extract-treated
male (36.10 g) was higher than the respective
means of the control male (30.48+0.77 g) and
induced male group (32.53%0.49 g); while the
weight of the only surviving extract treated
female (26.22 g) was also higher than that of the
induced female group (23.75+0.63 g) and the
female control groups (25.97+0.68 g). However,
the mean weight of the female control (vehicle)
group was highest at (27.30£0.53 g). Due to
mortality in the extract treated group, values
obtained were not amenable to statistical
analysis.

3.2 Hematological Examination

The hematological parameters in this study were
not significantly different at p=.05, as observed in
virtually all the experimental groups. The
exceptions were in the extract treated male and
female group, as well as in the female ligand
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treated group, which had only one surviving
animal at the end of the experimental period
(Table 1). The results showed that there was a
reduction in the packed cell volume, hemoglobin,
red blood cell count, white blood cell count,
platelets and lymphocytes in the induced male
group compared with those of the control male
group, but these differences were not significant
at p= .05. There was also a reduction in the
levels of packed cell volume, hemoglobin, white
blood cell count, platelets and lymphocytes; and
increased levels in the red blood cell count of the
ligand-treated male group when compared with
the control male group. These differences were
however not significant at p=.05. Values obtained
for the only surviving extracted treated male
showed a similar pattern as the ligand treated
male group except for the packed cell volume.

Packed cell volume, hemoglobin, red blood cell
count and lymphocytes showed reduced levels in
the induced female group when compared to the
control female group. These differences were
however not significant at p=.05. On the other
hand, the white blood cell count and platelets in
the induced female group showed elevated
levels when compared with the control female
group. However, this was again not significant at
p=.05. Packed cell volume, hemoglobin, red
blood cell count, platelets and lymphocytes in the
only surviving ligand treated female showed
much lower levels when compared with these
values in the control female group. In addition,
the white blood cell count of the ligand-treated
female showed increased levels, when compared
with the control female group. The red blood cell
count, white blood cell count, and lymphocytes in
the only surviving extract treated female showed
reduced levels, when compared to the levels of
these parameters in the control female group. On
the other hand, packed cell volume and
hemoglobin in the extract treated female were
elevated in comparison with the control female
group (Table 1).

3.3 Histopathology

Histological sections of liver, spleen, thymus and
small intestine derived from the various
experimental groups of albino mice appeared
normal in all control groups as expected, while
certain abnormalities were observed in the
induced male and female groups respectively.
The ligand-treated groups generally did not show
much reversal of these abnormalities as well as
similar results in the extract-treated groups were
seen.



3.3.1 Histopathological examination of liver

The histological section of the control group
(Plate 1) showed distinct normal hepatocytes and
binucleate cells, while the control (vehicle)
dimethylsulphoxide (DMSO)-treated group of
male mice shows phagocytic activity in response
to the vehicle (DMSO), thus trying to mop it up
(Plate 2). Abnormalities observed in the
histological section of the induced male group
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(Plate 3) include pleomorphic or irregularly
shaped nuclei and cytoplasmic degeneration.
The histological section of the ligand-treated
male group (Plate 4) shows pleomorphic
nuclei and cytoplasmic disruption. However, the
extract-treated male group (Plate 5) showed
progressive reversals towards the normal
(Plate 1) with hepatocytic regeneration

and binucleate cells which are common in liver
cells.
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Fig. 2. The mean body weights of MNU-induced and co
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Fig. 3b. Mean body weights (Female) and standard de

viation of various experimental groups of

Albino Mice

3.3.2 Histopathological examination of

thymus

The histological section of the control (plate 6)
showed normal features of the thymus,
particularly the hassall’'s corpuscles, while the
DMSO-treated female control group (Plate 7) in
addition to the hassall's corpuscles, also showed
phagocytic activities as a result of the
introduction of the vehicle (DMSO) which is seen
as a foreign body. The histological section of the
induced female group (Plate 8) shows a total
distortion of the histology of the organ as the
vital components such as the hassall's
corpuscles and epithelial components are
atrophied compared to the control (no vehicle)
group (Plate 6). The extract-treated group (Plate
9) shows a gradual reversal towards normal, as
traces of the hassall's corpuscles were observed
along with some mild infiltration of phagocytic
cells.

3.3.3 Histopathological examination of spleen

Plate 10 shows the normal histology of the
control showing the red pulp. The histological
section of the control/vehicle (DMSO-treated)
female group (Plate 11) shows the red pulp and
increased phagocytic activities due to the DMSO
introduction. The histological section of the
induced male group (Plate 12) shows a
hyperplasia of the white pulp in the peri-arterial
sheath, rupture of the central artery and a severe
lymphoid depletion due to aggressive phagocytic
activities. The section of the extract-treated male
group shows a regeneration of the central artery
and red pulp with no visible lesion, as well as
phagocytic activities (Plate 13). The histological

section of the ligand-treated male group shows a
severe congestion at the red pulp and moderate
lymphoid depletion with no distinct repair of the
major parts of the spleen (Plate 14).

3.3.4 Histopathological examination of small
intestine

Histological section of the control (Plate 15)
showed moderate to severe erosion of the
intestinal villi, while the induced female group
(Plate 16) showed no visible lesion. The ligand-
treated female (Plate 17) showed gross erosion
of the intestinal villi. However, the small intestine
of the extract-treated female had mildly stunted
villi, mild secretion of mucinous glands, and its
intestinal wall lining appears to be regenerating
(Plate 18).

3.4 Tumor-bearing Mice

Tumors were observed in the induced male and
female groups about the twentieth and twenty-
fourth weeks after start of the study. It was
estimated that 13% and 17.39% of the male and
female induced groups had tumors respectively.
Plate 19 shows the histological section of an
induced female with a stomach tumor having
hypochromatic and necrotic cells. There was also
a tumor observed on the left hind limb of another
induced male mouse which had a volume of 0.03
cm®. An abdominal tumor of an induced female
mouse had a volume of 0.27 cm®, while another
Induced female developed a tumor in the anal
region. A tumor on the left thigh of an induced
female mouse had a volume of 3.92 cm3, while
that observed on the right thigh of another ligand-
treated female mouse was 4.65 cm®.
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Table 1. Hematological parameters of various experi  mental groups of albino mice

Exptal PCV (%) Hb RBC WBC Platelets Lympho . Neutrop . Monocyt . Eosinophils
(gm/dl)  (x10%ul)  (x10%pl) (x10°/ul) (%) (%) (%) (%)

Male induced Mean 32.33 11.40 7.20 14 110 42.66 48.33 0.33 0.33

n=3 SEM 1.20 0.31 0.36 2.72 10 2.18 291 0.33 0.33
Minimum  30.00 10.80 6.48 8 100 40 43 0 0
Maximum  34.00 11.80 7.64 18 130 47 53 1 1

Male control Mean 39.00 12.93 9.55 14.8 113 53.00 47 0 0

n=3 SEM 6.65 2.25 2.58 2.16 17.63 9.07 9.07 0 0
Minimum 27 8.90 5.28 12.60 80 35 36 0 0
Maximum 50 16.70 14.22 19.20 140 64 65 0 0

Male induced/ Mean 35.33 11.66 10.24 9.66 100 47.33 51.66 0 1

treated SEM 5.78 1.93 1.23 1.90 11.54 8.66 8.17 0 0.57

n=3 Minimum 25 8.20 7.82 6.40 80 30 43 0 0
Maximum 45 14.90 11.88 13.00 120 56 68 0 2

*Male Induced/ 39 12.9 10.64 10.60 100 40 60 0 0

extract

n=1

Female induced Mean 34.33 10.26 7.52 16.46 126.66 42.33 49 0.66 0.66

n=3 SEM 0.66 0.26 0.07 2.72 12.01 1.20 3.46 0.33 0.33
Minimum 33 10 7.38 12.00 110 40 43 0 0
Maximum 35 10.80 7.62 21.40 150 44 55

Female control Mean 44.33 14.66 13.22 13.53 90 55 45 0 0

n=3 SEM 4.40 1.46 3.08 5.27 40.41 15.27 15.27 0 0
Minimum 36 11.90 7.60 7.20 10 25 25 0 0
Maximum 51 16.90 18.22 24.00 140 75 75 0 0

*Female induced/ 15 4.0 4.86 16.40 50 29 70 0 0

treated

n=1

*Female induced/ 45 14.9 9.8 11.60 120 45 55 0 0

extract

n=1

*Only one sample was analysed due to mortality
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Plate 1. Control male (x400) with hepatocytes, Plate 2. Control/vehicle male m ouse liver;
H; the sinusoids S, are filled with pink showing phagocytic activities P (x400)
staining material; mild cellular infiltration (CI)

Plate 3. Induced male liver showing Plate 4. Ligand -treated male liver showing
pleomorphic nuclei N and cytoplasmic cytoplasmic disintegration C and irregularly
degeneration C (x400) shaped nuclei N (x400)

Plate 5. Extract-treated male liver showing binucle  ate cell B and hepatocytic regeneration
H (x400)

4. DISCUSSION an herbal extract on N-methyl-N-nitrosourea

induced carcinomas in albino mice. The study
The present study is aimed at determining the showed that both ligand-treated and extract-
antitumor properties of a metal-free ligand and treated male and female groups were higher in



mean body weight than the corresponding
induced and control groups. This is in contrast
with anticancer studies which showed that novel
Co(ll), Ni(ll), Cu(ll) ligands and cisplatin reduced
the body weight gain of tumor-bearing mice
[17,18]. It should be noted that only 13% and
17% of all the MNU-induced male and female
mice in this study had tumors respectively and
thus, these proportions might not be high enough
to significantly influence the body weights of the
whole induced male and female groups. The low
survival rate in the extract-treated male and
female groups might probably be due to lack of
expertise during the (route of administration)
(oral) of the herbal extract as oral administration
of mice requires expertise [19]. They died
immediately  following the daily oral

administration on the fourth day of treatment.
However, the others appeared healthy and
survived to the end of the study and these were
hematological

the ones used for and

histopathological analysis.
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4.1 Hematological Studies of Mice

The PCV, hemoglobin and WBC of the surviving
extract-treated male and female groups were
within the range of the corresponding standard
normal values. The extract-treated male and
female animals showed a rise in packed cell
volume compared to the induced groups, which
brought their values close to the packed cell
volume of the male and female control groups
(Table 1). There was also a rise in hemoglobin
values in extract-treated male and female
animals compared to the induced group and
these values differed only marginally from their
respective controls (Table 1). Studies by Perumal
et al. [20] showed a significant increase in
hemoglobin content in the group treated with 400
mg/kg ethanolic extract of Artemisia nilagirica
compared with carcihoma bearing mice.
Carcinoma-bearing mice had reduced
hemoglobin levels when compared to the normal
control group. A similar pattern was replicated in

Plate 6. Control female thymus (x400)

Plate 8. Induced female thymus (x400)

Plate 7. Control/vehicle female thymus
showing phagocytic activities P and
Hassall's corpuscles HC (x400)

Plate 9. Extract-treated female thymus
showing Hassall's corpuscles (x400)

10
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Plate 10. Histological section of control male
showing Red Pulp (x400)

Plate 11. Histological section of
control/vehicle female spleen showing
red pulp (RP) and phagocytic activities

P (x400)

Plate 12. Histological section of
spleen showing lymphoid depletion (arrows)
(x400)

= . -
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Fig. 14. Histological section of ligand-treated mal
the red pulp and moderate lymphoid depletion (arrow

the red blood cell counts of surviving extract-
treated male and female animals as RBC count
was increased compared to the induced groups
and values obtained were within close range of
the control group. The white blood cell counts in
the extract-treated male and female animals
were also lower compared to the induced and

induced male

11

Plate 13. Histological section of extract
treated male spleen showing central
artery CA (x400)

e spleen showing severe congestion at
s) (x400)

control groups (Table 1). The insignificant
decrease in the WBC count of extract-treated
animals shows that the herbal extract is not likely
to compromise the principal function of white
blood cells, which is to defend the body against
infectious diseases or foreign materials. Perumal
et al. [20] equally observed that Ehrlich’s Ascites
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Carcinoma (EAC)-bearing mice had significantly EAC-induced mice treated with Artemisia
higher total white blood cell counts compared nilagirica had lower WBC counts compared to
with the non tumor-bearing control mice while the control (non-tumor-bearing) mice.

Moderate to im;e erosion of the intestinal villi (arrows).

Plate 15. Histological section of control Plate 16. Histological section of induced
small intestine (x400) female small intestine (x400)

Mildly stunted -ii tanm

Plate 17. Histological section of ligand- Plate 18. Histological section of extract- treated
treated female small intestine showing female small intestine (x400).
intestinal wall degeneration ID and Intestinal
villi disruption VD (x400)

Plate 19. Female induced with stomach tumor showing hypochromatic
cells H and Necrotic cells N
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The lymphocyte percentage of the extract-treated
female animal was only higher than that of the
induced group, while the extract-treated male
had a lower lymphocyte percentage than both
induced and control groups (Table 1). Increased
lymphocyte percentage may suggest an
improvement from an immunosuppressive effect.
Perumal et al. [20] also observed an increase in
percentage lymphocyte when the ethanolic
extract of Artemisia nilagirica was used to treat
EAC bearing mice. Both extract-treated male and
female animals had higher percentages of
neutrophil when compared with the induced and
control groups.

Restoration of hematological parameters
(particularly packed cell volume, hemoglobin
concentration, red blood cell count and white
blood cell count) in this study by the herbal
extract may indicate its ability to counter the
effect of MNU-induced toxicity in mice [21]. A
similar observation by Gowry and Vadivel [22]
suggests that the herbal extract may have a
protective effect on the hematopoietic system.
The reduction in RBCs or hemoglobin
percentage in tumor-bearing mice may cause
anemia, which may occur due to iron deficiency,
hemolytic or myelopathic condition [23];
Adhvaryu et al. [24] also observed that these
hematological parameters were restored to near
normal levels by the Ayurvedic herbs (used in
traditional Hindu system of healing) — Curcuma
longa L., Tinospora cordifolia (wild) and Zizyphus
mauritiana.

The findings from this study demonstrate the
indirect inhibitory effect of the herbal extract,
which is probably mediated by the enhancement
and deactivation of either macrophages or
cytokine production [20]. The ability of herbal
extracts to reduce white blood cell counts of
tumor-induced mice has also been observed by
other workers [25,20]. This suggests that the
herbal extract might contain flavonoids which
have a chemopreventive role in cancer through
their effects on signal transduction in cell
proliferation and angiogenesis [26,27]; they
also possess antimutagenic and antimalignant
effects [28]. Other compounds which possess
potent antitumor properties are some protein
and polysaccharide fractions in Cucurbita
maxima fruits and seeds [29]. Further studies
using larger sample sizes of extract-treated
mice are however necessary to confirm
these findings, considering the technical
expertise required for oral route of drug
administration.
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The packed cell volume, hemoglobin and red
blood cell counts of the ligand-treated male
group were increased when compared to the
induced group and tended towards that of the
control group; while those of the ligand-treated
female group were very low compared to the
control group. This report is in line with that of
Sunil et al. [18] who observed that hemoglobin
levels and red blood cell counts were improved in
Schiff base (100 mg/kg body weight of mice)
treated groups. Sathisha et al. [17] also observed
a similar trend of decreased red blood cell count
and hemoglobin in tumor-induced mice, which
increased significantly (p<0.05) after treatment
with cisplatin and some metal complexes of
thiocarbohydrazone ligands. Furthermore, the
general hematological parameters of tumor
bearing rats after treatment with a Schiff base
copper complex showed statistically significant
increase in the red blood cells and hemoglobin
as compared to tumor bearing controls [9].

The white blood cell counts of the ligand-treated
male and female groups were reduced compared
to the induced groups. Sunil et al. [18] also
observed that an optimal dose of 100mg/kg body
weight of schiff bases was able to reduce white
blood cell count in the Schiff base-treated groups
of tumor-induced mice. Sathisha et al. [17]
reported that all the metal complexes of
thiocarbohydrazone ligands were able to reverse
the tumor-induced rise in total counts of white
blood cells. Furthermore, Chakraborty et al. [9]
observed that total white blood cell counts which
increased significantly in a tumor model, were
found to be close to normalcy after treatment
with a  Schiff base copper complex
[Cu(Pyimpy)Cl,]. Although the platelet counts of
the induced male group was lower than the
control groups, the platelet counts of the ligand-
treated male and female groups were still lower
than the induced and control groups, a condition
known as thrombocytopenia. The lymphocyte
percentage of the ligand-treated male group was
higher compared to the induced group while that
of the ligand-treated female group was lower.
Neutrophil percentages of the ligand-treated
male and female groups were higher compared
to their respective induced groups. This rise in
lymphocyte percentage of the ligand-treated
male group and neutrophil percentage in both
ligand-treated male and female groups is in line
with the report of Sathisha et al. [17]. Minor
variations in the overall hematological values
might be due to differences in the strains of mice,
sampling, methods of analysis and nutrition [30].
Age might also be responsible for variations in
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the hematological values of mice. Magnani et al.
[31] reported that older mice have a reduced red
cell count than the young ones but have the
same hematocrit compared with the younger
ones.

4.2 Histopathology

4.2.1 Histological study of liver

The liver is an important organ in toxicological
studies and serves as a major site of
detoxification in the body for all drugs and toxins
[32]. It remains a major target organ for
carcinogens [33]. The histological section of the
control (with vehicle) of male mice shows the
activity of phagocytes in response to the vehicle
(DMSO), thus trying to mop it up (Plate 2)
compared to that of the male control group (Plate
1) where there were distinct normal hepatocytes,
binucleate cells and portal tracts. Phagocytes are
cells that occur throughout the body generally for
the purpose of defending the organism as a
whole from potentially harmful invaders. The
histological section of the ligand-treated male
group (Plate 4) shows uniformly-sized nuclei with
cytoplasmic  disruption; there were also
pleomorphic nuclei (irregularly-shaped nuclei).
This is in contrast with the report of Sunil et al.
[18] who observed that treatment of ascetic
carcinoma bearing mice with a schiff base
(100 mg/kg) showed only mild central vein
dilation  suggesting reduced hepatotoxicity
compared to the standard (cisplatin) treated
group. These results suggest that the histology of
the liver did not improve upon treatment with the
metal-free ligand, perhaps because the dosage
(25 mg/kg body weight of mouse) was too low for
any visible improvement. It might also be due to
the absence of an active metal base. El-Refaiy
and Eissa [34] reported that zinc (a metal) had a
protective effect against cadmium-induced liver
damage, as it has been demonstrated that zinc
has a protective effect on histological damage by
maintaining membrane integrity due to its direct
action on free radicals [35]. The ligand-treated
female group also showed phagocytic activities
and mild infiltration with plasma cells and
lymphocytes. However, the extract-treated male
group (Plate 5) showed progressive reversals
towards normal (Plate 1). This suggests that at a
dosage of 136 mg/ml aqueous extract of this
herbal product, hepatotoxicity was reduced and
tended towards normal compared to the induced
groups as the extract-treated male and female
groups show hepatocytic regeneration, mild
phagocytic infiltration, fairly uniformly-shaped
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nuclei, binucleate cells which are common in liver
cells.

4.2.2 Histological section of thymus

The histological section of the thymus of the
control (with vehicle) female group (Plate 7)
shows phagocytic activities in response to the
vehicle which is seen as a foreign body. This
naturally occurs because the thymus gland plays
an important role in the development of immune
responses especially in early life and is a site of
T-lymphocyte formation and antibody production
[36]. The histological section of the induced
female group (Plate 8) shows a reduction or
shrinkage in the size of the thymus — known as
atrophy; a total distortion of the histology of the
organ as the vital components such as hassall's
corpuscles and epithelial components are
atrophied compared to the control group (Plate
6). This might be as a result of prolonged protein
malnutrition and immunosuppression by drugs
and chronic viral infection [37]. The extract-
treated group (Plate 9) showed a gradual
reversal of some of the histological components
showing traces of the hassall's corpuscles; it also
shows mild infiltration with plasma cells and
lymphocytes which are phagocytic cells.

4.2.3 Histological section of spleen

The histological section of the spleen of the
control/vehicle (DMSO-treated) group (plate 11)
shows increased phagocytic activities with
plasma cells and lymphocytes indicative of a
response to the foreign material (DMSO). The
histological section of the induced male group
(Plate 12) shows a hyperplasia of white pulp in
the periarterial sheath, rupture of the central
artery and a severe lymphoid depletion due to
aggressive phagocytic activities. Similar spleen
changes were induced by Balani et al. [38], and
all these changes may be attributed to a loss of
infiltration efficiency. The splenic white pulp is an
important site of lymphocyte traffic where the
formation of plasma cells occurs [39]. Tumor
cells and their secretions may result in the
depletion of the white pulp of the spleen [40]. The
section of extract-treated male group shows a
regeneration of the central artery and the red
pulp with no visible lesion (Plate 13); however,
there is also presence of phagocytic activities.
Khalaf [41] reported that such regeneration may
result in the disappearance of transplanted
tumor. The red pulp is a blood filter that removes
foreign materials and damaged and weak
erythrocytes; it is a storage site for iron,
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erythrocytes and platelets. It is a site of
hematopoiesis in fetal and neonatal animals [42].
The histological section of the ligand-treated
group shows a severe congestion at the red pulp
and moderate lymphoid depletion with no distinct
repair of the major parts of the spleen as seen in
plate 14. This might be as a result of the immune
response of the lymphoid tissue (mainly spleen)
against tumor cell proliferation [43]. This shows
that the herbal extract was more effective in
reversing the tumorigenic or toxic effects of MNU
in the induced mice than the metal-free ligand.

4.2.4 Histological section of small intestine

Histological section of the induced male group
(plate 16) shows that the intestinal wall lining
(longitudinal wall of muscularis propria) appears
normal with no visible lesion. There is increased
mucin secretion probably in response to the
presence of a carcinogen to cover up the eroding
portion — this might be a symptom of an
inflammation [44]. The ligand-treated female
(Plate 17) showed mild presence of plasma cells
and lymphocytes and gross erosion of intestinal
villi. Gross erosion or reduction of the intestinal
villi in the ligand-treated female group might be a
symptom of apoptosis. Tamaki et al. [45]
reported that mice treated repeatedly with 5-
fluorouracil (an anticancer drug) at a dosage of
50mg/kg body weight showed a rapid increase in
diarrhoea symptoms and a steady decrease in
the height of villi. However, the small intestine of
the extract-treated female showed mildly stunted
villi and mild secretion of the mucinous glands,
while the lining of the intestinal wall appeared to
be regenerating (Plate 18).

5. CONCLUSION

This is a pilot study that has revealed that MNU
(at a dosage of 60 mg/kg body weight) caused
varying degrees of abnormalities and tumors in
swiss albino mice. There were no significant
differences (p=.05) in comparable hematological
parameters as a result of the MNU induction.
Treatment with  herbal extract showed
improvement in the histology of the liver
(hepatocytic regeneration), spleen, thymus
(hassall’'s corpuscles) and small intestine
(regeneration of intestinal wall lining) while
treatment of induced groups with ligand did not
show much improvement compared with the
induced. This might be due to the low dosage
(25 mg/kg body weight) and the absence of
active metals in its components. There is a need
for further in vivo investigations on the antitumor
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properties of the ligand, 3-[2,4-dihydro-1H-inden-
4-yl imino)methyl] napthalen-2-ol, using higher
doses, in order to establish its efficacy or
otherwise. There is also a need for further
studies on varying dosages of this herbal extract
using larger sample sizes of carcinogen-induced
mice.

CONSENT
It is not applicable.
ETHICAL APPROVAL

All authors hereby declare that "Principles of
laboratory animal care" (NIH publication No. 85-
23, revised 1985) were followed, as well as
specific national laws where applicable.

ACKNOWLEDGEMENTS

The above studies on cancer were funded by the
TWAS-COMSTECH grant obtained by Dr.
Aderoju A. Osowole of the Department of
Chemistry, University of Ibadan, Ibadan. We also
acknowledge HATISS laboratories, Ibadan,
Nigeria for use of some of their facilities in this
research.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Clapp R, Howe G, Lefevre MJ.

Environmental and occupational causes of

cancer. A Review of Recent Scientific
Literature. Boston: Boston University
School of Public Health and the

Environmental Health Initiative, University
of Massachusetts Lowell; 2005.

2. Biswas M, Bera S, Kar B, Karan TK,
Bhattacharya S, Ghosh AK, Haldar PK.
Antitumor effect of Dregea volubilis fruit in
Ehrlich ascites carcinoma bearing mice.
Global Journal of Pharmacology.
2010;4(3):102-06. ISSN 1992 — 0075.
IDOSI Publications.

3. Mascarenhas M. Structure-activity
characterisation, A quick method to screen
mushrooms for the presence of antitumor
glucans. Mushroom Research. 1994;3:77-
80.

4. Zhang CX, Lippard SJ. New metal
complexes as potential therapeutics. Curr.
Opin. Chem. Biol. 2003;7(4):481-89.

15



10.

11.

12.

13.

14.

15.

Kelland LR. Preclinical perspectives on
platinum resistance. Drugs. 2000;59:1-8.
Shah N, Dizon DS. New generation
platinum agents for solid tumors. Future
Oncology. 2009;5(1):33-42.

Abdullaev Fl. Plant-derived agents against
cancer. In: Gupta SK, Editor.
Pharmacology and Therapeutics in the
New Millennium. New Delhi: Narosa
Publishing House; 2001.

Osowole AA, Oni AA, Onyegbula K,
Hassan AT. Synthesis, spectral, magnetic
and in-vitro anticancer properties of some
metal (Il) complexes of 3-[2,4-Dihydro-1H-
Inden-4-Ylimino) Methyl] Napthalene-2-ol.
Int. Res. J. Pure Appl. Chem. 2012;2(3):
211-20.

Chakraborty A, Kumar P, Ghosh K, Roy P.
Evaluation of a schiff base copper complex
compound as potent anticancer molecule
with multiple targets of action. Eur. J.
Pharmacol. 2010;647:1-12.

Russo J, Russo IH, Rogers AE, Van-
Zweiten MJ, Gusterson B. Tumors of
mammary gland. In: Pathology of Tumours
in Laboratory Animals Volume 1: Turusov
V., Mohr U. (Eds.) IARC Scientific
Publications. 1990;47-78.

Morton D, Bailey KL, Stout CL, Weaver
RJ, White KA, Lorenzen M, et al. N-
Methyl-N-Nitrosourea (MNU): A positive
control chemical for p53+/- mouse
carcinogenicity studies. Toxicol. Pathol.
2008;36:926-31.

Osowole AA, Oni AA, Onadje FO,
Onyegbula K, Hassan AT. Effects of
injected N-methyl-N-nitrosourea (MNU) in

albino mice on the histology and
haematology of selected organs of the
circulatory, lymphoid and digestive
systems. Br. J. Appl. Sci. Technol.
2013;3(1):17-33.

Thompson HJ, Adlakha H. Dose-

responsive induction of mammary gland
carcinomas by the intraperitoneal injection
of 1-methyl-I-nitrosourea. Cancer Res.
1991;51:3411-15.

Davoodpour P, Landstrom M, Welsh M.
Reduced tumor growth in vivo and
increased c-Abl activity in PC3 prostrate

cancer cells over-expressing the Shb
adapter protein. BMC Cancer. 2007;7:
1471-2407.

Moore R. The white blood cell count in the
indigenous people of East Africa. J. Trop.
Med. Hyg. 1958;61:70-2.

Osowole et al.; BJPR, 10(1): 1-17, 2016; Article no.BJPR.8177

16

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Stevens ML. Fundamentals of clinical
hematology. 1997. In: Banaee M,
Mirvagefei AR, Rafei GR, Majazi AB.
Effect of sublethal diazinon concentration
on blood plasma biochemistry. Int. J.
Environ. Res. 2008;22:189-98.

Sathisha MP, Shetti UN, Revankar VK, Pai
KSR. Synthesis and antitumor studies on
novel Co(ll), Ni(ll) and Cu(ll) metal
complexes of bis(3-acetylcoumarin)
thiocarbohydrazone. Eur. J. Med. Chem.
2008;43:2338-46.

Sunil D, Isloor AM, Shetty P, Nayak PG,
Pai KSR. In vivo anticancer and
histopatholoy studies of schiff bases on
ehrlich ascetic carcinoma cells. Arab. J.
Chem; 2011.

LASA Good Practice Guidelines. Series 1:
Issue 1: Administration of Substances
(Rat, Mouse, Guinea Pig, Rabbit). 1998;1-
4.

Perumal P, Rajesh V, Sekar V,
Gandhimathi S, Sampathkumar R,
Jayaseelan S, Pradeep P, Sandeep P.
Antitumor and antioxidant activity of
Artemisia  nilagirica (Clarke) against
Ehrlich’s ascites carcinoma in swiss albino
mice. The Internet Journal of
Pharmacology. 2010;9(1).

Ganesan RM, Muthuchelian K. Antitumor
potential of an acetogenin isolated from
the seed extracts of Annona squamosa
Linn. J. Cancer Res. Exp. Oncol. 2011;
3(8):95-104.

Gowry S, Vadivel S. Antitumor activity and
antioxidant role of Oleracea italic against
Ehlich ascites carcinoma in swiss mice.
Res. J. Pharm. Biol. Chem. Sci. 2011;2(3):
275.

Gupta M, Mazumder UK, Kumar RS.
Sivakumar T, Vamsi MLM. Antitumor
activity and antioxidant status  of
Ceasalpina bonducella against Ehrlich
ascites carcinoma in swiss albino mice. J
Pharmacol Sci. 2004;94:177-84.

Adhvaryu MR, Reddy N, Parabia MH.
Anti-Tumor activity of four ayurvedic herbs
in Dalton lymphoma ascites bearing mice
and their short-term in vitro cytotoxicity on
DLA-cell line. Afr J Tradit. Complement
Altern. Med. 2008;5(4):409-18.

Rajkapoor B, Jayakar B, Murugesh N.
Antitumour activity of Indigofera
aspalathoides on Ehrlich ascites
carcinoma in mice. Indian J Pharmacol.
2004;36:38-40.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wagner H, Geyer B, Yoshinobu K, Govind
SR. Coumestans as the main active
principles of liver drugs Eclipta alba and
Wedelica calendulaceae. Planta Medica.
1986;5:370-72.

Weber G, Shen F, Prajda N, Yeh YA, Yang
H. Increased signal transduction activity
and down regulation in human cancer
cells. Anticancer Res. 1996;16:3271-82.
Fotsis T, Pepper MS, Aktas E, Breit S,
Rasku S, Adlercreutz H. Flavonoid,
dietary-derived inhibitors of cell
proliferation and in vitro angiogenesis.
Cancer Res. 1997;57:2916-21.

Kintzios SE. Terrestrial plant derived
anticancer agents and plants used in
anticancer research. Crit. Rev. Plant Sci.
2006;25:79-113.

Yamaguchi Y, Kluge N, Ostertag W,
Furusawa M. Erythroid differentiation and
commitment in rat erythroleukemia cells
with hypertonic culture conditions. Proc.
Natl. Acad. Sci. USA. 1981;78:2325-29.
Magnani M, Rossi L, Stocchi V,
Cucchiarini L, Piacentini G, Fornaini G.
Effect of age on some properties of mice
erythrocytes. Mech. Ageing Dev. 1988;

42(1):37-47.
Treadway S. An ayurvedic herbal
approach to a healthy liver. Clinical

Nutrition Insights. 1998;6(16):1-3.

Liu J, Waalkes MP. Liver is a target of
arsenic carcinogenesis. Toxicol. Sci. 2008;
105(1):24-32.

El-Refaiy Al, Eissa FI. Protective effects of
ascorbic acid and zinc against cadmium-
induced histopathological, histochemical
and cytogenetic changes in rats.
Communicata Scientiae. 2012;3(3):162-80.
Liu Y, Guan C, Aronson NN. Jr. Site-
directed mutagenesis of essential residues
involved in the mechanism of bacterial
Glycosylasparaginase. J. Biol Chem. 1998;
273(16):9688-94.

Mohany M, Badr G, Refaat I, El-Feki M.
Immunological and histological effects of

Osowole et al.; BJPR, 10(1): 1-17, 2016; Article no.BJPR.8177

37.

38.

39.

40.

41.

42.

43.

44,

45,

exposure to imidacloprid insecticide in
male albino mice. Afr. J. Pharm.
Pharmacol. 2011;5(18):2106-114.

Cerveny CG, Chew BP, Park JS, Wong
TS. Dietary lutein inhibits tumor growth
and normalizes lymphocyte subsets in
tumor-bearing mice. FASEB J. 1999;13:
A210.

Balani T, Agrawal S, Thaker AM. Effects of
imidacloprid a neonicotinoid insecticide on
the immune system of white leghorn
cockerels. J. Vet. Pharm. Toxicol. 2008;7:
27-30.

Dijkstra CD, Veerman AJP. Monographs
on pathology of laboratory animals
hemopoietic system, Normal Anatomy,
Histology, Ultrastructure, Rat, eds Jones
TC, Ward JM, Mohr U, Hunt RD. (Springer-
Verlag Berlin). 1990;185-193.

Al-Shamary AMH. The study of newcastle
disease virus effect in the treatment of
transplanted tumors in mice. M.Sc. Thesis,
College of Veterinary Medicine, University
of Baghdad. Iraqg; 2003.

Khalaf OH. Histopathological changes in
female  albino mice resistant to
transplanted mammary adenocarcinoma
cell line. Al-Anbar J. Vet. Sci. 2011;4(1):1-
7.

Cesta MF. Normal structure, function and
histology of the spleen. Soc. Toxicol.
Pathol. 2012;1-5.

Vinuesa CG, Cook MC. The molecular

basis of lymphoid architecture in the
mouse. In The Mouse in Biomedical
Research, 2" Editon Volume IV

Immunology; 2007.

Young B, Lowe JS, Stevens A, Heath JW.
Wheater's functional histology. A Text
Colour Atlas. 5™ Edition. Elsevier Limited.
2006;263-288.

Tamaki T, Naomoto Y, Kimura S,
Kawashima R, Shirakawa Y, Shigemitsu K,
et al. Apoptosis in normal tissues induced
by anti-cancer drugs. J. Int. Med. Res.
2003;31(1):6-16.

© 2016 Osowole et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/12965

17



