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ABSTRACT

Background: What defines plants actions and activities in phytomedicine is their building
chemicals\. Exploiting plant phytochemistry is, therefore, a pointer to its likely medicinal
activities. We studied the phytochemical profile of G. sepium and M. angolensis and their
haematological interference in Wistar rats during acute and subacute toxicity testing.

Methodology: Standard methods were used for qualitative and quantitative phytochemical
evaluation. 100g each of powdered leaves of Gliricidia sepium and Maerua angolensis were
soaked in 100ml of Petroleum ether and 70% Ethanol respectively for 48 hours at room
temperature. The filtered solutions were concentrated up to 50 ml and were used for the
qualitative phytochemistry. Eighteen female rats were used for acute toxicity (limit test). They
were divided into three groups (n=6). 2000mg and 5000mg of extract per kg body weight was
administered orally to groups 2 and 3 respectively and monitored for 14 days. Group 1 was
administered with 0.25ml of distilled water to serve as the control. Fifty Wistar rats (25 males
and 25 females) were divided into five groups of equal sexes (n=10) for the subacute testing.
Groups 2, 3, 4 and 5 were respectively administered with 125, 250, 500 and 1000mg/kg body
weight of extract orally for 28 days. Group 1 was treated as done for the acute study. Animals
were anaesthetized and EDTA blood samples were collected through cardiac puncture and
processed using Sysmex Xn 1000 auto-analyzer.

Results: Both G. sepium and M. angolensis leaves extracts showed the presence of varieties of
medicinal phytochemicals. Seasonal variations have little effect on their quantities and plants
harvested during the wet season housed more phytochemicals than that of the dry season. The
haematological profiles were not affected during the acute and subacute toxicity evaluation. G.
sepium rather boosted the blood production by increasing the population of the circulating
erythrocytes and red cell indices.

Conclusion: G. sepium and M. angolensis are candidate plants for medicinal phytochemicals,
both extracts did not portray danger to the system and G. sepium extract could even be used for
haematoprotective functions.

1. INTRODUCTION

Evidence abounds to substantiate the claim that the earliest people on earth were not without
naturally endowed plants that they used in the treatment of diseases of their time [1,2,3].
However, advancements in science and technology gradually brought to the limelight, the
screening to detect and isolate the bioactive compounds in these plants [4,5]. Till today, people
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still use various herbs and concoctions believed to have therapeutic tendencies, without any
recourse to the phytoconstituents of the plant(s) used. Even where literature evidence is
available, majority of herbal users do it based on their inherent belief about the plant functions,
not because of the results of the scientific screening of the plants.

Phytochemical study comprises the process of extraction, screening and identification of the
active substances of medicinal importance in plants. Such bioactive substances include but are
not limited to alkaloids, saponin, carotenoids, flavonoids, antioxidants, tannin, and phenols [6].
There are almost 35,000 species of plants that are currently being used in herbal therapies across
the globe, out of which only 20% have been screened for their phytochemicals. With these large
yet to be explored herbs, the future of phytomedicine seems to be very bright with the
tremendous discovery of new and novel therapeutic products [7].

Evaluation of the toxicological effects of the investigational product on the blood and blood-
forming organs is of utmost importance in toxicity studies. This is done by analyzing the
haematological parameters to detect the variances from the normal. The candidate product does
not need to be haematotoxic before the analysis is done, blood as the moving tissue travels
continuously in the organ system and any effect on the blood can be easily carried to the other
organs. Also, the haematopoiesis origin is pluripotent, it, therefore, requires due cognizance to
ensure the safety of all peripheral blood cells from the blood-forming paths during toxicological
studies [8]. Frequent interaction of inherited traits with some drugs is one of the most interesting
reasons to study the haematology of a new product, glucose-6-phosphate dehydrogenase
deficiency is a popular example.

Gliricidia sepium (Jacq.) Kunth ex Walp. belongs to the family Fabaceae with a traced origin to
Central America. It is a leguminous tree whose different parts have been documented for
medicinal purposes in many tropical and sub-tropical countries [9]. According to Rastrelli et al.
[10], phytochemical screening of the plant yielded formosin, formononetin, medicarpin with
antifungal property and other useful chemicals. Extracts of the leaf, flower and bark of Gliricidia
sepium have been used in the treatment of patients with pathogenic bacterial infections [11], skin
diseases [12,13] and nematodes [14]. Its antioxidants and insecticidal activity have also been
reported [14,15]. Unfortunately, very little work has been done to ascertain the claimed
antitumor activity of this plant especially with the plant species in Sub-Saharan Africa.

Maerua angolensis known as Leggal Mbaali by the Fulfude speakers is a small tree of usually 5-
6 metres tall, a multipurpose tree harvested mainly as medicine [16]. Its parts are widely used
traditionally to treat skin rashes, sores, womb cleansing, and sexually transmitted diseases [17].
The leaves of the plant are reportedly being used in the treatment of diabetes mellitus [18],
convulsion [19], skin rashes and stomach ulcers [20], dysentery and epilepsy [21]. However,
there were reports (verbal) of the use of the leaf of the plant for the cure of breast cancer in Yola,
Adamawa State in the North-East part of Nigeria, by the herbalists. Though, no documented fact
has been published on this report. A Survey of the users understanding of the function of this
plant formed the first task of this project and it was generally confirmed that the plant is in use
for treating cancer patients.

2. MATERIALS AND METHODS



2.1 Collection, Identification and preparation of the plants

Collection of leaves of Gliricidia sepium was done from the garden of Imam Ahmad Islamic
Centre, llorin, Kwara State, Nigeria (Coordinate: 8°26'53.6"N 4°33'53.8"E) and Maerua
angolensis leaves were collected from Duware town, Yola, Adamawa State, Nigeria (Coordinate:
9°11'16.1"N 12°31'33.7"E). The identification and authentication were done at the Herbarium of
the Department of plant science, University of llorin, where Voucher numbers
UILH/002/2019/752 and UILH/002/2019/1389 were given to G. sepium and M. angolensis
respectively. The plant samples were deposited at the herbarium. The leaves were washed
separately in tap water, rinsed in distilled water and air-dried at room temperature for 7 weeks.
They were made into powder using BOXIYA multifunctional blender (BXY-3027) and stored at
room temperature.

2.2 Phytochemical Analysis

Qualitative and quantitative chemical determination of the extracted constituents were done
using extracts of two different solvents and from plants plucked at two different geographical
seasons (wet and dry). Standard methods were used for both qualitative and quantitative analysis.
From petroleum ether extracts, the presence of the following constituents was tested
qualitatively: Basic alkaloids; Volatile oils; Sterols and Triterpenes; Anthracenoside aglycones
(Emodols); Coumarins and Flavonic aglycones (flavonoid). Alcoholic extracts were used to test
for the presence of Saponins, Tannins, Reducing compounds, Alkaloid salts, Anthracenosides,
Coumarins, Flavonosides, Sterol glycosides and Anthocyanosides.

2.2.1 Qualitative determination of the phytoconstituents

The standard techniques used for these tests were as described by Ezeonu & Ejikeme [22] and
Edeoga et al. [23] with little modifications. 100g each of ground leaves of Gliricidia sepium and
Maerua angolensis was soaked in 100ml of Petroleum ether and 70% Ethanol respectively for 48
hours at room temperature. The filtered solutions were concentrated up to 50 ml and were used
for the analysis. Alcohol extracts were used to test for the presence of the phytoconstituents as
follows:

Identification of polyphenols (tannins)

3 drops of 0.1% ferric chloride were added to 5 ml of the filtrate in a test tube. The development
of brownish-green or a blue-black colouration showed the presence of tannins [22].

Identification of reducing compounds

0.5ml of the filtrate was diluted with 1 ml of distilled water in a test tube. 0.5 ml of Fehling’s
solution A+B was added and heated for 5 minutes. Formation of a brick-red precipitate denoted
the presence of reducing compounds [22].

Identification of alkaloid salts

1ml of the filtrate was dispensed into two test tubes A and B. 2 drops each of Mayer’s and
Dragendroff’s reagents were added to tube A and B respectively. Formation of yellowish-white
precipitate in tube A and a red precipitate in tube B showed the presence of Alkaloids [23].



Identification of polyphenolics glycosides (anthracenosides, coumarins and flavonosides)

The test to confirm the presence of these phytoconstituents is done with a part of hydrolyzed
alcohol extract.15ml of 10% hydrochloric acid solution is added to 25ml of the alcohol extract by
refluxing and heated up for half an hour. Due to the precipitation by different divisions of the
glycosides, the solution became opalescent. The solution was allowed to cool and extracted 3
times in a separating funnel with 10 ml of ether. The 30ml ether extracts were put together and
dehydrated using anhydrous sodium sulphate. An ether and aqueous solution were thereby
formed.

The ether solution was used to test for the polyphenolics, steroid glycosides and triterpenes
considering the chemical reaction characteristics of each group. The aqueous part was used to
identify anthocyanosides.

Identification of anthracenosides

Using Borntrager’s reaction, 4ml of ether filtrate is concentrated to 2ml, Iml of 25% ammonia
solution was added by shaking. Formation of a cherish-red colour of the alkaline solution
confirmed the presence of anthracenoside.

Identification of coumarins

5ml of ether extract was evaporated to dryness. 2ml of distilled water was added to the residue
and heated to dissolve. The solution was divided equally into two test tubes labelled A and B.
0.5ml of 10% ammonia solution was added to tube A and tube B was left as a reference.
Appearance of a blue or green fluorescence under ultraviolet light, which is deeper in tube A
showed the presence of coumarins.

Identification of flavonosides

Using Shibata’s reaction, Sml of ether extract was evaporated to dryness and the residue was
dissolved in 2ml of 50% methanol by heating. Metal magnesium and 5 drops of concentrated
HCI was added. Appearance of red colour confirmed the presence of flavonols while the orange
colour confirmed the presence of flavanones.

Identification of sterol glycosides (cardiotonic)

Using Liebermann-Burchard’s reaction, 10ml of ether extract was evaporated to dryness and the
residue was successively dissolved in 0.5ml of acetic anhydride and 0.5ml of chloroform. The
solution was transferred into a dry test tube and 1ml of concentrated HCI was pipetted to the
bottom of the tube. A reddish-brown ring formed at the separating level of the two liquids
indicated the presence of cardiotonic glycoside.

Identification of sterol glycosides (saponins)

10ml of the filtrate and 5ml of distilled water were mixed and was vigorously shaking for the
development of a stable and persistent froth. The formation of emulsion on addition of three
drops of olive oil confirmed the presence of saponins [22].

Identification of anthocyanosides



The acidic-aqueous part was used to identify the presence of anthocyanosides. The red solution
turned to violet at a neutral pH and to blue in an alkaline medium confirmed the presence of
anthocyanins.

The extract of the second solvent (petroleum ether) was also used to test for the presence of the
phytoconstituents as follows:

Identification of basic alkaloids

10ml of the extract was evaporated to dryness and the residue dissolved in 1.5 ml of 2% HCI.
The solution formed is divided into 3 equal volumes in test tubes labelled A, B, C. To tube A and
B, 2 drops each of Mayer’s and Dragendroff’s reagents were added respectively, while tube C
serve as the control. A yellowish-white precipitate in tube A and a red precipitate in tube B
confirmed the presence of Alkaloids.

Identification of volatile oils

10 ml of the extract was evaporated to dryness in a conical flask. The residue with a
characteristic pleasant odour was dissolved in 2 ml of alcohol by repeated elutions. One part of
the solution was further evaporated to dryness. The residue with the same characteristic pleasant
odour confirmed the presence of volatile oils.

Identification of triterpenes

10ml of the extract was evaporated to dryness and the residue was dissolved in 0.5ml of acetic
anhydride and later in 0.5ml of chloroform. The solution was transferred into a dry test tube and
Iml of concentrated HCI was pipetted to the bottom of the tube. A reddish-brown ring was
formed at the separating level of the two liquids. The turning of the supernatant layer to green or
violet colour confirmed the presence of triterpenes.

Identification of emodols

3 ml of the extract was transferred into a test tube and 1 ml of 10% sodium hydroxide was added.
The mixture was gently shaken and appearance of red colour showed the presence of emodols.

Identification of coumarins

3 ml of the extract was evaporated to dryness. The residue was dissolved in hot water and after
cooling, the solution was divided into two test tubes labelled A and B. 0.5ml of 10% ammonia
solution was added to tube A while tube B was left as a reference. Occurrence of an intense
fluorescence under ultraviolet light indicated the presence of coumarins.

Identification of flavonoids

3 ml of the extract was evaporated to obtain residue which was later dissolved in 2ml of 50%
methanol by heating. Metal magnesium and 4 drops of concentrated hydrochloric acid were
added. Appearance of red or orange colour confirmed the presence of flavonoids.

Identification of carotenoids



10ml of the extract was evaporated to dryness and 2 drops of saturated solution of antimony
trichloride in chloroform were added. Appearance of blue colouration which later turned red
confirmed the presence of carotenoid pigments.

2.2.2 Quantitative determination of the phytoconstituents

Three of the phytochemicals that were qualitatively analyzed and found present in the extracts
were also quantified.

Quantification of alkaloid:

In to 250 ml beaker, 5 g of each plant powder was put and 200 ml of 10% acetic acid in ethanol
was added. The beaker was covered and allowed to stand for 12 hours. The solution was filtered
and the filtrate was concentrated to 25% of the original volume on a regulated water bath.
Precipitation was done by dropwise addition of concentrated ammonium hydroxide till it was
completed. The solution was allowed to settle and the precipitate was carefully collected, washed
with dilute ammonium hydroxide and filtered. The residue was dried and weighed as total
Alkaloid [23].

Quantification of flavonoid:

100 ml of 80% aqueous methanol was used to extract 10 g of the plant powder repeatedly at
room temperature. The pooled solution was filtered using Whatman filter paper No 42 (125 mm)
and the filtrate was evaporated into dryness in a crucible on a water bath. The residue was made
to attain a constant weight and weighed as the total flavonoids [23].

Quantification of total phenol:

0.5 ml of the extract was mixed with 0.5 ml of 1:1 Folin-Ciocalteu reagent and distilled water.
The mixture was incubated at 22°C for 5 minutes after which 2 ml of 20% Na,CO3 was added
and further incubated for 90 minutes at 22°C. Absorbance was measured spectrophotometrically
at 650nm and with gallic acid as a standard, the total phenol was calculated in mg/ml [24].

2.3 Acute and Subacute Toxicity Studies

The procedures of limit test outlined in the guidelines of the Organization for Economic Co-
operation and Development (OECD 423) was followed in carrying out the acute toxicity study as
described by Aniagu et al. [25]. Eighteen female rats were divided into three groups (n=6).
2000mg and 5000mg of extract per kg body weight was administered orally to groups 2 and 3
respectively and monitored for 14 days. Group 1 was given 0.25ml of distilled water orally to
serve as the control. Likewise, the doses of subacute toxicity study were administered as
explained in Guideline 407 of OECD (Repeated Dose 28-Day Oral Toxicity Study in Rodents)
[26]. Fifty Wistar rats (25 males and 25 females) were divided into five groups of equal sexes
(n=10). Groups 2, 3, 4 and 5 were respectively administered with 125, 250, 500 and 1000mg/kg
body weight of extract orally for 28 days. Group 1 was treated as done for the acute study.

2.4 Animal Sacrifice and Blood Collection for Haematological Evaluation

Animals were anaesthetized with chloroform and sacrificed by lumbar dislocation after blood
collection through cardiac puncture. EDTA blood samples collected were used for the
measurement of red blood cell count (RBC): Total RBC and RBC indices- Packed Cell Volume
(PCV), Haemoglobin (HB), Mean Cell Haemoglobin (MCH), Mean Cell/corpuscular Volume



(MCV) and Mean Corpuscular Hemoglobin Concentration (MCHC); White blood cell count
(WBC): Total WBC, Differential WBC- Lymphocytes (LYMP), Neutrophil (NEUT), Eosinophil
(EOS) and Platelet count, using fully automated haematology analyzer (Sysmex Xn 1000).

2.5 Data analysis

The data obtained were analyzed using the statistical package for social science (SPSS) for
Windows, version 21.0 (SPSS Inc., Chicago, IL, USA) and represented as Mean+SEM. Student
T-test at 95% confidence interval was used to evaluate the significance of the difference between
the mean values of the measured parameters in the respective test and control groups. A mean
difference was considered significant at p < 0.05.

3. RESULTS

3.1 Phytochemical Analysis
The results of qualitative and quantitative analysis of both leaves harvested at two different
seasons were presented in the tables below:

Table 1: Qualitative analysis of Gliricidia sepium and Maerua angolensis leaves ethanol

extracts

Phytochemical GS (Dry) GS (Wet) MA (Dry) MA (Wet)
Saponins - 4 + n
Tannins - - - -
Reducing Compounds + + + +
Alkaloid salts + + + +
Starch b - - -
Anthracenosides - + - -
Anthocyanosides + ++ - +
Coumarins + ++ + ++
Flavonosides + ++ ++ ++
Steroid glycoside + + + +

GS (Dry) = extract of Gliricidia sepium leaves harvested during the dry season, GS (Wet) = extract of
Gliricidia sepium leaves harvested during the wet season, MA (Dry) = extract of Maerua angolensis
leaves harvested during the dry season, MA (Wet) = extract of Maerua angolensis leaves harvested
during the wet season, + = Present, - = Absent.

Table 2: Qualitative analysis of Gliricidia sepium and Maerua angolensis leaves petroleum
ether extracts

Test Parameter GS (Dry)  GS (Wet) MA (Dry) MA (Wet)




Basic Alkaloids + + + T

Volatile Oils + + + n
Sterols & Triterpenes + + + T
Emodols - - - )
Coumarins ++ ++ + ++
Flavonoid glycosides ++ ++ + ++
Carotenoids + + i+ i

Table 3: Quantitative analysis of Gliricidia sepium and Maerua angolensis leaves extracts

Phytochemical GS (Dry) GS (Wet) MA (Dry) MA (Wet)
Alkaloids (%) 9.30+£0.1 9.81+0.0 8.50+ 0.0 9.10+0.2
Flavonoids (mg/ml) 0.49+0.0 0.53+0.1 0.50+ 0.0 0.49+ 0.0
Total Phenol (mg/ml) 3.20£0.5 3.89+0.3 2.80£ 0.2 277+ 0.3

3.2 Haematological Analysis

Table 4: Acute oral intake of G. sepium leaf extract on the haematological indices

Parameters Control  2000mg/kg 5000mg/kg p-value
PCV % 39.0+1.7 40.3#2.1 40.0 1.0 619
WBC (x10°L)  gg40g 11.142.0 10.7 0.8 492
LYMP % 87.7+2.5 74.3+6.0 88.7+1.5 007
NEUT % 11.7 2.9 23.0 +6.2 10.3 1.5 oL
EOS % 0.7+1.2 27412 1.0+1.0 137
PLT(X10L) 32674300 4043 +91.9 307.0 +17.5 165
RBC (X10°/L) 47103 5.6 0.6 5.140.3 091

HB (g/dI) 13.00.6 13.4+0.7 13.310.3 619




MCV (fl) 8.4+0.2 72405 7.9+0.7 067

MCH (pg) 28+0.1 2.4+0.2 2.6+0.2 067

MCHC (g/dL) 3400 0.320.0 0.320.0 1.000

*=significant value]
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Table 5: Acute oral intake of M. angolensis leaf extract on the haematological indices

Parameters Control 2000 mg/kg 5000 mg/kg p-value
PCV % 39.0+1.7 38.0+1.0 39.3+2.1 78
WBC (x107L)  gg408 9.8 0.3 9.7.7405 g

061

LYMP % 87.7+25 71.7 £10.4 88.7 +4.9
NEUT % 11.7+2.9 243495 10.0+3.6 071
EOS % 0.7+1.2 40+1.0 13415 083
PLT (<I07L) 39674300 308395 310.3 +11.2 485
RBC (x10%L) 47403 5.2 0.3 4.8+0.3 380
HB (g/dl) 13.0 +0.6 12.7+0.3 13.1+0.7 79
MCV (fl) 8.4+0.2 7.340.3 8.1+0.1 064
MCH (pg) 2.8+0.1 2.4+0.1 2.7+0.0 o
MCHC (9/dL) 93400 0.30.0 0.320.0 1.000

|

Table 6: Subacute effect of G. sepium leaf extract on the haematological indices

Control 125mg/kg 250 mg/kg 500 mg/kg 1000 mg/kg p-
Parameters value

0,
PCV % 41.0$09  453+0.6  425:49  48.3+0.6 aa0+87 264

WBC (x10%1) 101$0.3  85:04  8.4%18 7.240.6 9.0403  .015*




LYMP % 86.9+17  810+36  84.0:85  83.3%58 g8.7x23 1l
NEUT % 122416  16.7+58 140485  157+4.9 100520 270
EOS % 09+1.0  2.3+25 2.0+0.0 1.0+1.0 1.3+1.2 544
PLT (x10°/L) S0530- 3080102 3050485 308008 320386
RBC(XI0L) 49101  56+04 5506 6.0+0.2 s6x08 1%
HB (g/dl) 136202 15102  142+¢16  16.1%0.2 147:29 2%
MCV (fl) 89403  81+04  7.8#0.1 8.140.2 7.8£0.4 805
MCH (pg) 2.9+0.1 2.740.1 2.640.0 2.740.1 2.610.1 805
MCHC (9/dL)  3+00  03:00 0300 0.3+0.0 03:00 1000
!

Table 7: Subacute effect of M. angolensis leaf extract on the haematological indices

Control 125 mg/kg 250 mg/kg 500 mg/kg 1000 mg/kg p-

Parameters value
PCV % 41.0+0.9 417432  44.3%4.0 420:30 450800 1%
WBC (x107L) 191403  7.6407 7.240.9 8.20.6 9.6+0.8  .002*
LYMP % 86.9+1.7 89312  87.0+2.6 79.3+1.2 84.0+5.7  .017*
NEUT % 122416  97+06  107+l2  17.3%15 150:71 008
EOS % 09+1.0  1.0+1.0  23#21 3.3+0.6 1.0£1.4 104
PLT (x10°/L) 316'81'30' 313.0£243 304.7+163 3107+193 322.0+453 004
RBC(X10°L) 49401 54404 54104 5.240.2 5.4+0.1 370
HB (g/dI) 13.6:02  13.9+11  14.8¢13  14.0£10 15.0¢00  1%®
MCV (fl) 8.9+03  7.8+0.4 8.240.1 8.0£0.3 8.4+0.1 97




MCH (pg) 29401 26401  2.7+0.0 2.7+0.1 2.840.0 971

MCHC(9/dL) 3400  0.3+0.0 0.3+0.0 0.3+0.0 03:00 1000

|

4. DISCUSSION

4.1 Phytochemical Analysis

The phytochemical screening of Gliricidia sepium and Maerua angolensis leaves extracts of dry
and wet harvest revealed the presence of diverse, but rich secondary metabolites, which justified
the use of the plants in tradomedical settings for the treatment of various diseases. The use of
different parts of G. sepium has been reported in many countries for different purposes [9].
Oduola et al. [27] reported its Anti-sickling property, Reddy & Jose [11] reported its use for the
treatment of pathogenic bacterial infections, skin diseases [13], anti-tumour [10] and so on. M.
angolensis too is being used for treating sexually transmitted diseases [17], Diabetes mellitus
[18], stomach ulcer [20], convulsion [19] and so on.

Apart from anthracenosides which was absent (undetectable quantity) in the dry season sample
of G. sepium extract, other phytochemicals (Alkaloid salts, Reducing compounds,
Anthocyanosides, Flavonosides, Coumarins and Steroid glycoside) were present in both wet and
dry season samples. Although, anthocyanosides, coumarins and flavonosides were found in
higher quantity in the wet season sample as compared to the dry season; this might be due to the
full effect of photosynthesis when the plants are generally green and metabolites are produced in
abundant without stress [28]. The presence of volatile oils and carotenoids were additionally
confirmed from the PE extract sample. Carotenoids families are known for their natural
pigments, provitamin and antioxidant activities. About 50 dozen carotenoids are recognized and
studied from plants and animal sources [29]. One of their most significant functions is to mop up
free radicals and inhibit oxidative stress [30]. According to Sinha [31] who studied the
phytochemical and antioxidant activities of Gliricidia sepium; the plant possesses abundant
beneficial metabolites like Alkaloids, phenols and flavonoids and has been described as a
candidate plant for medicinal purposes. Alkaloids, which are present in both plants, are among
the most important bioactive substances in phytomedicine with highly diverse group of
compounds widely distributed in the plant kingdom [32]. Ephedrine and morphine are among the
alkaloid compounds that have passed the clinical trials and have been developed into drugs for
asthmatic relief and analgesic respectively. As a reservoir of drug discovery, many alkaloids
compounds have been successfully developed into anticancer drugs, vinblastine is among the list.
Rotenoids, evodiamine, berberine, matrine, sanguinarine, tetrandrine and piperine are also parts
of the promising alkaloid compounds with potential antiproliferative properties in clinical trials
[32].

Methanol leaf extract of Maerua angolensis has been reported to harbour secondary metabolites
like Alkaloids, Saponins, Flavonoids and Tannins [33], the result of this work correspond with
their study report, except for tannins, which was probably of undetectable quantity in this study.
Seasonal variation and soil profile might be responsible for this difference. Seasonal variations of
phytochemicals in plants have been attributed to the interaction between the species and their
environmental conditions at a particular instance [34,35]. Because of the large influence that



these variations might have on the efficacy of medicinal plants, the geographical dispensation of
the species ecosystem must be taken into consideration and this is the reason for seasonal
harvesting considered in this study.

The conspicuous presence of some phytochemicals in Maerua angolensis harvested plants
during the wet seasons and confirmation of additional metabolites which were absent during the
dry season’s harvest, have been attributed to the increased soil moisture levels due to rainfall
[36]. Yola has an average annual rainfall of 850 mm - 1000 mm with over 41% of rain falling in
August and September [37]. The plants in this area, therefore, experienced a long period of the
dry season during which tree leaves are shed, the photosynthetic rate slowed down and
translocation of food reserves from leaves to storage parts took place stressfully [38,39].

The quantitative analysis was done for Alkaloids, Phenols (total) and Flavonoids which are the
targeted phytochemicals in this study. The results pattern showed higher, but non-significant
values for quantity of phytochemicals in the wet season extracts from both plants, in relation to
the dry season’s. Alkaloids, which is one of the most important secondary metabolites in
phytomedicine, is found in abundance in both plants (8.5-9.8% across seasons). Majority of the
antiproliferative drugs in clinical trials are considering the characteristics of alkaloid derivatives
in their studies [40]. Phenolics are, perhaps, the most extensively studied metabolites in
chemopreventive studies. They can be categorized into simple phenols and phenolic acids,
hydroxycinnamic acid derivatives and flavonoids [41]. This is the reason for their total
quantification in phytochemical studies [41]. They play an indispensable role in plant
reproduction and act as soldiers that defend plants against predators, parasites and pathogens
[42]. Their antioxidant capacity and ability to prevent some diseases have been documented
especially in cancer research [6]. The most prevalent simple phenols are monophenols, 3-
ethylphenol, 3,4-dimethylphenol and diphenol. They are the major plant defence molecules in
preventing the growth of infectious organisms [43]. Simple phenols are also the building blocks
in the production of complex compounds like flavonoids and tannins [44].

Flavonoids are another major form of phenolic compounds known for their high antioxidant
potential. Over 4000 types of flavonoids have been studied in plants and they have been linked to
reducing main chronic diseases in humans. Flavanones, flavones, flavonols, flavanols, and
isoflavonoids are derivatives of flavonoids with a difference in their structural units [6]. Most of
the hydroxycinnamic acids and their derivatives originated from p-coumaric acid, ferulic acid
and caffeic acid. They are usually esters and coumaric acid, caffeic and chlorogenic acid are their
popular phytochemicals in plants [45]. Total phenol content is found to be 3.89 mg/ml in the G.
sepium wet season extract, a value that is more than twice reported by Sinha [31]. Seasonal
variation might be the determining factor for this difference. The antioxidants mop-up activities
of phenols have been described as their major capacity in diseases prevention, including cancer
[6]. Flavonoids values reported for G. sepium in this study was in tandem with the report by
Sinha [31] and Akharaiyi et al. [14].

Sterols are phytochemicals found in the plant host that have structures similar to cholesterol.
They possess additional hydrocarbon chain at the position of Carbon-24 that structurally
differentiate them from cholesterol [46]. Plant sterols have protective effects on some chronic
diseases like cardiovascular disorder, diabetes, and cancer. Sterols have shown antiproliferative
effects on colon cancer, lung cancer and stomach cancer by inhibiting cell proliferation, inducing
apoptosis and regulating endocrine tumor growth [47].



4.2 Haematological Analysis

Blood, as the wheel of life, travels continuously in the body system. Any haematotoxic materials
are then easily carried from one organ to another. Also, due to the pluripotent nature of the
blood-producing organs, safety of all circulating blood cells must be ensured before pronouncing
a drug or compound to be safe for consumption [8].

In this study, G. sepium extract showed certain degree of haematoprotective characteristics
(Table 4 &6). The extract increases the population of circulating red blood cells and white blood
cells, as seen from the values of PCV, WBC, HB and RBC, though at a non-significant level
when compared with the control at both acute and subacute toxicity study reports. Apart from the
assurance of safety, this result also means non-interruption of oxygen supplied to the tissues
when this extract was consumed. The statistically significant difference in the value of the
circulating LYMP and NEUT in the acute and total WBC in the subacute studies was
understandable. As the territorial soldiers of the body systems, mobilization to attack the foreign
invaders is expected once a new compound has entered the body. These effects have been
normalized at the highest dose, however. The circulating blood components always almost
remain constant under normal circumstances, disruption by anemia, loss of blood and some
poisons consumption that can cause brain drainage can be experienced. Marrow can, however,
brings the number of circulating blood cells to normal by activating relevant factors to stimulate
haemopoiesis [48]. If a toxic dose of a compound is administered into the body, changes in the
blood parameters is a pointer towards a haematological disorder [49].

In most mammals, erythrocytes are biconcave-shaped, non-nucleated cells that are packed with
haemoglobin, the oxygen-carrying pigment that gives the blood its colour. Red cells normally
maintain a constant volume in circulation and a decrease in the volume is always associated with
a disease condition like anaemia. Likewise, elevated RBC volume can be induced by a defect in
marrow production (erythrocytosis) apart from factors like smoking, chronic kidney diseases,
liver diseases, exposure to carbon monoxide and other toxins [49].

The RBC contains haemoglobin, the oxygen-binding protein that has a tetrapyrrole ring
system, with ferrous iron at the centre. Each molecule of haemoglobin has four amino
acid chains; a pair each of folded alpha and beta chains with each carrying a heam
group which attached to a histidine residue at position 92 in the beta chains and position
87 in the alpha chains. This is the protein that transports oxygen from the pulmonary
artery to the tissues and removes carbon dioxide from the tissues for exhalation by the
lungs [49]. When there is haemorrhage, accelerated blood cell destruction or iron deficiency
which could cause the release of immature reticulocytes, the haemoglobin level becomes low.
Sickle cell disease also results from the alterations in haemoglobin molecules [50]. High levels
of free haemoglobin in the blood might result during massive erythrocytes haemolysis which
could be triggered by antibody attack on the red blood cells or inflammation [51].

PCV, also known as haematocrit, represents the percentage of erythrocytes volume of whole
blood volume. It is a special indicator to detect or confirm anaemia and they are affected by any
factor that can affect the red blood cells [49]. An abnormal increase in the PCV values signifies
polycythemia under normal circumstances, which could be due to a high level of toxin, vitamin
B12 / folate deficiency, hypoxia, alcoholism and so on. Abnormally low PCV signifies anaemia
which might be due to a reduced number of circulating red blood cells, decrease amount of



haemoglobin in each red blood cell or both. This can occur in response to damage to the myeloid
tissue by chemicals, radiations, toxins and so on [51]. MCH levels are the calculated average
amount of haemoglobin that is inside each red blood cell, while MCHC level is a calculation of
the average weight of the haemoglobin based on the volume of red blood cells. Both are
indicators of health status of the blood haemoglobin. A lower value of MCH is common in
thalassaemias, iron deficiency and other chronic diseases associated with anaemia, while higher
values are common in macrocytic anaemias [49,51]. The Mean cell volume (MCV), also called
mean corpuscular volume is a value that describes the average size of erythrocytes in a blood
sample. Microcytosis and macrocytosis in red cells indices are information revealed by the MCV
values. It is an important parameter in the early diagnosis of kidney disease [52]. Variations in
erythrocytic parameters are, therefore, important indicators in determining the safety of drugs in
toxicological studies.

Leucocytes are the human system protectors from foreign invaders, they provide immunity to the
system against antigen invasion. WBCs originated from the myeloid stem cells except for
lymphocyte which has a separate origin, the lymphoid stem cells. In humans, Leucocytes are
divided into two: the granulocytes, which made up of eosinophils, neutrophils, and basophils
described according to their cytoplasmic granules’ staining characteristics. Agranulocytes are the
lymphocytes and monocytes [48,53] The cytoplasmic granules of the granulocytes contain
varying enzymes and other substances for effecting phagocytosis and inflammatory response.
The primary function of polymorphs is phagocytosis; the function they performed majorly in the
tissues, into which they pass between the capillary endothelial cells [48].

Neutrophils granules are known for their high alkaline phosphatase activity, it also contains acid
phosphatase, myeloperoxidase and other acid hydrolases during their primary developmental
stage [49]. Their secondary granules contain lysosomes, collagenase and lactoferrin. Neutrophils
defend the body against microbial attack either by production of hydrogen peroxide and
superoxide anion or by discharge of intracellular acid pH or enzymes lactoferrin and lysosome
[49]. Increase value of neutrophils count (neutrophilia) is common in bacterial infections, tissue
injury, steroid therapy and metabolic disorder. Low levels (neutropenia) are seen in both
acquired and inherited disorders like leukaemia and Kostmann’s syndrome. Vitamin deficiencies,
Hepatitis A, B and C, HIV/AIDS, Malaria and direct toxicity are some of the other conditions
which can lead to reduced neutrophils counts [54].

High eosinophils counts are frequently linked to disorders of allergic origin and parasitic
infestations. Eosinophils regulate inflammation and destroy foreign invaders. Their granules
have a variety of hydrolytic enzymes and high peroxidase activity. Health conditions like
Hodgkin disease, autoimmune disease, Asthma and so on can be linked to eosinophilia.
However, abnormally low eosinophils counts may be due to overproduction of certain steroids
hormones such as cortisol and could also be due to alcoholic intoxication [55].

The dark cytoplasmic granules of the basophils which contain histamine and heparin clearly
overlie the nucleus. The obscuring function of basophils is becoming clearer as the prime early
producers of cytokines essential for allergy initiations and responses. They have IgE attachments
site and serve as the main cellular source for early production of interleukins IL-4 and IL-13
[55]. Increased basophils value may connote chronic myeloid leukaemia or polycythemia [56].



Lymphocytes have been recognized as a cell with immunological potential to assist
phagocytes in the defence of the body system. They are produced and develop
primarily from the thymus and the bone marrow and hence named dividedly as T-
lymphocytes and B-lymphocytes [56]. The specific immune responses are generated
within the secondary lymphoid organs; lymph nodes, spleen, the lymphoid tissues of the
GIT and Respiratory tracts. T-lymphocytes account for up to 75% of lymphocytes in the
peripheral blood and carry out cell-mediated immunity while B-lymphocytes perform
humoral immunity. Elevated lymphocytes count in the adult may be due to chronic
infections like tuberculosis, lymphoma or leukaemia and acute infections like hepatitis,
pertussis and infectious mononucleosis [57].

Maerua angolensis extract also showed no harmful effect as seen from the haematological
parameters (Table 5&7). There was no significant difference between the control and
experimental values in the acute study. Most importantly, the two extracts did not affect the
clotting pathways as the platelet counts showed no significant difference from the control in the
two investigated extracts. Platelets are produced by the fragmentation of megakaryocytes in the
bone marrow. Each fragment enclosed by the cell membrane is referred to as a thrombocyte.
They are the agents responsible for coagulation in the blood system. Elevated platelets count
may suggest a stimulatory effect on thrombopoietin hormone by the investigational product
which might suggest anti-haemophilia. Increased count in animals could also be due to
inflammation or bleeding disorder [49].

|In conclusion, both plants housed medicinal phytochemicals that are friendly with the body fluid
tissue. They are candidates to harvest for pharmaceutical intervention. |
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NOTE:

The study highlights the efficacy of "Herbal™ which is an ancient tradition, used in some parts of
India. This ancient concept should be carefully evaluated in the light of modern medical science
and can be utilized partially if found suitable.

REFERENCES

Comment [SN6]: Conclusion should be under
separate heading and needs more information /
Clarity

1. Bottcher, H. (1965). Miracle drugs. Zagreb: Zora. pp. 23-139.

2. Kelly, K. (2009). History of medicine. New York: Facts on file. pp. 29-50.

3. Wiart, C. (2006). Ethnopharmacology of medicinal plants. New Jersey: Humana Press.
1-50.

Comment [SN7]: Incorporation of latest
references is required




10.

11.

12.

13.

14.

15.

16.

17.

Li, W.X., Cui, C.B., Cai, B., Wang, H.Y. and Yao, X.S. (2005). Flavonoids from Vitex
trifolia Linn. inhibit cell cycle progression at G2/M phase and induce apoptosis in
mammalian cancer cells. Journal of Asian Natural Products Research. 7 (4): 615-626.
Samuelsson, G. (1999). Drugs of natural origin. A textbook of pharmacognosy. 4™ ed.,
Stockholm, Swedish Pharmaceutical Press.

Mollakhalili MN, Mortazavian AM, Bahadori MA, Sohrabvandi S, Aghaei MF.
Phytochemicals in Cancer Prevention: A Review of the Evidence, Int J Cancer Manag.
2017; 10(1):e7219. doi: 10.17795/ijcp-7219.

Srivastava A, Srivastava P, Pandey A, Khanna VK, Pant AB (2019). Phytomedicine: A
Potential Alternative Medicine in Controlling Neurological Disorders. In “New Look to
Phytomedicine Advancements in Herbal Products as Novel Drug Leads”. PP 625-655.
Academic Press. https://doi.org/10.1016/B978-0-12-814619-4.00025-2

Weingand, K., Brown, G., Hall, R., Davies, D., Gossett, K., Neptun, D., Waner, T.,
Matsuzawa, T., Salemink, P., Froelke, W., Provost, J.-P., Dal Negro, G., Batchelor, J.,
Nomura, M. Groetsch, H., Boink, A., Kimball, J., Woodman, D., York, M., Fabianson-
Johnson, E., Lupart, M. and Melloni, E. (1996). Harmonization of animal clinical
pathology testing in toxicity and safety studies. Fundamental and Applied Toxicology, 29,
198-201.

Beckstrom-sternberg, S.M., James, A.D. and Wain, K.K. (1994). The Ethnobotany
Database'. http://probe.nalusda.gov.8300kg:-bin//browse/ethnobotdb. (ACEDB version
4.3-data version.

Rasterelli L, Caceres A, De Simone F, Aquino R. Studies on the constituents of Gliricidia
sepium leaves and roots: isolation and structure elucidation of new triterpenoid, saponins
and aromatic compounds. Journal of Agricultural and Food Chemistry. 1999;47(4):1537-
1540.

Reddy LJ, Jose B. Evaluation of antibacterial activity of the bark, flower, and leaf
extracts of Gliricidia sepium from South India. International Journal of Current
Pharmaceutical Research. 2010;2 (3): 18-20.

Caceres A, Lopez BR, Giron MA, Logemann H. Plants used in Guatemala for the
treatment of dermatophytic infections. Screening for antimycotic activity of 44 plant
extracts. Journal of Ethnopharmacology. 1991;31:263-276.

Rojas JJ, Ochoa VJ, Ocampo SA. Screening for antimicrobial activity of ten medicinal
plants used in Colombian folkloric medicine: a possible alternative in the treatment of
non-nosocomial infections. BMC Complementary and Alternative Medicine. 2006;6
(2):1-6.

Akharaiyi FC, Boboye B, Adetuyi FC. Antibacterial, Phytochemical and Antioxidant
activities of the leaf extracts of Gliricidia sepium and Spathodea campanulata. World
Appl Sci J 2012;16:523-30.

Nazil R, Sohail T, Nawab B, Yageen Z. Insecticidal, Nematicidal and antibacterial
activities of Gliricidia sepium. Pak J Botany 2008;40:2625-9.

Burkil HM. The useful plants of west tropical Africa. Royal Botanical Gardens. 2004.
Kew.

Yusuf AS, Ibrahim S, Yusuf H, Ibrahim LK. Phytochemical Screening and Antibacterial
Activity of Acalypha wilkesiana and Maerua angolensis. J Pharm, Chem Biol Sci
2017;5:103-7.


https://dx.doi.org/10.17795/ijcp-7219
https://www.sciencedirect.com/science/article/pii/B9780128146194000252#!
https://doi.org/10.1016/B978-0-12-814619-4.00025-2

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Mohammed A, Tanko Y, Okasha MA, Sadiq Y, Isa Al (2007). Effects of aqueous
methanolic stem-bark of Maerua angolensis (Capparidaceae) extract on blood glucose
levels of streptozocin-induced diabetic Wistar rats. Res. J. Pharmacol. 1(4):75-78.

Stafford GI, Pedersen ME, van Staden J, Jager AK (2008). Review on plants with CNS
effects used in traditional South  African medicine against mental diseases. J.
Ethnopharmacol. 119:513-537.

Burkill HM (1997). The Useful Plants of West Tropical Africa. Whitefriars Press Ltd.,
Great Britain, Volume 4, page 969.

Adamu, A., Abdurahman, E.M., lbrahim, H., Abubakar, M.S., Magaji, M.G., & Yaro,
A.H (2007). Effect of aqueous methanolic stem bark extract of Maerua angolensis DC on
Acute and Sub-Acute inflammations. Nigerian Journal of Pharmaceutical Sciences.
6(2):1-6

Ezeonu, C.S and Ejikeme, C.M 2016. Qualitative and Quantitative Determination of
Phytochemical Contents of Indigenous Nigerian Softwoods. New Journal of Science.
Volume 2016, Article ID 5601327, 9 pages. http://dx.doi.org/10.1155/2016/5601327

Edeoga H.O, Okwu D.E & Mbaebie B.O 2005. Phytochemical constituents of some
Nigerian medicinal plants. African Journal of Biotechnology Vol. 4 (7), pp. 685-688

Sankhalkar S and Vernekar V (2016). Quantitative and Qualitative Analysis of Phenolic
and Flavonoid Content inMoringa oleiferaLam and Ocimum tenuiflorum L.
Pharmacognosy Res. 2016 Jan-Mar; 8(1): 16-21. doi: 10.4103/0974-8490.171095

Aniagu SO, Nwinyi FC, Akumka DD, Ajoku GA, Dzarma S. Toxicity Studies in Rats fed
nature cure bitters. African J Biotechnol 2005;4:72-78.
OECD, 2008. Guidelines for testing of chemicals. Repeated dose 28-day oral toxicity

study in rodents. OECD (Ed.): Paris.

Oduola T, Dallatu MK, Muhammed AO, Ndakotsu MA, Adebisi IM, Hassan SW.
Gliricidia sepium Aqueous Leaf Extract Possesses Antisickling Property. IBRR 2016;5:1-
6.

Yayneshet T, Eik LO, Moe SR (2009) Seasonal variations in the chemical composition
and dry matter degradability of exclosure forages in the semi-arid region of northern
Ethiopia. Animal Feed Science and Technology 148; 12-33

Russo GL. Ins and outs of dietary phytochemicals in cancer chemoprevention. Biochem
Pharmacol. 2007;74(4):533-44. doi: 10.1016/j.bcp.2007.02.014.

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. Free radicals and
antioxidants in normal physiological functions and human disease. Int J Biochem Cell
Biol. 2007;39(1):44-84. doi: 10.1016/j.biocel.2006.07.001.

Sinha S.N (2013). Phytochemical profiles and antioxidant activities of the leaf extracts of
Gliricidia sepium. International Journal of Innovation in Bio-Sciences 3(3): 87-91

Lu J, Bao J, Chen X, Huang M, and Wang Y (2012). Review Article Alkaloids Isolated
from Natural Herbs as the Anticancer Agents. Evidence-Based Complementary and
Alternative Medicine. Volume 2012. 1155-1167. doi:10.1155/2012/485042


http://dx.doi.org/10.1155/2016/5601327
https://dx.doi.org/10.4103%2F0974-8490.171095

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Ayo RG, Audu OT, Amupitan JO, Uwaiya E (2013). Phytochemical screening and
antimicrobial activity of three plants used in traditional medicine in Northern Nigeria.
Journal of Medicinal Plants Research. 7(5). 191-197. DOI: 10.5897/JMPR12.1030
Fulkerson, W.J., Neal, J.S., Clark, C.F., Horadagoda, A., Nandra, K.S., Barchia, 1., 2007.
Nutritive value of forage species grown in the warm temperate climate of Australia for
dairy cows: grasses and legumes. Livestock Sci. 107, 253-264.

Hassen, A., Rethman, N.F.G., van Nieckerk, W.A., Tjelele, T.J., 2007. Influence of
season/year and species on chemical composition and in vitro digestibility of five
Indigofera accessions. Anim. Feed Sci. Technol. 136, 312-322.

Johnson, J.A., Caton, J.S., Poland, W., Dhuyvetter, D.V., 1998. Influence of season on
dietary composition, intake, and digestion by beef steers grazing mixed-grass prairie in
the northern great plains. J. Anim. Sci. 76, 1682-1690.

Sadig A.A., Suleman M. Umar and Mohammed U. Bello. An Estimation of Rainfall
Anomaly Index and its impact on crop production in Yola and environs. African Journal
of Environment and Natural Science Research, Volume 3, Issue 4, 2020 (pp. 35-53)
Fulkerson, W.J., Donaghy, D.., 2001. Plant-soluble carbohydrate reserves and
senescence—key criteria for developing an effective grazing management system for
ryegrass-based pastures: a review. Aust. J. Exp. Agric. 41, 261-275.

Turner, L.R., Donaghy, D.J., Lane, P.A., Rawnsley, R.P., 2007. Patterns of leaf and root
regrowth, and allocation of water-soluble carbohydrate reserves following defoliation of
plants of prairie grass (Bromus willdenowii Kunth.). Grass Forage Sci. 62, 497-506.
Mondal A, Gandhi A Fimognari C, Atanasov AG, Bishayee A (2019). Alkaloids for
cancer prevention and therapy: Current progress and future perspectives. European
Journal of Pharmacology. 858: 1-16. https://doi.org/10.1016/j.ejphar.2019.172472
Watson WG, Beaver ML, Williams ED, Dashwood HR, Ho E. Phytochemicals from
cruciferous vegetables, epigenetics, and prostate cancer prevention. AAPS J.
2013;15(4):951-61. doi: 10.1208/s12248-013-9504- 4.

Acharya A, Das I, Chandhok D, Saha T. Redox regulation in cancer: a double-edged
sword with therapeutic potential. Oxid Med Cell Longev. 2010;3(1):23-34. doi:
10.4161/0xim.3.1.10095. [PubMed: 20716925].

Chirumbolo S. Plant phytochemicals as new potential drugs for immune disorders and
cancer therapy: really a promising path?. J Sci Food Agric. 2012;92(8):1573-7. doi:
10.1002/jsfa.5670.

Islam MB, Sarkar MMH, Shafique Mz, Jalil MA, Haque MZ, Amin R. Phytochemical
screening and anti-microbial activity studies on leea macrophylla seed extracts. J Sci Res.
2013;5(2) doi: 10.3329/jsr.v5i2.13213.

Chaturvedi PK, Bhui K, Shukla Y. Lupeol: connotations for chemoprevention. Cancer
Lett. 2008;263(1):1-13. doi: 10.1016/j.canlet.2008.01.047.

Jiang L, Zhao X, Xu J, Li C, Yu Y, Wang W & Zhu L. The Protective Effect of Dietary
Phytosterols on Cancer Risk: A Systematic Meta-Analysis. Journal of Oncology. 2019.
pp 1-11. https://doi.org/10.1155/2019/7479518

Couder-Garcia BdC, Jacobo-Herrera NJ, Zentella-Dehesa A, Rocha-Zavaleta L, Tavarez-
Santamaria Z and Martinez-Vazquez M (2019) The Phytosterol Peniocerol Inhibits Cell
Proliferation and Tumor Growth in a Colon Cancer Xenograft Model. Front. Oncol.
9:1341. doi: 10.3389/fonc.2019.01341


https://doi.org/10.1016/j.ejphar.2019.172472
https://doi.org/10.1155/2019/7479518

48.

49.

50.

Sl

52.

53.

54.

55.

56.

57.

Marrs, Timothy C and Warren Simon. (2011) Haematology and Toxicology. In General,
Applied and Systems Toxicology. John Wiley & Sons, Ltd. DOI:
10.1002/9780470744307.gat040.

Arika WM, Nyamai DW, Musila MN, Ngugi MP, Njagi ENM (2016) Hematological
Markers of In Vivo Toxicity. J Hematol Thrombo Dis 4:236. doi:10.4172/2329-
8790.1000236

Junqueira LC, Carneiro J, Kelley RO (2006) Basic Histology. A Lange Medical Book.
Appleton and Lange (7th edn): 72-125.

Ugwu MN, Umar IA, Utu-Baku AB, Dasofunjo K, Ukpanukpong RU (2013) Antioxidant
status and organ function in streptozotocin-induced diabetic rats treated with aqueous,
methanolic and petroleum ether extracts of Ocimum basilicum leaf. Journal of Applied
Pharmaceutical Science 3: 75-79.

Hsieh YP, Chang CC, Kor CT, Yang Y, Wen YK, Chiu PF. Mean Corpuscular Volume
and Mortality in Patients with CKD. Clin J Am Soc Nephrol. 2017;12(2):237-244.
doi:10.2215/CJIN.00970116

Liesveld JL, Lichtman MA.  Acute  myelogenous leukemia. In:  Kaushansky
K, Lichtman MA, Prchal JT, et al., editors. ... 1997;11(10):1661-4.

Peelman F, Waelput W, Iserentant H, Lavens D, Eyckerman S (2004) Leptin: linking
adipocyte metabolism with cardiovascular and autoimmune diseases. Prog Lipid Res 43:
283-301.

Falcone, F. H., Zillikens, D. and Gibbs, B. F. (2006). The 21% century renaissance of the
basophil? Current insights into its role in allergic responses and innate immunity.
Experimental Dermatology, 15, 855-864.

Hoffbrand AV, Moss PAH, Pettit J E (2006) Essential Haematology. Blackwell
Publishing.

Howard MR, Hamilton PJ (2002) Haematology. Blood cells (2nd edn) pp: 6-7.



