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Abstract

Background: Moringa oleifera plant is popularly known for its rich phyto-
constituents and nutritional value and important medicinal values in both

o i traditional and modern systems of medicine. We explored the present study
ga oleifera in Streptozotocin (STZ)-Induced

Diabetic Rats. Pharmacology & Pharmacy, ~ {of measurements of microelements, amino acid, phenolic content in hy-
13, 149-163.
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dro-al-coholic flower and leaf extracts of Moringa oleifera along with an-

ti-diabetic activity in Streptozotocin (STZ)-induced diabetic male Wistar rats.
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[OMom

Methodology: The micronutrients were determined by using atomic absorp-
tion spectrophotometer at 285 nm and 422 nm for Calcium (Ca), phosphorus
(P), Iron (Fe), and Zinc (Zn), etc. The trace elements were also measured by
spectrophotometer. The essential amino acid was determined by using Ami-
no acid analyser. The total phenolic content in hydro-alcoholic extracts
(flower and leaf) M. oleifera measured the absorbance at 760 nm by UV spec-
trophotometer. The screening of anti-diabetic activity HAFE and HALE of
Moringa oleifera at two different dose of 100 and 200 mg/kg b.w. for 21 days
were performed by determining the changes in biochemical parameters. Re-
sult and Discussion: The results revels that the presence of micronutrients,
trace elements and amino acids in both flower and leaf of M. oleifera. The
hydrolaocholic extracts of HAFE and HALE at 200 mg/kg b.w. showed sig-
nificant antidiabetic activity compared with standard Glibenclamide. Whe-
reas dose at 100 mg/kg b.w. showed moderate activity. Conclusion: In con-
clusion, the M. oleifera exhibits more effectiveness against STZ-induced di-
abetes. The HAFE and HALF extracts exhibited significant anti-diabetic
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property and active components may be isolated and clinical studies is re-
quired for further evaluation. Because of the rich source of phytoconstients,
nutritional elements will be helpful in processed food products as dietary sup-
plements especially for malnutrition in children in the current era.

Keywords

Moringa oleifera, Microelements, Nutritional Values, Gallic Acid, Amino
Acids, Streptozotocin, Glibenclamide

1. Introduction

Moringa oleifera (Moringaceae), commonly known as Moringa and also called
as “Miracle Tree” or “Tree of Life” [1] due to its rich source of micronutrients,
trace elements, essential amino acids and antioxidants properties [2]. The Mor-
ing plant originated from originated from Asia. Nearly about 13 species of Mo-
ringa with forms ranging from small herbaceous plants to massive trees. Most
abundantly found in north and north-western parts of India. Also found in Ma-
dagascar, Bangladesh, Arabian Peninsula, Pakistan and African countries. Among
13 species, the three species Moringa oleifera, M. stenopetala and M. peregrina
are majorly cultivated [3]. This moringa plant is usually called by different ver-
nacular names like Drum stick tree or horse radish tree, benzolive tree, moringa,
the traditional folklore, different parts of Moring plant are connected with a
wide range of nutritional benefits, medicinal value and miscellaneous applica-
tions [4]. The important medicinal properties such as antioxidant, diuretic, hy-
potensive, wound healing properties, etc., were reported in this plant [5] [6] [7].
Nutritionally, rich source of Calcium that increases milk production in lactation
[8] has been reported. Traditionally in Ayurvedic system, used specifically for
the treatment of cancer [9]. The leaves and buds of M. oleifera leaves were
rubbed on the temples portion of the face to cure headache, as an anti-scorbutic.
The fresh juice of leaves mixed with honey to treat eye disorders, seed part used
in ophthalmic preparation, purgative, venereal affection anti-inflammatory and
as tonic [10]. The phytoconstituents present in the whole Moring plant, vital
mineral supplements like K, Ca, P, Fe, protein, amino acids, beta-carotene, vita-
mins, and rich source of phenolic content such as Gallic acid, zeatin, S-sitosterol,
quercetin, kaempferol, caffeoylquinic acid, etc., [11] and high concentrations of
natural anti-oxidants especially Vitamin Vitamins A, C and E and phenolic
compounds [12] [13] [14].

Objective

The objective of this study was to assess the microelements, trace metals, amino
acids of Moringa oleifera (Flower and leaf parts) and to measure the anti-diabetic
activity of hydro-alcoholic flower (HAFE) and (HALE) extract of M. oleifera.
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2. Materials and Methods
2.1. Collection and Identification of Plant

The whole plant of Moringa oleifera was collected from local areas of Bangalore;
The plant was authenticated by Dr. N.M Ganesh Babu (Assistant professor
heading center for herbal gardens). Voucher specimen kept in the Acharya and

BM Reddy College of Pharmacy, Bangalore, Karnataka, India.

2.2. Hydro Alcoholic Extraction of Moringa oleifera

The dried leaves and flower parts of M. oleifera were pulverized (1 kg of each)
individually and subjected to hydro-alcoholic (1:1) solution containing flasks
separately. Both the flaks were kept at 120 rpm on a rotary shaker for 24 h, [15].
After completion of extraction (after 24 hours), both the extracts were filtered
and these collected filtrates were subjected to lyophilized to achieve hydro alco-
holic leaf extract (HALE) (3 g) and hydro alcoholic flower extract (HAFE), later
the yields of both extracts were calculated and extracts were stored at 2°C to 8°C

till the completion of research work [16].

2.3. Phytochemical Screening

Preliminary qualitative phytochemical tests like Phenols [17] flavones, tannins,
saponins, alkaloids, etc., [18] were carried out for hydro-alcoholic flower and

extracts of Moringa orelifera as per the standard protocol [19].

2.4. Determination of Microelements Contents in M. Oleifera
Flowers and Leaf Parts

The report of Microelements composition such as Calcium (Ca), Magnesium
(Mg), Phosphorus (P), Sodium (Na), Potassium (K) ,etc. The various mineral
contents in M. oleifera leaves have been determined by mineralising the sample
with humid voice as per the strong procedure [20].

Weight accurately 0.5 g of each samples (flower and leaves) separately and
pulverised to 0.5 mm, both samples (flower and leaf) were in individual tubes
and dissolved in 5 ml of extraction solution (mixture of sulphuric acid-selenium-
salicylic acid: 7.2%).

Simultaneously blank solution was prepared by using the extraction solution
without sample. Both test samples and blank solutions were kept aside for 2
hours. After 2 hours, these samples were heated at 100°C to 340°C temperature,
allowed to cool for 24 hours with ambient temperature, diluted up to 2/3™ of
tubes, further subjected to agitation followed by cooling and add 75 ml distilled
water. Decant the superannuated solution after the agitation process is com-
pleted. These samples were used in further quantification process to determine
the macronutrients in both flower and leaf parts of M. olerifera.

1) For determination of Magnesium (Mg) and Calcium (Ca) after dilution in
the Lanthane [(La (NO,); 6H,0)] respectively by using by using an atomic ab-
sorption spectrophotometer (model PERKIN ELMER A100) at 285 nm and 422
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nm respectively.

2) The determination of total phosphorus (P) content by using auto-sensor
(model SKALAR 1000) at 880 nm, ammonium molybdate as an indicator.

3) Whereas the determination of other two contents such as Sodium (Na) and
Potassium (K) by using flame photometer (model CORNING 400).

The standard solutions of different ranges have been prepared for micronu-
trients dosages accordingly. The different ranges are mentioned as follows

Composition of Magnesium (Mg) and Calcium (Ca): standards of both the
solutions Magnesium (Mn) and Calcium (Ca) (1000 ppm) allowed to accom-
plish the permitted to prepare concentration range for calcium and magnesium
likes in between 5 and 30 ppm and 0.5 and 3 ppm respectively.

Composition of phosphor (P): Potassium hydrogen phosphate (K,HPO,)
solution (300 ppm) allow to accomplish the concentration range lies in between
3 to 15 ppm.

Composition of Sodium (Na) and Potassium (K): Sodium-potassium stan-
dard solution (100 ppm), allowed to prepare the concentration range in between

0 to 10 ppm.

2.5. Determination of Zinc (Zn) and Iron (Fe) Content in Flower
and Leaf

Weigh accurately 0.5 g of samples flower and leaves, subjected to pulverised to
0.5 mm, dissolved the samples by adding the extraction solution 5 ml containing
solutions of Nitric acid (HNO;; 65%) and sulphuric acid (H,SO,; 96%) mixture
and perchloric acid (HCIO, 70%) each tube. Simultaneously blank solution was
prepared by using the 5ml of extraction solution without sample. Both test sam-
ples (Flower and leaf) and blank solutions were kept aside for 2 hours. After
completion of 2 hours, these samples were subjected to heating by maintaining
the temperature in between 70°C - 240°C, then these samples mixtures were al-
lowed to cooled for 24 hours with ambient temperature diluted up to 2/3™ of
tubes, further subjected for agitation followed by cooling and add 75ml distilled
water. Once agitation process is completed, these solutions are decanted. These
solutions were used for quantification process to anlyse the Iron (Fe) and Zinc
(Zn) content in both flower and leaf parts of M. olerifera. Both Iron (Fe) and
Zinc (Zn) were measured at 219 nm and 248 nm respectively in atomic absorp-
tion. The standard concentration range lies in between 6 to 36 ppm for Iron (Fe)

and 1 to 6 ppm for zinc (Zn).

2.6. Determination of Trace Metals Contents in M. Oleifera
Flowers and Leaf Parts

Dried Flowers and Leaves of Moringa oleifera were powdered by using warming
blender, weigh accurately 2.5 g grounded samples (flower and Leaf) were taken
in to two different conical flasks of capacity 250 ml each, concentrated HNO; 2.5
ml was added gradually with constant shaking in both the flask. These sample

mixture were heated on a hot plate until the production of brown fumes stopped
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[21]. The contents present in both the beakers were allowed to cooled and mixed
with the 10 ml of 70% HCIO,. Once again both the beakers were heated gently
until the solutions turns to colourless and allowed them in order to condense the
small quantity by evaporation. Add distilled water after cooling the solutions,
filtered through Whatman filter paper and finally make up the volume 100 ml
with double distilled water. The total concentrations of trace metals like Cd, Pb
[22] Ni, Mo, Sn, Se, Li, Hg, As and Cr, etc., were investigated by using (Model:
Perkin Elmer Analyst 100) atomic absorption spectroscopy [23].

2.7. Determination of Essential Amino Acids in Flower and Leaf of
Moringa oleifera

About 5 g of both in hydro-alcoholic extracts (flower and leaf) were taken and
add 10 ml NaCl (10%) for both the extracts, one hour extracts were stirred con-
tinuously; after one hour, add the 10 ml of trichloro acetic and filtrated [24].
These filtrates were centrifuged further to collect the precipitate, wash the preci-
pitate, dried in desiccator. The 20 mg of protein is dissolved in 10 ml of 6 N HCl
and refluxed for 20 hours, the acid portion is removed by evaporation under re-
duced pressure. Finally, obtained residues were allowed to mix with isopropanol
10% for the determination of amino acids by using Amino acid analyser (Ep-

pendorf-Germany Lc 3000).

2.8. Determination of Total Phenolic Content in M. oleifera: By UV
Spectrometer

Analysis of Total Phenolic Content (TPC) from flower and leaf extracts:

The total phenolic contents of both leaves and flowers of extracts samples
were determined by [25] spectroscopic/calorimetric estimation. The determina-
tion of total phenolic content of hydro alcoholic leaf extract (HALE) (3 g) and
hydro alcoholic flower extract (HAFE) of Moringa oleifera was determined using
Folin-Ciocalteu method. Both the extracts were weighed accurately 50 mg of
each and mixed with 200 ml of Ciocalteu reagent along with 3.16 ml. The mix-
tures remained on in beaker for 30 seconds to 8 minutes. Then added 20%
Na,Co;, in it and left it for 2 hours at 20°C UV spectrophotometer was used for
its absorbance at 760 nm [26]. Marker Gallic acid (Sigma-Aldrich) was used as a
reference and standard solution were prepared in the concentration range 1 - 50
pg/mL and measured the absorbance at 760 nm [27] to get the calibration curve.

The data analysis was reported in mg Gallic acid/ml of each extract.

2.9. The Anti-Diabetic Activity

2.9.1. Experimental Animals

The body weight of Male Wistar rats in between 150 - 200 g were selected for
diabetic study. Good laboratory conditions were maintained for animals till the
end of activity by maintaining the temperature at 22°C + 2°C, humidity main-
tained at 45°C £ 5°C (12-hour day and 12-hour night cycle). All animals re-
ceived a standard laboratory diet and water ad libitum. Assessment of an-
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ti-diabetic activity was carried out after the approval of the Institutional Animal
Ethical Committee as per the Institutional Ethical Guidelines for the care of la-

boratory animals and maintaining the same while performing the activity.

2.9.2. Chemicals

The assessment of various parameter for anti-diabetic study was performed with
the kits procured from Primal Healthcare Limited, Lab Diagnostic Division,
Mumbeai, India and diabetic induced drug (Streptozocin) was Purchased from

Himedia Laboratories, Mumbai, India.

2.9.3. Anti-Diabetic Study

The induction of Diabetes: The diabetes was induced by using Streptozocin
injection freshly prepared (STZ—65 mg/kg; i.p.) by using citrate buffer; pH
maintained was 4.5, after 15 minutes of administration of standard anti-diabetic
drug (Glibenclamide (5 mg/Kg. b.w.) in rats (overnight-fasted) [28]. After in-
duction of diabetes after 72 hours, the blood glucose levels were measured with
the glucose meter (Glucocard 01-mini, Arkray Factory Inc., Japan). Till 14 days,
the diabetic rats were maintained in good laboratory facility to stabilize the
blood glucose levels. The glucose levels were measured on 14™ day in diabetic
rats was showing blood glucose > 200 mg/dL were chosen to determine the anti-
diabetic activity for both hydro-alcoholic flower extract (HAFE) and hy-
dro-alcoholic Leaf extract (HALE) of Moringa oleifera.

2.9.4. Study Design and Doses
To assess the anti-diabetic activity HAFE and HALE of Moringa oleifera, the
following groups were segregated as follows, six animals of each groups.

Group I: Treated as control rats received 0.2% Carboxy Methyl Cellulose
(CMC; 5 mL/kg).

Group II: Treated as Diabetic induced rats (Streptozotocin 50 mg/Kg b.w.),
given 0.2% CMC (5 mL/kg).

Group III: Diabetic rat received, treated with hydro-alcoholic flower extract
(HAFE) M. olerifea (100 mg/kg b.w.).

Group IV: Diabetic rat received, treated with hydro-alcoholic flower extract
(HAFE) M. olerifea (200 mg/kg b.w.).

Group V: Diabetic rat received, treated with hydro-alcoholic leaf extract
(HALE) M. olerifea (100 mg/kg b.w.).

Group VI: Diabetic rat received, treated with hydro-alcoholic leaf extract
(HALE) M. olerifea (200 mg/kg b.w.).

Group VII: Treated as diabetic treated rats with standard drug Glibenclamide
(5 mg/kg b.w.) (dissolved in 0.5 mL distilled water) [29].

HAFE and HALE doses were selected from our previous data per the litera-
ture study [30] and all the samples such as a vehicle, HAFE, HALE, and Gliben-
clamide were given through oral route with the help of rat oral needle to all the
eight groups up to 28 days. The test samples (HAFE and HALE) and standard
Glibenclamide in 0.2% CMC, were freshly prepared before oral administration
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every day. The fasting glucose level in blood and also body weight were meas-
ured at two days on 14™ and 28™ days after the treatments. On 28" day, Gliben-
clamide, HAFE, HALE and vehicle, were given to the Overnight-fasted rats; after
1 hour, the all the treated animals were anaesthetized with ketamine (100 mg/kg,
i.p.). Blood samples were collected by puncturing the retro-orbital plexus and
finally stored in disodium ethylene diamine tetra acetate to measure the various
biochemical parameters.

Both HAFE and HALE of Moringa oleifera and Glibenclamide were adminis-
tered orally in rats up to 28 days. Sodium citrate buffer, HAFE and HALF ex-
tracts and Glibenclamide were administered on 28" day in rats (overnight-fasted).
On the same day after I hour, treated rats were anesthetized with ketamine (100
mg/kg, i.p.) and blood samples were collected from the retro-orbital plexus by
puncturing, finally stored the container containing disodium ethylene diamine

tetra acetate solution to measure the various biochemical parameters.

2.9.5. Measurement of Biochemical Parameters

By using the kilts, the blood glucose level, Hb, and HbA1lc were identified using
whole blood, whereas the serum triglycerides (TG), total protein (TP), total cho-
lesterol (T'C), high-density lipoprotein (HDL) were measured by using semiau-
to-analyzer which are commercially available. (Photometer 5010V 5+, Germany).

By radioimmunoassay method, the serum insulin was measured.

3. Result and Discussion
3.1. Hydro-Alcoholic Extract

The hydro-alcoholic extracts (flower and leaf) Moringa oleifera after lyophilisa-

tion, the yield was 3.1 g and 1.4 g from flower and leaf extracts respectively.

3.2. Phytochemical Screening

Hydro-alcoholic extracts of M. oleifera reveals that, presence of phytoconstitu-
ents such as Alkaloids, flavonoids, phenolic, triterpenods, tannins, saponins,

carbohydrates, glycosides, etc.

3.3. Microelements Composition M. oleifera

The composition of rich source microelements of M. oleifera (Flower and Leaf)
is shown in Table 1 and Table 2.

The proximate composition of microelements (flower part) such as Calcium
1689.12 mg, Magnesium 320.15 mg, Phosphorus 286.05 mg, Sodium 580.14 mg,
Potassium 393.57 mg, iron 32.5 mg, Zinc 94.25 mg, whereas the other part (leaf
part) the composition of microelements showed the presence of Calcium 1897.34
mg, Magnesium 437.2 mg, Phosphorus 286.05, Sodium 223.04 mg, Potassium
1468.23 mg, iron 28.13 mg, Zinc 72.11 mg respectively. These obtained results
were assured by the previous studies’ results [31] [32].

The dried Moringa leaves contain high amounts of heavy metals than the

flowers. The dried flowers and leaves, Iron content were found to be 28.13 mg
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Table 1. Results of mineral composition (mg/100g) measurement in Moringa oleifera

flower powder.

Microelements Trace metals
Element mg/100g Element mg/100g
Calcium (Ca) 1689.12 Cadmium (Cd) 0.05
Magnesium (Mg) 320.15 Lead (Pb) 0.0005
Phosphorus (P) 286.05 Nickle (Ni) 0.13
Sodium (Na) 580.14 Molybdenum (Mo) 0.033
Potassium (K) 393.57 Tin (Sn) 0.0051
Iron (Fe) 28.13 Selenium (Se) 0.162
Zinc (Zn) 94.25 Lithium (Li) 0.008
Mercury (Hg) ND
Arsenic (As) ND
Chromium (Cr) 0.00013

ND = Not Detected.

Table 2. Results of mineral composition (mg/100 g) measurement in Moringa oleifera

Leaf powder.
Microelements Trace metals
Element mg/100g Element mg/100g
Calcium (Ca) 1897.34 Cadmium (Cd) 0.02
Magnesium (Mg) 473.2 Lead (Pb) 0.0011
Phosphorus (P) 286.05 Nickle (Ni) 0.24
Sodium (Na) 2234 Molybdenum (Mo) 0.033
Potassium (K) 1468.23 Tin (Sn) 0.002
Iron (Fe) 37.5 Selenium (Se) 0.223
Zinc (Zn) 72.11 Lithium (Li) 0.068
Mercury (Hg) ND
Arsenic (As) ND
Chromium (Cr) 0.00092

ND = Not Detected.

and 37.5 mg respectively, resulting that the leaves may be a possible rich source

of Fe supplement for humans and livestock. It is one of the vital trace element

for CNS system functioning and in the oxidation of proteins, carbohydrates and

fats [33].

The zinc metal is very essential in the diet of humans and as well as animals.

The proximate values of zinc content in flower and leaf of Moringa exhibited

94.25 mg, 72.11 mg respectively [34].

It is very much essential for the synthesis of RNA, DNA, RNA, and the func-
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tion of insulin and other several enzymes functions and is also needed for the

reproduction of cell and also growth of sperm cells [35].

3.4. Determination of Trace Metals Contents

The trace elements (Cd, Pb, Ni, Mo, Cr, Sn, Se, etc.) are necessary with few
quantities by humans. The concentrations of trace metals of both flower and leaf
of Moringa are shown in Table 1 and Table 2 respectively. Overall, the greater

content of heavy metals were in leaf part compared to Moringa flowers.

3.5. Determination of Trace Metals Contents

The proximate composition of Amino acid (mg/ml) in hydro-alcoholic leaf and
flower extracts of Moring oleifera (Table 3). The composition in flower and leaf,
Threonine 35.17 and 42.98, Valine 22.1, and 26.42, Methionine 0.13 and 0.43,
Leucine 24.62 and 22.17, Isoleucine 35.8 and 44.97, Phenylalanine 3.44 and 3.21,
Histidine 29.62 and 27.64, Lycine 25.47 and 2.07, Argnine 9.81 and 7.68 respec-
tively [36].

3.6. Total Phenolic Content (TPC)

According to TPC reports on hydro-alcoholic (flower and leaf) extracts M. olei-
fera, reveals that the highest content TPC 119.4 + 0.95 mg GAE/g and 137.87 +
1.9 mg GAE/g of flower and leaf extracts respectively (Table 4) [37].

Table 3. Results of Amino acid composition (mg/ml) measurement in Moringa oleifera
flower and leaf powder.

Sl. No Moringa oleifera flower Moringa oleiferaleaf
Threonine 35.17 42.98
valine 222 26.42
Methionine 0.31 0.43
Leucine 24.62 22.17
Isoleucine 35.8 44.97
Phenylalanine 3.44 3.21
Histidine 29.62 27.64
Lysine 2547 20.07
Arginine 9.81 7.68

Table 4. Total Phenolic Content (TPC): by UV spectrometer.

Total phenolic content
Extracts

(mg GAE'/g of extract)
Hydro-alcoholic flower extract (HAFE) 119.4 + 0.95
Hydro-alcoholic Leaf extract (HALE) 137.87 £ 1.9
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3.7. The Anti-Diabetic Activity

Blood Glucose level variation in Diabetic Rats. Administration of STZ-NIC was
significantly (P < 0.001) high in the blood glucose level compared to normal rats
in the control group. A significant (P < 0.001) decrease in blood glucose level
was observed in diabetic rats after the oral administration of both flower and leaf
extracts of HAFE and HALE at 200 mg/kg b.w. dose and also Glibenclamide
(Standard), 5 mg/kg, b.w., diabetic control rats (Table 5) [38].

Serum Insulin, Hb, HbAlc, and TP Levels Changes were measured in Diabetic
Rats. STZ-NIC-mediated diabetes induction in rats increases HbAlc levels and
reduces serum insulin, Hb, and TP significantly (£ < 0.001) when compared to
the normal control group (Table 6). Oral administration of both doses of HAFE
and HALE and Glibenclamide (standard) exhibited a significant (2 < 0.001) de-
crease in HbAlc levels and an increase in Hb, TP, and slightly increased serum
insulin levels than the diabetic control rats. At 200 mg/kg b.w. dose, both HAFE
and HALE showed significant (P < 0.001 and P < 0.01) higher efficacy than that
of 100 mg/kg dose on normalization of Hb and HbAlc levels [39].

The present study reveals that the presence of phytoconstituents especially bi-
oflavonoids, terpenoids may be plays vital role in the glucose uptake stimulation
especially in peripheral tissues and regulates the enzymatic activity, which is in-
volved in carbohydrate metabolism [40].

The proximate values of lipid profile in diabetic rats exhibited significant (P <
0.001) higher level of TC and TG and decreased levels of HDL were measured
after STZ-NIC induced diabetic rats than normal control rats (Table 7).

The lipid profile in HAFE and HALE extracts, was significantly (2 < 0.001)
reduction in TC, TG Levels, whereas HDL levels were found to be moderately
higher significantly (P < 0.05) compared to diabetic rats treated with vehicle. Ad-
ministration of HAFE and HALE extracts at 200 mg/kg dose showed significant

Table 5. Blood glucose lowering effect of HAFE and HALF of M. oleifera in diabetic rats.

Before diabetes Blood Glucose Level

Groups Dose (mg/kg) induction (0 day) (Iflg/d].) ‘(After f}l}iabetes 14* Day 28™ Day
induction (14" day)

Control Vehicle 59.50 £ 2.09 65.33 £ 1.76 68.33 £2.03 60.50 +1.87
Diabetic control Vehicle 81.78 £2.01* 251.50 + 1.29% 272.00 + 3.13* 304.50 + 2.04*
HAFE 100 70.50 £ 1.89 264.13 + 1.70° 157.00 + 3.22° 92.67 +2.41°
HAFE 200 62.50 +1.19 242.18 + 5.02° 155.17 £ 4.54° 8533 £3.51°°

HALE 100 71.50 £ 2.09 264.13 + 1.70° 173.00 + 3.22° 96.17 + 1.42°
HALE 200 63.50 £ 1.02 257.33 £ 1.04* 163.17 + 4.54° 88.14 + 3.51%¢
Glibenclamide (Standard) 5 61.00 £2.12 252.67 + 8.71* 142.83 + 3.22° 73.16 £ 1.57"¢

All data are expressed as mean + SEM (22 = 6). Vehicle: 0.2% CMC (5 mL/kg). *P < 0.001 diabetic control compared with control.
P < 0.001 HAFE,HALE 100, 200 mg/kg and Glibenclamide 5 mg/kg compared with diabetic control. P < Glibenclamide 5 mg/kg
compared with HAFE and HALE 200 mg/kg.
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Table 6. Effect of HAFE and HALF of M. oleifera on haemoglobin, glycosylated hae-
moglobin, serum insulin, and total protein in diabetic rats.

Groups I:g"/fg) Hb (g/dL) HbAlc (%) Sez:l’;/i;:;ﬁn TP (g/dL)
Control Vehicle 13.74+1.03 6.12+0.12  9.15+0.15 7.22+0.24
Diabetic control Vehicle 7.62 +1.24* 12.05+0.33* 4.67 £0.15*  4.99 + 0.19*
HAFE 100 1098 +0.28" 7.32+£0.15> 6.64+0.17° 5.82+0.52°
HAFE 200 11.67 £0.33> 8.23+0.17° 7.59+0.33" 6.88 +0.73°
HALE 100 10.53 £0.42° 7.54+0.16° 6.84+0.71> 5.89+0.31°
HALE 200 12.13+0.18" 8.43+022° 7.72+0.22 6.72+0.22°
Glibenclamide b N .
(Standard) 12.94 £0.23° 6.75+0.16° 8.15+0.54  6.55+0.41

All data are expressed as mean + SEM (2 = 6). Vehicle: 0.2% CMC (5 mL/kg). *P < 0.001
diabetic control compared with control. *P < 0.001 HAFE and HALE 100, 200 mg/kg and
glibenclamide 5 mg/kg compared with diabetic control. °P < Glibenclamide 5 mg/kg
compared with HAFE and HALE 200 mg/kg.

Table 7. Effect of HAFE and HALE on lipid profiles in diabetic rats.

Serum lipid levels (mg/dL)

Dose
Groups
(mg/kg) TC TG HDL
Control Vehicle 75.32 +2.51 88.36 + 2.34 63.71 £ 1.34
Diabetic control ~ Vehicle 129.31 +3.21*  147.27 + 3.39* 41.50 + 1.67°
HAFE 100 80.36 + 0.77° 94.88 + 3.84° 60.71 + 2.69°
HAFE 200 74.37 + 2.84° 82.74 + 0.34° 52.18 + 1.64°
HALE 100 75.37 +2.11° 87.63 + 1.81° 56.76 + 1.56°
HALE 200 73.75 + 0.14° 81.28 + 1.84° 51.33 + 3.33¢
Glibenclamide b b Y
5 72.46 +1.26 74.54 + 3.17 60.81 £2.19
(Standard)

All data are expressed as mean + SEM (2 = 6). Vehicle: 0.2% CMC (5 mL/kg). *P < 0.001
diabetic control compared with control. *P < 0.001 HAFE and HALE 100, 200 mg/kg and
glibenclamide 5 mg/kg compared with diabetic control. “P < Glibenclamide 5 mg/kg
compared with HAFE and HALE 200 mg/kg.

deduction in TC, TG levels and moderately increase in HDL level than HAFE
and HALE extracts 100 mg/kg dose did not show statistical significance (Table
7).

Concentrations of total cholesterol (TC), TG, HDL ratio, which are indicators
of susceptibility to cardiovascular diseases (CVDs). The results shows in STZ-
induced diabetic rats, administered standard (Glibenclamide) and extracts (HAFE
& HALF) of M. oleifera extracts to decrease the risk of cardiac complaints by
decreasing the HDL [41].

The results revels that there were significantly raised levels of triglycerides in
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the diabetic rats. Reduction in the triglycerides with hydro-alocholic flower and
leaf extracts of M. oleifera, therefore by defeating the diabetes—induced boost
the levels of lipids of both HAFE and HALE may be benefits in reducing the risk

of cardiovascular problems of diabetics.

4. Conclusions

The analytical profile was identified from both the flower and leaf part of Mo-
ringa oleifera recognized the presence of secondary metabolites like alkaloids,
glycosides, tannins, flavonols, phenols, etc., the micronutrients, trace elements
have greater nutritional values especially in food products which will be bene-
fited for those who are suffering from malnutrition. Apart from this, the an-
ti-diabetic study report reveals that the hydroalcoholic extracts of both flower
and leaf of M. oleifers influenced anti-hyperglycemic activity in streptozocin in-
ducted male rats, due to the presence of phytoconsitietns which may help for
further investigation and illumination.

Hence, this reported paper reviewing the literature on the phytochemistry and
pharmacology screening of the plant reveals that the more attention is focused
on research work, which is essential to investigate the exact phytoconstituents
and biological properties on a wider range to elucidate the exact mechanism of
action. This aspect will be vital usage in nutraceutical, food industries, phyto-

pharmaceutical and also in cosmetic preparations.
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