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INTRODUCTION 

As has been known for some time, administration of larger amounts of carbohydrate 
- - i n  most cases given in replacement of f a t - - t o  thiamine-free fed animals causes an 
earlier occurrence of the symptoms of deficiency and death 1, 8. We concluded from 
previous experiments that  this effect was due to the increased depletion of the thiamine 
pyrophosphate (TPP) stores of the tissues of thiamine-free fed animals on administration 
of increasing amounts of carbohydrate 8 (in animal tissues vitamin B~ is practically 
entirely present as TPP). As had been suggested by YUDKIN 4, the possibility remained, 
however, that  a second effect of carbohydrate administration would exist besides this 
depleting action, viz .  a n  influence on the level of T P P  in the tissues at which symptoms 
and death would occur. For example, it might be the often presumed toxic effect of 
intermediates of carbohydrate metabolism upon the thiamine-deficient organism. In 
order to investigate the possible existence of such a second effect of carbohydrate an 
experiment was carried out in which the T P P  content of several tissues was determined 
after death by thiamine deficiency. The T P P  content at death was chosen in preference 
to that  at the first occurrence of symptoms in order to avoid arbitrariness in the recog- 
nition of symptoms, and because former experiments had indicated that  animals 
receiving different amounts of carbohydrate exhibit different pictures of symptoms of 
thiamine deficiency. 

EXPERIMENTAL PART 

Methods 
The pigeons and the  composit ion of the diets were the  same as described in a previous paper  5. 
Thiamine py rophospha te  (TPP) was determined by  the  manometr ic  method.  Care was  taken 

tha t  no more t han  four hours  elapsed between death  and prepara t ion  of extracts  for TPP 'de t e rmi -  
nation, in which t ime there is no loss of T P P  from whole organs, as has  already been s ta ted e. In  
most  cases the extracts  were prepared immediate ly  after  death.  I n  a numbe r  of tissues ni trogen 
determinat ions were also carried out, bu t  there were no differences of any  impor tance  between the 
groups investigated. 

This work forms p a r t  of investigations on the metabol ism and physiological function of 
thiamine Carried out  by  H. G. K. WESTE~B~I~K and collaborators. 
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For  the  stat ist ical  calculation of the P-value of the  difference between the  groups  the  me thod  
of WmCOXON ~ was  used owing to the  non-normal  charac te r  of the  d is t r ibut ion;  for the  calculation 
of " t r e n d "  the r ank  correlation method of KENDALL 8 or its modification for groups b y  TERPSTRA 9 
were used. 

Two groups of 45 pigeons each were given the following thiamine-free food each 
day: group A 2 g casein and 18 g sucrose, group B 2 g casein and 8 g refined soy bean 
oil. The food was supplemented with a salt and vi tamin mixture 5. I t  was administered 
by  forced feeding in order to avoid the undesired influence of anorexia. The pigeons 
were weighed every third day and were watched day and night in order to observe 
character and severity of symptoms and to be able to examine them as soon as possible 
after death. 9 animals of group A died in the first week without having shown symptoms 
of thiamine deficiency, and 8 of group B. These pigeons were not analyzed. Upon post- 
mor tem investigation most of them appeared to have died from other diseases. Pigeon 
284 of carbohydrate-free group B was the only animal still alive after 73 days. I t  was 
then sacrificed and the T P P  contents of its organs were determined. The results of all 
T P P  determinations, together with other relevant data, are given in Table I, while 
Table I I  shows the mean T P P  values of both groups and the P-value of difference. In 
order to investigate the influence of the time that  elapsed between the beginning of 
the experiment and death on the weight loss and T P P  content within groups the trend 
of these values against t ime was calculated by  the methods mentioned. To demonstrate 
the order of magnitude of the differences involved the mean values of the T P P  content 
were calculated for the first and second half of both groups of pigeons and are presented 
together with the level of significance of the trend in Table I I I .  The weight loss in both 
groups was significantly different (P < o.ooi) and showed a significantly increasing 
trend in group A (P < o.ooi). At first sight it appears to have a declining trend for 
group B, but  this tendency is mainly determined by  the three pigeons of this group 
tha t  died first. If  their values are omitted, the trend is statistically insignificant 
(P > o.2). 

In accordance with former experiments the weight loss in group A must  be ascribed 
to the frequent vomiting which is a consequence of thiamine deficiency ~. The pigeons 
receiving oil usually did not vomit  much. 

The symptoms showed an interesting feature. While only 4 out of 36 pigeons of 
group A, the group receiving carbohydrate,  had opisthotonus, 31 of the 36 pigeons of 
group B, receiving no carbohydrate,  exhibited this symptom. In both groups animals 
had severe spasms, and shortly before death the behaviour seemed to indicate occurrence 
of cramps of the heart  or respiratory system. 

The time between appearance of the first symptoms (equilibrium disturbance) and 
death was often less than one day for the pigeons of group, A, while a number  of days, 
in some cases more than a week, elapsed between appearance of the first symptoms 
and death in the animals of group B. 

In several cases these pigeons showed a spontaneous recovery from opisthotonus, 
and pigeons 216, 295 and 346 only exhibited symptoms again three to eight days after 
this recovery. 

The T P P  contents at  death show a remarkable picture. While the animals of group A 
had a significantly lower content of liver and heart, as compared to those of group B, 
the contrary was the case for the contents of breast muscle and cerebrum. All these 
differences are highly significant. In all four organs of pigeons of group B the T P P  
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TABLE 

TIME OF DEATH, WEIGHT, CHANGE OF WEIGHT, TPP CONTENT AT 
(RECEIVED CARBOHYDRATE) 

Pigeons were fed diets A and B respectively for the first time on S/IO. at = ataxia; eq = disturbance of equi- 
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314 
313 
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218 

319 
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294 
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22110 146o 
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27/10 160° 
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28/10 60° 

jr/IO 1100 

I/II 1410 

349 - 18 0.82 I.52 3.10 I.49 lw, sp 
410 - 85 1.87 0.69 2.82 I .56 vm. eq (4 
342 - 60 1.72 I .67 3.25 I.57 vm. eq (4 
332 - 7 I.57 I .30 3.52 1.84 lw, eq 

370 - 49 1.03 1.18 2.93 1.70 eq, lw 

378 - 66 0.75 1.05 3.08 1.65 eq (s) 
379 -102 2.34 2.50 3.59 2.58 eq ++, sp 
427 - I 0.55 0.88 2.49 0.98 eq. sp 
355 - 46 I .44 1.17 1.90 1.71 at, eq 

449 - 51 0.96 1.21 2.20 0.86 eq 

370 - 66 1.10 1.03 2.95 1.08 sp, eq, OP 
411 - 81 0.48 0.35 2.56 I.44 lw. eq 

441 - 83 1.00 0.72 2.46 0.95 at, eq (s) 
361 - 70 I.47 1.12 3.62 I .59 at, SP 

373 - 87 I.92 I .68 2.58 

475 -112 0.62 1.07 2.90 

404 - 85 0.37 0.60 2.22 

390 - 37 0.67 0.60 3.24 

2.08 
0.70 

I.33 

eq 
at (4, op 
-2, sp 
sP 

466 -139 0.69 0.39 I .g2 1.40 at, op 
441 -129 0.77 1.17 3.97 0.52 vm 

397 - 92 0.57 0.56 3.24 0.87 eq (s) 
372 - 55 0.92 0.39 2.10 0.74 eq. lw, sp + + 
393 - 83 0.95 0.85 2.18 1.16 at. eq (s). sp 

465 - 91 0.70 0.42 2.48 0.84 vm, lw, at 
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0.53 
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- 

0.56 
I.09 
1.80 

lw 

cq, op 
eql sp 
cq (s) 

426 -122 1.03 1.09 3.60 0.68 sp ++, OP 
483 -167 1.13 0.98 2.82 1.20 eq (s) 

474 -175 I.42 1.26 3.86 0.77 eq +, sp, OP 
393 - 91 0.81 0.84 1.66 0.92 eq, sp ++ 
391 - 96 I.24 I.49 2.75 1.40 eq +, lw 
369 - 84 0.38 0.59 2.16 0.98 eq (s), 1~ 
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384 
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- 9Y 
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I.45 

1.38 

r.08 

I .49 

0.98 

I.00 

2.36 
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2.79 

I.52 
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eq (s), lw, sp + + 
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1.26 
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DEATH AND NATURE OF THE SYMPTOMS OF PIGEONS OF GROUP A 

AXD B (NO CARBOHYDRATE) 

librium; Iw = leg weakness; op = opisthotonus; sp = spasms; vm = vomiting; (s) = slight; + = severe, etc 

GROUP B 

334 26110 15'5 397 -121 1.60 3.50 2.66 2.81 

300 2/11 2030 433 --I25 2.42 I.89 2.84 2.24 
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eq +, at, sp +. op f, lw 
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con ten t  appea red  to be lower as the  per iod  between wi thhold ing  of th iamine  and d e a t h  
became longer. In  the  animals  of group A only  the  cerebrum showed this  effect. 

TABLE II  

T P P  C O N T E N T S  (#g/g T I S S U E )  O F  T H E  O R G A N S  O F  P I G E O N S  D E A D  F R O M  T H I A M I N E  D E F I C I E N C Y  

Group A: received carbohydrate 
Group B: received no carbohydrate 

Group A Group B P-value of 
Organ difference 

Number Mean Number Mean 

liver 35 i.o8 36 i .58 < o.ooi 
heart 35 i.oo 36 i .38 < o.ooi 
breast muscle 35 2.79 36 1.74 < o.ooi 
cerebrum 34 1.26 36 o.81 < o.ooi 

TABLE I I I  

D E C L I N I N G  T R E N D  O F  TPP-vALUES AT D E A T H  A G A I N S T  S U R V I V A L  T I M E  

Group A First half-period Second half-period P-value of trend 

Group A 

liver I. 15 i.o2 o.42 
heart 1.13 0.87 o.15 
breast muscle 2.86 2.72 o.15 
cerebrum 1.47 i.o5 o.oi 

Group B 

liver 1.8o 1.34 <o .o i  
heart 1.65 i. 12 < o.oi 
breast muscle 2.15 1.33 < o.o i 
cerebrum i.o6 o.56 < o.o i 

D I S C U S S I O N  

The deple t ing  effect of c a r b o h y d r a t e  on the  T P P  con ten t  is different  for different  
organs.  Even  a f te r  the  ve ry  long t ime  t h a t  e lapses  be tween  the  beginning  of the  exper i -  
men t  and  dea th ,  pigeons fed a d ie t  con ta in ing  no th i amine  and  no c a r b o h y d r a t e  do 
not  a t t a i n  the  low T P P  values  in l iver  and  hea r t  a t  the  m o m e n t  of d e a t h  t h a t  the  
an imals  rece iv ing  c a r b o h y d r a t e  have,  while the  l a t t e r  an imals  do not  a t t a i n  the  low 
values  a t  dea th  in b r ea s t  muscle  and  ce rebrum tha t  those  have  which receive no carbo-  
hyd ra t e .  I t  appears  possible tha t ,  b y  admin i s t r a t i on  of ca rbohydra te ,  cer ta in  organs  
lose so much  of the i r  T P P  t h a t  su rv iva l  becomes impossible ,  while on a c a r b o h y d r a t e -  
free d ie t  the  a t t a i n m e n t  of the  le tha l  level  is so much  de layed  t h a t  o the r  organs reach  
the  le tha l  T P P  level  sooner.  W e  have  inves t iga t ed  on ly  four r a t h e r  a r b i t r a r i l y  chosen 
organs,  bu t  o the r  organs,  pa r t s  of  organs or  cell f ract ions in ce r ta in  organs migh t  be 
concerned,  which we will  t ake  toge the r  here under  the  t e rm  " v i t a l  cent res" .  I f  the  T P P  
level  in  these  centres  reaches  a cer ta in  cr i t ica l  level,  d e a t h  occurs. The  same appl ies  
for the  s y m p t o m s ;  the  figures ind ica te  t h a t  op i s tho tonus  migh t  be  r e l a t ed  to a cr i t ica l  
low level  of T P P  in some pa r t  of the  bra in ,  b u t  i t  is also possible t h a t  in the  animals  
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of Group A opis thotonus  only appeared  for so short  a t ime  tha t  i t  escaped detect ion.  

I f  in bo th  groups the  same v i ta l  centre  was responsible for death,  we can assume 

t h a t  the  influence of ca rbohydra te  on the veloci ty  of the decline of the  T P P  conten t  

in this centre  would be in t e rmed ia t e  be tween tha t  on hear t  and liver,  on tbe  one hand,  

and breas t  muscle and bra in  on the  o ther  hand. So the  T P P  level  in this centre  would 
be decisive for death,  independen t  of the q u a n t i t y  and composi t ion of the th iamine-free  

food. We cannot  ent i re ly  exclude the existence of a second effect of ca rbohydra te  in 
this case, whereby  in this  centre  a difference in lethal  level would exist  be tween pigeons 

fed ca rbohydra te  and those receiving no carbohydra te .  We believe, however,  t ha t  a t  

present  there  is no reason to assume the exis tence of such a second effect and tha t  i t  

is desirable to use a min imal  number  of hypotheses  when t ry ing  to expla in  phenomena.  
The  fact  t ha t  all the  organs examined  of the animals  of group B and the cerebrum 

of animals  of group A showed a lower T P P  value  as the t ime be tween  the beginning 
of the exper iment  and dea th  was longer points  to the possibi l i ty of a kind of adap ta t ion  

to  the loss of the v i t a m i n  in cer ta in  animals,  be i t  only shor t - termed.  
Such an adap ta t i on  is known to occur in o ther  cases. I t  might  provide  an expla-  

na t ion  for YUDKIN'S results 4, bu t  we consider it  more l ikely tha t  his diet  conta ined  
jus t  enough th iamine  for surv iva l  in the absence of carbohydra te .  More exper iments  

will be requi red  to decide this  point.  

SUMMARY 

Former experiments had shown that increased carbohydrate consumption leads to a quicker 
depletion of the thiamine pyrophosphate stores of pigeons o n  d i e t s  deprived of thiamine. N o w  
thiamine pyrophosphate has been determined in liver, heart, breast muscle and cerebrum immedi- 
ately after death by vitamin-B a deficiency. It  appeared that on a carbohydrate-rich diet the content 
of liver and heart was lower, and the content of breast muscle and cerebrum was higher than o n  
a diet in which carbohydrate was replaced by an isocaloric amount of fat. These results suggest 
that the rapid depletion of the stores of thiamine pyrophosphate is the only cause of the earlier 
appearance of symptoms and of the earlier death by introduction of a higher percentage of carbo- 
hydrate in the thiamine-deficient diet. There is  n o  reason to assume any toxic effect of carbohydrate 
or its metabolic intermediates upon the thiamine-deficient organism. 

RI~SUM]~ 

Des expdriences prdcfidantes avaient montr6 qu'une augmentation de la consommation d'hydrate 
de carbone a pour effet une diminution acc61fir~e des r6serves de pyrophosphate de thiamine chez 
le pigeon recevant une di~te exempte de thiamine. ActueUement, le pyrophosphate de thiamine a 
fit6 d6termin6 dans le role, le coeur, le muscle pectoral et le cerebrum imm6diatement apr~s la mort 
par d6ficience de vitamine B 1. L'auteur a constatfi qu'avec une di~te riche en hydrate de carbone 
la teneur du foie et du coeur 6tait plus basse, celle du muscle pectoral et du cerveau plus filev6e 
qu'avec une di~te o4 l'hydrate de carbone 6tait remplac6 par une quantit6 isocalorique de mati~re 
grasse. D'apr~s ces rdsultats il semble que la diminution rapide des rdserves de pyrophosphate de 
thiamine soit la seule raison pour laquelle les symptomes apparaissent et la mort survient plus 
rapidement, lorsque le pourcentage d'hydrate de carbone dans une di~te exempte de thiamine est 
augment6. I1 n'y a pas de raison de supposer que l'hydrate de carbone ou ses intermddiaires m6ta- 
boliques exercent une action toxique quelconque sur l'organisme ~ carence de thiamine. 

ZUSAMMENFASSUNG 

Frfihere Versuche hatten gezeigt, dass erhbhte Kohlenhydratzufuhr bei der Taube auf thiamin- 
loser Diat eine raschere Verrninderung der Thiaminpyrophosphatvorr~te zur Folge hat. Das Thiamin- 
pyrophosphat wurde nun in der Leber, im Herz, im Brustmuskel und im Grosshiru sofort nach dem 
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Tode  du rch  V i t a m i n  t31-Mangel b e s t i m m t .  E s  h a t  sich gezeigt,  dass  bei k o h l e n h y d r a t r e i c h e r  Diiit  
der  Geha l t  von  Leber  u n d  Herz  niedriger,  yon  B r u s t m u s k e l  u n d  Gehirn  aber  h6he r  war  als bei e iner  
Dii~t in der  das  K o h l e n h y d r a t  d u t c h  eine isokalorische Menge F e t t  e rse tz t  war.  Diese Versuche  weisen 
da~auf  hin,  dass  die r asche  A b n a h m e  der  T h i a m i n p y r o p h o s p h a t - R e s e r v e n  die einzige Ursache  sei, 
au f  welche das  ver f r t ih te  A u f t r e t e n  der  S y m p t o m e  und  des  Todes  bei E r h 6 h u n g  des K o h l e n h y d r a t -  
geha l tes  in t h i a m i n a r m e r  Diit t  zur i ickzuff ihren ist.  Es  b e s t e h t  ke in  G r u n d  a n z u n e h m e n ,  dass  da s  
K o h l e n h y d r a t  oder  seine me tabo l i s chen  Zwisehenp roduk te  eine tox ische  W i r k u n g  auf  den t h i a m i n -  
a r m e n  O r g a n i s m u s  ausf iben.  
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