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brane-associated activity was evident. In cultures ex-
posed to f-endorphin-(1-27) (30 nM) the relative pre-
dominance of the different forms of the enzyme was
essentially the same as in controls (fig., E, cf A). The
histological localisation of AChE was similar to that in
the presence of f-endorphin but fewer nuclei were AChE-
positive. However, f-endorphin-(1-27)-exposed cultures
were unique in that dense reaction product was focally
distributed in the cytoplasm as well as being associated
with AChE-positive nuclei in these areas (fig., F). BuChE
was barely detectable in control cultures and was seen
mainly in association with myotube nuclei. Its distribu-
tion was unaffected by the peptides. These findings indi-
cate that multiple effects of naturally-occurring S-endor-
phin derivatives can regulate the distribution of AChE,
and the nature of the effect depends on the length of the
C-terminus. f-endorphin alters the interconversion of
low-molecular weight, globular (G,, G,, G,) asymmet-
ric and (A ,) AChE forms, stimulating the accumulation
of the globular AChEs within the cell. f-endorphin-(1-
27) stimulates the lateral localisation of the enzyme into
active regions of the cell, reminiscent of those seen at sites
of nerve contact. At the time of innervation, AChE loses
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its diffuse localisation in the rat muscle cell and becomes
associated with specialised nuclei which become associat-
ed with the future motor endplate*°. Our observations
are consistent with the possibility that f-endorphin and
related peptides, which may be released from motor
nerve terminals in immature rats ', exert a trophic con-
trol over muscle AChE.
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The effect of moderate hemodilution with Fluosol-DA or normal saline on acetaminophen disposition
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Summary. Hemodilution with 40 ml/kg of Fluosol or saline reduced the acetaminophen V, and the acetaminophen
sulfate Cly at 48 or 72 h, respectively. Fluosol hemodilution increased the acetaminophen renal excretion at 24 and
72h. But at 48 h, Fluosol hemodilution either inhibited the renal secretion of acetaminophen or enhanced its

reabsorption.
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Perfluorochemical (PFC) emulsions are being evaluated
as potential blood substitutes or acellular oxygen carry-
ing substances because of their ability to dissolve oxygen.
Numerous animal studies have demonstrated that severe
hemodilution with PFC emulsions can sustain life. PFC
emulsions have been used clinically in man for blood loss
replacement, oxygen delivery to ischemic tissues, my-
ocardial infarction, coronary angioplasty, spinal cord in-
jury, sickle cell crisis, gangrene, chemotherapy of solid
tumors and severe anemia . '
PFC particles are captured by the reticuloendothelial sys-
tem and reach a maximum hepatic content in 2 days 2.
The PFC particles have been found in Kupffer cells,
_hepatocytes, mononuclear phagocytes, and ‘foamy’
macrophages ®. Not unexpectedly, the disposition of sev-

eral drugs is altered immediately after PFC administra-
tion*. Recent studies have indicated that Fluosol®-DA
(Fluosol) hemodilution alters cytochrome P-450 mediat-
ed drug metabolism in a time-dependent and dose-depen-
dent manner®. The current investigation determines if
the conjugation pathways of sulfation and glucuronida-
tion involved in acetaminophen disposition are altered
by Fluosol or normal saline hemodilution in a time-de-
pendent manner.

Materials

Fluosol was donated by Alpha Therapeutic Corporation
(Los Angeles, California), and was prepared as directed
within 0.5 h of use. Fluosol is a 20 % (w/v) perfluorode-
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calin and perfluorotripropylamine (14:6) emulsion con-
taining Pluronic F-68 (2.7%), hydroxyethyl starch
(3.0%) and smaller percentages of yolk phospholipids,
potassium oleate, glucose, glycerol, and various inorgan-
ic salts. Acetaminophen, 2-acetamidophenol, and HPLC
grade solvents and buffers were obtained from commer-
cial sources and used without further purification. Beta-
glucuronidase from E. coli (44,400,000 FU/ml) and beta-
glucuronidase/arylsulfatase (100,000 FU and 800,000
RU/ml) were obtained from Boehringer Mannheim Bio-
chemicals {(Indianapolis, Indiana). Male Sprague-Daw-
ley rats, 210-298 g, were used. They had free access to
food and water and were synchronized to a 12-h light-
dark cycle.

Methods

Acetaminophen disposition was determined in con-
scious, unrestrained, unexchanged rats and rats hemodi-
luted with 40 ml/kg of Fluosol or saline (0.9% NaCl).
Saline hemodiluted rats were included in the study to
differentiate between changes in acetaminophen disposi-
tion due to Fluosol itself and changes resulting from the
loss of erythrocytes and other blood constituents. A silas-
tic cannula was implanted in the right jugular vein under
light ether anesthesia 24 h before any hemodilution or
acetaminophen dosing. The study protocol and proce-
dures for hemodilution have been previously reported °.
Acetaminophen disposition was determined at 0.5, 24, 43
and 72 h after hemodilution by giving a single intra-
venous dose (30 mg/kg) through the implanted cannula.
(Codes are: unexchanged, CONT; Fluosol "groups,
0.5HF, 24HF, 48HF and 72HF; saline groups, 0.5HS,
24HS, 48HS and 72HS))

Acetaminophen was administered between 08.30 and
09.30 h to minimize diurnal variation’. Blood samples
(0.25 ml) were collected over 75 min and extracted as
follows: to 0.1 ml of plasma 0.15 ml of internal standard
(2-acetamidophenol, 10 mg/1), 0.1 ml of phosphate bufi-
er, and 1 m] of ethyl acetate were added. The phosphate
buffer was 0.3 ml of 1 M KH,PO, and 0.2 ml of 85%
phosphoric acid in 1800 ml of water (pH = 4.4). The
samples were vortexed, centrifuged for 2 min, and the
organic layer was collected and dried under nitrogen.
Each sample was reconstituted with 0.12 ml of methanol.
Plasma acetaminophen concentrations were determined
by HPLC with a 10 p C;g (250 x 4.6 mm i.d.) Alltech
column, a mobile phase of phosphate buffer: methanol:
acetonitrile (85:10:5), and a flow rate of 2.5 ml/min.
Ultraviolet absorbency was monitored at 254 nm
(0.005 AUTS) and the peak area ratio of acetaminophen
to 2-acetamidophenol was determined. The standard
curves were prepared using plasma from CONT animals
or animals which had been hemodiluted with the appro-
priate hemodiluent.

Urinary concentrations of acetaminophen, acetami-
nophen sulfate, and acetaminophen glucuronide were de-
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termined as reported by Nakamura® since authentic
standards of the two metabolites could not be obtained.
Fourfold dilutions of 24-h collected urine were made with
acetate buffer, and to 2 ml of the diluted urine, 0.5 ml of
acetate buffer, beta-glucuronidase (1:99 in acetate buff-
er) or beta-glucuronidase/arylsulfatase (1:39 in acetate
buffer) was added. The acetate buffer was 0.1 M acetic
acid and sodium acetate (1:2), pH = 5.0. The samples
were vortexed and incubated for 24 h at 37°C. 2 ml of
aqueous internal standard solution (2-acetamidophenol,
200 mg/l} was added before injection onto the column.
Chromatographic separation for acetaminophen was
achieved with the C, ; column, a mobile phase of water:2-
propanol (96:4, pH = 2.9 adjusted with 85% phosphoric
acid), and a flow rate of 2.0 ml/min. Ultraviolet ab-
sorbency was monitored at 254 nm and the peak area
ratios were determined. Standard curves were prepared
using urine from CONT animals or animals hemodiluted
with the appropriate hemodiluent.

Standard curves for both plasma and urinary samples
were linear from 1 to 100 mg/l. Fitting of plasma ac-
etaminophen concentrations to a monoexponential
equation, calculation of disposition parameters, and
statistical analysis (Wilcoxon rank sum test) were done
with the non-linear regression program (NLIN) of the
Statistical Analysis System (SAS) weighting the plasma
concentrations by their squared reciprocal.

Results-

Table 1 shows the acetaminophen pharmacokinetic para-
meters following hemodilution with 40 ml/kg of Fluosol
or saline. The acetaminophen elimination rate constant
(K., tended to be elevated in all groups but was signifi-
cantly different at 48HS and 72HS. As expected, ac-
etaminophen half-lives (T,,,) inversely followed the K.,
pattern, with all groups being less than CONT and signif-
icantly different in the 48HS and 72HS groups. The ap-
parent volume of distribution (V,) was significantly de-
creased 46% at 48HF and 34% at 72HS. Aceta-
minophen clearance (Cl) was significantly decreased
39% at 48HF. The significantly shorter T,;, and greater

" K, at 48HS and 72HS resulted from the decrease V4, and

not a Cl change as K, is dependent upon the independent
parameters V4 and CL

Table 2 shows the acetaminophen, acetaminophen gluc-
uronide and acetaminophen sulfate urinary excretion
percentages. The acetaminophen percentage was in-
creased at both 24HF and 72HF, but the 48HF percent-
age was not different from CONT. None of the ac-
etaminophen glucuronide or acetaminophen sulfate
groups were significantly different from CONT, although
the acetaminophen sulfate percentage was lowest at
72HF and 72HS.

Acetaminophen renal clearance (Clg) and the metabolic
clearance(Cly,) of acetaminophen relating to glucuronide
and sulfate formation were calculated as the product of
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Table 1. Averaged disposition parameters of acetaminophen after hemodilution with 40 ml/kg of Fluosol-DA or normal saline

Treatment groups

CONT 0.5HF 24HF 48HF 72HF 0.5HS 24HS 48HS 72HS
N 5 5 5 4 5 5 5 5 5
K, 0.050 0.053 0.057 0.056 0.059 0.054 0.052 0.064* 0.061*
(min~ 1) 0.006 0.005 0.002 0.010 0.007 0.005 0.005 0.004 0.006
Ty 14.1 13.1 122 12.8 1.8 12.9 13.5 11.0% 114+
(min) 16 13 0.5 2.2 1.6 1.3 13 0.7 1.2
Vv, 894 808 702 487+ 737 727 978 652 593%
(ml/kg) 162 258 107 56 104 195 128 193 154
cl 439 42.1 40.1 26.8* 43.7 38.8 50.2 414 35.7
(ml/min/kg) 6.3 9.2 6.3 3.0 8.0 8.1 40 12,0 6.3

* Mean with SD; * significantly different from CONT (p < 0.05).

Table 2. Averaged urinary excretion percentages of acetaminophen, acetaminophen glucuronide and acetaminophen sulfate after hemodilution with

40 ml/kg of Fluosol-DA or normal saline (percent of administered dose)

Treatment groups

CONT 0.5HF 24HF 48HF 72HF 0.5HS 24HS 48HS 72HS
Acetaminophen 75" 7.6 138+ 6.4 14.1 % 4.7 8.3 9.2 8.4

35 1.4 3.1 3.8 1.9 3.7 2.3 2.1 29
Acetaminophen 1.8 2.0 2.6 3.4 3.6 5.3 2.4 2.6 3.0
glucuronide 1.6 2.2 4.6 4.5 2.4 3.6 1.5 1.7 1.9
Acetaminophen 77.1 77.0 82.1 88.1 65.5 83.6 83.5 73.7 62.8
sulfate 12.3 12.3 3.6 3.7 5.0 9.4 4.6 7.0 5.6

* Mean with SD; * significantly different from CONT (p < 0.05).

Table 3. Averaged renal clearance of acetaminophen and metabolic clearances of acetaminophen relating to glucuronide and sulfate formation after

hemodilution with 40 ml/kg of Fluosol-DA or normal saline

Treatment groups

CONT 0.5HF 24HF 48HF 72HF 0.5HS 24HS 48HS 72HS
Acetaminophen 337 33 5.5 1.7 6.1 1.8 4.1 3.6 3.0
(ml/min/kg) 2.0 1.4 1.4 12 1.1 1.6 1.0 0.3 1.0
Acetaminophen 0.8 0.9 1.1 0.9 1.5 2.0 1.2 12 11
glucuronide 0.7 1.2 2.0 1.2 0.9 1.2 0.8 0.8 0.6
(ml/min/kg)
Acetaminophen 33.9 321 329 23.6% 28.7 322 41.8 30.2 22.2%
sulfate 8.0 10.0 5.3 2.9 5.9 4.3 2.5 8.1 2.8
(ml/min/kg)

* Mean with SD; * significantly different from CONT (p < 0.05).

the percentage excreted times Cl, and are shown in
table 3. The acetaminophen sulfate Cly; was significantly
decreased at 48HF and 72HS. The acetaminophen Cl,
was elevated at 24HF and 72HF, although not signifi-
cantly different at p <0.05.

Discussion

Acetaminophen, N-acetyl-p-aminophenol, is a common-
ly used analgesic and antipyretic substitute for aspirin.
Acetaminophen disposition involves 4 pathways: two
conjugation pathways forming a sulfate and glucuronide
metabolite; the formation of a cytochrome P-450 mediat-
ed metabolite; and renal excretion of unchanged ac-
etaminophen ®. Toxicity has been shown to occur when
the conjugation reactions become limited and ac-
etaminophen is oxidized by the cytochrome P-450 en-

zymes to the chemically reactive metabolite, N-acetyl-
benzoquinoneimine. The acetaminophen sulfate con-
jugation pathway is the predominant pathway in rats and
becomes limited due to the depletion of inorganic sulfate
at dosages greater than 160 mg/kg'3. The 30 mg/kg ac-
etaminophen dose used in this study is clearly in the
region where the cosubstrate availability is not rate limit-
ing and where direct inhibition of the sulfotransferase
would be the most likely explanation for a decline in drug
clearance 1°,

All acetaminophen CONT parameters in this study, both
plasma and urinary excretion parameters, are compara-
ble with numerous other reports® !~ 13, Acetamino-
phen Cl was found to be significantly decreased only at
48HF compared to CONT. There is a corresponding re-
duction in the acetaminophen sulfate Cly (see table 3),
but the excretion percentage of the conjugate did not
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decrease, a phenomenon previously reported 1©. After sa-
line hemodilution, there was a 35% decrease in the ac-
etaminophen sulfate Cl, at 72HS accompanied by a
decrease in the mean total percentage excreted (ac-
etaminophen, acetaminophen glucuronide, plus ac-
etaminophen sulfate: CONT 86.4 %, 72HS 73.9%). Nei-
ther of these changes caused a significant decrease in Cl,
although CI tended to be reduced.

Both Fluosol and saline hemodilution reduced the ac-
etaminophen sulfate Cly at 48 and 72 h, respectively.
Therefore, the effect appears to be inherent to the
hemodilution process and independent of the hemodilu-
ent used. Because of the dose of acetaminophen used in
this study, a hemodilution mediated interference with
sulfotransferase is the most likely explanation for the
reduced acetaminophen sulfate Cl,,. However, the inter-
ference may be of a transitory nature as the acet-
aminophen sulfate Cl,, was not different from CONT at
72HF. Perhaps an endogenous substance released sec-
ondary to hemodilution is inhibiting the sulfotransferase.
Studies in rats have shown that severe Fluosol hemodilu-
tion alters the concentrations of many plasma con-
stituents, red and white cell counts, immunological com-
petence, and coagulation response !**°, Though detailed
information of this nature is not available following
moderate Fluosol or saline hemodilution, it is reasonable
to assume that similar changes, perhaps abated, are oc-
curring.

The acetaminophen excretion percentage and Cl, were
depressed at 48HF in marked contrast to their elevated
values at 24HF and 72HF. This enhancing effect of Flu-
osol hemodilution is unique for the emulsion as saline
hemodilution caused no such effect. The renal creatinine
clearance, used to approximate glomerular filtration rate
(GFR), was reported as 3.8—6.6 ml/min/kg in hemodi-
luted rats, and did not vary significantly from control
animals®. In the present study’s CONT group, the ac-
etaminophen mean Cly was 3.3 ml/min/kg which sug-
gests that acetaminophen undergoes significant reab-
sorption since the Cly is less than GFR. The increased
acetaminophen Clg at 24HF and 72HF would imply that
Fluosol hemodilution promotes renal secretion of ac-
etaminophen or inhibits its reabsorption. The decreased
Cl, at 48HF could therefore suggest that Fluosol either
inhibited the secretion or promoted the reabsorption of
acetaminophen. A distinction between these mechanisms
cannot be determined from this study’s data alone. One
or more of the non-PFC Fluosol components may play
a role in the overall mechanism as it has been reported
that Pluronic F-68 caused structural changes in the rat
kidney tubules in vivo and caused increased protein loss
in perfused rat kidneys .

V, was significantly decreased at 48HF and 72HS and
slightly reduced in all other groups except at 24HS. V, is
the quotient of the dose divided by the initial plasma
concentration (i.e., at time zero, C,), and was decreased
because C, was significantly greater at 48HF and 72HS
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and slightly increased in all other groups except at 24HS
(data not shown). Since both Fluosol and saline hemo-
dilution influenced V4 and C, in the same manner, these
changes appear to be dependent on the hemodilution
process and independent of the hemodiluent used.

The increased C, would result from either a decreased
blood volume or an increased plasma concentration of
acetaminophen. The half-life of Pluronic F-68 and hy-
droxyethyl starch after Fluosol hemodilution is less than
40 h, and the blood volume will only be maintained if
adequate albumin recovery has occurred by that time '°.
In severely Fluosol hemodiluted animals, plasma albu-
min concentrations were below control levels for 24 h
and were not restored for 3 days'’. Preliminary data
from this laboratory showed that moderate Fluosol
hemodilution reduced plasma albumin concentrations
through 24 h, while saline hemodilution reduced the con-
centration only at 0.5 h after hemodilution. Thus the V,
may be reflecting blood volume changes as the Fluosol
oncotic agents are eliminated and plasma albumin con-
centrations are restored.

Two studies have suggested other mechanisms that may
be causing blood volume changes. Fournier et al. report-
ed that vascular concentrations of perfluorotributyl-
amine (Fluosol 43) increased over 3 h after severe
hemodilution ', The simultaneously determined *3*I-al-
bumin volume suggested that the increased concentra-
tions resulted from water transfer from the vascular to
interstitial fluid. They proposed that the water extravasa-
tion was a response to histamine released secondary to
hemodilution. Guidet et al. showed that even hypervo-
lemic hemodilution with albumin plus gelatin or gelatin
alone resulted in a reduced plasma volume, and suggest-
ed that vascular membrane permeability was altered *°.
The possibility that acetaminophen binds to Fluosol or
one of its components to cause the change in V, and C,
is unlikely as acetaminophen binding to saline does not
seem a reasonable interaction. But acetaminophen plas-
ma concentrations would increase if acetaminophen
binds to an endogenous substance released secondary to
hemodilution. McCoy et al. studied the regeneration re-
sponse of rats to severe Fluosol hemodilution for 21
days!”. Several plasma constituents were found to re-
bound beyond control values 1-4 days after hemodilu-
tion. For example, reticulocyte levels peaked at 11-fold
after 4 days, and leukocyte levels were doubled between
2 and 4 days. Gamma glutamyltranspeptidase and SGP
and SGO transaminase concentrations were 2—5 times
greater than control for 2—5 days after hemodilution.
BUN and direct bilirubin concentrations were 2- and
3-fold greater than control at day 4 and days 2 and 3,
respectively. Any of these constituents could be a poten-
tial binding site for acetaminophen.

Hemodilution with either Fluosol or saline has little in-
fluence on the acetaminophen glucuronide percentage
excreted or the acetaminophen glucuronide Cly. Al-
though microsomal glucuronidation is not the primary
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route of acetaminophen disposition in the rat, it does
compete with nonmicrosomal sulfotransferase for the
substrate. One report indirectly suggested that Fluosol
hemodilution enhanced glucuronidation since the elimi-
nation half-life of phenytoin’s primary metabolite,
HPPH, was decreased 2°. But it has been suggested that
phenytoin disposition may not be an appropriate marker
of hepatic microsomal activity 2*.

Thus it appears that hemodilution with either Fluosol or
saline does reduce the acetaminophen sulfate Cly and V4
at 48 or 72 h, respectively. In addition, Fluosol uniquely
alters the renal excretion of acetaminophen. With such
limited information regarding the physiological respons-
es to moderate hemodilution for several days, the mech-
anisms responsible for the effects are necessarily specula-
tion. Only as more detailed investigations are reported
will the speculation yield to understanding of the com-
plex effects of hemodilution on drug disposition.
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Failure of (4 )-naloxone to accelerate feline colonic transit
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Summary. To determine whether the colonic transit accelerating effect of (—)-naloxone (0.3 mg/kg, i.m.) is due to an
action at opioid receptors or a direct pharmacologic effect, its enantiomer, (+)-naloxone (0.3 mg/kg, i.m.), was
administered to cats and .compared to saline control using colonic transit scintigraphy. Transit was not accelerated
by (+)-naloxone. The effects of naloxone on colonic transit are thus stereospecific, and are probably mediated by

opioid receptors.

Key words. (—)-Naloxone; (+)-naloxone; cat; transit; scintigraphy; colon.

The discovery of opioid immunoreactivity in the colon
has led to the suggestion that colonic function is con-
trolled, at least in part, by endogeneous opioids. Consis-
- tent with this theory, several studies have demonstrated
altered colonic motility or accelerated transit after the
administration of the narcotic antagonist (—)-naloxone
to humans', cats®>, and rats*. The improvement of
chronic idiopathic constipation in 2 patients by (—)-
naloxone further suggests that this antagonist may have
clinical usefulness in certain colonic disorders®. Howev-
er, since biological effects of (—)-naloxone not involving
opioid receptors have been reported©, it is necessary to

demonstrate more conclusively that the accelerating ef-
fect of naloxone is an opioid receptor-mediated phe-
nomenon. The (+)-enantiomer of naloxone has only
/1000 t0 /10000 the opioid antagonist activity of (—)-
naloxone’, and has been used successfully to differentiate
endogenous opioid receptor effects from the possible
pharmacological actions of (—)-naloxone on its own 2.
In this study the effect of (+ )-naloxone on colonic transit
was compared to saline control. The dose, route of ad-
ministration, and animal model were identical to a previ-
ous study from our laboratory which demonstrated ac-
celerated transit with (— )-naloxone?.



