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observation). The fact that  those results were repeatable would 
suggest the receptors were not extensively damaged. One possi- 
ble explanation is that  the responses were originating from 
nociceptors in an area of the mouth  where there had been 
some pathological change (e.g., buccal erosion) which was not  
clearly visible. 
It is not  surprising that  the CT showed a clear response to 
cooling of the mouth  as cold receptors have been identified in 
both  the lingual II and trigeminal nerves 18' 19. 

The persistent responses to drying of the buccal epithelium is 

of considerable interest. It is too early to speculate as to the 
nature of  the receptors involved but  it does suggest that  it may 
be the physiological basis of the dry mouth  sensation which is 
often used to explain prandial drinking in animals fed a dry 
diet. 
In conclusion the CT, in addition to the preganglionic para- 
sympathetic fibers which it was generally considered to con- 
tain, contains a wide variety of  afferent sensory fibers giving 
information to the bird about  taste, touch, temperature and 
pain. 

1 Akester, A.R., The autonomic nervous system, in: Form and 
Function in Birds, vol. 1, p. 381. Eds A.S. King and J. McLelland. 
Academic Press, London 1979. 

2 Bubien-Waluszewska, A., The cranial nerves, in: Form and Func- 
tion in Birds, vol. 2, p. 385. Eds A. S. King and J. McLelland. Aca- 
demic Press, London 1981. 

3 King, A.S., and McLelland, J., in: Outlines of Avian Anatomy, 
p. 123. Bailliere Tindall, London 1975, 

4 Baumel, .L J., in: Sisson and Grossman's The Anatomy of the Do- 
mestic Animal, p. 2019. Eds C.E. Rosenbaum, M.G. Ghoshal and 
D. Hillman. W.B. Saunders Co., London 1975. 

5 Kuhlenbeck, H., in: The Central Nervous System of Vertebrates, 
vol.IV, p.493. S. Karger, Basel 1975. 

6 Pearson, R., in: The Avian Brain, p. 166. Academic Press, London 
1972. 

7 Saito, 1., Bull. Fac. Agric. Miyazahi Univ. 13 (1966) 95. 
8 Gentle, M.J., Experientia 39 (1983) 1002. 
9 Cords, E., Hefte 26 (1904) 49. 

10 Zweers, G., Adv. Anat. Embryol. Cell Biol. 73 (1982) 1. 

11 Kitchell, R.L., Strom, L., and Zotterman, Y., Acta physiol, scand. 
46 (1959) 133. 

12 Halpern, B.P., Am. J. Physiol. 203 (1962) 541. 
13 Kadono, H., Okado, T., and Ohno, K., Res. Bull. Fac. Agric. Gifu 

Univ. 22 (1966) 149. 
14 Gottschaldt, K.M., J. comp. Physiol. 95 (1974) 29. 
15 Leitner, L.M., and Roumy, M., Pfliigers Arch. 346 (1974) 141. 
16 Leitner, L.M., Roumy, M., and Saxod, R., C.r. Acad. Sci. Paris 

277 (1973) 1909. 
17 Necker, R., J. comp. Physiol. 78 (1972) 307. 
18 Necker, R., J. comp. Physiol. 87 (1973) 379. 
19 Leitner, L.M., and Roumy, M., Pflfigers Arch. 346 (1974) 151. 
20 Hsieh, T.M., The sympathetic and parasympathetic nervous sys- 

tems of the fowl, Ph. D. Thesis. University of Edinburgh, 1951. 

0014-4754/84/111253-0351.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1984 

Liver function during chronic renal failure in rabbits 

E. Tvedegaard 1, H.E. Poulsen, H. Vilstrup and H.K.  Thomsen 

Medical Departments P and A, Rigshospitalet and Institute of Pathology, Hvidovre Hospital, Copenhagen (Denmark), 
26 October 1983 

Summary. In rabbits with chronic renal insufficiency the prothrombin index was increased by 25% and the alanine amino- 
transferase activity decreased by 20%; the results of other routine tests of hepatic function were not affected. The galactose 
elimination capacity was decreased by 12%, whereas the body clearance of antipyrine was unchanged. No change in hepatocytic 
structure was found. 
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Evidence of altered liver function in patients with chronic renal 
failure (CRF) consists of increased serum levels of various co- 
agulation factors 2' 3, decreased activity of serum transaminases 4 
and altered hepatic drug metabolism 5. The present study con- 
cerns quantitative and qualitative measures of hepatic function 
and liver morphology in rabbits with CRF. 
Material and methods. Chronic renal failure (CRF) was in- 
duced in young adult male rabbits of the White Danish Coun- 
try strain by a 2 step procedure. During general anesthesia 
two-thirds of the surface of the left kidney was cauterized 
through an abdominal incision and 3 weeks later the right kid- 
ney was removed 6. Control  rabbits were sham-operated twice. 
Three months  after surgery the glomerular filtration rate was 
measured as the total plasma clearance rate of 51Cr-EDTA6. 
The galactose elimination capacity (GEC) was measured by 
injecting a weighed amount  of galactose (4 mmol/kg b.wt) i.v. 
and during the next 3 h 15-19 arterial blood samples were 

�9 obtained. The urinary bladder was emptied and irrigated with 
2 • 10 ml of isotonic saline. The galactose concentrations in 
blood and urine samples were determined enzymatically 7. The 

A U  GEC was calculated as ~_-~-;5, where A is the amount  of galac- 
tose injected, U the amount  excreted in the urine, to= o the inter- 
cept on the time axis of the linear regression of arterial galac- 
tose concentration with time, and 7 is a correction for the equi- 
libration of galactose during the elimination 8. The regression 
analysis included samples obtained from 25 min after the injec- 
tion until the concentration was below 2 mmol/1. 
The clearance of antipyrine was determined by injecting a 
weighed amount  of antipyrine (60 mg/kg b.wt) into an ear 
vein. Four  venous blood samples were drawn from the other 
ear 3-7 h after the injection and analyzed for antipyrine 9. The 
clearance was calculated from the linear regression of log con- 
centration over time as clearance = k-dose/C0, where k is the 
elimination konstant  and Co is the extrapolated concentration 
at time zero. 
The serum concentrations of creatinine, urea, protein and bili- 
rubin and the activities of alkaline phosphatase and alanine 
aminotransferase were measured by an autoanalyzer (ACA, 
Dupont  Instruments). Albumin was determined by the succinic 
acid buffer method and the prothrombin index by the Owrens 
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Parameters of renal and hepatic function in rabbits with chronic renal failure (CRF) and normal controls 

CRF Controls CRF Controls 
n = 8  n = 6  n = 8  n = 6  

Body weight (kg) 3.20 (2.91-3.36)** 3.49 (3.24-3.87) Alanine aminotransferase (units/E) 53 (29~55)* 67 (38-86) 
Creatinine (mmoi/I) 0.I9 (0.14-0.34)** 0.10 (0.07-0.I 1) Prothrombin index 0.42 (0.32-0.53)* 0.34 (0.24-0.44) 
Carbamide (mmol/l) 12.0 (9.4-t5,2)** 6.6 (5.0-8.4) Galactose elimination capacity 22.5 (16.8-27.3)* 25.6 (2(t.0-34.2) 
5~Cr-EDTA-clearance (~tmol/kg. rain) 
(ml/kg.min) 2.1 (1.5-2.8)** 4.3 (3.2-7.2) Antipyrine clearance (1/kg.h) 5.9 (4.9-7.7) 4.8 (4.5-7.9) 

Values are medians with the range in brackets. Significance levels for the differences between the two groups are indicated as *0.05 < p < 0.10 and 
**p < 0.01. 

method 1~ The 2 groups were compared by the Mann-Whitney 
rank sum test. 
After sacrifice, specimens of the livers were fixed in 10% for- 
malin and processed routinely for light microscopy.Tissue for 
transmission electron microscopy was fixed in a buffered 3 % 
solution of glutaraldehyde, post-fixed in osmium tetraoxide 
and embedded in Epon n. For  examination ultrzthin sections 
were contrasted with uranyl acetate and lead citrate. 
Results. The body weight of the CRF rabbits was slightly de- 
creased, the 5tCr-EDTA clearance was halved and the serum 
concentrations of creatinine and urea were doubled (table). 
The serum albumin, protein and bilirubin, and the hematocrit  
values, were similar in the 2 groups. The median prothombin 
index in the CRF group was 23 % higher than in the control 
rabbits  (0.05 < p < 0.10). The alkaline phosphatase activity 
was similar in the 2 groups, whereas the alanine amino- 
transferase activity in the CRF rabbits was only 79 % of the 
level in controls (0.05 < p < 0.10). The clearance of antipyrine 
was not  affected by CRF and the median value of the distribu- 
tion volume was 0.63 l/kg in both  groups. In the C RF  rabbits 
the median GEC was 85% of the value in controls 
(0.05 < p < 0.10, table, fig.). 
Light microscopy of the livers revealed slight periportal hyper- 
cellularities consisting of mononuclear  cells and some eosino- 
phils, found in 4 of the 8 CRF rabbits. The normal  ordered 
structure of the tissue was intact, the hepatocytes appeared 
normal  and there was no change in the bile ducts, Kuppfer 
cells or the connective tissue. At  the ultrastructural level the 
hepatocytes from CR F  rabbits did not differ from those of 
controls either in the distribution, number  or the structure of 
the organelles. 
Discussion. In the present study no significant differences be- 
tween CRF rabbits and normal controls were demonstrated in 
any of  the measures of  liver funciton. The relatively moderate 
degree of CRF obtained might have been decisive for this out- 
come. The GEC reflects cytosolic hepatocytic function and is a 
measure of funcitonal liver mass ~2. In the CRF rabbits this 
parameter  was insignificantly decreased compared to controls. 
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The microsomal oxidative drug metabolizing capacity of the 
liver as measured by the antipyrine clearance was not  affected 
in our CRF rabbits, in contrast  to clinical experience 5. Both 
induction and inhibition of hepatic drug metabolism have been 
described during CRF in man 13, and in uremic rabbits de- 
creased metabolism of warfarin has been found 14. The pro- 
thrombin index, which is an indicator of hepatic protein syn- 
thesis capacity ~5, was marginally increased in the CRF  rabbits. 
The mechanism for the increased coagulation factors in uremic 
patients is not known 2,3. 
Several transaminase activities in serum are commonly mea- 
sured to evaluate liver function and only an insignificant de- 
crease in the alanine aminotransferase activity was registered 
in the CRF rabbits. In uremic patients the transaminase activ- 
ity is decreased 4, probably due to the accumulation of an inhi- 
bitory, dialyzable substance t6. 
The effect of CRF on liver morphology has not been studied 
systematically in man. In uremic rats disorganization of the 
hepatocytic mitochondria  has been described ~7. In our CRF 
rabbits no change in hepatocytic structure was found and we 
have no explanation for the occurrence or importance of the 
periportal hypercellularities observed. 
The results of the present study indicate that  mild azotemia in 
rabbits is not  associated with significant changes in hepatic 
function or morphology. 
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