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Moringa oleifera Lam. seed extract prevents fat diet induced oxidative stress in

mice and protects liver cell-nuclei from hydroxyl radical mediated damage
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High fat diet (HFD) prompts metabolic pattern inducing reactive oxygen species (ROS) production in mitochondria
thereby triggering multitude of chronic disorders in human. Antioxidants from plant sources may be an imperative remedy
against this disorder. However, it requires scientific validation. In this study, we explored if (i) Moringa oleifera seed extract
(MOoSE) can neutralize ROS generated in HFD fed mice; (ii) protect cell-nuclei damage developed by Fenton reaction
in vitro. Swiss mice were fed with HFD to develop oxidative stress model (HFD group). Other groups were control, seed
extract alone treated, and MoSE simultaneously (HS) treated. Treatment period was of 15 days. Antioxidant enzymes with
tissue nitrite content (TNC) and lipid peroxidation (LPO) were estimated from liver homogenate. HS group showed
significantly higher (P <0.05) superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), reduced
glutathione (GSH) activity, and ferric reducing antioxidant power (FRAP) compared to only HFD fed group. Further, TNC
and LPO decreased significantly (P <0.05) in HS group compared to HFD fed group. MoSE also protected hepatocytes
nuclei from the hydroxyl radicals generated by Fenton reaction. MoSE was found to be polyphenol rich with potent reducing
power, free radicals and hydroxyl radicals scavenging activity. Thus, MoSE exhibited robust antioxidant prospective to
neutralize ROS developed in HFD fed mice and also protected the nuclei damage from hydroxyl radicals. Hence, it can be

used as herbal medication against HFD induced ROS mediated disorders.
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Consumption of high fat diet (HFD), physical
inactivity and stressful life-style are now a common
problem in every household. HFD induces Alzheimer’s
disease, atherosclerosis, cancer, diabetes, dyslipidemia,
obesity, oxidative stress, pancreatitis, renal failure, and
even steatosis’’. The interrelation  between
overconsumption of fat and development of
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multifarious chronic disorders lie in metabolic route of
fat. HFD accelerates lipid metabolism and induces
excess ROS production through mitochondrial electron
transport®®, Moreover, HFD induced ROS triggers a
number of cell signaling cascades® that ultimately lead
to multitude of chronic disorders even cancer®.

Commonly used vegetables are now claimed
beneficial against a range of pathophysiological
states. People of Indian subcontinent use varieties of
vegetables and medicinal plant parts for their general
health benefit either knowingly or against specific
ailments from age old beliefs'>*®. Among them,
phytoextracts of Moringa oleifera Lam. (family
Moringaceae) has been extensively used in Ayurveda
and Unani medicine. It has been thoroughly
characterized and its biological roles are elucidated in
animal models'®?. Seeds and seed oil of this plant are
reported to contain a large number of bioactive
components  (polyphenols, niazinin,  niazimicin,
[-sitosterol, etc.), which individually or synergistically
render protection against various stress situations'®*.
This plant is a rich source of number nutritive
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elements like amino acids, minerals, vitamins and other
non nutritional anti-inflammatory and antioxidant
components. We have earlier demonstrated that leaf
extract of Moringa oleifera (MoLE) prevents early
liver injury in HFD fed mice even after a short term
treatment®; and also it attenuates the radiation induced
lipid peroxidation®. Further, we observed that ferulic
acid, a major active compound of Moringa leaf, alone
and in combination with lipid lowering drug
atorvastatin ameliorates fat diet induced stress in
mice®. Moreover, we have shown that quercetin, a
vital component of both Moringa leaf as well as seed,
ameliorates  the  HFD-induced  dyslipidemia

hepatotoxicity and inflammatory situation®%*,

In the present study, we explored whether the
alkaloids, phytosterols and polyphenols rich Moringa
oleifera seed extract (MoSE) is capable of inhibiting
HFD induced ROS generation in vivo. The
antioxidant properties of this semi purified MoSE
were identified and characterized by an array of
biochemical analysis. The ability of MoSE to protect
the cell-nuclei against hydroxyl radical mediated
challenge was also tested in vitro.

Methods and Materials

Chemicals— The following chemicals such as 1,1-
Diphenyl-2-picrylhydrazyl (DPPH), 2,2' azino-bis
(3-ethyl-benzthiazoline-6-sulfonic acid) diammonium
salt (ABTS"), butylated hydroxyanisole (BHA), 2,4,6-
tris  (2-pyridyl)-s-triazine  (TPTZ),  Naphthyl
ethylenediamine dihydrochloride (NED), 5,5'-dithio-
bis-2-nitrobenzoic acid (DTNB) were purchased from
Sigma (St. Louis, MO, USA). Rest of the chemicals
were of analytical grade and purchased from Merck
(Darmstadt, Germany).

Preparation of M. oleifera seed extract (MoSE)—
MoSE was prepared as per Babu et al.”®, with some
modifications. Drumsticks of M. oleifera were
collected from a specific tree of Salt Lake area,
Kolkata and authenticated at Botanical Survey of
India (BSI), Howrah, India. Seeds were collected
from the drumsticks, thoroughly washed in distilled
water and dried in vacuum oven at 50°C for 10 h.
Clean, dry seeds were then crushed and 5 g of it was
poured in 50 mL of 80% ethanol. Mixture was stirred
in air-tight container and filtered. Filtrate was then
evaporated using Rotary Evaporator (adjustment
bath: 40-45°C, rotation: 50 x g, pressure: ~15psi,
condenser: 4°C) to remove alcohol. Alcohol free
residue of sample was weighed (500 mg) and

dissolved in 100 mL distilled water to make final
extract solution (5 mg/mL).

Antioxidant activity screening of MoSE

Estimation of total polyphenol content— Total
polyphenol content of MoSE was quantified using
the method of Taga et al.?®, with modifications.
Test samples were mixed with 2% Na,CO;
and allowed to stand at room temperature (37 °C) for
2 min. Then, 50% Folin-Ciocalteu’s phenol reagent
was added to mixture and allowed to stand for another
30 min at room temperature prior to read absorbance
at 720 nm. Gallic acid was used as standard for
calibration curve. Polyphenol content of MoSE was
expressed in terms of gallic acid equivalence.

Free radical scavenging activity— Free radical
scavenging activity of MoSE was measured by DPPH
using the method of Oktay et al.?” with modifications.
Ethanolic DPPH solution (0.2 mM) was added to the
extract in separate tubes to make final concentration
of samples 1, 2, 5, 10 and 20 pg/mL. After 30 min of
incubation at room temperature, absorbance was
measured at 517 nm. DPPH scavenging activity was
expressed as percentage inhibition using the formula:

(control O.D -sample O.D)
control O.D

ABTS" scavenging activity— ABTS® scavenging
activity of MoSE was estimated according to
Re et al.?®, with some modifications. ABTS" (7 mM)
was reacted with 140 mM potassium persulfate
overnight in dark to yield ABTS" radical cation. Prior
to use in assay, ABTS" radical cation was diluted with
50% ethanol for an initial absorbance at 734 nm, with
temperature control set at 30°C. Free radical
scavenging activity was assessed by mixing 1 mL
diluted ABTS" with a series of test samples (MoSE)
and monitoring the change in absorbance at 734 nm at
0,1, 2, 3, 4 and 5 min intervals along with immediate
reading until a steady state was achieved. Antioxidant
capacity of MoSE was expressed as ECs

Reducing activity— Reducing activity of MoSE
was estimated by the method of Oyaizu, 1986 with
some modifications®. Different concentrations of
extract (1, 2, 5, 10 and 20 pg/mL) were mixed with
0.2 M phosphate buffer (pH 6.6) and 1% potassium
ferricyanide. Mixture was incubated at 50°C for
20 min. Then 10% TCA was added and centrifuged at
1000 g for 10 min. Upper layer of the solution was
mixed with distilled water and 0.1% FeCl; and
absorbance was measured at 700 nm.

% Radical scavenging activity = %100
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Hydroxyl radical scavenging activity— It was
determined as described by Singh et al. *°, with some
modifications. Different concentrations (1, 2, 5, 10,
20 pg/mL) of MoSE were taken in separate tubes and
1 mL of iron-EDTA (0.1% ferrous ammonium sulfate
and 0.26% EDTA) and 1 mL of DMSO (0.85% v/v in
0.1 M phosphate buffer, pH7.4) were added. Reaction
was initiated by adding 0.5 mL of 0.22% ascorbic
acid. Reaction tubes were capped tightly and heated
on a water bath at 80-90°C for 15 min. Reaction
was terminated by adding 1 mL ice cold TCA
(17.5% wi/v). Then 3 mL of Nash reagent (75 g of
ammonium acetate, 3 mL of glacial acetic acid and
2 mL of acetyl acetone were mixed and raised to 1 L
with distilled water) was added to all the tubes and
left at room temperature for 15 min for colour
development. Absorbance was measured at 412 nm.
Percentage of hydroxyl radical scavenging activity
was calculated using the formula:

% Hydroxyl radical scavenging activity = 1- (O.D of
sample/O.D of blank) x 100
O.Dof s,ampleXlOO
O.D of blank
Antioxidant activity in linoleic acid emulsion
system— Antioxidant activity of MoSE against lipid
peroxidation in linoleic acid emulsion system was
estimated by ferric thiocyanate method®. A reaction
mixture containing MoSE (for three different
concentrations 25, 50 and 100 pg/mL), 0.02 M
linoleic acid emulsion and 0.2 M phosphate buffer
(pH 7) was incubated at 37°C overnight in dark. An
aliquot of 0.1 mL of reaction solution was then added
to 75% ethanol and 30% ammonium thiocyanate.
After 3 min, 0.02 M FeCl; in 3.5 % (w/v) HCI was
added to reaction mixture. Absorbance was measured
at 500 nm. For all the four assays above and
antioxidant activity BHA was used for comparison.
Fluorescence microscopic study of hepatocytes
using Fenton reaction— Hydroxyl radical was
generated using the principle of Fenton reaction.
Fe—EDTA reagent was prepared immediately before
the reaction by mixing equal volume of 0.6 mM Fe
ammonium sulfate and 1.2 mM EDTA. A small liver
tissue slice was macerated using frosted glass slide
and using iron EDTA reagent. The macerated liver
was taken in three microfuge tubes in equal volume of
100 pL and tubes were marked as control, H,0O,
treated, H,O, and MoSE simultaneously treated. H,O,
(100 pL 0.3%) and 500 pL (5 mg/mL) MoSE were
added to relevant tubes. Samples were incubated at

% Hydroxyl radical scavenging activity =1—

room temperature for 45 s and the reaction was
stopped by adding 100 pL of 100 mM thiourea in
0.2 M EDTA. Then 50 pL of mixture from each tube
was taken in three different glass slides and stained with
ethidium bromide and observed under fluorescence
microscope (400X). Concentration of reagents and time
of incubation was appropriately standardized.

Animal treatment— Animal experiment was
performed following the guidelines of Institutional
Animal Ethics Committee. Twenty four Swiss male
albino mice (20+2 g) were housed in individual cages
and maintained at a 12/12 h light-dark cycle, 16-20°C.
They were divided equally into 4 groups (n=6 in each
group): Mice fed with a standard diet (control group, C);
fed with standard diet and treated every day with seed
extract (SE group); fed only with high fat diet
(HFD group); fed with HFD + seed extract
(HS group) during 15 days of treatment schedule.
Animals of control and SE group were supplemented
with a standard laboratory diet containing (for 100 g)
13.9 g protein, 61.8 g carbohydrate, 3.9 g fat
(remaining constituents were vitamins and minerals)
while HFD and HS group were supplemented with
HFD containing (for 100 g) 11.1 g proteins, 32.8 ¢
carbohydrate and 23.9 g fat®. The detailed composition
of the control and high fat diet is given in the table 1.

Table 1— High fat diet composition compared with control
laboratory diet. The standard and laboratory and high fat diet
were evaluated biochemically for essential nutrient components.

Control Diet (100g) Energy HFD (100 g) Energy
Carbohydrate 61.8 63.4 32.8 33.7
Fat

Total Fat 3.99 9% 23.9 54.9%
Saturated : 1.85g - 17.42g

Palmitic acid 1.06 5.32g

Stearic acid 0.39 2.01g

Lauric acid - 4.80g

Myristic acid 0.33g 3.41g

Caprylic acid - 0.799

Capric acid - 0.68g

Caproic acid 0.07g 0.40g

Archidic acid - 0.01g
Unsaturarted: 1.24g - 5.39

MUFA: 0.09g 4.23g

Oleic acid 0.09g 4.23g
Polyunsaturated: 1.15g 1.07g

Linoleic acid 0.78g 0.93g
a-linolenic acid 0.37g - 0.14g

Protein 13.9 14.2 111 11.4

Dietary fibre: 17.6 - 9.9
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Seed extract treated animals were fed through oral
gavages with (150 mg/kg body wt.) seed extract.
Treatment started after 7 days of acclimatization and
lasted for 15 consecutive days. Thereafter, animals
were sacrificed by cervical dislocation. Tissues (liver)
were collected and stored in —20°C until analysis.
Dose of MoSE used in the experiment was properly
standardized (data not shown) and toxicity of MoSE
was also validated. No lethality was observed up to
1500 mg/Kg body wt.

Determination of antioxidant profile, lipid
peroxidation and tissue nitrite content from liver
homogenate— Liver homogenate was prepared using
TRIS-EDTA-HCI buffer (pH 7.4) and used for the
estimation of Ferric reducing antioxidant power
(FRAP), reduced glutathione (GSH), superoxide
dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), lipid peroxidation (LPO) and tissue
nitrite content (TNC). Protein content of the liver
homogenate was estimated by Lowry’s method™.

Estimation of FRAP— FRAP assay was done from
liver homogenate using FRAP reagent®, containing
300 mM acetate buffer (pH 3.6), 10 mM TPTZ and
20 mM ferric chloride. An aliquot (10 pL) of each
sample was mixed with 1 mL FRAP reagent and
reading was taken at 593 nm using spectrophotometer
(Shimadzu, Tokyo, Japan). Values were calculated
from standard curve prepared by 1 mM FeSO,
solution.

Estimation of GSH— For GSH assessment®,
a cocktail was prepared by mixing 100 mM phosphate
buffer (pH 7.5) and 100 mM NADPH. Then 5 pL
of liver homogenate and 3 pL of 25 times diluted
glutathione reductase (100 units/mL) were added to
mixture. Finally, 50 mM DTNB was added. After
30 min of incubation at room temperature,
reading was taken at 412 nm and GSH value was
calculated from standard curve prepared by using 1
mM GSH.

Evaluation of SOD activity— SOD activity was
determined using the involvement of superoxide
anion radical and autoxidation of pyrogallol®.
Reading was taken at 420 nm.

Evaluation of CAT activity— CAT activity was
assessed by its ability to decompose 1 pmol of H,0,
per min and taken as 1 enzyme unit activity using the
¢ for H,O, at 240 nm, i.e., 43.6 M'cm™ as done in
Yumoto et al.¥’. For both, SOD and CAT activities,
the enzyme activity was expressed in U/mg of
tissue protein.

Evaluation of GPx activity— To estimate GPx
activity®®, a reaction mixture (6 mL) was prepared
using 50 mM phosphate buffer with 0.4 mM EDTA
(pH 7), 10 pL of glutathione reductase (100 units/mL),
200 mM GSH and 100 mM B-NADPH. Reaction
mixture was then diluted to 10 times with buffer.
For each reaction 3 mL of this reaction cocktail
and 10 pL of liver homogenate was used. GPx
activity was expressed in U/mL/mg of protein
using millimolar extinction coefficient of B-NADPH
at 340 nm, i.e., 6.22.

Assessment of LPO— LPO was determined from
tissue by thiobarbituric acid (TBA) assay™ using TBA
and TCA reagents. Liver homogenate was mixed with
20% TCA, 0.68% TBA and 32 mM EDTA. Mixture
was then heated at 80°C for 20 min. Absorbance was
measured at 535 nm and LPO was calculated using
extinction coefficient of MDA to be 1.56x10°> M™ cm™.

Determination of TNC— TNC was estimated using
Griess reagent; containing 0.1% NED, 1%
sulfanilamide and 2.5% HsPO,”. Reading was taken
at 540 nm and value was calculated from standard
curve prepared by using 1 mM NaNO, solution.
Results were expressed in terms of ‘n’moles/mg of
tissue protein.

Statistical analysis— Data were expressed as
mean * standard error of mean. One-way ANOVA
was used for statistical analysis between groups. The
F ratio of one-way ANOVA was considered
significant when P <0.05. Statistical analysis was
done using Origin software (version 7.0).

Results

In vitro antioxidant activity screening of Moringa
oleifera seed extract— MOSE is rich in polyphenols.
In the present study, polyphenol content of MoSE was
0.125 pg/pL in terms of gallic acid equivalence
(graph not shown). MoSE showed potent free radical
scavenging activity by quenching DPPH. Fig. 1A
depicts that DPPH radical scavenging activity of MoSE
as 22, 21, 15, 22 and 20% higher than that of BHA for
respective concentrations of 1, 2, 5, 10 and 20 pg/mL.
Fig. 1B represents ECsp, i.e., the concentration
necessary for 50% reduction of ABTS" to be 13.98
pg/mL for MoSE and 14.16 pg/ml for BHA.

The dose response curve evidently exhibits the
electron donating capacity of MoSE in terms of
reducing powerfrom (Fig. 1C). MoSE exhibited 25,
29, 33, 26 and 29% higher reducing activity compared
to BHA for the respective concentrations of 1, 2, 5,
10 and 20 pg/mL.
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Fig. 1— Antioxidant activity of MoSE. (A) DPPH stable free radical scavenging activity; (B) ABTS" radical scavenging activity;
(C) Reducing activity; (D): Hydroxyl radical scavenging effect; and (E): Antioxidant activity in linoleic acid emulsion. [Values are mean
+ SEM of three parallel determinations. BHA represents the positive control]

-

Fig. 2— MOoSE prevents hepatocytes nuclei from damaging effect of hydroxyl radicals developed by Fenton reaction. Photomicrograph
represents (A) Hepatocytes nuclei without any treatment (control); (B) Hydroxyl radical treated i.e., the hepatocytes went through the
burden of hydroxyl radical developed by Fenton reaction; and (C) Hydroxyl radical and seed extract simultaneously treated. [Hepatocytes
were treated for 45s, stained with ethidium bromide and observed under fluorescence microscope (400X)]

Moreover, MoSE showed 16, 11, 27, 16 and 17%
higher hydroxyl radical scavenging activity than BHA
for the respective concentrations of 1, 2, 5, 10 and
20 pg/mL (Fig. 1D).

Fig. 1E represents the antioxidant activity of MoSE
on peroxidation of linoleic acid. The effect of MoSE
was found overlapping on 1%, 2™ 3 and 4™ day with
BHA for 100 pg/mL. For 25 pg/mL concentration,
activity of MoSE and BHA was almost similar on
day 3; and for 50 pug/mL concentration, it was on
day O.However, distinguishable increased activity in
MoSE was observed on day 4 for both concentrations
(Fig 1E).

Fluorescence microscopic study of hydroxyl
radical scavenging activity of MoSE— The damaging
effect of hydroxyl radical developed by Fenton
reaction and its protection by MoSE in hepatocyte
nuclei is shown in Fig. 2. No damage was observed in

untreated hepatocyte nuclei (Fig. 2A). Fig. 2B with
damaged and ruptured cell nuclei and diffused nucleic
acid revealed that the hydroxyl radical developed by
Fenton reaction, damaged the membranes and even
the nuclei in hepatocytes. Fig. 2C demonstrates the
ameliorative action of MoSE. Here, the nuclei were
either undamaged or comparatively less damaged
revealing that the swelling and peripheral damage by
hydroxyl radical was prevented by MoSE
components.

MoSE restored endogenous antioxidant status in
HFD fed mice liver— Liver was targeted for in vivo
experimentation as liver is the major metabolic hub
amongst the organs. FRAP value represents total
antioxidant activity excepting GSH (thiol containing
ones). Higher FRAP value depicts greater strength of
sample to scavenge ROS. It is evident from Table 2
that mean FRAP value of HFD group decreased
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Table 2— Effect of MoSE on antioxidant status, lipid peroxidation and tissue nitrite content of HFD fed mice liver (n=6)
Parameters Groups
C SE HFD HS

FRAP (FU) 2.21+0.15 3.004£0.19* 0.7620.17** 3.1040.16***
GSH (umol/mg of protein) 1.23+0.06 1.62+0.27 0.38+0.13** 1.4240.16***
SOD activity (U/mg of protein) 1.62+0.33 1.65+0.16 0.78+0.32** 2.1440.26***
Catalase activity (U/pg of protein) 2.91+0.42 3.50+0.35 1.15+0.18** 4.10£0.29***
GPx activity (U/ml of enzyme/mg of protein) 1.34+0.09 1.42+0.16 0.7440.09** 1.81+0.12%**
TBARS (nmoles of MDA/mg of protein) 0.80+0.14 0.76+0.12 2.43+0.22** 0.76+0.15***
Tissue nitrite(nmoles/mg of protein) 42.0+3.4 44.0+2.6 126.0+4.2** 68.0+3.4***

[C (Control): Mice fed with a standard diet; SE: Mice fed with standard diet and treated with the seed extract; HFD: Mice fed with HFD;
HS: Mice fed simultaneously with HFD and seed extract for continuous 15 days. All the values were mean + SEM. *P <0.05 was
considered significant and indicated by * when values were compared between C and SE group; **P <0.05 when compared between

C and HFD group; ***P <0.05 when compared between HFD and HS group.]

significantly by 65% from control (P <0.05), whereas
that of HS group increased significantly compared to
HFD group (P <0.05).

GSH, the thiol containing antioxidant whose
metabolism is highly associated with modulation of
redox sensitive components of signal transduction
cascade, showed 68% decrease from control (P<0.05)
in HFD fed group . In contrast, HS group showed
significant increase (P <0.05) in GSH content
compared to HFD fed group (Table 2).

Similarly, SOD, CAT and GPx activity in HFD
group also decreased significantly (P <0.05) by 5162
and 43%, respectively compared to control. Whereas
HS group showed significantly increased SOD, CAT
and GPx activity (P <0.05) compared to only HFD
fed group (Table 2).

Malondealdehyde (MDA) content is defined as a
marker of lipid peroxidation. In present study, mean
MDA content of HFD group increased significantly
from control (P <0.05) whereas MDA content of HS
group decreased significantly (P <0.05, 68%) from
HFD group (Table 2).

In present study, significantly elevated (P <0.05)
TNC in HFD fed group from control has been found.
In contrast, significantly lower TNC in MoSE treated
group [46% decrease in HS group from HFD group
(P <0.05)] has also been found (Table 2). These
results thus ensure the efficacy of MoSE as a true aid
to in vivo antioxidant status.

Discussion

HFD feeding, both for short or long term, triggers
ROS generation and shifts the homeostasis towards
more free radical rich oxidizing stae in vivo®. The
present model of high fat diet induced stress is an
acute metabolic stress replica with substantial

development of systemic as well as cellular trauma,
where free radicals impart a major role at all levels.
The free radicals, if remains unchallenged, prove to
be fatal. Consumption of staple foods, fruits and
vegetable is thus important to prevent or cure this pro-
oxidative status. Otherwise, it might induce several
long term harmful effects in individual cells, tissues
and eventually in the whole system. The
phytocompounds can bring harmony against any
derangement of metabolism. Bioactive
phytocomponents of Moringa oleifera seeds are
efficient radical scavengers and possess persuasive
reducing capability*’. Hence, in the present study we
investigated the role of the bioactive compounds rich
MOoSE to prevent the formation of ROS.

The development of cellular (mitochondrial) ROS
by HFD altered both the hepatic oxygen gradients and
mitochondrial function reasonably in vivo. This leads
to interruption in fatty acid oxidation, depressed
bioenergetics and increased oxidative stress arising
from enhanced generation of ROS and RNS (reactive
nitrogen species)®. Pessayre et al.®, also reported that
HFD triggers ROS production by a vicious cycle in
hepatocytes. These phenomena supposedly played a
pivotal role in generation of pro-oxidative stress
on HFD consumption, thereby leading to certain
cellular and biochemical changes as found in this
study (Table 2).

Agueous MOSE has shown inhibition of lipid
peroxidation, protein oxidation, superoxides, hydroxyl
and nitric oxide radicals induced degradation and
prevention of oxidative DNA damage®. Present
results not only substantiated these findings with
polyphenol rich ethanolic preparation but also
demonstrated by biochemical tests that the MoSE
scavenged DPPH, ABTS® or hydroxyl radicals
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efficiently, inhibited peroxidation of linoleic acid and
possessed potent reducing capability. Further, it
showed that MoSE prevents membrane and nuclei
damage in vitro (Figs 1 and 2).

Stress developed due to HFD or any other reason
may lead to exhaustion of antioxidant defense pool by
lowering the levels of antioxidant enzymes like CAT,
GPx and glutathione reductase® and/or by increasing
ROS production and diminishing GSH content. We
found 68% reduction in GSH content in HFD group
compared to control (P <0.05) and higher FRAP and
GSH value in MoSE treated animals (Table 2). In
addition, higher SOD, catalase and GPx activity was
found in MoSE treated group compared to HFD fed
group. SOD catalyzes the conversion of superoxides
to H,O, which is further converted to H,O by catalase
and GPx. Higher SOD content in MoSE treated group
ensures this ctalaytic conversion of superoxides. Lipid
peroxidation is the result of interaction between free
radicals and membrane lipids. The end products of
LPO are thiobarbituric acid reactive substances
(TBARS) such as MDA that may cause further ROS
production cyclically®. LPO products and ROS
together may continue their detrimental effects. Low
MDA content in MoSE treated group ensures
lowering of lipid production and interruption in
further ROS generation in this group. Higher content
of NO, a significantly reactive oxidizing and
inflammatory agent is already reported in HFD fed
animals®. Similarly, in present study higher TNC
content is found in HFD fed group whereas lower
TNC content has been observed in MoSE treated
group. MoSE antioxidant pool made it possible by
scavenging elevated ROS and RNS. Endogenous
tissue antioxidant pool remains intact in MoSE treated
group since the phytocompounds scavenge the
reactive species. Another possibility is that MoSE
active components may influence cellular antioxidant
mechanisms by (i) inducing enzyme activity through
allosteric modulation and/or; (ii) increasing total
enzyme molecule by inducing gene expression.

HFD not only develops metabolic stress but also
triggers superoxide and hydroxyl anions. Several redox
sensitive signaling agents activate molecules and
trigger the chronic disorders. HFD alters transcript
levels of more than 18 genes, reduces the expression of
genes involved in free-radical scavenging and increases
the expression of genes involved in stress response and
signal transduction®. Present study confirms that this
HFD induced oxidative stress has been successfully

reduced by the MoSE. Apart from polyphenols, MoSE
contains several other phytochemicals viz., flavonoids,
alkaloids, phytosterols along with vitamin C and E.
Taken together, this MoSE treatment not only boosts
or replenishes the in vivo antioxidant store but also
provides a protective milieu which helps to combat
the oxidative insult mediated by reactive species. The
present laboratory has evidenced the preventive role
of phytocomponents of leaf of this plant at the
molecular ~ depth  addressed  with  signaling
pathways'®**?*** The leaf and seed share majority of
the compounds. Recently, the bioactivities of Moringa
flower extract have shown leishmania parasitic load
reduction in liver and spleen*®. Our laboratory has
already demonstrated the therapeutic potential of
Quercetin®®***, the major flavonoid of the leaf and its
glycone derivative Rutin®**°, Beta Sitosterol’, a
phytosterol and Ferulic acid®. In most situations, the
metabolic stress and the generation of overt oxidative
state are major offenders of the physiological systems.
The beneficial phytocomponents with their unique
chemical structure and biochemical attributes prevent
the disorder.

The seed or the pod of Moringa oleifera is
consumed by a large population throughout India and
its neighbour countries. It is used as nutritive health
food across many ethnic populations of Afro-Asian
countries. It serves as a therapeutic validation against
fat diet induced oxidative stress.

Conclusion

The present study has demonstrated that MoSE or
its components prevent HFD induced ROS generation
and subsequent stress in vivo. Moreover, it prevents
hydroxyl radical mediated damage of cell nuclei in
the in vitro condition. This potential of MoSE can be
used as alternative yet complementary, cost effective
and safe therapeutic agent after thorough validation.
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