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Therapeutic and Prophylactic Effects of Zostera Marina on Dextran Sulfate
Sodium-induced Colitis

Woo-Hyeon Jeon', Seok-Jac Ko”, Bongha Ryu'? Jae-Woo Park'?

'Department of Clinical Korean Medicine, Graduate School, Kyung Hee University
’Department of Gastroenterology, College of Korean Medicine, Kyung Hee University

Objectives: Inflammatory bowel disease (IBD) is chronic inflammatory disorders of the intestines. Due to limitation
of conventional treatment including steroids, herbal medicines have emerged as possible therapeutic options for IBD.
The purpose of the current study was to investigate the therapeutic and prophylactic effects and mechanisms of
Zostera Marina water extract (ZME) on DSS-induced colitis.

Methods: Colitis was induced by DSS in Balb/c mice. In pre-treatment setting, ZME was administered 7 days before
DSS treatment and in co-treatment setting, ZME was simultaneously administrated with DSS treatment. In both
settings, ZME 100, 300 and 1000 mg/kg were orally administered twice a day, respectively. Mice weight and clinical
findings were measured daily. Colon length, macroscopic findings and histological damages of colon mucosa were
assessed at the end of experiments. The levels of cytokines including TNF- o, IFN-y, IL-1 g, IL-6, IL-10 and IL-17
were measured by Biometric Multiplex Cytokine Profiling method.

Results: In a dose dependent manner, ZME significantly inhibited the colon shortening, and improved macroscopic
score and histological score. However, there were insignificant changes on inhibition of weight loss and improvement
of clinical score. There were no significant differences of effects between co-treatment and pre-treatment settings.
ZME 300 and 1000 mg/kg groups significantly inhibited IFN- . Only ZME 1000 mg/kg group significantly inhibited
TNF-¢, IL-1 3 and IL-6.

Conclusions: The current results show the possibility of therapeutic use and its prophylactic application of ZME on
inflammatory bowel diseases. Future studies for targeted mechanisms of ZME are needed.

Key Words : Zostera Marina, Inflammatory bowel disease, Dextran sulfate sodium, Colitis, Cytokine
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2) Zto| x|

ZME 480.0g% S5 209 3 Sefksaao) ¥
3L 100°CellA 90%7F 13] 714, o3 Fo] rotary
vaccum evaporators ©]-§3t0] EF33It) o] E5

NG T4 Axslo] AFEIATHTE = 26.96%).

Balb/cAl BAF 2242g°] 7578 7 AFolH
2022, 50£10%2 SExAAA 1579 A
o] HSAIZ 5 B Ao AlgH e L

Animals Care’ (NIH publication no. 85-23 revised
1985 and Kyung Hee University 2006)S w2} 718}
31312, Kyung Hee Uiniversity Institutional
Animal Care and Use Committee[ KHUASP(SE)-
09-036]] T4 wt M3t

1) Dextran Sulfate Sodium (DSS)0i| 2|5t CHES
e
Lee” To| AAGNZ A 9o tz, G4
2 2 AgTolA 5% DSS (Molecular weight
36,000 - 50,000 kD, MP Biomedicals, USA) 4~& <!
S B4l AGEA 7Y B S48 St di g

=
& s



BNUN(E) 35| Dextran Sulfate Sodium® FFHE gl =R o2&

2) o (group) HIE % ZMES| F0

gl e ZMES] <% & IK(prophylactic
effect)®} X154 & I(therapeutic effect)S T 3}7]
QJ3te], oA ¥} FE A= DSSE Fold|
A 17Y5¢ ZMES 77t 100mg/kg, 300mg/kg,
1000mg/kg?] FE2 Folatdar, X84 gy a3
ToX= DSS Folok FAldl 7 ¢t ZMES 7}
7} 100mg/kg, 300mg/kg, 1000mg/kg?] L& Fo
SFtE. ZME?] Fol= B 19 23] = A+~ Fols)
et

A7t (Normal) &3} AR ol o] thE A
25 HA] Fkon o) (control)S DSS &8 9
of FFT7F FoESa, FAUERT (positive
control)> DSS -8 <]9| Sulfasalazine 30 mg/kg S
AT TSt E 978, DSS ol 79F A
= AR

3) ME H thEel Zo| &Y

AR AFe vy oA 9/\l°ﬂ %@Q‘Rﬂﬂ, e

Table 1. Clinical score

(

|5 2 s a3 (315)

4) Clinical score

clinical score™ ¥ Zo] ubHo| wa} 7+ Hol
2zt s vid 2 9Alell FA4sk%laL, 247t
Al A5 A4, Dol e, FEF9 Aol
27t 0delN 4dAtolm AkEe]l AXE Y
(Table 1).

5) Macroscopic score

Macroscopic scoret= 1 52| W wje}
o] A7} o] F-Edelet tiwie] HeiE =
ske] AltetSiti(Table 2).

6) Histological score

HAEHE P Z22E 10% buffered formalinol] L
Asto] ek fixation ¥ hematoxylin@} eosing ©|
gsto] dAstelar, - o] BEAIL Kitajima®
o] W& Fgste] ¥ Gol AREdH Modified
histological scoring<= AH&-aFe] tF7dute] &4
S5 kst &, 9SAxze] A& g wet

Score Spontaneous behavior and posture Coat and piloerection Cleaning of perianal region

. . . Yellowish[light brown] and L .
0 Moving[-] with hunching piloerection] ++] Herniation with blood[+++]

. . . Dirty and yellowish[+++] and .
1 Moving[+] with hunching piloerection[++] With stool[-+++] and blood[+] trace
2 Moving[+] with hunching Yellowish[++] with piloerection[+] With stool[++] and blood[+] trace
3 Moving[++] without hunching C}ean anq yellowish[+] without With stool[+] trace

piloerection

4 Moving[+++] without hunching Normal state Normal state

Table 2. Macroscopic score

Macroscopic score

Score Thickness of colon edema Opverall health state
0 +++,>0.35 mm Fecal bleeding[+++] with tar stool[++]
1 ++, 0.3-0.35 mm Fecal bleeding[++] with tar stool[+]
2 +,0.25-0.3 mm Fecal bleeding[+] with pasty and semiformed stool
3 +,0.2-0.25 mm No bleeding with semiformed stool
4 0.1-0.2 mm No bleeding with normal stool

http://dx.doi.org/10.13048/jkm.16031 15
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A1 0-3%4 (0=none; 1=mild; 2=moderate; 3=severe) -
2, AL Axo webr 0-4% (0=none; 1=mild and
focal surface; 2=mucosal layer; 3=submucosal layer;
4=transmural layer)©. 2 #7}5to] Alxks)3it)

7) Biometric Multiplex Cytokine Profiling
AEE e 70T YeAd | 5, g
Z(muscle layer)oll A F9z21S AH 33T o]
Ak zz0] XAS A8, 10 mge] Hubx
S AEAHSFNE0mM  Tris-HCL, pH - 8.0,
150mM NaCl, 0.1% sodium deoxycholate and 1mM
phenylmethysulfonyl fluoride)ell &3|AIAA 23}
SISt} o] % biometric Multiplex (Millipore, MA,
USA)E °]&3to] 67]9] cytokines (IFN-»,, TNF-q,
IL-18, IL-6, IL-10 and IL-17)& AZ3}3ic).

Do Tl

3. SAXzE|

B doJEe E £ AF0AE BAEITE &
A5-24 H71= one-way ANOVAR 31310, A}
S22+ Dunnett's testZ 3} T) p<0.055 FA4
o2 fod e A7z WG

2 ot

1. ZMEQ| o™ £ st

1) MSzt iy Zolel Hat

PR
= tlZ&(control)ll H]F ATHAE JASH= 4

Fe ngon AR FosAE FetiFig

g o] Aol M, Ao g it
8.8+0.2cm, FANZT Ht 7.240.3cm, U
1 6.0+0.1cm°| %13, ZME 100mg/kg o
6.9+0.2cm, 300mgkg Fola H  7.1£0.2cm,
1000mg/kg Fo+ He 7.3£0.1cmS.2, ZME §-]
oA AR oo i oEH Q] v

16 http://dx.doi.org/10.13048/jkm.16031

Ao = oAl A4 HATh(Fig. 1b).

2) Clinical score

DSS Fo] 343 BE Fo)| A clinical score”} 7+
at7] AlAlom, ZME oA FofitelA iz
o] B]3) clinical score”} FA o2 A 7hAy]
B BHAAR FAA SR frefatA] eFsitt

I T

3) Macroscopic score

et B diw A4S 318 ¢ macroscopic
scoret™ ANTY A9 H 404, URT HA
1.0£0.37%, FAUZET Fd 3.0:03F0]aL ZME
100mg/kg 5ol 4 2.4+£0.37%, 300mg/kg Fol
it 2.6£0.47%, 1000mgkg Folvt H 2.9+0.4%
O & ZME ol RUFolA, tiztel vl EAA
o o3t vk ojFF AIE HTKFig 1d).

4) Histological score

AEAEe AEAEe} AL AEE Frisk 4
3}, AT G- et 03, R i 3.9+0.37,
PO it 25404701303, ZME 100mg/kg
Folat Wit 244033, 300mgkg T H
294047, 1000mgkg T Yt 2.8+02F 0=
ZME 300mg/kg % 1000mgkg Foiol A, A4
o® FoetA el s Hah WkTHFig.

AA|HE] DSSE F =
AeS won DSSeF A Foj¥ ZMEE X
ol vl3)] AFi dA FIFS Hloy FAHL

2
=y
ol ol ¢
=VNEY

6.0£0.1cm°]%3l, ZME 100mg/kg
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Fig. 1. The Prophylactic Effects of ZME on DSS—induced Colitis

(a) Body weight, (b) Colon length, (c) Clinical score, (d) Colon edema score and (e) Histological findings and scores (A, normal; B, control; C,
positive control [Sulfasalazine 30 mg/kg]; D, E and F are ZME—treated groups. The whole colon tissue was stained by H&E. Center was distal
part and boundary was proximal part of colon [x100]).
Data are expressed as mean = S.E.M (n=8). Nor: normal group, Con: control group, P.C: positive control group (Sulfasalazine 30 mg/kg), ZME:

Zostera Marina water Extract

300 1000
ZME (mgkg. p.o.)

ok

% 00,001, **0(0.01, *p(0.05 vs. control group by one-way ANOVA with Dunnett’s posthoc test,
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6.8+0.1cm, 300mg/kg FoIvt it 7.4+0.2cm,
1000mg/kg FoI" H3t 7.3+0.1em©. 2, ZME7}
o BE dollM SAHCR T sk oEH

o] kA oAl AFS BIThFig. 2b).

2) Clinical score

DSS Fof 39 & RE ol A clinical score”} 7+
2817] AlZElem, ZME Folitol A tizate] H]
3l clinical score’} dHA o2 AA HAH = A
e BYoy BAHoR folsix oolkthFig.
2¢).

3) Macroscopic score

e Bg9) oiwAdd-S 3188k macroscopic
scorex™ AT A HiT 404, dERT Hit
1.0+0.37%, YA HE 3t 3.04037 0], ZME
100mg/kg 5ol e 2.3+0.3%, 300mg/kg Tl
B 2.8+0.47, 1000mgkg FoI7- Hi 3.0£0.3%
O & ZME Foltol A tiztol vla) Hxrt B
Aoz fos v& EHOR =2 HFE HI]

CHFig. 2d).

\4

istological score

AEEe] ARt Ade] AeE ddd 4
T}, Al A9 Hit 04, vlEat Hat 3.9£0.34,
|zt et 25404701903, ZME 100mg/kg
Folit H 2.6+03%, 300mgkg T Hit
2.6£0.37, 1000mg/kg Folo H 2.9+02FHO=E,
ZME Tt B5eA gzt HF] FAAoR
frofatA vk A4E B th(Fig. 2e).

3. Cytokine levels on colon mucosa

DSS¢} ZMEZ} &A] Fold AFT B A
zerell A AEE A9 cytokine 5 ¢
S wWi7lEQ] IFN-y, TNF-o, IL-1B, IL-6,
IL-173 54 WiAE<l IL-10S 543 A3}

1) IFN-y

18 http://dx.doi.org/10.13048/jkm.16031

IFN-y & 7 3 21.146.77 pg/ml, iz
H 101.8+35.68 pg/ml, ZME 100mg/kg Fol- ¥
I 44.2+18.00 pg/ml, 300mg/kg oI+ B 34.0+
1127 pg/ml, 1000mg/kg T H 29.9+15.71
pg/mle.2, ZME 300mg/kg, 1000mg/kg o]l A
el el SAHoR FostAl wdTh(Fig.
3a).

2) TINF—¢

TNF-o &= A4 H1 10.3+1.59 pg/ml, tlZT
Bt 50.6+5.49 pg/ml, ZME 100mg/kg oI Bt
37.4+4.34 pg/ml, 300mg/kg FoIv* Hit 37.1+£3.86
pg/ml, 1000mg/kg Fw- H 27.1£7.81 pg/mle
2, ZME 1000mg/kg FowolA tzatol vl3 &
AM o= FolatAl wokth(Fig. 3b).

3) IL-1B

IL-1 8% 4 %3t 26.6+4.99 pg/ml, TZ
Ht 88.3+12.39 pg/ml, ZME 100mg/kg Foiv- 3
7 48.3+11.08 pg/ml, 300mg/kg Foli* 4 51.0+
14.28 pg/ml, 1000mg/kg T+ F7F 28.4420.19
pgmle 2, ZME 1000mg/kg FwolA dztol
vl FAA R fofstAl WokthFig. 3c).

4) 1L-6

IL-62 AAE Het 10.2+43.17 pg/ml, thET 3
I 117.4+27.46 pg/ml, ZME 100mg/kg ol H i+
59.9+14.01 pg/ml, 300mg/kg Foli" it 61.0£17.72
pg/ml, 1000mg/kg F" 3t 41.2+14.91 pg/mle.
2, ZME 1000mg/kg FowolA tzatel vl3] &
AX o= FolatAl wkrh(Fig. 3d).

5) IL—10

IL-102 AT H 27.5£3.96 pg/ml, T 3
7t 34.049.51 pg/ml, ZME 100mg/kg Fol+ Bt
7.6+0.87 pg/ml, 300mg/kg Fol Hif 11.8+2.44
pg/ml, 1000mg/kg T3 Hit 9.7+2.28 pg/ml O,
ZME 100mg/kg, 1000mg/kg FoJroll Atz
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=

2
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Fig. 2. The Therapeutic Effects of ZME on DSS—induced Colitis

(a) Body weight, (b) Colon length, (c) Clinical score, (d) Colon edema score and (e) Histological findings and scores (A, normal; B, control; C,
positive control [Sulfasalazine 30 mg/kgl; D, E and F are ZME—treated groups. The whole colon tissue was stained by H&E. Center was distal

part and boundary was proximal part of colon [x100]).

Data are expressed as mean = S.E.M (n=8). Nor: normal group, Con: control group, P.C: positive control group (Sulfasalazine 30 mg/kg), ZME:

Zostera Marina water Extract

% (0.001, **p{0.01, *p{0.05 vs. control group by one—-way ANOVA with Dunnett's posthoc test.

Hlgl] FAHOR fFofshA WSkth(Fig. 3e).

6) IL-17

IL-17& A Fk 3.040.75 pg/ml, 2Tt %

o

7+ 5.0+1.32 pgml, ZME 100mgkg Foli Bt
5.6+2.47 pg/ml, 300mgkg Tl HiF 5.8+1.43
pg/ml, 1000mg/kg FoI7- 3t 4.6£1.25 pg/mlo.

ZME Foliah gzt 7F SAHOR folgh Ao
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(a)
150
E
5 100
=
T
pd
o 50
0
Nor 100 300 1000
ZME(mg/kg)
(c)
100+
€ 751
D
o
~ 501 |_—r_‘
(==1] I
:I 25.
Nor Con 100 300 1000
ZME mg/kg)
(e)
50
=40
E
gao
S 20
=
10 e ﬁ
0
Nor Con 100 300 1000
ZME (mg/kg)

Fig. 3. Cytokine Levels of Colon Mucosa
(@) IFN-y, (b) TNF-q, () IL-1, (d)

IL-6, (e) IL=10 and (f) IL—17

=

60
£
© 40
a
i
L
= 20
-
0
Nor 100 300 1000
ZME (mg/kg)
150
E 100
=]
2
Q@
— 50
0
Nor 100 300 1000
ZME (mg/kg)
10
= 8
£
g 6
P~ 4
=
2
0
100 300 1000
ZME(mgIkg)

Nor: normal group, Con: control group, ZME: Zostera Marina water Extract.
% (0.001, **0(0.01, *p{(0.05 vs. control group by one-way ANOVA with Dunnett’s posthoc test,

]’ BA A E}(Flg 3f)

A2 o] AFH FAo i WS
o] o, 1ol wet A7t ol AL 9
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S|l FEE°] Dextran Sulfate Sodium= 24 UF FEREA vx= A5 2 o34 g3 (321)

TheFgl okl dA+7h Xd L gl
AT AREE Ex sl AdERR AE K

Y (Zostera marina 1)) Zxfrolw ult} ZoflA
Ak thdA FOR AEoltt &, oF, 7Sl A
At EvES AlASIL KkE Qo] 5 Tl
3 4P = ARgolt), A2 zosterin 2. galacturonic
acid, galactose, arabinose, xylose, apiose® &3t
o). 2 ¥rol| tannin, vitamin B, 3} $HA] ©hld xuk
pentosan 5 FSHCE MRS AHEW, @k}
kS 7HR SRR HD, MR, (1K, 180k, fKERe]
TS 7HAA oA GUKIES BRI S X5
s g, EAieh 1 a3t visesitia g A S
o sldle Ad ATE B8l Farst 2 gt 5
7F JSH AR, S A FE¢ HRlo 9] BT
a3 gig a5o] TEAF o3l d5E vk 3

o w

3

B 54

2 1961 A2 & Kirsner 5°] immune complex
colitis models A|AIgH $2° X G714 F 6097119
£2 wa50] AN 954 Fane) FEA
¥ AP o= dextran sulfate sodium(DSS)*, %
~Hacetic acid)”, 2,4,6-trinitrobenzene sulfonic acid
(MNBSE BT TP FF 2o 1 %
DSS i 49 Rd2 tEAor Bo] AMHE

wue, § o et gkl Q%A

ARHAl, AT, tig dolo] |5, AAl, dW, &
A A 59 Fodo] LA, 7] Fo] A
ot o] Wkt il um, Adge] w2 RER
A AFA A 53] A dFde] A= oF
A fs E7tel ol AREHE LAl A
A7 BElFo] s Bt gt
AA AFL A&HH 0w Z718 v DSSE T
o o] AHES F L=
Aastlon, o dol
oA FAASRE on|
DSSell of3l ujgsdo] &
T At}

B oA ZMES] a9E oA @} A
24 a2 U] dolry] fld|, A¥Ts A
T OAFoE WElth

o7 g¥E dolry] 9% 1F2, DSSE A
Fel Al Fostr] A, ve] dFUZF ZME 100mg/ke,
300mg/kg, 1000mg/kgs F
otolr 7] 93k 15 DSSE Foldt u) g/l ZME
5 2 &FoE Foggith Fo &%
59 AFE Fasiglrh ==
XS Ngae] A sol] AgestelA 24+
sulfasalazine®& 30mg/kg 13}

1 A3, ZME7} diA, A 54
BEE oA o1 dole] vES FA
Al AAER . £3] ZME 1000 mg/kg
F aRHoR g dold vES wgton vk
o]EA AdE RFUTKFig. 1b and 2b).

e 2 AFdAE 95 FEEe] dHE W
gt Aog Az Y=* clinical score®] W3}
E AT Bk, 7 g5 v 5o AFE Fas)
i, BF e Y5 AA|, "o de, 18a s
9] el wgl "5 v TKTable 1). =L A3}
ZME7} Fol® ol thxate Hlalske] clinical
score A9 JA| AL Hol7l AN FAH
o2 oA EUTHFig 1 and 2¢). AHsHAa
A% GAl ZME7L Fold o] BE a¥ S

1

HAY 5 Yolont BAMORE R agrt

T

i & 1o ro 4

SUARE AFe] FEE
SRIEREE I E I ES
I BEEY. gt

oz wasgn 2

ol
e

2
_O‘L
349
H
i
>
ol
o
il

—

http://dx.doi.org/10.13048/jkm.16031 21



(322) uiksto s A A37H A3 (20169 9€)
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