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volume, every tenth section was used. From 
these studies no evidence emerged that the 
hormone caused hypertrophy of the cortex or 
changes in the cortical cells. 

the skin of fetal rats resulted in an increase 

in the size and number of interstitial cells of 
Leydig. While it seems likely that these cells 
secreted more androgen than normally, posi- 
tive evidence of this was not obtained. The 

In conclusion, injecting gonadotrophin under injections failed to cause any significant 
changes in the ovary and the adrenal. 
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Urinary Excretion of Thiamine as a Characteristic of the Individual.* 

OLAF MICKELSEN, W. 0. CASTER, AND ANCEL KEYS. 
Front the Laboratory of Pli!/siologicnE Hy!jienpt 1 ‘niwrsity of Minnesota, Minneapolis. 

The urinary excretion of thiamine has been 
used as a measure of the intake and of the 
body stores of this vitamin. That there is 
some relation between these functions is 
shown by the fact that an increase in the 
intake produces an increase in the excretion. 
I t  is usually assumed that individuals on the 
same intake will excrete approximately the 
same amount of thiamine. There are very 
few reports in the literature which provide 
detailed data for individuals who have been 
maintained for any length of time on a con- 
stant vitamin intake. Consequently the in- 
dividual variation, and hence the reliability of 
the estimation of intake from individual ex- 
cretion, is practically unknown. 

In the course of investigations on the re- 
sponse of normal young men to various levels 
of thiamine intake,l a marked variation be- 

tween the urinary thiamine excretion of dif- 
ferent individuals was observed. The inter- 
and intra-individual variations in the urinary 
thiamine excretions are considerable a t  intake 
levels from 0.6 to 2.0 mg per day.2 In spite 
of the great intra-individual variation, there 
was an indication that over a period of time, 
the thiamine excretion level was highly char- 
acteristic of the individual. 

Experimental. Ten different menus were 
used consecutively in this work. They all 
contained the same amount of thiamine 
(0.50 t 0.07 mg per day) and were reasona- 
bly constant and “normal” in composition of 
carbohydrate, fat and protein. We found that 
in man large increases in the dietary content 
of carbohydrates, fats or proteins have no 
appreciable influence on the dietary excretion 
of thiamine.3 In order to determine whether 
the marked variations in the daily thiamine 
vscretion were due to variations in the dietary 
content of foodstuffs other than the above, 
we fed our subjects the same diet on 3 S ~ C -  
cessive days* Most Of the items in these diets, 
including the meat, were canned Of d e b -  

_ I___~  . 

* W o r k  d o n r  in p i t  undcr n contract rcc(ini- 
mended bg tht. Corntilittee on 1 lc t l i c : l I  Kese:irc.li 
bctween the Office of  Scientific Rtwwcl i  and. Dcvel- 
opment and tlie Unircrsity of Jiinnesota. ~ m -  
portant assistance was also provided by the Na- 
tional Dairy Council operating in behalf of  the 
American Dairv Association, Chicago, Ill., the drated. ivhere this Wits not the Case, large 

I 

Sugar Rcseurch Foundatioii, Yew York, N.Y., and 
thc Nutrition Foundation, N e w  Tork, N.T., Mcrck 
and Co., Ine., Itnliwny, N.J., aiid Abbott Labora- 
tories, Korth Chicago, Ill., provided a gcnerous 
supply of vit‘wnins. Most of the food ninterials 
werc supplied by the Subsistcnce nrnncli, Ofice of 
thc  Qu:irterinaster Geiiersl. U. S. Aimy, :ind tliv 
J. R. Sirnplot Dehydrating Co., Cal t l~wl l ,  Idaho. 

1 Keys, A., I~enschcl, A., Taylor, €1. L., Mickel- 
sen, O., and Brozek, J., Am. J .  Physiol., 1945, 
144,5. 

quantities of the food items were secured a t  
the start of the experiment to insure uni- 
formity in the diet. All food was served in 
weighed portions. An exact duplicate of a11 
foods served during the day was saved for 
thiamine analysis. 

2 Mickclseii, O., (’:istcr, W. O., and Keys, A., i n  

3Mickelsen, O., Caster, W. O., and Keys, A., nn- 
ljrvss. 

published data. 
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TABLE I. 
Thiamine excretion of normal young men maintained on the same diet for 3 days. The first 6 
men received 1.0 mg thiamine per day while the others received 2.0 mg. All values for thiamine 

are expressed as pg of thiamine per day. 

Urinary excretion 
r \ 

Subj cct Dee. 26 Dee. 27 Dec. 28 Mean Stools 

A 118 15 79 91 540 
Pa 36 21 39 32 510 

7 -  

E- 
M 
S 
R 

60 48 5 3  54 800 
85 83 86 85 550 
55 4fi 49 50 720 
62 52 60 58 666 

Xean 6.9 54 61 62 631 
- - - - - 

D 376 294 359 310 1,090 
C 82 87 88 8 c i  490 
E3 240 141 158 180 1,240 
\v 128 193 3 09 3 43 9 60 
Pe 114 128 98 1 1 3 1,840 
If 148 122 138 136 - 

- -- - .- - 
Mean 165 161 158 161 1,124 

The subjects in these experiments were 12 
normal young men who had already been on 
the dietary regime for about 30 days. This 
length of time is required to secure a state 
of equilibrium in the urinary thiamine ex- 
cretion.2 Six of the men were given thiamine 
pills to raise their total daily intake to 1.0 mg 
while the other 6 were likewise increased to 
2.0 mg. Placebos were given to make cer- 
tain that all inen received the same number 
of pills. The physical activity and mode of 
life for some time previous to and during 
this period were maintained reasonably con- 
stant. On each of the 3 days of this experi- 
ment, 24-hour urine samples were collected in 
bottles containing glacial acetic acid and 
toluol as preservatives. Stool samples, 
delineated by means of carmine, were also 
collected. The thiamine content of the urine 
and stools (total thiamine) was determined 
by our modification of the thiochrome tech- 
n k 4  Pyramin (the pyrimidine-like com- 
ponent of thiamine excreted in the urine) 
was determined by a modification of the 
yeast fermentation method for the estimation 
of thiamine5 

Results. The urinary and fecal excretions 
4 Mickelsen, O., Condiff, II,, and Ecys, A,, J .  Biol. 

5 Scliultz, A. S., Atkin, L., and Frey, C. N., 
Client., 1945, 160, 361. 

J .  Ind .  and Eng.  Chem., A m l .  Ed., 1942, 14, 35. 

of thiamine are given in Table I. There is a 
considerable range in the urinary thiamine 
excretions of the men on each of the levels of 
intake. For the group on 1.0 mg of thiamine 
per day, the mean values range from 32 to 
91 p g  while for those on 2.0 mg they range 
from 86 to 310 pg. This variation in daily 
urinary thiamine excretion is not correlated 
with the fecal thiamine content. Najjar and 
Holtti suggested that the bacterial synthesis 
of thiamine in the lower gastro-intestinal tract 
could contribute to the body’s requirement as 
shown by the absorption of thiamine from a 
rctention enema. L-sing quantities of thia- 
mine comparable to those normally excreted 
in the stools, Alexander and Landwehrs were 
unable to find any indications of thiamine 
absorption after a retention enema was given. 
Even if the thiamine synthesized by the bac- 
teria in the lower gastro-intestinal tract is 
absorbed, there is no relation in our cases 
between the total thiamine content of the 
stools and the urinary excretion levels. 

Within each group, there is a 2 to 3 fold 
variation in the thiamine excretion in spite 
of the constancy of thiamine intake. There 
is some overlapping of the urinary thiamine 

Xed.  Assn., 1943, 123, 683. 

1943, 101, 289. 

8 Najjar, V. A., and Holt, L. E., Jr., J .  Am. 

7 Alexander, B., and Landmelir, G., Science, 
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T,\ELE 11. 
Daily pyramin ercretioii of i ioim:rl  young nicm in:tint:iincd on thc s;inic diet for 3 days. 
first 6 men received 1.0 mg of tliiamiirc 1)er day wl i ik  tlic others received 8.0 nig. 

Thc 
All values 

for pyramin are expressed as pg of 2-nieth~l-4-amino-5-etlioxymetl1~l pyrimidine. 

Urinary excretion 
c \ 

Subject .July 23 Ju ly  24 Julj. 2.7 Mean Stools 

A 
Pa 
E 
N 
s 
R 

D 
C 
B 
w 
I'C 
H 

1 K i  
162 
148 
178 
188 
159 

Mean 17@ 
- 

1 5 i  
142 
1 i 8  
179 
146 
150 

159 
- 

048 
24.i 
235 
253 
272 
243 

'749 

171 
158 
168 
185 
169 
159 

168 

241 
249 
233 
223 
245 
246 

339 

- 

- 

383 
208 

37 
532 

61 
94 

219 

42 
66 
63 
47 
35 
30 

47 

excretions in the 2 groups. The lowest mean 
value of the 2 mg group is equal to or less 
than the 2 highest figures for the 1 mg group. 
This indicates that it may be difficult in cer- 
tain cases to distinguish from a single thia- 
mine excretion value whether a person is re- 
ceiving 1 or 2 mg of the vitamin. 

In  view of these findings, it was deemed 
advisable to repeat the above experiment. 
This was done after the men were maintained 
on their respective thiamine intakes for an 
additional 7 months. The conditions of the 
first experiment were duplicated again for 
a 3-day period. 

The results of the thiamine excretion were 
essentially the same as on the first occasion 
of the experiment. This time pyramin was 
also determined. The pyramin content of 
the urines is given in Table 11. There is 
considerably less variation in the urinary ex- 
cretion of pyramin than is the case for thia- 
mine. Furthermore, there is no overlapping 
in the excretion levels of the 2 groups. This 
is discussed a t  greater length elsewhere.2 The 
fecal excretion of pyramin is on an average 
less than one-third that of thiamine when 
the 2 are reduced to molecular equivalents. 
Here again, there was no positive correlation 
between the fecal and urinary excretion of 
pyramin. Actually there was an inverse rela- 
tion in the 2 groups, the group receiving 1 mg 

of thiamine per day showed a higher average 
pyramin excretion than the group receiving 
2 mg. 

The above experiment was followed by a 
period of 14 days on an essentially zero 
thiamine intake after which all 12 subjects 
were on routine diets for a period of one 
month. At this time the controlled thiamine 
regime was instituted again except that the 
levels of intake were reversed for the groups. 
Those who had been on 1.0 mg of thiamine 
now received 2.0 mg and vice versa. All other 
factors of diet and supplementation were the 
stme as before. Twenty-four-hour urine sam- 
ples were collected for thiamine analysis after 
the men had been on their respective new 
levels of intake for about 2% months. 

The gross ranking of the urinary thiamine 
excretions on the 3 above occasions was made 
with the results shown in Table 111. The 
correlation coefficients for the gross ranking 
of the men has been calculated according to 
the method described by Snedecor.$ Under 
these conditions the values above 0.81 
:ire significant. In  all of our cases, the rank 
correlations of the urinary thiamine excretions 
are significant. This indicates that the urinary 
escretion of this vitamin is intimately related 

8 Snedecor, G. W., Statistical Methods, 1946, 
Iowa Ststc College Press, Ames, p. 164. 
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TABLE 111. 
Gross ranking of urinary thiamine excretion of normal young 1nen 011  2 levels of thiamine 
intake. The first 6 men were on 1.0 mg of thiamine from Nov., 1944, through July, 1945, and 
on 9.0 mg in Nov. and Dec., 1945. The other 6 mere on 2.0 and 1.0 mg at these respective times. 
The thiamine excretions are in pg per day and arc the averages of 3-day periodu. The figures 
in parenthesis are the gross ranks of the men. The correlation coefficients are for the gross 

rankings of adjacent coluinns. 

Subject Dcc., 1944 July, 1945 Dee., 1945 
7 

A 
N 
R 
E 
S 
J? :I 

91 (1) 

58 (3)  
54 (4)  
50 ( 5 )  

85 (2)  

32 (6)  

&lean 
Rank corrclation coefiicient 

L) 
B 
w 
1% 
Pe 
c 

Mean 
Rank correlation coefficient 

62 
0.99 

310 (1) 
180 ( 3 )  
143 (3)  
13C ( 4 )  
113 ( 5 )  
86 (6)  

161 
- 

1.00 

83 (1) 
63 (2)  

41 (4.o) 
47 (4.5) 

5; (3)- 

28 ( 6 )  

53 
- 

316 (1)  

171 ( 3 )  
154 ( 4 )  
134 (5)  

89 (6)  

185 

245 ( 2 )  

- 

ill (1) 
356 ( 2 )  

“92 (4)  
255 ( 5 )  
212 ( 6 )  

303 (3)  

305 
0.99 

88 ( 5 )  
92 (1) 

36 ( 5 )  
45 ( 4 )  
26 (6)  

56 ( 3 )  

- 
57 

0.89 

to some unknown characteristic of the in- 
dividual. 

This phenomenon did not occur on these 3 
occasions only but was apparent throuyhout 
the entire course of the 8 months’ experiment. 
The intra-class correlation was +.97 for the 
group receiving 1 mg of thiamine per day 
and +.85 for the group on 2 mg. Both of 
these values are significant.2 The intra-class 
correlation is a measure of the consistency 
with which the various individuals in a group 
maintain their relative positions within the 
group throughout the entire experiment. This 
holds true whether the level of intake is in- 
creased or decreased. Those individuals who 
excrete large amounts of thiamine do so at  
various levels of intake. Additional evidence 
of this has been obtained from another ex- 
periment in which the thiamine intake was 
5.0 mg. Three of the men in one of the 
above groups were subjects for this experi- 
ment. The gross ranking of the urinary 
thiamine excretion was the same as for the 
lower levels of intake. 

There is no apparent explanation for the 
relationship between an individual and his 
level of thiamine excretion. A number of 
factors might be suggested. Fecal excretion 

as a measure of bacterial synthesis has been 
ruled Under this category, we should 
also mention possible variations in the ab- 
sorption of this vitamin. I t  is highly un- 
likely that there is any great variation in 
the absorption of thiamine in these cases. 
Physical activity does not account for the 
differences. In  all experiments, a large share 
of the daily activity of these men was regu- 
lated by walks on a motor-driven treadmill. 
In  the evenings and on Sundays, the physical 
activity was unrestricted. The most active 
men on off -hours are randomly distributed 
throughout the 2 groups. In  separate experi- 
ments to determine the effect of severe physical 
exertion, there was no change in the thiamine 
excretion.3 This has also been observed by 
Wang and Yudkin.” Differences in kidney 
function might be another possible explana- 
tion. No evidence is available on this point, 
but if this were the only factor then, over 
even a short period of time, the thiamine 
level in the blood of the “low excreters” 
should increase to such a point that they 
would gradually approach the “high excreters.” 

‘3 Wang, P. L., and Yudkin, J., Bioch.em. J., 
1940, 34, 343. 
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There was a positive but nonsignificant cor- 
relation between the B.M.R. and the urinary 
thiamine excretion. The weights of these 
men ranged from 137 to 168 Ibs. Here also, 
there is no correlation between weight and 
thiamine excretion. Variations probably ex- 
ist in the way that these individuals metabolize 
thiamine. We know that only about 30% 
of the thiamine intake at  these 2 levels can 
be accounted for as the sum of the urinary 
thiamine and pyramin excretions.’ Break- 
down products of thiamine other than pyramin 
probably vary inversely as the thiamine ex- 
cretion. 

No accurate prediction of the magnitude of 
one subject’s excretion at a higher or lower 
level can be made from data of any one 
con(ro1 period. For instance, in the 2 c l i f -  
ferent groups I) and -\ had approsimately 
the smie level of excretion on an int:ii;P of 
1.0 in: per (lay whereas there in.; a m;irkctl 
difierence in the excretion levels w h ~ n  th t .  
intake was 2.0 mg ( 3  1.3 \’ersii> 41 1 ). ‘J‘hc. 
overall excretion of the group on 2.0 iiig 
thiamine in December 1945 was considerdJy 
higher than that of the other group when it. 
was on this intake. The excretion of the 
subjects 011 1 .O mg was approsiiiia~ely tlw 
satiie for both groups. 

There are a few references to the variations 
of individuals on the same level of thiamine 
intake . !I .  l o  In these reports the great \ ;i! ia- 
tioii in the thialiiine excretion is ap!)arent 
_ _  ~~ 

1‘) i?r . J $ I I I ~ ,  h.. . f j ’ ~ / / .  1 1 .  ~ I c  /)//!/.\ io!., 1!)40, 
23, 5 i .  

TEST IN HEPATITIS 

but the data do not permit any more detailed 
analysis. In  both of these reports, there is 
a strong suggestion that the thiamine ex- 
cretions of their subjects are characteristic of 
the individuals. De Jong states that “The 
mean of the daily excretions of a weekly 
period is, for the same individual, more or 
less constant.’’’0. p 13i 

1. The thiamine and pyramin 
excretions by 2 groups of normal young men 
maintained on 1 and 2 mg of thiamine per 
day have been determined on 2 different oc- 
casions when the same diet was served on 3 
successive days. Each of these periods oc- 
curred only after the men had been stabilized 
at  their respective intakes. 

2.  The thiamine excretion on a constant 
diet shows a 2 to 3 fold variation for the 
meti within each group and an overlapping of 
the 2 groups. The pyramin excretion is much 
more constant and shows no tendency for the 
values of the 2 groups to overlap. 

3. The excretion of thiamine is character- 
istic of the individual as  shown by the rank 
correlations of the excretion values. This 
\VBS true over the entire 8 months of the 
clietary regime and was also true when the 
:!hove thianiine intakes were reversed. There 
i> no such correlation for the pyrainin excre- 
t ions. 
1. The explanation of the thiamine excre- 

:icm ;is ;i characteristic of the individual can- 
i:ot be found in the fecal excretion of thia- 
mine, the phj-sical activity of the subjects, 
in  the B.1I.R. nor in their body weights. 

Summary. 
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Persistence of Elevated Values for the Thyrnol Turbidity Test Following 
Infectious Hepatitis.4’ 

HENRY G. KUNKEL AND CHARLES L. HOAGLAND. 
From the U. 8. Naval Resewch Ciiit a t  f h c  Rockefeller Hospitul, and llie Hospilal of The 

Rockefeller Inslitzilc f o r  J lc ( l ica1  liescarcli, Xew Fork. 

The thymol turbidity test introduced by 
hlaclagan,l because of its simplicity and the 

*The  Bureau of Medicine and Surgery of the 
U. S. Navy does not nccessarily endorse the ideas 
set forth in this paper. 

ease with which results can be reproduced, is 
finding wide application in the study of pa- 
tients with liver di~ease.21~ It is extremely 

1 Mmlagan, N. F., Natzme, 1944, 154, 6’70. 
:!Recant, L., Chargaff, E., and Hanger, F. M., 


