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Ascorbic acid and heme synthesis in deficient guinea pig liver 

(Receierd 2 July 1976; uccrpted 17 September 1976) 

Ascorbic acid deficiency in guinea pigs results in marked 
reduction in the activity of the hepatic microsomal drug 
metabolism system. Examples of the type of reactions 
affected include 0-demethylation, N-demethylation, hy- 
droxylation, nitroreduction and steroid hydroxylation 
[l 51. Furthermore. there is a marked decrease in the 
quantity of the microsomal electron transport component, 
cytochrome P-450 [68]. Luft rt ul. [9] found that the 
quantity of the heme protein, cytochrome P-450, 
approached normal levels when ascorbic acid-deficient 
guinea pigs were Injected with b-aminolevulinic acid 
(ALA), a key substrate in heme synthesis. These authors 
suggested that the reduced quantity of cytochrome P-450 
could be due to an impairment in heme synthesis 19, lo]. 
It was important. therefore. to determine the effect of 
ascorbic acid deficiency on the activities of the key 
enzymes involved in heme biosynthesis, namely ALA syn- 
thetase. ALA dehydratase and ferrochelatase. 

Male albino guinea pigs (Hartley strain) weighing 
18&2OOg were maintained on an ascorbic acid-deficient 
diet or on a normal chow diet for 18-21 days as previously 
described [l I]. Animals were sacrificed by decapitation 
and their livers were perfused in sim with ice-cold physio- 
logical saline. Livlers were homogenized with a Potter- 
Elvehjem glass homogenizer in 0.9”, NaCl and 0.01 M Tris 
(pH 7.4) for the determination of ALA synthetase activity, 
m 0.25 M sucrose and 0.01 M Tris (pH 7.4) for ALA dehy- 
dratase activity. or m 0.25 M sucrose 0.05 M Tris (pH 8.h) 
and 0.001 M EDTA for ferrochelatase activitv. 

ALA synthetase activity was determined us&g a modifi- 
cation of the radiochemical assay of Ebert et al. [12] with 
[2,3-‘JC]succinate as the substrate. One ml of whole liver 
homogenate (2.5 to 5”,,. w/v) was added to 1 ml of a solu- 
tion containing 200 mM glycine, 150 mM Tris (pH 7.4), 
20 mM EDTA. 0.4 mM pyridoxal phosphate and 1 &i 
[i4C]succinate (22.5 mCi$m-mole). Incubations were car- 
ried out at 37 for 10 min and the reaction was terminated 
with 0.25 ml of 50”,, trichloroacetic acid. The trichloroace- 
tic acid supernatants were prepared for chromatography 
according to Ebert et ul. 11271 and subsequently added to 
columns of Dowex 50-Na+ resin (lOt&2OOmesh). The 
columns were washed with 20 ml methanol&Xl.05 M acet- 
ate buffer (pH 4.0)(7:1. v,v). washed with 1Oml of 0.1 M 
HCI. and the [i”C]ALA cluted with I M NH,OH. The 
initial 2ml of 1 M NH,OH eluate was discarded. smce 

it did not contain appreciable radioactivity. [14C]ALA was 
eluted in the subsequent 3 ml of 1 M NH,OH. Aliquots 
(0.5 ml) were added to 10 ml naphthalene dioxane scintilla- 
tion fluid and counted. The recovery of [i4C]ALA from 
Dowex columns was monitored usine 0.01 rtCi I14C1ALA 
(25.4 mCi/m-mole) and was 81 + 3 per cent. Enzyme ac- 
tivity was corrected for this recovery. ALA synthetase ac- 
tivity was also determined in sonicated liver mitochondria 
[13] to eliminate possible effects on activity arising from 
differences in mitochondrial integrity or amounts of endo- 
genous cofactors present. Washed mitochondria were 
diluted to 1 mg protein/ml and sonicated using two 5-set 
bursts at 4-8 A with a model S 125 Bronson sonifier. The 
incubation mixture (2 ml) contained 200 pg of mitochon- 
drial protein, 75 mM Tris (pH 7.4) 10 mM EDTA, 125 mM 
sucrose, 10 mM MgCIZ. 100 mM glycine, 0.2 mM pyridoxal 
phosphate, 0.1 mM GTP. 0.1 mM CoA, 0.5 unit succinyl 
CoA synthetase (Succinic thiokinase from the Sigma 
Chemical Co.) and 1 pCi [i4C]succinate (22.5 mCi/m- 
mole). Incubations were carried out at 37’ for periods up 
to 15min and the [iJC]ALA formed was isolated and 
counted as described above. The modifications described 
were necessary to obtain guinea pig ALA synthetase ac- 
tivity which was proportional to enzyme concentration (up 
to 12 mg of whole homogenate protein or 200 i‘g of soni- 
cated mitochondrial protein) and linear with time for at 
least 15 min. 

ALA dehydratase activity was determined in 15.000~ 
supernatant fractions from guinea pig livers according to 
the method of Gibson et al. 1141 exceut that the reaction 
was terminated with 1.0 ml of lo’,, trichloroacetic acid and 
0.1 M HgC12. The amount of product, porphobilinogen, 
was measured directly in the deproteinized supernatants 
with Erlich’s reagent using a molar extinction coefficient 
of 61.000 1151: its recovery from liver supernatant fractions 
was greater than 94 per cent. In other experiments. por- 
phobilinogen was isolated by column chromatography on 
Dowex l-acetate [16]. 

Ferrochelatase activity was determined in liver mito- 
chondria by the method of Wagner and Tephly [lJ]. which 
measures the incorporation of “‘Fe into heme under anaer- 
obic conditions. Ferrochelatase activity was proportional 
to enzyme concentration (1.5 to 4.0 protein/ml) and linear 
with time for at least 40min. The labeled heme was 
extracted into cyclohexanone as described by Jones [18]. 
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Table I. Liver ri-aminolevulinic acid synthetase activity in normal and ascorbic acid-dcfcicnt gumea pugs* 

Treatment 

ALA synthetase 

Homogcnatei- Mitochondriat 
(nmoleshr. 100 mp) (nmoles~hr’lOOmg) 

Cytochrome 
P-4503 

(nmolcs~100 mg) 
Ascorbic Xldb 

(nmoles 100 mg) 

Normal 16.5 * 2.3(12) 6X0 * io (5) 19.2 * I.1 (12) 1740 * 1’)0(12) 
Fed 15.2 + 3.3 (8) 
Starved IX.9 * 2.3 (4) 

Ascorbate-Deficient IX.1 * l.‘)(lI) 720 f 90 (5) 9.5 & 0.7 (I I ) 09 * 7(ll) 

* Normal gumea pig:, recci\cd I mg ascorbic acid,ml in their drinkmg water. daily. Ascorbic acid-delicient animal\ 
wcrc on the diet IX days. Values are meam i S.E.: number in parcnthescs equals number of ammals. 

:- .4ctixity equals nmoles 4LA formed ‘hr IO0 mg of whole cell homogenate or sonicated mitochondrial protsin at 
27 

: Cytochrome P-450 &as dctcrmined in the liver I5.000 g supernatant fraction: (‘0 wa$ present in control and cxpcrl- 
mental cuvcttcs and dithionite ~a\ added only to the expcrimcntal cu\ctte. Quantit> of P-450 equals nmolcs 100 ml! 
of protein; P < 0.01. 

9 Ascorbic acid wab dctermincd in the liver l5.000 g supernatant fraction [?I]. Quantit> equals nmoles IO0 me 01 
protein 

A ?-ml ahquot of the cyclohesanone lracI1on was v,ashed 
with 8 ml of 0.5 N HCI saturated with cyclohexanonc 
before determining the radioactivity in a O.I-ml sample by 
liquid wintillation spcctromctry. 

LI\~I- cl tochrome P-450 and ascorb~ acid \+crc 
mea\urcd in 15.000 g supernatant fraction5 a:, previously 
dcscribcd [I I]. Protein was determined by the method ol 
Lo*ry C’f (I/. [l9]. 

Table I gives the actiblty of ALA synthetase. the quan- 
tity of cytochrome P-450 and the ascorbic acid in liwrb 
from ascorbic acid-dcticlcnt and normal guinea pigs. 
Ascorbic acid-delicient guinea pigs contained half the 
amount of cytochrome P-450 compared with normal ani- 
mals (9.5 vs 19.2 nmolcs. 100 mf of supernatant protein). 
In spite of the decrease in cytochrome P-450. ALA ‘ynthe- 

tax activity was not signlticantly different between the tuo 
groups in either whole cell homogenate (IS.1 \\ Ih.5 
nmoles,hr: I00 mg of protein) or sonicated mitochondtx 
(720 vs 680). The possibility existed that the deticient an,- 
mals had a lower caloric intake which might affect synthc- 
tase activlt\i [Xl; therefore. a group of normal animal\ 
\%ere starved for 74 hr prior to sacrifice. ALA synthetase 
activity was somewhat higher in starved compared with 
fed animals (18.9 vs 15.2 nmoles,‘hr: I00 mg). but the dlll’er- 
cnce was not statistically significant. 

The results obtained for ALA dehqdrataw actl\1t! 111 
livers from ascorbic acid-deficlcnt and normal gu~nca pig\ 
are given in Table 2. Whereas cytochrome P-450 aah 
5.6 nmoles IO0 mg of protein in deficient animals and 15.9 
in normal animals. ALA dehydratase activity wa< not sub- 

Table 2. Libcr 0-anlmole\ullnic acid dchydratasc actlwty in normal and ascorbic acid- 
dcticicnt guinea pigs* 

Treatment 
ALA dehydrataset Cytochrome P-450: 
(nmoles. hr’lO0 mg) lnmoles~lO0 mg) 

Normal (5) 
Ascorbic acid- 

deficient (5) 

1056 * 53 15.9 _t I.1 I560 + I70 

922 + 33 5.6 * I .o 94 * I7 
_ 

* Normal guinea pigs recci\ed I mg ascorbic acid:ml in their drinking water. daily. 
‘Ascorbic acid-deficient animals were on the &et 21 days. Values arc means k S.E.: 
numhcl- in parentheses equals number of animals. 

t Activity equals nmoles porphobillnogcn formed hr 100 mg of I5.000 g supernatant 

fraction protein at 37 
: SW footnote to Table I : P < 0.01. 
ti See footnote to Tahlc I. 

Table 3. Liver ferrochelataae actibitl m normal and ascorbic acid-deficient guinea 
p&s* 

Treatment 
Ferrochelatasri- Cytochrome P-450: Ascorbic acid$ 

(nmoles~hr~lO0 mg) (nmolrs~l(X) mg) (nmoles~lO0 mg) 

Normal 
Ascorbic acid- 

delicient 

* Normal guinea pigs rcccivcd I mg ascorbic acid:ml in their drinkins water. daily. 
Ascorbic acid-deficient animals were on the diet for 21 days. Values are meana + S.E.; 
number in parentheses equals number of animals. 

t ActlLity equals “Fe i~~corporatcd.hr~lOO mg of mitochondrial protein. 
$ See footnote to Table I: P < 0.01. 
2 See footnote to Table I. 
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stantially different (922 \s 1056 nmoles/lOO mg of protein). 
In addition, there were no significant differences in ALA 
dehydratase activity between normal and deficient animals 
when the product. phorphobilinogen, was isolated on 
Dowex l-acetate. 

Since iron must be maintained in its ferrous state for 
incorporation by ferrochelatase into protoporphyrin IX 
1221, the effect of ascorbic acid deficiency on this enzyme 
was of interest. As can be seen in Table 3, although the 
quantity of cytochrome P-450 in ascorbic acid deficient 
animals was markedly decreased (8.3 vs 21.8 nmoles; 
1OOmg of protein), there were no significant differences 
in ferrochelatase activity (589 vs 536 nmoles/hr!lOO mg of 
protein). 

Contrary to the proposal that the initial and rate-limit- 
ing steps in heme synthesis might be impaired in ascorbic 
acid deficiency 19. lo], our results indicate no significant 
differences in ALA synthetase activity in either whole cell 
homogenates or sonicated mitochondria. In addition, there 
were no substantial differences in ALA dehydratase or in 
ferrochelatase activities. Thus, ascorbic acid deficiency does 
not affect the activities of the key enzymes involved in 
heme synthesis. However, the possibility that it might be 
involved in the synthesis of the apoprotein of cytochrome 
P-450 or in the degradation of the heme protein should 
be considered. 

.4(~~no~c~led~/~nlmr~This study was supported. in part. by 
Grant 23007 from Hoffmann-La Roche, Inc.. Nutley N.J. 
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Acute and chronic effects of (-)-amphetamine on seizure threshold 
and brain catecholamines in mice 

Amphetamine has been employed for over 35 years for 
the treatment of epilepsy [1,2]. While the acute and 
chronic effects of (+)-amphetamine on the seizure suscepti- 
bility of rodents have been the subject of numerous publi- 
cations [3%9], few studies have examined the effects of its 
(-)-isomer on changes in seizure threshold 14.8. Y], We 
have recently reported that acute administration of 
(- )-amphetamine at doses of 1.25 to 10 mg/kg increases 
seizure threshold in mice by 12-19 per cent, while doses 
of 1545 mgikg were without effect [9], 

The present study was designed to determine whether 
(-)-amphetamine-induced changes in pentylenetetrazol 
(PTZ) seizure threshold (a model system for central exci- 
tation) could be correlated with drug-induced alterations 
in endogenous concentrations of brain norepinephrine and 
dopamine and their rates of biosynthesis. Two doses of 
(-)-amphetamine were compared. 4 and 15 mg:kg. the 

former highly etI’ectlve in elevating seizure threshold after 
acute administration and the latter previously observed to 
be ineffective in this test system [9]. It was also of interest 
to ascertain whether chronic (~ )-amphetamine administra- 
tion for 7 days could produce alterations in these neuro- 
pharmacological and neurochemical parameters. when 
compared with acute drug treatment. 

Animtrk. Male albino CD-I mice (Charles Rivers) weigh- 
ing 2@30 g were used in this study. The animals were 
housed in groups of 5- IO mice in cages of 16.5 x 28 cm 
and permitted free access to food (Purina rat chow) and 
water. The animal quarters were illuminated for I2 hr. 
alternating with I? hr of darkness. 

Druy-tlosiny .schedulr. Saline and ( -)-amphetamine sul- 
fate were administered i.p. in a constant volume of 


