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Abstract. Extensive hepatic necrosis was produced in rabbits 48 hr following infusion of a 
cardiopathogenic dose of norepinephrine (NE, 2 pg/kg/min for 90 min). Livers had necrotic areas 
of varying sizes and gross appearances. Histologically, the lesions were areas of lytic-coagulative 
necrosis with massive mineralization by calcium. In addition, the serum glutamate-pyruvate 
transaminase (GPT) was significantly elevated ( P  < 0.001). Pretreatment with the a,-adrenoceptor 
blocker prazosin (200 pg/kg) 15 min prior to the standard NE infusion prevented both liver 
necrosis and serum GPT elevation. It is concluded that large doses of NE produce tissue injury 
in the liver. This may be the result of excessive activation of the a,-adrenoceptor system, which 
leads to hepatic ischemia and necrosis. 0 1987 Society for Experimental Biology and Medicine. 

It has been known for many years that ad- 
ministration of large doses of catecholamines 
causes marked destructive changes in cardiac 
muscle ( 1,2). The histologic lesions produced 
by these sympathomimetic agents includes 
myofibrillar degeneration, focal myofiber ne- 
crosis, and leukocytic infiltration (3, 4). A 
number of possible mechanisms have been 
proposed to explain the pathogenesis of cate- 
cholamine-induced myocardial injury and 
necrosis (5-7). However, there is little infor- 
mation in the literature concerning the 
pathogenic effects of catecholamines on 
other organs. 

Recent studies from our laboratory have 
shown that norepinephrine-induced cardiac 
lesions in rabbits are largely the result of ac- 
tivation of the a l-adrenoceptor system (8). 
Pharmacological evidence has indicated that 
the liver contains both a- and 6-adrenoceptors, 
specifically a I -adrenoceptors, which are stim- 
ulated by both epinephrine and norepineph- 
rine (9, 10). Activation of sympathetic nerves 
to the liver ( 1 1) or intravenous infusion of epi- 
nephrine and norepinephrine (12) causes a 
significant increase in hepatic arterial vascular 
resistance. In view of these observations, stud- 
ies were undertaken to investigate whether in- 
fusion of a cardiopathogenic dose of norepi- 
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nephrine would also cause hepatic lesions in 
rabbits and to assess whether pretreatment of 
animals with an al-adrenoceptor blocker 
would ameliorate the NE-induced hepatic ne- 
crosis as has been observed in the heart (8). 

Materials and Methods. A total of 20 adult 
New Zealand white rabbits were used for this 
study. All animals were anesthetized with so- 
dium pentobarbital, 30 mg/kg by ear vein in- 
jection. Femoral artery and vein were can- 
nulated with polyethylene catheters for the 
monitoring of arterial blood pressure and heart 
rate and for the infusion of the drug, respec- 
tively. Body temperature was maintained with 
a heating pad. Arterial blood samples were 
obtained at 30-min intervals for analysis of 
pH, blood gases (Radiometer Blood Gas An- 
alyzer, Copenhagen), serum electrolytes (Pho- 
tovolt Electrolyte Analyzer System PV A-4, 
Dow Chemical), and serum glutamate-pyru- 
vate transaminase (GPT, Sigma). 

Norepinephrine (NE Levophed, Winthrop) 
was freshly prepared by dilution with normal 
saline to a concentration which would provide 
a dose of 2 pg/kg/min at a constant infusion 
rate of 0.382 ml/min for 90 min. It has been 
demonstrated in earlier studies that this dose 
produces a consistent pattern of cardiac lesions 
and impairment of ventricular function in 
rabbits 48 hr after infusion (13, 14). The al-  
adrenoceptor blocker prazosin (200 pg/kg), 
when employed, was given 15 min prior to the 
beginning of norepinephrine infusion. This 
dose effectively reduces NE-induced (2 pg/kg/ 
min for 90 min) cardiac lesions (8). 
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After completion of infusion, the catheters 
were removed, the femoral wounds were sur- 
gically closed, and the animals were returned 
to their cages for recovery. Forty-eight hours 
later the rabbits were anesthetized again, and 
blood samples were obtained. The rabbits were 
then killed with an overdose of pentobarbital. 
The livers were immediately removed, grossly 
examined, weighed, and tissue samples were 
taken and fixed in 10% buffered formalin for 
histopathology . These were prepared by stan- 
dard histologic methods and stained with he- 
matoxylin and eosin (H & E) and Von Kossa 
for subsequent microscopic analysis. 

Nine rabbits were infused with NE (2 pg/ 
kg/min for 90 min) and killed after 48 hr. Five 
rabbits were given the a! I -adrenoceptor blocker 
prazosin (200 pg/kg) prior to the standard NE 
infusion and were also killed after 48 hr. Three 
rabbits were given normal saline in lieu of NE 
and killed at 48 hr. Three normal rabbits were 
killed and used as gross and histologic refer- 
ences. 

The gross necrotic areas of the liver were 
examined and graded using a scoring system 
described in detail elsewhere (1 5). In brief, a 
score of 0 was given when no gross abnor- 
mality was present; those with a few foci of 
necrosis were given a score of 1.0. Those 
judged to have more numerous foci of necrosis 
than those graded 1 .O or lesions of greater size 
in one lobe were given a score of 2.0. Those 
with flecked or spotty widely scattered necrosis 
involving more than one lobe were given a 
score of 3.0. Those with more intense or mas- 
sive necrosis than those graded 3.0 were given 
a score of 4.0. A score of 5.0 was given to those 
livers with massive necrosis as extensive as 
those graded 4.0, but with at least one whole 
lobe completely involved. 

All data were analyzed by standard statis- 
tical methods; one-way analysis of variance 
was performed for multiple group compari- 
sons, followed by Duncan’s new multiple 
range test, to identify significant differences 
among the various pairs ( 1  6). For each test 
statistical significance was determined at the 
5% level of probability. 

Results. Figure 1 compares the gross ap- 
pearance of livers from a saline-infused control 
and a NE-infused rabbit killed 48 hr following 
the infusion. The control liver has normal 
contours and a uniform reddish-brown color 
(Figure 1A). None of the control animals had 

any grossly identifiable liver necrosis and all 
were graded 0. In contrast, 6 of 9 rabbits re- 
ceiving the standard dose of NE (2 pg/kg/min 
for 90 min) had markedly abnormal livers. 
The livers were pale, light brown, and had ir- 
regularly shaped areas of necrosis. These were 
on both the anterior and posterior surfaces, 
usually involved all lobes (Figure 1 B and 1 C),  
and were more severe toward the periphery. 
Necrotic areas often become confluent form- 
ing large necrotic areas. 

The mean liver gross necrotic scores from 
all groups are summarized in Fig. 2. The mean 
necrotic score was 2.9 in the standard NE-in- 
fused animals. This may be compared with 
the mean score of 0.70 in rabbits pretreated 
with pretreatment of prazosin (200 pg/kg). No 
evidence of liver engorgement was noted in 
NE-infused rabbits as compared to other 
groups. The average wet liver weight and the 
ratio of liver wet weight to body weight were 
almost identical in all groups (Table I). 

The severity of histologic changes in NE- 
infused livers varied with the sampling dis- 
tance from the gross necrotic site. In general, 
necrosis, when present, was always maximal 
in zone 3 and expanded into zone 2 with in- 
creasing damage (Fig. 3). Mineralization was 
commonly seen in areas of most intense ne- 
crosis. The Van Kossa stain revealed the min- 
eral deposits in necrotic areas to be composed 
largely of calcium. In contrast, histologic ex- 
amination of livers from prazosin-pretreated 
rabbits showed no zonal necrosis, but only 
slight congestion, moderate lipid degeneration, 
and a few isolated dead cells in zone 3 (Fig. 
4). No control animals had any histologic 
changes in the liver. 

The extent of NE-induced liver necrosis was 
also assessed by measuring the levels of serum 
GPT. As shown in Fig. 5,  2 days following 
standard NE infusion the average levels of 
serum GPT in rabbits increased significantly 
to 200 IU/liter from the control values of 19 
IU/liter. However, when rabbits were given 
prazosin 15 min prior to the standard NE in- 
fusion the average serum GPT levels were only 
slightly elevated above the control values, and 
this change was not statistically significant. It 
should be noted that the serum GPT activity 
was not altered 10 min postinfusion in all 
groups. Furthermore, no measurable changes 
of serum GPT were found in control rabbits 
at 10 min or 48 hr after saline infusion. 
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FIG. 1. Gross appearance of a saline-infused control rabbit liver (A) and the anterior (B) and posterior 
(C) aspects of a liver from a NE-infused rabbit (2 pg/kg/min for 90 min). Note the pronounced necrotic 
injury in the NE-infused liver and characteristic lesions (score 4.0). 
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Discussion. It is well established that cate- 
cholamines given in high concentrations pro- 
duce myocardial injury and necrosis. The 
morphologic features, severity, and extent of 
myocardial lesions vary substantially with the 
dose, species, and the time lapse following the 
drug administration ( 1,4, 13). A reproducible 

TABLE I. ANATOMIC DATA 

Liver wt. 
Group N BW Liver wt. BW 

Saline 3 2.3k0.2 72.8k5.1 3.2kO.l 
NE2 9 2.3k0.1 78.1k5.5 3.3k0.2 
PZS2(x) + NE2 5 2.3 k 0.1 72.0 k 3.1 3.0 k 0.2 



FIG. 3. Liver from a rabbit infused with standard NE (2 pg/kg/min for 90 min) and examined 2 days 
later. Extensive necrosis and mineralization are seen in zone 3 (H & E X205). 

FIG. 4. Liver from a rabbit given 200 pg/kg prazosin prior to the standard NE infusion. In contrast to 
Fig. 3, note the absence of NE-induced hepatic necrosis (H & E X205). 
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FIG. 5. Alteration of serum GPT levels with time in rabbits following saline infusion ( N  = 3), standard 
norepinephrine infusion (NE,, 2 pg/kg/min for 90 min; N = 9), and standard NE2 infusion with pretreatment 
of prazosin (PZS~~O,  200 pg/kg; N = 5). Vertical brackets shows SE. Values significantly (P < 0.00 1 )  different 
from control values are indicated by the asterisk. 

model of NE cardiomyopathy in rabbits has 
been developed in our laboratory using a short 
term (90 min) infusion of NE, given in a dose 
of 2 pg/kg/min. This produces a consistent 
pattern of cardiac injury readily identifiable 
by histologic examination and functional 
studies in the heart 48 hr after the infusion (8, 
13, 14). We have also recently shown that P- 
adrenoceptor blockers do not prevent NE-in- 
duced cardiac damage in rabbits, but that a- 
adrenoceptor blockers effectively prevent the 
appearance of myocardial lesions (8, 17). 

The results of the present study clearly show 
that the administration of a cardiopathogenic 
dose of NE (2 pg/kg/min for 90 min) in rabbits 
can also induce massive necrotic damage in 
the liver. Concurring with findings in the heart, 
the NE-induced hepatic lesion could also be 
prevented by the pretreatment of prazosin, 
based upon gross and histologic examination 
and measurement of serum GPT levels. The 
livers of rabbits killed 48 hr after NE infusion 
had extensive necrosis (Figs. 1,2, and 3), and 
the serum levels of GPT were significantly el- 
evated (Fig. 5).  Pretreatment with prazosin 
prevented both liver necrosis and serum GPT 
elevation (Figs. 3,4, and 5). The level of serum 
GPT has proven to be a specific and sensitive 

indicator of liver cell damage and is frequently 
quantitated in serum as an index of liver cell 
necrosis ( 18). 

One hypothesis that might explain the 
mechanism of NE-induced necrosis in the liver 
involves hepatic vasoconstriction through 
massive activation of a-adrenergic pathways, 
sufficient to cause ischemic damage to the 
liver. Both a- and P-adrenoceptors are present 
in the hepatic vasculature. Using a rat micro- 
vasculature preparation, Reilly et al. ( 19) 
demonstrated that electrical stimulation of the 
nerves to the liver elicited a-mediated con- 
striction of portal venules, sinusoids, and he- 
patic arterioles. Topical application of the a- 
blocker phentolamine abolished this response. 
However, following a blockade and electrical 
stimulation of hepatic nerves, there were no 
alterations in blood flow through the micro- 
vasculature. They suggested that the major in- 
fluence of adrenergic regulation on hepatic 
blood flow is mediated via the a-adrenoceptor 
system. Infusion of epinephrine and norepi- 
nephrine also caused a profound increase in 
hepatic arterial vascular resistance ( 1 1, 12, 19). 

At present the pathogenesis of NE-induced 
hepatic necrosis is unclear. Histologic evidence 
supports the concept that the hepatic necrosis 
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may be secondary to ischemia. As shown in 
Fig. 3, the NE-induced hepatic necrosis was 
always maximal in zone 3, which is the mi- 
crocirculatory periphery of the liver acinus. 
Cells in this area are particularly vulnerable 
to ischemia and dietary deficiency. It is of in- 
terest to note that Chien et al. (20) found that 
rat livers subjected to 30 min of ischemic oc- 
clusion show little or no histologic evidence 
of liver cell death 24 hr after reflow. In con- 
trast, livers subjected to a longer period of 
ischemic occlusion (2-3 hr) revealed extensive 
necrosis when examined 24 hr after reflow. 
Intracellular calcium accumulation has also 
been observed in irreversible liver injury pro- 
duced by ischemia (21) and many hepatotox- 
ins (22). 

In this study, the Von Kossa stain showed 
extensive Ca2+ deposition in NE-infused rabbit 
liver, but not in saline-infused and NE-infused 
prazosin-pretreated rabbits. It should be noted 
that the accumulation of calcium in irrevers- 
ible cellular damage occurred only when ar- 
terial blood flow was re-established, but not in 
tissues which were not reperfused with arterial 
blood (20, 23). The possible involvement of 
free radicals and membrane lipid peroxidation 
in liver cell injury caused by ischemia-reper- 
fusion has also been demonstrated (24). In ad- 
dition, catecholamines readily undergo oxi- 
dation, and it has been suggested that the ad- 
renochrome or other oxidative metabolites of 
catecholamines may be directly responsible for 
catecholamine-induced cell injury (7). All 
these considerations will clearly require further 
investigation to establish the precise cellular 
mechanisms of NE-induced hepatic necrosis 
and to determine the significance of excessive 
activation of the endogenous adrenergic sys- 
tem and stress in potentiation of chemical 
and biological agents which induce hepatic in- 
jury (25). 

The authors acknowledge the excellent technical assis- 
tance of Miss Maura E. Callan, Miss Margaret H. Wilson, 
and Miss Janice R. Larsen. 

1. Haft I. Cardiovascular injury induced by sympathetic 
catecholamines. Prog Cardiovasc Dis 17:73-86, 1974. 

2. Lehr D. Studies on the cardiotoxicity of a- or &ad- 
renergic amines. In: Balazs T, ed. Cardiac Toxicology. 
Boca Raton, CRC Press, Vol. 2:pp75- 1 12, 198 1. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Schenk EA, Moss AJ. Cardiovascular effect of sus- 
tained norepinephrine infusion. 11. Morphol Circ Res 

Ferrans VJ, Hibbs RG, Walsh JJ, Burch GE. Histo- 
chemical and electron microscopical studies on the 
cardiac necrosis produced by sympathomimetic 
agents. Ann NY Acad Sci 156:309-332, 1969. 
Reichenback DD, Benditt EP. Catecholamines and 
cardiomyopathy: The pathogenesis and potential im- 
portance of myofibrillar degeneration. Hum Pathol 

Fleckenstein A. Specific inhibitors and promoters of 
calcium action in excitation-contraction coupling of 
heart muscle and their role in the prevention of pro- 
duction of myocardial lesions. In: Harris P, Opie L, 
eds. Calcium and the Heart. New York, Academic 
Press, pp135-138, 1971. 
Singal PK, Kapur N, Dhillon KS, Beamish RE, Dhalla 
NS. Role of free radicals in catecholamine-induced 
cardiomyopathy . Canad J Physiol Pharmacol 60: 

Lee JC, Sponenberg DP. Role of a,-adrenoceptors in 
NE-induced cardiomyopathy. Amer J Pathol 121: 

Morgan NG, Blackmore PF, Exton JH. Age-related 
changes in the control of hepatic cyclic AMP levels 
by aI-  and @,-adrenergic receptors in male rats. J Biol 
Chem 2585 103-5 109, 1983. 
Exton JH. Molecular mechanisms involved in a-ad- 
renergic responses. Mol Cell Endocrinol23:233-264, 
1981. 
Greenway CV, Oshiro G. Comparison of the effects 
of hepatic nerve stimulation on arterial flow, distri- 
bution of arterial and portal flows and blood content 
in the livers of anesthetized cats and dogs. J Physiol 
(London) 227:487-50 1, 1972. 
Ross G, Kurrasch M. Adrenergic responses of the he- 
patic circulation. Amer J Physiol 216: 1380-1 385, 
1969. 
Downing SE, Lee JC. Effect of insulin on experimental 
catecholamine cardiomyopathy. Amer J Pathol 93: 

Lee JC, Downing SE. Ventricular function in nor- 
epinephrine-induced cardiomyopathic rabbits. Amer 
J Physiol 242:H 19 1 -H 196, 1982. 
Mori W, Aoki N, Shiga J. Acute hepatic cell necrosis 
experimentally produced by viral agents in rabbits. 
Amer J Pathol 103:31-38, 1981. 
Kramer CY. Extension of multiple range tests to group 
means with unequal number of replication. Biometrics 

Downing SE, Lee JC. Contribution of a-adrenoceptor 
activation in the pathogenesis of norepinephrine car- 
diomyopathy. Circ Res 52:47 1-478, 1983. 
Balaza T, Airth JM, Grice HC. The use of the serum 
glutamic-pyruvate transaminase test for the evalua- 
tion of the hepatic necrotropic compounds in rats. 
Can J Biochem Physiol40: 1-6, 1962. 

18~605-6 15, 1966. 

1: 125-1 50, 1970. 

1390- 1397, 1982. 

316-321, 1985. 

339-353, 1978. 

12:307-310, 1956. 



468 NOREPINEPHRINE AND HEPATIC NECROSIS 

19. Reilly FD, McCuskey RS, Cilento EV. Hepatic mi- 
crovascular regulatory mechanisms. l .  Adrenergic 
mechanisms. Microvasc Res 21:103-116, 1981. 

20. Chien KR, Abrams J, Pfau RG, Farber JL. Prevention 
by chlorpromazine of ischemic liver cell death. Amer 
J Pathol88:539-558, 1977. 

2 I .  Judah JD, Ahmed K, McLean AEM. Possible role of 
ion shifts in liver injury. In: DeReuck AVS, Knight 
J, eds. Ciba Foundation Symposium on Cellular In- 
jury. London, J & A Churchill, p187, 1964. 

22. Farber JL. The role of calcium in cell death. Life Sci 

23. Shen AC, Jennings RB. Kinetics of calcium accu- 
29: 1289- 1295, 198 1. 

mulation in acute myocardial ischemic injury. Amer 
J Pathol67:441-452, 1972. 

24. Adkison D, Hollwarth ME, Benoit JN, Parks DA, 
McCord JM, Granger DN. Role of free radicals in 
ischemia-reperfusion injury to the liver. Acta Physiol 
Scand Suppl548:101-107, 1986. 

25. Schwetz BA, Plaa GL. Catecholamine potentiation of 
carbon tetrachloride induced hepatotoxicity in mice. 
Toxicol Appl Pharmacol 14:495-509, 1969. 

Received January 15, 1987. P.S.E.B.M. 1987, Vol. 185. 
Accepted May 4, 1987. 


