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6-Azauridine [2-ribofuranosyl-as-triazine-3,5-
(2H, 4H)-dione] (AzUR) is a pyrimidine nu-
cleoside analog that has been employed in the ex-
perimental therapy of neoplastic disease (1).
AzUR is converted by uridine kinase to 6-azauri-
dylic acid (AzUMP), which competitively in-
hibits the decarboxylation of orotidylic acid
(OMP), an essential step in the biosynthesis of
pyrimidines (2, 3). During therapy of chronic
myelogenous leukemia (CML) with AzUR, uri-
nary excretion of orotic acid (OA), orotidine
(OR) (4), and carbamylaspartic acid (CAA)?
occurs. Because the sum of these urinary metabo-
lites is in the range of 15 to 20 mmoles per day,
it has been proposed that the inhibition of orotidy-
lic acid decarboxylase by 6-azauridylic acid (3)
mediates an overproduction of pyrimidine pre-
cursors, perhaps as a result of a decrease in the
rate of production of decarboxylated pyrimidines.
A diagram of relevant metabolic paths is presented
in Figure 1.

An attempt was made to measure the effect of
AzUR on the rate of pyrimidine production. The
incorporation of ring-labeled C'*-orotic acid (OA-
6-C'*) into urinary pseudouridine has been used
to estimate the rate of de novo pyrimidine produc-
tion in subjects with carcinoma (5). This esti-
mate involves the assumption of a steady state.
The method requires only the determination of
total isotope incorporated into an inert end prod-
uct and involves an expression of integrated spe-
cific activities that will be presented in the Meth-
ods. With this technique the rate- of de #novo
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pyrimidine production in patients with CML was
determined. During therapy with AzUR this
technique of measuring pyrimidine production
could not be used for both technical and theoreti-
cal reasons. The theoretical objections are that a
steady state would have to be assumed for a pe-
riod of 18 days, the period of isotope incorpora-
tion into pseudouridine, during which marked
changes in the pool size of RNA could occur as a
result of AzZUR administration. In addition, this
technique would assume that there had been no
fluctuation, induced by AzUR, in the percentage
of newly synthesized pyrimidines that are con-
verted to pseudouridine during this period. For
these reasons and additionally because of the oc-
currence of interfering unidentified ultraviolet
absorbing materials in the pseudouridine fraction,
another technique of measuring pyrimidine pro-
duction was necessary. By analogous reasoning,
during therapy with AzUR the incorporation of
orotic acid carboxyl-C** (OA-7-C*) into urinary
OR can be used to estimate the OMP production
rate. In this case the period of isotopic incorpo-
ration is measured in hours, requiring a steady
state for only a short period of time, and the only
pyrimidine pools that must meet the steady state
requirements are those before the point of OMP
decarboxylation, changes in the pool size of de-
carboxylated pyrimidines and of RNA having no
effect. The outline of the pyrimidine biosynthetic
pathway in Figure 1 demonstrates that the OMP
production rate minus the urinary OR excretion
rate estimates the UMP production rate and that
the OMP production rate plus the urinary OA ex-
cretion rate estimate the de novo rate of pyrimi-
dine production.

As was anticipated, the rate of de novo pyrimi-
dine production during therapy with AzZUR was
greater than the pretreatment rate. In addition,
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the rate of production of decarboxylated pyrimi-
dines was greater during AzUR therapy than
during the control period. This effect would not
be expected as a result of inhibition of orotidylic

acid decarboxylation and indicates that AzZUR

may have additional mechanisms of action, or that
the primary blockade caused by 6-azauridine ad-
ministration may result in secondary changes in
pyrimidine metabolism.

Methods

Orotic acid and orotidine were isolated from samples
of urine by Dowex-1-formate column chromatography
and stepwise elution with formic acid and ammonium
formate according to a previously described method (4).
The concentration of pyrimidine in each pooled peak was
determined by its ultraviolet absorption in ammonium
formate (4). The entire fraction, usually containing
about 1 umole of pyrimidine in 6 mmoles of ammonium
formate, was dried by lyophilization, dissolved in 2.0 ml
water, and a 1.8-ml sample added to 18 m! of Bray’s
liquid scintillation solution (6). Radioactivity was de-
termined in a liquid scintillation spectrometer, and vari-
ations in counting efficiency were determined by the use
of an internal standard.

Radioactivity in urinary carbamylaspartic acid was
determined by a carrier technique to facilitate identifi-
cation of the compound. The urine sample and chro-
matography column were prepared as for the isolation
of OA and OR but for the addition of 7.5 mmoles of
CAA to the sample. The CAA was eluted before OR
and OA with 0.05 M ammonium formate adjusted to
pH 3.2 with formic acid (7). It was identified by dry-
ing 0.1-ml samples on 4- X 4-mm filter paper squares in
small glass vials at 40° C in vacuo and then spot testing
with 10 ul of a solution of 4 g p-dimethylaminobenzalde-
hyde per 100 ml 1 M HCI (7). The CAA peak was

1487

pooled, dried by lyophilization, dissolved in water, and
the radioactivity determined as for OA and OR.

Urinary pseudouridine was isolated by a previously
described column chromatography procedure (8). Ra-
dioactivity assays were performed in a liquid scintilla-
tion counter as previously described (5). Sample sizes
were chosen such that 2 SD of the count rate were
less than 7% of the net observed count rate.

Urinary pseudouridine content was determined in dupli-
cate on weekly urine pools and estimated by its optical
density at 260 mu with an extinction coefficient of 8.6 X
10* at pH 7. Specific activity curves were linearly ex-
trapolated to zero specific activity, and total radioac-
tivity was estimated by graphic integration.

Total urinary radioactivity was determined by adding
20 ul of whole urine to 18 ml Bray’s solution and cor-
recting the count rate by the use of an internal standard.

Three-minute expiratory air samples were collected in
rubber balloons. The carbon dioxide was trapped by
bubbling it through 250 ml 1 M NaOH over a 20-min-
ute period. Fourteen-ml samples were placed in a
tared counting bottle, and BaCO, was precipitated by
adding 2 ml 437 M NH.NO; and 2.8 ml 1.44 M BaCl..
The precipitate was allowed to settle overnight and then
packed by centrifugation. It was washed twice with wa-
ter, twice with absolute ethanol, and then dried to con-
stant weight at 50° C in wacuo. Loss during washing
was in the range of 1 to 2% as estimated from pooled
washing fluids. The weight of BaCO: was determined
by difference. It was then coarsely powdered within
the counting bottle with a fine spatula, suspended in a
thixotropic gel (9), and counted in a liquid scintillation
counter. The size of the BaCQO; particle did not influ-
ence the count rate (9). The relative counting efficiency
and self-absorption curve of this system were found to
be the same as that previously reported (9). The rela-
tive counting efficiency of carbon™ in thixotropic gel and
in Bray’s solution was determined by combusting a known
sample of OA-7-C" in a closed chamber (10). One hun-
dred per cent recovery of counts as carbon dioxide-C*
after absorption in 1 N NaOH indicated no difference in
the counting efficiency of either OA-7-C* or carbon
dioxide-C™ in Bray’s solution. A sample of the carbon
dioxide-C* was converted to BaCO; and counted in thixo-
tropic gel. The count rate, at 0 mg self absorption, was
116% of the count rate in Bray’s solution. Total re-
spiratory carbon dioxide-C* was estimated by graphic
integration of interval determinations.

Fecal radioactivity was determined on a 3-day collec-
tion after the dose of isotope. The specimen, collected
in a tared paint can containing phenol, was homogenized
in 1 L of water in an automatic shaker. A 3-ml sample
was dried and combusted in a closed vessel. The result-
ing carbon dioxide was trapped in alkali and counted
in a liquid scintillation counter.

Adults with uncomplicated CML were studied. Some
had been previously treated, but none had had significant
hematopoietic depression by previous therapy for at least
1 month before the determination of the control rate of
de novo pyrimidine production. All patients were am-
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bulatory, had had no recent weight loss, and did not re-
. g o« o a quire any form of supportive therapy. Their hemoglobin
Eg - .5 § S F++ concentration was 10 g per 100 ml or greater, and all of
é‘gggp 5 the patients were in the chronic or stable phase of their
“53%’55 = disease as evidenced by the fact that circulating pro-
§§'=~‘=° g 3 3'>l ::l gl myelocytes and myeloblasts did not exceed 10%. In
S each case, the Philadelphia chromosome was present, and
the leukocyte alkaline phosphatase activity was ab-
normally low.
s e e The study was divided into a control period and a
. '§ § 'E therapy period. All patients were begun on a purine-free,
s ) g g isocaloric diet containing 70 g protein (8) for 5 days be-
° . 28 B3 fore the control study and maintained on this diet until
3 ZZe?Z the end of the therapy period. The control rate of de
a novo pyrimidine production was determined by the in-
IS . g 3 travenous infusion of 25 uc (2 to 4 uc per umole) of
§ g S8 OA-6-C'" over a 1% hour period. Urine was collected
2 5 g z 4 in daily intervals for the following 20 to 30 days. On
2 2 S ;2:‘5 days 21 to 32, therapy with AzUR was begun with a
continuous intravenous infusion of a dose of 180 mg per
kg body weight per day. On the indicated day of ther-
apy, 20 uc (4 uc per umole) of orotic-acid carboxyl-C'*
- §§'§ § 8288 was infused at a constant rate over an 8-hour period.
3|3 88 S am 2 Urine was collected in serial fractions that day and
b <5% o daily thereafter. Timed expiratory air samples were
‘é- collected every 2 hours during the infusion and at in-
-] G g g g8 creasing intervals over the next 24-hour period. Therapy
2 S E g 23y with AzUR was terminated when clinically indicated.
-3 - The rate of de novo pyrimidine production in the con-
45 trol period was estimated by a method previously de-
a § g scribed and calculated as (pseudouridine production rate)/
= -5 % 518 A~ g™ (fraction of total isotope incorporated into pseudouridine)
kot .
b a A (5). In an analogous manner, the rate of production of
wle | = o o & o orotidylic acid can be calculated as (orotidine production
3 E SEH § A rate) /(percentage of total isotope incorporated into
& orotidine).
Both cases may be analyzed by the compartmental
model that follows:
T3zl %z 2
ES?,g £ 53§ de novo pyrimidine
ECEE EERE production rate | orotic | ki ke
8 e >| acid >l A >| B
pool
=§ 22 0w 1
15} g g
As S —
[=] * ~ ¥ N
= C
&9y 2 A
<85 | 83838 ——
. Control study AzUR therapy
. cesoc |8 A = pyrimidine pool orotidylic acid pool
3 88 382 |2 B = uridylic acid pool
EEE S838&% |35 C = pseudouridine pool  orotidine pool
S e - 3|5 ki1 = pyrimidine pro- OMP production rate
& duction rate
i ke = . UMP production rate
= . . g k; = pseudouridine OR production rate
& Qo Uo production rate
3 oSex |4
* It can be shown that k; = k;/(fraction of isotope intro-
duced into A that is incorporated into C at infinite time).
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This analysis requires only the accurate determination
of the rate of production of the end product and the
total isotope incorporated into the end product. It is in-
dependent of the actual specific activity of any inter-
mediate or product or any relation between them as a
function of time.

Since ks can be measured directly from the urine dur-
ing AzUR therapy, (ki—ks) gives a value for k. that
is the rate of production of UMP. In subsequent usage
the rate of de novo pyrimidine production while on ther-
apy with AzZUR will mean the de novo rate of production
of orotic acid. This is estimated by the sum of ki and
the urinary excretion rate of orotic acid.

Results

Four patients were treated with a continuous
intravenous infusion of AzZUR. Data relating to
the duration of therapy, therapeutic effect, and
day of study on which de novo pyrimidine pro-
duction rates were determined are present in
Table 1.

In a preliminary study the turnover time and
pool size of orotic acid and turnover time of oroti-
dine were determined in G. H. on day 7 of ther-
apy. A dose of 20 uc of OA-7-C** was infused
over a 14 hour period. Specific activities of uri-
nary orotic acid and orotidine were determined on
interval urine collections. From the slope and
zero time intercept of a plot of the natural loga-
rithm of specific activity, a pool size of 1.6 mmoles
orotic acid and a turnover time of 2.2 hours were
determined (Figure 2). An independent check
on these figures was possible, since a pool of 1.6
mmoles that is turning over every 2.2 hours would

result in the excretion of 17.5 mmoles during a

24-hour period. This is in reasonably good

TABLE 11
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Pyrimidine production during control period

Incor-

De novo

poration pyrimidine

Daily excretion of into pseu- production
Patient pseudouridine douridine* rate

mg/day mmoles/day % mf:;ole:/

ay
G.H. 80.1 0.33 3.22 10.2
R.C. 99.8 0.41 2.57 15.9
H.C. 49.6 0.20 4.8 4.2

* Per cent of dose of orotic acid-6-C* incorporated into
urinary pseudouridine.

agreement with the gross excretion of orotic acid
during the 24 hours after the isotope infusion,
which was 13.8 mmoles.

The data for orotidine indicate a period of iso-
tope enrichment of the orotidine pool followed by
a fall in specific activity consistent with dilution of
a pool of labeled orotidine by unlabeled orotidine
(Figure 3). The turnover time of this pool was
between 16 and 22 hours. Extrapolation to zero
time specific activity results in a value for a pool
size between 2 and 5 mmoles of orotidine as a
maximal estimate.

The de movo pyrimidine production rate in
three patients was determined before AzUR ther-
apy. Table II presents the percentage of incor-
poration of OA-6-C** into pseudouridine and its
daily rate of excretion. The de novo pyrimidine
production rate was found to range from 4.2 to
15.9 mmoles per day. This did not directly cor-
relate with disease activity as measured by or-
ganomegaly and peripheral leukocyte count.
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TABLE 11T

Isotope recovery in orotic acid-7-C" experiments*

Urinary isotope

Day of Respiratory Missing
Patient U OAft OR X1 Total Cu1O: Cu
G.H. 20 50.4 4.8 6.6 61.8 20.6 17.6
M.O. 2 66.7 12.7 3.0 82.4 14.1 3.5
R.C. 28 53.8 3.2 1.3 58.3 26.0 15.7
H.C. 2 55.5 11.8 7.1 74.4 15.4 10.2

* Figures are cumulative percentage of initial isotope dose recovered in each substance:

1 OA = orotic acid; OR = orotidine.

1 Urinary isotope unaccountable as orotic acid and orotidine.

In patients on AzUR, the distribution of a dose
of OA-7-C** was determined in urine, expired
air, and feces. Table III presents a summary of
this distribution. In each case the total urinary
radioactivity exceeded the sum of urinary OA and
OR radioactivity by 3 to 6%. Although this
probably represents experimental error, the pos-
sibility of incorporation into precursors through
retrograde flow of isotope was investigated. No
radioactivity in carrier CAA added to the urine
of two patients (H. C. and G. H.) could be dem-
onstrated under conditions that would detect 1 to
2% of the dose. The specific activity of respira-
tory carbon dioxide reached a maximum 2 hours
after the start of the infusion, remained there
until the end of the infusion at 8 hours, and there-
after decreased exponentially. A 3-day stool col-
lection from one patient (R. C.) was assayed for
radioactivity. No radioactivity was found under
conditions that would detect 0.2% of the dose.
In each case the sum of urinary and respiratory
C™ is less than the initial dose:  In view of the
evidence that there is no fecal excretion of C*
and since there is no evidence of retrograde flow
back past CAA, the most likely explanation is that

TABLE IV
Orotic acid and orotidine excretion during AzUR therapy

the respiratory carbon dioxide-C** is in error and
its true value is the sum of the measured carbon
dioxide-C** and the missing carbon-C.

Table IV presents the rate of excretion of OR
and OA in millimoles per day during the interval
of OA-7-C* infusion as well as the 5-day average
excretion of OR after the dose. Since the oroti-
dine pool has a long turnover time (16 to 22
hours), the rate of excretion of OR during the
isotope infusion may not represent the rate of
production. The 5-day average rate is, however,
approximately the same as the interval rate in
three of the four cases, indicating a relatively
steady state.

In the calculation of the de novo pyrimidine pro-
duction rate and uridylic acid production rate
during AzUR therapy, the rate of production of
orotidine was taken as the interval rate except for
one subject (G. H.) where the 5-day average was
used. The total dose of isotope incorporated into
OMP was estimated as the dose of isotope ad-
ministered minus the amount of isotope excreted
as unchanged orotic acid. The values are pre-
sented in Table V along with the control values
as previously presented in Table II.

TABLE V

Pyrimidine production during AzUR therapy, estimated
by urinary orotidine radioactivity

Patient OA* OR* ORt
les/day les/day les/day
G.H 10.0 9.4 6.0
R.C 18.5 8.9 7.5
H.C 8.0 4.6 4.8
M.O 19.1 7.0 6.3

* Rate of urinary excretion during the interval of orotic
acid-7-CH infusion.

t Average urinary excretion rate for 5 days after dose of
orotic acid-7-CH.

AzUR administration

Control Total
Day of period de novo
adminis- de novo pyrimidine  UMP*
Name tration production production production
mmoles/day mmoles/day mmoles/day
G.H. 20 10.2 72.0 56.0
R.C. 8 15.9 147.6 120.2
H.C. 2 4.2 29.5 13.3
M.O 2 37.8 11.8

* UMP = uridine monophosphate.
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Methods of calculating pyrimidine production
rates that utilize the steady state specific activity
of OA are not applicable because they also in-
volve the assumption that the specific activity of
the OR formed will equal that of the urinary OA.
This clearly is not the case because of the un-
equal cumulative specific activities of these two
urinary products. This would imply that even
during a period of constant infusion of isotopic
OA, the extracellular specific activity remains
greater than the established intracellular specific
activity.

If, however, there were two cell populations,
one making no endogenous OA, utilizing serum
isotopic OA, and decarboxylating all of the syn-
thesized OMP, and the other making endogenous
OA, not utilizing serum isotopic OA, and con-
verting all of the synthesized OMP into OR, then
the UMP production rate as estimated from the
previously presented calculations would be greater
than the true rate. Under these extreme condi-
tions, the specific activity of serum OA equals the
specific activity of the CO, produced. Thus, the
rate of production of OMP = (percentage of iso-
tope in CO,/percentage of isotope in urinary OA)
times the rate of excretion of OA. This estimate
represents the minimal UMP production rate.
Table VI presents these rates calculated either
by using isotope recovered as respiratory CO,, or
by estimating respiratory isotopic CO, from the
difference between administered isotope and re-
covered urinary isotope. The latter estimate is
more likely accurate in view of evidence that the
only demonstrable pathway for flow of isotope
was into urine and respiratory CO,.

An estimate of the amount of label entering
cells excreting orotidine may be made under the
assumptions that cells excreting orotidine are not
decarboxylating any orotic acid, and that these
cells are also excreting orotic acid, with the ratio
of orotic acid to orotidine excreted being at least
as high as that found in the urine. Under these
conditions [total isotope in orotidine X (1 +
urinary OA/urinary OR)]/[total isotope in re-
spiratory CO,] would give the ratio of labeled
orotic acid entering cells excreting orotidine to
labeled orotic acid entering unblocked cells. These
calculations indicate that a minimum of 25% of
the labeled orotic acid entering cells penetrates
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TABLE VI

Minimal estimate of UMP production derived from urinary
orotic acid specific activity and respiratory isotopic CO;

AzUR therapy

Control
de novo UMP pro- UMP pro-
Subject production duction* ductiont
mmoles/day mmoles/day  mmoles/day
G.H 10.2 >4.1 > 7.6
M.O. >4.1 > 5.0
R.C. 15.9 >89 >14.3
H.C. 4.2 >2.2 > 3.7

* Calculation based on isotopic CO; recovered as esti-
mated from graphic integration of data from interval
respiratory CO. samples.

t Calculation based on isotopic CO- as estimated from
the difference between the administered dose of isotope and
total urinary isotope recovered.

cells blocked in OMP decarboxylation. This
estimate would be unduly low if cells excreting
OR were also decarboxylating some OMP.

Finally, in terms of the relatively short dura-
tion of the studies performed during drug ad-
ministration, steady-state conditions would appear
to have been approximated reasonably well, since
the leukocyte count of these subjects and their
excretion of pyrimidine products were relatively
constant.

Discussion

In a previous report (5) an estimate of pyrimi-
dine production in three subjects with metastatic
carcinoma varied between 4.0 and 5.6 mmoles per
day. In our study three subjects with untreated
CML produced 4.2 to 15.9 mmoles per day. This
is consistent with the elevated urinary pseudo-
uridine frequently noted in this disease (11).

The pyrimidine analog AzUR has been demon-
strated to exert an effect on pyrimidine metabolism
by first acting as a substrate for uridine kinase,
being converted to 6-azauridine 5-monophosphate
(AzUMP) and then acting as a competitive in-
hibitor of orotidylic acid decarboxylase (3). In
animal and human studies the prior administra-
tion of AzZUR markedly reduced the release of
respiratory carbon dioxide-C** from intravenously
administered OA-carboxyl C** (12, 13). This
has been presented as evidence for a prompt whole
body inhibition of orotidylic acid decarboxylation
produced by AzUR. Similarly, a decrease in
orotic acid decarboxylating activity of human
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leukemic leukocytes, i witro, has been demon-
strated during therapy with AzUR, and this inhi-
bition has been correlated with the effectiveness of
the drug in controlling the leukocyte count (14).
Although AzUR produces a prompt fall in leu-
kemic leukocyte counts, presumably by its effect
on orotidylic acid decarboxylase, it is remarkably
nontoxic to other tissues (1).

Overproduction of pyrimidine precursors dur-
ing AzUR therapy was suspected because of the
large urinary quantities of OA and OR. It has
been proposed that this is the result of release of
feedback control, as an indirect result of a deficit
in the production of UMP (uridine monophos-
phate).

The finding that one set of estimates of whole
body rates of production of UMP in three pa-
tients on continuous AzUR therapy varied from
3 to 8 times the control rate is at variance with
the acute effects of AzUR and implies that a
deficit of UMP may not be the cause of chronic
overproduction. One might postulate that a de-
rivative of AzUR could interfere with the pro-
duction of a feedback controlling pyrimidine at a
point beyond orotidylic acid decarboxylase, in-
terfere with its action at the site of feedback in-
hibition, or interfere with the production of py-
rimidine repressors (15).

There is suggestive evidence that the rate of
overproduction of UMP on day 2 of therapy is
less than on days 8 and 20 and similarly that the
extent of the block of decarboxylation is greater
on day 2 than on days 8 and 20. This suggests
that there may not only be a prompt release of
feedback inhibition but perhaps a progressive rise
over several days of some or all of the enzymes
in de novo pyrimidine production. Fallon, Frei,
and Freireich (14) have demonstrated that clini-
cal resistance to AzUR occurs at a time when the
leukocytes’ ability to decarboxylate OA is no
longer inhibited by AzUR. This suggests that
the therapeutic effectiveness of AzZUR may lie in
the differing abilities of normal tissue and leu-
"kemic leukocytes to increase de movo pyrimidine
synthesis or intracellular pyrimidine precursor
levels. Studies designed to investigate the pos-
sibility of a rise in enzymatic activity in normal
and leukemic tissue during AzUR therapy and
the relative rates of rise, if any, are underway.

V. H. BONO, JR,, S. M. WEISSMAN, AND E. FREI III

The validity of the method used to estimate
pyrimidine production in subjects receiving AzZUR
depends upon several assumptions. The first is
that the metabolic pathways of de novo pyrimidine
production are known. The second is that oroti-
dine is produced by dephosphorylation of orotidy-
lic acid and is a metabolically inert end product.
The third is that steady-state conditions are ap-
proximated during the period of isotope adminis-
tration and that pool assumptions are approxi-
mated. The last is that there does not exist a
single population of cells that simultaneously
violates both the postulates A and B (5) which
follow: A) that the ratio of orotidine production
to total pyrimidine production is the same for
each cell population as for the whole body; B)
that the ratio of C'*-orotic acid to total orotic
acid utilized by these cells is the same as that for
the whole body.

The possibility of significant conversion of iso-
topes to other urinary products is minimal, since
the correlation of total urinary radioactivity and
the sum of urinary OR and OA radioactivity is
good. Since urinary excretion of carbamylaspar-
tic acid occurs, if retrograde isotope exchange
took place, it would be expected to label this com-
pound. This was not the case in the one patient
studied.

If orotidine were substantially utilized via
some other pathway (e.g., direct decarboxylation
to uridine), then estimates of UMP production
would be falsely large, since the rate of urinary
excretion of OR would not represent its rate of
production. However, orotidine has been shown
not to dilute the radioactivity flowing from orotic
acid to uridylic acid # witro, nor is it a sub-
strate for phosphorylases (16). A direct test
of the inertness of intravenously administered
orotidine-carboxyl-C** was performed in this lab-
oratory (17).

Trial calculations have shown that whole body
variations from the steady state both in the rate
of pyrimidine production and effectiveness of in-
hibition of decarboxylation by as much as 50%
would not cause an overestimate of the average
rate of production by more than a factor of two.
An overestimate of the rate of production by a
factor of five would require that the pyrimidine
production be low with nq inhibition of decarboxy-
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lation for 90% of the interval and high with com-
plete inhibition for 10% of the interval. This
type of transient state seems very unlikely.

There is, however, a possibility that a cell popu-
lation exists (the myeloid tissue) that may vio-
late both postulates 4 and B as previously de-
scribed. The myeloid tissue may, in the extreme,
have decarboxylation completely blocked with its
entire de novo pyrimidine production going to
OA and OR. Additionally the ratio of C**-orotic
acid to total orotic acid converted to OR by this
tissue would have to be less than that of the
whole body. To overestimate pyrimidine produc-
tion by a factor of 3 requires that this ratio in
myeloid tissue be one-third of the ratio of the
whole body, and this is a maximal value assuming
the extreme of complete inhibition of decarboxy-
lation in the myeloid tissue and no inhibition of
decarboxylation in the rest of the body.

The example used to derive a minimal value
for UMP production takes the extreme case of
two cell populations, one utilizing no isotopic OA
and with complete inhibition of decarboxylation of
OMP, and the second making no OA, utilizing
isotopic OA, and not inhibited at all. To the
extent that these conditions are not satisfied, the
calculated UMP production rate during therapy
is less of an overestimate, and the minimal UMP
production rate estimate is a greater underesti-
mate. The presence of isotopic urinary OR im-
plies either utilization of isotope by the first cell
population or partial inhibition of decarboxylation
in the second cell population. In vitro studies with
leukocytes isolated from subjects receiving AzUR
have never shown complete inhibition of decar-
boxylation, which is what would be expected from
a competitive inhibitor (14). Hence, no positive
evidence is available to indicate that the first cell
population may be completely inhibited. Thus,
the conditions required for the minimal estimate
of UMP production to be valid cannot be exactly
met, and this minimal value is falsely low.

In addition, since clinical refractoriness to
AzUR, which occurs after 2 to 3 weeks of ther-
apy, is associated with a decreased inhibition of
decarboxylation of orotic acid by leukocytes (14),
it is more likely that overestimates will occur
early in therapy. The data suggest, however,

1493

that overproduction is greater late in the course
of therapy rather than early.

These considerations tend to support at least
the qualitative validity of the values indicating
that total body UMP production during some
phases of therapy with AzUR in patients with
CML is at least as great if not greater than the
pretreatment rate.

Finally, a plausible alternative explanation for
the relatively high production rate of decarboxy-
lated pyrimidines in patients receiving prolonged
courses of 6-azauridine would be as follows:
If certain cell populations (the liver, for example)
were not blocked in OMP decarboxylation, then,
when presented with the excess orotic acid pro-
duced by other cells such as leukocytes, they might
degrade amounts of OA via uridylic acid in ex-
cess of their normal total pyrimidine production.

Summary

The rate of de novo pyrimidine production was
determined in three patients with chronic myelog-
enous leukemia before and during therapy with
azauridine, an inhibitor of orotidylic acid de-
carboxylation. A fourth patient was studied only
during therapy.

The pretreatment rates, estimated by the in-
corporation of intravenous orotic acid-6-C** into
urinary pseudouridine, were 4.2, 10.2, and 15.9
mmoles per day. During therapy the rates, esti-
mated by the incorporation of orotic acid-7-C*
into urinary orotidine, were 25.9, 37.8, 72.0, and
147.6 mmoles per day. In addition the rates of
production of uridylic acid during therapy esti-
mated by this method were 11.8, 13.3, 56.0, and
120.2 mmoles per day.

These data suggest that during some stages of
therapy of chronic myelogenous leukemia with
azauridine, there is no evidence for a decrease but
instead perhaps evidence for an increase in the
whole body rate of uridylic acid production.
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