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Hepatic microsomal drug-metabolizing enzyme activity in the opossum* 

(Received 18 August 1966; accepted 12 September 1966) 

THE LEVEL of hepatic microsomal drug-metabolizing enzyme activity is species as well as strain 
dependent.*-3 The activity of microsomal azo and nitro reductase in livers from fish, amphibia, 
reptiles, birds, and mammals was studied by Adamson et at.p and they suggested that microsomal 
reductive pathways were more “primitive” (were detected earlier in the phylogenic scheme) than were 
the oxidative ones. The impor~ce of an aquatic or amphibi~ versus terrestial habitat of animals in 
regard to oxidative liver microsomai dug-meta~lizing enzyme activity was suggested in a review 
by Brodie and Maickel.6 Hepatic drug metabolism, according to these investigators, increased 
as the phylogenic scale was ascended from fish and mammals. Hepatic drug-metabolizing enzymes in 
birds and mammals,were located in the microsomal fraction of the cell. The metabolism of amino- 
pyrine in the toad, however, was qualitatively different from that of the mammal, and several oxida- 
tive drug-metabolizing enzyme systems in the toad were found in the soluble fraction of the liver cell. 

The opossum, a marsupial, is considered to be an offshoot or terminal branch of the main phylo- 
genie line of mammals as the toad is an offshoot of the line of amphibia. Since some differences 
in hepatic drug metabolism between toads and other animals were found by Brodie and Maickel,5 
the amount of enzyme activity and the location of hepatic enzymes that metabolize drugs werestudied 
in the opossum.The elfect of phenobarbital or benzpyrene pretreatment on these enzyme activities in 
opossum liver was also investigated. 

METHODS 

Animals. Mate and female opossums (2-25 kg) were used. These animals were obtained from local 
trappers. “Treated” animals received an intraperitoneal (i.p.) injection of phenobarbital sodium 15, 
25, or 35 mg/kg twice daily for 4 days, or one injection of benzpyrene, 25 mg/kg. All determinations 
were made 12 hr after the last dose of phenobarbital or 48 hr after benzpyrene pretreatment. 

Enzyme assays. Livers were excised and homogenized (1 g liver and 2 ml of 1.15 % KCI) in the cold 
with a glass homogenizer having a plastic pestle, or with a Waring Blendor. The liver homogenate 
was centrifuged at 9000 g for 20 min at 4” to obtain the 9000-g supematant fraction. The liver 9000-g 
fraction was centrifuged at 104,000 g for 1 hr to produce the pellet of microsomes and a supematant 
designated as the “soluble” fraction of the cell. The liver microsomes were washed once in 1.15 % 
KCI, centrifuged at 104,000 g, and resuspended in 1.15% KC1 such that each ml of suspension con- 
tained microsomes from ) g of liver. Each ml of liver 9000-g fraction or soluble fraction was 
considered as equivatent to 0.33 g liver. 

One ml of the liver fraction (e.g. 9000-g fraction) was added to an ~cu~tion mixture cont~ning 
cofactors [t~phosphop~dine nucleotide (NADP) 1.1 x lo-* M, glucose Qphosphate 5 x 1O-3 M, 
nicotinamide 2 x 10-s M, and MgSOs 5 x 10-s M] and substrate. The substrates used and their 

* This study was supported by Grant GM06034 from the National Institutes of Health. 
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concentrations in pmoles/5 ml incubation mixture were: ~inopyrine, 40; p-nitrobenzoic acid, 
12; aniline, 7.2; benzpyrene, 0.6; and zoxazolamine, 3. The final volume of the incubation mixture 
was adjusted to 5 ml with 0.1 M potassium phosphate buffer, pH 74. When formaldehyde was 
measured, semicarbazide (50 pmoles/5 ml incubation mixture) was included in the reaction mixture 
as a trapping agent. All incubations were carried out in a Dubnoff shaking incubator at 31” under 
oxygen or nitrogen for 1 hr (except for benzpyrene which was incubated for 30 min). 

Chemica/ assays, The metabolite of aminopyrine, 4-aminoantipyrine (4AAP), was determined by 
diazotization and coupling with a-naphthol according to the method of Brodie and Axeiroda after 
precipitating the protein in the incubation mixture with trichloroacetic acid.7 Formaldehyde formed 
from aminopyrine was estimated in a perchloric acid filtrate by the method of Nash* as modified by 
Cochin and Axelrod,s after precipitating 1 ml of the reaction mixture with 0.6 N perchloric acid. The 
method of Fouts and Brodieie was used to measure p-aminobenzoic acid (PABA) formed from 
p-nitrobenzoic acid (PNBA). The hydroxylation of aniline was estimated by measuringpammophenol 
(PAP) according to the method of Gillette as quoted in Dixon et aLI The method of Juchau et aLI as 
adapted from Conney et ~1.13~ 14 was used to determine benzpyrene hydroxylation. The hydroxylation 
of zoxazolamine was estimated by m~suring the disappearance of zoxazolamine.15 Hepatic glucose 
6-phosphate dehydrogenase (G-6-PD) activity was determined in the manner described by Komberg 
and Horecker.le A method described by Hart and Fouts17 as adapted from Gillette et aAl was used 
to estimate NADPH oxidase activity of liver microsomes. The method of Klingenberglg was used to 
measure hepatic cytochrome CO-binding pigment. Results were usually expressed as micromoles of 
substrate metabolized or product formed per g liver per incubation period. 

RESULTS 

The amounts of 4AAP or formaldehyde formed from aminopyrine, PAP from aniline, PABA 
from PNBA, and the amount of benzpyrene metabolized by liver fractions from male or femaIe 
opossums are shown in Table 1. The enzyme systems that metabolized aminopyrine, aniline, PNBA, 
and benzpyrene were located in the microsomal fraction of the liver cell. The metabolism of these 

TABLE 1. PHENOBARBITAL STIMULATION OF HEPAIIC DRUG-META~LIZING ACXXVWY IN MALE AND 

FEMALEOl'OSXJM 

Enzyme activity* in hepatic 9000-g fractions from: 

Substrate 
Enzyme 
activity 

measured 
by 

Male Female 
E;a”. 

. Control Phenobarbital- Control Phenobarbital- 
pretreatedt pretreated? 

p-Nitrobenzoic PABA 
acid formed 

Aniline PAP 
formed 

Benzpyrene Substrate 
disappeared 

Aminopyrine 4AAP 
formed 

Aminopyrine Foroy;l$hyde 

: 
1.91 

0.99 ri: 0.30: 

1.19 
0.73 f O*lO$ 

0.47 
0.56 & 0.10: 

4.62 
6.85 + l*OO$ 

3.63 
264 
2.88 
1.59 
1.32 
I.29 
0.98 
O-70 
@79 
1.27 
0.90 
1.35 

12XNl 
9.48 

13.80 

1.55 3.78 
0.78 285 

0.91 
0.51 

l-70 
1.20 

O-67 0.83 
0.41 059 

0.39 
0.17 

1.09 
0.37 

4.08 10.92 
2.19 12.12 

* Enzyme activity in micromoles substrate metabolized or product formed per g (wet weight) 
liver per hr except with benzpyrene where time was 30 min. 

t Animals were injected i.p. with phenobarbital sodium twice daily for 4 days as follows: exp. 1, 
15 mg/kg; exp. 2,25 mg/kg; exp. 3, 35 mgjkg. 

$ Mean j, S.E. with three animals per group. All other values in the table are from single animals. 
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compounds by hepatic enzyme systems seemed to be “stimulated’ about two- to threefold by pheno- 
barbital pretreatment. Both males and females responded to such phenobarbital treatment, and 
increasing the dose of phenobarbital above 15 mg/kg twice daily produced no further increase in the 
rate of metabolism of these compounds. The level of drug-metabolizing enzyme activity in control 
male opossum liver was similar to that in control female opossum liver for all pathways studied. 

Glucose f&phosphate dehydrogenase activity in the male opossum liver, and NADPH oxidase 
and cytochrome CO-binding pigment levels in both male and female opossum livers appeared to be 
slightly increased by phenobarbital pretreatment, as seen in Table 2. 

TABLE 2. THEEFFECTOFPHENOBARBITALPRETREATMENTONHEPATICMICROSOMAL 
CO-BINDING PIGMENT,NADPH OXIDASE AND GLUCOSE 6-PHOSPHATE 

DEHYDRoGENASEACTIVITYINTHEOPOSSUM* 

Animal NADPH 
oxidized: 

NADPH formed 
with G-6PD $ 

Male 
Control 
Phenobarbital-pretreated 

Female 
Control 
Phenobarbital-pretreated 

144 
;:; 

40.2 
191 156.0 

1:: ;:; 

* Opossums were injected with phenobarbital sodium 15 mg/kg twice daily for 4 days. 
Each value represents a single determination. 

t Expressed as O.D. units x 103 per 3 ml voIume containing microsomes from 100 mg 
liver with a l-cm light path. 

2 Expressed as wmoles NADPH oxidized/min by microsomes from 100 mg liver. 
§ Expressed as mpmoles NADPH formed/min by microsomes from 100 mg liver. 

The effect of benzpyrene pretr~tm~t on the hepatic microsomal metabolism of benzpyrene and 
zoxazolamine was studied in the adult male opossum. The rate of metabolism of benzpyrene by 
9000-g supernatants prepared from liver of control male opossum was 0.62 pmole/g liver per 30 min. 
Forty-eight hours after a single i.p. injection of benzpyrene (25 mg/kg), this enzymic activity rose to 
1.22 pmole/g liver per 30 min. The rate of metabolism of zoxazolamine by hepatic 9000-g fractions 
from normal vs. benzpyrene-pretreated opossum was similarly affected (control = 0.96 pmole/g 
liver per hr; benzpyrene-pretreated = 2552 pmole]g liver per hr). Thus, the hepatic metabolisms of 
benzpyrene and zoxazolamine were enhanced about twofold by benzpyrene pretreatment. 

DISCUSSION 

Unlike those of the toad, opossum liver enzymes for the metabolism of aminopyrine were found 
in the microsomal fraction of the cell. The other hepatic drug metabolisms studied appeared to be 
similar in opossum to those in other mammals. Phenobarbital pretreatment increased the activity of 
four hepatic drug-metabolizing enzyme systems in the adult opossum, and pretreatment with benz- 
pyrene enhanced the metabo~sm of benzpyrene and zoxazolamine. This suggests that hepatic micro- 
somal drug-metabolizing enzyme systems in the adult opossum are similar to those in rats, rabbits, 
and other mammals. 

Since the intra-uterine gestation period for the opossum is short (13 days), and since young animals 
may be removed, treated with a drug, and replaced in the maternal pouch, it may be of interest to 
study the effects of enzyme-inducing drugs on young opossum liver metabolism. Such effects of drugs 
on the development of hepatic microsomal drug-metabolizing enzymes may be studied more easily 
in the opossum than in other m~mals, since the absence of a placenta after I3 days’ gestation in the 
opossum makes dosing of the young animal more accurate and may eliminate some maternal in- 
fluences on enzyme development. 

Department of Pharmacology, 
College of Medicine, 
University of Iowa, 
Iowa City, Iowa, U.S.A. 
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Neurotoxic action of 8-N-oxalyl-L-Q-diaminopropionic acid 

(Received 5 August 1966; accepted 15 September 1966) 

B-N-OXALYL-L-a#-DIAMINOPROPIONIC ACID (OX-Dapro) is a recently characterized neurotoxic amino 
acid, found in the seeds of Lathyrus sativus, prolonged consumption of which has been associated 
with human “neurolathyrism”, a crippling disease. 1,2 The structural requirements for the neurotoxic 

action of OX-Dapro in day-old chicks has also been recently reported.3 Curiously enough OX-Dapro 
does not induce any neurotoxic effects in normal adult animals such as rats or mice.1 We now report 
of our studies with this neurotoxin which could provide a new approach towards the study of this 
crippling disease, since preliminary studies reported here show that the innocuous nature of OX-Dapro 
to adult animals could be due to an effective blood brain barrier (BBB) system. It has been found that 
under certain experimental conditions OX-Dapro does induce neurotoxic effects in adult animals, 
showing that the BBB is altered under such conditions. 

While day-old chicks (35-45 g) manifest typical neurological symptoms upon intraperitoneal 
administration of OX-Dapro* (10-20 mg/chick), adult birds do not respond to the neurotoxin at 
similar dosages but require higher dosages of the same. Thus a 25-day-old bird (60-70 g) requires a 
dosage of 1 mg/g to manifest clearcut neurotoxic effects. Adult rats and mice (l-3 months old) do not 
show any neurotoxic effects upon intraperitoneal administration of OX-Dapro at the level of 1 mg/g. 
Similar failures were also observed with the adult monkey. 

* OX-Dapro used in these studies, isolated as described previously1 had a melting point of 206”. 


