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Euglena gracilis is a microalga of great biotechnological interest that can create high levels of bioactive
compounds, such as tocopherol, paramylon, and folic acid. The objective of this study was to inves-
tigate the biological activities of extracts from E. gracilis, especially those focused on immunological
activity. E. gracilis biomass was extracted with hot water (HWE) and the remaining pellet was con-
tinuously extracted with methanol (HWME). First, we examined the effect of two extracts from E. gra-
cilis on the production of nitric oxide (NO) and the expression of pro-inflammation cytokines, includ-
ing IL-1B, IL-6, and TNF-a in murine macrophage RAW 264.7 cells. HWE treatment dose-dependently
increased the production of IL-18 and TNF-a. On the other hand, treatment with HWME significantly
decreased the generation of NO and pro-inflammatory cytokines (IL-6 and TNF-a) in lipopolysaccharide
(LPS)-stimulated macrophage cells. In addition, other biological activities of the extracts were further
analyzed: a-glucosidase inhibition, protein tyrosine phosphatase (PTP1B) inhibition, tyrosinase in-
hibition, xanthine oxidase (XO) inhibition, and angiotensin-converting enzyme (ACE) inhibition. Analysis
of these biological activities showed that HWE has more inhibitory effects than HWME against a-glu-
cosidase, tyrosinase, and XO agents. However, the inhibition of PTP1B and ACE with HWME were
higher than with HWE. Taken together, the results suggested that E. gracilis possesses various bio-
logical activities—especially immunological capabilities —through regulation of cytokine production.
Therefore, E. gracilis extract may be potentially useful for food material with immune-regulating effects.
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giotensin converting enzyme®| %Al5& EA5t5H

Euglena gracilis®| W &

E. gracilis A & FAA &t a ALS] 874 A 2~ 6l 383} o] )
S wgd AFAHAA AFEdT E gracilisg glucose 15
g/1, monosodium glutamate 5 g/1< %7} modified Hutner
w2 (pH 3.5)& 27°Cell A 793t vt £ E. gracilis A&
gttt E. gracilis ¥ < 4,000 rpmoll A 523 UAlE
gste] FeAE AAYR &, Bz 33 AHsA. AT
TFAE -80CAA 2443t ¥F ¥ 527 27](llshin, Dong-
ducheon, Korea)& ©]-&3te] 5242 & 1 £2-F dis-
tilled water (DW)¢} 1:49] ¥l &2 &3] 100C, 1087+ €
T 32528 WEE &, 0 A5YE HWE
tract) 2 BH3AT A F& T & A= 4 volume
¢ methanol (MeOH)= %ol FZd31 1 A5dS
HWME (hot water extraction & methanol extract)2} 1 8™
slo] Ago] Ag3tith. HWESH MHWEE Modul 4080C
speed vacuum (Hanil Science Industrial Co., Gimpo, Korea)
oA Azt solild & FAHFL 2 AR FEF 30
mg/mlE AFF F IFEASG Age AP 34517
U AH AH-3H4 2, HWEE DW, HWMEE MeOHE 0] 7
U 3 4sai.

(hot water ex-

Nitric oxide (NO) production &3

96-Well plate®]] murine macrophage RAW 264.7 cell=
1x10°/200 pl/wellZ seedingd}e] 24247+ % phenol red7}
7b= 2] -2 Dulbecco’s modified Eagle’s medium (DMEM,
Gibco-Thermo Fisher Scientific Inc,, Waltham, MA, USA) H}
A2 w3tk A7) AEE 30,100, 300 pg/ml FEZ A
g A A4 F FSHE FbkA, Griess A oS o] &3
A v 3 HY nitrite FFS ST FF Griess
Al9F(1% sulfanilic acid, 0.1% N-naphthyl ethylenediamine in
25% phosphoric acid)& 100 pl ¥l % A5 ol H7tsta AL
A 108 ¥H-&AA 540 nmol A SpectrMax M2e (Molecular
Device, Toronto, Canada)& ©] &3t FHEE FA 35T
Positive control& A& o4l lipopolysaccharide (LPS,
Sigma-Aldrich, St. Louis, MO, USA)E 1 nug/mlE A g3}

A AedE ZA%L, SHE OD #F L nitriteS o] &3
EEFAMAMH R AFsAH

£, A ATS SHs] Asted RAW 2647 cell=
seeding? ¥ phenol red’} 2 7= A %-& DMEM HjA| w3
Al LPS (1 ug/ml)E AHestaL Aol E gracilis #4 FEES
A 2lste] nitric oxide 44 9] JAlTS &3t Il
LPSSE A2 & control& 7] & 22 100% 2 #4Fat1 o] £ 100
Ao A5 Fato] EASAH.
R (%) = 100- A2A2IZ ODstp s ~ {2A21Z Blank ODsiyan 100)

MZMEEZ(cell viability) &3

NO 4 % ¥#5 o 9& murine macrophage RAW
264.7 cell®l 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT, Duchefa, Haarlem, Netherlands)& ©] &3}
NZAESS ST MIT A%< 05 mg/mlé 5%
A7¥etaL 37°CAA 3L BEGAIZ F, 4SS AAS L A4
¥ formazan complexE DMSOZ =9 ¢]& §34% 570 nmol 4]
SpectrMax M2e (Molecular Device)& ©] &3t &4 3}t

Cytokine ¥4 £

E. gracilis 74 3% %< murine macrophage RAW 264.7
celloll A glgt &, 2447t vk 45 AW 9] cytokine (IL-16,
IL-6, TNF-0) 44 2 9152 Ready-SET-Go!TM Kit (Invitro-
gen, Carlsbad, CA, USA)& AH-&3td SA43Ah 459
7t capture antibody”} coating® ol 31 96-well platecl] 3 1
37TClA 3A7 & WA AT Tween-200] H7He PBS
(PBS-T)Z 33] A # 3 & detection antibody$} avidin-HRPE
Yol oA 143 5 W3 AI711, PBS-TE 33 A A&
< 714<l 3,3 5,5 -tetramethyl-benzidine (TMB) solutions 3
7bate] 154 &3 g oA wHgAIF T ©]& 1 M phosphoric
acidZ W& HAAZ F, 450 nml A SpectrMax M2e
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a-Glucosidase inhibition assay

714l 25 mM pNPG (para-nitrophenyl a-D-glucopyr-
anoside) (Sigma-Aldrich) 60 ul, 0.25 unit a-glucosidase (Sig-
ma-Aldrich) 30 ulel A& 6 WIS ¥l 37Col A 3087 uH&&
%, ] & 405 nmol A SpectrMax M2e (Molecular Device)E
o] &3t FFEE Z43Ath. Positive control 2+ acarbose
(Sigma-Aldrich) 62.5, 250, 500 pg/ml< ©] &3} 0.1, o]
AT e AEE =2 DW, MeOHE 71£ 2.2 100% &4+3t
o o] 1009149 A= Altstsin.

MEA T ODsya - A EA 2T Blank ODsy
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Protein tyrosine phosphatase (PTP1B) inhibition
assay

7142l 100 mM p-nitrophenyl phosphate (Sigma-Aldrich)
40 ploll PTPIB 50p1¢F A & 10 plE ol 37T A 3083t ¥-&
ANzl %, ol& 405 nmolAl SpectrMax M2e (Molecular
Device)& ©l &3t FZEE 434 Positive control £
+ ursolic acid 0.1, 0.8, 1.6 mM-& o] &34 o, oju] JA| &
2 AEE = DW, MeOHS 7| £ 2.2 100% $Hitate ol &
100004 &} A5 Al4tski .
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Tyrosinase inhibition assay

7144l 100 mM L-tyrosine (Sigma-Aldrich) 160 plol] Al &
10 ul®} 200 unit tyrosinase (Sigma-Aldrich) 30 ulE ¥ 37T
ol A 3083t §H-E A2 & o] & 475 nmol A SpectrMax M2e
(Molecular Device)E ©]&3t FFEE ZA 3. Posi-
tive control 2 & kojic acid 6.25, 12.5, 25 ug/ml< ©] &35 2
o, o] w A FE& ARE %<9 DW, MeOHE 7|E 2.2 100%
Gaksto] o] 5 100014 W 25 Al4bekAT

. M&A2lE ODys ., - A&AI2) Blank ODys ..,
Al (%) = 100- o
Al 475 nm

X100 )

Xanthine oxidase (XO) inhibition assay

Black 96-well plate (SPL, Pocheon, Korea)oll 7] <l 0.4
M pterin 20 ploll A 10ul¢} xanthine oxidase 10 ul& 2 il
Ao A 3081 ¥HEAZ ¥, 1N HC 100 pl2 ¥4 B A
A7) 3L excitation 340 nm, emission 410 nm®l|l 4] SpectrMax
M2e (Molecular Device)E ©]&3t 3FF#E SAsA
Positive controlZ+ allopurinol 0.25, 1, 4 ug/mls& AH-&-3t S

Journal of Life Science 2021, Vol. 31. No. 2 185

or, o] W AT ANEE ¢ DW, MeOHE 7|22
100% F4kste] o] & 1009149 25 Adatoh.

N A Fluorescenceisyy ypm ~ A 2A2F Blank Fluorescenceysyg igem

A5 (%) = 100- ( x100)

TJ& Fluorescencesy. g

Angiotensin converting enzyme (ACE) inhibition
assay

7141 5 mg/ml] hippuryl-his-leu-acetate salt 20 ul, Al &
10 pl9} ACE enzyme 20 ulE 37Tl A 3087t vH3- A H o
o]w| ACE enzyme-< 400 mM9| boric acid (pH 8.5) 20 ml°l
2 g9] rabbit lung acetone powder (Sigma-Aldrich)E % 3L
w45 3 H 4TAA 244 WHAT L S AT 20T
B ALgetgTh Whe F 1N HCE 50 il 2o] whee
A A7) 3L, ethylacetate 300 ulE H7kske] &v) FZ3t%Th
F2 ATAE NEL tubed] &7 speed vacuum (Hanil
Science Industrial Co.)& ©]-&3t XA 7L pellets &%
o] DWell £33t ©] & 96-well plated] %31 F, OD 280 nm
ol A SpectrMax M2e (Molecular Device)& ©]-&3t4] &% 3}
% t}. Positive control 2+ captopril 1, 2, 20 uM& AHE3FS S
o, o] o A4A 5 ARE =59 DW, MeOHE 7IF 22 100%
ghakske] o] & 1000149 A& AlLte T
A|2A12)2 ODygg o - Al 241212 Blank ODzgm

AT ODs2g
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€ 239 Ate 3ul BHE Fste] Aol Aog, F
A& one-way ANOVA (analysis of variation)®]l ©J3 &4
o] mean+SDE FEAFHL, FAH FIAL *<0.05,
#p<0.01, **p<0.0012 43} .
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Fig. 1. Effects of the HWE and HWME from Euglena gracilis on nitric oxide (NO) production in RAW 264.7 cells. (A) Production
of NO treated with extracts for 24 hr. (B) Cell viability treated with extracts for 24 hr. LPS (1 ug/ml) was used as a positive
control. All data are presented as means+SD of three independent experiments. *p<0.05, **p<0.01 and ***p<0.001 compared
with control. Control, non-stimulated cells; HWE, how water extract; HWME, methanol extract after hot water extraction;

LPS, lipopolysaccharide.
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Fig. 2. Inhibition effects of the HWE and HWME from Euglena gracilis on nitric oxide (NO) in LPS-stimulated RAW 264.7 cells.
(A) Inhibition effects of NO treated with extracts for 24 hr. (B) Cell viability treated with extracts for 24 hr. All data are
presented as means * SD of three independent experiments. *p<0.05 and ***p<0.001 compared with control. Control, LPS-stimu-
lated cells; HWE, how water extract; HWME, methanol extract after hot water extraction; LPS, lipopolysaccharide.
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(A) Production of IL-1B treated with extracts for 24 hr.
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(1 ng/ml) was used as a positive control. All data are pre-
sented as means + SD of three independent experiments.
*p<0.01 and ***p<0.001 compared with control. Control,
non-stimulated cells; HWE, how water extract; HWME,
methanol extract after hot water extraction; LPS, lip-
opolysaccharide; TNF-q, tumor necrosis factor a; IL-6, in-
terleukin 6; IL-13, interleukin 1.
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. 4. Inhibition effects of the HWE and HWME from Euglena

gracilis of pro-inflammatory cytokine (IL-13, IL-6 and
TNF-a) in LPS-stimulated RAW 264.7 cells. Cells were
treated with various concentration of HWE and HWME
from Euglena gracilis (A) Inhibition effects of IL-1B treat
edwith extracts for 24 hr. (B) Inhibition effects of IL-6
treated with extracts for 24 hr. (C) Inhibition effects of
TNEF-a treated with extracts for 24 hr. All data are pre-
sented as means + SD of three independent experiments.
*p<0.01 and ***p<0.001 compared with control. Control,
LPS-stimulated cells; HWE, how water extract; HWME,
methanol extract after hot water extraction; LPS, lipopoly-
saccharide.
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Fig. 5. Various biological activities of HWE and HWME from Euglena gracilis. (A) Inhibitory activity of the HWE and HWME on
a-glucosidase assay. Acarbose (62.5, 250 and 500 pg/ml) was used as a positive control. (B) Inhibitory activity of the HWE
and HWME on PTP1B assay. Ursolic acid (0.1, 0.8 and 1.6 mM) was used as a positive control. (C) Inhibitory activity of
the HWE and HWME on tyrosinase assay. Kojic acid (6.25, 12.5 and 25 pg/ml) was used as a positive control. (D) Inhibitory
activity of the HWE and HWME on XO assay. Allopurinol (0.25, 1 and 4 ug/ml) was used as a positive control. (E) Inhibitory
activity of the HWE and HWME on ACE assay. Captopril (1, 2 and 20 uM) was used as a positive control. All data are
presented as means=SD of three independent experiments. *p<0.05, **p<0.01 and ***p<0.001 compared with control. Control,
DW or methanol; HWE, how water extract; HWME, methanol extract after hot water extraction; PTP1B, protein tyrosine
phosphatase; XO, xanthine oxidase; ACE, angiotensin converting enzyme.
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