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Some Specific and Non-Specific Effects of Thiamine Deficiency in the Rat.* 
(17729) 

(Introduced by Hans Selye.) FLOYD R. SKELTON.~ 
Prow the Institut de .Wkdecine et  de  Chirztrgie expCrinwntcilcs, l7;'niversite' de  Montrhab. 

Deficiencies of the vitamin B-complex and 
of thiamine have been known to cause adrenal 
enlargement since first reported by McCarri- 
son( 1)) while only recently has attention been 
directed to the thymus atrophy also present 
in these deficiency states (2,3). The possi- 
bility that these apparently unrelated phe- 
nomena could be manifestations of the same 
physiological process was not recognized until 
Deane and Shaw(4) demonstrated that the 
adrenal and thymus changes which occurred 
during the course of some vitamin deficiencies 
were typical of the general-adaptation-syn- 
drome of Selye. The characteristic manifes- 
tations of this syndrome occur when an organ- 
ism is subjected to non-specific stress and 
their development depends largely upon an 
increased functional activity of the pituitary- 
adrenal system. Thus, as adrenal hypertrophy 
and thymus atrophy are reliable indicators 
of adrenal-cortex hyperfunction, it seems 
apparent that certain vitamin deficiencies 
cause non-specific as well as specific altera- 
tions in the deficient animal. 

As is well known the disorganization of 
carbohydrate metabolism is the biochemical 
effect o€ thiamine deficiency and other changes 
resulting from the avitaminosis may be sec- 
ondary to the specific metabolic derangements 
i.e., non-specific. Consequently this study 
was undertaken to establish whether the 
major anatomic manifestations of thiamine 
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deficiency are specific ot non-specific in nature. 
Materials and Methods. Fourty-four male, 

hooded rats between 40-50 g in weight were 
divided into 3 groups and treated as follows: 
Group I served as absolute controls, the rats 
being allowed to eat the complete diet ad Zib. 
The animals of Group I1 were fed the com- 
plete diet in sufficient quantity to maintain 
their weights essentially similar to the rats 
of Group I11 which received a thiamine de- 
ficient diet ad lib. Composition of the 
complete diet used in this experiment was as 
follows: Casein (vitamin free) 18%: Carbo- 
hydrate (1 part sucrose to 1 part starch) 7176, 
Fat (Shortening) 6%, Mineral Mixture 
(Steenbock) 476, 'Cod Liver Oil 1%. A 
vitamin B mixture of the following composi- 
tion was administered daily to each rat per 
0s: Thiamine 40 pg, calcium pantothenate 
250 pg, biotin 0.2 pg, P-aminobenzoic acid 
250 cLg, pteroylglutamic (folk) acid 10 p g ,  
choline chloride 5 mg, inositol 2 mg. Thiamine 
was omitted from the vitamin mixture ad- 
ministered to the rats of Group 111. Ten mg 
of a-tocopherol acetate was given to each 
rat orally every 10 days. Special cages were 
used to prevent coprophagy and the rats of 
Groups I1 and I11 were individually caged. 
All rats were weighed daily in order to rigidly 
control the food intake of Group 11. After 
36 days, the majority of the thiamine deficient 
rats showed signs of polyneuritis and disturb- 
ances of equilibrium. The experiment was 
then terminated, the animals being killed by 
decapitation. The organs to 'be studied were 
removed immediately and placed in Suza 
fixative for hematoxylin and eosin sections, 
while the adrenals were fixed in 10% neutral 
formalin and stained for fat with Sudan IV. 
Ascorbic acid determinations (method of 
Carruthers as modified by Moya et a L ( 5 ) )  
were made on the adrenals of 6 rats from each 
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group. All organs were weighed on the chain- 
omatic balance prior to sectioning. 

..A summary of the experi- 
mental observations is presented in Table I. 
I t  can be seen that the rats receiving the 
thiamine deficient ration (,Group 111) gained 
weight initially (maximum attained on the 
14th day of the experiment) followed by a 
progressive decline until, 'by the end of the 
experimental period, the initial weight was 
almost reached. The body weight changes 
of Group I1 paralleled those of Group I11 
thus adequately controlling the inanition 
factor involved in this type of experiment. 
Since the growth of Group I was satisfactory 
the composition of the synthetic diet seems 
nutritionally adequate. 

There is a significant degree of adrenal 
hypertrophy and thymus involution in both 
the inanition (Group 11) and thiamine de- 
ficient rats (Group 111) compared to the 
normal controls (Group I) .  These changes 
probably indicate increased activity of the 
pituitary-adrenal system. Since there is also 
a significantly greater adrenal hypertrophy 
and thymus atrophy in Group I11 than in 
Group 11, P < .05 and < .01 respectively) 
it is apparent that thiamine deficiency itself 
can function as a stressing agent, although 
inanition caused by the anorexia, invariably 
present in the avitaminosis, undoubtedly con- 
tributes to the actual degree of non-specific 
stress. Both kidney and liver were smaller 
by actual weight in the deficient and paired 
weight control rats than in the normal con- 
trols (Group I). The corrected weights of 
these organs expressed in the table, however, 
indicate that both partial inanition and thia- 
mine deficiency produced a relative renal 
hypertrophy. In  contrast the paired weight 
group showed hepatic atrophy while the 
thiamine deficient group evidenced no change 
in liver weight. I t  should be noted that the 
renal enlargement produced by the deficiency 
is very significantly greater than 'that caused 
by the equal degree of inanition in Group 11. 
Although a relative increase in cardiac weight 
was present in (both Groups I1 and 111, the 
increase in the thiamine deficient group was 
significantly greater than in the paired weight 
controls. This suggests an actual cardiac 
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enlargement due to thiamine deficiency. The 
uncorrected weights of the testes and seminal 
vesicles showed developmental failure in both 
thiamine deficiency and chronic inanition 
groups. When the weights of these organs 
were corrected to 100 g of body weight the 
testicular atrophy seemed to be proportional 
to the retardation of growth while the seminal 
vesicle atrophy was apparently much more 
pronounced. This evidence could be inter- 
preted to mean a greater pituitary secretion 
of follicle stimulating hormone (F.S.H.) than 
luteinizing hormone (L.H.) . The spleen was 
equally atrophic in both the experimental and 
inanition control rats. The brain and pitui- 
tary did not change in actual weight which 
results in the relative increase in size shown 
by the corrected weights in the table. 

Histologically, the adrenals of the thiamine 
deficient and paired weight control rats con- 
tained a greater amount of sudanophilic ma- 
terial than the normal controls. The adrenal 
content of lipid was greatest in thiamine de- 
ficiency, in distinct contrast to the ascorbic 
acid content which was lowest in this group. 
The involution of the thymus was more pro- 
nounced in the thiamine deficient group where 
the gland consisted almost entirely of con- 
nective tissue stroma. In  the paired weight 
controls it was of almost normal structure 
although greatly reduced in size. Cross-sec- 
tion of the fixed kidneys from the thiamine 
deficient group showed an increase in corti- 
cal width with a well defined white band in 
the region corresponding to the inner cortex. 
No such zone was seen in the kidneys of the 
inanition or normal controls. liicroscopical- 
ly this zone showed some tubular and glo- 
merular enlargement which probably caused 
the observed increase in width of the cortex. 
The kidneys of the inanition controls had no 
comparable changes; indeed the cortex was 
thinner glomeruli and tubules smaller than 
in thiamine deficiency. The liver of the 
normal and thiamine deficient rats had es- 
sentially the same microscopic appearance. 
The cells were large with vesicular nuclei and 
fluffy vacuolized cytoplasm. In  contrast, 
the cells of the paired weight controls were 
small with compact nuclei and dense, homo- 
geneous, eosinophilic cytoplasm. 

Both testes and seminal vesicles of the 
thiamine deficient and paired weight groups 
showed developmental failure as compared 
to absolute controls. In  .the testes, there 
was only partial failure of spermatogenesis 
but a marked atrophy of the Leydig cells. 
The seminal vesicles were very atrophic with 
a low, infolded lining epithelium and orly 
a slight amount of secretion. The micro- 
scopic structure of the heart, brain and spleen 
of both thiamine deficient and inanition con- 
trol rats was normal. 

In a previous publication (6), 
it was shown that most of the gross anatDmi- 
cal changes studied in B-complex deficiency 
were manifestations of the general-adapta- 
tion-syndrome. Many of the characteristic 
findings of this syndrome, such as adrenal 
hypertrophy, thymus atrophy and failure of 
testicular and seminal vesicle development 
have been reported also for thiamine de- 
ficiency. Indeed Deane and Shaw(4) have 
followed the adrenal and thymus changes 
through all three stages of alarm, resistance 
and exhaustion. In the above experiment 
the activation of the pituitary-adrenal system 
in thiamine deficiency was greater than that 
seen in equal inanition controls. Huwever, 
as the partial starvation itself produced evi- 
dence of increased adrenal activity, part of 
the picture of thiamine deficiency is there- 
fore due to the anorexia induced by the 
avitaminosis. I t  is of interest to note that 
a t  this stage of severe thiamine deficiency 
the adrenal sudanophilic lipids were increased 
above that seen in the normal or paired weight 
controls, yet the ascorbic acid content was 
significantly decreased. Apparently, as the 
adrenal cortical activity became exhausted 
in extreme thiamine deficiency, the ascorbic 
acid content decreased before the lipids were 
altered. This is another instance, besides that 
previously reported(7), where there is a 
dissociation between the adrenal content of 
stainable lipids and ascorbic acid. 

The renal hypertrophy reported in B-com- 
plex and thiamine deficiency is probably an- 
other manifestation of non-specific damage. 
Constantinides (8) in unpublished experi- 
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ments has shown that even after a stress of 
48 hours duration there is enlargement of the 
kidney, while Dugan(9) has observed a 
marked enlargement after prolsonged exposure 
to cold. Jim6nez Diaz et aZ.(lO) have re- 
ported a negative nitrogen balance during 
severe thiamine deficiency and Sandberg, 
Perla and Holly(l1) have demonstrated that 
the nitrogen excretion during the ddciency 
exceeds that in inanition controls by 28%. 
Thus the renal ‘hypertrophy seen in this ex- 
periment is probably due to the increased 
excretion of nitrogen metabolites which result 
from the protein breakdown caused either by 
a direct damaging effect of thiamine de- 
ficiency, increased gluconeogenesis from pro- 
tein caused by the increased corticoid secre- 
tion or a specific effect of the avitaminosis on 
protein me tabolisn. 

The relatively slower loss of liver and 
heart weight in thiamine deficiency as c m -  
pared to inanition controls suggests a specific 
effect of the vitamin deficiency on these 
organs. This is not inconceivable in the 
light of known effects of the avitaminosis on 
carbohydrate metabolism and cardiac phys- 
iology. The distinct tendency to splenic 
atrophy in thiamine deficiency is in con- 
trast to the tendency to hypertrophy previ- 
ously reported €or B-complex deficiency( 6) .  
Likewise the microscopic appearance of the 
spleen is strikingly different in thiamine de- 
ficiency than in B-complex avitaminosis. In 
the former the germinal centres of the folli- 
cles were of normal appearance while in the 
latter they have lost all sign of proliferative 
activity. In  both experiments the inanition 
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contfd rats have had a normal appearance of 
the Splenic lymphatic follicles. These ob- 
servations suggest that in thiamine deficiency 
one of the B facturs present in the diet main- 
tained either directly or indirectly the normal 
lymphatic activity of the spleen while its 
absence in B-complex deficiency caused fail- 
ure of lymphopoiesis in the germinal centers 
of the follicles. 

In thiamine deficiency as in B-complex 
ddciency, the evidence suggests that the 
secretion of follicle stimulating hormone 
(F.S.H.) by the pituitary is greater than the 
secretion of luteinizing hormone (L.H.) SO 
that the seminal vesicles become much more 
atrophic than the testes because the develop- 
ment of the former depends on androgen pro- 
duction which in turn is controlled by the 
pituitary secretion of L.H. 

Summary and conclusions. A detailed 
study was made of the gross and #microscopic 
organ changes in the thiamisne deficient rat as 
compared to normal and paired weight con- 
trols. I t  was apparent that the deficiency 
produced the essential changes characteristic 
of non-specific stress such as adrenal hyper- 
trophy, thymus involution and decreased 
adrenal ascorbic acid. Marked renal hyper- 
trophy was also observed in the deficient rats 
and was considered to be due to the pro- 
longed negative nitrogen balance known to 
be associated with thiamine deficiency. The 
reduced gonadotrophin and increased adreno- 
corticotrophine secretion as indicated by the 
developmental failure of the sex organs and 
hypertrophy of the adrenals illustrates the 
so-called “shift” of pituitary hormone pro- 
duction under these circumstances. In  con- 
trast to the non-specific changes abve ,  thia- 
mine deficiency showed specific effects on the 
liver and heart. The activisty uf the germinal 
centres of the splenic lymphatic follicles was 
normally maintained in contra-distinction to 
the failure of germinal activity previously 
observed in B-complex deficiency. 
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