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The Effect of Spirulina on Lipid Metabolism,
Antioxidant Capacity and Immune Function in Korean Elderlies

Kim, Wha Young® - Park, Ji Yea

Department of Food & Nutrition, Ewha womans University, Seoul, Korea

ABSTRACT

This intervention study was performed to assess the effect of spirulina on lipid metabolism, antioxidant capacity, and
immune function in elderly Koreans. The subjects were 6 male and 6 female people between the ages of 60 and 75,
who were given spirulina supplements of 7.5 g/day for 24 weeks. Dietary intake, anthropometric measurements and
biochemical assessment for plasma lipid levels, antioxidant status and immune function were measured before and
throughout the intervention period. Before entering the study, the subjects were in relatively good health. Their nutrient
intake was satisfactory, and anthropometric indices and plasma nutrient levels were within the normal range. Spirulina
supplementation for 24 weeks did not affect dietary intake and anthropometric parameters. However, considerable
changes were observed in blood lipid profiles, antioxidant capacity, and immune indices. The plasma concentrations of
triglycerides, total- and LDL-cholesterol decreased from 4 weeks of the supplementation period. The antioxidant ca-
pacity improved, as shown in increasing TAS and decreasing TBARS after supplementation. Improved immune func-
tion was also observed as the PBL lymphocyte proliferation rate and plasma C3 levels increased. The above effects of
spirulina supplementation did not differ between mild hypercholesterolemic (cholesterol = 200mg/dl) and normochole-
sterolemic (cholesterol < 200 mg/dl) subjects. This study provided evidence that spirulina could be used as dietary
supplementation in nutritionally vulnerable groups to improve nutritional and health status and to prevent chronic
disease such as hyperlipidemia or oxidation-prone diseases. Further studies in this area with various population groups

are warranted. (Korean J Nutrition 36(3): 287 ~297, 2003)
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Table 1. Nutritional composition of spirulina® and daily amount
supplied in this study

Ingredients Pe\rNIeOigghSry pfrn; \;nt*
Moisture 5% 0375¢g
Protein 65% 48759
Lipid 5% 0.375¢g
Cabohydrate 18% 035 g
Ash 7% 0525¢g

Minerals  Calcium 100.0 mg 75.0 mg
Phosphorus 90.0 mg 675 mg
Iron 150 mg 11.25 mg
Sodium 60.0 mg 450 mg
Cupper 1200 mg 900 mg
Magnesium 400 mg 300 mg
Manganese 0.5 mg 0.3756 mg
Zinc 03 mg 0.225 mg
Potassium 120.0 mg 90.0 mg
Chromium 28 19 21 7g
Vitamins  Ascorbic acid 05 mg 0.375 mg
B-Carotene 128 mg 96 mg
Biotin 05 ug 0375 rg
Cobalamin 32 ug 24 pg
Folic acid 10 «g 0.75 ng
Pyridoxine 800 ug 600 ¢g
Pantothenic acid 100 «g 75 ug
Niacin 1.46 mg 1.095 mg
Thiamin 0.31 mg 0.2325 mg
Tocopherol 1.0V 0.751U
Pigments Carotenoids 370 mg 2775 mg
Phycocyanin 15000 mg 11250 mg
Chlorophyll 115 mg 8625 mg
7 -linolenic acid 136 mg 10125 mg
Glycolipids 200 mg 150 mg
Sulfolipids 10 mg 75 mg

*Daily dose of spirulina in this study was 7.5 g
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o A9z ie FEEE U] ¥ Table 1°]
A 29y 58 APV T didAEA 2
AR AAE FEE Siglom, The 3% AL wEr
Aol AHle Fac ATHERte AuREg 58 o
Ty dakz gelsiglon, 129 g or ARy
£ whrol AlgstEA £8 g AR A9
U 54 A A ohgRie] do] AL AMAZZAL F5A]
FAPALE AASe] 27] AR ARSI ARy
28 49 F A 8F FUL 47 FH2E, O Fole 8F
BA0R Aol AL AAAS 2L TEA BAAANE W
= s,

o) 43 ZARE ool Fd AHZE Taien, A
A AZH 2= BML AANE, A2E%, U 52 4
sigink. Ghelie I3 AAYReR T, F FHs

HE, LDL-ZY2HE, HDL-ZHAHES 2ARISI oA,

7} o8 total iron binding capacity (TIBC), &% ]
Bl Agh vlEl EE Z8I00th £8 dlsteS A
317] $)&te] & thiobarbituric acid reactive substance
(TBARS) ¢} total antioxidant status (TAS)E, AX52
27402 interleukin 2 (IL—2), interleukin 6 (IL—6),
ccmplerment 3 (Cy) 5% #4319 T2 EUIT (pert-
pteral blood lymphocytes, PBL) ¢} mitogenesisE 7
sF3ich
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Body 3.0, Biospace Co., LTd) & ©)&313ich 2F= A
22 0]4-313 body mass index [BMI : wt(kg)/ht(m?)]
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AYE tubed] Mo AL o ¥HA7HA] 70T
deep freezero] Bslgch YXEYZ LY S48 4
L A A5 AN PAg ANl AsliFlch &
2 FHAA, & o2 E9 HDL- 2 AHES 947t
E=817] (Ekachem DTSC module, Johoson & Johoson,
USA)Z 2433, LDL-Zd2HE2 Friedwald®
FA® L olgg] Faloich L FAA; g AT s
slo] &3 ¢z TIBCE AFsA¥stet #4171 (Hitachi
7150, Japan) Z, HIEF! Ag} wlEkR] Ex HPLC (High
performance liquid chromato graphy) & #4513t}
FasksS W] Hsle @ XAMSES AR
2l TBARS 2 Yagi'?9l WiE, & iissd A%
2 TASE kit (Randox Co., USA) & o]&3 A3k

Hogr oz o) G, IL-2 ¥ IL-6 ¥=5 543
ok 3 Co= WY FPEE 0]8€-8 radial immunodif-
fusion plate (Nor—partigen, Behring Co., Germany) &
Argsley, IL-29 IL-6+ enzyme immunoassay kit
(Immunotech, A Beckman Coulter Co., France) & AH-
3ol ELISA reader (Spectra Max 340, US.A)Z &3
a3ict

wxEYP T AEZ 4 (lymphocyte proliferation
rate) 582 Mosmann® 2] S ]88l 38191 or
A AY 3o Fateiels ssteizth. AEE Ficoll-
paque (Histopaque 1077, Sigma H8889) & o] -3
Y72 283t F gentamycin (GibcoBRL 15710-064)
£ 0.2%, FBS (Fetal Bovine Serum, GibcoBRL 100—
82417) & 10% K&t vk (GibcoBRL, RPMI 1640
12385-015) % mitogend ¥o] 37 CY humidified CO,
incubator (Flow Lab ; 5% CO,, 95% air, humidified) ©|
A 347 Wkt & AEFA FEE SHssh oy
96 well plateell 5% 10°/welle] HES 27313tk

Mitogen® 2% Con A 1.0 ¢g/10 gl (Concanavalin
A, Sigma), PHA 0.1 £l/10 gl (Phytohemag glutinin,
GibcoBRL), LPS 0.1 zg/ 1] (Lipopolysaccharide, Sigma)
& ARgSIAc 3Uzke wigdo] B F MTT (3-14.,5—
dimethythizol—2—y1] —2,5—diphenyl tetrazoliumbrom-
ide, Sigma) %} 4A17F ¥H3-A1#H ELISA (Enzyme linked
immuno solvent assay) reader (Spectra Max 340, U.S.A)
Z 492nmolA FREE Qs AE T4 A= 54
sloick? wxgY T o] FAGHL mitogend ¥A &

2 well?l F359 mitogend ¥ welld F359 v



290/ 235 20h8) YAIFAT

&8 Telo] A=ZAF (stimulation index, SDE &g} 4. &2 YA
e} FE 8% SPSS B package (Ver 7.5)% o83}
o FFEA} AF 238 ARSI, AFY 8 )

Table 2. Daily nutrient intakes of male subjects during experimentai period”

After spirulina supplementation

Initial
4 weeks 8 weeks 16 weeks 24 weeks
Energy (keal) 1808.1 = 1737).3“52’ 1558.3 + 1184 2061.1 + 210.7 17999 + 157.4 2029.5 + 1301
( 90.4) (77.9) (102.6) ( 90.00 (101.5)
Protein () 760+ 11.6™ 579+ 4.4 103.1 = 154° 735+ 84% 771+ 7.8®
(116.9) ( 89.1) (158.6) 113.n (118.6)
Fat (@) 49.1 = 109" 367 65 615+ 14.1 342+ 5.1 405+ 82
Carbohydrate (g) 2532 + 18.6"™ 243.8 £ 23.2° 263.1 + 20.8%® 288.6 + 23.0® 3206t 17.4°
Calcium (mg) 4838 + 928" 483.7 + 87.8 699.2 + 1220 6240 £ 1250 4428 + 27.2
( 69.1) ( 69.1) ( 99.9) ( 89.1) (63.3)
iron (mg) 107+ 13 98+ 12 n7+ 13 MNe+ 14 128+ 1.6
( 89.2) ( 81.7) (97.5) (99.2) (106.7)
Vitamin A (4 g RE) 738.3 + 133.2" 836.4 + 200.2 7042 +129.4 996.8 += 344.1 6160+ 724
(105.5) (119.5) (100.6) (142.4) ( 88.0)
Vitamin B, (mg) 1.4+ 02 10+ 01 15+ 04 11+ 009 14+ 02
(140.0) (100.0) (150.0) (110.0) (140.0)
Vitarnin B, (mg) 10+ 01% 09+ 0O 13+ 02 1.1+ 02 11+ 01
(833 (75.0) (108.3) (91.7) (9.7
Niacin (mg) 174+ 22% 127+ 20° 2156+ 23° 137 1.4% 178+ 2.3®
(133.8) (97.7) (165.4) (105.4) (136.9)
Vitamin C (mg) 805+ 173" 919+ 197 707 = 59 943 = 22.1 98.1 + 24.6
(133.8) (97.7) (165.4) (105.4) (136.9)
Cholesterol (mg) 2411 + 557" 132.8 £ 354 209.0 = 50.9 2019 £ 404 181.8 + 544
1) Mean + SE
2) NS : not significant by Duncan’s multiple range test (p <0.05)
3) () : %RDA
4) Means in a same row without a common superscript differ by Duncan’s multiple range test (p <0.05)
Table 3. Ddily nutrient intakes of female subjects durin g experimental period”
nitict After spirulina supplementation
na 4 weeks 8 weeks 16 weeks 24 weeks
Energy (keal) 1728.6 21;?.2“52’ 1578.3 £ 163.0 2021.4 = 3340 1619.8 + 185.9 1454.3 + 150.9
101.7)? (92.8) (118.9) (. 95.2) (85.5)
Protein (g) 636+ 92 662+ 7.8% 902+ 17.3° 69.6 + 105 461 57°
(115.6) (120.9) (164.0) (126.5) (83.8)
Fat (g) 319+ 55 403+ 53® 535+ 11.5° 383+ 82% 244+ A7°
Carbohydrate (g) 2980 + 37.3% 239.8 + 25.1 298.7 = 56.5 251.6 = 187 2665 £ 37.1
Calcium (mg) 591.7 + 111.9% 4755 + 80.8 816.1 £ 189.9 6102 £ 1149 4611 = 815
( 845 ( 67.9) (116.6) (87.2) (65.9)
iron (mg) 118+ 1.4° M5+ 12° 173+ 32° 125+ 12% 87+ 10°
( 98.3) ( 95.8) (144.2) (104.2) (72.5)
Vitamin A( g RE) 7565.3 £ 152.2° 669.5 = 121.1° 1499.8 + 327.0° 921.0 + 281.7% 3552 + 80.5°
107.9) ( 95.6) (214.3) (131.6) (50.7)
Vitamin B, (mg) 11+ 02% 1.0 01 1.6+ 03 1.0+ 0.1 1.1+ 0.1
1100 (100.0) 160.0) (100.0 (110.0)
Vitarmin B, (mg) 1.0 0.2% 10+ 01% 1.3+ 02° 1.0+ 03* 0.7+ 0.08°
( 83.3) ( 83.3) (108.3) ( 83.3) (58.3)
Niacin (mg) 133+ 19 153+ 1.9%® 211+ 47° 164+ 31%® 110+ 0.8°
(102.3) a7.7n (162.3) (126.2) (84.6)
Vitamin C (mg) 100.3 + 209% 84.1 = 124 1459 £ 353 820+ 11.8 133.6 £ 50.8
144.7) a20.hH) (208.4) 117.1) (190.8)
Cholesterol (mg) 1642 + 43.0% 1922 + 44.2°° 3332+ 79.2° 2389 + 461> 739+ 25.0°

1) Mean + SE

2) NS : not st gnificant by Duncan’s multiple ran ge test (p <0.05)

3) () : % RDA

4) Means in a same row without a common superscript differ by Duncan’s multiple range test (p <0.05)
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Table 4. Anthropometric values of subjects before and ofter spi-
rulina supplementation”

l‘

Male Female
e NS After NG After
Initicl 2weeks MMAT o4 weeks

BMI (kg/m® 266+ 16 269+06 266%10 26310
Body fat (%) 259 +30 26629 353+12 351+13
WHR 10+£003 1.0+003 1.0+002 1.0+0.01
Leanbady o) 4104 508 +24 37.0+23 367 +24

mass (kg)
Bone density ) o1 005 0.6+004 04+003 04+003

(g/cm)
1) Mean * SE

2) All the measured variable were not significantly differ by paired
ttest between initial and after 24weeks spirulina supplemen-
tation (p<0.058)
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2} 1600~2000 kcal A= 1 FUAHES] AHHE 200

mg°15} o, AL oA BlE 20% FER EE B
< WA R 4 °3°V\§ AR 75~125% A}ol

24 «1 é’ﬁl%’/M 58 7Rkt tﬂiﬂi
H Fe HQloh 222 8% 7.5 g9
4_’_ =9l Mﬂ.o]],]. o] Ao I3k

2. M| YIEAR| OAE= 3
Table 4014 R njel o] AvjFe} 58 A8 A @
2} xQ19] BMIE 26.6 kg/m*3 o™ WHRE 1.0091th
TYUEE 0.6 g/emZ BEE AL 7&*‘%‘%’4 (=053 g/
cm) of Jllon AxLIEF ZTHFL 25.9%, 50.4 kg2
Aol ATk bRl A BMI—— 26.6 kg/m?,

WHR 1.0, AALEL 35.3%, 5% 37.0 kgoldtt
Hd FUEE 04 g/emZ A} 69 5 49o] 23}

A (K0.42 g/em) ol YTk

WY el A IR 24570 ARy 58 7
b ERLE BHE gk AlA| A5l 1273 A3t glo
F 75 g¥ 2477 Au R EE-2 AA A5 4
g v)R]A] = o7 Bl

3. = AE A |EL A DR I

AT 10 A8 A B IF TN FEFE
Y 591 242 141.0 mg/dl, 195.5 mg/dlZ @2t 295 o
A} 37go] A4S (K 200 mg/d) & ZH313E (Table 5).
AB7I7E B FAHAAL BE 4F FHE 24F 37K
BARH o7 ZHadle] 245 Fole Py Heol 22 92.8
mg/dI#} 117.7 mg/dIZ =0} (Fig. 1). A9FeU 58
A 200 mg/dl o]ALo] 12l 5™ = 492 Qlo] AU FE]
U B8 247 F Al S3HA Hick A8 A B

Table 5. Blood lipid profile and plasma indices of subjects before and after spirulina supplementation

Male Female

Initial After 24weeks Initial After 2dweeks
Triglycerides (mg/dl) 141.0 + 30.3"% 98+ 38 195.5 + 23.0* 117.7 £ 31.8
Cholesterol (mg/dl) 215.7 + 12.5** 1773 £ 119 247.2 + 18.4* 198.5 + 145
LOL-chclesterot (mg/dl) 1456 + 9.4** 1013+ 9.3 163.7 £ 16.0* 1255 + 8.8
HDL-cholesterol (mg/dl) 418 £ 3.9* 575+ 3.6 443 + 4.1 495+t 6.3
Albumin (g/d? 39+ 01% 43+ 002 41+ 0.1* 46+ 01
TIBC (e g/dl) 3583+ 6.6 3747 =120 4153 + 157" 4160 £ 14.2
Vitamin A (zg/d) 116.7 = 13.6** 1700 £ 14.6 1133+ 7.6 158.3 = 6.0
Vitamin E (mg/dl) 1.3+ 02° 15+ 0.1 1.5+ 01" 14+ 02

1) Mean * SE

2) Significantly differ by paired t-test between initiat and after 24 weeks spirulina supplementation (* : p<0.05 ** : p<0.001)
3) NS : not significant by paired t-test between initial and after 24 weeks spirulina supplementation (p <0.05)
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dweeks 8weeks 16weeks 24 weeks
spirlina supplementation

Fig. 1. Changes in blood lipid pro-
file by spirulina supplementation.

F SUAHE F 9 =9 47 215.7 me/dl, 247.2
mg/die]eH, AHFY B4 F 28 diR} F94
o7 ade] 2453 5 9 = 22} 177.3 me/dl, 198.5
mg/diojih B8 A =21 At F 5%0) EF Zel2H
E 240 mg/dioldez A8 30 oy Ay
58 3 19vo] 240 mg/dIE Z3}skgich
LDL-ZHAEE Fadse 48 A Jd 42 1456
mg/dl, 163.7 mg/di°|3l o™ A4 711 130 mg/diE
2748 Al 474 8olgich LDL-Za2e gL &
Az} B4 F RE dRM Pastel 245 Fole
2ie] BFo] 101.3 mg/dish 125.7 mg/diE Ho {2
Q1 Hol7k YT, oI} 39l 23 Ael e BE thuRiz}
Bpa9el &34 H9leh HDL-ZaA82 SEE
Q) 212} 41.8 mg/dl, 44.3 mg/dIZ AAJolglon Ave
gt B8 F Sk AFE Bl YAl o o]
7t f-9 Aol
29F WP EF A YA X 9§ Aun)
23} Gonzalez 5L F oAl 60% fructose o]l 5%
9 AZEeUE A7l FuY E FAAHE 52 3%
Adta, HDL— A&7 222 7Kgty wgs)
qdc}. w3t Rodriguez—Hernandez 522 ww#olA] 4
T B¢ 5% 2HFEt Ho] FFA] LDL-FHAHE
o] Zxsittn B 1slgich Torres—Duran $%7-& 2t
781 FollAl 239F2Y 1.0 mg/kgS 49 ) A
LDL-FHAHE F5& 2485y, HDL-ZH2HE 5
= ke g BEERL, Salazar 0L 52 A
¥e &3 Lot & EeUsHES LDL-Ze2)
= 22719 HDL- 24268 $EE 3717
B33t} Iwata 529& A9} lipoprotein li-
pase®} 7] triglyceride lipased &A1& ZUiAA =
A JeE dzdA sy FRsa ok B A3 2
7 olst T2 A8 AL AlBeME g Agow

glo it o% 1
ol
k1

295 582 I AA 5o 4L nFe ¢+
ALt

AAe)e] AR E ZARE A7 99 €3 &
ol gl AuFeu 54 1 Y &9 747 3.9 g/dl
T} 4.1 g/dIZ AdEAA 3.5~4.7 g/diell Yo, %
TIBCE @ =2 Z}2} 358.3 pg/dl, 415.3 pg/dE =
E AR A9 250~450 pg/diol £315ich A
FY BE 5 d w9 BF 3 9R) SRS fo)3
o2 Z718l9 zkzt 4.3 g/diz} 4.6 g/dIZ HY o™ TIBCE
A FE B8 ©E #2993 Wzt Atk (Table 5).

AR g o] & # ol 43 8E ¥
o} 95%9) 2:3H&-E Bty BuHy P 2 A3
A 29 F8UE 359 @A T3S 315 4.9 g (Table
D BEF I Po] B4 GU2olT JY =9 g3 ¢
Hol B5E ST AL AVF Bo] Ay o
A A} 58 AN AoE Alsd) 18P E Ay
FEu 582 34 947 Aol gz Aes Z2147)
£ 850 I& Ao Alggr)h =3 AvFeiys AR
o] ¥ o] EL o2 BuHT QS0 B
QoM AFFeUERE Aol 5% 11.25 mg (Table
Dol FFEHP o ATy 54 o2 83 TIBCY
+9A Wah= gl ol AuFay 22 A hy x4
g TIBCE: 55 B39l Az, =& 2E e
°] AEE AFF T5 D U IR AFskn Y]
ol ARt M7t adrt vepdR] gk Aog
Atg

7 vjElR! Al YR 58 A8 A4 9 = 7
7} 116.7 pg/dl, 113.3 pg/di2 A48 30~110 pg/
dle} AeAel Qs ATReyg B8 24F 3 45.7%,
39.7% A FHo2 Frkste 22k 170.0 pg/dl, 158.3
pg/die] Eiel, 4 viel Ex B =9 2+ 1.3 mg/
dl, 1.5 mg/dIZ EA=Ql 29, ojz}=ql 3Wo] AAAQ)



0.75~1.41 mg/dig 233t om, AuF} B4 u}
€ oA W3k 3{th(Table 5).

Annapurna $°V& Fel|X Az A7k (1.0 mg/
kg)o] A FeUz e FFE¢E A 2L A p-ca
rotened FH8lF RT (8 —carotene 275 ug/kg) ol
HlE] d3F 2 ZhellA vl A9} carotene FE7F FUHTH
2 Bt Jenkins 592 7 Mitchell 5°° @A) FHoA|
23Ty FFA] 7k vEN] A F0] feFog F7}
e Bk B ATl x2le] 83 wiehl AV} 57t
3 A2 Av2g 2 e B8 99 B—carotene (1600
#gRE : Table D& F8¢37] WEd RAeg HArh

2 A3l 29Fe2RE 0.75 [U/day (Table 1)
o] ekl E7F SFEHAoY BE dldRteA A9Fey
B w2 84 vety E 552 +94 ¥aks S
Mitchell 5%& FollA 2.7% 23T T34 33
A FZ8| 2 E0] ZAgl Wl o —tocopherol 5
o] foH oz FAHEYeH, 10.7% o)A} AvZay F
FA 843 7H A @ —tocopherol FF0] A3 A
ok 2asleich # AFelMe 83 FZUAHE &
F2 AuFEU BEfof wet foXo® hasigiont ¥

Table 6. Plama antioxidative capacity of subjects before and
after spirulina supplementation”

Male Female
Inttial After Initicl After
24 weeks 24 weeks
Plasma TBARS
(nmol/ml - 3.1+ 01?17 +£02 32+008%19+02
plasma)
TAS
(nmol/L 1.6 +0.008*1.7 = 0.007 1.4 + 0.008* 1.5 + 0.007
plasma)
1) Mean += SE

2) NS : not significant by paired t-test between initial and after
24 weeks spirulina supplementation (p <0.05)

3) Significantly differ by paired t-test between initial and ofter 24
weeks spirulina supplementation (x : p<0.05 =** : p<0.001)
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A WER B 92 594 Aolzh gl

4, B3t YR DAL= I

AHE UL QA FAtslsel viXE &S Lol
7] 98 8% A-A#sES] X ®R) TBARSS) & ditst
T AEE TASE 5433tk % TBARS: A9F
g} 28 A g w9 22} 3.1 nmol/ml, 3.2 nmol/mis)
on AVFEY 5§ 4F FHE FAsle] B8 165744
v 94 27 1.8 1.98 /A A4 p<0.05)F B
olti7l 1 F 24F /A #E FEE FAEIIT (Table
6, Fig. 2). 7IQ1¥ 2 TBARSSY W3S Aujdols ZE
gzl AgjFey B8 ue} ZHAsks A9E 2o
AAteEe] A oA &0E Btk 3 ) TASE
282 B2 A did =9 242 1.6 nmol/t, 1.4 nmol/
o] AxF B 245 ¥ 92} 1.7 nmol/l, 9
24 1.5 nmol/IZ Aoz Frksle] dilskee] F7He
Hlch

23 F223e] AE2] phenolic acids, phycocyanin, to-
copherol, B—carotenev FAtst G k= RoE B
283 k¥ Miranda 5® Rodriguez—Hernandez £%°
< T8 AEE 8 AT B8l g3 71 d39

35
3 -
g 25 |
8
a 2r
E 15 |
©
£ 1+
(=
05 -
0 1 1 1 |
initial 4 weeks 8 weeks 16 weeks 24 weeks
spirulina supplementation
—#— Mdle --#-Female

Fig. 2. Changes in plasma TBARS by spirulina supplementation.

Table 7. Immune indices of the subjects before and after spirulina supplementation”

Male Female
Initial After 24 weeks Initial After 24 weeks

Plasma conc. of immune substances

IL-2 (pg/mi) 105.5 £ 304 610+ 235 166.4 + 32.2*% 377+ 36

IL-6 (pg/mi) 154+ 15% 178+ 1.4 152+ 1.9% 17.6 + 3.0

C3 (g/l 1.1 008" 1.3+ 0.1 1.3+ 0.08* 1.7 £0.05
Mitogen stimulation index

Con A 10 pg/mi 1.8+ 0.1* 37+ 05 14+ 02% 22+05

PHA 0.1 ul/ml 14+ 007* 26+ 03 1.6 03% 23+03

LPS 0.1 pg/mi 1.6+ 0.1* 25+ 04 1.3+ 01 22+ 05

1) Mean + SE

2) NS : not significant by paired t-test between initial and after 24 weeks spirulina supplementation (p <0.05)
3) Significantly differ by paired t-test between initial and after 24 weeks spirulina supplementation (* : p <0.05)
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TBARS %°] #258¢ Buien, Upasani 5
2 29Fg} (1500 mg/kg) TFES H TBARS
T2 vlel E (50 IU/kg) ¢} vlEF C (800 mg/ke) & &
Fl F 25 2ot Qi Buste] Avgepte)
Abskso] kst vlERI P nled-g HRIRICE 7 AT
An AvFvhs ARIME A3} 7158 sl o=
Atagch

5. B%s°1 O Al= O%

297819 715084 Wds SR dig Buvt 9l
o] £ dFolXe AWt Hedsd nxle d3E
AEpgt 2P FA5HE S8 %
9 IL-2, IL-6, C3 & ARt Con AR &
AR 29 FY 54 A P o] 27 1.8%
14909 (Table 7), 29Fe U} E£& 45 FHE AS
Zuble A%E Bo] (Fig. 3) 245 Folx z4zt 3.73)
2.2 F7sIsi e o] Ajol7t FaheRle AN 83 0)
%tk PHAZR 59 A=2R5+ A0FY B4 d 3y
=2 Z47f 149} 1,601 08 AuFeg 58 & 25 F
7k v foAQl Aol gllth LPSE A58 A=57)
FE 2FFY 58 W gy x900] 247} 1.69) 1.3019)
3 ATE BEL 3 F 7 BT TR ¥ x9)
A FelFel zlel7t itk

Antiinflammatory cytokineg! IL-2¢] 3 FE+= &~
g2t B4 A o] 72 105.5 pg/ml¥t 166.4
pg/mio|3oH AFEE} 5L 24F F [L-2 T3 7
23] AzpRle A= o] zle)7) feldo| ATt (p < 0.05).
Proinflammatory cytokine®! IL-6 3& AuZa}
g A 39 =2 247 15.4 pg/ml, 15.2 pg/mlo)oH,
29 F 2 Bfo] mE {3 W= ¢tk C; ¥
2 29Fy 54 4 i 2 747 1.1 g/, 1.3 g1
on AFe} B8 24F F Y = BF FTRIRS

gl

=t
[+)

°
=

v ojzpeinte] §-23 aolE Bl

AFE) Bgo] W SREI AT T AE 848
FRAANZITRE AT A7t FEHOO QPN Ao B
153 gtk Hayashi 529 A7elA 10~20% AHF
gt 28 AIRE FHoA 73 HAE o v]FAM T
Con A%} PHA®Y 93t AxZdo] fo&or F/ifiy,
Qureshi & oA A9FE} FEES Fe 0
PHA®) 23 TAE FA&3E Busiitd £ Jd74d%
QloME AvFeue] A7) B-go] RxHYZ T mi-
togenoll thdt FAEHE Ho $j2] AEo] AlAME
Vel RFT gtk 13EE AgFe} 242 1wl
tdAlellA T AEgt B AEY 5248 $7H0711 8% Cy
FgE TMFIEE ATl dubFe R WY 5y
Rl 37} vk & 4 ok 23y @R IL-28 X
3t cytokineo]l TIX= P3RS o7 AFE ¢ 3 Ho}
of & Fiolgta £}

6. ¥ 3 SALHE 50| G ATReL FA) 2t Hlw

W T Age] 98 29lo] 2 tdAte} W did
2} Aololl 2mFet g3e] zlo)7} YEAE gotrr] 4
3 A7 woS DEYAHE F3 AZY2EE T2
F o] AR B8 F XA A, dalsks 9
A% #se vms] B3tk §2919 1A 8F Mg P®
of g} £ AY dIAE 29FeY B8 A 58 7]
Fo7 yFHAHEET FAXA F F FH~HE F
57} 200 mg/dioldR] R ZUAHE 22 Y Zt7) 39
#4903 F 79 (58.3%)°1%31 200 mg/dim|eko 2 A
EYAHE Q12 530U H(Table 8). ZFHAEHE =
Qe AFFY 58 A XA, T FHAHE, LDL-
ZU2HE3 HDL-ZU2HE 557 AZw2EHEY =
Qloj visl ¥ AT Bk

s3|Ret B8 F 8 FAAAS T I8 BT 4h

Male Femadle
4
A
35 P
/”L ~~~~~ x -&- ConA
S r _m- PHA
25 L --o-- LPS
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1
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1
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[
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Fig. 3. Changes in mitogen stimu-
lation index by spirdlina supple-
mentation.
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Table 8. Comparison of the effect of spirulina intervention between hyper- and normocholesterolemic subjects”

Hypercholesterolemic subjects
(z200mg/d) (n=7)

Normocholesterolemic subjects
(<200 mg/dD) (n = 5)

Initial After 24 weeks Initial After 24 weeks
Triglycerides (mg/dh) 197.1 + 22.4* 127.3 £ 24.1 127.8 = 292" 74.4 = 143
Cholesterol (mg/dh 258.7 + 10.7** 211.4+73 193.2 = 4.8** 1550 = 4.6
LOL-chciesterol (mg/db 1749 = 10.2* 130.3 + 5.2 1264 = 2.3* 89.7 £ 6.2
FDL-cholesterol (mg/dD) 444 35% 557 £ 59 A2+ 48 504 = 3.3
Plasma TBARS (nmol/ml plasma) 3.1+ 0% 1.8+02 32 01 19+ 0.2
TAS(nmol/L plasma) 1.5+ 0.008" 1.6 + 0.008 1.4+ 01% 1.6 £ 0.009
Sito Con A 10 pg/mi 1.7+ 02* 3104 15+ 01% 28t 09
Slto PHA 0.1 gl/ml 1.7 £ 02" 23 +03 12+ 005 26t 02
SitoLPS 0.1 wg/ml 1.5+ 01% 24+05 1.3+ 01% 24+ 04

1) Mean £ SE

2) Significantly differ by paired t-test between initial and after 24 weeks spirulina supplementation (* : p<0.05 ** : p<0.001)
3) NS : not significant by paired t-test between initial and after 24 weeks spirulina supplementation (p <0.05)

R DFAAEHEQ QoM E o) Holr} f-F 0|
) 3 £ SZY2EE sEE A9FYY BEL £ F
¥ EF 4938 AAE B AYZEY 24 245 3 1
EFHAHE 207 AZU2HE 907 42 46.7 mg/dl
(18.1%), 38.0 mg/dl (19.7%) & 7+243)5ick LDL-E4)|
AHES ATRIY BE F 242 44.6 mg/dl (25.5%),
36.7 mg/dl (29.0%)4 7Adl] F 1§ BFE 11 2o)7}
FHe)tt (p < 0.05). AFFEY 2§ A 1 LDL-2
H2HE 5 (160 mg/dlolh Y =02 nFg2eEel
Q1 7Y F 4%oleH, 1% 39o) A9F) B8 24
= F 2289 (130 mg/dl v|gh ol &3k E%iek. HDL-
FHXHES F IF BF 7RI, AZU2HE =
Adef xRt {97 z}ol7} ATt

873 TBARSS} TASE A9Fy B¢ A F #3F #
At FEolflon ATy B8 § 8% TBARS F+ &
RE $93e A4S Bylov} (p < 0.05) TASE
 2poizt ¢ldct.

Con A, PHA ¥ LPSZ f5% T2HYITY 24343
v A A F T F93A 2ol Ko nFE
SHE 270) Tk 52 AFE BT Ay &
% 24% ¥ Con A AFAFE LFYAHEQ 2207 A
EY2EEQ =9 242 1.4 (82.4%)% 1.3 (86.7%) X
S7FFR o TEHAHEQ AT o] xlo)7} #9
Ho|qict, PHASH LPS AFAFE F T 2F S716I8lE
d] PHAo] digh ¥h-2 AZEAHET oAt 79
]l xo0)g HGiTh
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mild hypercholestrolemia =812 A4x# vlEdFL
o & xo)7t ek B SUAEHIE FEA Auglo] ]

4t
L
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3l

BoiFy vk a8y g0 938294 ¢ Bol /X1
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6) 2395y 58 F Z2IPE72 Con A, PHA 2
LPSe] et A5A5E Y 29 BF 58§ 4F FHE
S7FetgiTh Wk ofe}t R C; TFo] TSl 29
At dtd oz |WeS SAAPE & AU

7) ATWIRE 8 FHAEHE > 200 mg/diTH E
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