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ABSTRACT - Hepatic diseases are divided into two types: alcoholic and non-alcoholic. Non-alcoholic liver injury finally
induces fatty liver and damages liver function. Many studies have demonstrated that Ecklonia stoloniféra has antioxidative, anti-
inflammatory, and hepatoprotective activities. We conducted a 12-week double-blind, placebo-controlled, randomized trial to
examine the efficacy of E. stolonifera extracts (ESE) on biochemical markers of hepatic function. Sixty-five subjects with mild
or moderate liver injuries were randomly allocated to receive either 420 mg/d of ESE or a placebo for 12 weeks. Fifty-five par-
ticipants completed the trial. No significant adverse events were observed among the subjects during the study. The primary end
points were changes in plasma levels of aspartate transaminase (AST), alanine transaminase (ALT), and y-glutamyltransferase
(y-GT). The secondary end points were changes in lipid profile levels, including total cholesterol (TC), triglyceride (TG), high-
density lipoprotein cholesterol (HDL), and low-density lipoprotein cholesterol (LDL). Compared with the baseline, AST and
ALT levels decreased significantly in the ESE group compared to those in the placebo group (P<0.001). In addition, y-GT levels
in the ESE group were significantly lower than those in the placebo group (P=0.016). There were no differences in the TC, TG,
HDL, and LDL levels between groups. In conclusion, ESE consumption for 12 weeks improved liver parameters in subjects with

liver injury. Regular consumption of ESE could maintain liver health in individuals at risk of hepatic damage.
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Table 1. Ingredient of investigator’s product

Ingredient ESE (%)? Placebo (%)
ESE 10.5 -

Lactose 32.8 36.7
Vegetable cream 21.0 23.7
Maltitol 16.3 18.6

Xylitol 10.0 11.6
Strawberry powder 5.2 5.2
Strawberry flavor powder 2.0 2.0
Fructo oligosaccharide 1.8 1.8
Enzymatically modified stevia 0.4 0.4

Total 100.0 100.0

D ESE 420 mg/day (ESE 210 mg each, twice a day).
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‘ Assessed for eligibility (n=144) ‘

[ i
‘ Excluded (n=79)

‘ Randomized (n=65) ‘

‘l Drop out (n=10) |

‘ [ 55 subjects completed |
Allocated to ESE Allocated to Placebo bl

(n=33) (n=32)

Intention-to-treat Intention-to-treat
analysis (n=31) analysis (n=30)

Per-protocol analysis Per-protocol analysis
(n=27) (n=28)

Fig. 1. Flowchart of the study.



Table 2. Demographics and clinical characteristics at baseline
(per-protocol)

ESE Placebo

Variables (=27) (n=28) P-value

Age (yrs) 45.5+13.8 47.9£14 0479
Sex (n, %)

Men 17(63.0) 17(60.7)  1.000

Women 10(37.0) 11(39.3)
Hight (cm) 166.9+8.7 166.8£9.2  0.960?
Body weight (kg) 76.4+14.4 74.3+12.4  0.613?
Body mass index (kg/m?) 27.3+3.9 26.7+4.4  0.395Y
Blood pressure (mmHg)

Systolic 130.3+17 129.2+12.5 0.987%

Diastolic 79.7+10.2 78.1+8.1  0.418"
Smoking

None 19(70.4) 21(75.0)

Former 2(7.4) 3(10.7) 0.747"

Current 6(22.2) 4(14.3)
Drinking

None 15(55.6) 14(50.0)

Moderate 9(33.3) 10(35.7)  1.000

Excessive 3(11.1) 4(14.3)
Physical activity

None 8(29.6) 7(25.0)

Irregular 19(70.4) 21(75.0)  0.768"

Regular 0(0.0) 0(0.0)
Electrocardiogram

Normal 21(77.8) 21(75.0)

Abnormal (NCS) 6(22.2) 7(25.0) 1.000"
Comorbidity

No 18(66.7) 19(67.9)

Yes (NCS) 9(33.3) 9(32.1) 1000
Drug use

No 19(70.4) 22(78.6) "

Yes (NCS) 8(29.6) 6(21.4)

Data are presented as number(%) or mean+SD. NCS, no clinical
significance.

¥ Compared between groups : P-value by Mann Whitney U-test.
 Compared between groups : P-value by Fisher’s exact test.

o] zpol= IRt F o A A IAl &+ 7F ApolE
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e, T, FF, 2 Ax B4 AFoM = &+ 7+
Tr/lUla& Ztol= gtk AT A HEATE AN
Al Aol B85 g A AT E 7+ AfolE
Holz] & %ATh(Table 2).
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Table 3. Changes in safety end points during randomized period (intention-to-treat)

ESE (n=31) Placebo (n=30)

Variable P-value”  P-value?
Baseline 12 wks P-value? Baseline 12 wks P-value?
WBC (10%uL) 6.4+1.4 7.0£2.2 0.018 7.0£2.0 7.3£2.3 0.454 0.406 0.393
RBC (10%/uL) 4.8+0.6 4.8+0.6 0.610 4.7+0.4 4.8+0.4 0.658 0.498 0.268
Hb (g/dL) 14.6+1.5 14.0+£2.8 0.120 14.4+1.3 14.5+1.3 0.819 0.200 0.193
Ht (%) 44.0+4.4 42.3+8.5 0.170 43.9+£3.8 43.9+£3.7 0.970 0.462 0.233
Platelet (10°/uL)  245.1+47.9 253.8453.7 0.094 240.0+48.1 242 .4+53.8 0.805 0.289 0.383
T-Bil (mg/dL) 0.8+0.4 0.8+0.5 0.818 0.7+0.3 0.6+0.2 0.315 0.581 0.255
D-Bil (mg/dL) 0.3+0.1 0.3+0.1 0.682 0.3+0.1 0.3+0.1 0.683 0.589 0.448
Protein (g/dL) 7.3£0.4 7.3£0.4 0.881 7.4+0.3 7.3+0.4 0.600 0.794 0.594
Albumin (g/dL) 4.7+0.3 4.6+0.3 0.215 4.6+0.2 4.6+0.2 0.622 0.485 0.620
ALP (U/L) 68.8+15.6 69.0+17.6 0.882 64.6+16.5 66.1+15.0 0.130 0.141 0.653
LDH (U/L) 194.2+40.5 186.2+36.5 0.048 179.0+£23.1 178.1£21.2 0.926 0.161 0.460
Glucose (mg/dL) 123.5+46.4 111.7+£30.0 0.109 107.1£25.2 114.7+23.7 0.006 0.004 0.058
BUN (mg/dL) 12.843.0 13.245.5 0.487 12.543.6 12.7£3.9 0.845 0.851 0.733
Cr (mg/dL) 0.8+0.2 0.8+0.2 0.387 0.9+0.2 0.8+0.2 0.773 0.530 0.671
UA (mg/dL) 5.5£2.0 5.5£1.9 0.624 5.9+1.7 5.8+1.3 0.288 0.675 0.678
HBAIlc (%) 6.0+1.2 6.0£1.3 0.897 5.7£0.7 5.8+¢0.8 0.153 0.293 0.449
Free T4 (ng/dL) 1302 - - 1.240.2 ; - 0.007 ;
TSH (WU/mL)  1.8£0.8 - - 2210 ; - 0.082 -

Data are presented as mean+SD. ALP, alkaline phosphatase; ANCOVA, analysis of covariance; BUN, blood urea nitrogen; Cr, creatinine;
D-Bil, direct bilirubin; Free T4, free thyroxine 4; Hb, hemoglobin; HBA1c, hemoglobin Alc; Ht, hematocrit; LDH, lactate dehydroge-
nase; RBC, red blood cell; T-Bil, total bilirubin; TSH, thyroid stimulating hormone; UA, uric acid; WBC, white blood cell.

% Compared within groups : P-value by Wilcoxon singed rank test.

® Compared between groups : P-value by Mann Whitney U-test.

9 Compared between groups : P-value by ANCOVA (adjustment with baseline).

Table 4. Changes in efficacy end points during randomized period (per-protocol)

) ESE (n=27) Placebo (n=28)
Variable P-value®  P-value®
Baseline 12 wks P-value® Baseline 12 wks P-value®

Primary end point

ALT (U/L)  57.67428.24  43.96+26.92 <0.001 40.82+24.22  50.75+35.34 0.009 <0.001 <0.001
AST (U/L)  39.67+19.29  30.33%11.50 <0.001 30.75+17.66  34.68+18.00 0.025 <0.001 <0.001
y-GT (U/L)  68.04+60.20  60.78+62.26 0.035 61.86+40.41 68.96+52.30 0.108 0.015 0.016
Secondary end point
TC (mg/dL)  211.93+49.51 206.04+41.13 0.548 189.89+26.68  192.144+29.19 0.674 0.429 0.760
TG (mg/dL) 224.81+£199.94 197.56+103.05 0.876 166.71+88.42  173.32+79.84 0.295 0.490 0.954
LDL (mg/dL) 135.37438.90 136.37+40.88 0.737 124.11£27.46  126.18+29.04 0.550 0.993 0.849
HDL (mg/dL) 52.07+13.46  52.70+13.10 0.718 52.54410.77  52.89+13.53 0.990 0.794 0.946

Data are presented as meantSD. ALT, alanine aminotransferase; ANCOVA, analysis of covariance; AST, aspartate aminotransferase; y-
GT, gamma-glutamyltransferase; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; TC, total choles-
terol; TG, triglyceride.

“Compared within groups: P-value by Wilcoxon singed rank test.

»Compared between groups: P-value by Mann Whitney U-test.

©Compared between groups: P-value by ANCOVA (adjustment with baseline).



Table 5. Changes in efficacy end points during randomized period

Effects of ESE on Improvement of Hepatic Function 203

ESE (n=24) Placebo (n=24)
Variable P-value”  P-value?
Baseline 12 wks P-value® Baseline 12 wks P-value?
Primary end point
ALT (U/L) 54.63+£26.37  42.33+£27.75 <0.001 40.75+£25.54 51.29+37.34 0.020 <0.001 <0.001
AST (U/L)  39.00+20.19  29.83+12.00 <0.001 30.67+18.88 34.83£19.13 0.035 <0.001 <0.001
yv-GT (U/L)  51.38+34.85  46.38+38.39 0.034 51.13+28.72 55.33+35.33 0.334 0.051 0.063
Secondary end point
TC (mg/dL)  212.17+£51.60 207.21+43.47 0.668 192.46+26.53  193.29+30.20 0.875 0.649 0.874
TG (mg/dL) 224.38+211.47 194.54+108.55 0.883 156.83+72.34  169.29+85.06 0.261 0.477 0.884
LDL (mg/dL) 136.00+40.12  139.38+41.33 0.486 128.46+26.71  127.83+29.41 0.661 0.496 0.423
HDL (mg/dL) 51.21£13.16  52.79£12.75 0.460 52.92+10.65 52.54+13.17 0.617 0.370 0.566

Data are presented as meantSD. ALT, alanine aminotransferase; ANCOVA, analysis of covariance; AST, aspartate aminotransferase; y-
GT, gamma-glutamyltransferase; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; TC, total choles-

terol; TG, triglyceride.

% Compared within groups : P-value by Wilcoxon singed rank test.

® Compared between groups : P-value by Mann Whitney U-test.

9 Compared between groups : P-value by ANCOVA (adjustment with baseline).

= AlAdFTM e AF A vaste] skl o
FAFME SRk oL w7t Alele fIUTH(P=0.429).
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o8k x}o]E K THP<0.001).

y-GT= Al FFAA = fFolatAl st gz
FoA = A A oY) STRsERAAIRE = 4] fole
Z}O]E UERAE 4Tth(P=0.051). 23 F84 %7} @

<1 TC, TG, LDL, HDL &% Z¥AN = 43 AF=
44 frel gk ol & YERA] ekt
7% B4 ol o] T 40 ALTSF ASTE 7% &
83k x| Fo|th. ALTSF ASTE 7+ &

¢

Al 8H WE EHuvet €5 s=7t
HALe] FAALZ o] &HTH ASTE A4, EL% A7 Al
E Solx SAISHAIRE, ALT= 7l v A 8h=
0|2 Jo]7] wWiZol| ALTY 745 = %
Moz wsi,

125:7ke] ESE AF& €% AST 2 ALT 752
Al A7l Ao® Uit yv-GT 5 dA
Az vlwate] folshA ZHaskaitt. O]l: ESEZ ©]

A Ao A4d€ Bang L e 7+ &4

F=e Fo| ESEE TS o %ﬂﬂ ASTSH ALT7}
E"ﬂ‘:]'lg) o gh&o] Z} s frdsite A

Row 67:7F oAEE 2olE
22 Ul X]@J}/‘JQEO] 45 o] &AJAAF(reactive
oxygen species, ROS)°| Z7tatdth. 7k &%
7he ARsh Z2E# 20 o) 7 E44S fastY). 4aE
AH = A4t Absle] #odst= peroxisome proliferator
activated receptor-a} carnitine acyltransferase 1 %12} &
AL a7l W Ak Ao Ao st sterol
regulatory element binding protein-1c (SREBP-1¢c) &S
Z7MA171=H?® ESEv-oll A= ROS A& 7HAasal o]
&3 S} uquo] IR0 2 ZHEYTs. ESEe| TH
3t tolF T EEEedF7E ROS S E7F o=
A5t ROS wi7he] 7+ 448 /RS ASRE AR
‘E]__E]_23,24).

g, B dAFolA = PP WollME foleh daE 4
A7 sle AP A ES HERE 2483 tH(Table 5). T
FrTAE Adste e F4% a7 dEeeEAE
dotr gt 1 Ay} AP EFFS A FLH H|wst

Z718te 2 71A|
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o] AST, ALT #&°] frelstAl 2238tttk $E4 Byun &
o] AFANAME HLZA F E4E =S sElA ol
e A3E Bs v o kst E4o] 7+ =
Zl Y] superoxide dismutase, catalase, glutathioneS &7}
A s} REHAE YUFI AAHOoR Vs B4 A
£ MAdste AR AtsdEh!)
HIRRS B 7 &4 9 AW o <l
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