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Euglena tuba extract provides protection
against lipopolysaccharide-induced inflammatory response
and oxidative stress in mice
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Abstract
Lipopolysaccharide (LPS), an endotoxin, is known to induce inflammatory response and oxidative stress in rodents. We eval-
uated the protective role of Euglena tuba extract (ETME) against LPS induced inflammatory response and oxidative stress in
male Balb/c mice. Male Balb/c mice were divided into 4 groups. Group 1 (control) were intraperitoneally administered 0.5 mL
PBS. Group 2, 3 and 4 were treated with a single dose of LPS (i.p. 40 mg/kg body weight). Prior 1 h, Group 3 and 4 received
orally 100 mg/kg body weight and 200 mg/kg body weight ETME respectively. Biomarkers of oxidative stress including
TBARS, SOD, Catalase, Liver marker enzyme (SGPT and SGOT), Nitric Oxide, and inflammatory cytokines including IL-6
and TNF-α, were estimated in serum. Oxidative stress and inflammatory markers were significantly increased in the LPS treated
group, whereas ETME treated group at different concentrations protected mice from pro inflammatory cytokines and oxidative
stress. Our results indicate that 70% methanolic extract of Euglena tuba can efficiently counteract free radical generation and
increased level of inflammatory cytokine in an LPS induced mice model.
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Abbreviations
LPS Lipopolysaccharide
ETME Methanolic extract of Euglena tuba
TBARS Thiobarbituric acid reactive substances
SOD Superoxide Dismutase
NBT Nitroblue tetrazolium
SGPT Serum Glutamic Pyruvic Transaminase
SGOT Serum Glutamic Oxaloacetic Transaminase
NO Nitric oxide
i NOS Inducible nitric oxide synthase

Introduction

Euglena tuba is an alga that is predominantly found in fresh-
water ponds, puddles, lakes, and river banks, forming seasonal
algal bloom prominently at warm temperatures during

conditions of lower dissolved oxygen and acidic environment.
Blooms fully cover the pond forming a deep red to greenish
coloured continuous layer on the surface of the water (Deb
2015). Various bioactive compounds like phenolics, flavo-
noids, alkaloids, tannins, terpenoids, saponins, carbohydrates,
and ascorbic acid are present in Euglena tuba which provide
many documented medicinal properties (Chaudhuri et al.
2014). Studies have shown that Euglena tuba has antioxidant,
hepatoprotective, iron-chelator, antitumor activities and can
induce apoptosis through ROS- mediated MAPK regulation
(Panja et al. 2014, 2016).

Lipopolysaccharide (LPS), an endotoxin, is the key com-
ponent of the outer membrane of Gram-negative bacteria. The
administration of LPS to mice is a widely used strategy to
induce an acute systemic inflammatory response.
Incorporation of LPS to the body activates an intracellular
signaling pathway and causes the production of inflammatory
cytokines which are responsible for activating innate immune
response by regulating inflammatory mediators such as
TNF-α, IL-6, and NO (Buras et al. 2005; Schulte et al.
2013). In response to these cytokines, reactive oxygen species
are generated from neutrophils and other phagocytic cells
which triggers oxidative stress (Sugino et al. 1987).
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Uncontrolled inflammation and excessive oxidative stress
may be the leading symptoms of sepsis culminating in multi-
ple organ failure and death (Steven et al. 2017). The symp-
toms of COVID 19 also show an abnormally high inflamma-
tory response (Zhang et al. 2020).

Based on already available reports that Euglena tuba has
excellent anti-inflammatory and antioxidant property, we fo-
cus our study to investigate the ameliorative anti-
inflammatory and antioxidant effect of 70% methanolic ex-
tract of Euglena tuba (ETME) on LPS induced inflammatory
response and resultant severe oxidative stress in mice.

Method and material

Sample collection and characterization

The algal sample was collected in themonth of October from a
pond in district Kangra of the state of Himachal Pradesh,
India, situated at 28° 22′ to 33° 12´ N, 75° 47′ to 79° 04′E
and 31° 40′–32° 25′ East longitudes and 70° 35′–77° 5′ North
latitudes. Samples were preserved in 4% formalin for identi-
fication and observed under the light microscope.
Morphological features were taken in account and character-
ized (Kumar et al. 2016).

Extract preparation

The collected samples were thoroughly cleaned under the
sterile condition with distilled water 3–4 times to remove dirt
and then centrifuged at 1000 x g to wash out contaminating
bacteria. The collected pellet of the biomass of Euglena tuba
was dried in sunlight for seven days and then finely powdered.
In 100 mL solvent (methanol: water 7:3) the powder (10 g)
was soaked and stirred for 17 h, then centrifuged at 3000 g.
The process was repeated again with the obtained pellet by
using a 100 mL fresh solvent. The total obtained supernatant
was concentrated under reduced pressure in a rotary evapora-
tor. The concentrated solution was lyophilized and the 70%
methanolic extract of Euglena tuba (ETME) was obtained
which was kept at −20 °C for future use.

Animals and experimental design

6–8 weeks old male Balb/c mice were purchased from the
Indian Institute of Toxicological Research, Lucknow, India.
The animals were grouped and housed in polyacrylic cages
with 6 animals per cage and maintained under standard labo-
ratory conditions. Animals had free access to standard diet
purchased from Paramount Techno Company and water ad
libitum. Animals were randomly divided into four groups,
each comprising six animals. Group 1 the controls were intra-
peritoneally administered 0.5 mL PBS. Group 2,3 and 4 were

treated with a single dose of LPS (O55: B5 E.coli purchased
from Sigma Aldrich, Mumbai) (i.p. 40 mg/kg body weight)
(Lee et al. 2013). Prior 1 h Group 3 and 4 received orally
100 mg/kg body weight and 200 mg/kg body weight ETME
respectively. Blood samples were drawn 3 h after LPS treat-
ment from orbital sinus and plasma was separated. The sur-
vival of the mice was monitored for 5 days and sacrificed by
cervical dislocation. All experiments using mice were done in
accordance with the guidelines of the Institutional Ethical
Committee (839/GO/Re/04/CPCSEA).

Nitric oxide (NO)

Nitric oxide levels was measured in the plasma by Griess
reaction (Yamamoto et al. 1998). The samples were incubated
with Griess reagent (0.1% naphthalene diamine HCl; 1% sul-
fanilamide in 5% phosphoric acid mixed as 1:1) and the pink-
colored product thus formed was measured at 540 nm on a
spectrophotometer. Production of Nitric oxide was calculated
by comparing standard sodium nitrite conc. and the results are
expressed as μmol/L NO.

Total protein content was estimated in plasma samples by
using the method of Lowry et al. (1951).

Estimation of cytokine level (IL-6 and TNF – α) in the
serum of mice

Cytokine levels were estimated following the directions given
as per the manufacturer’s manual (Krishgen Bio framework,
India) as described previously in detail (Kumar et al. 2020).
The result is reported in Pg/ mL.

Thiobarbituric acid reactive substances (TBARS)

Malondialdehyde (MDA) in plasma was determined by reac-
tion with thiobarbituric acid (TBA) (Buege and Aust 1978).
Briefly; 0.1 mL Tris –HCL buffer, 0.1 mL Ferrous sulphate
and 0.1 mLAscorbic acid. 0.05 mL sample was added and the
volume was made up to 1.0 mL with DDW. 1.0 mL TCA and
2 mL TBA were added after incubation at 37 °C for 15 min.
Tubes were plugged and incubated for 15 min. in a boiling
water bath. After incubation, tubes were centrifuged at
3000 rpm for 10 min. and the supernatant was read at
532 nm. The concentration of MDA was calculated using
the extinction coefficient of 1.56 × 105 M−1 cm−1. Results
are expressed as nmol MDA/mg protein.

Superoxide dismutase (SOD)

The activity of the enzyme superoxide dismutase was deter-
mined according to the method of Kono (1978). Auto oxida-
tion of hydroxylamine HCL generates superoxide anions.
These anions bring about the reduction of NBT to blue
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formazone. SOD inhibits the reduction of NBT induced by
hydroxylamine HCL. The activity of the enzyme was
expressed as units/mg protein, where one unit of enzyme is
defined as the amount of enzyme inhibiting the rate of reaction
by 50%.

Catalase

Catalase activity was assayed by the method of Luck (1971).
Catalase is an enzyme that catalyzes the decomposition of
hydrogen peroxide to oxygen. The rate of decomposition of
hydrogen peroxide is assessed spectrophotometrically at
240 nm. The activity of the enzyme is expressed as μmoles
of hydrogen peroxide decomposed per min per mg protein,
using the molar extinction coefficient of hydrogen peroxide
(71 M−1 cm-1).

Measurement of liver marker enzyme

Determination of serum SGPT, and SGOT level was per-
formed using reagent kits from Span diagnostic and ERBA
diagnostics and measurements were made on an Erba
Mannheim Chem.-7 analyzer.

Statistical analysis

All data are expressed as mean ± SD of six measurements and
statistical analysis was performed using GraphPad Prism 7.04
software. Data were analyzed by one-way ANOVA. A prob-
ability of P < 0.05 was considered significant.

Results

Nitric oxide

Figure 1 shows levels of NO in plasma of all groups. The NO
levels were found to be significantly (p < 0.05) higher in the

LPS group with respect to control group while significant
decreases (p < 0.05) were seen in the ETME group as com-
pared to the LPS group.

Cytokine level (IL-6 and TNF – α) in the serum of mice

Cytokine levels are represented in Fig. 2a and b. The activity
of both cytokines is significantly (p < 0.05) increased in LPS
treated groups of mice with respect to control. A significant
reduction is seen in both ETME groups of mice when com-
pared with LPS group.

Thiobarbituric acid reactive substances

Lipid peroxidation is one of the important oxidative stress
markers measured in the form of MDA and value is reported
in the form of nmol/mg protein. According to variously re-
ported studies lipid peroxidation increases with oxidative
stress. Our result also confirms increase in the level of lipid
peroxidation in the LPS group as compared to control whereas
both ETME groups show significant (p < 0.05) decrease in the
MDA level with respect to LPS group Fig. 3a.

Superoxide dismutase

Figure 3b, shows the SOD activity. Significantly increased
(p < 0.05) value of SOD are found in the LPS group as com-
pared to control, whereas both ETME groups show significant
(p < 0.05) decrease in the SOD level with respect to LPS
group.

Catalase

Catalase is one of the important antioxidant biomarkers
markers. Figure 3c, represents the level of catalase activity.
In the LPS group of mice, there was (p < 0.05) significantly
decrease in the level of enzyme activity with respect to the
control group of mice while significantly increased (p < 0.05)
in the enzyme activity are found in 100 & 200 ETME groups
when compared to the LPS group. 200 ETME supplementa-
tion provides a better result with respect to 100 ETME.

Serum SGPT and SGOT level

SGOT and SGPT level are shown in Fig. 4a and b. The activ-
ity of both markers is significantly (p < 0.05) increased in LPS
treated groups of mice with respect to control. A significant
reduction is seen in both ETME groups of mice when com-
pared with LPS group.
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Fig. 1 Effect of different doses of ETME on the level of NO in LPS
induced oxidative stress.*p < 0.05 significant changes occurs between
100 ETME to the LPS group, @ represent significant p < 0.05 change
occurs between 200 ETME compared to the LPS group
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Discussion

Microalgae are the best antioxidants used in different pathol-
ogies related to the generation of free radicals associated with
several diseases (Sathasivam et al. 2019). Antioxidant proper-
ties of frequently consumed food, vegetables, and other herbs
have been confirmed as a good source of potent antioxidant
due to their phytochemicals (Proteggente et al. 2002).
Polyphenols and flavonoids are strong antioxidants that can
act as reducing agent (Karaman et al. 2010), free radical scav-
engers (Kähkönen et al. 1999), inhibitors of lipid peroxidation
(Williams et al. 2004) and thereby preventing oxidative dam-
age (Ross and Kasum 2002). HPLC analysis of Euglena tuba
extract corroborate the presence of bioactive compounds in-
cluding tannic acid,reserpine, methyl gallate, catechin, ascor-
bic acid and rutin, the presence of these compounds validate

the strong antioxidant property of ETME (Chaudhuri et al.
2014). Moreover GC-MS analysis of ETME also showed
the presence of compounds such as isovanillin, 3-hydroxy-5-
methoxy benzaldehyde, α-D-glucopyranoside, methyl-2,6-di-
hydroxy-4-methyl benzoate, methyl palmitate, 14,17-
octadecadienoic acid, and viminalol which may contribute to
antioxidant, antiperoxidative, anti-inflammatory and antican-
cer activities (Panja et al. 2014).

Overproduction of free radicals increases the level of oxi-
dants which is the underlying mechanism of oxidative dam-
age. Excessive oxidative stress is a distinguishing aspect of
LPS. Therapies targeting redox abnormalities could be useful
for improving the management of sepsis. Studies have re-
vealed that prolonged vascular inflammation and oxidative
stress in response to infection or endotoxin (LPS) induction
is a distinct trait related to sepsis (Steven et al. 2017). The
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Fig. 3 a Effect of different doses of ETME on the level of MDA in LPS
induced oxidative stress.*p < 0.05 compared to the control group, #

p < 0.05 significant changes occurs between 100 ETME to the LPS
group, @ represent significant p < 0.05 change occurs between 200
ETME compared to the LPS group. b Effect of different doses of
ETME on the SOD enzyme in LPS induced oxidative stress.*p < 0.05
compared to the control group, # p < 0.05 significant changes occurs

between 100 ETME to the LPS group, @ represent significant p < 0.05
change occurs between 200 ETME compared to the LPS group. c Effect
of different doses of ETME on the catalase enzyme in LPS induced
oxidative stress.*p < 0.05 significant changes occurs between 100
ETME to the LPS group, @ represent significant p < 0.05 change
occurs between 200 ETME compared to the LPS group
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Fig. 2 a and b represents the
cytokine level in mice serum.*, #
and @ represent the significant
increase (p < 0.05) in the value of
cytokines with respect to their
control LPS and different
concentration of ETME
supplementation
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antioxidant defense system of the body involves a range of
antioxidants and enzymes such as SOD, CAT, GST, and
GSH. Our results provide evidence that the administration of
LPS alters the level of antioxidant enzymes and that oral ad-
ministration of the Euglena tuba extract can provide protection
against oxidative stress. ETME shows in vitro hydroxyl radi-
cal scavenging activity that can eliminate hydroxyl radical and
significantly decrease the level of lipid peroxidation, suggest-
ing that may ETME function as a good antioxidant that can
effectively reduce the cellular toxicity of LPS (Chaudhuri
et al. 2014).

A high level of SOD and low level of Catalase is an adap-
tive response to increased oxidative damage created due to the
administration of endotoxin LPS (Portolés et al. 1996). Our
result suggests that ETME shows superoxide radical scaveng-
ing activity that might be due to the presence of flavonoids
which effectively scavenge superoxide anions (Sunil et al.
2011). However, the level of Catalase significantly increases
by the action of phenolics linked to enzymatic and non-
enzymatic reactions of antioxidants (Nirmal et al. 2008).

The development of reactive oxygen and nitrogen species
is an important part of the innate immune response. High level
of NO is generated by i-NOS after induction by any pathogen,
cytokines, growth factors and endotoxin which plays a signif-
icant role in the pathology of several diseases such as arthritis,
diabetes, atherosclerosis, and sepsis (Nathan 1992; Nussler
and Billiar 1993). The overproduction of NO is the character-
istic feature of endotoxin. LPS induction enhances the expres-
sion of i-NOS that consequently activates the nuclear factor
(NF-κB) and increases the production of NO (Virdis et al.
2005). However, ETME reduces the toxicity of NO due to
the presence of anti-inflammatory compounds which might
inhibit nitrite formation by directly competing with oxygen
in the reaction with nitric oxide (Chaudhuri et al. 2014).

The liver is the main organ of oxidative and detoxifying
action. During stress conditions increase in the amount of
ROS and inflammation plays an important role in altering
the liver function markers SGOT and SGPT. Our results show
increase in the level of both marker enzymes in the LPS treat-
ed group of mice whereas the different concentration of
ETME reversed this effect, higher conc. of ETME provides

better results, so our finding support that the ETME supple-
ment reduced ROS and inflammation and also work as a he-
patoprotective compound.

Our findings assume great significance in present times
when science is trying to find ways to limit the mortality
caused by COVID 19. The major cause of multiple organ
failure in patients of COVID 19 is due to the production of
very high levels of pro-inflammatory cytokines which is re-
ferred to as ‘cytokine storm’ (Sallard et al. 2020; Stebbing
et al. 2020). Our results show that ETMEmay reduce the level
of LPS induced cytokines thus providing an intervention strat-
egy for the management of COVID 19.

Conclusion

Our finding demonstrates that 70% methanolic extract of
Euglena tuba can efficiently counteract free radical generation
and increased level of pro-inflammatory cytokine in an LPS
induced mice model. The outcome of this study strongly sug-
gests that the extract of Euglena tuba can be used as a thera-
peutic agent to reduce the risk of systemic inflammation and
oxidative stress in chronic diseases. The results may also pro-
vide a line of defense for COVID 19.
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