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Abstract
Idiopathic pulmonary fibrosis is a chronic and progressive respiratory disease whose diagnosis and physiopathogenesis are still
poorly understood and for which, until recently, there were no effective treatments. Over the past few decades, many studies
have demonstrated that marine macroalgae such as red seaweeds are potential alternative sources of useful bioactive
compounds possessing various physiological and biological activities. The present study was aimed to investigate the effect of
Corallina officinalis aqueous extract (COAE) against bleomycin (BLM)-induced lung fibrosis in rat. Thus,Wistar rats were divided
into 4 groups of 10 each: control, BLM (2 mg/kg), BLM/COAE-150 mg/kg and BLM/COAE-300 mg/kg once a day for 21 days.
Obtained results showed that COAE is rich in phenolic compounds and exhibited relatively high antioxidant activity. COAE
might significantly reduce the damage caused by BLM by rewarding the decline in weight and pulmonary index in rats given only
BLM. Moreover, lungs, liver and kidneys lipid peroxidation, and sulfhydryl group levels were reversed significantly in a dose-
dependent manner in the COAE-treated groups. BLM decreased superoxide dismutase (SOD) and catalase (CAT) activities,
while COAE administration increased the antioxidant enzyme activities. Histopathologically, COAE attenuates the severity of
the inflammatory lungs state caused by instillation of BLM in rats. These findings suggest that COAE can be a potential
therapeutic candidate against BLM-induced lung fibrosis.
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Introduction

Pulmonary fibrosis is a chronic progressive lung disease that
steadily leads to lung architecture disruption and respiratory
failure.1 Generally, the development of pulmonary pathology
is often preceded by acute lung inflammation, caused by a
wide variety of etiological factors such as viral and bacterial
infections, ionizing radiation, chemotherapy, air irritants and
pollutants,2,3 which were not resolved in time and resulted in
the deposition in the lungs and respiratory dysfunction.4

Currently, different models of pulmonary fibrosis have
been developed including radiation damage, instillation of
bleomycin (BLM), silica or asbestos, and transgenic mice or
gene transfer employing fibrogenic cytokines.5 So far, the
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BLM animal model is the most useful experimental tool that is
commonly used to investigate treatment options for respira-
tory disorders. BLM is a chemotherapeutic antibiotic that has
been identified as a pro-fibrotic agent when lymphoma pa-
tients developed pulmonary fibrosis after intravenous ad-
ministration of BLM. It has been used in multiple species
including mice, rats, guinea pigs, hamsters, dogs, and pri-
mates; yet, mice are most common.6

The physiopathology of pulmonary fibrosis is still poorly
elucidated, and the current treatment based on a combi-
nation of corticosteroids (anti-inflammatory) and azathio-
prine (anti-inflammatory and immunosuppressive) is partially
effective.7,8 Unfortunately, until today, lung transplant is often
the only viable treatment option and no therapy has been
proven to prolong survival.9 Therefore, new therapeutic
molecules with same properties as the marketed drugs, better
efficacy and tolerability and less side effects for the pulmonary
fibrosis were needed.

In this context, effects of several natural bioactive com-
pounds, especially plant extracts, on attenuation of BLM-
induced pulmonary fibrosis have been reported in the litera-
ture, such as Ginkgo biloba (100 mg/kg),10 Trigonellafoenum
graceum (5-40 mg/kg),11 Houttuynia cordata (1 g/kg),12 and
Juglans regia (150 mg/kg).13 Some of these studies claim that
the phenolic compounds like gallic acid and quercetin present
in plant extracts might play a major role in protecting or
preventing the development of this respiratory pathology.14 So
far, no information regarding benefic effect of marine sea-
weeds against BLM-induced fibrosis in rat has been
documented.

In the last decades, seaweeds are considered a huge res-
ervoir of bioactive compounds such as bioactive peptides,
lectins, carotenoids, polysaccharides, fatty acids, flavonoids,
proteins, tocopherols, and phytosterols, with different bene-
ficial properties and potential application in food, cosmetic
and pharmacological industries.15,16 Due to these bio-
compounds, macroalgae present a wide variety of bioactivities
such as antioxidant, anti-viral, anti-fungal, antibacterial, an-
tiproliferative, anti-inflammatory, neuroprotective, adipo-
genesis, and antidiabetic.17 The red seaweed, Corallina
officinalis, is a well-known edible seaweed in China and many
other countries, and also documented as a drug in traditional
Chinese medicine for over 100 years. Several molecules de-
rived from this red species have demonstrated important an-
timicrobial anti-inflammatory and analgesic bioactivities.18–20

Thus, the aim of this study was to investigate the protective
effect of red seaweed extract COAE against BLM-induced
pulmonary fibrosis and oxidative stress in rat.

Material and Methods

Red Seaweed (C Officinalis) Collection

The C officinalis biomass was collected in January 2020 from
Menzel Abderrahmane city, which is in the north-west of

Tunisia (37° 130 4800 N and 9° 510 3600 E). The collected
samples were packed in polyethylene bags and transported to
the laboratory within 2 h. Upon arrival, seaweeds were washed
with tap water to remove epiphytes, sand and potential
contaminants. Fresh seaweeds were subsequently dried in a
dark room at ambient temperature for a few weeks. Then, the
dried samples were pulverized into a fine powder using a
blender (Knife Mill Grindomix GM 200, Retsch, Haan,
Germany) and stored in airtight glass jars in the refrigerator for
further analysis.

Enzyme-Assisted Extraction

Enzymatic extraction was performed in a small bioreactor in
which 1 g of seaweed powder and 100 mL of water were
mixed. The reaction vessel was connected to a water bath
maintained at optimal temperature needed for the enzyme
action. When the optimal temperature has reached, the
commercial Alcalase® 2.4 L (5% weight/dry weight, w/dw)
were added to the mixture and allowed to react during 24 h at
pH 8.0 and 50°C under constant gentle stirring (150 rpm).
After the required digestion time, the reaction was stopped by
heating the solution at 85°C during 15 min to inactivate the
enzyme. After extraction, the samples were filtered, on a
Buchner system using a synthetic cloth, and then centrifuged
at 10000×g for 20 min at 10°C to separate insoluble and
soluble fractions. Finally, the soluble phase was freeze dried,
weighed for calculating yield (10.56 ± .02%) and stored at
�80°C freezer until further use. The lyophlized powder ob-
tained referred to as C officinalis aqueous extract (COAE).

Quantitative Polyphenol Analysis

Total phenolic content of COAEmeasured with a colorimetric
assay using Folin-Ciocalteu’s phenol reagent.21 Briefly, 50 μL
of diluted sample was added to 120 μL of Folin-Ciocalteau
reagent and 2 mL of distilled water and mixed thoroughly for
5 min. Then, 375 μL of 10% (w/v) sodium carbonate was
added and the mixture was allowed to stand for 2 hours at
room temperature. The absorbance was measured at 765 nm
using UV-VIS spectrophotometer. Gallic acid was used as a
phenolic standard to quantify the total phenolic content. The
total phenolic content of COAE was expressed as mg gallic
acid equivalents (GAE)/g dry weight (DW). The test was
carried out in triplicate.

Total flavonoid content of COAE was determined using
aluminum chloride colorimetric method.22 Briefly, 400 μL of
diluted sample was mixed with 120 mL of 5% (w/v) NaNO2

and 120 mL of 10% (w/v) AlCl3 was added. At 6 min, 800 μL
of NaOH (1M) was added. The absorbance of the mixture was
measured at 510 nm using UV-VIS spectrophotometer. Cat-
echin was used as a condensed flavonoid standard to quantify
the total flavonoid content. The total flavonoid content of
COAE was expressed as mg quercetin equivalents (QE)/g
DW. The test was carried out in triplicate.
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Total condensed tannin content in COAE was determined
with the acid vanillin assay.23 Briefly, 50 μL of extract was
mixed with 1500 μL of 4% (w/v) vanillin (prepared with
absolute methanol) and then 750 μL of hydrochloric acid
(36%) was added. The mixture was left to stand at room
temperature for 20 min. The absorbance of the mixture was
measured at 510 nm. Catechin was used as a condensed tannin
standard to quantify the total condensed tannin content. The
total condensed tannin content of COAE was expressed as mg
catechin equivalents (CE)/g DW. The test was carried out in
triplicate.

In vitro Antioxidant Activities Assays

The enzymatic COAE at different concentrations were eval-
uated for antioxidant activity by using three in vitro tests, viz,
DPPH radical scavenging, iron chelating property, and re-
ducing power. All the analysis was performed in triplicate
unless otherwise specified.

DPPH Radical Scavenging Capacity. The scavenging capacity of
COAE for DPPH (1,1-diphenyl-2-picrylhydrazyl) radical
were examined according to Bersuder et al.24 Briefly, 500 μL
of test sample was mixed with 375 μL of 100% ethanol and
125 μL of .02 mM DPPH ethanol solution. The mixture was
vortexed then left for 60 min in the dark at room temperature.
The absorbance was read at 517 nm and percentage of DPPH
radical scavenging activity was calculated using the following
equation

DPPH radical � scavenging ð%Þ ¼
�
1� A517 sample

A517 control

�
× 100

The control was conducted in the same manner, except that
distilled water was used instead of sample. Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid) was used as a
standard.

Reducing Power Assay. The ability of COAE to reduce iron (III)
was determined according to the method of Yildirim et al.25

An aliquot of .5 mL sample at different concentrations was
mixed with 1.25 mL of .2 M phosphate buffer (pH 6.6) and
1.25 mL of 1% potassium ferricyanide solution. The mixtures
were incubated at 50°C for 30 min, followed by addition of
1.25 mL of 10% (w/v) trichloroacetic acid. The mixture was
then centrifuged at 3000×g for 10 min. Finally, 1.25 mL of the
supernatant was mixed with 1.25 mL of distilled water and
25 mL of .1% (w/v) ferric chloride. After 10 min reaction, the
absorbance of the resulting solution was measured at 700 nm.
BHA was used as positive control.

Ferrous ion-chelating Ability Assay. The chelating capacity of
COAE for Fe2+ was measured according to the method de-
scribed by Dinis et al.26 To .5 mL of COAE, at different
concentrations, 1.6 mL of distilled water and .05 mL 2 mM of

FeCl2 was added, followed by the addition of .1 mL of 5 mM
ferrozine after 15 min. After a 10 min reaction time at room
temperature, the absorbance of the Fe2+–ferrozine complex,
with red or violet color, was measured at 562 nm. The che-
lating antioxidant activity for Fe2+ was calculated according to
the following formula

Chelating activity ð%Þ ¼
�
1� A562 of sample

A562 of control

�
× 100

The control was conducted in the same manner, except that
distilled water was used instead of the sample. EDTAwas used
as standard.

Animal Model of Bleomycin-Induced Lung Fibrosis

Male Wistar rats, weighing between 180 and 220 g, were
obtained from the Central Society of Pharmaceutical Indus-
tries of Tunisia (SIPHAT, Ben-Arous, Tunisia). The animals
were separated into different groups and acclimatized for
15 days with a standard pellet diet (standard pellet diet Badr-
Utique-TN) and water ad libitum (22 ± 2°C; 12 h dark/light
cycle). All experiments were performed according to the
recommendations of the local Ethics Committee on Animal
Welfare in strict conformity with NIH guideline for the care
and use of laboratory animals.27

Bleomycin rat model of lung fibrosis as reported earlier by
Abidi et al,28 was used in this study. All rats underwent an-
esthesia by intraperitoneal injection of 75 mg/kg body weight
(bw) of pentobarbital sodium solution (Sandoz Laboratory,
Paris, France). Each anaesthetized rat was immediately sus-
pended from gallows. Induction of fibrosis was done by an
intra-tracheal instillation of 2 mg/kg bw of bleomycin
(Bleomycin®, Laboratories Aventis, France) in 200 μL
saline.28

Experimental Design

A total of forty rats were randomly divided into four exper-
imental groups of ten animals each (n = 10). The first (G1)
served as a normal control group that received any treatment,
only .9% saline (orally 2 mL/kg bw); the second group (G2)
served as a positive control (BLM model group) that received
a single intratracheal instillation of bleomycin (2 mg/kg bw),
3 days later they received by gavage .9% saline (2 mL/kg bw)
once daily for 21 days; the third group (G3) received BLM
solution intratracheally (2 mg/kg bw), 3 days later they were
treated with COAE (150 mg/kg) weekly for 21 days (BLM/
COAE-150 group), and the fourth group (G4) received BLM
solution intratracheally (2 mg/kg bw), 3 days later they were
treated with COAE (300 mg/kg) weekly for 21 days (BLM/
COAE-300 group). For all studied groups, daily gastric ga-
vage was performed each morning at 9 a.m. In the course of
the experiment, the body weight of rats in each group, the food
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consumption and volume of drunken water were measured on
days 3, 4, 7, 14, and 21.

Sacrifice, Organ Sampling and Bronchoalveolar Lavage
Fluid Recovery

At the end of the treatment, rats were anesthetized with the
same procedure described during the induction of fibrosis and
then were euthanized by injection of a lethal dose (200 mg/kg
bw) of sodium pentobarbital. Blood samples were collected by
cardiac puncture and centrifuged at 5000 rpm for 10 min at
4°C. The serum was stored at �80°C for subsequent assays.

Following the sacrifice, the diaphragm and the anterior
thorax were cut to extract the heart-lung block. Before ex-
traction, the bronchoalveolar lavage fluid (Balf) was collected
from some lobes of the right lung by intratracheal injections of
saline (4 × 5 mL) via a catheter and re-aspiration of the liquid
between two fractions. The lobes of left lungs were fixed by
intratracheal injection of a 10% formalin solution (6 to 8 mL)
and immersed in formalin for 48 h before histological ex-
amination. Then, the remaining lungs were rapidly excised,
trimmed of extraneous tissue, rinsed, and weighed for the lung
index determination. The ratio of net lung weight (mg) to the
body weight (g) for each rat was used as the lung index. In
addition, liver, and kidney tissues were removed and used for a
biochemical determination of protein, malondialdehyde
(MDA) levels, as well as antioxidant enzyme activities.

Bronchoalveolar Lavage

The Balf sample was centrifuged at 3000 rpm for 5 min at 4°C,
and the supernatant was discarded, and the cell pellet was
resuspended with 50 μL saline solution. 10 μL of the cell
suspension was pipetted and the total number of cells was
counted with a hemocytometer.

Then, 30 μL of cell suspension was pipetted, and cell
smears were prepared and stained with Wright’s-Giemsa to
distinguish different types of cells under a light microscope.29

Determination of Oxidative Stress biomarkers

Oxidative stress status of lung, liver and kidney was assessed
by estimation of malondialdehyde (MDA), thiol group, and
protein contents, as well as by the measurement of antioxidant
enzymes activities: catalase (CAT) and superoxide dismutase
(SOD).

Protein levels were estimated using the Bradford assay
method, using bovine serum albumin as standard.30

Lipid peroxidation was evaluated by measuring MDA
using the double heating method.31 Briefly, tissues homoge-
nates were combined with a butylated hydroxytoluene
(BHT)–trichloroacetic acid (TCA) solution containing 1%
BHT (w/v) and 20% (w/v) TCA. The mixture was centrifuged
at 1000×g for 5 min at 4°C. The obtained supernatants were

blended with .5 N HCl and 120 mM of thiobarbituric acid
(TBA) prepared in 26 mM Tris buffer and then heated in a
laboratory water bath at 80°C for 10 min. After rapid cooling,
an absorbance reading was obtained with a UV-vis spectro-
photometer at 532 nm. MDA levels were calculated using
an extinction coefficient for the MDA–TBA complex of
1.56 × 105 M�1 cm�1.

CAT activity was assessed by measuring the rate of H2O2

disappearance at 240 nm.32 Briefly, the assay mixture con-
tained 33 mM H2O2, 50 mM phosphate buffer (pH 7) and
30 μL tissue extract. CAT activity was calculated in terms
of μmole of H2O2 consumed/minute/mg of protein using the
extinction coefficient of 40 mM/cm for H2O2.

SOD activity was determined as described previously by
Misra and Fridovich.33 It is based on the inhibition of the auto-
oxidation of epinephrine to adenochrome at pH = 10.2.
Briefly, the assay mixture included 10 mL bovine catalase
(.4 U/mL), 62.5 mM sodium carbonate-sodium bicarbonate
buffer and 20 mL epinephrine (5 mg/mL). One unit of SOD is
defined as the enzyme required to inhibit 50% of adenochrome
generation. The absorbance was recorded at 480 nm.

Sulfhydryl groups (–SH) contents were performed ac-
cording to Ellman’s method.34

Histological Analysis

For histological study, rat lungs were fixed in 10% formalin
solution for 24 h, dehydrated in a graded series of ethanol,
embedded in paraffin, cut into 5 mm thick serial sections, and
stained with hematoxylin and eosin to identify inflammatory
cells andMasson’s trichrome to identify collagen deposition in
different sections. The entire lung section was observed
at ×100 magnification under light microscope.

Statistical Analysis

All experimental data were analyzed by the professional
edition of the Statistical Package for the Social Sciences
(SPSS) version 18.0 software package (SPSS Inc. Chicago,
IL, USA) and expressed as means ± standard deviation (SD).
The data are representative of six to eight distinct observa-
tions. Statistical differences between the groups were analyzed
with one-way analysis of variance (one-way ANOVA) fol-
lowed by Bonferroni’s post hoc (multiple comparison) test.
Differences were considered statistically significant at P < .05.

Results

Total Phenolic, Condensed Tannin, and Total Flavonoid
Contents of COAE

The results of phytochemical analysis of COAE indicate that
the mean polyphenols, flavonoids, and condensed tannins
contents were equivalent to 4.56 ± .42 mg GAE/g DW, 3.18 ±
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.3 mg QE/g DW, and .057 ± .02 mg CE/g DW, respectively
(Table 1).

In vitro Antioxidant Activity of COAE

The antioxidant activity of COAE was evaluated by various
antioxidant assays, including 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity, reducing power and
ferrous ion-chelating ability assay (Figure 1).

DPPH Radical Scavenging Activity. DPPH method is widely used
for investigating the free radical scavenging activities of com-
pounds. DPPH is a stable free radical that shows maximum
absorbance at 517 nm.When DPPH radicals encounter a proton-
donating substrate, such as an antioxidant, the radicals are
scavenged and the absorbance is reduced. Figure 1A shows the
DPPH free radical-scavenging capacities of COAE and Trolox,
used as positive control, at various concentrations. The results
clearly indicated that COAE had significantly (P < .05) higher
ability scavenging activity with a dose-effect relationship
(Figure 1A). Themaximum scavenging capacity of 96.16 ± .28%
was obtained at a relatively high concentration range (6 mg/mL).
However, COAE showed lower radical scavenging activity than
Trolox at the same concentrations. The concentrations of the
studied red seaweed extract and Trolox required to scavenge 50%
of the DPPH radicals (IC50) were also determined in this study.
The IC50 value for the COAE was 1.39 ± .03 mg/mL. On the
other hand, the IC50 value of the standard (Trolox) was 2.78 ±
.14 μg/mL.

Reducing Power. The reducing power assay is often used to
evaluate the ability of natural antioxidant to donate an electron
or hydrogen. The determination of the ferric reducing/
antioxidant was based on the reduction of Fe3+/ferricyanide
complex to the ferrous form in presence of reductants (anti-
oxidants) in the tested samples. The Fe2+ was then monitored
by measuring the formation of Perl’s Prussian blue at 700 nm.
In fact, it is widely accepted that higher absorbance at 700 nm
is correlated to power reducing. As shown in Figure 1B, the
reducing capacity of COAE increased in a concentration-
dependant manner. However, the reducing power of COAE
remained significantly lower than that of BHA. At 6 mg/mL,
the reducing power of COAE reached a maximum value of
2.53 whereas that of BHA was 3.0.

Metal-chelating activity. In the present study, ferrous chelating
activities of the COAE, determined at different concentrations

(1–6 mg/mL), are presented in Figure 1C. The results revealed
that COAE presented a significative higher (P < .05) ferrous
chelating capacity. It was clear that the effect of the red
seaweed extract on the chelating capacity was dose dependent
upon concentrations (Figure 1C). COAE was also noted to
exhibit excellent ferrous chelating capacity, with the highest
level (74.88%) being observed at a concentration of 6 mg/mL.
Indeed, the metal chelating activity of EDTA (98.85%) was
only 1.3 times higher than COAE activity at the same con-
centration under the same experimental condition (Figure 1C).
The IC50 values for the ferrous chelating capacity of COAE
and EDTA were 1.01 ± .12 mg/mL and .08 ± .01 mg/mL,
respectively.

Effect of COAE on Rat Body Weight, Food
Consumption and Water Intake

The change in rats body weight of the different groups be-
tween days 0 and 21 was determined and the results are given
in Table 2. Bleomycin caused a significant (P < .05) body
weight loss in exposed rats compared to the control group
throughout the experiment period. However, control and
COAE groups showed a significant (P < .05) and progressive
increase in body weight gain, starting on the seventh day
(Table 2). Interestedly, treatment with COAE (150 and
300 mg/kg) had a tendency to prevent the body weight loss
two weeks after drug administration, but it was not statistically
significant (P > .05).

Differences in food consumption (Table 3) and water intake
(Table 4) were recorded between all groups throughout the
treatment period. As shown in Tables 3 and 4, BLM causes a
remarkable diminution in these parameters in treated rats
compared to normal rats. However, the treatment with COAE
at different doses (150 and 300 mg/kg) considerably increases
access to water and food consumption in a dose-dependent
response in comparison to BLM group. No significant dif-
ference (P > .05) was detected in the food and water intake
between the negative control and the rats treated with
300 mg/kg of COAE.

It is still important to note that throughout the experiment,
no deaths were recorded in all groups of rats studied. Also, a
decrease in the morbidity of the rats was observed following
the induction of fibrosis with BLM. In addition, no toxicity or
adverse side effects were noted following gastric gavage
treatment of COAE.

Effect of COAE on Lung Index and Bronchoalveolar
Fluid Cells

For further investigate the protective effect of COAE on BLM-
induced pulmonary fibrosis in rat, the lung index and bron-
choalveolar lavage cells (Balf) count were determined among
groups and the results are presented in Figure 2. In contrast
with body weight loss, the lung index of the BLM-treated rats

Table 1. Phytochemical composition of COAE.

Total Polyphenol Content (mg GAE/G DW) 4.56 ± .42

Total flavonoid content (mg QE/g DW) 3.18 ± .30
Total condensed tannin content (mg CE/g DW) .057 ± .02
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(15.76 mg/g) increased due to lung weight gain after bleo-
mycin injection compared with that of the normal control rats
(9.53 mg/g) (Figure 2A). On the other hand, COAE (150 and
300 mg/kg) treatment decreased the lung index compared to
the bleomycin group (Figure 2A). Especially, the COAE-
300 mg/kg group has a similar lung index, which almost
restored to the normal level of control group, in order of
9.31 mg/g.

The effect of COAE on inflammatory cell infiltration in the
lung was investigated by counting these later in collected Balf
(Figure 2B). The results obtained showed that the total number

of cells in the BLM group (35.25 ± 2.73 104/mL) were
significantly (P < .05) higher than the control group (13.33 ±
1.03 104/mL). In contrast, the COAE-treated groups presented
a significant (P < .05) decrease in total cells count in a dose-
dependent manner compared to the BLM group, which
suggested that COAE could effectively reduce the total cells
count of Balf.

Furthermore, BLM significantly increased monocytes
(11.00 ± 1.78 104/mL) and lymphocytes (22.5 ± 1.25 104/
mL) count in Balf (P < .05) (Figure 2B). After treatment
with COAE (150 and 300 mg/kg), the number of

Figure 1. Antioxidant activities of the COAE; (A) DPPH radical scavenging activity, (B) reducing power assay; (C). Metal-chelating activity.
COAE, Coralina officinalis aqueous extract.

Table 2. Effect of bleomycin instillation and/or COAE treatment on rat body weight variation.

Body Weight (g)

Day 0 Day 3 Day 7 Day 14 Day 21

Control 302.33 ± 11.23 309.33 ± 8.08 308.33 ± 12.22 311.66 ± 10.40 323.33 ± 35.11
BLM 296.66 ± 15.27a 281.66 ± 12.58a 303.00 ± 8.00a 309.33 ± 10.01 316.00 ± 10.14a

BLM/COAE-150 290.50 ± 10.53a,b 270.25 ± 4.78a,b 295.75 ± 11.02a,b 310.25 ± 9.32 328.50 ± 6.85a,b

BLM/COAE-300 306.25 ± 18.87a,b 287.00 ± 11.46a,b 297.75 ± 18.98a,b 325.25 ± 18.26a,b 346.00 ± 23.07a,b

Number of rats: n = 10/group. Control: Negative control group, BLM: Intratracheal instilled bleomycin group, BLM/COAE: C. officinalis aqueous extract at
different doses (150 and 300 mg/kg) after BLM instillation. Values are the mean ± SD;
aP < .05 compared to control group and
bP < .05 compared to BLM group (ANOVA test).

Table 3. Effect of bleomycin instillation and/or COAE treatment on food intake of rats.

Food Intake (g)

Day 0 Day 3 Day 7 Day 14 Day 21

Control 20.65 ± .87 18.97 ± .54 19.50 ± .60 19.25 ± .77 21.07 ± .75
BLM 19.89 ± .66 8.75 ± .75a 12.43 ± .33a 14.35 ± .43a 16.86 ± .66a

BLM/COAE-150 18.66 ± .43a,b 15.76 ± .61a,b 15.71 ± .55a,b 16.15 ± .67a,b 19.88 ± .65a,b

BLM/COAE-300 16.69 ± .38a,b 14.8 ± .73a,b 15.68 ± .27a,b 17.09 ± .37a,b 20.88 ± .75b

Number of rats: n = 10/group. Control: Negative control group, BLM: Intratracheal instilled bleomycin group, BLM/COAE: C. officinalis aqueous extract at
different doses (150 and 300 mg/kg) after BLM instillation. Values are the mean ± SD;
aP < .05 compared to control group and
bP < .05 compared to BLM group (ANOVA test).
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monocytes and lymphocytes decreased significantly (P <
.05) in a dose-dependent manner compared to the BLM
group. The above results demonstrate that the bioactive
extract of C officinalis could significantly reduce the
production of inflammatory cells in Balf, suggesting an
anti-inflammatory effect of COAE that leads to a re-
markable attenuation of the damage caused by pulmonary
fibrosis induced by BLM.

Effect of COAE on Protein Levels

In order to assess the extent of fibrosis, the lungs, kidneys and
liver protein levels were determined (Figure 3). As shown in
Figure 3, the protein levels in all tissues sampled from BLM-
treated rats was decreasedmarkedly (P < .05) compared with that
of the normal control rats. At day 21 after bleomycin instillation,
the protein levels recorded at lungs, kidneys and liver are 16.19 g/
100 g, 15.70 g/100 g, and 23.37 g/100 g, respectively. The
decreased protein contents in all homogenates were significantly
(P < .05) reduced dose dependently with COAE (150 and

Table 4. Effect of bleomycin instillation and/or COAE treatment on water intake in rats.

Water Intake (mL)

Day 0 Day 3 Day 7 Day 14 Day 21

Control 44.16 ± 2.31 43.32 ± 1.29 43.00 ± 1.44 44.05 ± 1.53 44.03 ± 1.72
BLM 44.35 ± 1.27 25.57 ± .45a 28.29 ± 1.08a 32.30 ± 1.13a 37.95 ± .62a

BLM/COAE-150 44.55 ± .67 25.36 ± 1.14a 25.27 ± .70a,b 30.75 ± .80a 40.55 ± .61a,b

BLM/COAE-300 44.71 ± .82 28.00 ± 1.29a,b 30.79 ± 1.14a,b 32.33 ± 1.17a 44.09 ± .95b

Number of rats: n = 10/group. Control: Negative control group, BLM: Intratracheal instilled bleomycin group, BLM/COAE: C. officinalis aqueous extract at
different doses (150 and 300 mg/kg) after BLM instillation. Values are the mean ± SD;
aP < .05 compared to control group and
bP < .05 compared to BLM group (ANOVA test).

Figure 2. Effects of COAE and/or BLM on lung index of BLM-induced PF in rat (A) Cell counts and classification in Balf (B). Values are the
mean ± SD; a: P < .05 compared to control group and b: P < .05 compared to BLM group (ANOVA test). COAE, Coralina officinalis aqueous
extract; BLM, Bleomycin; Balf, Bronchoalveolar lavage fluid.

Figure 3. Effects of COAE and/or BLM on lungs, kidneys, and liver
Protein levels. Values are the mean ± SD; a: P < .05 compared to
control group and b: P < .05 compared to BLM group (ANOVA
test). Number of rats: n = 10). COAE, Coralina officinalis aqueous
extract; BLM, Bleomycin.
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300 mg/kg) administration (Figure 3). Our results showed also a
significant increase in lung protein content following BLM/
COAE-300 mg/kg treatment to reach a level slightly higher than
the normal control rats (25.23 ± 1.28 vs 24.01 ± .66 g/100 g of
lung tissue, respectively, P < .05).

Effect of COAE on Lipoperoxidation and Antioxidant
Enzymes Activities

To investigate whether the effect of COAE on BLM-induced
fibrosis was associated or not with antioxidant activity in vivo,
some oxidative stress markers including MDA, SOD, CAT
and sulfhydryl group were further determined (Figure 4).
Lipid peroxidation was assessed by MDA determination and
the results are shown in Figure 4A. MDA levels in all tissues
tested significantly increased in BLM treated rats compared to
control group (P < .05). Indeed, MDA lung level is signifi-
cantly higher in the BLM group compared to the control group
(1.15 ± .11 vs .34± .10 nmol/g protein, (P < .05), respectively.
COAE administration at 300 mg/kg to BLM treated rats
significantly lowered the MDA levels compared to bleomycin
group (P < .05); whereas 150mg/kg caused a moderate change
in MDA levels especially in lung (Figure 4A). In addition,
instillation with BLM alone dramatically decreased the levels
of thiol group in the lungs, liver, and kidneys tissues. How-
ever, treatment with COAE counteracted efficiently the BLM-
induced oxidation processes within all studied tissues
(Figure 4B).

On the other hand, the activities of catalase in lung, liver,
and kidneys tissues, as shown in Figure 4C, were significantly
reduced by BLM treatment when compared with control
(1.08 ± .31 vs 3.05 ± .98 μmol/min/g protein, 1.44 ± .35 vs
2.76 ± .46 μmol/min/g protein, .94 ± .23 vs 2.64 ± .52 μmol/
min/g protein, respectively, (P < .05)), while in BLM/COAE-
150 mg/kg and BLM/COAE-300 mg/kg groups, this activity
is significantly restored when compared to the BLM
group. Similarly, BLM significantly decreased the activities of
SOD in all tissues samples as compared to the normal control
rats (P < .05) (Figure 4D). Meanwhile, COAE (150 et
300 mg/kg) significantly enhanced the activity of SOD as
compared to the BLM group (P < .05).

Histopathological Analysis

Figure 5A displays histopathological findings in lung tissue
stained with hematoxylin-eosin. As expected, control lungs
exhibited normal pulmonary architecture with normal alveolar
spaces and normal thickening of alveolar septa (Figure 5A,
G1). Whereas, lungs from rats treated with BLM alone were
characterized by lymphocytic inflammatory redesign, distur-
bance of the cellular architecture with fibrous alterations as
well as the presence of small nodules. These animals present
also a severe lung inflammation with massive infiltration of
inflammatory cells obvious alveolar wall thickening and the
presence of inter and intra-alveolar plasma cells (Figure 5A,
G2). Treatment with COAE reduced the severity almost all
BLM-induced lung damages. In fact, the BLM/COAE-

Figure 4. Effects of COAE and/or BLM on lungs, kidneys, and liver MDA levels (A), sulfhydryl groups (B), CAT (C) and SOD (D). Values are
the mean ± SD; a: P < .05 compared to control group and b: P < .05 compared to BLM group (ANOVA test). Number of rats: n = 10. COAE,
Coralina officinalis aqueous extract; BLM, Bleomycin; MDA, malondialdehyde; CAT, Catalase; SOD, Superoxyde dismutase.
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150 mg/kg group showing a minimal thickening of walls and
the lack of detectable damage of the lung architecture
(Figure 5A, G4).

Figure 5B displays histopathological findings in lung tissue
stained with Masson’s trichrome. Condensed bundles of
collagen recognized in green color are markedly evident in the
BLM group (Figure 5B. G2) compared with the control rats
(Figure 5B. G1). Treatment with COAE at 150 mg/kg showed
moderate decrease in collagen bundles compared to BLM
group (Figure 5B. G3). On the other hand, pulmonary lesion
was significantly lower in BLM/COAE +300 mg/kg group
compared to BLM group. Collagen deposition is moreover
increasingly less abundant in these groups with better pro-
tection in the group treated with COAE at 300 mg/kg
(Figure 5B. G4).

Discussion

Idiopathic pulmonary fibrosis (IPF) is an incurable, pro-
gressive, fatal lung disease caused by genetic and environ-
mental factors or associated to other lung disorders. Currently,
FDA-approved drugs for IPF include nintedanib and pirfe-
nidone, which show poor efficacy in most patients.35

Therefore, we need to discover novel drugs with more effi-
cacy and less adverse effects for the treatment of IPF. Recently,
several agents, especially from plant resources, with potent
antioxidant and anti-inflammatory activities exhibit protective
effects against bleomycin-induced lung injury.36,37 Seaweed
and seaweed components have revealed prospective medical
values with potent antioxidant and anti-inflammatory ef-
fects.38 To our knowledge, the effect of red seaweed extract on
pulmonary fibrosis has never been reported. For the first time
in the present study, the possible protective effect of COAE

against pulmonary fibrosis and oxidative stress induced by
bleomycin was investigated in rats.

In this study, we showed the beneficial and potential
therapeutic effects of COAE on the progression of lung fi-
brosis in BLM-treated rats. Our results confirm by the de-
termination of biochemical markers, enzymatic activities and
histological analysis that COAE can attenuate BLM-induced
lung fibrosis by normalizing pro-oxidant parameters and by
enhancing the activities of antioxidant enzymes. This COAE
effect appears to be mediated through inhibition of both in-
flammation and oxidative stress in BLM-induced pulmonary
fibrosis in rats.

Furthermore, the rigidity and structural complexity of the
algal cell wall is the major obstacle to efficient extraction of
intracellular bioactive constituents. Enzymatic extraction has
also been reported to increase the extractability of bioactive
compounds from several marine algae.39,40 In the present
study, enzyme-assisted extraction of C officinalis was pro-
posed as an eco-friendly method of red seaweed valorization.
Commercial Alcalase® used during extraction might have
broken down different peptide bonds in the cell wall proteins
as well as the proteins inside the cells releasing more soluble
bioactive compounds.

Generally, the amount of specific secondary metabolites,
with the most important of them being phenolic molecules,
dictates the effective bioactive potential of seaweeds. Our
results show that COAE has appreciable amounts of total
polyphenols and flavonoids. Moreover, COAE has demon-
strated high capacities of DPPH free radical scavenging, ferric
iron reducing and metal chelating, which reflects the pro-
nounced antioxidant potential of this red seaweed. It has
been reported that the presence of phytoconstituents such as
flavonoids, tannins and polyphenols prevent a number of
diseases through their free radical scavenging activity.41

Figure 5. Evolution of histological alteration of lung rat after BLM instillation and/or COAE treatment. (A) Hematoxylin and eosin-stained
lung tissue (Magnification, ×100; scale bar, 10 μm), (B) Masson’s Trichrome stained lung tissue (Magnification, ×100; scale bar, 10 μm).
Histological observation showed Fibrotic infiltrate: Dilatation of cystic bronchi with disappearance of alveoli and presence of necrotic
material (*), Small fibroblastic foci (+), and Honeycomb ( ). (G1) A Control group; (G2) a rat receiving BLM (G3) a rat receiving BLM/COAE-
150 and (G4) a rat receiving BLM/COAE-300. (Magnification, ×100; scale bar, 10 μm). Number of rats: n = 10. BLM, Bleomycin; COAE,
Coralina officinalis aqueous extract.
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However, the synthesis and diversity of phenolic chemicals
are intimately tied to the seaweed taxonomic group and
individual species.42 Furthermore, phenolic acids such as
benzoic acid, p-hydroxybenzoic acid, salicylic acid, gen-
tisic acid, protocatechuic acid, vanillic acid, gallic acid, and
syringic acid have been found in the genus Gracilaria
(Rhodophyta, red alga).43,44 By contrast, several studies
investigating different seaweed species have reported that
antioxidant activity is not necessarily correlated with the
content of phenolic compounds in the seaweed extracts,
suggesting the presence of other substances such as pig-
ments (chlorophyll and carotenoids), small peptides, and
sulfated polysaccharides of low molecular weight.45,46

In the present study, BLM administration resulted in body
weight loss, lung index increase, progressive and significant
inflammation, and severe alveolar destruction in rat lungs. In
addition, significant reductions in antioxidant enzymes ac-
tivities and sulfhydryl group levels and elevation of MDA
content were detected in the rat lung tissues following BLM
exposure. However, our results demonstrated that COAE
clearly attenuated fibrotic lesions in the bleomycin group. The
body weight loss, lung index, and total and differential cell
numbers of Balf, histopathological damages of fibrosis were
significantly reversed by COAE in a dose-dependent manner.
In addition, COAE reversed the CATand SOD activity, as well
as proteins and MDA levels, near to normal values in the
BLM/COAE-treated groups.

Body weight variation is among appropriate indicators for
monitoring animal health status during BLM-induced lung
injury progression. Treatment with BLM caused a significant
weight loss and a significant lung index increase in rats. In the
more commonly used model of lung fibrosis, where BLM is
administered by intratracheal instillation, mice show rapid,
and substantial loss of body weight.47 COAE administration
increased body weight while these treatments decreased
organ-body weight.

On the other hand, the oxidative stress plays a crucial role
in the pathological development of pulmonary fibrosis and the
production of oxygen-reactive species (ROS) has been re-
ported to be implicated, at least, in part in the pathogenesis of
fibrosis.48,49 MDA is one of the most commonly used bio-
markers for lipid peroxidation and its increased intracellular
level synonymous with oxidative cell membrane damage in
BLM lung injury.50 Our results founded that BLM induced an
increase ofMDA level in all tissues studied, especially in lung.
However, COAE treatment significantly reduced the MDA
levels, indicating decreased degree of oxidative stress and
subsequent lipid peroxidation. This protective effect of COAE
is thought to be connected to its free radical scavenger effect
and antioxidant activity, decreasing oxidative stress caused by
BLM via generation of ROS.

Endogenous antioxidant enzymes such as SOD and CAT
are an important indicator for oxidant and antioxidant status
and have the ability to remove toxic insults derived from
chemicals, oxidative stress and metabolites from cells.51 SOD

maintain the dynamic balance of free radical generation and
scavenging, which can catalyze the dismutation of the highly
reactive superoxide anion to O2 and to the less reactive species
H2O2.

52 CAT catalyzes the degradation or reduction of H2O2

to water and molecular oxygen, consequently completing the
detoxification process imitated by SOD.53 In agreement with
previous studies, our results showed that BLM markedly
decreased the SOD and CAT activities, as well as the thiol
group level, in the different studied tissues including lung.36,54

Meanwhile, treatment with COAE at 300 mg/kg resulted in a
significant decrease in lungMDAwith a significant increase in
SOD and CAT activities imply that COAE is beneficial in
maintaining oxidant-antioxidant balance. This effect may be
attributed to the stimulating effect of bioactive substances of
red seaweed such as peptides, mycosporine-like amino acids,
polysaccharide and polyphenols which have been described to
play antioxidant effects.55,56 In addition, the restoration of the
enzymatic activities of SOD and CAT could be due to the
possible stimulation of the nuclear factor erythroid 2-related
factor 2 (Nrf2) signaling pathway by the pro-oxidant bio-
molecules contained in COAE. Indeed, Nrf2 is a crucial
regulator of the cellular antioxidant response that induces the
expression levels of various antioxidant genes, in order to
enhance SOD and catalase activities, as well as other cyto-
protective enzymes.57

In laboratory animals, Balf is commonly used to monitor
inflammatory responses, immune mechanisms, and infectious
disease processes that occur in the pulmonary airways.58 It has
been demonstrated that macrophages and lymphocytes con-
tributed substantially to BLM-induced pulmonary inflam-
mation and fibrosis.59,60 After BLM injection, these
inflammatory cells were activated, migrating into the in-
flammatory foci, synthesizing, and secreting various cyto-
kines, inflammatory mediators, proteases, and ROS.59,60 Also,
BLM-induced pulmonary fibrosis is accompanied by chronic
inflammation characterized by an increase in the number of
inflammatory cells in the Balf during the fibrotic phase.61 In
agreement with previous studies, the present results showed
that BLM could induce a significant increase in the number of
total cells, monocytes and lymphocytes in the Balf on day
21 after BLM administration.36,62 However, COAE treatment
ameliorated these pathological changes in Balf, suggesting a
probable anti-inflammatory effect of COAE able to inhibit
inflammatory reactions and maintaining the number of im-
mune agents close to their normal value. However, COAE
treatment ameliorated these pathological changes in Balf,
suggesting a probable anti-inflammatory effect of COAE
capable of inhibiting the progression of inflammatory reac-
tions and maintaining the near-normal number of immune
agents.

Histological examination under light microscope of the
lung tissue from BLM group animals revealed evident dis-
tortion of lung architecture, where marked with severe al-
veolar structural damage, a large number of inflammatory cell
infiltration and fibroblast hyperplasia, a significantly enlarged
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alveolar septum, and a large amount of collagen fiber depo-
sition in the alveolar septum. However, treatment with COAE
at 150 or 300 mg/kg attenuates the extent and severity of the
histopathological characteristics of lung tissues damage,
suggesting that COAE protects BLM-induced lung fibrosis in
rats. These findings are consistent with previous studies
showing that several natural bioactive compounds exert a
potent protective effect against BLM-induced lung fibrosis in
rats.36,54

Conclusion

Our current study demonstrates the protective effect of COAE
against BLM-induced lung inflammation and fibrosis in rats as
confirmed by biochemical assays and histopathological
evaluation. COAE markedly ameliorated lung morphology.
COAE reduced lipid peroxidation and increased antioxidant
defense enzyme (SOD and CAT) levels. Significant COAE
protective effect was observed with doses of 300 mg/kg body
weight. This protective effect of COAE may be due to its
confirmed antioxidant potential able to preventing the pro-
duction or removing of oxygen free radicals and also its anti-
inflammatory capacities. Further research is needed in order to
identify and characterize the chemical components respon-
sible for the protective effect of red seaweed extract. Also,
more detailed work is necessary to completely expose the
molecular mechanisms behind the protective effect of actives
ingredients of COAE against BLM-induced pulmonary injury.
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de la Marne, Greater Reims, Région Grand Est and the European
Union along with the European Regional Development Fund (ERDF
Champagne Ardenne 2014–2020) for their financial support of the
Chair of Biotechnology of CentraleSupélec and the Centre Européen
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Author’s Contributions

Dhaouafi J ensured the preparation of the experimental protocol and
its realization, was involved in all the analyses carried out, wrote the
manuscript, and interpreted the results obtained.

Dhaouafi J is identified as the guarantor of the paper, taking
responsibility for the integrity of the work as a whole, from inception
to published article.

Abidi A ensured the chemical analysis of the seaweed extract,
antioxidant activities, the protocol realization, the writing and the
revision of the manuscript.

Nedjar N ensured the conceptualization, methodology, supervi-
sion, writing-review, and editing. Romdhani M ensured the bron-
choalveolar fluid analysis and the protocol realization.

Tounsi H read the H&E and trichrome histological sections and is
involved in the interpretation of its results.

Sebai H participated in revision and correction of manuscripts.

Balti R ensured the formal analysis, resources, writing—review
and editing, visualization, supervision, project administration, and
funding acquisition.

All authors have reviewed and approved the submission of this
manuscript version.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the Grant No. 18JEC12-12 from the Ministry of
Higher Education and Scientific Research of Tunisia. Also, this work
was financially supported by the “PHC Utique” program of the
French Ministry of Foreign Affairs and Ministry of Higher Education
and Research and the Tunisian Ministry of Higher Education and
Scientific Research in the CMCU project number 19G1124.

Ethics Approval

Animals were cared for according to the principles of the local Ethics
Committee on Animal Welfare (University of Jendouba: UJ2021-03-
4022) in accordance with the recommendations of the International
Council of Laboratory Animal Science.

ORCID iDs

Jihen Dhaouafi  https://orcid.org/0000-0002-5006-1667
Anouar Abidi  https://orcid.org/0000-0002-4619-6892

References

1. Savin IA, Zenkova MA, Sen’kova AV. Pulmonary fibrosis as a
result of acute lung inflammation: Molecular mechanisms,
relevant in vivo models, prognostic and therapeutic approaches.
Int J Mol Sci. 2022 Nov 29;23(23):14959. doi:10.3390/
ijms232314959

2. Chen J, Stubbe J. Bleomycins: Towards better therapeutics. Nat
Rev Cancer. 2005;5(2):102-112. doi:10.1038/nrc1547

3. Kligerman S. Pathogenesis, imaging, and evolution of acute
lung injury. Radiol Clin. 2022;60(6):925-939. doi:10.1016/j.rcl.
2022.06.005

4. Piotrowski WJ, Martusewicz-Boros MM, Białas AJ, et al.
Guidelines of the polish respiratory society on the diagnosis and
treatment of progressive fibrosing interstitial lung diseases other
than idiopathic pulmonary fibrosis. Adv Respir Med. Oct 2022;
90(5):425-450. doi:10.3390/arm90050052

5. Moeller A, Ask K, Warburton D, Gauldie J, Kolb M. The
bleomycin animal model: A useful tool to investigate treatment
options for idiopathic pulmonary fibrosis? Int J Biochem Cell
Biol. 2008;40(3):362-382. doi:10.1016/j.biocel.2007.08.011

6. Moore BB, Hogaboam CM. Murine models of pulmonary fi-
brosis. Am J Physiol Lung Cell Mol Physiol. 2008;294(2):
L152-L160. doi:10.1152/ajplung.00313.2007

Dhaouafi et al. 11

https://orcid.org/0000-0002-5006-1667
https://orcid.org/0000-0002-5006-1667
https://orcid.org/0000-0002-4619-6892
https://orcid.org/0000-0002-4619-6892
https://doi.org/10.3390/ijms232314959
https://doi.org/10.3390/ijms232314959
https://doi.org/10.1038/nrc1547
https://doi.org/10.1016/j.rcl.2022.06.005
https://doi.org/10.1016/j.rcl.2022.06.005
https://doi.org/10.3390/arm90050052
https://doi.org/10.1016/j.biocel.2007.08.011
https://doi.org/10.1152/ajplung.00313.2007


7. Crestani B, Marchand-Adam S, Schneider S. Drug treatments
for idiopathic pulmonary fibrosis. Rev Pneumol Clin. 2005;
61(3):221-231. doi:10.1016/s0761-8417(05)84815-1

8. Cottin V, Cordier JF. Idiopathic pulmonary fibrosis. Presse Med.
2008;37(11):1581-1590. doi:10.1016/j.lpm.2008.01.024

9. Swigris JJ, Kuschner WG, Kelsey JL, Gould MK. Idiopathic
pulmonary fibrosis: Challenges and opportunities for the cli-
nician and investigator. Chest. 2005;127(1):275-283. doi:10.
1378/chest.127.1.275

10. Iraz M, Erdogan H, Kotuk M, et al. Ginkgo biloba inhibits
bleomycin-induced lung fibrosis in rats. Pharmacol Res. 2006;
53(3):310-316. doi:10.1016/j.phrs.2005.12.009

11. Kandhare AD, Bodhankar SL, Mohan V, Thakurdesai PA. Effect
of glycosides based standardized fenugreek seed extract in
bleomycin-induced pulmonary fibrosis in rats: Decisive role of
Bax, Nrf2, NF-κB, Muc5ac, TNF-α and IL-1β. Chem Biol In-
teract. 2015;237:151-165. doi:10.1016/j.cbi.2015.06.019

12. Ng LT, Yen FL, Liao CW, Lin CC. Protective effect of Hout-
tuynia cordata extract on bleomycin-induced pulmonary fibrosis
in rats. Am J Chin Med. 2007;35(3):465-475. doi:10.1142/
S0192415X07004989

13. Beigh S, Rashid H, Sharma S, Parvez S, Raisuddin S.
Bleomycin-induced pulmonary toxicopathological changes in
rats and its prevention by walnut extract. Biomed Pharmacother.
Oct 2017;94:418-429. doi:10.1016/j.biopha.2017.07.124

14. Mehrzadi S, Hosseini P, Mehrabani M, et al. Attenuation of
bleomycin-induced pulmonary fibrosis in wistar rats by com-
bination treatment of two natural phenolic compounds: Quer-
cetin and gallic acid. Nutr Cancer. 2021;73(10):2039-2049. doi:
10.1080/01635581.2020.1820053

15. Gurpilhares DB, Cinelli LP, Simas NK, Pessoa A Jr, Sette LD.
Marine prebiotics: Polysaccharides and oligosaccharides ob-
tained by using microbial enzymes. Food Chem 2019;280:
175-186. doi: 10.1016/j.foodchem.2018.12.023

16. Lalegerie F, Lajili S, Bedoux G, Taupin L, Stiger-Pouvreau V,
Connan S. Photo-protective compounds in red macroalgae from
Brittany: Considerable diversity in mycosporine-like amino
acids (MAAs).Mar Environ Res. 2019;147:37-48. doi:10.1016/
j.marenvres.2019.04.001

17. Choudhary B, Chauhan OP, Mishra A. Edible seaweeds: A
potential novel source of bioactive metabolites and nu-
traceuticals with human health benefits. Front Mar Sci. 2021;8:
740054. doi:10.3389/fmars.2021.740054

18. Yang Y, Liu D, Wu J, Chen Y, Wang S. In vitro antioxidant
activities of sulfated polysaccharide fractions extracted from
Corallina officinalis. Int J Biol Macromol. Dec 2011;49(5):
1031-1037. doi:10.1016/j.ijbiomac.2011.08.026

19. Farid Y, Assobhei O, Etahri S. Screening des algues marines
d’Oualidia a la recherche d’activités antimicrobienne et anti-
inflammatoire. Rev Microbiol Ind San et Environn. 2009;6:
192-209.

20. Chatter Riahi R, Tarhouni S, Kharrat R. Screening of anti-
inflammatory and analgesic activities in marines macroalgae
from Mediterranean sea. Arch Inst Pasteur Tunis. 2011;88(1-4):
19-28.

21. Li H, Cheng K, Wong C, Fan K, Chen F, Jiang Y. Evaluation of
antioxidant capacity and total phenolic content of different
fractions of selected microalgae. Food Chem. 2007;102(3):
771-776. doi:10.1016/j.foodchem.2006.06.022

22. Bahorun TGB, Gressier B, Trotin F, et al. Oxygen species
scavenging activity of phenolic extracts from hawthorn fresh
plant organs and pharmaceutical preparations. Drug Research.
1996;46:1086-1089.

23. Julkunen-Tiitto R. Phenolic constituents in the leaves of northern
willows: Methods for the analysis of certain phenolics. J Agric
Food Chem. 2002;33(2):213-217. doi:10.1021/jf00062a013

24. Bersuder P, Hole M, Smith G. Antioxidants from a heated
histidine-glucose model system. I: Investigation of the antiox-
idant role of histidine and isolation of antioxidants by high-
performance liquid chromatography. J Amer Oil Chem Soc.
1998;75(2):181-187. doi:10.1007/s11746-998-0030-y

25. Yildirim A, Mavi A, Oktay M, Kara AA, Algur OF, Bilaloglu V.
Comparison of antioxidant and antimicrobial activities of tilia
(Tilia argentea Desf ex DC), sage (Salvia triloba l.), and black tea
(Camellia sinensis) extracts. J Agric Food Chem. 2000;48(10):
5030-5034. doi:10.1021/jf000590k

26. Dinis TC, Maderia VM, Almeida LM. (Action of phenolic
derivatives (acetaminophen, salicylate, and 5-aminosalicylate)
as inhibitors of membrane lipid peroxidation and as peroxyl
radical scavengers. Arch Biochem Biophys. 1994;315:161-169.

27. National Research Council Guide for the Care and the Use of
Laboratory Animals. Bethesda: National Institute of Health;
1985;20:85.

28. Abidi A, Bahri S, Ben Khamsa S, Legrand A. A comparative
study of intratracheal and aerosolization instillations of bleo-
mycin inducing experimental lung fibrosis in rat. Toxicol Mech
Met. 2019;29(2):75-85. doi:10.1080/15376516.2018.1512181

29. Xin X, Yao D, Zhang K, et al. Protective effects of Rosavin on
bleomycin-induced pulmonary fibrosis via suppressing fibrotic
and inflammatory signaling pathways in mice. Biomedicine &
pharmacotherapy = Biomedecine & pharmacotherapie. Jul
2019;115:108870. doi:10.1016/j.biopha.2019.108870

30. Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem. 1976;72:248-254. doi:10.
1006/abio.1976.9999

31. Draper HHHM, Hadley M. Malondialdehyde determination as
index of lipid peroxidation. Meth Enzymol. 1990;186:421-431.

32. Aebi H. Catalase in Vitro. Methods Enzymol. 1984;105:
121-126. doi:10.1016/S0076-6879(84)05016-3

33. Misra HP, Fridovich I. The role of superoxide anion in the
autoxidation of epinephrine and a simple assay for superoxide
dismutase. J Biol Chem. 1972;247(10):3170-3175. doi:10.1016/
s0021-9258(19)45228-9

34. Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys.
1959;82(1):70-77. doi:10.1016/0003-9861(59)90090-6

35. Nanthakumar CB, Hatley RJ, Lemma S, Gauldie J, Marshall RP,
Macdonald SJ. Dissecting fibrosis: Therapeutic insights from
the smallmolecule toolbox. Nat Rev Drug Discov. 2015;14(10):
693-720. doi:10.1038/nrd4592

12 Dose-Response: An International Journal

https://doi.org/10.1016/s0761-8417(05)84815-1
https://doi.org/10.1016/j.lpm.2008.01.024
https://doi.org/10.1378/chest.127.1.275
https://doi.org/10.1378/chest.127.1.275
https://doi.org/10.1016/j.phrs.2005.12.009
https://doi.org/10.1016/j.cbi.2015.06.019
https://doi.org/10.1142/S0192415X07004989
https://doi.org/10.1142/S0192415X07004989
https://doi.org/10.1016/j.biopha.2017.07.124
https://doi.org/10.1080/01635581.2020.1820053
https://doi.org/10.1016/j.foodchem.2018.12.023
https://doi.org/10.1016/j.marenvres.2019.04.001
https://doi.org/10.1016/j.marenvres.2019.04.001
https://doi.org/10.3389/fmars.2021.740054
https://doi.org/10.1016/j.ijbiomac.2011.08.026
https://doi.org/10.1016/j.foodchem.2006.06.022
https://doi.org/10.1021/jf00062a013
https://doi.org/10.1007/s11746-998-0030-y
https://doi.org/10.1021/jf000590k
https://doi.org/10.1080/15376516.2018.1512181
https://doi.org/10.1016/j.biopha.2019.108870
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.1016/s0021-9258(19)45228-9
https://doi.org/10.1016/s0021-9258(19)45228-9
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1038/nrd4592


36. Abidi A, Dhaouafi J, Brinsi C, Tounsi H, Sebai H. Tunisian
horehound (Marrubium vulgare) aqueous extract improves
treatment of bleomycin-induced lung fibrosis in rat. Dose Re-
sponse. Aug 2022;20(3):15593258221119300. doi:10.1177/
15593258221119300

37. Khazri O, Mezni A, Limam F, Aouani E. Bleomycin-induced
damage in rat lung: Protective effect of grape seed and skin
extract. Dose Response. Oct 2022;20(4):15593258221131648.
doi:10.1177/15593258221131648

38. Lomartire S, Gonçalves AMM. An overview of potential
seaweed-derived bioactive compounds for pharmaceutical ap-
plications. Mar Drugs. 2022;20:141. doi:10.3390/md20020141

39. K Habeebullah SF, Alagarsamy S, Sattari Z, et al. Enzyme-
assisted extraction of bioactive compounds from brown sea-
weeds and characterization. J Appl Phycol. 2020;32:615-629.
doi:10.1007/s10811-019-01906-6

40. Spain O, Hardouin K, Bourgougnon N, Michalak I. Enzyme-
assisted extraction of red seaweed Solieria chordalis (C.
Agardh) J. Agardh 1842-the starting point for the production of
biostimulants of plant growth and biosorbents of metal ions.
Biomass Conv Bioref 2022;1-15. doi:10.1007/s13399-022-
02456-7

41. Duan XJ, Zhang WW, Li WXM, Wang BG. Evaluation of
antioxidant property of extract and fraction obtained from red
alga Polysiphonie urcelata. Food Chem. 2006;95:27-43. doi:10.
1016/j.foodchem.2004.12.015

42. Kalasariya HS, Pereira L, Patel NB. Pioneering role of marine
macroalgae in cosmeceuticals. Phycology. 2022;2:172-203. doi:
10.3390/phycology2010010

43. Sabeena Farvin KH, Jacobsen C, Sabeena Farvin KH, Jacobsen
C. Phenolic compounds and antioxidant activities of selected
species of seaweeds from Danish coast. Food Chem. 2013;138:
1670-1681. doi:10.1016/j.foodchem.2012.10.078

44. Xu T, Sutour S, Casabianca H, et al. Rapid Screening of
chemical compositions of gracilaria dura and Hypnea mu-
cisformis (Rhodophyta) from corsican lagoon. Intl J Phyto Natu
Ingrd. 2015;2:8. doi:10.15171/ijpni.2015.08

45. Indriatmoko H, Limantara L, Brotosudarmo TH. Composition
of photosynthetic pigments in a red alga kappaphycus alvarezi
cultivated in different depths. Procedia Chem. 2015; 14:
193–201. doi:10.1016/j.proche.2015.03.028

46. Takaichi S. Carotenoids in Algae: Distributions, biosyntheses
and functions. Mar Drugs. 2011 ;9 :1101–1118. doi:10.3390/
md9061101

47. Sisson T, Ajayi I, Subbotina N, et al. Inhibition of Myocardin-
related transcription factor/serum response factor signaling
decreases lung fibrosis and promotes mesenchymal cell apo-
ptosis. Am J Pathol. 2015;185(4):969-986. doi:10.1016/j.ajpath.
2014.12.005

48. Daniil ZD, Papageorgiou E, Koutsokera A, et al. Serum levels of
oxidative stress as a marker of disease severity in idiopathic
pulmonary fibrosis. Pulm Pharmacol Ther. 2008;21(1):26-31.
doi:10.1016/j.pupt.2006.10.005

49. Bargagli E, Olivieri C, Bennett D, Prasse A, Muller-Quernheim
J, Rottoli P. Oxidative stress in the pathogenesis of diffuse lung

diseases: A review. Respir Med. 2009;103(9):1245-1256. doi:
10.1016/j.rmed.2009.04.014

50. Guan C, Qiao S, Lv Q, et al. Orally administered berberine
ameliorates bleomycin-induced pulmonary fibrosis in mice
through promoting activation of PPAR-gamma and subsequent
expression of HGF in colons. Toxicol Appl Pharmacol. 2018;
343:1-15. doi:10.1016/j.taap.2018.02.001

51. Singh SP, Janecki AJ, Srivastava SK, et al. Membrane asso-
ciation of glutathione S-transferase mGSTA4-4, an enzyme that
metabolizes lipid peroxidation products. J Biol Chem. 2002;277:
4232-4239. doi:10.1074/jbc.M109678200

52. He C, Larson-Casey JL, Gu L, Ryan AJ, Murthy S, Carter AB.
Cu, Zn-Superoxide dismutase-mediated redox regulation of
jumonji domain containing 3 modulates macrophage polariza-
tion and pulmonary fibrosis. Am J Respir Cell Mol Biol. 2016
Jul;55(1):58-71. doi:10.1165/rcmb.2015-0183OC

53. Chelikani P, Fita I, Loewen PC. Diversity of structures and
properties among catalases. Cell Mol Life Sci. Jan 2004;61(2):
192-208. doi:10.1007/s00018-003-3206-5

54. Bahri S, Mlika M, Nahdi A, Ben Ali R, Jameleddine S. Thymus
vulgaris inhibit lung fibrosis progression and oxidative stress
induced by bleomycin in wistar rats. Nutr Cancer. 2022;74(4):
1420-1430. doi:10.1080/01635581.2021.1952451

55. Wang T, Jónsdóttir R, Kristinsson HG, et al. Enzyme-enhanced
extraction of antioxidant ingredients from red algae Palmaria
palmata. LWT Food Sci Technol. 2010;43:1387-1393. doi:10.
1016/j.lwt.2010.05.010

56. Harnedy PA, O’Keeffe MB, FitzGerald RJ. Fractionation and
identification of antioxidant peptides from an enzymatically hy-
drolysed Palmaria palmata protein isolate.Food Res Int. 2017 Oct;
100(Pt 1):416-422. doi:10.1016/j.foodres.2017.07.037

57. Wu X, Huang L, Liu J. Relationship between oxidative stress
and nuclear factor-erythroid-2-related factor 2 signaling in di-
abetic cardiomyopathy (Review). Exp Ther Med. 2021;22(1):
678. doi:10.3892/etm.2021.10110

58. Hunninghake GW, Gadek JE, Kawanami O, Ferrans VJ, Crystal
RG. Inflammatory and immune processes in the human lung in
health and disease: Evaluation by bronchoalveolar lavage. Am
J Pathol. 1979;97(1):149-206.

59. Todd NW, Scheraga RG, Galvin JR, et al. Lymphocyte ag-
gregates persist and accumulate in the lungs of patients with
idiopathic pulmonary fibrosis. J Inflamm Res. 2013;6:63-70.
doi:10.2147/JIR.S40673

60. Bargagli E, Prasse A, Olivieri C, Muller-Quernheim J, Rottoli P.
Macrophage-derived biomarkers of idiopathic pulmonary fibrosis.
Pulm Med. 2011;2011:717130. doi:10.1155/2011/717130

61. Kalayarasan S, Sriram N, Sudhandiran G. Diallyl sulfide at-
tenuates bleomycin-induced pulmonary fibrosis: Critical role of
iNOS, NFkappaB, TNF-alpha and IL-1beta. Life Sci. 2008;
82(23-24):1142-1153. doi:10.1016/j.lfs.2008.03.018

62. Shimbori C, Shiota N, Okunishi H. Effects of montelukast, a
cysteinylleukotriene type 1 receptor antagonist, on the patho-
genesis of bleomycin-induced pulmonary fibrosis in mice. Eur
J Pharmacol. 2011;650(1):424-430. doi:10.1016/j.ejphar.2010.
09.084

Dhaouafi et al. 13

https://doi.org/10.1177/15593258221119300
https://doi.org/10.1177/15593258221119300
https://doi.org/10.1177/15593258221131648
https://doi.org/10.3390/md20020141
https://doi.org/10.1007/s10811-019-01906-6
https://doi.org/10.1007/s13399-022-02456-7
https://doi.org/10.1007/s13399-022-02456-7
https://doi.org/10.1016/j.foodchem.2004.12.015
https://doi.org/10.1016/j.foodchem.2004.12.015
https://doi.org/10.3390/phycology2010010
https://doi.org/10.1016/j.foodchem.2012.10.078
https://doi.org/10.15171/ijpni.2015.08
https://doi.org/10.1016/j.proche.2015.03.028
https://doi.org/10.3390/md9061101
https://doi.org/10.3390/md9061101
https://doi.org/10.1016/j.ajpath.2014.12.005
https://doi.org/10.1016/j.ajpath.2014.12.005
https://doi.org/10.1016/j.pupt.2006.10.005
https://doi.org/10.1016/j.rmed.2009.04.014
https://doi.org/10.1016/j.taap.2018.02.001
https://doi.org/10.1074/jbc.M109678200
https://doi.org/10.1165/rcmb.2015-0183OC
https://doi.org/10.1007/s00018-003-3206-5
https://doi.org/10.1080/01635581.2021.1952451
https://doi.org/10.1016/j.lwt.2010.05.010
https://doi.org/10.1016/j.lwt.2010.05.010
https://doi.org/10.1016/j.foodres.2017.07.037
https://doi.org/10.3892/etm.2021.10110
https://doi.org/10.2147/JIR.S40673
https://doi.org/10.1155/2011/717130
https://doi.org/10.1016/j.lfs.2008.03.018
https://doi.org/10.1016/j.ejphar.2010.09.084
https://doi.org/10.1016/j.ejphar.2010.09.084

	Protective Effect of Tunisian Red Seaweed (Corallina officinalis) Against Bleomycin ...
	Introduction
	Material and Methods
	Red Seaweed (C Officinalis) Collection
	Enzyme-Assisted Extraction
	Quantitative Polyphenol Analysis
	In vitro Antioxidant Activities Assays
	DPPH Radical Scavenging Capacity
	Reducing Power Assay
	Ferrous ion

	Animal Model of Bleomycin
	Experimental Design
	Sacrifice, Organ Sampling and Bronchoalveolar Lavage Fluid Recovery
	Bronchoalveolar Lavage
	Determination of Oxidative Stress biomarkers
	Histological Analysis
	Statistical Analysis

	Results
	Total Phenolic, Condensed Tannin, and Total Flavonoid Contents of COAE
	In vitro Antioxidant Activity of COAE
	DPPH Radical Scavenging Activity
	Reducing Power
	Metal‐chelating activity

	Effect of COAE on Rat Body Weight, Food Consumption and Water Intake
	Effect of COAE on Lung Index and Bronchoalveolar Fluid Cells
	Effect of COAE on Protein Levels
	Effect of COAE on Lipoperoxidation and Antioxidant Enzymes Activities
	Histopathological Analysis

	Discussion
	Conclusion
	Acknowledgments
	Author’s Contributions
	Declaration of Conflicting Interests
	Funding
	Ethics Approval
	ORCID iDs
	References


