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1. Introduction

In a study of drug N—deméthyiations in isolated

hepatocytes and perfused rat liver, we have observed '

a substantial stimulation of *CO, formation from
[dimethylamino-**Claminopyrine upon addition of
i_-methionine [1]. This is in agreement with the results
of studies un the role of methionine in the metabolism
of C; -units derived from histidine [2—4] and formate
[4]. An explanation of the meihionine effects is
nrovided by its conversion to S-adenosyl methionine
-{scheme 1) which reduces the formation of methyl-

tetrahydrofolate by inhibition of methylene tetra-

hydrofolate reductase {5]. This provides an increased
proportion of tetrahydrofolate which functions in the
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degradation of forminoglutamate and the oxidation
of formate to carbon dioxide by folate-dependent

~pathways [6] (scheme 1).

The thyroid state has been shown to aff fect folic
acid and vitamin B, metabolism [7]. The effect of
hyperthyroidism in increasing the excretion of
forminoglutamic acid and decreasing the oxidation of
[2-'*C]histidine to *CO, has been identified as due
mainly to an increase in methylenetetrahydrofolate
reductase [8,9] which would increase the production
of methyl-tetrahydrofolate and thereby decrease the
non-methyltetrahydrofolates which can function in
formate oxidation by the folate-dependent pathway
{scheme 1) and in the degradation of forminoglutamic
acid. Production of hypothyroidism by either feeding
of thyroid inhibitors (thiouracil) or by thyroidectomy
increases histidine oxidation to CO, and reduces
excretion of forminoglutamic acid [8,9]. -

The exhalation of 1*CO, derived from [dimethyl-
amino-**Claminopyrine [10] has been evaluated as a
non-invasive assay of the drug-metabolizing capacity
of the liver in animals and in man in the so-called

_ ‘breath test” {11-14]. In order to assess the possible

significance of the above-mentioned observations
[1-8] on the aminopyrine breath test, we have

-examined the effects of low methionine diet and of

thyroid status on CQ, exhalation rates in rats given
[dimethylamino-"*Claminopyrine. The results show
*hat in phenobarbiial-treated animals there is a marked
stimulatory effect due to methionine and, furiher, an
increased rate of *CO, exhalation is produced by
thyroidectomy or feeding thiouracil.
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2. Methods
~ ~ Male Wistar or Sprague Dawley rats (90130 g) as

indicated which had been on the experimental diets
for 3—-4 weeks were used in the respiration studies,

which were carried out in a small respiration chamber )

(desiccator, 1.6 1). Air was drawn through the
chamber and the trapping liquid (40 ml ethanolamine:
ethyleneglycol monoethylester, 1:2)at ~ 300 ml/min.
Radioactivity was measured using the scintillation -
mixture [15] which is especially well suited for use
with alkaline solutions containing large amounts of
CO, . [dimethylamino-**ClAminopyrine, 12 Ci/mol
(Radiochemical Centre, Amersham) was diluted with
unlabeled aminopyrine (gift from Hoechst AG,
Frankfurt) and used with a spec. act. 6 mCi/mol.
L-[2-**C]Histidine and [**C]formate were diluted
with unlabeled material and used with a spec. act.
2 mCi/mol. These materials were injected i.p. to
provide ~ 0.2 uCi radioactivity /animal and either
0.15 mmol aminopyrine, 1 mmol histidine, or 1 mmol
formate/kg body wt

Phenobarbital pretreatment was performed by
addition of sodium phenobarbital to the drinking
water (1g/1) for at least 7 days prior to the experiment.

The animals were kept on different dietary
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regimens for 3—4 weeks priér to the experiment. Two

~series of experiments were carried out: the first con-
- sisting of groups 1 —4 with Wistar rats; the second of

groups 5—8 with Sprague Dawley rais, 6 months after
the first series. Group 1 received regular laboratory

diet (Altromin), whereas all other groups were kept

on a 20% soy protein diet low in methionine [2]
supplemented with vitamin By, (50 ng/kg diet) and -
folic acid {2 mg/kg éiet). Group 3 received
L-thyroxine (20 mg/kg diet) in order tc produce
thyrotoxicity, whereas group 4 received thiouracit -
(1 g/ke diet) to produce hypotlhiyroidism:.

In the second series (table 2) the animals of

groups 6—8 were thyroidectomized at weaning and
placed on experimental diets 2 days later.

2. Results

‘Table 1 presents the results of an experiment
comparing the effects of methionine on the forma-
tion of *CO, from [dimethylamino-**Claminopvrine

" in phenobarbital-pretreated rats kvept on stock diet
(group 1) or on a low-methionine diet (groups 2—4).
CO0, production was diminished by ~ 25% when
the animals were kept on a diet low in methionine as

- Table 1
"‘CO cxhalatlon from {Dzmefnylammo~'“C}ammopynne

Group  Diet . Supplement 1#4CO0, exhaled {% of Dose of [‘{’C}aminopyrine) % due to
no. " per kg diet - methionin:s
L-Methionine . L-Methionine - {-Methionine at1.0h
atC5h 2t 1.0k at3.0h :
- + — + — +
1 Stock diet None 22.0¢2) 24.4(3) 32.9(3) 379 (3) 49263 55.7 3 715
+0.6 +2.1 0.8 221 +2.5 - %1.2
2 . ~Low methionine 7N0ne 1248 262D 25.5 4y 40-9 {3) 39.9(7) 55.0(3) 60
0.7 +5.8 +1.2 +5.3 *1.3 +3.3
) 3 Low methicnine. L-thyroxine 12.2(3). 21.0 (3) 24.0(3) 38.6(3) 33.7(6) 33.2(3) o2
20 mg +1.5 6.4 =0.7 =70 =28 - 125
4 Low methionine Thiouracil 155 4 28.6'(4) 304(48) 42-2 (4) 45.6 (6) 53.7 {4) 39
o T ig 227 =0.5 2.1 0.9 +2.2 x1.5

Pretreatmynt of the rats was performed as in section 2. Data are means *+ SEM. Number of anirﬁals in parentheses.
L-Meihioninc was injected 30 min before start of experiment (1 mmol/kg body wt). Aminopyrine (0.15 mmol/kg body
- wt) was injected at zero time. All animals received phenobarbital (1 g/1) in drinking water begmnmo 7 days before

me"abohsm tests were made
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Table 2

Effect of methionine on **CQ, exhalation from **C-labeled formate, aminopyrine and histidine in
normal and thyroidectomized rats pretreaied with phenobarbital

Group  Treatment 19CO, exhaled (% of Dose)
no.
' [**C)Formate® [dimethylamino-t°C}- [2-'CHistidine?
' L-methionine  Aminopyzine® L-methionine
L-methionine :
-~ + - +- — +
5 Control ' 285 334 ° 323 428 29 3187
' : 0.8 1.0 - 1.1 - 0.9 ~x0.3 +0.6
6 Thyroidectomized © 380 410 356 40.2 304 413
o - =03 +1.9 1.2 *1.7 +*10 +0.7

7 Thyroidectomized; - . 304 30.7 22.7 48.4 25 16.9
. 5 pg T,/day® +1.4 209 =il +1.8 0.3 4.1
8 - Thyroidectomized,; 324 37.0 343 50.7 19 121

3 g thyroid powder/kg diet . #2.1 +2.1 2.9 1.7 +2.6
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i(_).]

2 yalues for 1 b in respiration chamber
Values for 2 h in respiration chamber

€ T, (10 pg) injected 1,p. every other day; this represents replacement level of T,

Values are percentage of injected dose oxidized to respiratory carbon dioxide in time indicated (= SEM,
#=5--6). I.-Methionine (2 mmol/kg body wt) was injected 20—30 min before injection of the labeled
compound. Amounts of injected compound (mmmol/kg body wt): formate, 1.0; aminopyrine, 0.3;
histidine, 1.0. Phenobarbital-pretreatment was as indicated in table 1

compared to that observed with the stock diet. The
injection of methionine (1 mmol/kg body wt) 30 min
before start of the experiment led to an increase (60%)
in animals kept on the diet Tow in methionine.
Methijonine injection had a greéter stimulatory effect
in animals kept on the low-methionine diet than on
the stock diet. *CO, exhalation reached similar values
after methionine injection irrespective of the prior
methionine supply with the diet (table 1).

A further comparison of the effect of methionine
on the **CQO, formation from [**C]formate,
[dimerhplamino-** Claminopyrine and [2-"*CJhistidine
is shown in table 2. Clearly, there is an increase
in *CO, exhalation from [dimethylamino-**Clamino-
pyrine due to methionine in all the dietary treatmens.
The increase in formate oxidation in the same groups
was smaller, These in vivo stimulatory effects of
metliionine injéction may be compared with the much
larger increases (~ 3-fold) in [dimethylamino-*C}
aminopyrine oxidation and (~ 4-fold)in [**Clformate
oxidation observed in perfusad lver [1] and (—2-fold)
i [dimethylamino-**Claminopytine oxidation [1]
and [“*Clformate oxidation [4] in isolated hepato-
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cytes. The stimulatory effect of methionine on
#CO, production from [2-'*CJhistidine (table 2) was
quite marked in the in vivo system, similar to the
previous .indings with isolated hepatocytes and per-
fused rat liver [2—4]. '

Thiouracil feeding increased *CO, exhalation
from labeled aminopyrine by 20% at 1 h (table 1:
group 2 versus group 4), and the increase observed
after thyroidectomy was 11% (table 2: group S versus
group 6), Under the same conditions thyroidectomized
rats showed a 10-fold increased *CO, formation
from [2-**Clhistidine in these phenobarbital-pre-
treated animals, and formate oxidation was also
increased by 33% (table 2: group 5 versus group 6).

4. Discussion

These observations indicate that in phenobarbital-

' pretreated anumals fed a diet low in methiorine there

is arestricted capacity to form **CO, from [dimeshyi-
amino-"*Claminopyrine, [**Clformate and |2-**C}-
histidine. This restriction can be overcome by injec-
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‘tion of methionine. Thus, the nutritional s.atus
relative to methionine intake or to vitamin Bj,
status which can affect methionine synthesis, could
lead to alterations in the extent of formaie—CO,

conversion. This could be of relevance in the so-called
‘breath test” in man. Evidence that the formate—CQO,

conversion is the rate limiting step in **CQO, exhalation '
has been presented by the urinary excretion of
[““Clformate in intact rats [10]. The present observa-
tions also indicate that hypothyroidism may increase
*CO, exhalation from [dimethylamino-"*CJamino-
pyrine in the ‘breath test’ similar to its effect in
promoting oxidation of [2-**Clhistidine to '“CO.
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