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Assessment of Intestinal Permeability Using Polyethylene Glycol
in Liver Cirrhosis with Ascites

Moon-jong Han, Soong Lee*, Jae-kyu Lim, Hyun-min Lee, Min-seok Han,
Woo-jin Kim, In-hyung Park and Seung-cheol Son'

Departments of Internal Medicine, 'Family Medicine, College of Medicine,
Seonam University Hospital, Gwangju, Korea

Increased intestinal permeability and endotoxemia have been implicated in pathogenesis, progression
and development of complications of liver cirrhosis (LC). No study has thus far been reported in Korea
on the assessment of intestinal permeability using polyethylene glycol (PEG). The aim of this study was
to determine whether intestinal permeability is altered in LC and correlated with clinical characteristics. 65
patients with LC and 26 healthy control subjects were studied. The intestinal permeability value is
expressed as the percentage of retrieved PEG 400 and 3350 that had been orally administered in 8-hr
urine samples as determined by high performance liquid chromatography. The causes of liver cirrhosis
were alcohol (n=38), virus (HBV 17, HCV 9) (n= 26) and alcohol combined with HBV (n=1). Mean values
for PEG 400 and 3350 retrieval were 46.5+3.22 and 0.24+0.03 in controls, 44.1+5.17 and 0.21+0.02 in
LC without ascites, and 37.4+3.55 and 0.29+0.04 in LC with ascites, respectively. Intestinal permeability
index (IPl) was significantly higher in LC with ascites than in healthy controls or LC without ascites
(0.84+0.21 vs. 0.52+0.05 or 0.54+0.04, p<0.05). A sub-analysis relating intestinal permeability to the
Child-Pugh class of LC showed significant differences between class A , B and C for PEG 3350 and IPI
(p<0.05). According to sub-analysis relating IPI to the presence of encephalopathy, hypoalbuminemia of
LC, there were significant differences (p<0.05), but not for patients as indicated by prolonged prothrombin
time, esophageal varix or hyperbilirubinemia. The present study suggests that increased intestinal
permeability is probably of importance in the pathophysiology and progression of liver cirrhosis with ascites.

Keywords: Permeability; Polyethylene glycol; Liver cirrhosis

AMZAY: 20084 7€ 8L
*WANALE O] &, 502-157, ATt O|tCst ket uA, Phone: 062-
370-7888, FAX: 062-371-3092, E-malil: Ismed@hanmail.net

87



88 ZHHoltistEx| HM44AH HM235 2008

)
=N
1o
R
o
b
fr
x
5
i
m G
o,
L

%
g2 Az it 4 3t S k= Al
2 294 o' A He g 7%, HeErEY
B, od] AxEA T3 2e 49 WolAAEe] H4Y
AU Al HHE dASY B dRFe] sEkE A
3o M A Hut o)ido] EAstar, T &4 FHe
7154 BT} HZ AP gl Rugy Ykt
& F STk mE ATy A9, s 7Y 5
7he T 7 249 Rl 7 ARFelA 1] H5I) Al
T 748 22 A7 39S 2 7)o QAEA AT
o] 9lgo] Busgokt dRXNE & T34 Z7h7} 7
%] e Al Fa3kA ol

1) 2771 Basi

Ba7b SHtE 3 ARS Sk Zeldddl 22l (poly-
ethylene glycol, PEG)-& ©]8-3t & T34 wslol| gt
7= AY glor FUdXe o} ®Hiv) gle Aotk
oo A= EFE TV 1+ AWF A PEGE
o]-gste] & T WslE AuRI 4 FEH A

g Ml Baste]  Fagel 9B TS sk

Ay 2wy
1. A7 oY

3299 B4t QE 7 AWE B4, 3399 B4t gl
2 aE B 293 2639 A% Ba
B OETE G, vl 149 7]

W o 3

EE AR AR

A% L P B4 AGENL, F T A 9%
2 % 4 = BE2os WKy FARA, 2T
$9 27 Aol Bed DA% ANt B A7 Ay

st A7 ATA] I ALl 52 Bke

: BAEe] Bolag wltk

7t 7ANS BAE ey 2 ARASE YA v B
o), A= FuF, B¢ 5 1832 249 A9 Z2E

1% 59 AAM A%E Bl $AE

= Child-Pugh #5o wgich zp2

A AA Bede] gk F3iE e dlo] glomA

o) A E7} 250 cells/mm’ o) o), o7

& HE47t 10°/mlne 2 2w

b ot of\

Of
-

& kY w2 AHoslgk A e Hdl w)

% 2V 29l G4 W) Al HEe A u
AP GAIAY AFAQ FRA &7, HFse A
BT A AR P A FPA 240

X

ofr
O
2
™,

¢

ol
ol
2 o
o

2. § SIe| 5

o) A= & T3 A4 15 ool dAjskglen &
E314 AR PEG 400, 3350& o481tk Alg diidd
BT A A A9 84] ol F 44171 A1 B ok
of 2We BA & F ok A4 1ARE el PEG 400 1 g,
PEG 3350 10 g& & 100 mle} E3s}e] B-gAZ ) o] %

87t 2ME Ho} BEW PEG F B F Wpew

A A
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ditions of evaporation-85°C, nebulizer 85°C and gas flow
1.0; Polymer Laboratories) S ©]-&3} 4 3} cHFig. 1).
34L& 200~1,500 mg/L (PEG 400)3} 10~200
mg/L (PEG 3350)9] ®¢lell dlom 4 T34 PEG

T oNEgs S, & FAE AP in %)=
PEG 4009l H]#|gF PEG 33509 & E344S el PEG
&R Tt 2ol ARkt

Total excretion of PEG (ppm)=urinary concentrationx

2%

c
o

volume of urine

Permeability (%)=(Total excretion of PEG)/(Ingestion of
PEG)x100

Intestinal permeability index (%)= (Permeability of
PEG 3350)/(Permeability of PEG 400)x100
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Fig. 1. HPLC chromatogram of urine of cirrhotic patient with

ascites,
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Table 1, Demographics and characteristics of the subjects

Cirrhotics Cirrhotics Healthy
with ascites without ascites  controls
(n=32) (n=33) (n=26)

Age (yr£SE) 5563+94 542+89 503+92
Sex (M/F) 28/4 26/7 17/9
Etiology

Alcohol 20 (62.5%) 18 (65.5%)

Viral* 11 (34.3%) 15 (44.5%)

Alcoholpviral t 1 (3.2%) 0 (0%)
Child class 1/20/11 27/6/0"

(A/B/C) (3.2%/62 5%/34 3%) (81.8%/18.2%/0%)
Child-Pugh score 8.8+044" 6.3+0.34
Serum albumin q

(g/dI+SE) 28+0.11 35+012
Serum  bilirubin I

(mg/dl-+ SE) 51+0.92 20+043
Prothrombin time §

(s+SE) 157+0.50 14.3+0.40
AST (lU/L) 78.3+9.45 748+11 4
ALT (IU/L) 341+48 515+=89
Encephalopathy 11 (34.6%)° 2 (7.4%)
Esophageal varix 14 (42.3%) 11 (33.3%)
Concurrent infection

Total patients 2 7

SBP 2 0

Bacteremia 0 1

uTl 0 4

Others T 0 2
*viral etiology-cirrhosis  with ascites (HBV-7, HCV-4), cirrhosis

without ascites (HBV-10, HCV-5); Tviral etiology-HBV-1; TOthers:
pneumonia, one; pulmonary tuberculosis, one; ° Different letters
denote significant difference by post hoc of Scheffe (p<.05); |l
significantly different at p<.01; "significantly different at p< 001,
SBP, spontaneous bacterial peritonitis; UTI, urinary tract infection,
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46.5+3.229} 0.24+0.03, 7} Sle

A 44.1+5.17¢}F 0.21+0.02, 547} =ute 7+ AW=
Foll A 37.443.559} 0.29+0.048 E4Z k3l
Ao A T ol vl PEG 3350 3%
AH Fode Atk IPlo) Bitghe %
W BAE 7l Jolr} AT, A%
7 f;i Aol Bls) Ba) Qe
Al =UtH0.52+£0.05 and 0.54+

0
05). 280 2% TS 84
4

Table 2, Intestinal permeability in the healthy control subjects and
cirrhotic patients

Cirrhotics Cirrhotics Healthy

with ascites without ascites controls

(n=32) (n=33) (n=26)
PEG400 374+355 44 1+517 465+322
PEG3350 0.29+0.04 021+0.02 0.24+0.03
IPI 084+021* 054+0.04 0.52+0.05

*Different letters denote significant difference by post hoc of Scheffe
(p<0.05), PEG, polyethylene glycol; IPI, intestinal permeability
index,

3. 2t YT AN & Fopyat AN G F MY 24

& FRY 1 ANEY FEEE YEE Child-Pugh
w579 HlaeA 257 Colx] Aut Bell gl PEG 3350 3]
222(0.43£0.02 vs. 0.21£0.02, 0.24+0.11, p<0.05)%}
IPI (1.10+0.19 vs. 0.50+0.22, 0.69+0.13, p<0.05)7}
oJstAl Eth S PEG 3350 34§28 A @4FRldZol
AE B¢ gl Tl Bla] FosiAl &9k (0.2640.22
vs. 0.22+0.31, p<0.05) IPI= 74 =3 A ¢Rvd=
o] Q= T4 gl ol Hls FolakAl =931 (0.81+0.28
vs. 0.57+0.01, 0.83+0.03 vs. 0.66+0.05, p<0.05) X2 E
BHARE 9, Ax AR, 1l FREs §5F FolA
= frogk zko)7h fIAth(Table 3).

WS A sEhE A ke 1
Y 3L} vgI Sy 1 AT A F B4
~
5=

& B IPDol SlojX Fofgk 2hol=

falot 7P WS @Al Child-Pugh e & F24
3 S7F Blle el AEAZE AT (r=0.494, p<

0.005 for PEG 3350 and r=0.447, p<0.01 for IPI).

Table 3, Analysis relating intestinal permeability to the clinical and laboratory findings in the cirrhotic patients

No, PEG400 PEG3350 IPI (%)

Child-Pugh classification

A 28 436+46 0.21+0.21 050+0.22

B 26 356+25 0.24+0.11 069+0.13

C 11 402+53 0.43+0,02* 110+0.19*
Serum albumin (g/dl+ SE)

>34 20 404+41 0.22+0.31 0.57+0.01

<34 45 38.6+53 0.26+0.22* 0.81+0.28"
Serum bilirubin (mg/dl+ SE)

>12 40 423+54 0.31+£0.04 0.70+£0.12

<12 25 315+36 023£0.13 0.62+0.21
Prothrombin time (s+SE)

>13 53 3932+26 0.28+0.04 069+03

<13 12 4021+50 0.22+0.04 049+04
Encephalopathy

No 52 42 32+2 65 0.25+0.01 0.66+0.05

Yes 13 39.18+3.00 0.32+£0.03 0.83+0,03*
Esophageal varix

No 40 436+254 0.23£0.02 0.70+£0.12

Yes 25 39.7+1.16 0.27+0.02 0.68+0.11

*Different letters denote significant difference by post hoc of Scheffe (p<0,05);
p<0.001, PEG, polyethylene glycol; IPI, intestinal permeability index,

Tsigniﬁcantly different at p<0.01; fsignificantly different at
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