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Alkaloids are important plant phytochemical reported to have diverse pharmacological
significance most especially for cancer treatment. This study sought to evaluate protective
effects of alkaloid-rich extract of Acacia sieberiana leaf on blood reduction and oxidation
(REDOX) status, oxidative lipid and DNA damage complications in DMH-induced pre-
malignant colon cancer in male rat. Pre-malignant colon cancer was induced using 1, 2-
dimethylhydrazine (DMH) in male Wistar rats through intraperitoneal injection. Alkaloid-rich
leaf extract of Acacia sieberiana (50, 100 and 150 mg/kg) and 2 mg/kg doxorubicin (standard
drug) were simultaneously administered with DMH intraperitoneally to the animals once per
week for 22 weeks. The haematological indices, liver and kidney function tests, serum lipid
profile and serum REDOX status were assessed. Serum lipid and DNA oxidative damage
biomarkers, and induction of the colon aberrant foci crypt were evaluated. The results indicated
that administration of the extract significantly (p<0.05) prevented the DMH-induced reduction
of packed cell volume (PCV), haemoglobin (Hb), red blood cells (RBC), superoxide dismutase
(SOD), glutathione peroxidase (GPx) and catalase (CAT). The extract significantly (p<0.05)
reversed in a dose dependent manner the increased white blood cells (WBC), platelet (PLT),
alanine amino transferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP), total bilirubin (TBIL), malondialdehyde (MDA) and 8-hydroxyl-2-deoxyguanosine (8-
OHdG) occasioned by DMH. Induction of colon cancer aberrant foci by DMH was not observed
in the groups exposed to the extract. The study revealed that the alkaloid extract of the plant has
potential to prevent the complications in tissues arising from chemical-induced pre-malignant
colon cancer incidence.
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Introduction

highly desired.®
The use of natural plant bioactive compound such as alkaloids as

Colon cancer is ranked third in terms of cause of mortality
associated with cancer in the world with sustained increase incidence
in developing countries." Development of colon cancer is initiated
when there are mutations in the epithelial cells of the large intestine.?
Based on data released by GLOBOCAN, 2018, colon cancer is the
fourth most incidents in the world. Globally, the third most diagnosed
type of cancer is colon cancer constituting 11% of all diagnosed
cancers.® Colon cancer cases are more among men than women and 3-
4 times more pronounced in more developed than in developing
countries. The expected number of men to be diagnosed of colon
neoplasia is about 576,000 while women would be 521,000.*

Cancers including colon cancer presently relied on surgical resection
in combination with chemotherapy, such as cytotoxic drugs and
radiation for its management and treatment. However, chemotherapy
and radiation are known to possess severe side effects.

Hence, the discovery of the unique products of natural sources with
improved efficacy against cancer and the less injurious impact is
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pharmaceutical agent has received huge attention as a supportive or
alternative therapy.® In fact, first and third world countries have
shifted focus to substances of herbal source for therapeutic purposes
due to their safety and low-cost attributes.” Investigations conducted
on the plant kingdom for substances with anticancer potential, aided
the detection of anticancer alkaloids.® Alkaloids are exceptionally
varied chemical group that possesses a ring structure with the nitrogen
atom. It has been recognized as the most significant biologically
dynamic groups obtained from herbs.’

Acacia sieberiana is commonly known as paperback thorn and is
locally called Daneji in Fulani, Fara kaya in Hausa and Aluki in
Yoruba.™ It is employed locally for the treatment of ailments such as
inflammation, tiredness, joint pain etc. This study evaluated the
preventive potential of crude alkaloid leaf extract of Acacia
sieberiana.

Materials and Methods

Collection and identification of plants

Acacia sieberiana leaves were obtained in Ogbomoso, Oyo State,
Nigeria during the rainy season (June, 2018). Botanical identification
was done at the Department of Pure and Applied Biology, Ladoke
Akintola University of Technology (LAUTECH) Ogbomoso. The
voucher specimen of the plant leaf with voucher number (LHO 478)
was deposited in the Herbarium Unit of the Department.
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Processing of plant samples

The leaves were separated from the stalk and air dried at room
temperature. The leaves were then crushed into powder form using
electric blender. The alkaloid-rich extract was obtained from the
leaves of Acacia sieberiana using the procedure earlier described by
Gonzales and Tolentino."* The extraction of the leaves is based on the
continuous extraction method using soxhlet apparatus. The pulverized
leaves of A. sieberiana were macerated overnight in 95% ethanol
doped with ammonia in an extraction thimble. The sample was then
extracted next day using soxhlet extractor for 4 hr. The ethanol
extract was concentrated at 60°C in Soxhlet distiller. It was further
treated with 1.0 N HCI and the alkalinified with ammonia. The
resulting extract was washed with chloroform and then concentrated at
60°C in sohxlet distiller to obtain the alkaloid extract of A. sieberiana
leaves.

Reagents

1, 2-Dimethylhydrazine, 8-hydroxy-2'-deoxyguanosine and MDA kit
was purchased from Sigma-Aldrich Corp. Saint Louis (MO), USA.
The 8-hydroxydeoxoguanosine (8-OHdG) ELISA kit (catalog number
“E-EL-0028) was purchased from Elabscience Biotechnology Co.,
Ltd. Houston, Texas, USA, while other chemicals were purchased
from Sigma-Aldby (ch Corp. Saint Louis (MO), USA.

Animals

Forty-two healthy male Wistar rats averagely weighing 120 g used for
this study were housed in well ventilated cages. They had free access
to standard feeds and water ad libitum. The rats were handled with
respect to the standard operating procedures for the Care and Use of
Laboratory Animals (US-NRC 2003). The study was approved by the
Ethical Committee on the Use of Laboratory Animals of the Faculty of
Basic Medical Sciences, College of Health Sciences, Ladoke Akintola
University of Technology, Ogbomoso, Nigeria with approval number
LTH2019-05.

Experimental design

The animals were randomly selected into seven groups (A-G) with six
animals per group. Colon cancer induction in the rats was carried out
via intraperitoneal injection of Dimethylhydrazine (DMH) using a
modified version of a method as previously described.'? Group A used
as negative control was intraperitoneally injected with normal saline
alone, Group B designated as the positive control was treated with 20
mg/kg b.w of 1, 2 -dimethyl hydrazine (DMH) weekly and normal
feed alone. Group C, D and E were each intraperitoneally injected
simultaneously with both 20 mg/kg of DMH and 50, 100 and 150
mg/kg b.w doses of the alkaloids-rich extract of A. sieberiana leaf
respectively once per week. Group F was treated weekly with 20
mg/kg b.w of DMH and 2 mg/kg doxorubicin (standard anticancer
drug) while group G was treated with 150 mg/kg b.w of the extract
only per week. The dose of the extract was chosen based on the results
of the median lethal dose of the extract (LDso) of the preliminary study
not included in this report. The study was conducted for 22 weeks,
after which the animals were sacrificed. Ketamine hydrochloride (30
mg/kg b.w) was used to anaesthetize the animals. The blood of the
animal was obtained from heart puncture using syringes and transfer
into the plain bottle and EDTA vial. The blood containing a plain
bottle was centrifuged at 5000 rpm for 10 min and the supernatant was
carefully collected as serum into the fresh neat vial.** The blood in the
EDTA bottle was used for haematological evaluation.

Haematological assessments

The haematology test was conducted using Abacus Junior Vet
haematology autoanalyzer. White blood cells (WBC), haemoglobin
(Hb), red blood cells (RBC) and platelets (PLT).

Serum antioxidant enzymes

The evaluation of Superoxide dismutase (SOD) was carried out using
the method earlier documented by Magnani et al.* The method
utilized the competition between the pyrogallol autoxidation by
superoxide anion and dismutation of this radical by the SOD in the
serum sample. The inhibition of autoxidation of pyrogallol by the
sample in the presence of EDTA (pH 8.2) was read at 420 nm
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wavelength using Uv-visible spectrophotometry. The estimation of
Catalase (CAT) was carried out using the method of Zhou and Kang™.
The CAT evaluation is a colorimetric method that utilizes an
alternative phenol (3,5-dichloro-2-hydroxybenzenesulfonic acid) that
oxidatively binds to 4-aminoantipyrine in the presence of hydrogen
peroxide and horseradish peroxidase (HRP) to generate a red
quinoneimine dye (N-(-4-antipyryl)-3-chloro-5-sulfonatep-
benzoquinone-monoimine) that absorbs at 520 nm. Glutathione
peroxidase (GPx) was estimated as described by Thomas et al.**The
assay monitors oxidation of NADPH to NADP* during the conversion
of oxidized glutathione to reduced form. The decrease in absorbance is
immediately measured at 340 nm using Uv-visible spectrophometer.

Lipid profiles estimation

The effect of the alkaloid-rich extract of the plant leaves on lipid
profile of rats was determined by analyzing serum level of some
biochemical parameters such as high-density lipoprotein (HDL), low-
density lipoprotein (LDL), Total Cholesterol (TC) and triglycerides
(TG) using RANDOX reagent by following the manufacturer’s guide
(RANDOX Laboratories LTD, U.K).

Liver function indices estimation

Alanine aminotransferase (ALT), Aspartate aminotransferase (AST)
and Alkaline phosphatase (ALKP) were measured according to the
method earlier described by Reitman and Frankel.” ALT was
evaluated by monitoring the concentration of pyruvate hydrazine
formed with 2, 4-dinitrophenylhydrazine at 600 nm using
spectrophotometer. AST transfers the amino group of aspartate to a-
ketoglutarate and the enzyme activity corresponds to the concentration
of oxaloacetate hydrazine formed with 2,4-dinitrophenylhydrazine at
600 nm wavelength. ALKP catalyzes the hydrolysis of the p-
nitrophenyl phosphate to p-nitrophenol at alkaline pH. The product of
the reaction (p-nitrophenol) was monitored using spectrophotometer at
405 nm corresponds to the enzyme activity. Total Bilirubin (TBIL)
was estimated using Agape reagent by the method of Annino.*® The
sulfanilic acid reacts with sodium nitrite to form diazotized sulfanilic
acid which reacts with total bilirubin to form azobilirubin. The total
bilirubin level corresponds to formed azobilirubin monitored using
spectrophotometer at 546 nm.

Kidney function indices estimation

Creatinine (CRSC) was estimated using RANDOX reagent in
accordance with the manufacturer’s guide. The serum potassium (K*)
level was determined using the Henry’s method as described by
Abdulmumin et al.** The serum potassium level evaluation involves
the use of sodium tetraphenylboron to produce a colloidal suspension.
The intensity of the turbidity corresponds to serum potassium
concentration at 500 nm wavelength. Sodium (Na*) was estimated by
modifying the  colorimetric  method of Maruna and
Trinders.®’Magnesium uranyl acetate precipitate sodium and proteins
to form uranyl magnesium sodium acetate salt. The excess uranyl salt
reacts with potassium ferrocynide to produce brown colour of which
intensity is inversely proportional to the sodium concentration. The
intensity is measured using spectrophotometer at 530 nm wavelength.

Evaluation of Oxidative Lipid and DNA damage

Lipid peroxidation was monitored by quantifying level of
malondialdehyde (MDA) generated during lipid peroxidation using
the previous method as described by Alam and Fareed.? Serum
sample was added to Tris-KCI (0.15 mM) and mixture was quenched
with addition of 30% trichloroacetic acid (TCA) and 0.75%
thiobarbituric acid and mixture was incubated at 80°C for 45 min. The
pink colour chromogen produced was centrifuged at 3000 rpm for 10
min and the supernatant was read at 532 nm wavelength. The level of
serum MDA was calculated according to equation 1 below;

MDA (unit/mgprotein) =

Absorbancextotal volume of reacting mixture

............... equation (1)

E532xvolume of samplexmgprotein

Where E532=1.56X10° M?cm® (molar extinction coefficient for
MDA)
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The level of 8-oxodeoxyguanosine (8-OHdG) was estimated as a
biomarker of oxidative DNA damage using a modified version of an
ELISA method previously described by Plachetka et al.?? in
accordance with the manufacturer’s guide. The microtiter plate
provided in the kit was pre-coated with an antigen specific to 8-OHdG
and compete with a fixed amount of 8-OHdG in the sample or
standard. The colour change was measured spectrophotometrically at a
wavelength of 450 nm using microplate reader. The concentration of
8-OHdG in the sample was determined by extrapolating OD of the
sample to the standard curve.

Statistical analysis

Statistical analysis was done using analysis of variance (ANOVA)
followed by Tukey’s post-hoc test. GraphPad Prism version 6.05 for
Windows (GraphPad Software, La Jolla California, USA.
www.graphpad.com). Data obtained was expressed as mean + SD of
six animals in each group and the levels of significance was set at
p<0.05.

Results and Discussion

1,2-dimethyl hydrazine (DMH) is the most regularly used substance
for initiation and progression of colon cancer in animal models. It
involves a multistage process that resembles human colorectal cancer
and encompasses a sequence of pathological changes including
aberrant cryptic foci formation.? Natural plant products have achieved
noticeable records in the field of cancer management and treatment.
More than 60% of drugs employed clinically for the treatment of
cancer are substances developed from plants, marine organisms and
microbes. There are still substantial numbers of plant species that are
yet to be evaluated for their potential as anticancer agents.?*

The study assessed the potential protective effects of alkaloid-rich
extract of A. sieberiana leaves on some blood biochemical indices of
male Wistar rats with pre-malignant colon cancer induced with DMH.
A preliminary study was piloted to identify the safe dose of the
alkaloid rich extract of A. sieberiana. The result of preliminary lethal
dose study, which is not reported here form the basis for the selection
of doses of the extract used for the study.

One of the systems that is highly reactive to toxic substances and acts
as a key indicator of the physiological and pathological status both in
humans and animals is the hematopoietic system.? The hematopoietic
system response may involve a reduction in the level of blood
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hemoglobin, decrease in red blood cell (RBC) volume as well as white
blood cells (WBC). The observed significant (p<0.05) increase of
PCV, Hb and RBC by the extract when compared with the group
administered DMH alone suggests the potential of the plant extract to
protect the body against anaemia (Table 1). Anaemia is a known
prevalent condition in cancer incidence most especially in patients
undergoing chemotherapy.?® The potential of the plant extract to
revive the level of RBC and PCV back to normal can however be
observed to be dose dependent. The observed effects of DMH on
RBC, PCV and Hb are in agreement with previously reported studies
on the effect of DMH on erythrocyte during colon cancer induction.”’
Significant increases of WBC and PLT were observed in the group
treated with DMH alone. The observed increased WBC in this study
has been shown to be associated with systemic inflammation.?® Also,
increased platelet activation plays significant role in the progression of
malignancies and cancer-associated thrombosis.?® The reduction of
DMH-induced increase in WBC and Platelet could be related to the
alkaloids. Alkaloids have been reported to have anti-inflammatory
activity.*® 3 Similar observations were reported in the study
condatzjcted to observe the effect of A. nilotica on WBC and PLT in
rats.

Carcinogen induces cancer through several modes of actions,
including increase oxidative stress. Oxidative damage to lipids,
proteins and nucleic acids enhance DNA damage, genome variability,
uncontrolled cell proliferation and ultimately lead to pathological
complications such as cancer.®®* * Enzymatic (SOD, GPx and CAT)
and non-enzymatic (glutathione) are known protector of cells against
oxidative destruction.®* The observed reduced serum antioxidant
enzyme activities in Group B may be as a result of overwhelming
reactive oxygen species generated due to DMH-induced inflammation
(Figure 1). The reduction in the serum antioxidant enzyme activities
observed in Group B was alleviated by the administration of the
extract of A. sieberiana leaves in a manner that depict dose
dependence. The observed effects of the plant extract are in agreement
with earlier documented reports on the effect of species of Acacia on
serum antioxidant enzymes.*

There is conflicting epidemiological correlation between dyslipidemia
and incidence of colorectal cancer.” The metal-analysis has shown
that serum total cholesterol and triglyceride correlate positively while
HDL-C negatively correlate to cancer incidence.*” In this study, the
DMH did not induce dyslipidemia, as is shown by non-significant
effects on all the serum indices of lipid profile in Group B animals.

Table 1: Effect of alkaloid-rich leaf extract of Acacia sieberiana on rats Haematology parameters

Groups PCV (%) Hb (g/dI) WBC (x1073/ul) RBC (x10°3/pl) PLT (x1073/ul)
A 42,2242 217 14.48+0.93° 5.3420.7° 10.88+0.66 366.83+36.96°
B 38.59+1.34° 13.93+0.44° 10.97+0.63" 5.77+0.28" 74563.22°

C 42.93+1.47° 14.39+0.62° 5.35+0.37% 8.11+0.47° 282.5+23.32°
D 43.27+1.6° 14.86+0.58° 5.59+0.5% 9.37+0.82° 325.83+ 23.32°
E 45,4942 55° 15.97+0.85% 5.75+0.3% 9.51+0.46° 347.83+29.17°
F 29.37+1.13° 9.79+0.37° 3.5+0.45° 4.12+0.38° 278.83+25.52°
G 46.7+4.32° 15.61+1.48° 5.92+0.56 10.230.7° 341.5+18.46°

Data are representative of Mean + SD of six animals per group. Different superscript alphabets on the same row is significantly
different at P<0.05. Groups A (Untreated control); B (20 mg/kg DMH); C (50 mg/kg extract); D (DMH + 100 mg/kg extract);
E (DMH + 150 mg/kg extract); F (DMH + 2 mg/kg DOX); G (150 mg/kg extract). Packed cell volume (PCV), Hemoglobin
(Hb), White blood cells (WBC), Red Blood Cell (RBC), Platelet (PLT), 1, 2-dimethyl hydrazine (DMH), doxorubicin (DOX).
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Figure 1: Effects of Acacia sieberiana alkaloid-rich extract on
serum antioxidant enzyme status in pre-malignant colon
bearing Wistar Rats.

Each column represents mean+SD of six animals per group. Different
alphabet at each designated column representing each enzyme are
significantly different at P<0.05. Superoxide dismutase (SOD),
Glutathione peroxide (GPx), Catalase (CAT). Groups A (Untreated
control); B (20 mg/kg DMH); C (50 mg/kg extract); D (DMH + 100
mg/kg extract); E (DMH + 150 mg/kg extract); F (DMH + 2 mg/kg
DOX); G (150 mg/kg extract).
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Figure 2: Effects of Acacia sieberiana alkaloid-rich extract on
serum lipid profile in pre-malignant colon bearing Wistar Rats.
Each column represents mean+SD of six animals per group. Different
alphabet on each designated column representing each lipid indices
are significantly different at P<0.05. Total Cholesterol (TC),
Triacylglycerol (TG), High density lipoprotein cholesterol (HDL-C),
Low density Lipoprotein cholesterol (LDL-C). Groups A (Untreated
control); B (20 mg/kg DMH); C (50 mg/kg extract); D (DMH + 100
mg/kg extract); E (DMH + 150 mg/kg extract); F (DMH + 2 mg/kg
DOX); G (150 mg/kg extract).
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This implies that induction of pre-malignant lesion may not be through
the deregulation of the lipid profile. The extract also had no effect on
the serum lipid profile while significant disruption was observed in the
group treated with both DMH and doxorubicin (Figure 2). This result
showed the dyslipidemia effect of doxorubicin, which is in accordance
with the previous study.® The doxorubicin effect on lipid profile is
suggestive of its cardiotoxicity.> *°

The major organ in living system responsible for the metabolism of
medicines and other substances is liver.** Alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALKP) and total bilirubin (TBIL) are the biomarkers used for
assessing the effects of hepatotoxic attributes of xenobiotic on the
integrity of liver cells.** * This study shows that DMH induced
significantly (p<0.05) increase in the level of serum ALT, AST,
ALKP and TBIL in Group B and F when compared with other treated
groups (Figure 3 and 4). The hepatotoxic effect of DMH observed in
this study is in line with earlier documented observation.** The extract
protected the liver from the DMH induced hepatotoxicity by lowering
in a dose dependent manner all the liver function indices. This finding
further indicates hepato-protective nature of the alkaloid-rich extract
and are in concordance with previous studies.***’

Kidney contributes greatly to waste discharge and osmoregulation.®
Inability to eliminate toxicants from the body system can result in
renal damage.*® The results as presented in Figure 5 and 6 show that
DMH and the extract did not impact any significant effect on the
kidney function indices. However, significant (P<0.05) elevation of
these parameters was observed in the group treated with doxorubicin
when compared with the positive and negative controls. The report on
the nephrotoxicity nature of doxorubicin is in agreement with the
previously documented study.®® Non-nephrotoxic effect of the
alkaloids-rich extract is in line with the earlier documented
observation.™*

Biomembrane peroxidation stimulated by increased oxidative stress is
connected with cancer development and toxicology.*? Oxidative stress
is a consequence of the overwhelming effect of free radicals generated
against antioxidant enzymes, leading to the initiation of lipid
peroxidation (MDA).** The increased level of MDA plays a
significant role in the initiation and progression of various disorders
such as cancer.> In this study, the serum MDA level was observed to
be significantly (p<0.05) increased in pre-malignant bearing animals
(Group B) when compared with Group A (Fig. 7). The observed
DMH-induced significant increase in serum MDA level is in line with
previously documented study.®® A. sieberiana leaves reversed the
elevated serum MDA level occasioned by DMH in a dose dependent
manner (Fig. 7). This implies that the extract has potential to protect
the lipid component of cell membrane from the oxidative
modification.®®

The interaction between reactive oxygen species (ROS) and bases of
DNA strand like guanine generates 8-hydroxyguanosine (8-OHGua)
mostly employed as a biomarker of oxidative DNA damage and
carcinogenesis.”” The result of this study as presented in Fig. 8 reveals
a dose dependent reversal of DMH-induced elevation of serum 8-
OHdG by the extract. The result implies that the extract has the ability
to protect DNA from oxidative modification of DNA damage and it
could be seen as an indication of possible anticancer potential of the
plant.

The aberrant foci crypt has been identified as the intermediate
biomarkers indicating the development of colon cancer at pre-
malignant stage. The relationship between aberrant foci crypt (ACF)
and colon cancer is supported by the histological and molecular
features shared by ACF with colonic polyps and adenomas.®® The
development of aberrant crypts was prevented by the alkaloids-rich
leaf extract of A. sieberiana as observed in Fig. 9. Results of other
studies using varieties of plant constituents such as capsaicin and
piperlongumine are consistent with the present study.> It has been
reported that inhibition of aberrant foci crypt may be partly due to
decreased cell proliferation in the colonic mucosa.®*
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Figure 3: Effects of Acacia sieberiana alkaloid-rich extract on
Liver function indices in pre-malignant colon bearing Wistar
Rats.

Each column represents mean=SD of six animals per group. Different
alphabet on each designated column representing each enzyme are
significantly different at P<0.05. Aspartate aminotransferase (AST),
Alanine aminotransferase (ALT) and Alkaline phosphatase (ALKP).
Groups A (Untreated control); B (20 mg/kg DMH); C (50 mg/kg
extract); D (DMH + 100 mg/kg extract); E (DMH + 150 mg/kg
extract); F (DMH + 2 mg/kg DOX); G (150 mg/kg extract).
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Figure 4: Effects of Acacia sieberiana alkaloid-rich extract on
Total Bilirubin in pre-malignant colon bearing Wistar Rats.
Each column represents mean+SD of six animals per group. Different
alphabets on each column are significantly different at P<0.05. Groups
A (Negative control); B (20 mg/kg DMH); C (50 mg/kg extract); D
(DMH + 100 mg/kg extract); E (DMH + 150 mg/kg extract); F (DMH
+ 2 mg/kg DOX); G (150 mg/kg extract).
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Figure 5: Effects of Acacia sieberiana alkaloid-rich extract on
kidney funtion indices in pre-malignant colon bearing Wistar
Rats.

Each column represents mean+SD of six animals per group. Different
alphabet on each designated column representing each parameter are
significantly different at P<0.05. Sodium ion (Na*), Potassium ion
(K™), Chloride ion (CI"). Groups A (Negative control); B (20 mg/kg
DMH); C (50 mg/kg extract); D (DMH + 100 mg/kg extract); E
(DMH + 150 mg/kg extract); F (DMH + 2 mg/kg DOX); G (150
mg/kg extract).

100+ -,

serum CRSC level (umol/L)

Figure 6: Effects of Acacia sieberiana alkaloid-rich extract on
serum creatinine in pre-malignant colon bearing Wistar Rats.
Each column represents mean=SD of six animals per group. Different
alphabet on each column are significantly different at P<0.05. Groups
A (Negative control); B (20 mg/kg DMH); C (50 mg/kg extract); D
(DMH + 100 mg/kg extract); E (DMH + 150 mg/kg extract); F (DMH
+ 2 mg/kg DOX); G (150 mg/kg extract).
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Figure 7: Effects of Acacia sieberiana alkaloid-rich extract on
serum MDA level in pre-malignant colon bearing Wistar Rats.
Each column represents mean+SD of six animals per group. Different
alphabet on each column are significantly different at P<0.05. Groups
A (Untreated control); B (20 mg/kg DMH); C (50 mg/kg extract); D
(DMH + 100 mg/kg extract); E (DMH + 150 mg/kg extract); F (DMH
+ 2 mg/kg DOX); G (150 mg/kg extract).
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Figure 8: Effects of Acacia sieberiana alkaloid-rich extract on
serum 8-hydroxyl-2-deoxyguanosine (8-OHdG) level in pre-
malignant colon bearing Wistar Rats.

Each column represents mean+SD of six animals per group. Different
alphabet on each column are significantly different at P<0.05. Groups
A (Untreated control); B (20 mg/kg DMH); C (50 mg/kg extract); D
(DMH + 100 mg/kg extract); E (DMH + 150 mg/kg extract); F (DMH
+ 2 mg/kg DOX); G (150 mg/kg extract).
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Figure 9 (A-G): Photomicrographs of colon Aberrant crypts
general micromorphological presentations in Male adult Wistar
rats after methylene blue stain (Scale bar 50 um).

(A) Negative control group with normal architecture (B) Positive
control (DMH treated) group characterized with aberrant crypts (red
arrow), (C), (D), (E), (F) and G with normal cytoarchitecture for
crypts Lieberkihn.

Conclusion

This study revealed the protective potential of the alkaloid-rich leaf
extract of Acacia sieberiana against DMH-induced serum REDOX
dysregulation, oxidative lipid and DNA damage complications in pre-
malignant colon cancer in male rats.

Conflict of Interest

The authors declared no conflict of interest.

Authors’ Declaration
The authors declare that the report in this article is original and will be
responsible for any liability arising from its content.

References

1. Rawla P, Sunkara T, Barsouk A. Epidemiology of
colorectal cancer: incidence, mortality, survival and risk
factors. Prz Gastroenterol. 2019; 14(2):89-103.

2. Ewing I, Hurley JJ, Josephides E, Millar A. The molecular
genetics of colorectal cancer. Frontline Gastroenterol. 2014;
5(1):26-30.

3. Bray F, Ferlay J, Soerjomataram I. Global cancer statistics
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. Cancer J Clin.
2018; 68(6):394-424.

4. Ali M, Farah MA, Al-Hemaild FM, Abou-Tarboush FM,
Al-Anazi KM, Wabaidur SM, Alothman ZA, Lee J.
Assessment of biological activity and UPLC-MS and
chromatographic, profiling of ethanolic extract of
Ochradenus arabicus. Saudi J of Bio Sci. 2016; 23(2):229-
236.

5. Freddie B, Jacques F, Isabelle S, Rebecca LS, Lindsey AT,
Ahmedin J. Global Cancer Statistics 2018: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. Ca Cancer J Clin. 2018; 68(6):
394-424.

6. Gallaher DD and Trudo SP. Chapter 37 — nutrition and
colon cancer. In: Coulston AM, Boushey CJ, Ferruzzi MG.
(Eds). Nutrition in the prevention and treatment of disease.
Cambridge: Academic Press; 2017. 787-807 p.

1483

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Trop J Nat Prod Res, August 2021; 5(8):1478-1485

Chattopadhyay RR and Bhattacharyya SK. Plant Review
Terminaliachebula: an update. Pharmacogn Rev. 2007;
1(1): 151-156.

Isah T. Anticancer alkaloids from trees: Development into
drugs. Pharmacogn rev. 2016; 10(20): 90-99.

Sumaira K and Haroon K. Anti-cancer potential of phyto-
alkaloids: A Prospective Review. Curr Cancer Ther Rev.
2016; 12(1):66-75.

Orwa C, Mutua A, Kindt R, Simons A, Jamnadass RH.
Agroforest Trees Database; A Tree Reference and Selection
Guide Version 4.0 [online]. 2009 [cited 2021 April 05].
Auvailable from:
http://worldagroforestry.org/output/agroforestree-database
Gonzales MVM and Tolentino AG. Extraction and isolation
of the alkaloids from the Samanea saman (Acacia) Bark: Its
Antiseptic Potential.  Int J Sci Technol Res. 2014;
3(1):2277-8816.

Mariyappan P, Kalaiyarasu T, Manju V. Effect of
eriodictyol on preneoplastic lesion, oxidative stress and
bacterial enzymes in 1, 2-dimethyl hydrazine —induced
colon carcinogenesis. Tox Res. 2017; 6(5):678-692.
Magnani L, Gaydou M, Jean CH. Spectrophotometric
measurement of antioxidant propertieds of flavones and
flavonols against superoxide anion. Anal Chim Acta. 2000;
411(1):209-216.

Adedosu OT, Jimoh RA, Saraki MA, Badmus JA. Ethanol
leaves extract of mangifera indica (L.) exhibits protective,
antioxidative, and antidiabetic effects in rats. Asian Pac J
Health Sci. 2018; 5(1):188-194.

Zhou Z and Kang YJ. Cellular and subcellular localization
of catalase in the heart of transgenic mice. The J Histochem
Cytochem. 2000; 48 (5):585-594.

Thomas JP, Malorino M, Ursini F, Girroti AW. Protective
action of phospholipid hydroperoxide glutathione
peroxidase against membrane-damaging lipid peroxidation.
In situ reduction of phospholipid and cholesterol
hydroperoxide. J Biol Chem. 1990; 265(1):454-461.
Reitman S and Frankel S. Colorimetric method for
determination of serum aspartate aminotransferase. Am J
Clin Pathol. 1957; 28(1):56-63

Annino JS and Giese RW. Clinical chemistry: principles
and procedures. Little Brown; 1976.

Abdulmumin Y, Matazu Kl, Wudi AM, Alhassan AJ, Imam
AA. Nephrocurative effects of aqueous stem bark extract of
Boswellia papyrifera against acetaminophen-induced
kidney damage in rats. Ife J Sci. 2014; 16(3):395-403.
Nelson U, Polcarp O, Chinedum E. The metabolic effects of
consumption of Yellow Cassava (Manihot esculenta crantz)
on some Biochemical parameters in experimental rats. Int J
Toxicol. 2015; 34(6):559-564.

Alam Z and Fareed U. A Simple Spectrophotometric
Method for the Determination of Thiobarbituric Acid
Reactive Substances in Fried Fast Foods. J Anal Methods
Chem. 2016; 2016.

Plachetka A, Adamek B, Strzelczyk JK, Krakowczyk L,
Migula P, Nowak P, Wiczkowski A.  8-hydroxy-2'-
deoxyguanosine in colorectal adenocarcinoma--is it a result
of oxidative stress? Med Sci Monit. 2013; 19:690-695.
El-Khadragy FM, Nabil MH, Hassan NB, Tohamy AA,
Waaer FH, Yehia MH, Alharbi MA, Moneim AEA. Bone
marrow cell therapy on 1,2-dimethylhydrazine (DMH)-
induced colon cancer in rats. Cell Physiol Biochem. 2018;
45(3):1072-1083.

Mohamed FA, Perwez A, Saleh IA, Nasir AS, Omer AB,
Afzal H, Fohad MH, Azmat, AK. Comparative anticancer
and antimicrobial activity of aerial parts of Acacia salicina,
Acacia laeta, Acacia hamulosa and Acacia tortilis grown in
Saudi Arabia. Saudi Pharm J. 2017; 25(8):1248-1252.
Adeneye AA, Ajagbonna OP, Adeleke TI, Bello SO.
Preliminary toxicity and phytochemical studies of the stem

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

bark aqueous extract of Musanga cecropioides in rats. J
Ethnopharmacol. 2006; 105(3):374-379.

Rodgers GM, Becker PS, Blinder M, Cella D, Chanan-Khan
A, Cleeland C, Coccia PF, Djulbegovic B, Gilreath JA,
Kraut EH, Matulonis UA, Millenson MM, Reinke D,
Rosenthal J, Schwartz RN, Soff G, Stein RS, Vlahovic G,
Weir AB. Cancer- and chemotherapy-induced anemia. J
Natl Compr Canc Netw. 2012; 10(5):628-653.

Hanene J, Harzallah R, Grayaa W, Kharoubi A, Mohamed
H, Touhami M. Thymoquinone, the Nigella sativa bioactive
compound, prevents circulatory oxidative stress caused by
1, 2-dimethylhydrazine in erythrocyte during colon post
initiation carcinogenesis. Oxid Med Cell Longev. 2012;
2012.

Willems MJ, Trompet S, Blauw JG, Westendorp JGR,
Craen MJ. White blood cell count and C-reactive protein
are independent predictors of mortality in the oldest old. J.
Gerontol Biol Sci Med Sci. 2010; 65(7):764-768.
Plantureux L, Mege D, Crescence L, Dignat-George F,
Dubois C, Panicot-Dubois L. Impact of cancer on platelet
production, activation and education and mechanism of
cancer-associated thrombosis. Cancer. 2018; 10(11):441.
Bribi N, Alfieri F, Rodriguez-Nogales A, Garrido-Mesa J,
Vezza T, Maiza F, Utrilla PM, Rodriguez-Cabezas EM,
Galvez J. Antinociceptive and anti-inflammatory effects of
total alkaloid extract from Fumaria capreolata. Evid Based
complement Alternat Med. 2015; 2015.

Peng J, Zheng T-T, Li X, Liang Y, Wang L-J, Huang Y-C,
Xiao H-T. Plant-derived alkaloids: The promising disease-
modifying agents for inflammatory bowel disease. Front
Pharmacol. 2019; 10:351.

Umaru IB, Saka S, Mahre MB, Dogo HM, Ojo NA,
Onyiyili PA. Effects of aqueous pod extract of Acacia
nilotica on white blood cells, platelets and clotting time in
albino Rats. Am J Pharmacol Pharmacother. 2016; 3(3):
001-006.

Mohammad RM, Abolfazl D, Faezeh F, Salome D,
Muhammad A, Sani IH, Inuwa AB, Sallau OA, Idowu AA,
Nathan H, Ndidi SU. Ameliorative Effects of Acacia Honey
against Sodium Arsenite-Induced Oxidative Stress in Some
Viscera of Male Wistar Albino Rats. Biochem Res Int.
2013; 2013.

Saha KS, Lee BS, Won J, Choi YH, Kim K, Yang G-M,
Dayem AA, Cho S-G. Correlation between oxidative stress,
and nutrition and cancer initiation. Int J Mol Sci. 2017,
18(7): 1544.

Koek GH, Liedorp PR, Bast A. The role of oxidative stress
in non-alcoholic steatohepatitis. Clin Chim Acta. 2011;
412(15-16):1297-1305.

Oyeronke AO, Muhammad A, Ahsana DF, Huma R,
Ahmed MM, Muhammad IC, Iffat SC, Salman AK, Ochuko
LE. Molecular mechanism of antiproliferation potential of
Acacia honey on NCI-H460 cell line. Nutri Cancer. 2013;
65(2):296-304.

Yao X and Zhong T. Dyslipidemia and colorectal cancer
risk: a meta-analysis of prospective studies. Cancer Causes
Control. 2015; 26(2): 257-268.

Afsar T, Suhail R, Ali A. Effect of Acacia hydaspica R.
Parker extract on lipid peroxidation, antioxidant status, liver
function test and histopathology in doxorubicin treated rats.
Lipids Health Dis. 2019; 18:126.

Raskovi¢ A, Stilinovic N, Kolarovi¢ J, Vasovi¢ V,
Vukmirovic S, Mikov M. The protective effects of
silymarin against doxorubicin-induced cardiotoxicity and
hepatotoxicity in rats. Mol. 2011; 16(10):8601-8613.

Fatoki JO, Adedosu OT, Afolabi OK, Adeleke GE, Adedeji
AL, lge SF, Adesope EO, Oyewole OV, Daramola AD,
Badmus JA. Dyslipidemic effect of doxorubicin and
etoposide: A predisposing factor for the antineoplastic
drugs-induced cardiovascular diseases. Res Rev: JPT
Studies. 2018; 6(1):34-42.

1484

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


http://worldagroforestry.org/output/agroforestree-database

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Trop J Nat Prod Res, August 2021; 5(8):1478-1485

Bale SS, Moore L, Yarmush M, Jindal R. Emerging In
Vitro Liver Technologies for Drug Metabolism and Inter-
Organ Interactions. Tissue Eng. Part B, Rev. 2016;
22(5):383-394.

Alla G and Christopher BO. Hepatotoxicity secondary to
chemotherapy. J Clin Transl Hepatol. 2014; 2(2):95-102.
Kausar MW, Moeed KH, Asif N, Rizwi F, Raza S.
Correlation of bilirubin with liver enzymes in patients of
falciparum malaria. Int J Pathol. 2010; 8(2):63-67.

Eboh AS, Ere D, Robert FO, Arhoghro EM. Garcinia Kola
Extract (Kolaviron) Prevents DMH Induced Liver Damage
in Wistar Rats by Restoring Antioxidants. Galore Int J
Health Sci Res. 2016; 1(1):18-24.

Medinat YA, Jane IE, Musa IY. Acute and chronic toxicity
profiles of the methanol leaf extract of Acacia ataxacantha
D.C (Leguminosae) in Wistar rats. Bull Fac Pharm. Cairo
Univ. 2018; 56(2):185-189.

Rahmani F, Parvaneh N, Zahra M, Tayebeh R, Elmira B.
The protective effect of quercetin against hepatotoxicity
induced by doxorubicin in male rats. Iran J Pharmacol Ther.
2018; 16(1):1-8.

Stephane Z, Amstrong NN, Alain BT, Jeremie T, Edwige
NT, Stanislas DK, Marius TK, Dieudonné N. In Vitro
Cytotoxicity and In Vivo Antimammary Tumor Effects of
the Hydroethanolic Extract of Acacia seyal (Mimosaceae)
Stem Bark. BioMed Res Int. 2018; 2018.

Imo C, Arowora KA, Ezeonu CS, Yakubu OE, Nwokwu
CD, Azubuike NC, Sallah YG. Effects of ethanolic extracts
of leaf, seed and fruit of Datura metel L. on kidney function
of male albino rats. J Tradit Complement Med. 2019;
9(4):271-277.Thompson M, Jaiswal Y, Wang I, Williams L.
Hepatotoxicity: treatment, causes and applications of
medicinal plants as therapeutic agents. J Phytopharmacol.
2017; 6(3):186-93.

Lei L, Yong-fu Z, Wen-hao H, Tao C, Guo-xin H, Xian-
zhou T. Protective effect of antioxidant on renal damage
caused by doxorubicin chemotherapy in mice with hepatic
cancer. Asian Pac J Trop Med. 2016; 9(11):1101-1104.
Lawaly MM, Idrissa M, Khalid I, Liu Y. Toxicity studies of
Acacia nilotica (L.): A review of the published scientific
literature. J Herbmed Pharmacol. 2019; 8(3):163-172.
Renuka SS, Shevali K, Anjana KN, Navneet A.
Aggravation of Oxidative Stress by Ethanolic Extract of

52.

53.

54.

55.

56.

57.

58.

59.

60.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Ocimum gratissimumin DMH Induced Colon Injury. IntJ
Toxicol Pharmacol Res. 2016; 7(6):280-285.

Catala A and Diaz M. Impact of lipid peroxidation on the
physiology and pathophysiology of cell membranes. Front
Physiol. 2016; 7:423.

Sofia MC, Oscar HM-C, Maria M, Alejandro KS-A.
Targeting lipid peroxidation for cancer treatment.
Molecules. 2020; 25(21):5144.

Saleem TH, Attya AM, Ahmed EA, Ragab SM, Ali MA,
Omar HM. Possible Protective Effects of Quercetin and
Sodium Gluconate Against Colon Cancer Induction by
Dimethylhydrazine in Mice. Asian Pac J Cancer Prev.
2015; 16 (14):5823-5828.

Badmus JA, Adedosu OT, Fatoki JO, Adegbite VA,
Adaramoye OA  Odunola OA. Lipid peroxidation
inhibition and antiradical activities of some leaf fractions of
Mangifera indica. Acta Pol Pharm. 2011; 68(1):23-29.
Kshirod BS, Jayant KP, Swaran JS. Oxidative/ Nitrosative
Stress, 8-OHdG and MMP-9: The Possible Co-Links and
Early Sign of Arsenic Induced Urinary Bladder
Carcinogenesis in Experimental Rats. Free Rad Antiox.
2019; 9(1):22-28.

Perse M and Cerar A. The role, significance and
applicability of aberrant crypt foci. In: Jim K. (Eds.).
Clinical Practice, Colorectal Cancer-Surgery, Diagnostic
and Treatment. London: Intech Open; 2014. 467-483 p
Caetano RFB, Tablas MB, Pereira NEF, Nelci AM, Robson
FC, Maria AMR, Luis FB. Capsaicin reduces genotoxicity,
colonic cell proliferation and preneoplastic lesions induced
by 1,2-dimethylhydrazine in rats. Toxicol Appl Pharmacol.
2018; 338(2013):93-102.

Kumar S and Agnihotri N. Piperlongumine, a piper alkaloid
targets Ras/PI3K/Akt/Mtor signaling axis to inhibit tumor
cell growth and proliferation in DMH/DSS induced
experimental colon cancer. Biomed Pharmacother. 2019;
109: 1462-1477.

Amel AA, Mohammed AA, Riyadh S-A, Abdrabuh S,
Sameer DS, Mahmood AA. Evaluation of chemopreventive
effects of Acanthusilicifolius against Azoxymethane-
induced aberrant crypt foci in the rat colon. PLoS ONE.
2014; 9(5): e9600.

1485

© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



