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Manganese prolongation of pentobarbital hypnosis in the male rat'
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Summary. Following manganese treatment, pentobarbital hypnosis was prolonged in male rats. The maximal effect
occurred from 1 to 3 days following manganese treatment and the threshold dose was found to be 3 mg Mn* */kg (i.p.).

Manganese is a physiologically essential trace metal in both
man and animals, forming an integral part of the metal-
loenzymes, pyruvate carboxylase® and mitochondrial
superoxide dismutase3. However, chronic or acute exposure
to high levels of this metal can lead to various toxic
syndromes* including hepatic damage>S.

The administration of other trace metals, such as lead” and
cadmium®, produces hepatic effects such as inhibition of
drug biotransformation which leads to an altered respon-
siveness to several drugs including the barbiturates. This
study was undertaken to examine the effect of acute
manganese administration on drug response in the male
rat.

Methods. Male, Sprague-Dawley rats, weighing 140-160 g,
were obtained from Sasco, Inc. (Omaha, NE) and housed
in community cages for at least 1 week prior to use.
Animals were maintained in environmentally controlled
rooms at approximately 22 °C under a 12/12 h (L.:06.00-
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Figure 1. Time-course of manganese prolongation of pentobarbital
hypnosis in male rats treated with manganese (10 mg Mn* */kg,
i.p.). At the specified time intervals animals received pentobarbital
Na (35 mg/kg, i.p.) and the duration of hypnosis was determined.
Controls received normal saline ten days prior to pentobarbital.
*Significantly different from control animals (p < 0.05).

18.00 h) alternating light-dark cycle with free access to food
(Purina Rat Chow, Ralston Purina Company, St.Louis,
MO) and tap water.

Manganese (MnCl,-4 H,0O) and pentobarbital Na solu-
tions for injection were prepared using distilled, deionized
water such that each animal received 1 ml/kg b. wt, i.p. The
duration of hypnosis was defined as the time from loss to
recovery of the righting reflex.

Statistical analyses were performed using an analysis of
variance (ANOVA) followed by Duncan’s New Multiple
Range test’® where appropriate. The acceptable level of
significance was established at p=0.05.

Results. Preliminary studies in this laboratory showed that a
manganese dose of 10 mg Mn**/kg (i.p.) significantly pro-
longed the duration of pentobarbital hypnosis. Therefore, this
dose was used to examine the time-course of manganese effect
on drug response. Animals were treated with manganese at
various time periods, ranging from 1 to 10 days, prior to
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Figure 2. Dose-response of manganese prolongation of pentobarbi-
tal hypnosis in male rats. Male rats were treated with manganese
(1-10 mg Mn**+/kg, ip.) and 3 days later animals received
pentobarbital Na (35 mg/kg, i.p.) and the duration of hypnosis was
determined. *Significantly different from control animals
(p <0.05).
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receiving pentobarbital Na (35 mg/kg, i.p.) and the subse-
quent determination of hypnotic duration. Control animals
received normal saline 10 days prior to pentobarbital.

The results of this experiment demonstrated a significant
prolongation of hypnosis in manganese-treated animals as
compared with controls at all time periods examined
(fig. 1). Maximal effect on drug response was observed 1-3
days following metal administration, with a slight decrease
toward control values on days 5 and 10.

Next, the dose-response of manganese effect on drug
response was examined. Manganese, in doses ranging from
1 to 10 mg Mn**/kg (i.p.), was administered to male rats
and 3 days later animals received pentobarbital Na (35 mg/
kg, i.p.) and the duration of hypnosis was determined.

The results of this experiment indicated that manganese
doses as low as 3 mg Mn™ */kg could significantly prolong
the duration of pentobarbital-induced hypnosis (fig.2). A
manganese dose of 1 mg Mn* */kg was without significant
effect.

Discussion. The results of the present study indicate that
manganese, at a threshold dose of 3 mg Mn**/kg (i.p.),
can alter drug response in the male rat. Furthermore,
followirig a dose of 10 mg Mn™* */kg (i.p.), drug response is
significantly altered for at least 10 days, with a maximal
effect observed from days 1-3.

Several other metal ions have been shown to alter dru
response. Included are arsenic and beryllium!?, cadmium®,
lead’, and the methylmercuric ion” !,

Metal-induced alterations of drug response most likely
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result from decreased hepatic biotransformation as a result
of decreased levels of cytochrome P-45012, Since Maines
and Kappas'®> demonstrated that manganese can also
decrease hepatic cytochrome P-450, this may explain the
results observed in the present study. Further experimenta-
tion is required before this can be accurately determined.
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Mannitol treatment of cerebral edema in rats with galactosamine-induced severe hepatitis'
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Summary. Severe hepatitis is induced with D-galactosamine hydrochloride in rats. Animals develop brain edema which
was treated with mannitol. 1 h after the last mannitol infusion brain water content decreased, but it was not decreased 6 h
after treatment. The therapy reduced lethality (p < 0.025). The rigorous brain edema therapy improved the prognosis of

fulminant hepatic failure in the rat.

Fulminant hepatic failure in man is highly lethal®. Its
etiology may be viral hepatitis*, toxin or drug-induced
massive hepatic necrosis™®, or fatty degeneration seen with
excessive tetracyclin’, and Reye’s syndrome®,

Several attempts have been made to diminish the lethality
of acute hepatic failure. 1t is difficult, however, to test the
efficacy of any kind of therapy, because 1. fulminant
hepatic failure is a rare event, 2. the course of the disease in
an individual patient is unpredictable, and 3. there are
numerous etiologies®~!5.

In liver failure, several authors have observed a hi%h
incidence of cerebral edema proved by autopsy'®%.
Groflin found a parallel increase in cerebral water content
and in the occurrence of cerebral symptoms in an animal
model; galactosamine (gal-N) induced severe hepatitis®'.
These observations suggest the importance of supportive
care in the therapy of the acute liver failure. Since the liver
has an extraordinary capacity for regeneration??, we postu-
late that the prognosis of fulminant hepatic failure is
mainly determined by the efficient treatment of brain
edema in the acute stage!’®'>. To test this hypothesis we
have developed an animal model with gal-N hepatitis. Gal-
N is a selective hepatotoxin®*-?>. The pathogenesis of the
gal-N hepatitis is characterized by well-defined biochemi-
cal alterations?®?7,

Among the different kinds of cerebral edema®, brain

edema in fulminant hepatic failure shows characteristics of
the cytotoxic type. In this situation osmotherapy is believed
to be most effective®®. Accordingly, we selected a 20%
mannitol solution to establish an osmotic gradient from
blood to cerebrospinal fluid?®. Mannitol has been shown to
reduce intracranial pressure, as documented by clinical
trials’®', and in animal models®®>!.

In the present study we investigated whether rigorous
treatment of brain edema could ensure survival until liver
regeneration. We showed that mannitol lowers brain water
content and reduces lethality in rats with gal-N induced
hepatic failure.

Materials and methods. Animals. We used inbred female
albino rats (KSBK 60, origin Wistar strain) weighing 180-
220 g. All animals were allowed free access to food
(Nafag®, Gossau, Switzerland) and water throughout the
experiments. They were housed individually in metabolic
cages at 25 °C under optimal hygienic conditions.

Infusion system. A polyethylene tube with an inner diame-
ter of 0.4 mm (Portex) was introduced in neuroleptanalge-
sia (Hypnorm®, Duphar, Amsterdam) by a modified tech-
nique described by Engberg®. A perfusion pump (UNITA
I, Braun Melsungen AG) allowed a precise dosage of drugs
through the permanent access to the venous system.



