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Abstract: Sodium chloride is present in our body fluids, and the blood contains approximately 0.9 wt% salt, which plays
an important role in maintaining the osmotic pressure. However, the amount of salt intake has consistently increased, and
an excessive intake can be the cause of high blood pressure, etc. In this study, it was investigated in vivo and in vitro
whether biocompatible ionic polymers with K or Ca ions can be replaced by Na ions through an ion exchange process
to be excreted. Among the polymers, Ca-polystyrene sulfonate, K-polystyrene sulfonate, Ca-carrageenan, and Ca-tam-
arind had an excellent Na exchange ability in the body temperature, simulated gastric fluid and also simulated intestinal
fluid. The mechanism of Na removal by absorption and excretion without changing food taste in the mouth through the
insolubility properties of these polymers is expected to be a solution for the current problems related with excess sodium
intake.
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Ak, Calcium PSS(Ca-PSS)y= Hangzhou Pharma & Chem.
(&=H)lX, x-carrageenane FMC Biopolymer(F]=), 30|
(fucoidan)yS a1 BFo] QB (3H=), tamarind gum Ef7
e 2H(EEE), Na-PSS(M, 45000, 350000 g/mol)L Sigma-
Aldrich("]=), ollgh&-2 FskekEh=), F3kda(CaCly),
AFSPEF(NaOH), Y HEH(NaCl), A3 (KC), 14t
25 (KH,PO,)E H4+s}sl(3h=), ICP standard solution Na,
Ca, K 1000 ppm Kanto Chem.(d¥)pllA Fs18ith 557
FE 23 SHFE AREEIer RE B4E A glo] A
&3Furt.

LHEE X[&td 12X M=, Ca-PSSE K-PSSZ X|&t:
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250 mLe] B k=30l 100 mL FF52} Ca-PSSe] Z
& @3 71502 50mM2] 2.03 g& YW oil bathS o]&
ste] 70 °ColA 2417 E<9F WHIAIZATE WREAJATTAA] A
207 2LE YR 3 250mM H3FEE 186 g2 7B}
A7V & 5A17F B9 wHke {22171 & dialysis membrane
(cut off M, 1000y ©]83le] 3d &<t Uie Ae 5 ©]
25 AABL eEE HHAIT] Fol| XF71xste] K-PSS
£ A3tk Ca-PSSS| 90%2] Zgo] ZFo=E A RS
ICP A% 415 Faf gl

Ca-Fucoidan X|g&: FFHo|dhe o &4 FEAS=
bEA Axes 204 #43 5= E2olH, ICPE °l%
slo] 4 Wol]l YEF S it w43 A% &
Ao 44%7F FEFLORE o]FolA] Ut o] iEAte] Zr
218k WS Tt Atk Fold 4 wi%E 70 °C B
A7 WRE & Ao Iy 7oA v qu) o] dsdES
17+ &<t WHAIFTE 2 Fo] dialysis membrane
Wil e UYEF oS AAsk

2F Azsl Ca-fucoidans LA
8} E45 ICPE ol&sto] A& 4% A3
o] XA 9E A JEFS] 83.05%7F o=
28 S SRIF = AT

Ca-carrageenan®} Ca-tamarinde| x|&h: + &2 o} &
AsHAl 250 mLe] T Skl 1 wi%e] A5 100 mL
o] TFTE YL oil baths ©]-§3te 70 °CE % el
A 2AZE B9t wnkelt, wRSIAA] 02 U & 5 wi%
o] AsiES Hrkslslnh H7F 3 5AIF 5t wiks fA
A1Z1 3 dialysis membrane(cut off M, 1000)S ©]-&3}o] 3
o FF Ul e UEF oS AlAskL oehEE A
AlZ $ 21 Azste] 7bz7ke] X|$ke HES AT

LA Xk B3-S A7) flal XS ] EAS A
2Fol Bl Y ICP(inductively coupled plasma spectrometer,
Ultima-2 Jobin Yvon, France)E ©]-8-3fo] A& 451t}
ICP standard solutiong- ©]-8-3ld &3S ™, pump speed
= 20 mL/hr, nebulizer flow= 0.2 mL/hr, argon gasE ©]-&

ST},
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ZJefel A 10mL HShHEF &9 s=5 7T 2
o 4L A7) A=k A sYsA Aasdnt.
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Figure 1. Structures of (a) Ca-PSS; (b) fucoidan; (c) x-carrageenan;
(d) tamarind gum.
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S Fo) glon, BF FHXHE FAS U] B 4
=, 0 5o An JJr gt 2 ol Zhgo] ik Al
WA 7P iZWTOﬂH FEol A2 R EFEE
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AT FEACE FEEAY e o] & Sgalactosidase
BaE A3 AR —z,—*él"i—P— thEolth AFeoA] L3
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E4S 7RI
Ca-PSSe| LIEEF X|8H&8: Figure 2= Ca-PSSe] o] 1}
Ef A% 540 ol IS FEAE Dok AeE Ca-
PSSe] o] S7Fetell Ca-PSSe] Ca*'9} Na'e] o] aglo] o
Ut HEFE] &7t Zaskditt. o]& F3l Ca-PSS7F 5
23 UEF ASS 7HKive AS geld & ok ot
o] Szl whet HEF A2hge] v aste] 0.15¢/
mL ©]o|A &= plateaus HolE Z1o 2 wlolE )

Table 1& HEF X8 54 o3t 27] Jehhegel
o] ol tha] Yokt Zlolt). Ca-PSSe] EAT ol A
BIIEFS] Fu7} ZHIFE UER FaEe S7HLO

w, 2 M 274 58.5mge] YEF THAFS BT Ca-
PSS<2] monomeric A2 406 g/mol©] ™, 0.812 g Ca-
PSSE meolollil- Ca= Na9} €] 27}2] Y40]E = Ca-
PSS 0.812 g2] & CaO] Na® 2 X|3tgtial spH o|2F o
2= 92.0 mg®] ‘/} Fe XSAZ F Ut 2M Z7d00A
Ak o2 A Zli‘rtYL T A= F9] 63.6% G ¥
O F o]z 7]E9] o] 2X|% 7w HlwslS o vlwA &
BES 2= RS IR F U

K-PSSe| LIEE X|8k8: Ca-PSS] 799} MRIAZ K-
PSSe] FUS FelA HSEFS] vE7t TS UE
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Figure 2. Effect of Ca-PSS content on Na reduction in 0.1 M NaCl
solution.
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Table 1. Effect of Initial Concentration of NaCl Solution on
Reduction of Sodium Concentration

Polymer content NaCl concentration [Na] reduction

Polymers = (o/m.) M) (mg/L)
0.1 450
Ca-PSS 0.08 1 3770
2 5850
0.1 1200
K-PSS 0.08 1 4740
2 5590

F AR S7RIeH, 0.1 Me] 229041= Ca-PSSEL) K-
PSSe] x|ek&o] 719 F u] H&= E3TH(Table 1). 22 1
M ZZX = 2ol 7} vl ZolAH, 2 M Z27dM = F AL
A} B ALl FUg X3S HRIT}. o] PSS9 sulfonate
719} Ca™e] BH71gH} Ko Hx7|go] ofalr| ufZof
w$e FroX= K-PSSe HEF X]%‘rz%ol =7 Yehe=
3—1011, NaCl-/] & ]’ = 75‘?‘01] 47]‘?:]9] i]'O]E_E}'
S Fafol o oJEshel st 71}5:%— Zb= Ao g

‘]— 2= O]q_316
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Figure 3. Effect of initial NaCl concentration on Na reduction (H
(a), @(b), and A(c) calculation results when [NaCl] = 0.1, 0.5, and
1 M, respectively; V, <I, and <> replicated experimental results
when [NaCl] = 0.1 M; A, and [] experimental results when [NaCl]
= 0.5 and 1 M, respectively).
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Figure 4. Na concentrations in blood, urine and feces when various
polymers were taken. The control data was obtained without feeding
sodium and a polymer, and the ‘sodium’ data was obtained with
feeding sodium without a polymer.
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Table 2. Effect of PH and Temperature on Na Absorption of
Ca-PSS

Polymer [Na]
Polymer  content Medium Tem(}iecrjl ture reduction
(¢/mL) (mg/L)
Simulated 20 6320
gastric fluid 37 -
0
Simulated 20 3710
intestinal fluid 37 -
Simulated 20 5260
gastric fluid 37 5320
Ca-PSS 0.03
Simulated 20 2540
intestinal fluid 37 2710
Simulated 20 4870
gastric fluid 37 4910
0.05
Simulated 20 2320
intestinal fluid 37 2350

TN AF ANz eIt ALl 25, 37°CeN AL
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