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Abstract-Hepatocytes isolated from mouse and rat catalyzed the formation of glucuronide, sulphate, 
glutathione and cysteine conjugates of paracetamol. These metabolites were separated by high pressure 
liquid chromatography. 1. Sulphation had higher affinity for paracetamol than glucuronidation in hepato- 
cytes from both mouse and rat, whereas glucuronidation had higher capacity. The maximal rate of glucur- 
onidation was similar in hepatocytes from both species, the rate of sulphation was, however, several-fold 
less in hepatocyta from mouse. 2. Formation of the glutathione conjugate was directly correlated with 
loss of intracellular glutathione (GSH). The rate of glutathione conjugate formation increased about three 
times in rat hepawx@ after phenobarbital treatment. This induced rate was, however, only half of that 
in hepatocytes fromCoptro1 mouse. In both species the reaction was saturated only at very high paracetamol 
concentrations. The rate of formation of the cysteine conjugate was very low compared to the other 
reactions. 3. Only bepatocytes isolated from mouse lost integrity, measured as increased permeability of 
the cell membranes, upon incubation in the presence of paracetamol. 

Paracetamol is a widely used analgesic and antipyretic 
drug which in normal dosage is considered safe and 
nontoxic. However, taken in large overdose it pro- 
ducesacute hepaticnecrosis [l-3]. Giveninlargedoses 
the drug produces similar lesions in laboratory animals 
[4-6], although considerable species variation exists 
[7]. Species like the mouse and the hamster have been 
shown to be highly susceptible to toxic effects of 
paracetamol[4,5] whereas the rat is quite resistant [6]. 

Paracetamol is primarily metabolized to nontoxic 
conjugates by direct canjwtion with glucuronic 
acid and sulphate [8]. In *addition, paracetwl 
presumably undergoes cytochrame P-450 depea&,pt 
N-hydroxylation [4,9, lo]. The N-hydroxy deriva- 
tive rapidly undergoes spontaneous degradation to 
N-acetyl-p-benzoquinone, generally believed to be 
the reactive species of the drug [5, 71. At moderate 
doses of paracetamol the cell is protected by its 
content of reduced glutathione which traps the reac- 
tive species [S, 7,111 and is excreted as mercapturic 
acid and cysteine derivatives [8,12]. At high doses, 
however, glutathione is depleted and covalent binding 
of reactive species to cellular macromolecules occurs 

[S, 9,111, which is considered to be the ultimate 
cause of the cell damage [9,12]. 

Most investigations of met.++lism and toxicity of 
paracetamol have been perforqd .in uiuo. In meta- 
bolic studies this system has.i*q ,+vious limitations 
due to difficulties in contromameters such as 
absorption, tissue binding an.4 e&c&on which might 
play a significant role in the fate of the administered 
drug. In addition, studies of fast reaction sequences 
and kinetic measurements are difficult to perform. 

Isolated hepatocytes, combining the advantage of 
an in oitro system with most properties of an in uiuo 
system, have during the last few years proven useful 
in studies on drug metabolism, both cytochrome 
P-450 dependent oxidation reactions [ 133 and subse- 

quent conjugation reactions [14], as well as on drug 
toxicity [15, 161, thus offering a more flexible system. 

Metabolites derived from paracetamol have been 
identified by thin layer chromatography, requiring 
radioactive labeled drug and more recently by high 
pressure liquid chromatography (HPLC). Howie et al. 
described a HPLC method detecting sulphate, 
glucuronide, Nacetylcysteine acid and cysteine con- 
jugates directly from human urine samples [17], 
whereas Buckpitt et al. reported a similar method for 
isolating glutathione, cysteine and N-acetylcysteine 
conjugates forgsd from radioactive labeled paraceta- 
mol in microso@ incubations [ 181. 

The purpose of the present study was to perform a 
detailed analysis of the formation of the dillerent 
metabolites from paracetamol in hepatocytes isolated 
from mouse and rat, using a modified HPLC method 
for isolation of the glucuronide, sulphate, glutathione, 
cysteine and N-acetylcysteine conjugates. The results 
are discussed with regard to the toxicity of para- 
cetamol in the different species. 

MATERIALS AND METHODS 

Male Sprague-Dawley rats, 200-250 g, and male 
NMRI mice, 20-25 g, were used. Phenobarbital- 
treated animals were given sodium phenobarbital i.p. 
at a daily dose of 80 mg/kg for three days. 

Microsomes were prepared from phenobarbital- 
treated rats according to Ernster et al. [19]. Micro- 
somal incubations were performed in a 50 mM Tris- 
HCl buffer, pH 7.4, containing a NADPH generating 
system, microsomes (2 mg/ml), paracetamol(l0 mM) 
and cysteine, N-acetylcysteine or GSH (5 mM). 

Hepatocyte isolation from both rat and mouse was 
performed by collagenase perfusion as previously de- 
scribed [20,21]. The yield of each preparation was 
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2-4 x 10s cells per liver from rat and 2-5 x 10’ cells 
per liver from mouse, as measured by counting the 
final cell suspension in a Buerker chamber. Im- 
mediately after isolation the cells excluded both 
trypan blue and NADH (90-100 “/,). 

Incubations were performed at 37°C in rotating 
round bottom flasks [21] or in shaking 25 ml Erlen- 
meyer flasks, under a 95 % 0, - 5 % CO, atmosphere 
at a cell concentration of l-2 x lo6 cells/ml. The 
incubation medium was a Krebs-Henseleit buffer, pH 
7.4, supplemented with 25 mM Hepes (~-2-hydroxy- 
ethylpi~r~ine-~-2-ethan~ulphonic acid), penicillin 
(100 IU/ml), heparin (10 HJ/ml), horse serum (17.5 %) 
and an amino acid mixture [22]. 

Metabolites of paracetamol were analyzed using 
high pressure liquid chromatography by a method 
modified after Howie et al. [17]. Perchloric acid (0.5 
ml, 3 N) was added to 1 ml of incubate to precipitate 
the protein. After ~nt~fugation, the supernatant was 
used for metabolite analysis immediately or after 
storage at - 20”. No degradation of the formed para- 
cetamol metabolites was observed after 3 months of 
storage. An aliquot (l&30 ~1) of the supernatant was 
injected onto a reversed phase p-Bondapak C,, 
column (Waters Associates Inc., Massachusetts, USA) 
and the metabolites were isolated by gradient elution 
using a Spectra Physics model 3500 liquid ehromato- 
graph equipped with a variable UV detector and a 
Spectra Physics System 1 integrator. The gradient 
system was solvent A, 1% aqueous acetic acid and 
solvent B, 1% aqueous acetic acid-methanolethyl- 
acetate (90:15:0.1). The initial concentration was 7.5 % 
A and 25% B. A linear gradient was started 7 min 
after injection and finished at 99 % B (sweep time 15 
min). The flow rate was 2 ml/min and the eluent was 
monitored spectrophotometrically at 250 nm. Quanti- 
fication of the metabolites was accomplished using 
paracetamol as a standard since the molar extinction 
coefficients of the meta~lites and paracetamol are 
essentially the same [17]. In early experiments 
rtfluorophenol was used as an internal standard but 
has been omitted since repeated injections of para- 
cetamol onto the column were found to be very 
reproducible. 

Intracellular level of GSH was estimated by the 
method of Saville [23]. Measurements were performed 
on lo6 cells, reharvested by gentle centrifugation 
(80 g). One ml of 6.5 % trichloroacetic acid was added 
to the reharvested cells and, following centrifugation, 
a 0.5 ml aliquot of the supernatant was used for 
analysis. 

Penetration of NADH into the cells was measured 
using the lactate dehydrogen~e latency test [20,21]. 
An aliquot of a well-mixed hepatocytes suspension 
was diluted ZO-fold in Krebs-Henseleit buffer contain- 
ing 2 y0 albumin. NADH (0.1 mM final concentration) 
and pyruvate (0.76 mM final concentration) were then 
added. The rate of NADH oxidation was recorded at 
340 nm and 100 % activity was obtained after lysis of 
the cells by addition of Triton X-100 (0.5% final 
concentration). 

Collagenase was obtained from Boehringer/Mann- 
heim GmbH, Mannheim, Federal Republic of Ger- 
many. Bovine serum albumin fraction V was pur- 
chased from Sigma Chemical Co., St. Louis, Mis- 
souri, USA. Paracetamol metabolite standards were 

obtained from the chemical division, Sterling Win- 
throp, Newcastle, England. All other chemicals were 
of analytical grade and obtained from local com- 
mercial sources. 

RESULTS 

Identification of metabolites. It was possible to 
separate five different paracetamol metabolites using 
the HPLC method described in the Methods section 
(Fig. 1A and B). The five metabolites were the sulphate, 
glucuronide, cysteine, glutathione and N-acetyl- 
cysteine conjugates. The sulphate-, glucuronide- and 
cysteine conjugates were identified using synthesized 
standards, the glutathione and N-acetylcysteine con- 
jugates from incubations of paracetamol with micro- 
somes in the presence of NADPH, 0, and GSH or 
N-a~tylcysteine. In the isolated hepatocytes three 
major metabolites were formed, the glucuronide, the 
sulphate and the glutathione conjugate (Fig. IA). 
Only small amounts of the cysteine conjugate and no 
N-acetylcysteine conjugate were detected. The un- 
marked peak eluted after paracetamol in Fig. 1 B is an 
unidentified compound present in the incubation 
medium and is present also at zero time in the absence 
of paracetamol. 

Metabolite firmation in heputocytes isolated from 
control and phenobarbital-treated rat. The metabolic 
disposition of paracetamol in the rat in uioo has 
previously been shown to change after phenobarbital 
treatment [S]. The percentage excreted as the glucuro- 
nide was enhanced as well as that excreted as the 
mercapturic acid conjugate. Similar results were 
obtained with isolated hepatocytes. Thus, the meta- 
bolic pattern of paracetamol in hepatocytes isolated 
from phenobarbital-treated rat was changed com- 
pared to control hepatocytes (Table 1). Glucuronide 
formation was enhanced about two-fold whereas 
sulphate conjugation was unalfected. Obviously, the 
formation of the reactive metabolite also increased 
since the amount of glutathione conjugate formed 
was almost three times that in hepatocytes from con- 
trol rats. 

A 

-2Omin - - 20 min -4 

Fig. 1. A. High pressure liquid chromatogram from injection 
of 10 ~1 sample from incubation of paracetamol with hepato- 
cytes isolated from phenobarbital-treated rat. G-paraceta- 
mol glucuronide, S-paracetamol sulpbate, C-paracetamoi 
cysteine, P-parac&nol, Glut-p&acetamoi dutathione. 
R High pressure liquid chromatogram from iniection of 10 
~1 sampie from ikubation of paracetamoi with liver 
microsomes from phenobarbital-treated rats in the presence 
of NADPH, 0,, cysteine and N-acetylcysteine. C-para- 
cetamol cysteine, P-paracetamol, A-paracetamol-N- 

acetylcysteine. 
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Table 1. Metabolite formation of paracetamol in hepatocytes 
isolated from control and phenobarbital-treated rats 

Pretreatment 
Glucuronide Sulphate Glutathione 
conjugates conjugates conjugates 

nmol/106 cells/30 min 

Control 38.8 k 1.3 24.0 f 1.5 3.9 + 0.4 
Phenobarbital 14.2 + 2.1 23.6 f 0.7 12.6 f 0.5 

Incubations were performed in the presence of 10 mM para- 
cetamol (10 pmole/106 cells) as described in ‘Materials and 
Methods’. Values represent means + S.E.M. of 2-4 

different hepatocytes preparations. 

Eflect of dose on metabolite formation in hepatocytes 
from mouse and rat. The metabolite pattern varied 
with the concentration of paracetamol in hepatocytes 
isolated from rats treated with phenobarbital (Fig. 2). 
At low concentration, 0.25 mM, there was about 
equal conjugation with sulphate and glucuronic acid. 
However, sulphate conjugation was saturated at 1 
mM paracetamol, whereas glucuronidation was not 
maximal until 5 mM concentration. At 25 mM con- 
centration there was a slight decrease of both 
conjugation reactions. The formation of gluta- 
thione conjugate was increased with increas- 
ing paracetamol concentration and not saturated 
until a concentration of 25 mM paracetamol was 
reached. This reaction was not linear with time at 
higher paracetamol concentrations probably due to 

A 
200 

1 

the decreased GSH concentration (see Figs. 4 and 5). 
In hepatocytes isolated from mouse, glucuronida- 

tion was saturated at 5 mM, sulphate conjugation 
already at 0.25 mM and formation of the glutathione 
conjugate at a concentration of 25 mM paracetamol 
(Fig. 3). As in rat hepatocytes, the formation of gluta- 
thione conjugate was not linear for any length of time 
at the higher drug concentrations. Compared to 
hepatocytes from phenobarbital-treated rats, the rate 
of glucuronidation in hepatocytes from non-pre- 
treated mouse was about 50 per cent whereas sulpha- 
tion was only about 10 per cent. However, the initial 
rate of glutathione conjugate formation was about 
twice as fast as in rat hepatocytes. Comparison with 
hepatocytes from control rats reveals an even greater 
difference in this reaction whereas glucuronidation is 
almost equal (see Table 1). 

Long term incubations of hepatocytes in the pres- 
ence of paracetamol. Hepatocytes were incubated 
for 5 hrs in the presence of paracetamol (Figs. 4 and 5) 
and metabolite formation, GSH level and cell mem- 
brane integrity was monitored. Hepatocytes from 
both mouse and rat incubated in the absence of 
paracetamol have a constant high level of GSH and 
the cell membrane shows no sign of loss of integrity 
([lS], Fig. 5). Hepatocytes from phenobarbital- 
treated rats were incubated in the presence of 10 mM 
paracetamol, a concentration saturating both glucur- 
onidation and sulphation. The formation of these 

c 
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1 
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Fig. 2. Metabolite formation at different paracetamol concentrations in hepatocytes isolated from pheno- 
barbital-treated rat. Incubations were performed as described in Methods using 2 x lo6 cells/ml ofincubate. 
A. Glucuronide conjugate 
B. Sulphate conjugate 
C. Glutathione conjugate 
Paracetamol concentrations: x , 250 pM; 0, 1 mM; A, 5 mlM; l , 10 mM, 0, 25 mM. One experiment 

typical of three. 

30 60 30 
minutes 

60 

Fig. 3. IMetabolite formation at different paracetamol concentrations in hepatocytes isolated from mouse. 
Incubations were performed as described in Methods using 2 x lo6 cells/ml of incubate. 
A. Glucuronide conjugate 
B. Sulphate conjugate 
C. Glutathione conjugate 
Paracetamol concentrations: x, 250 +I; 0, 1 mM;A, 5 mM; l ,lO mM;n, 25 mM; A, 250 PM-10 mM, 

see B. One experiment typical of three. 
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hours 

Fig. 4. Paracetamol metabolite formation, glutathione levels and cell viability in hepatocytes from pheno- 
barbital-treated rat incubated in the presence of paracetamol (10 mM). Incubations were performed in 
rotating flasks using lo6 cells/ml of incubate as described in Methods. 
A. Metabolite formation; x , Glucuronide conjugate; A, Sulphate conjugate; 0, Glutathione conjugate; 
A, Cysteine conjugate 
B. Glutathione level 
C. Cell viability: Intactness of cell membrane estimated by NADH penetration. One experiment typical 

of three 

i 5 
hours 

Fig. 5. Paracetamol metabolite formation, glutathione levels and cell viability in hepatocytes from mouse 
incubated in the presence and absence of paracetamol (2 mM). Incubations were performed in rotating 
flasks using 106 cells/ml of incubate as described in Methods. 
A. Metabolite formation: x , Glucuronide conjugate; A, Sulphate conjugate; o, Glutathione conjugate; 
A, Cysteine conjugate. 
B. Glutathione level; l , presence of paracetamol; 8, absence of paracetamol. 
C. Cell viability: Intactness ofcell membrane estimated by NADH penetration;~, presence ofparacetamol; 

W, absence of paracetamol. One experiment typical of three. 

two conjugates was linear for at least two hours. The 
formation of the glutathione conjugate was initially 
rapid but decreased after one hour of incubation. 
This conjugate formation was reflected in a decrease 
in the intracellular GSH. If one compares these two 
events one finds almost a direct correlation between 
the amount of conjugate formed and the loss of 
GSH. During incubation the GSH level dropped to 
about 20 per cent of control but even after 5 hr there 
was no sign of any loss in cell viability. This was not 
true for mouse hepatocytes which after three hours 
exhibited an increasing permeability of the cell mem- 
brane and after 5 hr more than 50 per cent of the 
hepatocytes were damaged (Fig. 5). The rate of 
glutathione conjugate formation was more rapid than 
in the rat hepatocytes and started levelling off already 
after 30 min of incubation. As in the rat hepatocytes, 
the formation of this conjugate corresponded to a 
decrease in intracellular GSH. The amount of GSH, 
which in the mouse hepatocytes is somewhat higher 
than in the hepatocytes from phenobarbital-treated 

rat, did not decrease more than about 60 per cent in 
5 hr. Despite this fact of a high level of GSH, these 
cells were damaged. In hepatocytes from both species 
very low but detectable amounts of cysteine conju- 
gate were formed, but no N-acetylcysteine conjugate 
formation was observed. 

DISCUSSION 

The results presented demonstrate the use of iso- 
lated hepatocytes in studies of the biotransformation 
of a toxic drug, paracetamol, with simultaneous de- 
tection of its toxic effect. The toxic effect of para- 
cetamol as indicated by loss of cell membrane integrity 
was demonstrated in hepatocytes isolated from mouse. 
In agreement with in uiuo data [7] hepatocytes iso- 
lated from rat were shown to be very resistant to 
paracetamol toxicity. 

In hepatocytes isolated from both rat and mouse, 
paracetamol formed four detectable metabolites, a 
glucuronide, a sulphate, a glutathione and a cysteine 
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conjugate. It was possible using the HPLC method to 
separate these conjugates directly after incubation 
and detect them by U.V. absorption in less than nmol 
quantities. 

Studies on metabolite formation are more favorably 
performed with isolated hepatocytes than in vivo. For 
instance, data on metabolite formation in vivo are 
generally expressed as per cent excreted as different 
metabolites of the dose given. This gives information 
about the total amount of metabolites formed but not 
about the rate of metabolism or about the K, and 
V,, of the reactions. As demonstrated in the present 
investigation, there are differences in the affinity of 
paracetamol for the different reactions in hepatocytes 
from both rat and mouse. Sulphate conjugation was 
saturated at low paracetamol concentration whereas 
the cytochrome P-450 dependent N-hydroxylation, if 
one assumes this reaction to be reflected by the 
glutathione conjugate formation, was saturated at 
much higher concentrations. The fact that sulphate 
conjugation is saturated at lower koncentrations 
than glucuronidation (cf. Fig. 2) may afford an 
alternative explanation to the observed decreased 
proportion excreted as sulphate conjugate in vivo 
with increasing paracetamol dose. This has previously 
been ascribed to depletion of sulphate [8J The 
plateau of excreted sulphate and glucuronide conju- 
gates found in rats by Davies et al. [12] at high doses 
of paracetamol could then also be explained by 
saturation of these reactions at these paracetamol 
concentrations. 

There were two major differences between the 
hepatocytes isolated from phenobarbital-treated rats 
and control mice concerning metabolism of para- 
cetamol. Sulphate conjugation in mouse hepatocytes 
was found to be only about 10 per cent of that in 
hepatocytes from phenobarbital-treated rat. How- 
ever, the formation of the glutathione conjugate was 
at least doubled in mouse hepatocytes, this reaction 
reflecting formation of the reactive metabolite. The 
affinity of paracetamol for cytochrome P-450 is 
apparently very low in both species since the forma- 
tion of the glutathione conjugate was not saturated 
until 25 mM concentration of paracetamol. 

If one assumes a low rate of resynthesis of GSH, 
there was an almost direct correlation between GSH 
depletion and formation of glutathione conjugate 
in hepatocytes from both rat and mouse. This indicates 
very low further metabolism of the formed glutathione 
conjugate in the hepatocytes which is also evident 
from the fact that very little cysteine conjugate and 
no N-acetylcysteine conjugate was formed in 5 hr of 
incubation. These results suggest that further meta- 
bolism of the glutathione conjugate of paracetamol, 
at least in the rat and mouse, mainly occurs in organs 
other than the liver. It is also not clear yet whether the 
cysteine conjugate is actually derived from the gluta- 
thione conjugate or from direct conjugation of the 
reactive metabolite with intracellular cysteine. 

In conclusion this study has demonstrated large 
differences in affinity of paracetamol for glucuronide, 
sulphate and glutathione conjugate formation. Com- 
parison of the metabolite patterns in hepatocytes 
from rat and mouse revealed very low sulphate con- 
jugation in hepatocytes isolated from mouse as 

formation of the glutathione conjugate was faster. It 
remains to be established whether the low rate of 
sulphate conjugation in addition to the more rapid 
formation of the reactive metabolite, as reflected by 
the formation of the glutathione conjugate, might be 
of importance regarding the susceptibility of mouse 
hepatocytes to the toxic effect of paracetamol. This 
study using isolated hepatocytes as a model is pres- 
ently being extended to investigations of the mechan- 
isms behind the toxic effect of paracetamol and of the 
protective action of the different antidotes used in 
paracetamol overdose treatment. 

Acknowledgements-I wish to thank Prof. D. J. Reed for help 
with the HPLC method, Mrs Margareta Berggren for 
excellent technical assistance and Prof. S. Orrenius for 
valuable discussions 

This work was supported by grants from the Swedish 
Medical Research Council (proj. no. 03A-2471 and 03X-2471) 
and by funds from Karolinska Institutet. 

1. 

2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

1.5. 

16. 

17. 

18. 

19. 

20. 

21. 

REFJ3RENcEs 

L. F. Prescott, P. Roscoe, N. Wright and S. S. Brown, 
Lancer 1, 519 (1971). 
A. T. Proudfoot and N. Wright, Br. med. J. 4,557 (1970). 
P. Clark, R. P. H. Thompson, V. Borirakchanyavat, B. 
Widdop, A. R. Davidson, R. Goulding and R. Williams, 
Lancer 1,66 (1973). 
J. R. Mitchell, D. J. Jollow, W. Z. Potter, D. C. Davis, 
J. R. Gillette and B. B. Brodie, J. Pharmac. exp. Ther. 
187, 185 (1973). 
W. Z. Potter, S. S. Thorgeirsson, D. J. Jollow and J. R. 
Mitchell, Pharmacology 12, 129 (1974). 
M. F. Dixon, B. Dixon, S. R. Aparilo and D. P. Lowey, 
J. Path. 116, 17 (1975). 
D. C. Davis, W. Z. Potter, D. J. Jollow and J. R. Mitchell, 
Life Sci. 14,2099 (1974). 
D. J. Jollow, S. S. Thorgeirsson, W. Z. Potter, M. Hashi- 

moto and J. R. Mitchell, Pharmacology 12,251 (1974). 
D. J. Jollow, J. R. Mitchell, W. Z. Potter, D. C. Davis, 
J. R. Gillette and B. B. Brodie, J. Pharmac. exv. Ther. 
187, 195 (1973). 
W. Z. Potter, D. C. Davis, D. J. Jollow, J. R. Gillette and 
B. B. Brodie, J. Pharmac. exu. Ther. 187.203 11973). 
J. R. Mitchell, D. J. Jollow,W. Z. Potter, J. i. Gillette 
and B. B. Brodie, J. Pharmac. exp. Ther. 187,211(1973). 
M. Davis,N. G. Harrison, G. Ideo, B. Portman, D. Laba- 
darios and R. Williams, Xenobiotica 6,249 (1976). 
P. Mold&us, R. Grundin, H. Vadi and S. O&n&, Eur. 
J. B&hem. 46, 351 (1974). 
P. Mold&s, G. Vahi and M. Berggren, Acta pharmac. 
toxi 39, 17 (1976). 
H. Thor, P. Mold&us, A. Kristoferson, J. HSgberg, D. J. 
Reed and S. Orrenius, Archs Biochem. Biophys. lsS, 114 
(1977). 
H. Thor, P. Mold&s, R. Hermanson, J. Hiigberg, D. J. 
Reed and S. Orrenius, Archs Biochem. Biophys. 188,122 
(1977). 
D. Howie, P. Adrianssens and L. F. Prescott. J. Phurm. 
Pharmac. 29,235 (1977). 
A. R. Buckpitt, D. E. Rollins, S. D. Nelson, R. B. Franklin 
and J. R. Mitchell, Analyt. Biochem. 83, 168 (1977). 
L. Ems&, P. Siekevitz and G. Palade, J. Cell Biol. IS, 
541 (1962). 
P. Mold&s, J. HBgberg and S. Orrenius, Meth. Enzym. 
51, 60 (1978). 
Hsgberg and A. Kristoferson, Eur. J. Biochem. 74, 77 
(lY77). 

22. P. 0. &glen, B&him. biophys. Acta 442, 391 (1976). 
compared to those isolated from the rat, whereas the 23. B. Saville, Analyst 83,670 (1978). 


