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1R
1.1 A
1.1.1 Y

VEHL SPF 2 iy i SHR 18 H, 9 JA 1%, 220~260 g,
Wi FE>165 mmHg, 5% Ryl 5T 438 R 42 5256 2 B
ARAE AT, A= alUES i SCXK(3)2016-0011
1.1.2 BRI

k- RPLE 80 HREHIA F 7 5 1 B il v AE W R
R, T G A 52 56 2 i 3 AL A 1 BB 0% fmn R
i - RHE T cghZAPst AT, RAE%H g
H RN E 25 A BRAE], AR5 95% 1) R
Tolk 2, FHA L B = o B4t
1.2 RELHEKE

KN RE LA E T BP-2010A, FH H b 5i%k
R A BRA T KGR TR e AL, 1A
BEA A RAF, AKTA EHFENT RS, 1
38 B AT £ AR ARk, OLYMPUS BX41
W, W R B BT A IR D ST et
LML, W A e B R B A BR A |
1R SO AR (A A S I H LB R A PR o
1.3 Fik
1.3.1 KAFRE - FREEELOHE

A E PR R Y5 £ YPD Fh TP,
200 r/min., 28°C KM 24 h, % 1%K BERART 0 S
2 BMGY LB, %3 200 r/min 22°C & 36 h,
TN 1% & R AR I, B/ 2R 24 b 1k
s, b4 W, RSN, B0 LSRR, %
1% N | 1%JE Y (- R H )R FE, 40°C AN i
fi#t 8 h, BEFEWHE | 5 IMA 1 AR BN O,
ACHERDT 1 h, B0, FRVIE, LIEWRSE 206G
B AR R 1/5, I 3 A5 4 AR B TV £ 1,
ACHFFEBEUL 1 h, B0, VIERKER, ez ki
T, 1% LC.
1.3.2 S FHEENHNE

{0385 TSK G4000pwx1 (7.5 mmx600 mmx17 pm);
WshAH: 10 mmol/L NaH,PO, 1 200 mmol/L NaNO;;
FEIR: 25°C; Wi 0.3 mL/min; #EFEE: 10 pL; &
v ARZEPOEKIESE RID,
133 RAOFHRE - FREHLCP)FI%&

60 g/L 1) LC 5 1 g/L 1Y KC1 EIARFUR G, ik
130 r/min., 25°CJh 4 h VA b, ¥45 1 55 A 3 1%

WG AR BN TS O/, 4CEREREDT 1 h, B0, UL
TEFKE R, 788 BIRMAWARTR, A 3 5T
KW, ACHBERYL 1 h, B0, TIEAKER, it
IR, T, 18 LCP,
1.3.4 Sephadex G-10 7 B M5 oA i 55

AR 1 em, HK 80 cm K JEMTAE, EHFE
JEKIR, T-3hHEH Sephadex G-10 7 BOMH BRI K},
DL 4K R s, B3 AKTA EH4L RS, IT
S SRAMRTE SR, K 1R, 2K, 3 IRBEVLR S
F(%) LCP LA 4li7K SRy i I ECH % S /L vk B, iR
5 mL, DAHLS3 00 x5, i B A W] BE TR
B 5% B U R A
1.3.5  KIGRFRWENEENEH TR

BEASLI  AR I ER E AE AlK K S5
T B AR AE 3%~5% W A R R e i, Al
KIPYE 2~3 W, ARIRALT . FREL 10 mg B4, N
(V(RETR) : VOEARR)=4 © FE iR 4~7 h, 4l
KR % 10 mL ZAEifd, RS, wBHaIE
WP UEAT AR RE WOGAE, X R A o il £ T ST T
ENIN)i e
1.3.6 SHR 1M & B 5l Bk W48 F i € 5 2

18 H SHR T* SPF ¢ J3t B M58 3014 o 3k 1o P PR 77
1, IR 20~25°C; BJF: 50%~70%; TaIR%HE: 3
H/5E; BEBIEFI]: 12 ho AR A 5T & I B AL 3
3, B 6 H. 25 HXT IR FE B 28K, SCo A1
B LCP(600 mg/kg), BHM:XF IR 41 ¥ B K L 3% A
(10 mg/kg)o SCHGFAMA 4 Jal, g o [ i (] P et 0 45
JE(SBP)FLLR 1K, FRE 2 K., SBP &0 N e
Bk, & B E AL, RIFREAE 37~39CZH H
BRI O R L AR [ fE R s ik Ak, 7S S
X SBP FLL3, HOFHIA,
1.3.7 BEX. MERKERIL. BEREHWE

UL AR IR G 28 W B 36 (ELIS A), LA TR K
i R ARE W e iR
1.3.8 ZlpHSURE Y] R HE R

NRANIEIS, BURSGES M 1 em, B2 BK . &
B i L PR (JREE 5 um), #E1T HE 48, 21
ZURIYI R 1) HE Yl ROZESE /R A Y RH A B
LA HIE, @it OLYMPUS BX41 s kA7 g%
A

1.4 %itF o
R 28 R H R A PR R e R 22, R A
SPSS 22.0 # AT S v br, AL B R R R
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75 2243 M7 (one-way ANOVA)HI /1, P < 0.05 KR
Hoit¥m L.
2 ERS5H
21 LCHEBHRESTFRERNZE

15 BT 3 AR 35 AU AT TSK G4000pwx, VA
1. 5. 12, 21. 80 kDa FrvfE it AR B4 B[] A 4 AR B,
O3B B REOE X AR AR AR R (] 1)
FW SR 5 g/L I LCIEW, FRE10 pL, {3/}

[E] % 35.820 min(&l 2), fRAMRHEMZAGH: LC 70 F
i 2~ 3.5 kDa.

y=-0.1996x + 10.6882
R*=0.997

28 30 32 34 36 38 40
7 B I 1) /min
Bl 1 TSK G4000pyx. b ifE 2k
Fig. 1 Standard curve of TSK G4000pwx,

F1 60g/LLC 5ERARRESH KCIEERHETES=E
Tab. 1

12000 |

8000 [

i )37 {E/nRIU

4000 -

0 10 20 30 20
PR ER B ) /min
B2 LC AR B B ] (A 3% 4 : TSK G4000pwx)
Fig. 2 Retention time of LC (Column: TSK G4000pyx1)

22 LCP#H&ETZLHHE

WG - RPIE A S5 TR RIS, 850 T i
2 Je AT S A A, W o0 28 00 10 T o 4 Bz i
9.18%. HIEZF| LC MEIRA, LL60 gL LC 5
ANFEFB AN KCL 454, —IRBEDUR e 8o R
FEEE DR VA, B THRmas AR, A
7] JB B 20 50 KC1 5 60 g/L 19 LC 454 5 Hf o %
FREEAEIE TIAME, kT KCl WS, R4t
P 170 53 2 00 25 4 8 - O M BB, B0k #R 60 g/L 1)
LC 5 1 g/L # KCl #4720 o

Potassium element content of 60 g/L. LC combined with different concentrations of KCl

KCI Jiri e i (g/L) 1 5 10 20 30
9.262 9.472 10.072 9.767 10.176
FITRE S =/ % 9.236 9.336 9.969 10.618 10.498
8.761 9.073 9.371 9.746 10.112
RS Y% 9.086 9.294 9.804 10.044 10.262

o TR AT M HE B R BRSNS 2 ol S
BT, TP S5 G A0 LCP %) SHR IR (5%
M, FEARMREE KCl MR8 % RN TR A A TR L
JR BRI B4 B T L 10 mL 60 g/LLC 5 10 mL 1 g/L
KC1 R A, 43 06 58 J (9 LCP #E47 1k .2 3K
3 3 IR B TUERE . LA AR R i shH,
JH Sephadex G-10 i SR EE A AG I U0 125 1) 441 8 1,
P AN T3] B350 U0 B8ORS it 5 B0 3 1 DL BR A L (8T 3);
AR EETTR B AR, 3 RS E BOFBI{E (& 2);
[F) B A T MR AT 32k 0 5 AN ] Pt 9 80 8 e 3R 1
i, 3 WL BCE I E (R 3).

Xof g P 3 1 R BT AY 3, AR R AR HE R (23

Y SR AT R, LCP 57 12 26 1 1 (A Sl 8 15 1 ) I e
MBI B e 2 A 3 IREEDTAY L AT
L, 2 URIEIU S Vi 1 0 S UR D, i A
BRBRFAIL; Wi 3 WERULG FEA T #hik, 454 2
BTG Y LCP 1358 2 42.4%, 3 WK EEIL)5 i LCP 15
FH 27.0%, LA HIERE LCP il 1208 —ik
FEUT. BEAb, AR O IR 25 R, LCP ot
RIS BEHATRETE 0.5%, 7 LLZAT  FI, LC
2535 KCLIEWRAEA VR 2 I 3 IR F BB
fEJG, Ho g AT RE N RENECh 8.7%, A
P2 B IS5 5 2R 9.18%, 5 LC ™ 6.5%74 45 14T
AR, TR EWINT 2.2%.

38 WEPERLA /2019 4/ 5F 43 % /5 8 1Y



e IRkE REPOATS

e LKA
—e— 2IKAETE
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N
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LB ] /min
K3 KNREIEETTREUG LCP B 548k

Change in conductivity of LCP after different times
of alcohol precipitation

Ma—a——a

Fig. 3

R2 ARBETXEE LCP MEER
Tab. 2 Yield of different times of alcohol precipitation

LESVIRV €' 1 2 3
0.362 0.255 0.170
TG ikt /g 0.350 0.252 0.155
0.358 0.256 0.161
R g 0.357 0.254 0.162
155%/% 59.5% 42.4% 27.0%

z3 AEEBIXHEEHRTENEE
Tab. 3 Potassium content after different times of alcohol
precipitation

BT B
1 2 3
7.003 9.765 8.412 7.916
6.427  10.902 8.751 8.542
6.217 9.547 9.004 7.646
THEE% 6549 10.071 8.722 8.035

TE: BRI UCORTE], 53 1 ARRAERT LLEE, AT A LA

FE A LC

HoCR G
1%

2.3 LCP #f SHR &% /& &) %R

MR 4 AT, SEERIE], 25 F4H(B 4H)SHR Ay Il
FEAB B & JE 3G K 17, 465 3 RS ETE 210 mmHg
Fida o S 2 (LCP ) EHE 15 26 1 JA S To R Ak,
NS 2 JE TG A i AN 7 B, 5 3 RTS8
FZHA T 03522 5(P<0.05), X i35 IR T CR 15
23 7 4, HY BAMLIL, A 18 mmHg 2471
k22, Ui LCP B — MR AR HLRE IR
FUEFFEE R R ERCR o RHE I 2H (P 2H )42 il ifi s 1)
RORBCHW ., BEE 1 a8 T W R R A8UR

x4 BHEHNYAE K E S E S E (x£SD, n =6, nmHg)
Tab. 4 Systolic blood pressure (SBP) at different time in
each group of animals(x+SD, n =6, mmHg)

g o U H2H B3I H4M

B 166+15 185+9 197410  210+18 211+8
P 16749  165+£14° 16118 176£9™" 166x14""
LCP 172412 196+11  198+11  192+5° 19349°

T *FoR 52 A 25 5 W35 (P <0.05), **RR 545 4Lk
B 22 AR B3 (P <0.01). R[]

FERFEL B LI 4

TaHRER M, Ao FREKT 3 kDa
(0 e I IKEE 5 SHIR, SIE3 JE I Sy 6 Jil, o8k P it B e
Bk 20 mmHg. ARIESEUIRFR A B, LLE KRR K
#'H SHR, S I 8 Ji, 7E565 4 JEmt, W%
20 mmHg, % 8 Ji i #F¥ /% 38 mmHg. HWEKATLIE
H, LCP AR AR 5 — B i K 9 350 R T s AR
M, 0T HE K S0 SR A A RO DA R A5 24 sk
IR A 42 I BORE A it — 2B 0T

2.4 LCP 3t SHR | &-f% %7Kk E(RAS)

AR F R

RSA ZHE FEAFEE R . E B KK (Ang) .
IML45 5k R W i (ACE) ML A 5k R [T (Ang D),
1 OIS 1) RAS FR G025 350 I % B i o 2 5
Z— R TR T B WEER 25 40 A A B 2R AR I Y Ang
FEAS R oA PE YRR Ang 1, '"BH:51E ACE ITER
T AR EA SR ETHEE YR Ang 11, B Z P
N RAS RGUIGER AW IR FIBR K K, 1 Ang 110
AR B R T =R R . 4 4L
) Z A Ang TR HRT%1, 5 B 4iAHEH, LCP
L FERRAR T B & (P<0.05)F1 Ang 11(P<0.01)HY 7K,
1M P 2H X T R 100 i 5 s ) B PR R B AN 4 LCP 4
AR E P AL I R R ACRR LA T LCP 41, {HE
WIZ KA RBOA S 7 1 E e T LCP 4, Xt gg i
7R T RART= W 03 VAR T A S TE B TR ML L i
o RIAHEN: LCP ] RB 2@ 5777 RAS R4, il
X — 3 6 1) & 18 RGP A 17 AR SHR Ao I P
2.5 LCPxfSHRAeX ¥ 5% 4EAZ6YA

B2 M (LPS) R T4 2 (RIS HLAMI Y
FEAL MRS, 4 T8 R BE 52 F) A0 S 4 ok
H 5 RS R ALE IR, 2S8R 2 R RN £
B AR R LPS, S E R SR 5
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70¢ P
6.5F ll C—Angll 4150
6o} 1140
= 130 33
E 55 )
=) . 120 2
250 =
I " 110 o
2 4.5 *k J100 <
4.0 190
35 180
70
30 B P LCP

K4 KA R Ang TR 5 &
Fig. 4 The content of renin and Ang II in plasma of each group

K F-a(TNF-a) | F 404 38 (IL) A2 2 R 19 3
K PR M R i b HERR A — R R SEREAR, 20
FHN A K I | B 98B A0SR AL, Bl i iE i 5
PRSI, JCEEFEAAN A LPS #E AR 51 & — ZR 5
B, R AR IERESE LPS XK BN B R G
PEFE AR R0 R B, LPS AT i 2 R AR Zh BE AR R 41
JHL ) o DA B o iR S BE R R 1 A I PR AN
FEBG 0 6 B3R R Ay A i L STERE R, AR Y
BV o0 R IS L e A T AR, BT DABH R
s JEL A ) S5 A A R AR T S 3k AR
A ISR R AT . ERERYEE T . A
Z, LPS HYFEAR AT LATE — o B E bR AE 718 N PR B Y
[

M H LPS P45 K unE 5 i, LCP 5 B A
FH B e 22 5, P 5 B AL 22 2 2 3, LCP FI P
HOEEAL T LPS iy, (HP 3 2 IH) G i 3 1k 22
S, B AR M T LPS S BIRE 1 22 A K.
L IR, LCP FI-R4GEFIX) SHR #9718
B — N E

650

600

550

500 *%

&£ H5/(EU/mL)

450

400

B ' p LCP

K5 4K LPS iy & it
Fig. 5 The content of LPS in plasma of each group

2.6 LCP %} SHR £ 8% &% h

SR —EHAA T RPL R = RERAE R
grie, Watt ZEUIBFIT 5, R R A A i i 25
2% PR FH W T A e ) PN L K BRL A 45 B M 5t 0
i AS A Y Norris 28R = R0 I8 A 712 (-
o A-) S RRE R i 7 1k 3R AS I B A T W B R 5 | Ak
KB E B A R KT Watt S5 0F5E . (E15
A R T B B R PR 431 i AN AR A
10kDa A b =" mrss R, 7R
4.5kDa Y LC i) 5 2 58 7F To /N UG I8 il —F
A R A LR TR %) 2L R A 5 1R /N R R AE, (3
LA 2 it AVLKT TR 6 45 B 9 o N g SRS B v SR 3 K
AT R DA AR % b 8 1 At g 42 5 | /2 i 1 R E
T BEME o S0 0 4B OTRF 5T 2 B DU R - BT I SERE A
FRIK - B 2 536 KA 4 i) ) S AR A 0 ) T 22 R
RAEAT T 73U, FEEAI T 40 B A E S o

I Ah, Jaworska 2SI BF 5T R B, KRR W IR
5525 g %F = W I (J 18 20 B A 0 ) 1 3 3 R 3 A
X, XL RAEBEE G5 LA A 0 s, AR 40
R/ | BEBELA K I R 2R MDRE AE, mER A A
(A A AR S 50 T T R S A A ) 3 A PR A, 1T X
— SR SRR A MR ARG . Santisteban 25U R
SR, WiE A A T S, AR A, S
BRI, SRR A DA 18 T R A
BRIHMG, AR RV RGN S
SR S IR AR SR, itk LCP T4 iR
5% 1 o 38 Bl 5 LRI SHR IR —E M LR .

ARBFFEXT SHR W &5 i AT U1 Fr ge €, &3
B 12K BT A B S T R A bk L 40 B A A R
PR A R R I, BB, IR
SRR, MORAIAR 5% . P AR — R
M9 0E, HY5 B 4 AH LUm& A 22 1 LCP 415 B 4
M, JEARRIME " ENRIERS, E2H &
TR R, R b i 454 5 48, A AE 52410
FRes ahty, ORE T RS aIAIR A0, 48 0F 4i 3= i
WAFHN TR (& 6).

3 &

I P 5 BT, LA - RIS O SR il
#W T FRTE 3.5 kDa 24 1) LC, ¥ LC 5 KCI
WIRIRA, 3 WIREETUG S8 Lep, KHAAERT
SHR, &IHX SHR ffeE HFFLLmbE RAEH, B
&R 18 mmHg . #E— W5 &k B, LCP B FE(K T
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LCP

Kl 6 SHR Z5md 2UR BT R
Fig. 6 Colon histopathological section of spontaneously hypertensive rat

TE: 40x ST B il o3 S S8 2 T

RAS ZGHEE(P < 0.05)HMAE %K £ 1 (Ang 11)
(P<0.01)AY7KF, H#EM LCP 7] GEJ& i i F& Ik RAS &
GEIE AR BE R AR R RAE AL, thAh LCP 1B AR T
ML g Z 4 (LPS) /K F-(P < 0.05), %% 1 il
BV, HE— L 0E T HiE bR 254 0 58 5,
AR5 2% BH i 3 45 4 1) 57 3 5 R IR %% U0 AH O,
JELL LCP A v R i oo 25 i 1 PN P 35 1 T AR T
SHR A9 IfiL )% .
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by enzymatic hydrolysis and its antihypertensive effect on SHR
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Abstract: To investigate the effect of LCP on blood pressure of SHR, LC with a low molecular weight of about 3.5
kDa was prepared by combining enzymatic hydrolysis and alcohol precipitation when taking k-carrageenan powder
as material. Mixed LC with the KCI solution, and the free potassium ion is removed by alcohol precipitation to ob-
tain the LCP with high binding rate. The content of potassium bounded in LC increased from 6.5% to 8.7%. The
experimental group was administered with 600 mg/kg of LCP. The negative control group was administered with
distilled water. The positive control group was administered with 10 mg/kg of captopril. The results showed that
LCP had a stable and sustained antihypertensive effect on SHR, and significantly reduced blood pressure by
18 mmHg compared with the negative group. LCP significantly reduced the levels of renin (P < 0.05) and angio-
tensin II (Ang II) (P <0.01) in the RAS system. It is speculated that the antihypertensive mechanism of LCP may be
to reduce the activation degree of RAS system. The level of lipopolysaccharide (LPS) in the blood was reduced (P <
0.05) and the integrity of the intestinal epithelial structure was significantly improved. This result will provide a scientific

basis for further evaluation of the efficacy of carrageenan oligosaccharides and the development of related products.
(A% #: R 3k)
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