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Abstract Seabuckthorn is a medicinal plant that is used to prevent cold. It was tested for its meta-
bolic content followed by activity against cancer and virus. The metabolic distribution of different
polarity solvent extractions from the leaves was analyzed by LC-MS/MS. Flavonol glycoside con-
tents in EA and Bu extracts were higher than MeOH and DW was observed. MeOH and EA extracts
recorded high activity against influenza A/PR virus with ICsy of 7.2 pg/mL and 10.3 pg/mL com-
pared with known drug Oseltamivir of 60.3 pg/mL. A similar trend showed in influenza A/Victoria
virus. In case of influenza B viruses such as B/Lee and B/Maryland, EA extract (2.87 ug/mL and
4.5 pg/mL of 1Csy) emerged strongest among other extracts and Oseltamivir (103.73 pg/mL and
71.6 pg/mL). Each extract showed potent anticancer activities. Interestingly, Bu extract showed
stronger anticancer activity against human cancer cells such as NCL-H1299, HeLa, SKOV and
Caski (8.2 pg/mL, 8.6 png/mL, 18.2 pg/mL and 9.2 pg/mL of 1Csq) respectively. Correlation study
reveals that aglycones and flavonol mono-glycosides highly correlated with anti-influenza activities
but not correlated with anticancer activities. Reversely, di-glycosides and tri-glycosides have a high
correlation with cytotoxic effect with both normal and cancer cells. Therefore, this study provides
significant information concerning Seabuckthorn for further medicinal drug development.
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1. Introduction

Nowadays, many diseases as inflammation, cancer and cardio-
vascular in developed countries come out from stresses, reason
of living and working conditions including high population
and high competition in life (Esch et al., 2002; Black and
Garbutt, 2002). Appearance of cancer risk is increasing signif-
icantly in modern society in 21st century. Hence many anti-
cancer methods were discovered such as radiation therapy
and chemotherapy, unfortunately these anticancer methods
have high side effects to the patient (Lee et al., 2012).

Additionally, virus infections such as influenza and their
seasonal breakouts happen frequently and have a dangerous
impact on elders and children. Until now few drugs have been
developed, unfortunately drug sensitiveness is reducing day by
day (Choi et al., 2012, 2009). Vaccination is the key inhibitor
against influenza virus infection, but because of high rate of
genetic drift and shift of influenza virus, people should take
vaccine once or more a year (Stephan et al., 2009). Hence, sci-
entists need to develop more treatments and scientific proof
against influenza virus and cancer.

Plants contain many different primary and secondary
metabolites. In secondary metabolites such as phenolic com-
pounds, terpenoids and flavonoids play a crucial role in the
enhancement of medicinal properties against human and ani-
mal diseases (Williams et al., 2004). Previous studies reported
that plant secondary metabolites are helping to prevent many
cancers, coronary heart and kidney diseases, viral infection,
oxidation and many other age-related diseases (Havsteen,
2002; Hertog et al., 1993; Potter et al., 1998).

Some plant derived extracts and quercetin glycosides are
showing high activity against influenza viruses in in vivo and
in vitro (Choi et al., 2012, 2009; Patil et al., 2013). Interestingly,
our daily use of green tea derived catechin showed antiviral
activity (Song et al., 2005). Moreover, polyphenol rich plant
extracts exerted influenza virus activity without showing side
effects on cultured cells (Ehrhardt et al., 2007).

Hippophae rhamnoides L., commonly called Seabuckthorn,
is a fruit plant in the family of Elaeagnaceae, native to the Asian
parts of Mongolia, China, and Europe (Rousi, 1971). Berries of
Seabuckthorn were used in ancient Tibetian, Chinese, Russian
and Mongolian traditional medicine (Yang et al., 2000; Xu
et al., 1994). In ancient Mongolian history, Seabuckthorn
branches and leaves were administrated to stocks and humans
to heal their intestinal pain (Kim et al., 2011). Nowadays, many
countries are cultivating Seabuckthorn for nutritional value
and medicinal activity (Xu et al., 1994; Suryakumar and
Gupta, 2011). Also, Seabuckthorn berry juice is the most famil-
iar drink among Mongolians nowadays.

Whole plant (fruit, leaf, and tree) of Seabuckthorn is
known to be a great origin of a broad range of active biological
substances contained in berries and leaves, are very plentiful in
a diversity of vitamins and other biologically active materials
like phenols, carotenoids, flavonoids, tocopherols and sterols,
which have potent medicinal properties and high nutrients
(Beveridge et al., 1999; Pop et al., 2013). Mainly, the berry
of Seabuckthorn has been recorded to be a prosperous source
of carotenoids and vitamin C, E (Zhong, 1989; Ganju et al.,
2005).

In 2013, some researchers reported that the Seabuckthorn
berry and leaf are rich in flavonol glycosides of isorhamnetin

and quercetin derivatives. The flavonol glycosides content on
leaves 917 mg/100 g and leaves contented flavonol glycosides
higher than berries, 1118 mg/100 g on average (Pop et al.,
2013). Seabuckthorn recorded a broad range of biological
activities as an antioxidant (Geetha et al., 2008; Narayanan
et al., 2005), anti-inflammatory (Padwad et al., 2006; Kwon
et al., 2011), anticancer (Grey et al., 2010; Hibasami et al.,
2005), antiviral (Jain et al., 2008) and antimicrobial
(Chauhan et al., 2007; Upadhyay et al., 2010). The Recent clin-
ical test shows that berries of Seabuckthorn did not prohibit
common cold or digestive track infections however, reducing
serum C-reactive protein, a marker of inflammation, and a rea-
son for the cardiovascular disorder (Larmo et al., 2008).

In this study, we purposed to investigate the diversity and
correlation between metabolites and biological activities of
Seabuckthorn leaf extracts against influenza viral infections
and cancers.

2. Materials and methods

2.1. Plant material

The leaf of Seabuckthorn was collected in April 2014 from
Seabackthorn Farm (Anna’s Farm Co Ltd.,) located in
Gyeonggi-do, South Korea. Collected plant material was dried
under shade place for two weeks.

2.2. Chemicals

Butanol, ethyl acetate, methanol, and water were obtained
from Duk-san Chemical Co. Korea. 2,2'-Azino-bis(3-ethylben
zothiazoline-6-sulfonic acid) diammonium salt (ABTS), 2,2
diphenyl-2-picrylhydrazyl (DPPH) and Sulforhodamine B
were purchased from Sigma Chemicals Co. St. Louis, MO,
USA. The commercial drug Oseltamivir (Tamiflu® F.
Hofmann-La Racho Ltd., Switzerland) was purchased from
a pharmacy in Korea following doctor prescription.

2.3. Cell lines and virus

Influenza A and B viruses (strain A/Puerto Rico/8/1934 —
HINI1, A/Victoria/3/75 — H3N2, B/Lee/40 and B/Mary-
land/1/59) and MDCK cell line were purchased from ATCC
(Manassas, VA, USA). Lung cancer cell (NCL-H1299), human
ovary cancer cells (HeLa and SKOV) purchased from ATCC
(Manassas, VA, USA) and cervix cancer cell (CaSki) were
from KCLB (Korean Cell line Bank, Seoul, South Korea).
RPMI-1640, DMEM medium (Dulbecco’s Modified Eagle’s
Medium), fetal bovine serum (FBS), antibiotic-antimytotic
and trypsin-EDTA was supplied by Gibco BRL (Grand
Island, NY, USA). The cell culture dish and 96 well plates were
purchased from Falcon (BD Bioscience, Franklin Lakes, NJ,
USA).

2.4. Extraction of Seabuckthorn leaf

The Seabuckthorn leaves were dried under shade conditions
for two weeks followed by grinding into powder using a com-
mercial grinder (Hanil Co. Seoul, South Korea). 500 g of dried
powder was extracted twice with 2 L of methanol 100% and
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twice with 80% methanol using a shaker for 10 h at room tem-
perature followed by sonication for 10 min. The extracts were
purified using a cotton plug followed by Whatman Nol filter
paper. The collected methanol extract was dried using a rotary
evaporator (EYELA N1001S-WD, NY, USA) and powdered.
10 g of methanol extracts was dissolved again in water fol-
lowed by partitioning with ethyl acetate and butanol. The col-
lected EA and Bu extracts were further condensed with a
rotary evaporator and powdered. The remaining water
extracts were condensed using a freeze drier to make it powder.

2.5. Total flavonoid content

Total flavonoid content of Seabuckthorn extracts was mea-
sured using the methods of Maria John et al. (2014). In
brief, each extract of 20 pL. was added tol180 pL of 90%
diethylene glycol and 20 pL of 1 M NaOH. The absorbance
was measured at 515nm, after 15min of incubation at
room temperature. Flavonoid content was expressed as mil-
ligram of catechin equivalents per gram of dried Seabuck-
thorn extracts.

2.6. Total polyphenol content

20 pL of different extracts were added to the 96 well plates fol-
lowed by 100 pL of 0.2 M Folin—Ciocalteu’s phenol reagent.
After 5 min of incubation, 80 pL of saturated sodium carbon-
ate was added to the mixture and incubated for 1 h. Using a
SpectraMax® Plus 384 — spectrophotometer, absorbance was
measured at 750 nm. The results were expressed in milligram
of gallic acid equivalent per gram of dried Seabuckthorn
extracts.

2.7. LC-MS

Bruker EVOQ LC-MS system equipped with Bruker, CTC
PAL-xt autosampler, and YMC packed C18 column was
used for LC-MS analyzes of Seabuckthorn leaf. The flow
rate was 200 pL/min; injection volume was 5 uL. and mobile
phase of A: 0.1% formic acid in water and B: 0.1% formic
acid in acetonitrile. The gradient flow was 0% of mobile
phase B during the 0-0.5 min, increase up to 50% in 5 min
and maintained 50% of mobile phase B until 15 min. At
16 min, mobile phase B was reduced to 0% and maintained
through analysis. The mass spectrometric identification used
parameters as spray mode as HESI and voltage were positive
mode 4000 V. The ESI was performed with positive (+) ion
mode with the range of 100-1000 m/z, and cone temperature
was 350 °C.

2.8. DPPH radical scavenging activity

The free radical scavenging activity of Seabuckthorn leaf
extracts against DPPH radical was studied by following the
methods of Maria John et al. (2014). Briefly, different extracts
of Seabuckthorn leaf were dissolved in methanol. 20 pL of
each extract and 180 pL of 0.1 mM concentrated DPPH
solution were added to a 96 well plate. After 20 min of
incubation at room temperature in a dark place, the
absorbance was measured at 517 nm using a SpectraMax®

Plus®* — spectrophotometer. 20 uL. methanol was used as a
control, and the radical scavenging activity was calculated
based on the following formula:

DPPH scavenging activity (%)
= ((Aconlrol - Aszlmp]e)/Acontrol) x 100 (1)

where Aconiror: absorbance of control and Agmpie: absorbance
of the sample.

2.9. ABTS radical scavenging activity

20 pL of the extracts was added to 180 uL of 7.4 mM ABTS
solution containing 2.6 mM potassium persulfate. Samples
were incubated for 15 min at room temperature. Then absor-
bance were measured at 734 nm using a SpectraMax® Plus®%*
— spectrophotometer. Methanol was used as a control and
based on the OD differences the scavenging activity was
calculated.

2.10. Cell culture

NCL-H1299, HeLLa, SKOV and Caski cells were maintained at
10% of FBS and 1% of Antibiotic-Antimycotic solution mixed
in the RPMI-1640 medium. MDCK cell was maintained in
DMEM medium. Cells’ grown condition was 37 °C with 5%
of CO, in the humidified cell culture incubator.

2.11. Antiviral activity assay

MDCK cells (2 x 10% were seeded in 96 well plates and
maintained for 24 h. Then, media were removed and
washed twice with PBS (phosphate buffered saline). MDCK
cells were infected with influenza viruses A/Victoria, A/PR,
B/Lee and B/Maryland by ID* (Infective dose 50%). The
antiviral activity of dried extracts of Seabuckthorn leaf
was determined based on different concentrations such as
0.1, 1, 10 and 100 pug/mL in triplicate. The plates were
incubated at 37 °C, CO, incubator during 48 h. After incu-
bation of 48 h, the medium was removed and washed twice
with PBS. The plates fixed with 70% of acetone during 1h
under —4°C. Then 70% of acetone was removed, and
plates were dried in a dry oven maintained at 60 °C. Con-
tinually wused SRB assay was wused for antiviral
development.

2.12. Anticancer activity assay

NCL-H1299, HeLa, Caski and SKOV cells (2 x 10%) were
seeded in 96 well plates and maintained at 37 °C, 5% of CO,
and humidified incubator. After 24 h of incubation, the media
were removed and washed 2 times with PBS solution. Prepared
extracts in different concentrations as 0.1 pg/mL, 1 pg/mL,
10 pg/mL and 100 pg/mL in triplicate were added onto wells
after new media were added to the wells. After 48 h of incuba-
tion with extract, the medium was removed and washed twice
with PBS. Washed plates were fixed with 70% of Acetone for
1 h at —4 °C. Then acetone was removed, and plates were dried
in drying oven at 60 °C. After drying, SRB assay was per-
formed for anticancer activity.
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Figure 1

Total flavonoid and total polyphenol content of different extracts of Seabuckthorn leaf. (A) Total flavonoid content; (B) total
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polyphenol content. Each value was obtained from an average of three independent experiments’ standard deviation.

Table 1 List of the Identified compounds using LC-MS Seabuckthorn leaf extracts.

S. no Rt [M+H]" p-Value MF MS/MS Name Ref.
1 12.69 303 1.29E—02 CI15H1007 303, 285, 275, 247, Quercetin Pop et al. (2013)
229, 201, 165
2 1422 317 1.32E—02 C16H1207 317, 302, 285, 274, Isorhamnetin Pop et al. (2013)
257, 165
3 7.03 465 2.35E—-02 C21H20012 465, 303, 162 Quercetin 3-glucoside Rosch et al. (2004), Pop et al.
(2013)
4 7.25 479 4.09E—02 C22H22012 479, 317, 162 Isorhamnetin 3-glucoside  Cuyckens et al. (2004), Pop et al.
(2013)
5 7.26 449 2.27E—02 C21H20011 449, 287, 162 Kaempferol 3-glucoside Cuyckens and Claeys (2005)
6 6.75 463 1.38E—02 C22H22011 463, 317, 146 Isorhamnetin 3- Rosch et al. (2004), Pop et al.
rhamnoside (2013)
7 8.87 433 2.27E—02 C21HI19010 433, 287, 146 Kaempferol 3-thamnoside Cuyckens and Claeys (2005)
8 7.11 611 1.38E—02 C27H30016 611, 465, 303, 308, Quercetin 3-rutinoside Rosch et al. (2004), Pop et al.
146 (2013)
9 6.32 611 4.44E—02 C27H30016 611,465, 449, 303, Quercetin 3-glucoside-7- Kachlicki et al. (2008), Pop et al.
162, 146 rhamnoside (2013)
10 6.4 625 2.33E—02 C28H32016 625,479, 465, 317, Isorhamnetin 3-glucoside- Rosch et al. (2004), Kachlicki
162, 146 7-rhamnoside et al. (2008), Pop et al. (2013)
11 7.27 625 9.11E—02 C28H32016 625,479, 463, 162, Isorhamnetin 3- Pop et al. (2013), Kachlicki et al.
317, 146, 162 rhamnosylglucoside (2008)
12 7.57 757 1.73E—02 C33H40021 757, 611, 146, 465, Quercetin 3- Kachlicki et al. (2008), Pop et al.
303, 162, 146 rhamnosylglucoside-7- (2013)
rhamnoside
13 8.88 773 2.23E—02 (C33H40021 773, 611, 449, 303, Quercetin 3-sophoroside-  Rosch et al. (2004)
162, 146 7-rhamnoside
14 9.13 787 1.21E—02 C34H42021 787, 625, 463, 317, Isorhamnetin 3- Pop et al. (2013), Rosch et al.

162

sophoroside-7-
rhamnoside

(2004)

2.13. SRB assay

After 96 well plates had been fully dried in drying oven, each
well was filled with 100 uL of SRB solution (0.4% w/v) and
incubated overnight at room temperature. After SRB solution
was discarded, plates were washed 5 times with 1% of acetic
acid and then dried in a drying oven. SRB stained 96 well
plates were observed for the morphology of cells using
reflected light microscope (20x) and added 10 mM of
Tris-base for overnight. After SRB completely dissolved in a

Tris-base, the absorbance was read at 540 nm and inhibitory
concentration of 50% (ICs), cytotoxic concentration of 50%
(CCsp) and therapeutic index (TI) were calculated.

2.14. Statistical analyses

The result of biological and analytical assay replicates was
analyzed by Microsoft Excel and IBM SPSS Statistics 22
software (SPSS Inc., Chicago, IL, USA). Metabolite compar-
ison and box plot analyzed by Statistica 7.1 (Statsoft, USA).
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Figure 3  Flavonol glycosides variation of Seabuckthorn leaf extracts. (MeOH) Methanol, (EA) ethyl acetate, (Bu) butanol and (DW)
water extract.

LC-MS/MS spectrum and area of metabolites analyzed by MS
workstation MS Data Review (Version 8.1.2; Bruker).

In case of correlation study between metabolites and bio-
logical activities, log;y value of metabolite areas collected
and then Pearson’s correlation coefficient test performed by
SPSS software. Results were illustrated using MeV software
(version 4.9.0, http://tm4.org).

3. Result and discussion

3.1. TFC, TPC and metabolites content of extracts

Seabuckthorn served as one of the most important natural
medicinal plants in various countries was analyzed for its
metabolic content along with antiviral and anticancer analysis.
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Table 2 Anti-influenza activities of different extracts of Seabuckthorn leaf.

A/PR A/Victoria B/Lee B/Maryland

CCs ICs," TI¢ ICsp TI ICs TI ICs, TI
Methanol 155.8 72 £ 0.2 21.7 8.39 + 0.89 18.5 6.39 + 0.89 24.3 9.29 + 0.89 16.8
Ethyl Acetate 558.2 10.31 £ 0.3 54.4 8.86 = 0.35 62.9 2.87 £ 0.35 194.5 4.52 + 0.35 123.5
Butanol 62.1 143 + 1.1 4.2 1597 £ 0.15 3.9 5.97 £ 0.15 10.4 6.81 + 0.15 9.1
Water 917.6 40.8 £ 4.9 22.5 58.87 £ 0.02 15.6 8.87 £ 0.02 103.4 21.7 +£ 3.1 423
Oseltamivir 569.1 60.3 + 5.6 9.5 372 +£ 3.5 15.3 103.7 + 8.75 5.5 71.6 £ 5.1 8.0

Each value was obtained from an average of three independent experiments’ standard deviation.

# Concentration required to reduce MDCK cell growth by 50% (nug/mL).

® Concentration required to inhibit virus infectivity by 50% (ug/mL).

¢ Therapeutic index = CCs,/ICs.

Figure 4  Effect of Seabuckthorn leaf extracts on influenza A/PR infected MDCK cells in a concentration of 10 pg/mL. (A) A/PR virus
infected cells; (B) A/PR virus infected cells with MeOH extract; (C) A/PR virus infected cells with EA extract; (D) A/PR virus infected cells
with Bu extract; (E) A/PR virus infected cells with DW extract; (F) A/PR virus infected cells with Oseltamivir; (G) non-infected cells; (H)
non-infected cells with MeOH extract; (I) non-infected cells with EA extract; (J) non-infected cells with Bu extract; (K) non-infected cells
with DW extract; (L) non-infected cells with Oseltamivir.
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Table 3 Anticancer activity of different extracts of Seabuckthorn leaf.

ICs" on cancer cell growth

NCL HeLa Caski SKOV
Methanol 9.6 £ 1.8 121.5 + 23.8 67.7 £ 4.0 218.7 + 23.9
Ethyl acetate 60.2 + 5.6 9.5 £ 0.78 63.3 £ 0.5 94 £+ 1.9
Butanol 82 +0.3 8.6 £0.78 18.2 £ 4.1 92 £+ 13
Water 9.0 £ 14 128.4 + 33.0 91.8 £ 3.7 24729 + 185.8
Berberine 57.02 £ 0.49 9.1 £0.8 443 £ 5.1 52.1 £4.7

# Concentration required to reduce cancer cell growth by 50% (pg/mL).

The crude methanol extracts from Seabuckthorn leaves were
further purified using EA and Bu. From the solvent extracts
and the remaining water extract, the TFC and TPC content
were analyzed and presented in Fig. 1. The EA extracts
revealed high TFC (195.12 mg/g) content followed by MeOH
(136.25 mg/g), and DW (116.75mg/g). Bu (96.78 mg/g)
extracts showed poor content among the extracts analyzed.
A similar trend was observed with the TPC where EA was
117.78 mg/g followed by MeOH, Bu and DW (88.22 mg/g,
76.05 mg/g and 76.18 mg/g) respectively. The metabolic dis-
tribution between the solvent extracts and the remaining
water extracts were analyzed by LC-MS/MS and are listed
in Table 1 and Fig. 3. Identified compounds from Seabuck-
thorn leaf extracts were derivatives of quercetin, isorhamnetin
and kaempferol. Identification of compound was based on
the retention time, UV spectra, positive ions [M+H]" and
reference data (Cuyckens et al., 2004; Cuyckens and Claeys,
2005; Kachlicki et al., 2008; Pop et al., 2013; Rosch et al.,
2004). The 14 different flavonol glucosides were differently
distributed in 3 extracts of Seabuckthorn leaf. Flavonol glu-
coside contents in EA and Bu extracts were higher than
DW extract. Quercetin, isorhamnetin, quercetin 3-glucoside,
quercetin 3-rutinoside, isorhamnetin 3-glucoside, kaempferol
3-glucoside, isorhamnetin 3-rhamnosylglucoside, quercetin 3-
sophoroside-7-rhamnoside and kaempferol 3-rhamnoside
were observed in EA extract. Quercetin 3-rhamnosylgluco
side-7-rhamnoside, kaempferol 3-glucoside, quercetin 3-
glucoside-7-rhamnoside, isorhamnetin 3-glucoside-7-
rhamnoside, isorhamnetin 3-rhamnoside, isorhamnetin 3-
glucoside, quercetin  3-rhamnosylglucoside-7-rhamnoside,
quercetin 3-sophoroside-7-rhamnoside and isorhamnetin 3-
sophoroside-7-rhamnoside were detected in Bu extract. Quer-
cetin 3-glucoside-7-rhamnoside, isorhamnetin 3-
rhamnosylglucoside, quercetin 3-rhamnoside-7-rhamnoside
and isorhamnetin 3-sophoroside-7-rhamnoside were identified
in DW extract. Mono-glycosides, di-glycosides and tri-
glycosides were distributed differently in each extract since
solvents used have different polarities. Coqueiro et al.,
reported, flavonol glycosides were altered biological activity
depend on the number of glycosides with flavonoids
(Coqueiro et al., 2013). The content of di-glycosides and
tri-glycosides highly concentrated in the polar solvents such
as Bu and DW. A low polar solvent such as EA presented
mono-glucoside and aglycones. Because of these metabolic
variations, the TFC, and TPC content of the extracts varied
significantly. To find the influence of the different solvent
extraction on radical damaging activity, the standard free
radical assay such as ABTS and DPPH was tested.

3.2. ABTS and DPPH radical scavenging activities

ABTS and DPPH radical scavenging activity of the different
extracts were compared and presented in Fig. 2. All extracts
showed strong antioxidant activity. Comparing the radical
scavenging activity of extracts, the MeOH extract showed
higher scavenging activity and DW extract showed less activity
with both ABTS and DPPH radical scavenging activity. EA
extract showed higher TFC and TPC, but its radical scaveng-
ing activity was not higher among other extracts. Previously
report by Coqueiro et al., showed that, quercetin glycosides
had two time’s higher activity than quercetin (aglycones) with
both DPPH and ABTS radical scavenging activities (Coqueiro
et al., 2013). Bu extract showed the higher content of di-
glycosides and tri-glycosides than EA and DW extracts. When
comparing radical scavenging activity of extracts, Bu extract
showed stronger antioxidant activity than EA and DW
extracts. Consequently, Seabuckthorn extracts showed their
powerful radical scavenging activities.

3.3. Antiviral activity against influenza viruses

Nowadays, Oseltamivir and Zanamivir are being used widely
as a drug for the treatment of influenza viral infections. How-
ever, during the 2007-2008 season of influenza, different iso-
lates of hemagglutinin and neuraminidase were resistant
against Oseltamivir (Choi et al., 2009). Hence, new approaches
to drug development to control the infections of influenza
virus have to be discovered more. Seabuckthorn berries have
been used in Eastern traditional medicine against infectious
such as common cold, and it has immune modulatory proper-
ties (Larmo et al., 2008).

Anti-influenza activity and cytotoxic against MDCK cells
of various extracts of Seabuckthorn and standard drug Oselta-
mivir are presented in Table 2 and Fig. 4. Based on the diver-
gent of ICso and CCsy values, the anti-viral activities of
extracts were compared. MDCK cells with and without influ-
enza virus infection were used as positive and negative control,
respectively.

EA extract revealed the highest anti-influenza activity with
therapeutic index (54.4, 62.3, 194.5 and 123.5) among other
extracts against influenza A/PR, A/Victoria, B/Lee and B/
Maryland viruses, respectively. Potential ICsy values against
A/PR and A/Victory viruses observed in MeOH extract
(7.2 pg/mL and 8.39 pg/mL) followed by Bu extract (14.3 pg/
mL and 15.97 pg/mL) whereas it showed more cytotoxic
among other extracts with 155.8 pg/mL (MeOH) and 62.1 pg/
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Figure 5

Effect of Seabuckthorn leaf extracts on the NCL-H1299 lung cancer cell line. NCL-H1299 cells seeded onto 96 well plates and

maintained at 37 °C, 5% of CO, and humidified incubator. After 24 h incubation, media was removed and washed with PBS solution.
Then MeOH, EA, Bu and DW extracts or Berberine concentrations such as 1, 10 and 100 pg/mL. After incubation 48 h, the morphology
of cells was observed under microscope 20x magnification, and a photograph taken. (A) MeOH extract; (B) EA extract; (C) Bu extract;
(D) DW extract; (E) Berberine; (F) control, non-treated NCL-H1299 cells.

mL (Bu) of CCs, respectively. In terms of B/Lee and B/Mary-
land viruses, EA showed extreme inhibition activities with
2.87 ug/mL and 4.52 ug/mL of ICs, values followed by Bu
extract (5.97 ug/mL and 6.81 pg/mL). Because of low cytotox-
icity it was 917.6 pg/mL of CCsy, DW extract showed higher TI
values such as 22.5, 15.6, 103.4 and 42.3 against influenza A/
PR, A/Victoria, B/Lee and B/Maryland viruses, respectively.
TI value of Oseltamivir against influenza viruses (A/PR, A/Vic-
toria, B/Lee and B/Maryland) were 9.5, 15.3, 5.5 and 8.0,
respectively. Amazingly all extracts from Seabuckthorn leaf
being inhibited influenza A and B virus infections more effec-
tively than Oseltamivir, which is used as a control drug.

Previous research showed that some flavonoids such as
quercetin derivatives had better inhibition activity against
influenza A virus than a well-known drug (Choi et al., 2012).
According to the TFC and LC/MS observation, Seabuckthorn
extracts were highly concentrated with various derivatives of
flavonol glycosides. Consequently, extreme anti-influenza
activity was observed with these extracts. Flavonol glycosides
do not directly interact with influenza viral particles, and they
inhibit only initial stage of virus replication (Choi et al., 2012).
That indicates flavonol glycosides concentrated in Seabuck-
thorn extracts have some vital role in cellular. The EA and
Bu extract of the Seabuckthorn leaf could be an important
source of potent antiviral activity that could be used to develop
novel antiviral agents. Based on some cytotoxicity of these
extracts, we checked their cytotoxic ability against cancer cell
lines and further analysis was done to identify a correlation
between flavonol glycosides and biological activities.

3.4. Anticancer activity

The lung cancer found to be one of the most dangerous cancer
diseases among humans leading to 1.56 million deaths

annually (Wild and Stewart, 2014). Moreover, some lung
cancer induced cell contains partial genes to decrease
expression of p53 protein. This p53 protein increases preven-
tion of influenza virus infection in human lungs (Turpin
et al., 2005). It showed that patients with lung cancer have a
high possibility of infections, and it is easier for an influenza
virus to replicate in cancer patients than healthy people. Also,
some cancer cells (SKOV) are not easily controlled by known
anticancer toxins and drugs such as Diphtheria toxin, Adri-
amycin and Cis-Platinum (Morimoto et al., 1993). Associated
with previous reports, we tested Seabuckthorn extracts along
with cancer cells.

The extracts of Seabuckthorn leaf was tested against can-
cers, and the results are demonstrated in Table 3 and Fig. 5.
Normal kidney epithelial cell (MDCK), lung cancer cell
(NCL-H1299), human ovary cancer cells (HeLa and SKOV)
and cervix cancer cell (Caski) were used to evaluate the anti-
cancer activity of Seabuckthorn leaf extracts compared with
berberine. Based on the ICs, values the anticancer activity of
different solvent Seabuckthorn extract was compared. Bu
extracts considered most strong toxic to the cancer cells than
other extracts and berberine. ICs, values of Bu extract were
8.2 ng/mL, 8.6 pg/mL, 18.2 pg/mL and 9.2 pg/mL against
NCL-H1299, HeLa, Caski and SKOV cell lines, respectively.
MeOH and DW extract showed higher anticancer activity
against lung cancer cell line as NCL-H1299 (9.6 ng/mL and
9.0 ug/mL of 1Csg) comparing with berberine (57.02 pg/mL
of ICsp). In case of SKOV cell line, Bu and EA extracts showed
highest anticancer activity with 9.2 pg/mL and 9.4 pg/mL.
MeOH and DW extracts showed weaker activities against
SKOV cell line whereas these two extracts presented stronger
toxicity in a NCL-H1299 cell line with 9.6 pg/mL and 9.0 ng/
mL, respectively. Furthermore, Bu extract exhibited fascinat-
ingly higher and a wider range of cytotoxic activities against
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Figure 6 Correlation heat map between flavonol glycosides and biological activities such as antioxidant, antiviral, anticancer and

cytotoxicity.

all lung, ovary, and cervical cancer cells. Therefore, all extracts
from Seabuckthorn are a possible candidate for cancer
medicinal development.

3.5. Correlation between metabolites and biological activities

14 different flavonol glycosides were identified in Seabuck-
thorn extracts such as two aglycones, five mono-glycosides,
four di-glycosides and three tri-glycosides (Table 1 and
Fig. 3). Correlation study showed that the number of glyco-
sides has a high impact on the biological activities such as
antioxidant, antiviral and anticancer (Fig. 6). Previously, the
antioxidant activity of quercetin glycosides was higher than
quercetin without glycosides (Coqueiro et al., 2013). In our
observation, aglycones and mono-glycosides have a better
inhibition activity to influenza virus infections but not cyto-
toxic against cancer and normal cells as compared with the
di- and tri-glycosides. Di-glycosides and tri-glycosides have
the cytotoxic effect to the normal cell (MDCK) and extremely
more toxic to the human cancer cells.

4. Conclusion

Seabuckthorn has various and a rich content of flavonoid
and polyphenol compounds. Presently, Seabuckthorn is used
in drink and food as additional product in Mongolia,
Korea, China and European countries. It is a rich content
of potential metabolites as flavonol glycosides checked by
LC-MS, results into strong antioxidant, antiviral and anti-
cancer activities. EA and MeOH extracts showed stronger
antiviral activities against influenza viruses compared with
the well-known anti-influenza agent Oseltamivir. Also, Bu
extract recorded high toxicity against human cancer cells.
Depending on the correlation between metabolites and
biological activities, aglycones and mono-glycosides are
better targets to influenza viral drug development, di- and
tri-glycosides are acceptable to inhibit the growth of cancer
cells. The observation advises to further cancer drug
developments. Using Seabuckthorn leaf extracts is helpful
in preventing and healing the diseases such as both viral
infections and cancer.
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