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Abstract (] The major route of biotransformation of benzoic acid
and salicylic acid in man is conjugation with glycine, resulting in
the formation of hippuric acid and salicyluric acid, respectively.
Both processes are capacity-limited in the usual dose range and
approach a maximum rate following administration of sufficiently
high doses of precursor. The rate of hippuric acid formation after
oral administration of 5 g. benzoic acid in solution is increased
markedly by the concomitant administration of glycine. In contrast,
the administration of glycine has no effect on the formation of salicyl-
uric acid. Salicylic acid in doses of 1 to 3 g. given orally 2 or 3 hr.
prior to 2.0 to 5.0 g. benzoic acid had no measurable effect on the
formation of hippuric acid. However, benzoic acid has a pronounced
inhibitory effect on the formation of salicyluric acid from salicylic
acid. This effect was not prevented by the co-administration of
glycine. These results indicate that in man the availability of glycine
is rate-limiting in the formation of hippuric acid, but not in the
formation of salicyluric acid. Apparently, the inhibitory effect of
benzoic acid on the formation of salicyluric acid is not due to
competition for glycine but involves another phase in the biotrans-
formation process.
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The elimination of salicylate in man is due mainly to
its conjugation with glycine, i.e., the formation of sali-
cyluric acid (1). Since man has a limited capacity for
salicylurate formation, the time necessary to eliminate
a given fraction of a dose of salicylate increases with
increasing dose except in the very low dose range (1,
2). These pharmacokinetic characteristics of salicylate
cause this drug to be readily accumulated in the body
so that chronic administration may result in intoxica-
tion, particularly in young children (3). Treatment of
salicylate intoxication is based largely on measures
which accelerate the elimination of this drug from the
body. It is evident, therefore, that a better understand-
ing of the mechanism and pharmacokinetics of sali-
cylurate formation may lead to safer salicylate therapy
and to more effective treatment of salicylate intoxica-
tions.

The elimination of benzoic acid in man is due almost
exclusively to the conjugation of this drug with glycine,
resulting in the formation of hippuric acid (4). This
involves the following mechanism:

benzoic acid + ATP! — adenylbenzoate + pyrophosphate
adenylbenzoate + CoA? — benzoyl-CoA + adenylic acid
benzoyl-CoA + glycine — hippuric acid + CoA

1 Adenosine triphosphate.
2 Coenzyme A.

Presumably, the same sequence of reactions are in-
volved in the formation of salicylurate from salicylate.
There are, however, some significant differences in the
formation of hippurate and salicylurate. The maximum
formation rate of hippurate in man is about 20 times
higher than the maximum formation rate of salicylurate
(1). The formation of hippurate from benzoate is rate
limited by the availability of glycine when benzoate
levels exceed about 2 g. in healthy adult man so that
administration of glycine with benzoate increases the
formation rate of hippurate (5). On the other hand,
administration of glycine does not increase the maxi-
mum formation rate of salicylurate in man (6). A study
of the mutual effects of benzoate and salicylate on the
formation of their respective glycine conjugates should
be helpful, therefore, in elucidating the rate-limiting
step in the formation of salicylurate. This report deals
with studies in man; the results of parallel studies in
rats will be reported subsequently (7).

THEORETICAL

The formation of hippurate from small doses of benzoate is ex-
tremely rapid in man. According to Wu and Elliott (8), the average
apparent first-order rate constant for hippurate formation is 10.5
hr.~t while the average apparent first-order rate constant for hip-
purate excretion is 2.7 hr.~1, On the other hand, the formation of
hippurate in man occurs at an essentially constant rate for an ap-
preciable length of time after administration of relatively large
doses (> 5 g.) of benzoic acid (5, 9). Since, as will be shown subse-
quently, the renal excretion of hippurate is not rate limited by the
capacity of the renal tubular transport system even at the highest
excretion rates obtained after administration of benzoate, the fol-
lowing pharmacokinetic model may be applied:

R k
benzoate in body — hippurate in body — hippurate in urine

where R is the essentially constant rate of hippurate formation and
k is the apparent first-order rate constant for hippurate elimination.
Since there is no further metabolism of hippuric acid, the rate con-
stant for hippurate elimination (k) is equivalent to the rate constant
for hippurate excretion (k;). The kinetics are similar to those of
constant infusion (10), where

c= V—’i (A — et (Eq. 1a)

or

a=8a-en (Eq. 15)
In these equations, C is the concentration of drug (in this case,
hippurate) in the blood, V is the apparent volume of distribution of
the drug, ¢ is time, and A is the amount of drug in the body. The
term 1 — e** approaches unity when ¢ becomes large. Equation
1b then reduces to

R
4=7

(Eq. 2)
which shows that the amount of drug in the body attains a constant
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Figure 1—Plot of 1-e~%* as a function of time. Values for k of 2.7
and 1.4 hr.! were used ro construct the upper and lower curves,
respectively.

level independent of time. Since, in the case of hippurate elimina-
tion, k is equivalent to the hippurate excretion rate constant kj

excretion rate of hippurate = k4 (Eq. 3)
Therefore, by substituting R/k from Eq. 2 in Eq. 3,
excretion rate of hippurate ~ R (Eq. 4

when e~*! approaches zero. This indicates that the rate of formation
of hippurate can be estimated from urinary excretion data some
time after benzoate administration.
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Figure 2—Effect of glycine (5 g. at —1 hr. and 2 g. every hour there-
after) on the elimination of benzoic acid (Subject A). Shown are
the urinary excretion rates of hippuric acid (in terms of benzoic acid)
as a function of time after oral administration of 5 g. benzoic acid
alone (O), and with glycine (O).
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Figure 1 shows theoretical curves for 1 — ¢~*! based on a range
of k values from 1.4 to 2.7 hr.~. The high value of k was taken from
Wu and Elliott (8); the low value was found in the present study.
It is evident that 1 — e % ~ 0.9 in 1.5 hr. on the average. From
that time on, almost constant rates of hippurate excretion should
be observed as long as hippurate formation proceeds at an essen-
tially constant rate. During this time, the rate of hippurate excre-
tion will reflect the rate of formation of this metabolite (Eq. 4).
An inhibition of the hippurate formation process should therefore
be readily apparent from the urinary excretion data. In addition to
a lower rate of hippurate excretion, there should occur an increase
in the fraction of benzoate which is converted to benzoyl glucuro-
nide. The latter accounts for less than 1% of a dose in the 1 to 2-g.
dose range but increases with dose when the dose of benzoate ex-
ceeds 2 g. (9).

EXPERIMENTAL

Three healthy male ambulatory human subjects received 2.0 to
5.0 g. benzoic acid as sodium benzoate in aqueous solution. In some
of the tests, benzoate was administered 2 hr. after oral administra-
tion of 1 to 3 g. salicylic acid as the sodium salt in aqueous solu-
tion. The experiments were initiated in the morning after an over-
night fast and food was withheld for at least 2 or 3 hr. after ben-
zoate administration. Urine was collected every 30 min. for the first
4 hr., then at longer intervals for a total of at least 8 hr. From 50
to 100 ml. water was ingested after each urine collection to assure
adequate urine output. Urine samples were stored in a refrigerator
and were usually assayed within 1 day. In experiments with glycine,
5 g. were taken orally in aqueous solution 1 hr. before drug ad-
ministration and 2 g. every hour thereafter, The experiments in-
volving the administration of hippuric acid were carried out in the
same manner as the benzoate studies.

Determination of Benzoate and Hippurate in the Urine—Benzoic
acid in the urine was determined by acidifying 2 ml. urine with 1
ml. 6 N hydrochloric acid and extracting with 30 ml. reagent grade
carbon tetrachloride. Ten milliliters of the organic phase was then
extracted with 10 ml. of 5% sodium bicarbonate solution. To 5
ml. of the latter was added 1 ml. of concentrated hydrochloric acid.
This solution was shaken in a test tube until bubbles of carbon di-
oxide disappeared, and the absorbance of the solution was then
determined at 232 mu. The absorbance values were corrected for
blanks obtained by carrying a sample of water through the same
procedure. No measurable hippuric acid is extracted by this pro-
cedure. Concentrations of benzoic acid in the presence of salicylic
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Figure 3—Cumulative urinary excretion of hippuric acid (in terms of
benzoic acid) as a function of time after oral administration of 2 g.
(O) and 5 g. (®) benzoic acid (Subject A).



Table I—Effect of Dose and Co-administration of Glycine on Benzoic Acid Elimination in Subject A

Maximum
Percent of Dose Percent of Dose Excretion Rate Hippuric Acid
Excreted as Excreted as of Hippuric Excretion Rate
Dose, g. Hippuric Acid Benzoyl Glucuronide Acid, mg./hr. Constant, hr,—!
2.0 95 1.8 1,730 1.2
5.0 94 3.4 2,090 1.1
5.00 100 3.2 2,100 1.2
5.0 + glycine? 100 0.6 4,050 1.4
5.0 + glycine? +
1.5 g. salicylic acid 98 0.5 3,710 1.4
a This experiment was carried out 16 months after the other experiment with the same dose of benzoic acid. b See Experimental.
acid were determined by two component spectrophotometry (11), Table II—Elimination Kinetics of Hippuric Acid
at 232 and 305 mg.
For the determination of hippuric acid, 5 ml. of suitably diluted Maximum
urine and 5 ml. of concentrated hydrochloric acid were placed in a Percent Excretion  Hippuric Acid
20-ml. capacity glass ampul which was sealed and placed in an Sub- Recovered Rate, Excretion Rate
oven at 100° for 16 hr. A 2-ml. aliquot of this solution was then as- ject  Dose, g.  in Urine mg./hr.  Constant, hr.”!
sayed for benzoic acid as described above. The concentration of
hippuric acid in the sample was obtained by subtracting the sepa- A 2.9 92 1,380 1.1
rately determined concentrations of free benzoic acid and benzoyl 2 ;2 lgg %’238 (0.74
’ O X . , (0.92)
glucuronide (expressed as benzoic acid) from the concentration of B 29 92 1,790 1.3

total benzoic acid. This yielded the hippuric acid concentration in
terms of benzoic acid.

Determination of Benzoyl Glucuronide—Five milliliters of urine
(diluted with water if necessary) and 2 ml. of 0.4 M acetate buffer,
pH 4.5 were placed in each of two 25-ml. capacity glass-stoppered
flasks. One milliliter B-glucuronidase?® was added to one flask and
1 ml. water to the other. The solutions were then incubated at 37°
for 16 hr. Two milliliters of the solution was acidified with 1 ml. 6
N hydrochloric acid and extracted immediately into carbon tetra-
chloride. The assay then proceeded as described above for benzoic
acid. The results thus obtained represent both free benzoic acid and
benzoyl glucuronide; subtraction of the separately determined free
benzoic acid concentration yields the concentration of benzoyl glu-
curonide.

Recoveries and Blank Values—The recoveries of hippuric acid and
benzoic acid in solutions containing various known concentrations
of these two substances as well as salicylic acid were generally
between 98 to 100%. Apparent hippuric acid output in nonmedicated
subjects ranged from 15 to 30 mg. benzoic acid equivalent/hr.,
which is in the range of normal values (12). The apparent excretion
rate of benzoic acid in nonmedicated subjects was less than 0.4
mg./hr.

Determination of Salicylate and Metabolites—Salicylate and its
metabolites were determined in the urine as previously described

(13).

RESULTS

Formation of Hippurate from Benzoate—Figure 2 shows the
urinary excretion rate of hippurate as a function of time after oral
administration of 5 g. benzoate. Hippurate was excreted at an
essentially constant rate of about 2.1 g./hr. (equivalent to 1.4 g.
benzoic acid/hr.), from about 1 to about 3 hr. after benzoate admin-
istration. When benzoate was administered together with glycine
(5 g. at —1 hr. and 2 g. every hour thereafter), the rate of hippurate
excretion was increased to 4.1 g./hr. (equivalent to 2.8 g. benzoic
acid/hr.). However, the slope of the terminal exponential excretion
phase of hippurate was the same in each instance.

Figure 3 is a plot of cumulative amount of hippurate excreted as a
function of time after oral administration of 2 and 5 g. benzoate,
respectively. It is apparent that the initial excretion rate of hippurate
following the lower dose is quite similar to that after the higher dose
of benzoate. Benzoate was almost quantitatively recovered in the
urine as hippurate, except for a minor fraction which was excreted
as benzoyl glucuronide (Table I). No free benzoic acid was detected
in the urine; the sensitivity of the analytical method used in this
study was sufficient to detect 0.5 benzoyl glucuronide of a total
dose of 2 g. benzoic acid under the experimental conditions. The

3 Ketodase containing 5,000 units/ml,, Warner-Chilcott, Morris
Plains, N. J.

ha Questionable value, probably affected by prolonged absorption
phase.

2-g. dose of benzoate yielded relatively less benzoyl glucuronide
than the 5-g. doses; concomitant administration of glycine with
5-g. benzoic acid resulted in a decrease in benzoyl glucuronide out-
put (Table I).

The excretion rate constant of hippuric acid was essentially the
same when this metabolite was formed in the body from benzoate
or when it was administered as such (Tables I and 1I). The maximum
excretion rate of hippurate increased with increasing oral dose of
this metabolite, but this relationship was not linear (Table II).

Effect of Salicylate on the Formation of Hippurate from Benzoate—
Administration of 2 g. salicylic acid 2 hr. before 2 g. benzoic acid
had no apparent effect on the elimination of the latter (Fig. 4).
A higher dose of salicylate (3 g.) also did not affect hippurate output
(Fig. 5). Furthermore, salicylate did not prevent the enhancement
of hippurate formation by exogenous glycine (Fig. 6). Salicylate
had no measurable effect on the proportion of hippuric acid and
benzoy! glucuronide excreted in the urine after benzoate administra-
tion, and on the excretion rate constant of hippuric acid (Fig. 5,
Tables III and IV).

Effect of Benzoate on Salicyluric Acid Formation from Salicylate—
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Figure 4—Effect of salicylic acid on the elimination of benzoic acid
in three human subjects. Plotted are the total amounts of benzoate
metabolites (mainly hippuric acid) remaining unexcreted as a function
of time after oral administration of 2 g. benzoic acid alone (O), and
2 hr. after oral administration of 2 g. salicylic acid (O). (@), amount
of hippurate unexcreted following oral adminisiration of 2.9 g.
hippuric acid (equivalent to 2 g. benzoic acid). Amounts unexcreted
are expressed in terms of benzoic acid.
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Table III—Effect of Salicylic Acid (SA) on Elimination of Benzoic Acid (BA)

Percent of Dose Excreted

Hippuric Acid

Percent of Dose Excreted Excretion Rate

Dose of as Hippuric Acid as Benzoyl Glucuronide Constant, hr.~!
Subjects BA, g. Control With SA Control With SA Control With SA
A(M,25,90) 2.0 95 100¢ 1.8 1.3 1.2 1.4
B(M,24,84) 2.0 105 102¢ 0.4 0.8 1.2 1.0
C(M,34,72) 2.0 95 94¢ 2.5 1.0 1.3 1.0
A 5.0 100 984 0.6 0.5 1.4 1.4
and glycine?

e In parentheses: sex, age in years, body weight in kilograms, b See Experimental. ¢2,0 g. SA at —2 hr, 4 1.5 g. SA at —3 hr,

Figure 7 depicts the time course of salicyluric acid excretion in
Subject A after oral administration of 2 g. salicylate when 2 g.
benzoate was given 2 hr. later. Similar results were obtained in Sub-
jects B and C.* The salicyluric acid excretion rate reached a plateau
at about 1 hr. and decreased precipitously immediately after ben-
zoate administration. It then increased again and returned to the
plateau level at about 5 hr. It is noteworthy that the excretion rate of
salicyluric acid at 6 to 8 hr. was essentially the same as at 1 hr. even
though the amount of salicylate in the body had decreased by more
then one third. Co-administration of a large amount of glycine
did not prevent the inhibition of salicyluric acid formation by 2 g.
benzoate (Fig. 8). Figure 9 shows the excretion rate of salicylurate
as a function of time after administration of salicylate and a larger
dose (3.2 g.) of benzoate with and without glycine. Glycine reduced,
but did not prevent, the inhibitory effect of benzoate on salicylurate
formation.

DISCUSSION

Capacity-Limited Elimination of Benzoate—The data in Table I
and in Figs. 2 and 3 show that the formation of hippurate from
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Figure 5—Effect of different doses of salicylic acid on the elimina-
tion of benzoic acid. Shown are the urinary excretion rates of hippuric
acid (expressed in terms of benzoic acid) after oral administration
of 2 g. benzoic acid alone (®), 2 hours following 2 g. salicylic acid
(M), and 2 hours following 3 g. salicylic acid (A). Subject A.

<« These data are available from the authors upon request,
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benzoate is capacity limited, the availability of glycine being the rate-
limiting factor. Consistent with this is the increase with increasing
dose in the fraction of benzoate excreted as the glucuronide, and the
decrease in this fraction when glycine is administered together with
benzoate (Table I). Even with as low a dose as 2 g. of benzoic acid,
hippurate formation is approaching its maximum rate (Fig. 3,
Table I). Following an oral dose of 5 g. benzoic acid, hippurate ex-
cretion reached its maximum level somewhat earlier than predicted
by theory (Fig. 1). This was observed also in other experiments and
is probably due to the presence of some endogenous glycine at the
site of biotransformation, Only after this initial “pool” of glycine
is depleted somewhat will the rate of supply of additional glycine
become the limiting factor in the synthesis of hippurate. The maxi-
mum rate of hippurate formation, as reflected by the urinary ex-
cretion data, is similar to that observed by other workers (reviewed
in Reference 1). Since the results of the benzoate elimination experi-
ments agreed with and confirmed the results and conclusions of
other investigators, this aspect of the investigation was not pursued
further.

Hippurate Elimination Kinetics—The rate constant for hippurate
excretion ranged from 1.1 to 1.4 hr.~1 regardless if the metabolite
was formed in the body or administered as such (Tables I-IV).
Salicylate had no measurable effect on hippurate excretion in the
dose range studied (Table IV). Wu and Elliott (8) observed a con-
siderably higher average hippurate excretion rate constant (2.7
hr.~?) in 25 subjects, while Hirsheimer (14), in a study of 58 subjects
obtained data following intravenous administration of hippurate
which yielded an average value of 1.6 hr.~, in good agreement with
the results of the present study. The maximum excretion rate of
hippurate did not increase linearly with increasing dose (Table II).
This may have been due to partial precipitation of hippuric acid
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Figure 6—Effect of salicylic acid on the availability of exogenous
glycine for hippurate formation (Subject A). Excretion rates of
hippurate (in terms of benzoic acid) as a function of time after oral
administration of 5 g. benzoic acid and glycine (5 g. at —4 hr.and 2 g.
every hour thereafter) with (@), and without (O), salicylic acid (1.5 g.
at —3 hr.). The lower curve is taken from Fig. 2 and represents the
urinary excretion rates of hippurate after administration of 5 g.
benzoic acid without glycine in the same subject.



Table IV—Effect of Different Doses of Salicylic Acid on Elimination of Benzoic Acid in Subject A

Percent of Dose Hippuric Acid

Dose, g. Percent Recovered Excreted as Benzoyl Excretion Rate

BA SA in Urine Hippuric Acid Glucuronide Constant, hr,~?
2.0 — 97 95 1.8 1.2
2.0 1.0 96 94 1.3 1.3
2.0 2.0 101 100 1.3 1.4
2.0 2.0 + glycines 91 89 1.1 1.2
2.0 3.0 99 98 1.4 1.1

a See Experimental.

in the stomach and/or delayed gastric emptying,’ resulting in rela-
tively slower absorption of the large doses.

Effect of Salicylate on Benzoate Elimination—Administration of
2 g. salicylic acid, a dose at which salicylurate formation is capacity
limited and proceeding at an essentially constant and maximum rate
(1), had no measurable effect on hippurate formation (Fig. 4).
Consistent with this is the fact that benzoyl-glucuronide formation,
a parallel and competing process for benzoate elimination, did not
increase during salicylate administration (Table III). Even when
the dose of salicylate was increased to 3 g., there was no apparent
inhibition of hippurate formation. It is particularly interesting
that salicylate also does not interfere with the availability of exog-
enous glycine for hippurate formation (Fig. 6), in view of the fact
that there exists a metabolic inhomogeneity of glycine in man and
that plasma glycine is used preferentially for hippurate synthesis
(15). These results are contrary to those of Little et al. (16) who
found that salicylate inhibits the formation of para-aminohippurate
in liver and/or kidney slices of rats, dogs, and rabbits. On the other
hand, it has been stated by Cummings et al. (17) that salicylate does
not affect the formation of para-aminohippurate from para-amino-
benzoate in man, although no experimental data were presented in
support of this statement.

Effect of Benzoate on Salicylurate Formation—Benzoate had a
rapid and pronounced inhibitory effect on salicylurate formation
(Fig.7). The duration of this effect was short, consistent with the
relatively rapid elimination of benzoate. It has been shown pre-
viously that repeated administration of small doses of benzoate
(0.5 g. every 30 min.) can inhibit salicylurate formation for extended
periods of time (18). The magnitude of the inhibitory effect was dose-
dependent (Fig. 7 versus Fig. 9). The essentially constant excretion
rate of salicylurate before and after benzoate, in a period of time
when the amount of salicylate in the body decreased by nearly 507,
reflects the capacity-limited nature of the salicylurate formation

40

~~ A hd A

e * | 2000 5
£ ~
E 30 »
g £
? :
[

£ o L1500 5
ui 20 R g
= x
< ° M
o« ° 4
z D
e =
= 10 { 11000 Z
w >
S S
ﬁ 26m BENZOIC ACID -

T T 600
2 4 6 8
TIME, hr.

Figure 7—Effect of benzvic acid on the formation of salicyluric acid
from salicylic acid by Subject A. Shown are the urinary excretion
rates of salicyluric acid (@) and the amounts of salicylate remaining
in the body (O) as a function of time after oral administration of 2 g.
salicylic acid. Two grams benzoic acid was given 2 hr. after admini-
stration of salicylic acid.

8 The larger doses caused some nausea, which in turn retards gastric
emptying (unpublished observations).

process (1, 19). Concomitant administration of large amounts of
glycine did not prevent the inhibitory effect of benzoate on sali-
cylurate formation (Figs. 8 and 9), but reduced the magnitude and
duration of inhibition. This is readily apparent in Fig. 9 and is due
to the more rapid elimination of benzoate when glycine is given.
Glycine did not increase the formation rate of salicylurate before
benzoate administration or after benzoate elimination. This is con-
sistent with the results of previous studies in this laboratory (6).
It has also been shown previously that benzoate has no apparent
effect on salicylurate excretion (18).

Rate-Limiting Factors in Hippurate and Salicylurate Formation,
and Mechanism of Interaction Between Benzoate and Salicylate—The
results of this and previous studies (5) show that the availability
of glycine is rate limiting in the formation of hippurate, but that
this is not the rate-limiting factor in the formation of salicylurate.
It is evident also (Figs. 4, 5, and 9) that salicylate does not inhibit
the access of endogenous or exogenous glycine to the site of hip-
purate formation. The apparent lack of effect of salicylate on hip-
purate formation may be due to a greater affinity of benzoate to the
enzyme responsible for the conjugation with glycine; it could also
reflect a greater relative distribution of benzoate, as compared to
salicylate, to the site of biotransformation. On the other hand, the
formation of salicylurate and hippurate may involve different en-
zyme systems, similar to what has been found with respect to
glucuronide formation (20, 21). Thus, Schachter and Taggart have
found that the activating enzyme involved in the formation of
benzoyl CoA does not form salicyl-CoA (22). However, attempts
to obtain salicylurate synthesis even in liver and kidney slices (16)
or homogenates (23) have not been entirely successful. Until salicyl-
urate formation can be consistently demonstrated in vitro, the re-
sults of Schachter and Taggart cannot be taken as definite proof of
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Figure 8—Effect of benzoic acid on the formation of salicyluric acid
from salicylic acid during co-administration of glycine (Subject A).
Shown are the urinary excretion rates of salicyluric acid as a function
of time after oral administration of 2 g. salicylic acid. The curve is
taken from Fig. 6 and represents the excretion rates observed when
glycine was not given.
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Figure 9—Effect of benzoic acid on the formation of salicyluric acid
from salicylic acid with and without administration of glycine (Sub-
Jject A). Shown are the urinary excretion rates of salicyluric acid as a
function of time after oral administration of 1 g. salicylic acid and
3.2 g. benzoic acid 3 hr. later, with (O), and without (@), glycine.

the existence of an enzyme capable of activating benzoate, but not
salicylate. If, however, there are more than one substrate-activating
and/or glycine-transferring (N-acylase) enzymes with different sub-
strate specificity, it may also be that one substrate inhibits the glycine
conjugation of another substrate, but not the reverse. This is known
to occur in glucuronide conjugation (20), where there is increasing
evidence for the existence of two or more enzyme systems with dif-
ferent substrate specificity (20, 21). The results of the present study
suggest that the same may be the case with respect to glycine con-
jugation,
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