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Although numerous attempts have been made
to devise tests for thiamine nutrition based upon
the urinary excretion of the vitamin after its oral
or parenteral administration (1 to 9), the relation-
ship between the dose of the vitamin given and the
amount which can be recovered in the urine is
obscure. Thiamine administered orally or paren-
terally rapidly appears in the urine, but the incre-
ment in the urine after a single dose represents
only a fraction of the total amount given (10, 11,
6) and the fate of the remainder is unknown.

The difference between the amount of thiamine
administered and the amount excreted may be ex-
plained in part by storage of the vitamin in the
body. Tissue B, in dogs can be increased by daily
injections of the vitamin (12), but the increase is
too small to account for the large losses of admin-
istered thiamine. In man, studies of tissue thia-
mine concentration before and after B, administra-
tion are not feasible ; a few observations on autopsy
material from subjects who received thiamine par-
enterally indicate some storage of the vitamin (13),
but not enough to account for the amount of ad-
ministered thiamine which fails to appear in the
urine. Furthermore, administration of B, sup-
plements over a prolonged period should saturate
the tissues. Yet even under such conditions (14,
15) urinary thiamine accounts for only a fraction
of the total B, administered.

Urine normally contains both thiamine and an-
other substance which accelerates yeast fermenta-
tion (16). The urinary concentration of this sub-
stance, as well as of thiamine, increases after the
oral or parenteral administration of thiamine sup-
plements (14, 15, 17). Little is known regarding
the factors which influence the conversion of the

1 This investigation was aided by a grant from the Jo-
siah Macy, Jr. Foundation.

vitamin to this substance, and the excretion of the
latter in relation to thiamine intake also requires
elucidation.

This investigation was designed to clarify the
following points:

1. The relation between the intake and excretion
of thiamine in normal and abnormal subjects.

2. The fate of that portion of administered thia-
mine which cannot be recovered in the urine.

3. The relation between the intake of thiamine
and the excretion of the non-thiamine factor which
accelerates yeast fermentation. Throughout this
paper this substance is referred to as “pyrimidine”
or as “PAYF.”

4. The rate of excretion of excessive stores of
thiamine.

METHOD

Experiments were done on 10 subjects, of whom 6
were normal, 1 had hyperthyroidism and 3 were chronic
diabetics. One of the latter also had carcinoma of the
pancreas. In all the experiments thiamine was adminis-
tered intramuscularly. In 3 of the normal individuals
and in all the abnormal subjects thiamine was given
daily for from 2 to 5 days in doses which ranged from 8.8
to 100 mgm. In some individuals the experiment was re-
peated with the same or a different dose. In the other 3
normal subjects the daily dose was increased every day
or every 3 days over periods of from 9 to 37 days. In
the first (B. A.) the dose which was initially 1.0 mgm.
was approximately doubled 2 every third day until it
reached 144 mgm.; it was then reduced gradually until it
reached zero. Urinary thiamine was followed for 2 weeks
after injections of the vitamin were discontinued. Two
months later, in a similar experiment, the dose was in-
creased daily over a period of 19 days from 0.5 to 35 mgm.
The procedure of doubling the daily dose of thiamine
every third day was followed in the second normal sub-
ject (G. L.) for 15 days; thereafter the dose was varied
by increments of 5 to 30 mgm. every third day for 12 days.

2 Strict geometric progression could not be followed be-
cause of slight variations in concentration of the prepared
thiamine solutions.
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Urinary thiamine excretion was followed for 12 more days
after supplementary thiamjne was discontinued. Several
months later thiamine excretion was studied following
single injéctions of the vitamin in different doses. In the
third normal subject (F. M.) 2 experiments were done in
“which the dose was varied by daily increments of approxi-
mately 5 and 12 mgm. respectively. The first experiment

" lasted 11 days and was followed by an 8-day period of ob-

servation during which no supplements of thiamine were
given. The second experiment, done several months later,
lasted 7 days.

The daily oral intake of thiamine for all subjects was
calculated from standard tables.® Thiamine injections
were given at approximately the same time each day, and
the total urine excreted during each subsequent 24 hours
was collected and analyzed for thiamine by a specific
chemical method (18).

In 3 of the normal subjects (B. A., G. L., F. M.) uri-
nary pyrimidine was also determined for at least one ex-
perimental period. The pyrimidine was calculated by es-
timating the total thiamine and pyrimidine from the total

8 Applied Dietetics. Frances Stern. Williams and Wil-
kins Co., Baltimore, 1943.

yeast fermentation accelerating power of the urine in the
Warburg apparatus (16) and then subtracting the values
for thiamine obtained by chemical analysis. A figure for
the pyrimidine accelerating yeast fermentation (PAYF)
was thus obtained.

RESULTS

Relation between the intake of thiamine and its
excretion in the urine of normal subjects. Subject
1 (H. L.) received 94 mgm. of thiamine intra-
muscularly and 1.0 mgm. orally (in the diet) each
day for 5 days. Seventy-five per cent of the total
intake of the vitamin was recovered as such in the
urine excreted during this 5-day interval.

Subject 2 (S. W.), who received in one day a
total of 9.8 mgm. of the vitamin (8.8 mgm. intra-
muscularly and 1.0 mgm. in the diet), excreted 31
per cent of the total intake in the urine. Five days
later, on the same intake each day for 2 days, he
excreted 56 per cent.

Subject 3 (W. S.) received 14 mgm. of B,



296

REGRESSION EQUATION

L Y= .927X - 4,26
STANDARD ERROR OF ESTIMATE = : 3,54

3ANINVIHL 30 NOIL3YIX3 AMVNIYN ¥NOH t2

WON

BENJAMIN ALEXANDER, GRETA LANDWEHR, AND FRANCES MITCHELL

7
/
7/
//
A
7/ 3xSE.
/ /

7/ yd

MG,

REGRESSION EQUATION
Y = 454X - ,03 .
5 °
STANDARD ERROR .
4 | OF ESTIMATE = 2,14 o
[ ]

10 20
INTRAMUSCULAR DOSE OF THIAMINE

30 40 50 €0 LY

80 90 100
MGM,

F16. 2, 2A. ReLATION BETWEEN AMOUNT OF THIAMINE INJECTED PARENTERALLY AND ITs ExcRETION
IN THE SUBSEQUENT 24 Hours
. Solid dots represent observations on normal subjects; observations on abnormal subjects are indicated by
open circles

(13.2 mgm. parenterally) daily for 2 days; ap-
proximately 43 per cent was excreted in the urine.
The variations in the fractions of the adminis-
tered thiamine which was excreted by these sub-
jects indicated the need for further detailed study
of the dose-excretion relationship; this was car-
ried out on the other 3 normal subjects (B. A.,
G.L,F.M.). All gave a uniform pattern of uri-
nary thiamine excretion in relation to the intake
of the vitamin (Figure 1). As the dose was in-
creased, the percentage of it excreted rose; with
intakes of more than 50 mgm. the excretion ap-
proached, but never reached, 100 per cent.

A plot of the urinary thiamine excretions against
the doses of parenteral thiamine for all the normal
subjects gave a curve.which could be broken down
into two linear segments (Figures 2, 2A). One
segment, covering doses of zero to 7 mgm., was
represented by the equation ¥ = 0.454X — 0.03,
where ¥ and X equal the excretion and the intra-

muscular injection, in mgm., respectively. For
the other segment, which covered doses of more
than 10 mgm., the equation was Y = 0.927X-
— 4.26. :

Thiamine excretion in abnormal subjects. The
thiamine excretions of the 4 abnormal subjects
were lower than those obtained on normal indi-

“viduals by amounts that were outside of 3 times

the standard error of estimate (Table I, Figure 2).
One of the subjects with diabetes (Schneider—
Table I) excreted a small amount of thiamine (4
mgm.) in the 48-hour period following discontinu-
ation of parenteral thiamine supplements. This
amount is comparable with the B, excretions of
normal subjects described below (Figure 3).
Pyrimidine excretion. Those normal subjects
in whom the urinary pyrimidine (PAYF) was de-
termined excreted between 0.5 and 0.7 mgm. of
this material daily when the diet was the only
source of thiamine. As the intake of the vitamin
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TABLE 1

Thiamine excretion in disease

Urinary
Period| Daily excretion
Subject | Sex Diagnosis of | thi-
study a:";':: Ex
Found pecte-d‘
days | mgm. | mgm. per 24 hrs.
Adelman | @ | Diabetes 7 50 119.531 to 51
Ca pancreas
Adelman | Q@ | Diabetes 5 50 | 12.7 |31 to 51
Ca pancreas :
Levinson | & | Diabetes 6 50 129.5]31 to 51
Schneider | & | Diabetes 7 |100 {62.0|78 to 99
Caplan, G.| ? | Hyper- 3 50 | 30.2 |31 to 51 -
yroidism

* On the basis of excretion curves (Figs. 2, 2A) of normal
subjects on same dose. Range covers plus or minus three
times standard error of estimate.

was increased by parenteral administration, uri-
nary PAYF also increased (Table II). In the 3
subjects (B. A, G. L., F. M.) urinary B, plus py-
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rimidine accounted for practically all of the thia-
mine taken (Table IIT).

Thiamine excretion in normal subjects follow-
ing discontinuation of large parenteral doses. The
injection of thiamine was followed by the excretion
in the urine of a large fraction of the dose during

. the subsequent 24 hours. A much smaller fraction

can be recovered during the second 24-hour period
and still smaller amounts in the days following
(Figure 3). In those experiments where thia-
mine was given daily for many days, some of the
vitamin which was excreted in any 24-hour urine
may have been due to B, overflow from preceding
days’ injections. When, however, corrections are
applied for the amounts which may thus be in-
volved, the excretion curve is not altered signifi-
cantly. Furthermore, the per cent excretions of
single doses were almost as high as when the same
dose was administered as part of a series of daily
injections. The excretion curves in Figures 2 and

24w 48m  HRS.AFTER INJ,
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TABLE II

Pyrimidine excretion (PAYF) in relation to thiamine intake
in normal subjects

Thiamine intake
Subject Total | JFAYF
Oral Parenteral
mgm. mgm. mgm. mgm.*
B. A. 1.50 0 1.50 0.60
1.25 1.00 2.25 0.70
1.00 2.00 3.00 1.32
1.44 3.80 5.24 3.13
1.04 8.00 9.04 3.44
1.15 17.30 18.50 6.08
1.86 38.40 40.30 6.04
1.36 76.60 78.00 10.90
G.L 1.09 0 1.09 0.50
1.21 1.00 2.21 0.72
1.06 2.00 3.06 1.17
0.80 3.88 4.68 0.86
0.84 7.75 8.59 1.63
0.67 12.30 13.00 2.38
0.78 19.70 20.50 4.12
0.97 24.60 25.60 6.83
0.88 35.20 36.10 8.75
1.60 47.00 48.60 8.80
0.80 78.50 79.30 9.40
F. M. 1.69 0 1.69 0.64
0.85 4.50 5.35 1.00
1.30 9.00 10.30 2.10
1.30 13.60 14.90 2.50
1.24 18.10 19.30 7.30
2.30 22.60 24.90 5.30
1.40 29.20 30.60 12.40
2.50 35.00 37.50 15.60
1.10 42.80 43.90 6.00
0.90 46.60 47.50 14.10
2.10 52.40 54.50 13.30
1.40 58.30 59.70 24.00
1.50 6.25 7.75 3.08
1.50 12.50 14.00 3.00
1.50 25.00 26.50 8.00
1.50 37.50 39.00 14.10
1.50 50.00 51.50 24.60
1.50 62.50 64.00 20.8

* In terms of thiamine.

TABLE III

Thiamine balance in normal subjects

Subject B.A. G.L. | FM.

Sex d Q Q
Interval of study (days)t 51 42 21
Total thiamine intake (grams) 1.086 | 0.621 | 0.365
Total thiamine excreted (grams) 0.8870.502 | 0.291
Total PAYF excreted (grams)* 0.183{0.118 {0.123
Total B, plus PAYF excreted

* 1.060 | 0.620 | 0.414
Thiamine unaccounted for (grams) |0.026 | 0.001

1 Interval of study includes 2 to 3 days before, and 8 to
15 days after, series of thiamine injections.
* Expressed in terms of thiamine.
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2A include the observations for excretions follow-
ing single injections.

Further study of urinary thiamine excretion in
normal subjects following termination of the series
of thiamine injections, revealed that in 3 subjects
(B. A, G. L,, F. M.) the rate of decrease in the
amount of the vitamin excreted was uniform (Fig-
ure 4). When the logarithm of the urinary B;
was plotted against the logarithm of the day of ob-
servation, a linear relationship was obtained:

10 log » = 1.5474 — 1.1810 log ¥

where x and y represent the thiamine excretion in
mgm. and the day of observation respectively.
Day 1 was the second 24-hour period following the
last injection, day 2 the third 24-hour period, etc.
This relationship did not apply to the daily thia-
mine excretion following single doses of the same
size.

DISCUSSION

The excretion of thiamine into the urine by nor-
mal subjects is directly related to the amount of
the vitamin administered. The relationship can be
expressed by linear equations representing two
curves of different slopes. The first curve, with a
slope of 0.45, obtains for doses of less than 7 mgm.
The slope rises rapidly between doses of 7 and 10
mgm., above which the curve again becomes linear,
with a slope of 0.93. This relationship seems to
hold, regardless of how the dose is varied.

That the urinary excretions following isolated
injections of thiamine fall within the excretion
range established by observations based on a series
of daily injections indicates that the metabolism
of the vitamin is independent of thiamine given on
previous days. This is also in accord with the ob-
servation that most of the urinary thiamine aris-
ing from any injection of the vitamin is excreted
within the first 24 hours.

Although the reported values for thiamine ex-
cretion in response to injections of the vitamin
(1910 21, 1, 4, 8, 10, 11) are generally somewhat
lower (Table IV) than the theoretical values com-
puted from the dose by means of the equations for
excretion described above, the pattern of increasing
per cent excretion with increasing dose is in ac-
cord. Since the data of most other observers are
based upon the results of single injections of the
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vitamin, it is probable that the tissues of their sub-
pects were not saturated and accordingly stored
some of the administered vitamin.

A few investigators reported patterns of thia-
mine excretion which were at variance with our
results. Lockhart et al. (22), who administered
the vitamin parenterally to normal and pregnant
women in increasing amounts, found a peak of
excretion of about 10 per cent at doses of ap-
proximately 3 mgm. As the dose was increased
above this amount, the percentage of it which was
excreted fell rapidly until only 2 per cent could be
recovered when the dose was 10 or more mgm.
Drigalski (20) found that the injection of 10
mgm. of the vitamin daily for 8 days resulted on
the first 2 days in a daily urinary thiamine excre-
tion of about 5 mgm., which gradually decreased
to 0.2 mgm. by the eighth day.

The equations describing the urinary thiamine
excretion in normal subjects are applicable to
studies of pathological conditions where thiamine
metabolism and excretion may be deranged, as, for
example, diabetes mellitus and hyperthyroidism.
It has been claimed that thiamine metabolism is
disturbed in these diseases (23 to 25). In sup-
port of these claims are the abnormal excretions
of the vitamin observed in these subjects (Table
I). In both conditions the thiamine excretions in
relation to doses administered were lower than
those obtained for the same doses in normal sub-
jects. While more observations are needed to
elucidate the nature and extent of the disturbance
in B, metabolism, the data indicate that a greater
fraction of administered thiamine is destroyed in
these diseases than in normal individuals. As
will be shown later, simultaneous determinations
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TABLE IV
Thiamine excretion in response to injection as reported
in the literature .
Thi- Thiamine excreted*
Observers i
dose Theoreticalt Found
mgm. mgm. mgm.
Mason and Williams (8) 1.0 |0 to 042 0.21
Westenbrink and Goud-| 3.0 | 09to 1.74| 045
smith (1)
Marrack and Hollering (19)| 3.0 | 09 to 1.74] 0.72
Marrackand Héllering (19) | 5.0 | 1.8 to 2.62| 1.60
Melnick and Field (4§ 50| 18to 2.62] 1.15%
Westenbrink and Goud-| 100 | 1.6 to 8.40| 4.00
smit (1)
Ishihara (11) 100 | 1.6 to 8.40[ 5.00
Ritsert (10) 100 | 1.6 to 8.40{1.8 to 5.4
Stihler (21) 100 | 1.6 to 8.40] 5.00
Drigalski (20) 100 | 1.6 to 8.40| 4.80
Marrackand Héllering (19) | 10.0 | 1.6 to 8.40[ 2.50§
Ritsert (10) 20.0 [10.9 to 17.7 6.10
Melnick and Field (4) 30.0 20.1 to 26.9 | 15.6

* Excreted within 24 hours after injection except as
otherwise indicated.

t As computed by excretion equations obtained on nor-
mal subjects (Figs. 2, 2A). Range covers plus or minus
three times standard error of estimate.

1 Within 8 hours after injection.

§ Authors admit possibility of this value being 30 per
cent too low.

of urinary pyrimidine would have been of great
value in establishing the fate of that portion of
the administered vitamin which was not excreted
as such.

For similar studies in various pathological con-
ditions, selection of the dose range will be deter-
mined by the particular purpose of the study. In
investigations of the requirements or storage of
thiamine or the nutritional status of individuals
with regard to the vitamin, the lower dose range
would be preferable, since differences in thiamine
excretion might be expected to be of the order of
a few 'mgm. which might be obscured by the large
excretions consequent to the administration of
large doses. Studies of thiamine conversion to
pyrimidine, on the other hand, may be more ad-
vantageously approached by employing the higher
dose range.

The capacity of the body for storage of thiamine
is limited to two or three times the amount nor-
mally present. By daily administration of large
amounts of the vitamin complete saturation of
body stores is assured. Under such circumstances
the difference between injected thiamine and thia-
mine excreted in the urine cannot be ascribed to

BENJAMIN ALEXANDER, GRETA LANDWEHR, AND FRANCES MITCHELL

storage of the vitamin in the tissues. Neither can
it be explained by excretion into, and loss via, the
gastrointestinal tract (26, 10, 12). The rapid
rise in urinary pyrimidine consequent to thiamine
administration indicates a ready conversion of the
vitamin to this substance. While the significance
of this reaction is obscure, it explains most of the
differences between injected and excreted thia-
mine, since the sum of the PAYF and B, in the
urine is almost equal to the thiamine intake. Al-
though small amounts of thiamine (about 1 mgm.
daily) are consumed normally in other ways (17),
the degradation of administered thiamine consists
essentially of its conversion to pyrimidine. This
reaction probably explains the difference in slope
of the two segments of the thiamine excretion
curve. At thiamine doses of less than 7 mgm.,
the amount of thiamine converted to pyrimidine
is proportional to the dose of the vitamin admin-
istered. At doses of more than 10 mgm., the
maximal amount of thiamine which the body can
convert to pyrimidine has been reached and the
rest of the thiamine is excreted as such. In this
range the theoretical slope of the thiamine excre-
tion curve would be unity. The found slope was
0.93. :

Further evidence in support of this interpreta-
tion is provided by a plot of the dose of thiamine
against the excretion of thiamine plus pyrimidine
(Figure 5) in 2 normal subjects (B. A, G. L.).
The relationship is linear throughout with a slope
of 1; this indicates that the bend in the original
excretion curve (Figures 2, 2A) is due to the fact
that maximal B, conversion to pyrimidine is
reached at that point. Practically all of the thia-
mine can be recovered as the vitamin or as its
pyrimidine breakdown product.

Although some of the injected thiamine will
appear in the urine for several days after any
single injection, most of it is excreted within the
first 24 hours (Figure 3). Other investigators
(10, 19, 20) claim that the urine excreted within
3 hours after injection of the vitamin contains
most of the B, overflow. Following injection,
furthermore, the rises in blood thiamine are re-
markably transient (27). Borsook (28), employ-
ing thiamine tagged with radioactive sulfur, found
that the transport of the injected vitamin to the
tissues and its interchange with the thiamine al-
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ready there is rapid. Accordingly, the sequence of
events following the parenteral administration of
thiamine may be regarded as follows: the injected
vitamin enters the blood stream and is rapidly
transported to the tissues, where it is converted,
at least in part, to cocarboxylase. Some of the
thiamine is converted to pyrimidine. This, to-
gether with whatever thiamine cannot be retained
by the tissues, is retransported to the kidneys and
is excreted in the urine.

Thiamine overflow into the urine continues at
a certain rate for many days after injection of the
vitamin is discontinued. In 3 normal subjects
who received daily injections of thiamine in in-
creasing amounts for many days (34, 58, 78 mgm.
respectively were the largest doses), the daily

urinary excretion of B, following discontinuation
of thiamine supplements was related to the day of
observation ; between certain limits it was inde-
pendent of the size of the daily dose and of the
total dose administered. It would seem that this
relationship, which was linear when the logarithm
of the day was plotted against the logarithm of the
excretion (Figure 4), describes the speed of mo-
bilization and excretion of excess amounts of tis-
sue thiamine after the initial flooding effects of
large doses of the vitamin have been obviated.
More significant, perhaps, is the fact that increas-
ing the daily doses to more than 34 mgm. did not
result in higher excretion values in the days fol-
lowing the last injection; this would indicate that
such doses did not result in storage of larger
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amounts of thiamine. It is possible that doses of

less than 34 mgm. daily would also result in maxi-
mal storage of thiamine. Although the daily
urinary thiamines following a single injection of
the vitamin in amounts of between 34 and 78
mgm. were always lower than those represented
in Figure 4, it is probable that the same slope
would be maintained, but at a lower level. The
relationship describing thiamine excretion follow-
ing discontinuation of injection of supplements of
the vitamin may also be used in studies of B,
metabolism and excretion in abnormal subjects.

Since the major portion of thiamine adminis-
tered in daily doses of more than 10 mgm. is
rapidly excreted in the urine, and since doses of
more than 34 mgm. do not result in greater stor-
age of thiamine in the tissues, there seems no
justification for the use of larger doses of B,
parenterally.

CONCLUSIONS

1. The excretion of thiamine into the urine is
directly related to the size of the dose of the vita-
min.

2. The pattern of thiamine excretion in relation
to the dose, as computed from observations on 6
normal subjects, was uniform and could be ex-
pressed by two linear equations.

3. Three patients with diabetes mellitus and one
with hyperthyroidism deviated significantly from
the normal pattern of thiamine excretion.

4, The urinary excretion of pyrimidine in-
creases as the dose of thiamine is increased. Uri-
nary pyrimidine plus urinary thiamine accounts
for practically all of the thiamine administered.

5. After complete saturation of the tissues with
thiamine, the body discharges excesses of the vita-
min at a rate which can be represented by a linear
equation.

6. There is little justification for the injection
of thiamine in doses of more than 35 mgm.
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