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ABSTRACT

Purpose: This study examined the immunological activity and optimized the mixture conditions of Sargassum horneri (S,
horneri) extracts /n vitro and in vivo models, Methods: S. horneri was extracted using three different methods: hot water
extraction (HWE), 50% ethanol extraction (EE), and supercritical fluid extraction (SFE). Splenocyte proliferation and cytokine
production (Interleukin—2 and Interferon—y) were measured using a WST—1 assay and enzyme—linked immunosorbent assay,
respectively. The levels of nitric oxide and T cell activation production were measured using a Griess assay and flow
cytometry, respectively. The natural killer (NK) cell activity was determined using an EZ-LDH kit, Results: Among the three
different types of extracts, HWE showed the highest levels of splenocyte proliferation and cytokine production /n vitro, In the
animal model, three different types of extracts were administrated for 14 days (once/day) at 50 and 100 mg/kg body weight.
HWE and SFE showed a high level of splenocyte proliferation and cytokine production in the with and without mitogen—treated
groups, whereas EE administration did not induce the splenocyte activation, When RAW264.7 macrophage cells were treated
with different mixtures (HWE with 5, 10, 15, 20% of SFE) to determine the optimal mixture ratio of HWE and SFE, the levels
of nitric oxide and cytokine production increased strongly in the HWE with 5% and 10% of SFE containing group. In the animal
model, HWE with 5% and 10% of SFE mixture administration increased the levels of splenocyte proliferation, cytokine
production, and activated CD4" cell population significantly, with the highest level observed in the HWE with 5% of SFE group.
Moreover, the NK cell activity was increased significantly in the HWE with 5% of SFE mixture—treated group compared to the
control group. Conclusion: The optimal mixture condition of S, horneri with immune—enhancing activity is the HWE with 5%
of SFE mixture, These results confirmed that the extracts of S, horneri and its mixtures are potential candidate materials for
immune enhancement,

KEY WORDS: Sargassum horneri, splenocyte proliferation, cytokine production, optimum mixture ratio, natural killer cell
activity
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HES 2390,

Natural killer (NK) M= &M =X

25 #gAlZ W NK Alx2E 22sh] fiske]
Magnetic activated cell sorting (MACS, Miltenyi Biotec,
Gladbach, Germany)2 ©]-83}o] MS columng Ei}s|=
A|3EE negative selection 3o, 2% NK A EZE
A3 BA7] (Novios, Beckman Coulter, Miami, FL)E ©]
43}o] CD3” NK1.17 A|3Z2] E27} 80%0]44S 2l 5}
Ak E2E NK |25 o]§sto] Algaf ed= &4
£ YAC-19] A|3ze} 37 effector cell:target cell (E:T)<]
H]-8-2 20:1, 10:1, 5:1, 1:12 96 well plateo] 18A]7F E<QF
37 W& A]7] & EZ-LDH kit (Daeil Lap Science, Korea)
2 olgsiol HES ol 2359
o, Ao A3 target cell®] HESLE 45x%10° 02
Hojol Ane ek

3

SA X

oo A7oA Hojxl ZAx
10.0, IBM, Chicago, IL, USA)
softwareE ©]-§ dto] Bt (mean) + FFHA}F (SD)E
ERiT 7 AETY B4 32 BAR GOl Students
two tailed t-test 2 p<0.05 ~p<00l ¥ 7 p<0.001
oA skl

= Statistical package for

social sciences (SPSS,

Z 1
FEYYE Yol =Xt FES0| HIFMZE SAME
2 ALOIEFIQ ZHIS =

o I:1|3-‘|: et
Ao B1ZF (spleen)-2 & oo A]
o FE BT W vhe-L ﬂ%}ﬁ% 4712 B
F-o] ATl Yol o) o3t Y Lo Bl o]

A= 29 Yz 7|FPo|c} ulebA] H]X AM|ES] S22 HSY
A 2Eo|A] Wl Q3 ou|E 7
Z= WY vk g Hes

[e]

7F YA ABR o 4 9lo] hEH WX EE
ALGEITE [23). webAl, BAo] mANE N 252
o MAPAIE Z41% 9 Al R Buisol nH|t RS
T3] 9I5to] BALBIC npSAmie v A&k

o a)g v)AAE| WAYo] TP A 2EE (HWE), 2=
(EE), 297 &% (SFE)E Ag3lto] vgA

A ==E

o T =

Z A& 9 AP|EFR]] Bl 5S A5k &
W o] mAHl 2EES e (3,125, 625, 12.5, 25 9
50 pg/mL)H2 A2t A3}, e FE5E A4 Al

3 Ao BAE|R] 9gkon, HWE 9 EE A 2]tof|A] H]
A2 FAsol FYHLR (p<0.05) F7Hot= AL



Journal of Nutrition and Health (J Nutr Health) 2019; 52(6): 515 ~ 528 / 519

(A 200 ¢

160 *x

=
S
T
*
*
*
+>(-
1—|>(-
*

Splenocyte proliferation
(% of control)
g

40
20 +
0 , . , . , .
3025|625 | 125 | 25 | 50 |3a25] 625 | 125 | 25 | s0 |sa2s] 625 | 125 | 25 | s0
CTRL [CON A
HWE EE SFE
Sample concentration (pg/mL)
(B) 250
*kk
200

IL-2 (pg/mL)
g2 g

*%

*
50 r ’—X_‘
0 (= e Ij| s , y s y .
3125|625‘ 125| 25 | 50 [3.125] 625 | 12.5] 25 | 50 3.125’6425|12.5I 25 | 50
CTRLICON HWE EE SFE
Sample concentration (pg/mL)
© 2500 ¢,
ﬁs‘zooo - xax
) *kk *kk
21500 | Kkk
]
g
£ 1000
30
E 500 r ﬂ
=]
0 I |_Y_| 1 1 1 1 1 1 1 1
3. 125| 625| 125| 25 | 50 3A125| 6.25 | 125 50 3A125| 6.25 | 12.5| 25 | 50
CTRL[CON HWE EE SFE

Sample concentration (ng/mL)

Fig. 1. Effects of different types of Sargassum horneri extracts on the splenocyte proliferation and cytokine production in in vifro. Isolated
splenocytes were treated with HWE, EE, and SFE at the concentration of 3.125, 6.25, 12.5, 25, or 50 pg/mL. CON A (1 pg/mL) was used
as a positive control. After 24 h, cell proliferation and cytokine production were determined by WST-1 assay and ELISA kit. Results are
expressed as the mean + SD (n = 3). Statistical analysis was performed using Student's two tails #-test with a significant level of * p < 0.05,
and **p < 0.01, ***p <0.001 compared to control (CTRL) group. HWE, hot water extract; EE, ethanol extract; SFE, supercritical fluid
extract.
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Fig. 2. Effect of orally administrated different types of Sargassum horneri extracts on the splenocyte proliferation. HWE, EE, and SFE were
orally treated for 14 days (once/day) at the concentration of 50 or 100 mg/kg body weight. Isolated splenocytes were stimulated with
mitogen (LPS; 1 pg/mL, CON A; 1 pg/mL) for 24 h. Cell proliferation was determined by WST-1 assay. Results are expressed as the mean
+ 8D (n = 3). Stafistical analysis was performed using Student's two tails f-test with a significant level of * p < 0.05 compared o control
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HWE, EE, and SFE were orally freated for 14 days (once/day) af the concentration of 50 or 100 mg/kg body weight. Isolated splenocytes
were stimulated with mitogen (CON A; 1 ug/mL) for 24 h. Cytokine production was determined by ELISA kit. Results are expressed as the
mean = SD (n = 3). Statistical analysis was performed using Student's two fails #-test with a significant level of * p < 0.05, and **p < 0.01,
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Fig. 5. Effect of optimum mixing ratio of HWE and SFE extracts from Sargassum horneri on the splenocyte proliferation. HWE was mixed
with 5 %, 10%, or 20% of SFE and orally freated for 14 days (once/day) at the concentration of 100 mg/kg body weight. Isolated
splenocytes were stimulated with mitogen (LPS; 1 pg/mL, CON A; 1 pg/mL) for 24 h. Cell proliferation was determined by WST-1 assay.
Results are expressed as the mean = SD (n = 3). Stafistical analysis was performed using Student's two tails #-test with a significant level
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Fig. 7. Effect of optimum mixing ratio of HWE and SFE extracts from Sargassum horneri on CD4" T cell activation. HWE was mixed with
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+ 38D (n = 3). Statistical analysis was performed using Student's two fails #-fest with a significant level of *p < 0.05, and **p < 0.01,
compared to control (CTRL) group. HWE, hot water extract; SFE, supercritical fluid extract.
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