Mechanism of Small Intestinal Reperfusion Injury
and Treatment Utilizing Intraluminal
Perfluorochemical (PFC) Perfusion
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Table 1. Composition of PFC emulsion

Perfluorotributylamine 20,0 w/iv%
Hydroxyethyl starch 3.00 w/v%
By B e copolymer 296 /¥ %
NaCl 0.600 w/v %
NaHCOs 0.210 w/v %
Glucose 0.180 w/v %
KCl1 0.034 W/v %
CaClz 0.028 w/v %
MgClz 0.020 w/v %‘

W
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/

TAN, total adenine nucleotides ; TCA, trichloric acid

jejunum 30cm

Schematic diagram of intraluminal intestine perfusion system.

group ; SOD, superoxide dismutase ;
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Table 2. Assay condition of HPLC

ATP i .
ADP Hypoxanthine Uric acid
AMP s
Flow pump HLC-803D (Toyo soda) LC-6A (Shimadzu)
Column Partisil 5 SAX; 4.5x110mm(Whatman) Shim-pack CLC-ODS;6.0x150mm (Shimadzu)
Column temperature Ambient Ambient
Ultraviolet absorption detector UV-8 model I (Toyo soda) SPD-6AV (Shimadzu)
Detector condition 270nm 250 nm 290 nm
Mobile phase 0min—0.01 M KH:PO:/H3POs pH 4.0
l linear gradient
0.2 M KH:POs/H3POs pH 2.45
jgzm]04MKHPOMmP&pH3% »POs/HyPOs pH 2.45
i
" :' 0.4 M HaPOy

Flow rate 1.0 ml/min

1.0 ml/min
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1. PF=r 30 L3 F A ABEHE(L

1. BB ATP 0ZH)

R ATP 3 FEmEE ¢k PRIMET 2 138.0£0.6
umol/g dry weight TH 7228, 603 DEEIM D
#iwziz, PHImMKRE 1 41C1.8+0.54 mol/g dry
weight t EEWCETL:. #hUBEE2ZD T, B
MR %6043 1E2.9+ 1.4 mol/g dry weight T

VI #EEHALIE bHois. ZHHLT, i+ PFC #EFEETEEM
" Table 3. Assay condition of HPLC
PEG 4000
Flow pump LC-6A (Shimadzu)
Column TSK-GEL G2500PW; 7.5>%300mm (Tosoh)
Column temperature Ambient
Detector RID-6A (Shimadzu)
Detector condition Differential refractive index
against 0.1M NaCl
Mobile phase 0.1 M NaCl
Flow rate 1.0 ml/min
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Fig.2. Changes in ATP contents in intestinal mucosa at untreated period (pre.),
1, 15, 30 and 60 min after declamping. Each point represents the mean+S. D.
O——0), intestines subjected 60 min’s ischemia and reperfusion (ischemia
group,5 dogs); @@, intestines intraluminally perfused with oxygenated PFC
emulsion during 60 min’s ischemia (ischemia+PFC perfusion group, 5 dogs).

* P<0.01 between the two groups.
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Fig.3. Changes in TAN contents in intestinal mucosa at untreated period (pre.),
1, 15, 30 and 60 min after declamping. Each point represents the mean+S. D.
O—0, ischemia group (5 dogs); @——®, ischemia-+PFC perfusion group (5
dogs). *, p<0.05; **, p<0.01 between the two groups.
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Fig. 4. Changes in energy charge in intestinal mucosa at untreated period(pre.),

1, 15, 30 and 60 min after declamping. Each point represents the mean+S. D.
O—-0, ischemia group (5 dogs); @——@®, ischemia-+PFC perfusion group (5
dogs). *, p<0.05; **, p<0.01 between the two groups.
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declamping
Changes in hypoxanthine contents in intestinal mucosa at untreated

T 1 T

15 30 60

time after declamping (min)

period (pre.), 1, 15, 30 and 60 min after declamping. Each point represents the
mean+S. D. O—oO, ischemia group (5 dogs); @——®, ischemia+PFC

perfusion group (5 dogs).

** p<0.01 between the two groups.
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Fig.6. Changes in xanthine contents in intestinal mucosa at untreated period
(pre.), 1, 15, 30 and 60 min after declamping. Each point represents the
meantS. D. O——C0O, ischemia group (5 dogs); @—@, ischemia+PFC
perfusion group (5 dogs). *, P<0.05 between the two groups.
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Fig. 7. Changes in uric acid contents in intestinal mucosa at untreated period
(pre.), 1, 15, 30 and 60 min after declamping. Each point represents the
meantS. D. O——0, ischemia group (5 dogs); @—@®, ischemia+PFC
perfusion group (5 dogs). *, p<0.05; **, p<0.01 between the two groups.
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Fig. 8. Histological findings of the intestinal mucosa at 60 min after declamping.
(A), ischemia group shows desquamation of the epithelium from the villus tips
and inflammatory cell infiltration (HE stain,X50). (B), ischemia+PFC
perfusion group shows neither desquamation of the epithelium nor inflammat-

ory cell infiltration (HE stain, X50).
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Fig.9. Changes in water absorption of intestine
during untreated period (pre.) and reperfusion
period (post.). Each point represents the
meantS. D. X, pre.; O, ischemia group (5
dogs); @, ischemia+PFC perfusion group (5
dogs). ** p<0.01 between the two groups.
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Fig. 10. Comparison between oral side (influx side) and anal side (outflux side) in
ATP contents in intestinal mucosa. pre-ischemia, intestines at untreated period
(3 dogs); ischemia, intestines at 1 min after declamping in ischemia group (3
dogs); ischemia+PFC perfusion, intestines at 1 min after declamping in
ischemia+PFC perfusion group (3 dogs); ischemia+PFC (—) perfusion,
intestines at 1 min after declamping which are intraluminally perfused with
oxygenated solution without PFC during 60 min’s ischemia (3 dogs).

O, oral side (influx side) ; 74, anal side (outflux side).
Each bar represents the mean+S. D. *, p<0.05 between the oral side and the

anal side.
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Abstract

Changes of the mucosal level of adenine nucleotides and purine metabolites in the
xanthine oxidase system were quantitatively analyzed in the ischemia-reperfusion model of
the canine small intestine. Moreover the effect of intraluminal perfusion with oxygenated
PFC emulsion on the small intestinal preservation was examined. Both untreated intestines
and PFC-treated intestines received 60 minutes’ ischemia and reperfusion. Compared with
initial levels, the mucosal levels of adenosine triphosphate (ATP) decreased significantly in
the untreated intestines but did not decrease significantly in the PFC-treated intestines. In
the untreated intestines the mucosal levels of hypoxanthine, xanthine, and uric acid
increased significantly, whereas in the PFC-treated intestines the mucosal levels of these
metabolites showed no significant changes. Histological features of the mucosa after
reperfusion exhibited desquamation of the epithelium from the villus tips in the untreated
intestines and remained unchanged in the PFC-treated intestines. Water absorption
decreased to —7% and 46% in the untreated intestines and the PFC-treated intestines
respectively. The results directly document that ischemia-reperfusion of the small intestine
results in the decline of ATP synthesis and activation of the xanthine oxidase system,
suggesting that superoxide anion produced in this xanthine oxidase system induces
morphological and functional damage of the mucosa, and indicating that intraluminal
perfusion of oxygenated PFC emulsion is effective for small intestinal preservation.



