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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-resp0nse 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 § § 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, 
following 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 drutg 
response. Included are arsenic and beryllium 1~ cadmium ", 
lead 7, and the methylmercuric ion 7' ~l. 
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-450 Z2. Since Maines 
and Kappa sl3 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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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 3. Its 
etiology may be viral hepatitis a, toxin or drug-induced 

56 massive hepatic necrosis �9 , or fatty degeneration seen with 
excessive tetracyclin 7, and Reye's syndrome s. 
Several attempts have been made to diminish the lethality 
of acute hepatic failure. It 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 4-15. 
In liver failure, several authors have observed a high 
incidence of cerebral edema proved by autopsy ~6-'~ 
Gr6flin 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 2~. 
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 22, we postu- 
late that the prognosis of fulminant hepatic failure is 
mainly determined by the efficient treatment of brain 
edema in the acute stage 13-15. To test this hypothesis we 
have developed an animal model with gal-N hepatitis. Gal- 
N is a selective hepatotoxin 23-25. The pathogenesis of the 
gal-N hepatitis is characterized by well-defined biochemi- 
cal alterations 26'27. 

Among the different kinds of cerebral edema 2s, brain 
edema in fulminant hepatic failure shows characteristics of 
the cytotoxic type. In this situation osmotherapy is believed 
to be most effective 28. Accordingly, we selected a 20% 
mannitol solution to establish an osmotic gradient from 
blood to cerebrospinal fluid 29. Mannitol has been shown to 
reduce intracranial pressure, as documented by clinical 
trials 13-15, and in animal models 3~ 
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 ~ 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 32. A perfusion pump (UNITA 
I, Braun Melsungen AG) allowed a precise dosage of drugs 
through the permanent access to the venous system. 
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Reagents. A solution o f  D-galactosamine-HCl (GaI-N) 
(E. Merck, Darmstadt)  in a single dose o f  2.25 g /kg  b.wt 
was given i.v. about 48 h after the narcosis. Ga l -N was 
always prepared fresh (solution: 0.4 N in physiological 
saline, pH  adjusted to 6.833). Mannitol  was given as a 
solution o f  20% (wt/v).  
Experimental design, a) Control  group (47 rats): insertion o f  
the venous catheter as described, permanent  infusion of  
physiological saline (1 ml /h )  over 7 days. Applicat ion of  
gal-N 48 h after anesthesia. 
b) Mannitol  group (58 rats): insertion of  the catheter and 
gal-N application were identical to the controls. A dose o f  
mannitol  (0.6 g/30 min) was infused every 6 h from the 
36th to the 60th h after gal-N administration. Animals  were 
continuously observed during the treatment period in order 
to detect an occasional iatrogenic death defined as serum 
osmolarity > 360 mosmol  (determined immedia te ly  after 
death) a n d / o r  oliguria < 5 ml /12  h. These criteria were 
defined according to observations in prel iminary ex- 
periments in which these situations led uniformly to death 
in otherwise healthy animals. Infusion o f  physiological 
saline (1 ml /h )  was continous except during gal-N and 
mannitol  application. The survival rate was determined 
after 96 h. Control  observations o f  the liver histology in the 
acute stage and 4 weeks after gal-N administrat ion were 
made in 12 animals. 
c) In 3 other groups o f  rats (with gal-N hepatitis with and 
without manni tol  treatment,  and healthy animals) pro- 
thrombin time, SCOT,  SGPT, total protein and a lbumin 
were determined.  Blood was sampled by heart puncture 
immedia te ly  after killing the animals by ether. 
d) Another  96 rats were killed by decapitation 36, 42, or 
48 h after gal-N application, or 1 or 6 h after the last 
mannitol  infusion. The brain was removed and dissected 
into the 2 hemispheres, cerebel lum and brain stem. The 
specimens were dried in an oven at 100 ~ for 24 h. The  
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water content o f  these parts was determined by difference 
between the wet and the dry weight. 
Results. About  30 h after the application of  2.25 g ga l -N /  
100 g b.wt i.v. the rats became immobile .  Their  body heat  
fell f rom 38.1~ to a minimal  value o f  35~ at 32 h. 
Violent t rembling and uncontrolled motor  activity were 
also observed. Most animals showed and abnormal  tenden- 
cy to bleed (subconjunctival hematoma,  epistaxis). Some 
animals of  both groups had a paraparesis of  the hind legs, 
due to a hematomyelia ,  as confirmed by autopsy. A modifi-  
cation of  these signs of  liver damage under mannitol  
t reatment  was not observed, but  an improvement  o f  the 
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Cumulative lethality rate. 

Table 1. Cerebral water content (g H20/100 g wet weight) 

42 h after gal-N application 
1 h after last mannitol dose 6 h after last mannitol dose 

Cerebrum 77.95-t- 0.46 78.47_+ 0.37 78.51 _+ 0.36 
(left hemisphere) p < 0.01" * * 

Cerebrum 78.04_+ 0.61 78.45 _+ 0.30 78.46_+ 0.35 
(fight hemisphere) p < 0.05 

Cerebellum 77.11 _+ 1.10 77.73 _+ 0.40 77.54_+ 0.96 
p<0.01 

Brain stem 72.83_+ 0.70 73.65 _+ 0.60 73.68 + 0.48 
p < 0.004 

78.55-+ 0.30 
p > 0.05 (NS) 

78.45 -+ 0.35 
p > 0.05 (NS) 

77.71_+0.56 
p > 0.05 (NS) 

73.74+ 0.70 
p > 0.05 (NS) 

* Mannitol-treated rats; ** rats without treatment (control); *** mean_+ SD, statistical analysis: Mann-Whitney-test, p=0.05 defined as 
limit of significance. 

Table 2. Serum values in mannitol-treated and control rats with gal-N induced hepatitis and in healthy animals 

gal-N hepatitis Normal values 
Mannitol treatment No treatment 

Prothrombin 4.6_+0.9%* (13) a 6.1 +0.9%* (13) 
Prothrombin 50.8_+ 11.4%** (8) a 44.9_+ 12.9%** (10) 100_+ 1.0% (10) b 
SOOT 517_+ 188 U/I** (8) a 346_+ 112 U/l** (9) 42_+4 U/I (10) c 
SGPT 841 _+ 415 U/l** (8) a 482_+ 215 U/l** (9) 31 _+ 3 U/1 (10) d 
Total protein 47.1 _+ 1.1 g/l** (7) a 47.7_+ 1.6 g/l** (10) 60.1-t- 1.3 g/1 (10) b 
Albumin 25.2_+ 0.6 g/l** (6) a 25.5 _+ 0.7 g/l** (8) 34.9_+ 0.2 g/1 (10) b 

* 24 h after gal-N application; ** 49 h after ga/-N application; statistical analysis: unpaired t-test: a p > 0.05 (NS) (mannitol vs no 
treatment), b p < 0.001, C p < 0.01, Ctp < 0.025 (normal values vs values in gal-N hepatitis with or without treatment). All values are 
mean + SEM with the number of rat in parentheses. 
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coma was frequent  (analogous to our observations in 
manl6). 
The overall  lethality in the mannitol- t reated group was 
48.3% (28 of  58 rats), in the control group 57.4% (27 of  47 
rats). 20.7% (12 of  58 rats) o f  the mannitol  group rats died 
between the 12th and the 36th h, i.e. before the beginning 
of  the manni tol  application (control: 21.3%) (fig.). Accord- 
ing to the criteria defined prior to the experiments (see 
methods) 10 of  58 rats suffered an iatrogenic death. Exclud- 
ing animals which died before treatment or through manni-  
tol toxicity, we found a lethality of  16.7% (6 of  36 rats) in 
the treated and 44.4% (16 of  36 rats) in the control group 
(p < 0.025 Fisher 's exact test). 
The effect of  mannitol  on cerebral water content  was 
significant at 36, 42 and 48 h after gal-N application. The 
decreased brain water was found 1 h after the last mannitol  
dose. However,  6 h after the last manni tol  infusion no 
reduction in cerebral water content was observed. The 
average values for the brain watet  content  in rats killed 
after 42 h are given in table 1. At 36 h and 48 h essentially 
similar data were obtained. 
The liver damage as defined by prothrombin  time, serum 
values o f  transaminases, total protein and albumin,  and 
histological examinat ion were not significantly different in 
the 2 groups with gal-N hepatitis (table 2). 
4 weeks after gal-N treatment complete  restitution of  liver 
structure with only minimal  intralobular  inf lammatory  
infiltration was histologically seen in both groups with gal- 
N hepatitis. 
Discussion. Gal -N produces an acute liver failure in rats 
that shows the clinical, histological and biochemical  distur- 
bances found in humans with acute liver failure 23-25' 34 
Fulminant  liver failure is associated with cerebral edema ~6 21. 
Therefore, the treatment of  cerebral edema has primary 
relevance to acute hepatic necrosis. The principal rationale 

of  such efforts is to sustain life until the liver regenerates 
sufficiently to assure survival. 
To our knowledge there are no clinical studies which prove 
the effectiveness of  any kind of  therapy in fulminant  
hepatic failure. In animal  models ,  charcoal hemoperfusion 
improved the survival significantly in rats with gal-N 
hepatitis 12. Alpha- tocopherol  as a biological antioxidant, 
and hydrocortisone have shown an improvement  o f  mor- 
phological changes of  the liver, but  the lethality rate has not  
been determined 35'36. Hanid  et al. showed a significant 
increase of  intracranial pressure in pigs after hepatic devas- 
cularization. Despite a lowering of  intracranial pressure by 
methylprednisolone,  given at the moment  of  the devascu- 
larisation, survival was not improved 37. This result could be 
explained by irreversible liver damage. 
In the present study cerebral edema associated with necro- 
sis of  the liver was treated with mannitol.  The  diminished 
lethality can be attributed to the reduction of  the cerebral 
water content. Because the effect o f  mannitol  on brain 
water content is transient, the infusions must be given in 
intervals of  less than 6 h. The high iatrogenic lethality seen 
in our  study may  be due to the fixed mannitol  dose. By 
adjusting individual dosages according to serum osmolarity 
and intracerebral pressure, side effects can be avoided 3s. 
Mannitol  is not  metabolized and is excreted unchanged in 
the urine 2s'3~ Mannitol  did not modify the liver damage 
defined by prothrombin time, serum controls of  transami- 
nases, protein and histological examination.  Therefore,  
metabolic improvement  of  the liver damage or cerebral 
function by mannitol  is very unlikely. 
Our results with mannitol  t reatment and Chirito 's ex- 
perience with charcoal hemoperfusion 12 suggest that a 
combined application of  these 2 measures in acute hepatic 
failure may be the most effective approach. Clinical trials 
have to confirm this impression. 
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