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)is study aimed to assess the effect of the Sargassum angustifolium extract in methamphetamine-induced SH-SY5Y cells death.
)e brown algae S. angustifoliumwas extracted with 80% ethanol.)e SH-SY5Y cells were treated with different concentrations of
methamphetamine to measure IC50.. )e MTT test was used to assess the toxic effect of the S. angustifolium extract in SH-SY5Y
cells. SH-SY5Y cells’ survival was measured while cells were treated with different concentrations of methamphetamine and
S. angustifolium extract simultaneously. A specific kit measured intracellular ROS levels. Western blot analysis evaluated the
expression of cytochrome C and Bax/Bcl2 ratio.)e results showed that 5mMmethamphetamine approximately killed 50% of the
cells, so it is considered IC50.)eMTTtest showed no toxicity effect for the S. angustifolium extract. 80, 160, 320, and 640 μg/ml of
S. angustifolium extract prevented the occurrence of methamphetamine toxic effects in SH-SY5Y cells after 24 hours. Moreover,
the S. angustifolium extract decreased ROS levels and cytochrome C release and reduced BaX/Bcl2 ratio in cells treated by
methamphetamine. On the whole, it seems that the S. angustifolium hydroalcoholic extract has the potential to increase cell
survival through in vitro antioxidant and antiapoptotic activities.

1. Introduction

Signs of using herbal remedies can be found in ethno-
medicine, current supplements, and medications. [1,2]. Due
to the possibility of fraud in medicinal plants and variation
of therapeutic agents concentration based on provider,
season, and different variables, using concentrated herbal
extracts is necessary. [3]. In 1893, methamphetamine (MA),
n-methyl-1-phenylpropane-2-amine, was synthesized in
Japan to treat idiopathic insomnia, attention deficit hy-
peractivity disorder, and narcolepsy [4]. Nowadays, MA
abuse has become a major concern all over the world [5]
because of its effects on central nervous system stimulation
and causing euphoria, amplifying emotion, increment in
alertness, alteration in self-esteem, and also increment
sexuality [6]. It is shown that MA has a neurodegenerative
effect on human brain and also can cause cardiomyopathy,
myocardial problems, and respiratory failure [5]. MA-

induced toxicity mechanisms involve several complex
pathways; MA dramatically increases the production of
reactive oxygen species (ROS) such as hydroxyl radicals
(OH−), hydrogen peroxide (H2O2), and superoxide ions
(O2

−) by increasing the oxidation of dopamine [7]. In ad-
dition, numerous studies have shown that impaired mito-
chondrial metabolism plays a crucial role in MA-induced
dopaminergic neurotoxicity by inhibiting the Krebs cycle
and electron transfer chain and helping to induce oxidative
stress. )ese effects lead to an imbalance between oxidants
and antioxidants in nerve cells [8–11]. Moreover, gene ex-
pression analysis, in-vitro and in-vivo studies have revealed
that MA can affect the apoptotic gene expression and cause
cell death [5,12].

Sargassum is a genus of brown algae in the order Fucales
that is widely distributed in the temperate and tropical
oceans of the world [13,14]. It is claimed that different algae
have had cytotoxic, antioxidant, antibacterial, antivirus, and
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antitoxin activities [15]. Some studies reported the antiox-
idant capacity of different species of Sargassum in an in-vitro
model [16–18]. It is suggested that antioxidants compounds
protecting nerve cells against MA-induced oxidative stress
by reducing free radical production, maintaining glutathi-
one (GSH) homeostasis, and inducing HO−1 expression [19].
Numerous studies have shown that the algae extract contains
compounds such as amino acids, alkaloids, gallic acid, fatty
acids, phenols, polysulfides, steroids, and aromatic com-
pounds which have anticancer roles [20,21]. Namvar et al.
reported that the S. ilicifolium methanolic extract could
significantly affect human cancer cell lines while it does not
have any toxicity effect on normal cells [22]. Also, Harada
et al. reported selective cytotoxic activity of 47 species of
algae in L1210 cells [23]. Moreover, anti-inflammatory ef-
fects of alginic acid [24], furans [25], and sargachromanol G
[26] from S. wightii, S. vulgare, and S. siliquastrum have been
revealed.

)e aim of this study was to evaluate the effect of
S. angustifolium hydroethanolic extract on MA-induced
cytotoxicity in the SH-SY5Y dopaminergic cell line.

2. Methods

2.1. Preparation of the S. angustifolium Extract. )e
S. angustifolium algae were collected in December 2018 from
the “Lengeh” port of Iran. )ey were identified by Dr.
Askari, faculty member of the department of biology at the
Shahid Bahonar University of Kerman. )e samples were
completely air-dried and pulverized by an electric mill. )e
dried S. angustifolium algae was soaked in 80% ethanol for
24 h and the extract was obtained by a maceration method.
)e extract solvent was omitted with a rotary evaporator at
40°C and material-dried in a 40°C oven. After dissolving the
extract in dimethyl sulfoxide (DMSO), a solution with a
concentration of 250mg/ml was made. )is solution was
diluted in the sterile cell culture medium. )e final
hydroethanolic extract concentration was determined
3000 μg/ml.

2.2. Cells and Cell Culture. )e SH-SY5Y cell line was ob-
tained from Pasteur Cell Bank of Iran. SH-SY5Y cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM)
medium containing glucose with 10% fetal bovine serum,
penicillin (100 μg/ml) and streptomycin (100 μg/ml). )e
cells were incubated for 24 h at 37°C in a humidified 5%CO2.

2.3.MTTAssay. Living cells convert the MTT, a yellow dye,
into formazan crystals, a purple dye, and determine the
cellular metabolic activity [27]. SH-SY5Y cells were cultured
in 96-well plates. SH-SY5Y cells were exposed to 20, 40, 80,
160, 320, 640 µg/ml of S. angustifolium extract to assess the
toxicity effect. To find the proper concentration of MA, the
SH-SY5Y cells were treated with different concentrations of
MA, and IC50 was determined. To evaluate the protective
effect of the S. angustifolium extract onMA-induced toxicity,
the cells were exposed simultaneously to 5mM of MA and
the different doses of the S. angustifolium hydroethanolic

extract (20, 40, 80, 160, 320 and 640 μg/ml). )e light ab-
sorption of the purple dye was read by the ELISA at a
wavelength of 490 nm.

2.4. Intracellular ROS Levels. )e Human reactive oxygen
species (ROS) ELISA Kit (Cat. No: MBS2515781) was used to
measure ROS. )is ELISA kit uses the Sandwich-ELISA
principle. )e micro-ELISA plate pre-coated with an antibody
specific to Human ROS was used. Cells were seeded onto 96-
well culture plates. 100μl of each sample (standard working
solution, control group, cells treated with five mM·MA, cells
treated with five mM·MA and doses of 80 and 160μg of the
S. angustifolium extract) were added to plate wells and com-
bined with 50μl of Biotin-Conjugate (primary antibody), then
incubated for 60min in 37°C.)e supernatant was drained, and
thewells were washed 3 times for 10 seconds. One hundred μl of
Streptavidin-HRP solution (secondary antibody conjugated to
Horse radish peroxidase) was added to all wells and incubated at
37°C for 30min. )e wells were washed three times in
10 seconds. One hundred μl of TMB substrate (tetrame-
thylbenzidine, substrate-dye solution) was added to all wells and
incubated for 15 minutes at 37°C in the dark. )e absorbance
was measured by ELISA-Reader at a wavelength of 450nm.

2.5. Protein Extraction and Western Blot Analysis. To assess
the ability of MA to induce apoptosis, BaX/Bcl2 ratio and cy-
tochrome C were evaluated. )e treated SH-SY5Y cells were
lysed with TNE buffer (50mMTris-HCl pH 7.4, 150 mMNaCl,
1mM ethylenediaminetetraacetic acid (EDTA), 1% Triton
X-100, 1% sodium deoxycholate, 0.1% sodium dodecyl sulfate
(SDS), and 1mM (PMSE) followed by centrifugation at
13,000 rpm for 4min at 10°C. )e supernatant was collected.
Equal amounts of protein (20μl at a concentration of 40μg)
were separated by 12% SDS-polyacrylamide gel electrophoresis
and transferred onto polyvinylidene difluoride membranes. )e
membranes were blocked with nonfat milk powder (with a
concentration of 2% in TBST solution) and washed three times
with Tris-buffered saline containing 0.1% TBST. After washing,
the membranes were incubated at 4°C overnight with the fol-
lowing appropriate antibodies: Cytochrome c (1 : 1,000), Bax (1 :
1,000), and Bcl-2 (1 : 1,000) and washed three times with TBST,
and incubated secondary antibody: goat anti-mouse (1 : 15,000)
and washed 3 times with TBST.)emembranes were visualized
via enhanced chemiluminescence (ECL Advance Kit).

2.6. Statistical Analysis. Data are expressed as the mean-
s± standard error of the mean (SEM) and were analyzed
using SPSS Statistics 23.0 software. Groups were compared
using the Student-Newman–Keul’s and one-way analysis of
variance (ANOVA). )e significance level was set at p

value< 0.05. Figures were designed using Excel 2019
software.

3. Result

3.1. Effect of Different Concentrations of MA on SH-SY5YCell
Survival. As shown in Figure 1, the MA lethal effect was
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dependent on its concentration. Since MA showed a sig-
nificant toxic effect at a concentration of 5mM and ap-
proximately killed 50% of the cells, this concentration was
considered IC50 and was used in other stages of the
experiment.

Results are expressed as the means± standard error of
the mean (SEM). ∗∗∗, P< 0.001 compared with the control
(untreated) group.

3.2. Effect of Different Concentrations of the S. angustifolium
ExtractonSH-SY5YCell Survival. According to the results of
MTT test, the S. angustifolium extract did not show toxicity
in any dose (Figure 2).

Results are expressed as the means± standard error of
the mean (SEM). No significant difference was seen between
the groups treated with the S. angustifolium extract and the
control (untreated) group.

3.3. Effect of Different Concentrations of the S. angustifolium
Extract on SH-SY5Y Cell Survival in the Presence of MA.
)e results of MTT test showed that the S. angustifolium
extract in doses 80, 160, 320, and 640 μg/ml prevented oc-
currence of MA toxic effects after 24 hours (Figure 3).

Results are expressed as the means± standard error of
the mean (SEM). ∗∗∗, P< 0.001 compared with the control
(untreated) group. ###P< 0.001 and ##P< 0.01 compared
with the MA group.

3.4. 8e Effectof theS.angustifoliumExtractonROSProduced
by MA in SH-SY5Y Cells. According to the results (Fig-
ure 4), ROS levels in the MA-treated group significantly
increased in comparison to the control group (P< 0.001).
)e results of ROS assay in MA-treated cells with doses of 80
and 160 μg/ml S. angustifolium extracts were significantly
different from the MA group (P< 0.001) and the
S. angustifolium extract could prevent the production of
intracellular ROS.

Results are expressed as the means± standard error of
the mean (SEM). ∗∗∗, P< 0.001 compared with the control
(untreated) group. ###P< 0.001 compared with the MA
group.

3.5.ProteinExtractionandWesternBlotAnalysis. )e release
of cytochrome C in SH-SY5Y cells exposed to MA was
significantly different from the control group (treated with
normal medium) (P< 0.001). As shown in Figure 5, when
cells were treated simultaneously with 5mM·MA and dif-
ferent doses of the S. angustifolium extract (80 and 160 μg/
ml), the amount of cytochrome C was significantly reduced
by the MA group. In SH-SY5Y cells treated with MA, the
ratio of Bax/Bcl2 increased significantly compared to cells
cultured in a normal medium (P< 0.001).WhenMA-treated
cells received 80 and 160 μg/ml of the S. angustifolium ex-
tract, the Bax/Bcl2 ratio was significantly reduced compared
to MA-treated cells (P< 0.001) (Figure 6).

β-actin served as a protein loading control. )e relative
level of cytochrome C was normalized with β-actin. Results
are expressed as the means± standard error of the mean
(SEM). ∗, P< 0.05, ∗∗, P< 0.01 and ∗∗∗, P< 0.001 compared
with the control (untreated) group. ##P< 0.01 compared
with the MA group.

)e relative levels of Bax and Bcl2 were normalized with
β-actin. Results are expressed as the means± standard error
of themean (SEM). ∗∗∗, P< 0.001 compared with the control
(untreated) group. ###P< 0.001 compared with the MA
group.

4. Discussion

Mitochondrial metabolism disturbance plays a vital role in
MA-induced dopaminergic neurotoxicity by inhibiting the
Krebs cycle and electron transport chain and contributing to
oxidative stress [28]. Due to lipophilic and cationic struc-
ture, MA could easily enter the mitochondria. Superoxide
ion and hydrogen peroxidase formation have been identified
as the main cause of MA-induced neurotoxicity [29,30].)is
phenomenon is clinically important because it could ulti-
mately lead to destructive neurological effects in the brain
due to mitochondrial dysfunction, induction of intracellular
oxidants, caspase activation, and apoptotic neuronal death
[10]. In the present study, MTT assay was used to evaluate
the protective effects of the S. angustifolium hydroethanolic
extract on cytotoxicity induced by MA. Results demon-
strated that the S. angustifolium extract in doses of 80, 160,
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Figure 1: Effect of different concentrations of MA on SH-SY5Y cell survival.
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Figure 3: Effect of different concentrations of the S. angustifolium extract on SH-SY5Y cell survival in the presence of MA.
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Figure 4: Effect of the S. angustifolium extract on ROS produced by MA in SH-SY5Y cells.

Control 20 40 80 160 320 640

Extract (µg/ml)

0

20

40

60

80

100

120

Ce
ll 

vi
ab

ili
ty

 (%
 o

f c
on

tr
ol

)

Figure 2: Effect of different concentrations of the S. angustifolium hydroethanolic extract on SH-SY5Y cell survival.
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320, and 640 could prevent the occurrence of MA toxic
effects.

MA leads to the formation of intracellular ROS by al-
tering intracellular calcium signaling and weakening anti-
oxidant defenses [31]. Following the use of antioxidants,
increasing the expression of Cu-Zn-SOD and MnSOD
(superoxidases) and decreasing the amount of ROS, MA-

induced toxicity is attenuated [32]. In the present study, the
results of ROS assay in cells treated simultaneously with MA
and 80 and 160 μg/ml of S. angustifolium extract showed that
the S. angustifolium extract significantly inhibited intracel-
lular ROS production. )e effect of different species of
Sargassum on reducing intracellular ROS production has
been reported previously [24,33]. According to studies,
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Figure 5: Effect of the S. angustifolium extract on cytochrome C protein expression in SH-SY5Y cells.
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Figure 6: Effect of the S. angustifolium extract on Bax/Bcl-2 protein expression in SH-SY5Y cells.
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Sargassum contains terpenoids that have biological activities
such as cytotoxicity in cancer cells and antioxidant activity
[15,34]. In addition, the brown algae of the genus Sargassum
have unique secondary metabolites such as plastoquinone
[35], chromanols [36], polysaccharides [37], and fecosterol
[38], which have been introduced as a good option for
protection against free radicals. A study by Babakhani et al.
reported that the phenolic compounds of S. angustifolium
include gallic acid, protocatechuic acid, gentisic acid, and
hydroxybenzoic acid which makes it seem that this alga is a
rich source of antioxidant compounds [39]. Numerous
studies have shown that fucoidan, stypoldione, terpenes,
sterols, fatty acids, and phenolic compounds have great
potential for anticancer and cytotoxic activities [40,41]. Due
to the fact that the S. angustifolium extract contains large
amounts of phenolic compounds, which is among the most
important antioxidants [42], it is possible that the protective
effect and cell viability of S. angustifolium hydroethanolic
extract be related to its phenolic compounds.

MA-induced neurodegeneration associated with mito-
chondrial apoptosis [43]. )e presence of reactive oxygen and
nitrogen species indicates an increase in the expression of
apoptotic promoting proteins: Bax, Bad, and Bid as well as a
decrease in expression of antiapoptotic proteins: Bcl-2 and Bcl-
XL [44], and increased Bax/Bcl-2 ratio indicates release of
cytochrome C from mitochondria [45]. Subsequently, cyto-
chrome C binds with apoptotic protease-activating factor 1
(Apaf-1), and in the execution phase of apoptosis, activates the
initiator caspase [6,46,47]. According to the abovementioned
facts, oxidative stress caused byMA is one of themain factors in
inducing apoptosis. Inhibition of these factors plays an im-
portant role in preventing the progression of apoptosis.

)e present study results showed that the S. angustifolium
extract has a significant effect on reducing the Bcl2/Bax ratio
and reducing the release of cytochrome C in SH-SY5Y cells
exposed simultaneously to 5mM·MA and 80 and 160μg/ml of
S. angustifolium extract. )erefore, decreased expression of
apoptotic proteins could be considered as one of the possible
mechanisms of the S. angustifolium extract in reducing apo-
ptosis. In addition, the anti-inflammatory activity of Sargassum
species extract has been reported through inhibition of COX-2,
TNF-α, IL-6, PGE2, and inhibition of NF-κB nuclear trans-
location [24,38]. Anti-inflammatory compounds, via inhibition
of the expression of inflammatory mediators and apoptosis
proteins, play a role in controlling their function [48]. So,
according to the abovementioned statements, one of the pos-
sible mechanisms of S. angustifolium extract in reducing the
expression of apoptotic proteins could probably be the inhi-
bition of inflammatory factors.

5. Conclusion

)e S. angustifolium hydroethanolic extract decreased MA-
induced toxicity in the SH-SY5Y cells line by reducing in-
tracellular ROS, cytochrome C, and Bax to Bcl2 ratio, and
significantly increased SH-SY5Y cells survival in the current
in vitro study. Further studies are needed to identify themost
effective and potent compounds in the S. angustifolium
extract which play a key role in cellular protection.

Data Availability

)e data used to support the findings of this study are
available from the corresponding author on request.

Conflicts of Interest

)e authors declare that they have no conflicts of interest.

Acknowledgments

)e study was supported by Shahid Bahonar University of
Kerman )e authors thank Ms. Najmeh Sasani for her
grateful help in writing manuscript and Shahid Bahonar
University of Kerman for financial support.

References

[1] E. A. Ardekani, H. Askari, and A. Mohagheghzadeh, “Me-
morial functional foods: a new concept from Bavi tribe,”
Journal of Ethnic Foods, vol. 7, no. 1, pp. 1–10, 2020.

[2] E. Amiri-Ardekani and A. Tehrany, “Allium sativum L.(garlic)
role in osteoarthritis: a systematic review of clinical trials,”
Biointerface Research in Applied Chemistry, vol. 4, no. 11,
2021.

[3] A. Shiati, M. Moein, A. Sakhteman, E. Amiri-Ardekani, and
M. M. Zarshenas, “Borage aromatic water as a medicinal
drink: chemical composition analysis of different populations
in the local markets of Iran,” Letters in Applied Nano-
BioScience, vol. 10, 2020.

[4] R. Tahvilian, K. Amini, and H. Zhaleh, “Signal transduction of
improving effects of ibudilast on methamphetamine induced
cell death,” Asian Pacific Journal of Cancer Prevention, vol. 20,
no. 9, pp. 2763–2774, 2019.

[5] K. Amini, H. Zhaleh, and R. Tahvilian, “Effects of low-dose
morphine suppress methamphetamine-induced cell death by
inhibiting the ROS generation and caspase-3 activity,” Bra-
tislava Medical Journal, vol. 120, no. 05, pp. 336–343, 2019.

[6] T. E. Albertson, R. W. Derlet, and B. E. Van Hoozen,
“Methamphetamine and the expanding complications of
amphetamines,” Western Journal of Medicine, vol. 170, no. 4,
pp. 214–219, 1999.

[7] C. Davidson, A. J. Gow, T. H. Lee, and E. H. Ellinwood,
“Methamphetamine neurotoxicity: necrotic and apoptotic
mechanisms and relevance to human abuse and treatment,”
Brain Research Reviews, vol. 36, no. 1, pp. 1–22, 2001.

[8] K. B. Burrows, G. Gudelsky, and B. K. Yamamoto, “Rapid and
transient inhibition of mitochondrial function following
methamphetamine or 3, 4-methylenedioxymethamphetamine
administration,” European Journal of Pharmacology, vol. 398,
no. 1, pp. 11–18, 2000.

[9] R. Moratalla, A. Khairnar, N. Simola et al., “Amphetamine-
related drugs neurotoxicity in humans and in experimental
animals: main mechanisms,” Progress in Neurobiology,
vol. 155, pp. 149–170, 2017.

[10] A. Moszczynska and S. P. Callan, “Molecular, behavioral, and
physiological consequences of methamphetamine neurotox-
icity: implications for treatment,” Journal of Pharmacology
and Experimental 8erapeutics, vol. 362, no. 3, pp. 474–488,
2017.

[11] I. N. Krasnova and J. L. Cadet, “Methamphetamine toxicity
and messengers of death,” Brain Research Reviews, vol. 60,
no. 2, pp. 379–407, 2009.

6 Evidence-Based Complementary and Alternative Medicine



[12] D. D. Xu, R. Hoeven, R. Rong, and W. C.-S. Cho, “Rhyn-
chophylline protects cultured rat neurons against metham-
phetamine cytotoxicity,” Evidence-based Complementary and
Alternative Medicine, vol. 2012, Article ID 636091, 7 pages,
2012.

[13] A. Yegdaneh, A. Ghannadi, and L. Dayani, “Chemical con-
stituents and biological activities of two Iranian Cystoseira
species,” Research in pharmaceutical sciences, vol. 11, no. 4,
p. 311, 2016.

[14] H.-F. Tang, Y.-H. Yi, X.-S. Yao, Q.-Z. Xu, S.-Y. Zhang, and
H.-W. Lin, “Bioactive steroids from the brown alga Sargassum
carpophyllum,” Journal of Asian Natural Products Research,
vol. 4, no. 2, pp. 95–101, 2002.

[15] N. Mehdinezhad, A. Ghannadi, and A. Yegdaneh, “Phyto-
chemical and biological evaluation of some Sargassum species
from Persian Gulf,” Research in pharmaceutical sciences,
vol. 11, no. 3, pp. 243–249, 2016.

[16] S. N. Lim, P. C. K. Cheung, V. E. C. Ooi, and P. O. Ang,
“Evaluation of antioxidative activity of extracts from a brown
seaweed, Sargassum siliquastrum,” Journal of Agricultural and
Food Chemistry, vol. 50, no. 13, pp. 3862–3866, 2002.

[17] J. Santoso, Y. Yoshie-Stark, and T. Suzuki, “Antioxidant
activity of methanol extracts from Indonesian seaweeds in an
oil emulsion model,” Fisheries Science, vol. 70, no. 1,
pp. 183–188, 2004.

[18] P.-J. Park, S.-J. Heo, E.-J. Park et al., “Reactive oxygen
scavenging effect of enzymatic extracts from Sargassum
thunbergii,” Journal of Agricultural and Food Chemistry,
vol. 53, no. 17, pp. 6666–6672, 2005.

[19] X. Yang, Y. Wang, Q. Li et al., “)e main molecular mech-
anisms underlying methamphetamine-induced neurotoxicity
and implications for pharmacological treatment,” Frontiers in
Molecular Neuroscience, vol. 11, p. 186, 2018.

[20] C.-Y. Huang, S.-J. Wu, W.-N. Yang, A.-W. Kuan, and
C.-Y. Chen, “Antioxidant activities of crude extracts of
fucoidan extracted from Sargassum glaucescens by a com-
pressional-puffing-hydrothermal extraction process,” Food
Chemistry, vol. 197, pp. 1121–1129, 2016.

[21] A. Gohari, N. Payghami, S. Jamili, A. Rustaiyan, S. Saeidnia,
and M. Nikan, “Alpha-amylase inhibitory activity and sterol
composition of the marine algae, Sargassum glaucescens,”
Pharmacognosy Research, vol. 7, no. 4, p. 314, 2015.

[22] F. Namvar, J. Baharara, and A. A. Mahdi, “Antioxidant and
anticancer activities of selected Persian Gulf algae,” Indian
Journal of Clinical Biochemistry, vol. 29, no. 1, pp. 13–20, 2014.

[23] H. Harada, T. Noro, and Y. Kamei, “Selective antitumor
activity in vitro from marine algae from Japan coasts,” Bio-
logical and Pharmaceutical Bulletin, vol. 20, no. 5, pp. 541–546,
1997.

[24] C. H. Sarithakumari, G. L. Renju, and G. M. Kurup, “Anti-
inflammatory and antioxidant potential of alginic acid iso-
lated from the marine algae, Sargassum wightii on adjuvant-
induced arthritic rats,” Inflammopharmacology, vol. 21, no. 3,
pp. 261–268, 2013.

[25] C. M. P. G. Dore, M. G. D. C. Faustino Alves, L. S. E. Pof́ırio
Will et al., “A sulfated polysaccharide, fucans, isolated from
brown algae Sargassum vulgare with anticoagulant, antith-
rombotic, antioxidant and anti-inflammatory effects,” Car-
bohydrate Polymers, vol. 91, no. 1, pp. 467–475, 2013.

[26] W.-J. Yoon, S.-J. Heo, S.-C. Han et al., “Anti-inflammatory
effect of sargachromanol G isolated from Sargassum sili-
quastrum in RAW 264.7 cells,” Archives of Pharmacal Re-
search, vol. 35, no. 8, pp. 1421–1430, 2012.

[27] S. J. de Moura Escobar, M. Simone, N. Martin et al., “Cy-
totoxic effects of 4′-hydroxychalcone on human neuroblas-
toma cells (SH-SY5Y),” Toxicology in Vitro, vol. 61, Article ID
104640, 2019.

[28] J. Annepu and V. Ravindranath, “1-Methyl-4-phenyl-1, 2, 3,
6-tetrahydropyridine-induced complex I inhibition is re-
versed by disulfide reductant, dithiothreitol in mouse brain,”
Neuroscience Letters, vol. 289, no. 3, pp. 209–212, 2000.

[29] R. F. Bachmann, Y. Wang, P. Yuan et al., “Common effects of
lithium and valproate on mitochondrial functions: protection
against methamphetamine-induced mitochondrial damage,”
8e International Journal of Neuropsychopharmacology,
vol. 12, no. 06, pp. 805–822, 2009.

[30] J. M. Brown, M. S. Quinton, and B. K. Yamamoto, “Meth-
amphetamine-induced inhibition of mitochondrial complex
II: roles of glutamate and peroxynitrite,” Journal of Neuro-
chemistry, vol. 95, no. 2, pp. 429–436, 2005.

[31] R. Potula, B. J. Hawkins, J. M. Cenna et al., “Methamphet-
amine causes mitrochondrial oxidative damage in human
T lymphocytes leading to functional impairment,”8e Journal
of Immunology, vol. 185, no. 5, pp. 2867–2876, 2010.

[32] J. Walker, T. Winhusen, J. M. Storkson et al., “Total anti-
oxidant capacity is significantly lower in cocaine-dependent
and methamphetamine-dependent patients relative to normal
controls: results from a preliminary study,” Human Psycho-
pharmacology: Clinical and Experimental, vol. 29, no. 6,
pp. 537–543, 2014.

[33] P. E. Giriwono, P. E. Giriwono, D. Iskandriati, C. P. Tan, and
N. Andarwulan, “Sargassum seaweed as a source of anti-in-
flammatory substances and the potential insight of the
tropical species: a review,” Marine Drugs, vol. 17, no. 10,
p. 590, 2019.

[34] S.-h. Cho, S.-e. Kang, J.-y. Cho et al., “)e antioxidant
properties of brown seaweed (Sargassum siliquastrum) ex-
tracts,” Journal of Medicinal Food, vol. 10, no. 3, pp. 479–485,
2007.

[35] J. A. Kim, F. Karadeniz, B. N. Ahn et al., “Bioactive quinone
derivatives from the marine brown alga Sargassum thunbergii
induce anti-adipogenic and pro-osteoblastogenic activities,”
Journal of the Science of Food and Agriculture, vol. 96, no. 3,
pp. 783–790, 2016.

[36] J. I. Lee and Y. Seo, “Chromanols from Sargassum siliquas-
trum and their antioxidant activity in HT 1080 cells,”
Chemical and Pharmaceutical Bulletin, vol. 59, no. 6,
pp. 757–761, 2011.

[37] L. Costa, G. Fidelis, S. L. Cordeiro et al., “Biological activities
of sulfated polysaccharides from tropical seaweeds,” Bio-
medicine & Pharmacotherapy, vol. 64, no. 1, pp. 21–28, 2010.

[38] I. S. Fernando, T. U. Jayawardena, H.-S. Kim et al., “Beijing
urban particulate matter-induced injury and inflammation in
human lung epithelial cells and the protective effects of
fucosterol from Sargassum binderi (Sonder ex J. Agardh),”
Environmental Research, vol. 172, pp. 150–158, 2019.

[39] A. B. Lashkan, M. Rezaei, K. Rezaei, and S. J. Seifabadi,
“Optimization of extraction of antioxidant compounds in
microwave-assisted extracts of Brown algae sargassum
angustifolium,” Journal of Fisheries, Iranian Journal of Nat-
ural Resources, vol. 65, no. 3, pp. 243–255, 2012.

[40] B. K. Carte, “Biomedical potential of marine natural prod-
ucts,” BioScience, vol. 46, no. 4, pp. 271–286, 1996.

[41] A. Manilal, S. Sujith, G. S. Kiran, J. Selvin, and C. Shakir,
“Cytotoxic potentials of red alga, Laurencia brandenii col-
lected from the Indian coast,”Global Journal of Pharmacology,
vol. 3, no. 2, pp. 90–94, 2009.

Evidence-Based Complementary and Alternative Medicine 7



[42] N. Pourreza, “Phenolic compounds as potential antioxidant,”
Jundishapur Journal of Natural Pharmaceutical Products,
vol. 8, no. 4, pp. 149-150, 2013.

[43] M. S. Quinton and B. K. Yamamoto, “Causes and conse-
quences of methamphetamine and MDMA toxicity,” 8e
AAPS Journal, vol. 8, no. 2, p. E337, 2006.

[44] S. Jayanthi, X. Deng, M. Bordelon, M. T. Mccoy, and
J. L. Cadet, “Methamphetamine causes differential regulation
of pro-death and anti-death Bcl-2 genes in the mouse neo-
cortex,” 8e FASEB Journal, vol. 15, no. 10, pp. 1745–1752,
2001.

[45] M. Raineri, B. Gonzalez, B. Goitia et al., “Modafinil abrogates
methamphetamine-induced neuroinflammation and apo-
ptotic effects in the mouse striatum,” PLoS One, vol. 7, no. 10,
Article ID e46599, 2012.

[46] G. A. Ricaurte, C. R. Schuster, and L. S. Seiden, “Long-term
effects of repeated methylamphetamine administration on
dopamine and serotonin neurons in the rat brain: a regional
study,” Brain Research, vol. 193, no. 1, pp. 153–163, 1980.

[47] X. Deng, B. Ladenheim, L.-I. Tsao, and J. L. Cadet, “Null
mutation of c-fos causes exacerbation of methamphetamine-
induced neurotoxicity,” Journal of Neuroscience, vol. 19,
no. 22, pp. 10107–10115, 1999.

[48] Y.-H. Kim, T. W. Oh, E. Park et al., “Anti-inflammatory and
anti-apoptotic effects of Acer palmatum )umb. extract,
KIOM-2015EW, in a hyperosmolar-stress-induced in vitro
dry eye model,” Nutrients, vol. 10, no. 3, p. 282, 2018.

8 Evidence-Based Complementary and Alternative Medicine


