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The biochemical changes in the liver cells following carbon 
tetrachloride administration have been intensely studied. Christie 
& Judah (1954) found that the enzyme systems first affected 
were those requiring pyridine nucleotides for their activity. This 
lead Gallagher & Simmonds (1959) to study the protective effect 
of nicotinic acid on carbon tetrachloride toxicity, as nicotinic acid 
is a precursor to pyridine nucleotides. It was found that nicotinic 
acid prevented deaths in rats given large doses of carbon tetra
chloride. Later it was shown that nicotinic acid also reduced the 
histopathological liver changes in carbon tetrachloride poisoned 
sheep (Gallagher 1960). Other agents effective in preventing the 
toxic effects of carbon tetrachloride are antioxidants (Gallagher 
1961, 1962, Kondos & McClymont 1967). 

Gallagher (1962) found that in animals treated with anti
oxidants the pyridine nucleotides in the liver were maintained at 
normal levels despite carbon tetrachloride administration. The 
action of antioxidants is explained by the theory advanced by 
Recknagel & Gosha[ (1966). According to this theory the central 
and primary lesion of carbon tetrachloride is a destructive lipo
peroxidation of the structural membranes within the liver cells. 

In a previous report (Luthman & Jonson 1969), fat mobiliza
tion in carbon tetrachloride poisoned sheep was discussed. As the 
plasma concentration of non-eisterified fatty acids (NEFA) was 
only moderately increased, an intensified mobilization of body 
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fat was not considered to be the cause of an increased fat in
filtration in the liver. It was further shown that liver glycogen 
decreased after carbon tetrachloride administration. This finding 
was not based on chemical analysis, but on the blood glucose 
response to the intravenous injection of norepinephrine. The 
results obtained agreed with the opinion of Recknagel (1967) 
that a disturbed triglyceride transport from the liver is the main 
cause of the increased fat infiltration. 

Nicotinic acid is of interest not only as a precursor to pyridine 
nucleotides, but also because of its antilipolytic properties. 
Carlson & Oro (1962) demonstrated that nicotinic acid depressed 
the plasma level of NEF A and almost completely inhibited the 
norepinephrine induced lipolysis. Carlson & Liljedahl (1963) 
reported that nicotinic acid prevented norepinephrine induced 
fatty changes in dog livers. This was apparently due to the de
pres.sed plasina level of NEF A. In carbon tetrachloride poisoning 
the cause of the increased fat content in the liver is not over
load with fatty acids, but probably a decreased lipoproteinsyn
thesis. Since nicotinic acid also prevents the degenerative changes 
in the liver, it can be assumed that the antilipolytic properties 
of nicotinic acid is of only minor importance in the prevention 
of carbon tetrachloride toxicity. 

The role of butyric acid in the intermediate metabolism of the 
ruminants was discussed previously (Luthman & Jonson 1968). 
It was assumed that butyric acid acts glycogenolytically when 
given intravenously. This assumption was based on the finding 
that in a ewe with pregnancy toxemia there was no blood glucose 
response to the intravenous injection of butyric acid. 

The object of the present investigation was to study the glyco
genolytic effect of butyrate in normal sheep and after glycogen 
depletion by carbon tetrachloride. The aim was also to study the 
preventive effect of nicotinic acid on carbon tetrachloride poison
ing. The effect of nicotinic acid on the liver was also studied. 

MATERIAL AND METHODS 
The animals used were mature sheep of both sexes, weighing 

from 35 to 50 kg. The animals were kept in metabolism cages 
with free access to hay and water. The glycogen content of the 
.liver was tested by intravenous injection of butyric acid, 2.5 mM/ 
kg. Before use the acid was buffered with saturated NaOH to a 
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pH of 7.2 and diluted with saline to a volume of 50 ml. Blood was 
sampled at frequent intervals and blood glucose was determined 
according to the glucose oxidase method. Carbon tetrachloride, 
0.8 ml/kg, was given intraruminally to two animals. Liver glyco
gen tests were performed immediately before and 24 hrs. after 
carbon tetrachloride administration. Another pair of animals was 
pretreated with nicotinic acid, 50 mg/kg, on the day before car
bon itet<rachloride administration. The nicotinic acid was dissolved 
in saline and injected directly into the rumen. Liver glycogen 
was tested before and 24 hrs. after carbon tetrachloride treat
ment. The effect of a larger dose of nicotinic acid, 100 mg/kg, 
given simultaneously with carbon tetrachloride was studied in 
two animals, and to another pair of animals only the larger dose 
of nicotinic acid was given. A control animal was given only 
butyric acid on two subsequent days. 

Serum OCT, determined according to Reichard (1957), was 
us€f<I as a test of liver injury. Three sheep were used for histo
logical examinations. Two of these animals were given carbon 
tetrachloride illllraruminally, one of them was pretreated with 50 
mg/kg of nicotinic acid on the previous day. The third sheep was 
given 100 mg/kg of nicotinic acid. The animals were killed after 
24 hrs. and samples from the livers were taken for histological 
examinations. The samples were fixed in formalin and alcohol. 
Sections from the formalin fixed material were stained with 
hematoxylin and eosin and with Sudan Black, and sections from 
the alcohol fixed material were stained for glycogen with periodic 
acid Schiff .stain. 

RESULTS 
The changes in blood glucose following the injection of butyric 

acid immediately before and 24 hrs. after carbon tetrachloride 
administration are sihown in Fig. 1. After carbon tetrachloride 
administration the glucose response was greatly reduced. In the 
animals pretreated with 50 mg/kg of nicotinic acid the rise in 
blood glucose was about the same before and after carbon tetra
chloride administration (Fig. 2). When the double dose of ni
cotinic acid, 100 mg/kg, and carbon tetrachloride were given 
simultaneously the blood glucose response was very small (Fig. 
3), the glucose rise was even smaller than in the animals given 
only carbon tetrachloride (Fig. 1). In the animals treated only 
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Figure 1. 
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Chang£s in blood glucose following butyric acid, 
and after - - - - - - - carbon tetrachloride administra

tion. Mean of two animals. 
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F i g u r e 2. Changes in blood glucose following butyric acid, 
before ---- and after - - - - - - - carbon tetrachloride administra-
tion, animals pretreated with 50 mg/kg of nicotinic acid. Mean of two 

animals. 
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F i g u r e 3. Changes in blood glucose following butyric acid, 
before and after - - - - - - - simultaneous administration of 
carbon tetrachloride and 100 mg/kg of nicotinic acid. Mean of two 
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F i g u r e 4. Changes in blood glucose following butyric acid, 
before and after - - - - - - - administration of 100 mg/kg of 

nicotinic acid. Mean of two animals. 



Carbon tetrachloride toxicity in sheep 259 

T ab l .e 1. Blood glucose (mg/100 ml) at the time of each injection 
of butyric acid. 

Animal 
no. 

1 

2 
' 3 

4 

5 

6 

7 

8 
9 

Treatment 

Carbon tetrachloride 

" 
Carbon tetrachloride. Pre
treatment with nicotinic acid, 
50 mg/kg on the previous day 

Carbon tetrachloride 
and nicotinic acid, 
100 mg/kg, simultaneously 

Nicotinic acid, 100 mg/kg 

" 

Day 1 

42 

47 
46 

44 

46 

45 

38 

44 
42 

Day 2 

38 

39 
41 

45 

50 

26 

29 

60 
50 

with 100 mg/kg of nicotinic acid the glucose response was re
duced to about the same degree as in the animals given carbon 
tetrachloride and nicotinic acid simultaneously (Fig. 4). In a 
control animal injected with butyric acid on two subsequent days 
the glucose response was the same at both occasions. 

One of the animals given both carbon tetrachloride and ni
cotine acid died after about 48 hrs. At necropsy severe edema 
and congestion of the lungs were noted, the heart was dilated and 
the liver showed marked degenerative changes. 

Blood glucose at the time of the liver glycogen tests is shown 
in Table 1. The most s,triking changes occurred in the animals 
given the larger dose of nicotinic acid (animals 8 and 9). In both 
these animals there was an increase in blood glucose on day 2, in 
spiite of reduced food intake. In animals 6 and 7, given 100 mg/kg 
?f nicotinic acid and carbon tetrachloride simultaneously, blood 
glucose was reduced from 48 and 38 mg/lOOml to 26 and 29 mg/ 
100 ml respectively. In the other animals there were only minor 
changes. Table 2 shows serum OCT at various times. As seen 
from the table, serum OCT was increased in all animals, even in 
those pretreated with the lower dose of nicotinic acid. 

At necropsy of the killed animals the only prominent changes 
were found in the livers. The liver from the animal given only 
carbon tetrachloride was very dark and showed multiple sub-
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Figure 5. Livers from animals treated with carbon tetrachloride 
(top), carbon tetrachloride after pretreatment with 50 mg/ kg of ni
cotinic acid (middle), and 100 mg/ kg of nicotinic acid (bottom). 

H.E. 96 x. 
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F i g u r e 6. Glycogen content of livers from animals treated with 
carbon tetrachloride (top), carbon tetrachloride after pretreatment 
with 50 mg/kg of nicotinic acid (middle), and 100 mg/kg of nicotinic 

acid (bottom). PAS 96 X. 
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Figure 7. Fat content of livers from animals treated with carbon 
tetrachloride (top), carbon tetrachloride after pretreatment with 50 
nig/kg of nicotinic acid (middle), and 100 mg/kg of nicotinic acid 

(bottom). Sudan Black 96 X. 
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Table 2. Serum OCT (U) after_ carbon tetrachloride and nicotinic 
acid administration. 

Animal 
no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Treatment 

Carbon tetra
chloride 

Carbon tetrachlo
ride*). Pretreatment 
with nicotinic acid, 
50 mg/kg on the 
previous day 

Carbon tetrachloride 
and nicotinic acid, 
100 mg/kg, 
simultaneously 

Nicotinic acid, 
100 mg/kg 

0 

5.4 

3 

1 

7.8 

93 

6.6 175 

5.4 171 

1.8 128 

3 

6.6 

9.6 
2.4 

122 

67*.) 

15.6 
16.7 

Days 

2 

3.0 

49 

114 

122 

120 

53 

39 
14.4 

3 

4.2 

23 

79.5 

50 

72 

20.3 

10.8 
6.6 

6 

1.2 

2.4 

14 

5.4 

5.4 

4.8 

10.2 
6 

*) serum OCT in animal 4 was 1.8 U and in animal 5 1.6 U at the 
time of nicotinic acid administration. 

* *) animal died shortly after sampling. 

capsular hemorrhages. The animal pretreated with 50 mg/kg of 
nicotinic acid showed a macroscopical normal liver, while the 
liver from the animal given 100 mg/kg of nicotinic acid showed 
a slightly lighter colour than normal. 

Histological examination showed that liver injuries had oc
curred in all animals (Figs. 5-7). The liver from the animal 
given only carbon tetrachloride showed severe centrolobular ne
crosis. Stainable fat occurred, like glycogen, only in the peri
lobular areas. Pretreatment with nicotinic acid reduced the ne
crotic changes and protected from glycogen depletion. A moderate 
fat infiltration occurred mainly perilobularly. At a dose of 100 
mg/kg nicotinic acid caused a diffuse liver degeneration. The cells 
showed increased eosinophilia and pycnotic nuclei. The glycogen 
was completely depleted and fat containing cells were visible in 
the perilobular areas. 
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DISCUSSION 
The injection of 2.5 mM/kg of butyric acid caused a rapid 

increase in blood glucose in all untreated animals. The blood glu
cose response was of the same order or even greater than ob
served previously after administration of 8 µg/kg of norepin
ephrine (Luthman & Jonson 1968). There was a good agreement 
between the glucose response following butyric acid and the 
glycogen content of the livers from animals treated in the same 
way (Fig. 6). It thus seems clear that butyric acid has glycogen
olytic properties and may replace norepinephrine in liver glyco
gen tests in ruminants. 

Pretreatment with 50 mg/kg of nicotinic acid reduced the 
carbon tetrachloride induced liver changes. But at the double 
dose, 100 mg/kg, nicotinic acid showed an exerted hepatotoxic 
effect and caused a moderate fat infiltration. Carlson & Liljedahl 
(1963) prevented noreprinephrine induced fatty changes in dog 
livers by injecting nicotinic acid at doses of 150-200 mg/kg. The 
increased fat content of ,the sheep liver following nicotinic acid 
may be explained in two different ways. Like other hepatotoxic 
agents nicotinic acid may deprress lipoproteinsynthesis in .the 
liver. The transport of fat from the liver to 'the blood is disturbed 
and fat accumulates. The fat infiltration may also be caused by an 
excessive mobilization of NEF A. Nicotinic acid lowers the plasma 
level of NEF A, but the depression is sometimes followed by a re
bound far above zero level. This phenomenon was described by 
Carlson & Oro (1962) and was further studied by Pereira (1967). 

In .the experiments of Carlson & Liljedahl the liver fat was 
analyzed after an 8 hrs. norepinephrine infusion and NEF A could 
be kept at low levels by nicotinic acid only during 6 hrs., then 
NEF A increased. It seems possible that the experiments were 
ended at the onset of the rebound effect. In the present study 
lower doses of nicotinic acid were used, but samples for histo
logical examination were taken after 24 hrs. l:t may also be pos
sible that sheep are more susceptible to the toxic effects of 
nicotinic acid than dogs. 

In man large doses of nicotinic acid, 1.5-6 g daily, was some
times used in the treatment of hypercholesterolemia and related 
disorders, but hepatic complications were rare and severe histo
logical changes did not occur (Baggenstoss et al. 1967). 

The degenerative changes were most pronounced in the carbon 
tetrachloride treated animals, while 100 mg/kg of nicotinic acid 
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caused the most complete glycogen depletion. Despite reduced 
histopathological changes the animals pretreated with nicotinic 
acid showed very high serum OCT levels. 

The decreased blood glucose levels in animals 6 and 7 on day 
2 (Table 1) were probably due to a rapid break down of liver 
glycogen and a reduced food intake. Animals 8 and 9 showed an 
increase in blood glucose on day 2. According to Baggenstoss et al. 
hyperglycemia is one of the side effects reported during nicotinic 
acid therapy. The mild hyperglycemia in the sheep may have 
been caused by an increased gluconeogenesis, since the glycogen 
test showed a highly reduced liver glycogen content. Kanics & 
Rubinstein (1968) showed that carbon tetrachloride poisoned 
animals were unable to resynthetize liver glycogen and it seems 
possible that animals surviving acute experiments have a de
creased liver glycogen content for a long time. Kondos & McCly
mont (1967) used sodium selenite and tocopherol acetate to 
prevent carbon tetrachloride toxicity in sheep. The resuMs were 
principally the same as in the P'resent study. Large doses of 
selenite and tocopherol potentiated the toxic effects of carbon 
tetrachloride, while smaller doses decreased the susceptibility of 
the sheep. 

It was hoped that nicotinic acid could be used in the treat
ment of bovine ketosis. In ketosis the NEF A level is raised (Adler 
et al. 1963) and high NEF A levels are of importance for the 
development of fatty Hvers. Because of its hepatotoxic effects it 
seems however not adviceable to use nicotinic acid in doses 
which effectively lowers NEF A, since in ketotic cows decreased 
liver glycogen and slightly depressed hepatic functions are 
common. 
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SUMMARY 
The blood glucose response following the intravenous injection 

of butyric acid, 2.5 mM/kg, was studied in normal and carbon tetra
chloride poisoned sheep. In normal sheep there was a rapid increase 
in blood glucose. Carbon tetrachloride greatly reduced the glucose 
response. In animals pretreated with nicotinic acid, 50 mg/kg, on the 
day before carbon tetrachloride administration, the glucose response 
was not altered. When a larger dose of nicotinic acid, 100 mg/kg, was 
given simultaneously with carbon tetrachloride, the glucose response 
was reduced more than after only carbon tetrachloride. Nicotinic acid 
alone at the dose of 100 mg/kg reduced the glucose rise somewhat 
more than carbon tetrachloride. There was a good agreement between 
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the glucose rise following butyric acid and the glycogen content of 
the liver. It thus seemed clear that butyric acid has a glycogenolytic 
effect when given intravenously. Carbon tetrachloride caused severe 
necrosis and fatty changes in the liver. These pathological changes 
were reduced by pretreating the animals with 50 mg/kg of nicotinic 
acid. The larger dose of nicotinic acid, 100 mg/kg, caused a diffuse 
degeneration of the liver cells and a complete disappearence of gly
cogen. All liver injuries were followed by a rise in serum OCT. 

SAMMANFATTNING 

Den preventiva eff ekten av nikotinsyra vid koltetrakloridforgiftning 
hos fdr. 

Blodglykosstegringen efter intravenos injektion av smorsyra, 2,5 
mM/kg, studerad.es hos normala och koltetrakloridfOrgiftade far. Hos 
normala far fOljdes smorsyrainjektionen av en snabb blodglykossteg
ring. Efter intraruminal tillfOrsel av koltetraklorid var glykossvaret 
avsevart reducerat. Om djuren behandlades med nikotinsyra, 50 mg/ 
kg, ett dygn fOre koltetrakloridtillfOrscln, paverkades inte den smor
syrainducerade hyperglykamien. Nar en stOrre dos nikotinsyra, 100 
mg/kg, gavs samtidigt som koltetraklorid, var glykosstegringen efter 
smorsyrainjektionen mycket liten. Resultatet blev detsamma om djuren 
behandlad.es med enbart nikotinsyra i en dos av 100 mg/kg. Glykogen
innehallet i levern fran djur som behandlats med koltetraklorid och 
nikotinsyra, visade god overensstammelse med blodglykosstegringen 
efter smorsyrainjektion. Det synes darfor klart att smorsyra verkar 
glykogenolytiskt vid intravenos tillfOrsel. Koltetraklorid gav upphov 
till utbredda nekrotiska fOrandringar och en okad fettinlagring i 
levern. Premedicinering med nikotinsyra, 50 mg/kg, reducerad.e dessa 
fOrandringar. I en storre dos, 100 mg/kg, orsakade nikotinsyra en 
diffus levercellsdegeneration och en fullstandig uttomning av glykogen. 
Alla leverskador orsakade en hojning av serum OCT. 
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