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Effects of Morphine and Respiratory Depression on
Sulfobromophthalein Disposition in Rats

Aryeh Hurwitz, M.D.,* and Holly R. Fischer, B.G.S.T

Morphine, 20 mg-kg™', sc, halved the plasma clearance of sul-
fobromophthalein (BSP) while tripling hepatic tissue levels of this
dye. Since narcotics depress respiration, effects of hypoxia, hyper-
capnia, and acidosis on BSP disposition were studied. Ambient gases
breathed by rats were adjusted to achieve blood gas levels identical
to those of morphine-induced respiratory depression. Saline-treated
rats breathing room air had PAg, of 87 + 3 mmHg (mean * SE)
and Paco, of 40 + 2 mmHg. After intraarterial injection of BSP,
100 mg - kg™', plasma clearance of this dye was 7.1 = 1.1 ml-min™'
‘and BSP levels in the liver at 40 min after injection were 163.3
+19.8 pg- g~'. After morphine, 20 mg- kg™, Pao, decreased to 47
+ 4 mmHg and Paco, increased to 89 = 5 mmHg. In these rats BSP
clearance dropped to 3.6 = 0.4 ml-min~!, and 40-min liver dye
levels were increased to 596.4 £ 60.4 ug+g~'. Similar hypoxia and
hypercapnia caused by breathing 9% O, and 8% CO; in the absence
of morphine caused plasma BSP clearance to be decreased to 4.4
+ 0.2 ml-min~' and 40-min hepatic BSP to be increased to 292.5
+31.8 ugg~'. Hypercapnia and acidosis alone did not affect BSP
disposition, while hypoxia without hypercapnia decreased its plasma
clearance to 5.5 £ 0.3 ml- min~" and increased liver levels to 339.1
+35.1 ug - g~ Hypoxia was reversed completely in morphine-treated
rats by placing them in 40% O,. In these animals, despite normal
oxygen, plasma BSP clearance was decreased to 4.4 + 0.6 ml - min™?,
and liver BSP was increased to 497.9 + 65.6 ug - g™'. Thus, respiratory
depression with hypoxia may contribute to morphine-induced effects
on BSP disposition, but altered blood gases cannot account fully
for these narcotic effects. (Key words: Acid-base equilibrium: aci-
dosis, respiratory. Analgesics: morphine. Carbon dioxide: hyper-
carbia, Hypoxia. Liver: function; sulfobromophthalein.

NARCOTIC AGENTS are used widely in many clinical set-
tings for relief of pain and, at higher doses, for anesthesia.
While their effects on biliary function have been studied
for many years, narcotic effects on compounds excreted
into bile have been examined only recently.! Morphine
slows the hepatobiliary elimination of the anionic dye,
sulfobromophthalein (BSP), in rodents. This dye has been
used extensively as a model for studying hepatobiliary
function, and its disposition in rats is well known. Many
of the known effects of narcotics could modify BSP dis-
position. Among these narcotic effects are respiratory
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depression, which results in hypoxia and carbon dioxide
retention. The present study was designed to determine
if the effects of morphine on BSP disposition were sec-
ondary to these blood gas changes from respiratory
depression.

Methods

Male Holtzman-derived Sprague—Dawley rats (Sasco
Farms, Omaha, Nebraska), weighing 300 to 400 g, were
studied. On the morning before each experiment, can-
nulae (PE 50) were placed in the right carotid artery
under light ether anesthesia and exteriorized through
the skin in the back of the neck. Cannula patency was
maintained by flushing with heparinized saline (100 IU/
ml). Animals were given food and water ad libitum until
the morning of the day of drug treatment. The animals
were placed ina plastic restraining cage, which was flushed
with the indicated mixture of oxygen and carbon dioxide,
with the rest being nitrogen. These gases were bubbled
through a water trap to assure adequate humidity. After
equilibration for 3—4 h, saline or morphine sulfate, 20
mg - kg™!, was given subcutaneously. Thirty minutes later,
sodium BSP, 100 mg - kg™', was given intraarterially and
the cannulae flushed with heparinized saline. Arterial
blood samples were taken at 1, 92,3, 4,8, 12, 16, and
98 min for BSP determination and at 40 min for BSP
and blood gas levels. Throughout the experiments, body
temperature was maintained at 37°C by heating the cages.
The animals then were killed with an intraarterial injec-
tion of T-61 Euthanasia Solution® (Hoechst, Somerville,
New Jersey) and their livers removed.

Six groups of rats were studied. The 12 rats in Group
I received saline (control) and breathed room air. The
13 rats in Group V also breathed room air but were given
subcutaneous morphine sulfate, 20 mg-kg™!. The re-
sultant hypoxia and hypercarbia in these animals with
morphine-induced respiratory depression were variously
matched in the remaining groups by adjusting the gas
mixtures breathed by saline-treated rats. The sequence
of gas and morphine treatments was randomized so that
rats in each of the six groups were studied at the same
time. Group II (eight rats) were made hypoxic by breath-
ing 11% O, and 89% Na. The 12 rats in Group 111
breathed 8% COs and 19% O, causing hypercarbia. Hy-
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morphine administration on BSP disposition. Rats
were exposed to the indicated gas mixtures and
given subcutaneous saline or morphine sulfate,
20 mg-kg™'. BSP, 100 mg-kg™', was given in-
traarterially. Resultant blood gases, plasma BSP
kinetics and liver BSP levels are shown. Data are
1% means £ SEM. N = 8-13 in each group. *P < 0.05
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perpnea in these rats kept Pag, high, despite slightly de-
creased Flg,. Group I'V (12 rats) were both hypoxic and
hypercarbic. These breathed 9% O and 8% CO, to
achieve the desired arterial blood gases. In 13 morphine-
treated rats, hypoxia was reversed by making them
breathe 40% O; (Group VI). These rats remained hy-
percarbic and acidotic.

Sulfobromophthalein sodium (BSP) was obtained from
Hynson, Westcott and Dunning, Baltimore, Maryland.
Morphine sulfate was obtained from Eli Lilly and Co.,
Indianapolis, Indiana. Plasma BSP content was deter-
mined in a Gilford model 300-N spectrophotometer at
580 nm after appropriate dilution with 0.1 N sodium
hydroxide. Liver samples were homogenized in methanol
and BSP was determined by the method of Whelan and
Combes.? Pharmacokinetic parameters of plasma BSP
disappearance were calculated by the ESTRIP program
of Brown and Manno,? according to a two-compartment
open model. Clearance (Cl) and volume of distribution
(V4) were calculated from the plasma concentration—time
curve (AUC,_,,) for each animal, thus:

Dose Dose

Cl=—— Vy=———————
AUCyew ¢ AUGy_o X ke

Blood gas and pH determinations were performed on
an Instrumentation Laboratory Model 113 Blood Gas
Analyzer.® Data were analyzed for statistically significant
differences by analysis of variance and Duncan’s test.

Results

The data from all six treatment groups are summarized
in figure 1. When given to rats breathing room air (21%
Og, 0.4% COy), morphine produced the expected hyp-
oxia, hypercapnia and respiratory acidosis. These mor-
phine-treated rats (Group V) also had much greater
plasma levels of BSP as reflected by the halving of its
clearance from 7.1 to 3.5 ml min~'-kg™'. The hepatic
dye content at 40 min was tripled by morphine, while
plasma BSP levels were raised by fivefold as shown in
figure 2 (P < 0.001). Rats placed in compartments flushed
with 11% oxygen became hypoxic to the same extent as
caused by morphine (Group II). These animals, which
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F1G. 2. Effects of blood gas modification
and morphine administration on plasma levels
of BSP. Blood gas abnormalities were caused,
as indicated, by breathing gas mixtures or as
a result of morphine-induced respiratory
depression. BSP, 100 mg+ kg™', was given in-
traarterially.
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were not hypercapnic or acidotic, did show decreased
plasma BSP clearance and had increased hepatic and
plasma dye retention—but not to the same extent as
caused by morphine. Rats placed in an atmosphere of
19% oxygen and 8% carbon dioxide became hypercapnic
and acidotic but did not have lower blood oxygen (Group
111). These animals cleared BSP from plasma and liver
no differently from saline-treated rats breathing room
air. Another group of saline-treated rats were made hy-
poxic and hypercapnic by being placed in 9% oxygen
and 8% carbon dioxide (Group IV). The blood gas pattern
in these rats matched that caused by giving morphine to
rats breathing room air. In the absence of morphine,
hypoxia plus hypercapnia and acidosis did impair removal
of BSP from plasma and liver. However, despite identical
oxygen and carbon dioxide levels, plasma BSP clearance
was significantly less after morphine, while hepatic dye
concentrations were twice as high in narcotic-treated an-
imals. Since elevated carbon dioxide and acidosis did not
affect BSP disposition, hypoxia appeared to be the com-
mon factor in all groups with high plasma and liver dye
levels. Morphine-treated rats therefore were placed in
compartments flushed with 40% oxygen (Group VI). As
expected, respiratory depression caused hypercapnia and
acidosis in these animals, but hypoxia was completely re-
versed. Despite normal blood oxygen levels, morphine
treatment decreased plasma BSP clearance by nearly 40%
and tripled hepatic dye levels.

Discussion

High-dose narcotics are used in anesthesia® and are
believed free of serious adverse circulatory effects.” We
have recently shown that morphine decreased biliary
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elimination of the anionic dye, sulfobromophthalein
(BSP), and increased its levels in plasma and liver.! Since
narcotics also depress respiration, the present study was
designed to explore the relationship between this effect
and BSP disposition. Intravascularly administered BSP is
taken up by the liver, conjugated with glutathione, and
actively secreted into bile. Dye clearance is limited by
liver blood flow and is decreased by hepatocellular damage
and biliary obstruction. Both hypoxia and hypercapnia
have been shown to decrease splanchnic and hepatic blood
flow,%-8 while hypoxia has been shown to suppress hepatic
drug metabolism® and cause liver damage.'® The present
study shows that hypoxia, but not hypercapnia, decreased
plasma BSP clearance and increased hepatic levels of this
dye. However, it is unlikely that morphine modifies BSP
clearance exclusively by altering blood gases, since the
effects of the narcotic were greater than caused by blood
gas modification alone. Furthermore, BSP disposition re-
mained normal in hypercarbic and acidotic rats, while
plasma and liver dye levels were increased in morphine-
treated animals with normal blood oxygen.

To isolate the role of morphine, its effect on BSP dis-
position in rats with normal blood gases ideally should
have been studied. We have found that tight body re-
straint or general anesthesia (urethane) markedly increase
plasma and liver retention of BSP. Such techniques would
be needed if rats were to be ventilated through tracheos-
tomies. We chose not Lo introduce these potentially con-
founding additional variables and, instead, let the saline
and morphine-treated rats move freely in gas-flushed
plastic restraining cages. Since we could not control res-
piration, we were unable to reverse morphine-induced
hypercarbia and acidosis. Based on our studies, in which
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morphine-treated rats with normal blood gases were not
evaluated, we can suggest, but not conclusively prove,
that morphine effects on BSP disposition were not me-
diated entirely by respiratory depression.

Our earlier study showed that morphine increased liver
levels of BSP and decreased its elimination into cannulas
placed in the common bile ducts of rats." On the basis
of this finding, mechanisms other than biliary spasm were
sought to account for the effects of morphine on BSP
disposition. In that study, acute biliary cannulation ob-
scured the narcotic’s effect on plasma BSP clearance, as
may have been expected from the marked decrease in
splanchnic blood How secondary to the abdominal sur-
gery.'" In the present study, such surgery was avoided
to enable evaluation of blood gas changes on BSP levels
in plasma as well as liver.

The doses of morphine and BSP in the present study
were selected on the basis of our earlier dose ranging
experiments.' The present morphine dose, 20 mg - kg™,
sc, is less than one-twentieth the reported LDy in the
rat.'* It causes behavioral changes and analgesia but the
animals remain awake and quite responsive and move
about. For small animals, body surface area has been
claimed to be more appropriate than body weight as a
determinant of drug dosage. If calculated according to
surface area,'® the morphine dose in the present study
approximates the 3 mg-kg™' dose used in humans for
anesthesia.’

We have also found that morphine, fentanyl, and other
narcotics increase levels of drugs whose elimination is
limited by hepatic blood flow (unpublished results) or by
renal clearance.'* These narcotic effects were reversed
by naloxone, suggesting mediation by opioid receptors
rather than by competition for excretion pathways. We
suggest that care be used in the administration of other
drugs together with narcotics, since opioids may potentiate
the pharmacologic and toxic effects of other drugs, even
if blood oxygen is maintained at a normal level.
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