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Interrelationships between the metabolism of L-ascorbic acid and drugs have
been the subject of numerous studies. Two aspects of this problem that will
be considered here are as follows: (1) The ability of drugs to stimulate the syn-
thesis and metabolism of ascorbic acid, and (2) the ability of ascorbic acid to
influence the metabolism of drugs.

Effect of Drugs on Ascorbic Acid Melabolism

Drug-induced ascorbic acid synthesis. Various drugs possessing completely
unrelated chemical and pharmacological properties have been shown to stimu-
late markedly the urinary excretion of L-ascorbic acid in rats.® They include
the hypnotics: Chloretone and barbital; the analgesics: aminopyrine and anti-
pyrine; the muscle relaxants: orphenadrine and meprobamate; the antirheu-
matics: phenylbutazone and oxyphenbutazone; the uricosuric agent, sulfin-
pyrazone; the antihistaminics: diphenhydramine and chlorcyclizine; and the
carcinogenic hydrocarbons: 3-methylcholanthrene and 3,4-benzpyrene.

Of considerable interest is the potent stimulatory effect on ascorbic acid
synthesis exerted by the carcinogenic hydrocarbons 3-methylcholanthrene,
1,2,5,6-dibenzanthracene, and 3,4-benzpyrene. The striking effect of a
single 10-mg. intraperitoneal injection of 3-methylcholanthrene is shown in
FIGURE 1. Tor comparison, the effect of a 40-mg. dose of Chloretone is also
given. By 6 days after 3-methylcholanthrene administration, the urinary
excretion of ascorbic acid was about 70 times greater than the control value
and, in fact, during the 19-day period about 140 mg. of the vitamin was re-
covered in the urine. It will be noted that Chloretone within the first day
exer(s an effect on ascorbic acid excretion that reaches a peak by the third day
and falls to a low value by the fifth day. In contrast, 3-methylcholanthrene
exerts no effect for 2 days, but then urinary ascorbic acid excretion increases
rapidly and remains elevated for over 18 days.

In another experiment rats were injected intraperitoneally with 10 mg. of
the hydrocarbon daily for 3 to 5 days, and the urinary excretion was measured
at various intervals thereafter. The urinary excretion of ascorbic acid in-
creased from control values of about 0.3 mg. per day to values of 17 mg. per
day by 6 days after the dose. Even by 50 days after administration of the
hydrocarbon, the levels of ascorbic acid in urine were still markedly clevated
over the control levels. No definite information is available at the present
time on the prolonged effect of 3-methylcholanthrene on ascorbic acid synthesis.
The possibility that the hydrocarbon remains in the animal by localization in
fat depots is now under investigation.

Turnover rale of ascorbic acid. In order to show further the marked effect
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of drugs on ascorbic acid synthesis the turnover of ascorbic acid was determined
in rats treated with 3-methylcholanthrene, Chloretone, and pentobarbital; the
data are given in FIGURE 2. In these experiments the drugs were given for
several days, and then a tracer cose of L-ascorbic acid-1-C# was administered
intraperitoneally to control or drug-treated rats. The specific activity of as-
corbic acid in daily urine samples was determined at various times after the
dose of the labeled compound.’ In each case, 24 hours were allowed 1o lapse
before the first specific activity value was determined in order to permit suffi-
cient time for equilibration of the radioactive ascorbic acid with nonlabeled
ascorbic acid in the animal. The specific activity values obtained have been
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Froure 1. Urinary excretion of T-ascorbic acid by rats [ollowing a single intraperitoneal
injection of 3-methylcholanthrene (10 mg.) or Chloretone (40 mg.).

plotted on a log scale at the mid-point of each urine collection period, The
data show that 3-methylcholanthrene, Chloretone, and pentobarbital markedly
shorten the half life of ascorbic acid in the rat. TFor example, in the normal
rat the half lifeis 3 days; in the 3-methylcholanthrene-treated animal it is only
0.8 day.

From these data it is possible to calculate the body pool and turnover rate
of ascorbic acid;' these values are given in TaBLE 1. Tn untreated rats, the
body pool of ascorbic acid is 10.7 mg. per 100 gm. body weight, while in drug-
treated animals the body peol of ascorbic acid about doubles. The turnover
rate of ascorbic acid (the amount synthesized and metabolized or excreted each
day) in control rats was about 2.6 mg. per 100 gm. rat per day. This value
was increased about 10-fold by pretreating the rats with Chloretone or 3-
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methylcholanthrene, and about 5-fold by pretreating the animals with pento-
barbital.

The amount of ascorbic acid excreted daily in the urine did not account for
all of the ascorbic acid synthesized each day. Ior example, in control rats
about 1.8 mg. ascorbic acid per 100 gm. body weight was metabolized each day,
whereas in the pentobarbital-, 3-methylcholanthrene-, or Chloretone-treated
rats, this value increased to about 10 mg. per 100 gm. body weight per day
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fieure 2. Turnover rate studies with t-ascorbic acid in drug-treated rats. Pentobar-
bital (30 mg.) or Chloretone (45 mg.) was administered orally for several days prior to ad-
ministration of L-ascorbic acid-1-CH. 3~ Methylcholanthrene (10 mg.) was injected intraperi-
toneally daily for 4 days; the L-ascorbic acid-1-C!t § days later.

TasLe 1
N ASCORBIC ACID METABOLISM IN THE Rat*

T oF DRUGS O

Metaholism of AA

Tunover rate Excretion of AA
(mg./100 gm./day)

mg./100 gm./day)

Body pool of AA i of
(mg./100 gm./day) (

Drug pretreatment (mg./100 gm.)

None 07 2.6 0.40 2.2
Chloretone 19.2 l 21.5 10.2 11.3
3-Methylcholanthrene 22.5 19.0 ! 7.1 11.9
Pentobarhital 19.6 | 11.6 \ 2.4 9.2

i 1 T

* Pentobarbital (30 mg) or Chloretone (45 mg,) was administered orally for 4 to 7 days
prior to the administration of L-ascorbic acid-1-C™. Methylcholanthrene (10 mg.) was in-
jected intraperitoncally daily for 4 days, and the L-ascorbic acid-1-CH was administered 5 days
later. All values are given on a milligram per 100-gm. body weight basis.
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(taBLE 1). Thus administration of drugs not only leads to increased urinary
excretion of the vitamin, but also to a marked increase in its metabolic break-
down. Examination of the respiratory CO; at various intervals after adminis-
tration of L-ascorbic acid-1-C¥ showed that significant amounts of C' were
excreted by this route. In addition, evidence was found for the excretion of
considerable amounts of labeled metabolites of ascorbic acid in the urine of
drug-treated rats.

Agenis inhibiting ascorbic acid synihesis. Administration to rats of adenosine
triphosphate (ATP) has been reported to inhibit the synthesis of ascorbic acid.B
Experiments were carried out in our laboratory to investigate further this in-
hibitory effect of ATP. Three rats were given 25 mg. of Chloretone each by
stomach tube daily for 7 days. In addition to this dosage of Chloretone, the
animals then received by intramuscular injection 120 mg. of ATP daily, divided
into 2 equal doses. The excretion of T-ascorbic acid dropped from an averagc
value of 41 = 2.0 mg./day, while the animals received only the Chloretone, to
an average value of 15 == 2.0 mg./day, when they received both Chloretone and
ATP. Increasing the dosage of ATP to 150 mg./day, divided into 3 equal
doses, did not decrease further the excretion of L-ascorbic acid.

The alkaloid lycorine has been reported to inhibit the synthesis of rL-ascorbic
acid in rats. In order to test this, we gave each of 3 rats 20 mg. of Chloretone
daily by stomach tube for 3 days. The animals then received 6 mg. of lycorine,
divided in two doses by subcutaneous injection, along with the dosage of Chlore-
tone. L-Ascorbic acid excretion dropped from an average control value of
21.6 &= 3.0 mg. to 14.2 == 1.7 mg. when the animals received both Chloretone
and lycorine. The results indicate that lycorine had a distinct but far from
complete effect in inhibiting T-ascorbic acid synthesis in Chloretone-treated
rats.

Ascorbic acid synihesis via the glucuronic acid pathway. Administration of
drugs to rats results in increased metabolism of glucose through the glucuronic
acid pathway shown in Ficure 3. The reactions of this pathway have been
reviewed recently by Touster,” Burns? Strominger,’ and Burns and Conney.*
According to this scheme, D-glucose is oxidized to D-glucuronic acid through the
intermediate formation of uridine nucieotides. The D-glucuronic acid under-
goes reduction to L-gulonic acid, which serves as the precursor of either L-
ascorbic acid or r-xylulose.

Evidence that drugs stimulate the glucuronic acid pathway comes from the
finding that administration of barbital or Chloretone to rats stimulates
markedly the conversion of p-glucose-1-C* or Dp-galactose-1-CH to labeled
D-glucuronic acid, r-gulonic acid, and wr-ascorbic acid?™? This effect of
barbital to stimulate glucose and galactose metabolism through the glucuronic
acid pathway is shown in TaBLE 2. Rats were given 100 mg. oral doses of
barbital daily for several days and were then injected with p-glucose-1-C* or

D-galactose-1-C,  Urine was collected for 24 hours, and the amount of radio-
activity in isolated free p-glucuronic acid as well as in r-gulonic acid and 1.-
ascorbic acid was determined. It is seen here that control rats convert less
than 0.05 per cent of the p-glucose or p-galactose to D-glucuronic, r-gulonic,

or L-ascorbic acids, and that considerable conversion took place in harbital-
treated rats.
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Additional experiments were carried out on the effect of 3-methylcholan-
threne on the synthesis of L-ascorbic acid from p-galactose, and the resulis are
shown in TABLE 3. In these experiments p-galactose-1-CM* was administered
to rats, and the incorporation of C!* into urinary p-glucuronic, -gulonic, and

p-GALACTOSE
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Fioure 3. Glocuronic acid pathway.

TaBLE 2

CoNVERSTON 0F D-GLUCOSE-1-CH AND D-GALACTOSE-1-CH TO GLUCURONIC ACID PATHWAY
INTERMEDIATES FEXCRETED 1IN RAT URINE

Per cent of administered C!* in

p-Glucuronic acid I 1-Gulonic acid . L-Ascorbic acid

p-Glucose-1-CY <0.03 <0.03 <0.02 ?
b-Galactose-1-CH <0.05 <0.05 <0.05
Barbital-treated rals*
p-Glucose-1-CH 0.41 0.19 0.19
p-Galactose-1-CH . 0.77

* Rats were pretreated with 100 mg. of har
L-ascorbic acids was measured, Tt will be noted that there was a considerable
increase in the ability of 3-methylcholanthrenc-treated rats to metaholize
p-galactose-1-C* to Jabeled t-gulonic and T-ascorbic acids beyond that observed
in control rats. These data are similar to those obtained with barbital-treated
animals (rasie 2). However, in contrast to the ecxtensive incorporation of i
p-galactose-1-C* into p-glucuronic acid in barbital-treated rats, considerably ‘

R,
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less was noted in the 3-methylcholanthrene-treated rats. Other studies have
shown that barbital increased markedly the level of free p-glucuronic acid in
urine, whereas little or no increased excretion was observed following 3-methyl-
cholanthrene treatment. The possibility that 3-methylcholanthrene may stim-
ulate the further metabolism of p-glucuronic acid as well as its formation is
being investigated.

Evidence for the stimulatory effect of drugs on the glucuronic acid pathway
(ricurE 3) also comes from the earlier studies of Enklewitz and Lasker' in
human subjects with essential pentosuria. These subjects possess a metabolic
defect that prevents the further metabolism of L-xylulose. When aminopyrine
or antipyrine, drugs that stimulate ascorbic acid production, were administered
to these subjects, the urinary excretion of L-xylulose was markedly elevated.

The exact mechanism by which drugs stimulate the formation of r-ascorbic
acid via the glucuronic acid pathway is not known. The possibility that a
renal mechanism is involved has been ruled out since drugs can stimulate
ascorbic acid formation in nephrectomized rats® The formation of a glucuron-

TaBLE 3
Errect oF 3-METHYLCHOLANTHRENE ON METABOLISM OF (GALACTOSE-1-CY TO
GLUCURONIC ACID PATHWAY INTERMEDIATES EXCRETED IN RAT URINE

Per cent of administered galactose-1-C# in
Pretreatment — —
p-Glucuronic acid 1 L-Gulonic acid 1-Ascorbic acid
None <0.05 <0.05 <0.05
3-Methylcholanthrene* 0.14 0.61 0.56

*10 mg. of 3-methylcholanthrene was injected intraperitoneally into rats daily for 4
days. Galactose-1-C!' was administered 5 days later.

ide by the drug is not required since barbital, a drug that stimulates markedly
the production of free glucuronic acid and also r-gulonic and r-ascorbic acids,
is excreted unchanged in the urine! Several compounds such as borneol and
e-naphthol, which are extensively conjugated as glucuronides, do not stimulate
in rats the synthesis of L-ascorbic acid or its precursor r-gulonic acid.

In vitro studies. The possibility that pretreatment of rats with Chloretone
may increase the activity of liver enzymes required for ascorbic acid synthesis
was investigated. It was found that increased metabolism of D-galactose-1-CH
to free p-glucuronic acid occurred in liver homogenates derived from Chlore-
tone-treated rats (TaBLE4). In this experiment, 300 to 325-gm. rats were given
40 mg. of Chloretone orally each day for 7 days. On the following day liver
homogenates were prepared and incubated with p-galactose-1-C* in the pres-
ence of adenosine triphosphate (ATP), uridine diphosphoglucose (UDPG),
MgCly , diphosphopyridine nucleotide (DPN), and nicotinamide.2  Formation

of radioactive p-glucuronic acid was determined by a specific carrier dilution
procedure. Tt is seen here that p-galactose is metabolized 1o p-glucuronic acid
3 to 4 times more readily by liver homogenates obtained from Chloretone-
treated rats than by those from control rats.

More detailed studies on the effect of Chloretone on individual enzymatic
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steps involved in ascorbic acid synthesis were then carried out. In these
experiments 250- to 300-gm. rats were given 40 mg. of Chloretone orally daily
for 7 days. They were killed on the following day, and the livers were used

TasLE 4

LErrser 0F CHLORETONE ON THE CONVERSION OF GALACTOSE-1-C# 10 p-GLUCURONIC AcID
N Rar LivEr HOMOGENATE

Rats Per cent conversion to p-glucuronic acid
Control 0.21

Control 0.18

Chloretone® 0.68

Chloretone* 0.88

Chloretone* 0.77

* Rats were pretreated with 40 mg. of Chloretone orally for 7 days prior to the experi-
ment,

SLYCOLYSIS GLUCOSE GALACTOSE
S GLUCOSE-6-PO, GALACTOSE-1-PO,4
6-PHOSPHOGLUCONATE” (-]
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UDP GLUCOSE
“ |

UDP GLUCURONIC ACID
- |
GLUCURONIC ACID-1-PO,

GLUCURONIC ACID
(LACT?NE)
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GULONIC ACID
(LACT?NE)
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ASCORBIC ACID

Ficure 4. Lficct of Chloretone pretreatment on liver enzymes involved in ascorbic acid
Diosynthesis. Chloretone (40 mg.) was administered orally for 7 days prior to the experi-
ment.

to carry out studies on the various enzymatic reactions shown in FIGURE 4.
The effect of Chloretone pretreatment on the activities of these liver enzymes
is indicated by a plus or minus sign. Chloretone pretreatment did not stimu-
late the enzyme system that converts p-glucuronolactone to L-gulonolactone ot
the system that converts 1-gulonolactone to L-ascorbic acid. In fact, the en-
zyme that converts L-gulonoelactone to L-ascorbic acid was depressed about 50
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per cent. These results are consistent with observations that drugs do not
accelerate the in »ivo conversion of D-glucuronolactone or L-gulonolactone to
L-ascorbic acid¥ Tt therefore appears that drugs that stimulate ascorbic acid
synthesis act at some step prior to D-glucuronic acid. The effects of Chloretone
pretreatment on glycolytic enzymes, hexokinase, or glucose-6-phosphatase have
not yet been investigated. The levels of glucose-6-phosphate dehydrogenase,
6-phosphogluconate dehydrogenase, phosphoglucomutase, and UDPG pyro-
phosphorylase were not significantly changed hy Chloretone treatment, It
was found, however, that the level of UDPG dehydrogenase, the system re-
quired to convert uridine diphosphoglucose to uridine diphosphoglucuronic acid
(UDPGA), was elevated about 100 per cent in Chloretone-treated rats. The
activity of the enzyme system in liver particulate that metabolizes UDPGA
to D-glucuronic acid-1-phosphate was not stimulated. Only trace amounts of
D-glucuronic acid were formed when UDPGA was incubated with livers from
either control or Chloretone-treated rats.

Annals New York Academy of Sciences

TABLE 5
Errect oF PRETREATMENT OF RATS WITH CHLORETONE ON THE ACTIVITY
ofF UDPG DEHYDROGENASE

Relative enzyme activity
Rats . T
Tresh Aged*  |Aged* with UDPG| Agediwith
Control 100 0 33 77
Chloretone-treatedtf 185 125 — 168

* The enzyme preparation was allowed to stand at 4° C. for 7 days.

T Rats were pretreated with 40 mg. of Chloretone orally for 7 days prior to the experi-
ment.

Of the enzymes studied, only UDPG dehydrogenase levels were increased
by Chloretone administration; therefore, this enzyme system was investigated
in more detail. A number of the results are presented in TABLE 5. The inter-
esting observation was made that upon standing at 4° C. the UDPG dehydro-
genase activity in the high-speed liver supernatant fraction of control rats de-
creased in activity. Thus litile or no UDPG dehydrogenase activity was
observed in enzyme preparations that had been allowed to age at 4° C. for 5 to
7 days. On the other hand, similar enzyme preparations obtained from Chlo-
retone-treated rats decreased only slightly in UDPG dehydrogenase activity
when aged. This decrease in UDPG dehydrogenase with aging at 4° C. is
prevented by allowing the enzyme to age in the presence of added UDPG,
UDPGA, or uridine triphosphate (UTP), but not with added ATP or Chlore-
tone. These studies raise the interesting possibility that Chloretone adminis-
tration may accelerate 4 vivo the metabolism of UDPG to UDPGA by stabiliz-

ing UDPG dehydrogenase. This could possibly occur by increasing the levels
of uridine nucleotides in liver. It is not known at present whether the effect of
Chloretone in stimulating the synthesis of glucuronic acid may be explained by
a stimulation and stabilization of UDPG dehydrogenase., Turther studies are
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in progress to determine the relevance of this enzymatic step in ascorbic acid
synthesis.

Effect of drugs on drug-metabolizing enzymes. The results given here show
that various drugs stimulate the metabolism of D-glucose and p-galactose to
L-ascorbic acid through the glucuronic acid pathway. Recent studies indicate
that drug administration exerts other biochemical effects. One effect studied
in our laboratory is the ability of drugs to stimulate the activity of drug-me-
tabolizing enzymes. It was found that drugs potent in stimulating ascorbic
acid synthesis in rats are also potent in stimulating the activity of drug-me-
tabolizing enzymes in liver microsomes2t®  Examples of drugs that exert these
two effects are 3 ,4-benzpyrene, 3-methylcholanthrene, Chloretone, phenobarbi-
tal, barbital, phenylbutazone, aminopyrine, orphenadrine, and chlorcyclizine.
Examples of drug-metabolizing enzymes that are increased by administration of
these inducer drugs include those enzymes that metabolize hexobarbital, pento-
barbital, aminopyrine, phenylbutazone, 3,4-benzpyrene, and zoxazolamine.

0
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FIGURE 5.
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Studies with zoxazolamine (structure shown in FIcure 5) illustrate the effect
of drugs on a drug-metabolizing enzyme. Zoxazolamine, a muscle-relaxant
drug, is hydroxylated in the 6-position by liver microsomes to yield a pharma-
cologically inactive metabolite.' In the experiment shown in FIGURE 6, 40-gm.
rats were injected intraperitoneally with 75 mg./kg. of phenobarbital daily for 4
days or with 25 mg./kg. of 3,4-benzpyrene 24 hours before killing the animals
and isolating their liver microsomes. Tt was found that pretreatment of the
rats with these compounds markedly increased the activity of the liver microso-
mal enzyme system that metabolizes soxazolamine. The increased enzyme ac-
tivity was correlated witha shortened duration of zoxazolamine paralysis. The
duration of action of zoxazolamine in control rats was 730 min., while in pheno-
barbital- or 3 ,4-benzpyrene-treated rats it was 102 min. or 17 min., respectively.
Several lines of evidence indicate that these stimulators of enzyme activity actu-
ally induce the synthesis of drug-metabolizing enzymes 57718 Tor instance, the
increased activity of drug-metabolizing enzymes observed after pretreatment
with phenobarbital or 3,4-benzpyrene can be completely blocked by admin}s—
tration of certain amino acid antagonists such as ethionine, an agent that n-
hibits protein synthesis. The effect of ethionine in blocking enzyme induction
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can be completely overcome by the simultaneous administration of the amino
acid methionine. In view of the effect of drugs in inducing the synthesis of
drug-metabolizing enzymes, it is possible that drugs may also stimulate ascorbic
acid synthesis by inducing the synthesis of enzymes of the glucuronic acid
pathway. In this connection it is of interest to nole that administration of
ethionine to rats has been recently reported to block the ability of barbital
and 3-methylcholanthrene to increase ascorbic acid synthesis.”

The mechanism by which drugs can both stimulate ascorbic acid biosynthesis
and increase the activity of drug-metabolizing enzymes in liver microsomes is
not known, but these effects appear to represent adaptive responses to drug
administration that occur in the absence of the adrenal gland."!+7 We have

3,4-BENZPYRENE

PHENOBARBITAL

CONTROL

UMOLES ZOXAZOLAMINE
METABOLIZED /GM. LIVER/HOUR

O

Frcure 6. Stimulatory effect of phenobarbital and 3,4-benzpyrene administration on
the activity of zoxazolamine hydroxylase in rat liver microsomes. Enzyme assays were car-
ried out in the presence of a system that generated reduced triphosphopyridine nucleotide.!®

been intrigued by the possibility that both of these responses to drugs may
represent adaptations that are beneficial to the animal. Certainly, it is appar-
ent that increased activity of drug-metabolizing enzymes in response to drug
administration can result in accelerated drug deloxication. The effect of drugs
to stimulate the glucuronic acid pathway (F1GURE 3) leads to increased produc-
tion of UDPGA, p-glucuronic acid, and r-ascorbic acid. UDPGA is necessary
for the conjugation of drugs as glucuronides. p-Glucuroenic acid, when admin-
istered as its lactone, has been reported Lo protect animals from various toxic
agents?® The possibility that r-ascorbic acid may be involved in the metah-
olism of drugs is pointed out in the following section.

Iiffect of Ascorbic Acid on Drug Melabolism

Reports have appeared in the literature indicating that vitamin C-deficient
guinea pigs are unusually sensitive to various drugs. For example, Richards
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and his co-workers reported that vitamin C-deficient guinea pigs were more
sensitive than normal guinea pigs 1o pentobarbital and to procaine# In
other studies Axelrod and his co-workers® have shown that the rate of in vivo
hydroxylation of acetanilid and aniline was decreased in vitamin C-deficient
guinea pigs.

Recent studies in our laboratory have indicated that vitamin C-deficient
guinea pigs are more sensitive to the muscle-relaxant drug zoxazolamine than
are normal guinea pigs. The increased sensitivity toward zoxazolamine can
be explained by decreased activity of the enzyme system in liver microsomes
that metabolizes this drug (raBrE 6). In these experiments the guinea pigs
were placed on a scorbutogenic diet.  One half of the animals were given daily
doses of 10 mg. of ascorbic acid orally; the other half were given glucose. The
animals were maintained on the scorbutogenic diet for 10 to 14 days, and at
(hat time they showed no obvious signs of scurvy. It may be seen that the
duration of zoxazolamine paralysis in guinea pigs receiving ascorbic acid supple-

TABLE 0

ErpEcT 0F ASCORBIC AciD DEFICIENCY 1N GuINEA P1G§ ON DURATION OF ZOXAZOLAMINE
PARALYSIS AND ON THE ZOXAZOLAMINE-METABOLIZING

TNzyME SySTEM IN LIVER MICROSOM ws¥

Duration of zm{azolammc In vitro mCtZ\bO]iSm

Diet p‘?::l"l]gs)'q (ugs. zoxazolamine metabolized)
S [ U (R — e _—
Ascorbic acid-sul')p_]emcnteclT 156 =+ 41 (10) 36 £ 12 (15)

Ascorbic acid deficient 309 &= 27 (20) 12 = 8 (15)

# The duration of zoxazolamine paralysis was determined after the intraperitoneal injec-
tion of 100 mg./kg. of zoxazolamine. The in vilro enzyme assays were carried out by incu-
bating liver microsomes [rom 375 mg. of liver with 100 ug. of zoxazolamine for 15 min. in
the presence of a system that generated reduced triphosphopyridine nucleotide.* The num-
ber of animals used are indicated in parentheses.

{ The animals received 10 mg. of ascorbic acid orally each day.

ment was 156 min., whereas the guinea pigs that did not receive the vitamin were
paralyzed for 309 min. The increased sensitivity of vitamin C-deficient guinea
pigs was paralleled by decreased activity of the liver microsomal enzyme sys-
tem that metabolizes zoxazolamine. Thus liver microsomes from ascorbic
acid-supplemented guinea pigs metabolized an average of 36 pg. of zoxazol-
amine, while microsomes from the vitamin C-deficient animals metabolized an
average of only 12 pg. of zoxazolamine. The addition of ascorbic acid in viiro
{0 microsomes obtained from vitamin C-deficient guinea pigs did not increase
the activity of this enzyme system. Tt should be emphasized that the decreased
activity of the soxazolamine-metabolizing enzyme system OCCUTs at an early
stage in vitamin C deficiency; (his is observed before gross deficiency symploms
such as loss of weight and hair and severe joint manifestations are evident.

A model system consisting of L-ascorbic acid, ferrous ion, ethylenediamine-
Lelraacetic acid, and oxygen has been shown Lo catalyze the hydroxylation of
such aromatic compounds as acetanilid, antipyrine, aniline, anthranilic acid,
and kynurenine to yield products identical with those formed in the body 226
The importance of this system for the metabolism of drugs in the animal re-
mains to be established.
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Summary

The administration of various drugs to rats stimulates L-ascorbic acid syn-
thesis from p-glucose and p-galactose through the glucuronic acid pathway.
Tncreased metabolism of L-ascorbic acid also occurs in drug-treated rats, Al-
though the enzymatic basis for increased ascorbic acid synthesis is not known,
drugs appear to act on some step before the formation of p-glucuronic acid.
The effect of Chloretone pretreatment to increase the activity of UDPG de-
hydrogenase in liver has been pointed out. It is of interest that drugs that
stimulate ascorbic acid synthesis also induce the synthesis of drug-metabolizing
enzymes in liver microsomes. It is possible that the effect of drugs on ascorbic
acid synthesis also reflects induced enzyme synthesis.

Results presented here show that vitamin C deficiency makes guinea pigs
more sensitive to the muscular-relaxant drug zoxazolamine by decreasing the
activity of the liver microsomal enzyme system required for the metabolism
of zoxazolamine.
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