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The in-situ absorption of antipyrine as a measure of intestinal blood flow

in Fluosol-DA haemodiluted rats
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Abstract—The effect of moderate Fluosol-DA haemodilution on
intestinal blood flow has been investigated in the rat. Antipyrine
in-situ intestinal absorption is blood flow limited, and did not alter
0-5, 24, 48, or 72 h after haemodilution with 40 mL kg~! Fluosol.
Thus the intestinal blood flow rate is maintained as part of the
physiological response to ensure adequate perfusion of the vital
organ.

Fluosol-DA (Fluosol) is a proprietary perfluorochemical (PFC)
emulsion which is an acellular oxygen carrying substance.
Preclinical studies have shown that Fluosol haemodilution
increases the cerebral (Nagasawa et al 1981), myocardial (Biro
et al 1987; Biro 1988) and hepatic arterial (Haneda et al 1983)
blood flow rates in different animal species excluding the rat.
Ohyanagi et al (1988) showed that Fluosol infusion maintained
the gastroduodenal arterial and superior pancreatic duodenal
venous blood flow rates, despite decreased cardiac ouput in dogs
with induced acute haemorrhagic necrotizing pancreatitis. Lutz
& Metzenauer (1980) and Bizot & Rink (1985) however reported
that Fluosol administration decreased hepatic blood flow in rats.
In these experiments though, indocyanine green was used as the
dye reported by Shrewsbury et al (1987) as having a low hepatic
extraction ratio in the rat, which led them to study the clearance
of (4 )-propranolol which has an extraction ratio greater than
0-9. In that study, hepatic blood flow was not altered by
moderate haemodilution for 48 h but was significantly decreased
at 72 h.

The influence of Fluosol administration on the intestinal
blood flow in the rat has not been reported. This investigation
determines if Fluosol haemodilution alters intestinal blood flow,
using antipyrine in-situ intestinal absorption as the marker.
Antipyrine intestinal absorption has been shown to be flow
limited in unexchanged (Winne 1978; Schulz & Winne 1987) or
Fluosol-43 perfused rats (Takahashi et al 1988). Antipyrine
absorption was studied at various times after haemodilution
since Fluosol is eliminated slowly (Lutz & Stark 1987) and
hepatic blood flow was altered in a time-dependent manner in
the rat (Shrewsbury et al 1987).

Materials and methods

Fluosol was donated by Alpha Therapeutic Corporation (Los
Angeles, California), and prepared as directed within 0-5 h of
use. Antipyrine and other chemical reagents were obtained from
commercial sources and used without further purification.
Sprague-Dawley, male, albino rats, 261-331g, were used.
Antipyrine absorption was determined in unexchanged rats
(control) and rats haemodiluted with 40 mL kg~! Fluosol using
a reported procedure (Shrewsbury et al 1987). The antipyrine
in-situ intestinal absorption was determined 0-5, 24, 48 and 72 h
after haemodilution. Details of the in-situ procedure are
reported by Shrewsbury et al (1982). Approximately 6 mL of
antipyrine solution (25 mg L-!, pH=6-4, 300 mOsm kg~!,
prewarmed to 37°C) was instilled and passed through the
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cannulated intestinal segment three times to ensure mixing with
the residual contents. A 0-1 mL zero time sample was collected,
and the solution was immediately returned to the segment.
Samples were collected at 5 min intervals for 30 min. Antipyrine
concentrations in the luminal samples were determined by
HPLC (Shrewsbury et al 1988). A semi-logarithmic plot of the
luminal concentrations divided by the zero time concentration
versus time was constructed, and the absorption half-life was
determined from the slope of the line.

Results

Antipyrine absorption half-life (t) for the control and Fluosol
haemodiluted groups are shown in Fig. 1. The absorption t; was
not significantly different from the control in any group
(P<0-05, Student’s t-test), although the lowest mean was found
at 72 h.
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FiG. 1. Mean antipyrine intestinal absorption t3 following haemo-
dilution with 40 mL kg ! of Fluosol (n = 3-4). Error bars represent
1 standard deviation.

Discussion

The in-situ procedure has been shown to be an appropriate
method for determining intestinal drug absorption. Doluisio et
al (1969) reported that water flux was less than 10%, absorption
rates were reproducible regardless of the initial lumen concentra-
tion, and redistribution of drugs back into the lumen was
undetectable. The procedure was also used by Takahashi et al
(1988) who investigated antipyrine absorption as a function of
flow using Fluosol-43 as a vascular perfusate.

Other investigations have studied the influence of PFC
emulsions on intestinal morphology or absorption. Fluosol-43 is
a PFC emulsion that contains perfluorotributylamine instead of
perfluorodecalin and perfluorotripropylamine which are the
PFCs in Fluosol. Intraluminal administration of Fluosol-43
provided protection for 2 h against acidosis and morphological
changes in an ischaemic dog intestine preparation (Baba et al
1979). The first report of using Fluosol as an ex-vivo perfusate
was in 1983, but its effects on intestinal morphology were not
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studied at that time (Nakamura et al 1983). However, ex-vivo
perfusion of human intestine for 6 h with either Fluosol or
Fluosol-43 did not cause ischaemic changes in the microvilli and
only minimal reversible mitochondrial changes (Baba et al
1988). When used as a vascular perfusate in-vitro, Fluosol-43
maintained the normal intestinal absorption barriers to tritiated
water, salicylic acid, D-glucose, glutamic acid, and antipyrine
(Takahashi et al 1988). The in-situ duodenatl absorption of Ca®*
in rats was not altered using Fluosol as a vascular perfusate (Aso
et al 1979). Thus, PFC emulsions appear to maintain the
integrity of the intestinal membrane.

In the present study, there was no significant difference in
antipyrine intestinal absorption in any Fluosol haemodiluted
group compared with the control. This implies, in an indirect
manner, that moderate Fluosol haemodilution does not change
intestinal blood flow in the rat for 72 h. In another study, hepatic
blood flow was maintained for 48 h after Fluosol haemodilution,
but significantly decreased at 72 h (Shrewsbury et al 1987).
Although the lowest mean antipyrine absorption t} wasat 72 hin
the current study, it was not significantly different from the
control. These results may indicate that hepatic and intestinal
blood flows decrease at or beyond 72 h. However, the intestinal
blood flow is maintained for at least 72 h after haemodilution,
presumably as part of the physiological response to ensure
adequate perfusion of the visceral organs.

This study was funded by the Biomedical Research Support
QGrant Program (RR07072).
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