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Abstract

Background: The present investigation is designed to evaluate the antioxidant and protective efficacy of the brown
alga, Hydroclathrus clathratus (C.Agardh) M. Howe, against copper-induced lung injury in male albino rats. The present
study was carried out on 24 adult male albino rats, they were randomly divided into four groups (n = 6) (A group,
control rats; B group, rats received 100mg/kg body weight of H. clathratus ethanolic extract; C group, rats augmented
with 100mg/kg body weight of CuSO4; and D group, rats were supplemented with 100mg/kg of CuSO4 and 100mg/
kg of H. clathratus ethanolic extract). All the experimental treatments were given orally and daily for 28 days.

Results: It was showing that Cu treatment was found to induce lung toxicity, histopathologically, Cu revealed severe
degenerative and necrotic lesions in the lung. Also, Cu caused a significant decrease in glutathione-S-transferase (GST)
count and glutathione (GSH); meanwhile, malondialdehyde (MDA) content was increased. Consistently, mRNA and
protein expression levels of proapoptotic (caspase-3 and Bax) marker showed a significant upregulation, whereas the
anti-apoptotic (Bcl-2) level was significantly downregulated in lung tissues of CuSO4-intubated groups. Moreover, H.
clathratus plus CuSO4-treated group showed improvement in the histopathological changes of lung injury. The bronchi
and bronchioles appeared like those of the control, where the alveoli showed thin septa in some parts and thickened
septa in other parts.

Conclusion: Findings revealed that the natural antioxidant activity of H. clathratus could protect the lung tissue from
the damage produced by CuSO4.
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1 Background
Copper is an ingredient of a number of metalloenzymes
such as catalase, peroxides, and cytochrome oxidase [1]
and is a perfect factor, highly occurrence in human and
animal tissues [2]. It is required for ceruloplasmin which
supports to compensate reactive oxygen species [3] and
has the efficiency to oxidize Fe (II) and regulates iron ef-
flux from certain cells [4]. Among the medical imple-
mentation of Cu is its exploitation in certain types of
dental amalgam and intrauterine contraceptive devices
(IUCD). It seems in various enzymes, encourages the
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absorption of iron, and expands to transfer electrical sig-
nals in the body. Although Cu is very important for nor-
mal physiological and biological functions in humans
and animals, the excessive exposure of Cu increased in-
duces adverse toxic effects such as hemolysis, gastro-
intestinal distress, and hepatorenal damage [5]. Copper
is a catalyst or stimulus that causes oxidative process
during the formation of reactive oxygen species and fatal
injury for lipid peroxidation [6]. It can be imbibed into
the systemic current from the skin, gastrointestinal tract,
and lungs. It restricts to amino acids and plasma albu-
min in the portal blood, then imparted to the liver where
it is combined to ceruloplasmin and progressive to the
plasma. Kidney and liver are the main target organs of
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Fig. 1 Hydroclathrus clathratus (C. Agardh) M.Howe
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CuSO4 leading to hepatorenal toxicity [7]. Therefore,
studies on the copper toxicity are of especial interest.
Apoptosis assay can be induced by a wide variety of

stimuli such as glucocorticoids, radiation, and pesticides,
and it plays an important role in many fundamental bio-
logical processes such as embryogenesis, metamorphosis,
tissue homeostasis, development, and regulation of the
immune system [8]. The most biological activities of dif-
ferent species of the marine algae attribute to its natural
polymer [sulfated polysaccharides (SPs)] that can be iso-
lated from it [9]. The chemical composition and structure
of the sulfated polysaccharides were varied according to
whether it is isolated from green, brown, or red algae [10].
These frequencies, including the quantitative and qualita-
tive constituents of protein, carbohydrate, sulfates, and its
amount of sulfation, can income diverse pharmacologic
usage that has been examined in vitro and in vivo in ani-
mal models with committed results. These results may be
of advantage incurring different illness and can be sup-
posedly used as anticancer, anti-allergy, antiviral, antioxi-
dant, and anti-coagulating agents [11]. In recent decades,
there has been an increasing interest from researchers and
the pharmaceutical industry in marine algae [12–15]. This
fact is due to their enormous potential as a source of mol-
ecules and bioactive substances, which may be used in the
development of new drugs. Today, in addition to the con-
ventional wisdom, it is known undoubtedly that many of
the resulting compounds of algae from secondary metab-
olism act as stimulators of the primary metabolism of the
person who ingests it, stimulating the activity of certain
endocrine glands, blood circulation, exchanges of mineral
elements, and the physiological elimination of toxins. Due
to recent studies in this area of knowledge, several of these
compounds were characterized, and their respective
pharmacological properties were determined—cholesterol
reducers, anticoagulants (important in the prevention of
stroke), antimicrobials, antitumor, antiviral, anthelmintics,
anti-inflammatory, antacids, growth regulators, immuno-
regulatory, etc [16–18].
Regarding their antioxidant activity, many genera of

algae have been reported. These antioxidant substances in-
clude the following: mycosporine-like amino acids, sulfated
polysaccharides, scytonemin, phlorotannins, carotenoids,
phycobiliproteins, porphyran, fucoidan, carrageenans, and
ulvan. Through all the marine algae, the highest phyco-
chemical constituents have been reported from brown
marine algae [19]. H.clathratus, a brown marine alga, has
been used for centuries in traditional cuisine and medicine
of island countries such as Hawaii. H.clathratus is known
to possess anticancer, anti-herpetic, anti-inflammatory,
and anticoagulant properties and is now used as a mineral
supplement in cosmetics and as soil additive (fertilizer) for
its high concentration of micronutrients [20]. Extracts of
H.clathratus have antiviral [21], antitumour [22], and
antimicrobial [23] activity. The present study was aimed to
explore the natural antioxidant activity of H.clathratus
against copper-induced lung injury in male white albino
rats.
2 Methods
2.1 Experimental alga
Fresh, matured, and healthy marine alga was collected
from Red Sea coast. The algal specimen was selected,
cleaned completely with sea water to remove all epi-
phytes, the uncleanness, and sand particles. The speci-
men was imperturbable in sterilized polyethylene bags
and put in an icebox, then transferred to the laboratory
immediately till the applied test work was done. The col-
lected algal specimen was identified as H.clathratus (C.
Agardh) M. Howe (Fig. 1). The specimen has been sub-
mitted to the phycological lab for keeping preservation
H. clathratus belongs used in this study to brown algae.
2.2 Specimen planning
The specimen was gently rinsed with sterile distilled
HOH to drive out sand, salt and epiphytes, and other
solder substance. The algal body was then dried in shade
conditions in open-air temperature. The completely
dried algal materials were weighed, powdered, and then
stored at – 20 °C for further analysis.
2.3 Ethanolic extract
One hundred grams of powdered marine algal sample
was soaked in the organic solvent ethanol (1:4 w/v), and
extracted for 4 days at room temperature and the ex-
tracts were collected and concentrated. Finally, the sam-
ple was macerated with water for 24 h to obtain the
aqueous extract. The extract was stored in airtight glass
container at 4–8 °C for further analysis.
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2.4 Physicochemical evaluations
The physicochemical analysis like ash content, weight
loss while drying was calculated according to the
methods prescribed in Indian Pharmacopoeia [24].

2.5 Preliminary phycochemical screening
Preliminary phycochemical screening of ethanolic ex-
tract of H.clathratus (C. Agardh) M. Howe was com-
pleted to check the phyco-constituents by using
principle familiar organizer according to Harborne [25].

2.6 Chemicals
Copper sulfate (CuSO4), was purchased from Sigma
Chemicals Company for Pharmaceutical Industries, St
Louis, Missouri, USA. All other chemicals were of ana-
lytical grade and obtained from standard commercial
supplies.

2.7 Experimental animals
Forty-five male Western rats with average weight of
150–180 ± 5.17 g were procured from the animal house
unit of College of Pharmacy, King Saud University,
Riyadh, Saudi Arabia. The animals were staying in
stainless-steel coop under favorable conditions and
steady at standard laboratory conditions. The animals
were adapted to laboratory conditions for 1 week before
the start of the test. All animal procedures are in accord-
ance with the general guidelines of animal care and the
recommendations of the Canadian Committee for Care
and use of animals [26]. The use of rat models in the
present study was subject to approval by the ethical
committee responsible for the laboratory principles of
handling and care of experimental animals in accordance
with the Canadian Committee for Care and use of ani-
mals [26].

2.8 Experimental design
Twenty-four adult male albino rats were randomly
assigned to four groups (n = 6): the 1st group was kept
as normal control group: received saline orally, daily for
28 days. The 2nd group received 100 mg/kg body weight
of H.clathratus extracts suspended in 1% carboxymethyl-
cellulose (CMC) for 28 days. The 3rd group rats were
supplemented with 100 mg/kg/day (CuSO4) orally for
28 days prior to sacrification. The 4th group rats were
administered orally by 100 mg/kg/day of CuSO4 for 28
days and 100 mg/kg of H. clathratus extracts simultan-
eously. All rats were sacrificed at the day 28, specimen
of lung tissues and blood were collected for more tests.

2.9 Preparation of samples for analysis
At the end of the experiment, the mice are slaughtered
(the method of euthanasia used in rats is the used-
acceptable physical method which causes a rapid loss of
consciousness by disrupting the central nervous system),
and immediately the lung was quickly excised, cleaned,
and washed in cold saline. A portion of the lung was ho-
mogenized (10% w/v in cold phosphate-buffered saline
[PBS]) by employing a Teflon homogenizer (Glas-Col,
Terre Haute, IN, USA). The homogenate was centri-
fuged at 1000 rpm for 10 min at 4 °C, and the explicit
supernatant was kept at − 20 °C. The other piece was di-
vided into two portions, one was kept frozen at − 80 °C
for RNA isolation and western blotting and the other
was steady in 10% neutral buffered formalin for histo-
logical study.

2.10 Biochemical assays

2.11 Assay of oxidative stress
Glutathione-S-transferase (GST) test was performed ac-
cording to the method of Habig et al. (1974). Lipid per-
oxidation was evaluated in homogenate lung tissue by
regulating malondialdehyde (MDA) according to the
method described by Preuss et al. [27]. Reduced glutathi-
one (GSH) constituents were performed according to
the method described by Beutler et al. [28].

2.12 Quantitative reverse transcription PCR analysis of
gene expression (qRT-PCR)
Total RNA was segregated from the frozen specimen
using Invitrogen reagent and patronize by RNAse-free
DNAse Invitrogen. Clarified RNA was quantified at 260
nm and for reverse transcription, RNA specimen with
A260/A280 ratios ≥ 1.7 was chosen. Additionally, RNA
probity was doubtless by formaldehyde-containing agar-
ose gel electrophoresis. Reverse transcription was carried
out with 5 μg RNA using RevertAidTM First Strand
cDNA Synthesis Kit (Fermentas, USA).
The PCR reaction inclusive primary denaturation at

95 °C for 3 min, forty rounds of denaturation at 95 °C for
15 s, safeguard at 5 °C for 30 s, and expansion at 72 °C for
40 s, and the last stride at 60 °C increased about half °C
each 10 s up to 95 °C. Melting curve dissection was out-
right to review the specificity of the used primers. Each
test inclusives a distilled water control. The verbosity data
were analyzed and approved to Livak and Schmittgen [29]
and the values were normalized to β-actin.

2.13 Western blot analysis
Western blotting for ovarian caspase-3, Bax, and Bcl-2
was conducted by using the criterion mode. The frosted
lung tissues were homogenized in ice-cold lysis buffer and
the homogenates were centrifuged at 10,000×g for 10min.
Protein concentration was decided according to Bradford
(1976). Equivalent value of proteins was electrophoresed
using 10% SDS/PAGE and electrotransferred to PVDF
membranes. The membranes were plugged in 5% w/v



Table 2 Phycochemical screening of ethanolic extract of
H.clathratus

Phytochemical tests Ethanolic extract

Phytosteroids +

Coumarins +

Saponins +

Alkaloids +

Phenols +

Terpenoids +

Tannins +

Cardiac glycosides +

Phlobatannins +

Flavonoids +

Anthraquinones +

Steroids +

Glycosides -

Quinones -
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skimmed milk powder in PBS/tween 20 (PBST) for 1 h at
open-air temperature. The membranes were mixed with
the antibodies for caspase-3, Bax, Bcl-2 and, β-actin (Santa
Cruz Biotechnology, USA) diluted 1:1000 in blocking buf-
fer. Then, the membranes were mixed with the corre-
sponding secondary antibodies for 1 h at open-air
temperature, then washed, and developed. The optical
density was quantify with Image J and normalized to β-
actin.

2.14 Microscopic examination
The lung tissue was routinely processed and sectioned at
4–5 μm thickness with a microtome then stained with
hematoxylin and eosin (H&E) according [30].

2.15 Statistical analysis
Data were statistically analyzed using the Statistical Ana-
lysis System software (SAS) [31]. Effect of treatments on
biochemical was performed by the analysis of variance.
Means were compared using Duncan’s multiple range
test at a significance level of p ≤ 0.05. Values are repre-
sented as means ± standard errors.

3 Results
3.1 Physicochemical evaluations of H.clathratus
The results of the physicochemical analysis are shown in
Table 1.

3.2 Preliminary phycochemical screening of the algal
extracts
Preliminary phycochemical screening of the studied alga
extract of H. clathratus (C. Agardh) M. Howe was car-
ried out to detect the phyco-constituents. The obtained
data indicate the presence of phytosteroids, tannin, sap-
onin, alkaloid, phenol, terpenoids, coumarins, cardiac
glycoside, phlobatannins, flavonoids, anthraquinones,
and steroids (Table 2).

3.3 Detection of lung MDA, GSH, and GST content
LPO (lung lipid peroxidation) was assayed as nmol mal-
ondialdehyde (MDA)/100mg tissue. It was shown a sig-
nificant elevation (p < 0.001) in copper sulfate-injected
rats as compared to the control group. On the other
hand, Co treatment with Hydroclathrus clathratus ex-
tract has shown a significantly ameliorated in the MDA
level. Regarding to GSH and GST content, copper
Table 1 Physicochemical analysis of H.clathratus

Parameter Values (% w/w)

Extractive values 1.4 ± 0.06

Total ash 4.21 ± 0.07

Acid insoluble ash 2.31 ± 0.12

Water soluble ash 3.04 ± 0.01
produced a significant depletion of GSH and GST (p <
0.001) as compared to the control group. However,
Hydroclathrus clathratus co-administration induced a
significant increasing lung GSH and GST content (p <
0.01) when compared to rats injected with copper sulfate
only (see Table 3).

3.4 Quantitative reverse transcription PCR analysis of
gene expression
Quantitative reverse transcription PCR test of gene ex-
pression clarifies a significant upregulation of caspase-3
and Bax tissues (p < 0.001) of copper sulfate-injected
rats as compared with the control group (see Fig. 1a, b).
However, co-administration by H. clathratus ethanolic
extract was significantly downregulate caspase-3 and Bax
mRNA expression levels (p < 0.001) compared to rats re-
ceived H. clathratus only. Western blotting data clarify
significant high level of protein expression of caspase-3
and Bax tissues of copper sulfate (p < 0.001) in treated
rats. On the other hand, oral gavage of H.clathratus con-
comitant with copper sulfate generated a significant re-
duction in protein expression scale (p < 0.001) of all
investigated parameters as contrast to copper sulfate-
treated mice (see Fig. 2a, b).

3.5 Histopathological studies
During the histopathological studies and at stained sec-
tions of the lung of the control group (A), the data showed
normal alveoli with thin alveolar septa, clear alveolar sacs,
and the bronchioles are lined with columnar epithelial
cells and the pulmonary blood vessels are normal in ap-
pearance (see Fig. 3a). Also, in group B, lung tissues
treated with H. clathratus showed a normal histological



Table 3 Effect of H. clathratus on pulmonary oxidative stress and antioxidant defense system parameter (data expressed as mean ±
SD)

Parameter Group A (n = 6) Group B (n = 6) Group C (n = 6) Group D (n = 6)

MDA (nmol/mg protein) 1.86 ± 0.55 1.89 ± 0.23 8.24 ± 0.98# 2.87 ± 0.33#*

GSH (μg/mg protein) 6.4 ± 0.31 7.13 ± 0.24 5.13 ± 0.16 # 6.14 ± 0.04#*

GST (U/min/mg protein) 1.76 ± 0.04 1.80 ± 0.20 1.02 ± 0.05# 1.57 ± 0.14#*

#Significant to control group at p < 0.05. *Significant to Cu group at p < 0.05. Values were considered significantly different Pa < 0.001 versus control group and
Pb <0.001 versus group3
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structure similar to the lung tissues of the A group
(see Fig. 3b). However, in group C the data revealed
the proliferation of alveolar cells, dilated pulmonary
vessels surrounded by inflammatory cellular infiltra-
tions, and marked hyperplasia of the walls of dilated
bronchioles. At the same time, the lung of rats
showed many pathological changes. The lungs had di-
lated bronchioles with corrugated walls and thickened
epithelial lining and loss of normal architecture in
some areas which resulted from the proliferation of
alveolar cells which appeared closely packed with pyk-
notic nuclei (see Fig. 3c). Dilated pulmonary vessel
surrounded with inflammatory cellular infiltrations
were also observed. Other parts showed thickened
inter-alveolar septa, with shedding of cellular debris
in lumen. Collapsed alveoli with compensatory dilata-
tion of neighboring ones separated by thickened
Fig. 2 Gene expression levels were assessed in the lung of control and exp
interalveolar septa. Aggregations of inflammatory cell
were observed. Fibrosis of the surrounding bronchial
muscle layer together with partial shedding of the
mucosal lining, also cellular debris with extravasation
of red blood cells in the bronchiole lumen was ob-
served. Moreover, numerous areas of cellular infiltra-
tions in connective tissue surrounding the bronchioles
were also seen.
Lung tissue of male albino rats received CuSO4 in

addition to H.clathratus showed obvious recovery from
the damage produced by the exposure to Cu such as
normal architecture and normal appearance of many al-
veoli and bronchioles, also the bronchi and bronchioles
appeared like those of the control (Fig. 3d). However,
some blood vessels were still congested and hemolysis
blood cells appeared in their lumens and few inflamma-
tory cells were also seen.
erimental rats



Fig. 3 Lung tissue of the control group (H&E X100) (a), a photomicrograph of lung section of control administered 100mg/kg of alga H.
clathratus (H&E X100) (b), a photomicrograph of lung section of rat given Cu (100 mg/kg) for 4 weeks (H&E X200) (c), and a photomicrograph of
lung section of lung given Cu (100mg/kg) in concomitant with algae for 4 weeks (HC) (H&E X200) (d)
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4 Discussion
4.1 Physicochemical evaluations of H.clathratus
Standardization is an important tool in order to establish
their identity, purity, safety, and quality. Physicochemical
analysis will be helpful in identification and authentica-
tion of the alga material. The physicochemical evaluation
of algal ethanolic extract can provide a valuable proven-
ance of acquaintance and provide suitable criterions to
find the goodness of this marine alga in relish search or
implementations [32].

4.2 Preliminary phytochemical screening of the algal
extracts
Marine algae are opulent in secondary metabolites which
contain flavonoid, alkaloid, tannin, steroid, saponin,
glycoside, and correlating active substances, which are of
large medication prominence in the drug manufacture.
Some of the antioxidant substances of the marine algae
such as phenols and flavonoids play a vital role in the
bioactivity which includes anti-inflammatory [33, 34].

4.3 Detection of lung MDA, GSH, and GST content
The quantity of lipid peroxides was increased signifi-
cantly in Cu toxic rats compared with those of the con-
trol group. Many technicalities have been suggested to
illustrate Cu-induced cellular poisoning. Cu can occur in
the oxidized Cu2+, or in the reduced Cu+ case. In active
cells, Cu serve as promoting catalyst in the production
of hydroxyl or superoxide radicals, and hydrogen perox-
ide via the Haber-Weiss reaction [35], which can give
rise oxidative deterioration and prompt opposite effi-
ciency [36]. Rise contents of copper may induce high
oxidative disrupt to DNA, proteins, or lipids. Recently, it
has been suggested that copper-oxide nanoparticles
(CuONPs) are poisonous to skin cells and that extracel-
lular signal-regulated kinase, and so the p53 may be the
key factors regulating the cytotoxicity [37]. CuONPs also
induced oxidative exertion and apoptosis in HaCaT hu-
man keratinocytes [38]. In further investigations, human
MCF-7 cells were managed with copper (Cu2+) in a
dose-echo way and used macerate total reflection (FTIR)
concerted with computational analysis to determine cel-
lular changes. Cupric ions induced bimodal dose-
response efficiency on cells, while proteins and lipids
seemed to be the main cell targets [39].
In the present data, the lipid peroxidation levels were

increased and the GSH and GST activity were reduced.
On the other hand, there are damages in lipids and so
decreasing in lipid peroxidation obstetrics with the con-
siderable in the liver and the nephritic GSH in the Cu
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administer set. It is accordance with earlier work by [40].
Treatment by Hydroclathrus clathratus extracts mark-
edly decreased MDA levels and improves the antioxidant
defenses. It is due to the antioxidative properties of the
marine algae which are wealthy parent of proteins, min-
erals, vitamins, and dietary fiber [41, 42].

4.4 Quantitative reverse transcription PCR analysis of
gene expression
The present data on the mRNA expression level of Bcl-2
was done in Fig. 2 c. There is a significant downregula-
tion of mRNA expression (p < 0.05) in copper sulfate-
treated group as compared to the control group. The ad-
ministration with copper sulfate and H.clathratus in-
duces a significant upregulation of both Bcl-2 mRNA (p
< 0.05) expression levels.
The present data revealed a significant increase in the

lung pro-apoptotic (caspase-3 and Bax) genes expression
and significant decrease levels of anti-apoptotic Bcl-2 ex-
pression in the copper sulfate-administered rats as com-
pared to the control group. It suggested an upregulation
of caspase-3 and Bax in addition to downregulation of
Bcl-2 genes and proteins, and may participate in that
copper prompt the activation of apoptosis through
caspase-dependent and independent pathways as re-
ported by Santos et al. [43]. The Bcl-2 protein family en-
courages programmed cell death by the mitochondrial
pathway of apoptosis which is also recognized as intrin-
sic. In response to different cytotoxic exertions, pro-
apoptotic proteins start to redaction apoptogenic agents
such as cytochrome c into the cytosol and prompt cas-
pase activation in the cytosol which is known in both
initiation and execution of apoptosis [44]. It has been
clarified that over-expression of Bcl-2 can save cells
from apoptosis mediated by ROS [45]. Bcl-2 itself does
not have antioxidant efficacy, but it may act indirectly to
increase the levels and/or activities of endogenous anti-
oxidants within cells [46]. On the other hand, changes in
the Bax and Bcl-2 expression also prompt caspase-3 and
activate apoptotic processes [47]. My data clarify that
the caspase-3 protein expression was found to be ele-
vated in the exposed mice. These changes resulted in
elevation number of apoptotic in pulmonary tissue of
the exposed rats.
The recorded data has demonstrated that H. clathra-

tus-treated group has reduce caspase-3, Bax while in-
crease Bcl-2 expression when compared to copper
group. It may be due to the antioxidant effect of the
studied alga. It is in accordance with [48] who found
that, chemical analysis of H.clathratus algal extract was
detected the presence of high amount of certain ingredi-
ents such as flavonoids (acacetin, Luteo.6-arabinose8-
glucose, naringin, hesperetin, rosmarinic, and narin-
genin) and phenols (benzoic, e-vanillic, pyrogallol,
catechein, salycilic, and ellagic). The antioxidant effect of
alga extract may be due to the presence of these flava-
noid and phenol compounds which have ability to scarve
free radical produce by copper sulfate.
4.5 Histopathological studies
The result is in agreement with Kim et al. [49] who re-
ported various histopathological changes in the lung tis-
sue as a result of copper treatment. In this respect,
Hatch et al. [50] announce that the capability of rats to
respiratory hitting increased significantly following inha-
lational or installation exposure to Cu and that the in-
creased tendency might be due to a decrease in
functions of alveolar macrophages and cilia cells.
The observed protective effect of the investigated alga

may be attributed to its rich content of active compounds
such as phenolics, sulfated polysaccharides, glycosides, or
carotenoids. In this respect, sulfated polysaccharides and
carotenoids from some brown algae have shown in vitro
antimetastatic and anticancer effect in mice [51].
Therefore, anti-inflammatory effects presented in the

current study suggested that the properties of anti-
inflammatory components in these species may be inter-
fering with some of the mediators of inflammation, by
either control their production or antagonizing their ac-
tivities [52]. Indeed, it was reported that marine algal ex-
tracts decrease the production of inflammatory
prostaglandins and leukotrienes [53].
5 Conclusion
In conclusion, the observed anti-inflammatory activity in
this study may be attributed to several anti-inflammatory
compounds have been reported from macroalgal species,
which include polyunsaturated fatty acids, alkaloids, and
carotenoids. So, the current study imparts new informa-
tion on the protective nature of brown alga H. clathratus
against Cu-induced lung injury through apoptosis in it.
The present findings suggest that H. clathratus algal ex-
tract is able to decline the lung injury through the down-
regulation of caspase-3 and Bax expression and
upregulation of Bcl2 which may be attributed to the anti-
oxidant nature of the active contents of the studied alga
H. clathratus.
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