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I. INTRODUCTION 

An increasing amount of research has been done in the last 

decade on structurally related compounds of thiamine. These 

are often referred to as analogues, some of which have been 

shown to produce an inhibitory effe ct u pon the growth of ani-

mals and plants wn ile others have pr oduc e d no material c h ang e. 

The literature in this field covers vari ous as pects of 

the analogues in detail . The re are , however, some factors 

tha t have not been fully considered . Among these are the 

thi am ine content and the histopa thology of the tissues from 

the laboratory animal receiving the analogue. The histo-

pathology should be studied in orde r to determine the eff e ct 

these analog ues have u pon the tissue s and, more specifically, 

wi thin their individual cells. I f these studie s are correlated, 

the s pecific reaction of these analo gues within the animal body 

should be more easily determined . 

With the advent of the microbiolog ic~l method in det er-

mining gro wth inhibition, the possible u se of metabolite 

analog ues as chemotherapeutic a gents in the treatment of 

infec tious diseases has be en encourag ing . It is g enerally 

kno wn tha t there is co mpetition in many cases between normal 

me t abolit es of a cel l and their structura l analo gues . There-

fore it appears entire l y possi ble that the normal metabolites 

of a ll microorganisms, as well as cells in co mplex animal 
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bodies, may hav e competitive structural analogues. 

The need for more specific treatments in infectious 

diseases cannot be overemphasized. Today, far too many 

treatments are only general therapeutic measures while a 

specific treatment may lie at our disposal . Thus a study of 

the histopathology and thiamine content of tissues from animals 

receiving a thiamine analogue may be an important step in 

developing specific treatments for infectious diseases. 
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II. HISTORICAL 

A. Analo gues 

1. Non-thiamine 

The effect of structurally related compounds on organisms 

cannot be definitely determined until they have been admin-

istered to the organism in question. Many analogues have no 

effect whatever, while others may produce a definite 

competitive reaction. In order to have a competitive reaction, 

it is not always necessary to have the antagonist structurally 

related to the inhibitor. 

In 1940 Woods (1) discovered that the growth inhibition 

produced by sulfanilamide on Streptococcus haemolyticus could 

be reversed by addin3 p-aminobenzoic acid. The investigator 

explained that p-aminobenzoic acid was an essentia l metabolite 

synthesized by the bacterial cell or obtained from the surround-

ing medium, and sulfanilamide, being s o closely related, 

inhibited the growth of bacteria. The inhibition took place as 

a result of both compounds, p-aminobenzoic acid and sulfanil-

amide, competing for the same enzyme which prevented the normal 

metabolism of the bacterial cell. Rubbo and Gillespie (2) 

obtained simil ar results as Woods. They found that one 

molecule of p-aminobenzo ic acid antagonized 23,000 molecules 
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of sulf anilamide. 

More recent work, as summarized by Sevag (3), indicates 

that p-aminobenzoic acid is a non-specific sulfonamide-like 

inhibitor since it has actually inhibited the growth o! many 

bacteria, molds, enzymes, and viruses. The inconsistencies 

in growth o! the various organisms suggest t hat p-aminobenzo1c 

acid may promote growth at one concentration and still be 

toxic at a higher level. Where p-aminobenzoic acid is 

considered to be essential for growth, sulfonamide therapy 

would be highly indicated. With such therapy, the outcome 

might be determined by the amount of growth inhibit i on that 

has taken place. 

In 1924 Schofield (4) observed lesions in cattle, that 

were being fed damaged sweet clove~ similar to those found in 

hemorrhagic septicemia and blackleg. A few years later, 

Roderick and Schalk (5) discovered that · cattle fed improperly 

cured sweet clover hay or silage developed a condition in 

which there were severe subcutaneous hemorrhages. The blood 

clotting time was markedly increased. Link and co-workers 

(6, 7) isolated and identified the active principle from poorly 

cured sweet clover hay as 3,3'-methylenebis (4-hydroxycoumarin). 

This compound is also known as "dicumarol". The structural 

analogy of this compound to vitamin K has led Overman and 

co-workers (8) to feed dicumarol to rats. A 2 . 5 mg . dosage 

of this compound to an adult rat lowered the prothrombin 

activity 22 per cent of the normal in 24 hours . The 
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hypothrombinemia produced by the anticoagulant, dicumarol, was 

counteracted by the administration of vitamin K regardless of 

whether it had been g iven before or after the anticoagulant. 

At p resent very little is known regarding the action of vitamin 

K in the formation of prothrombin. The antag onism between 

dicumarol and vitamin K which occurs in nature is one of the 

first to be recorded. Clinically, the use of dicumarol has 

its merits by prolonging the clotting time of blood to prevent 

thrombus formation; on the other hand, hemorrhages are more 

likely to app ear . 

Woolley and co-workers ( 9) have shown that a number of 

structural analogues of nicotinic acid have anti-black tongue 

activity on oral administration. Among those that have this 

property are nicotinamide , ethyl nicotinate, nicotinic acid 

N- methyl amide, nicotinic acid N-diethyl amide, nicotinamide 

glucosidoiodide, and nicotinuric acid. Compounds that were 

inactive in dosage s up to thr e e and four times the effective 

dosage of nicotinic acid were tri gonelline, nicotinamide 

methochloride, pyridine, pyridine-P-sulfon ic acid, 6-methyl -

nicotinic acid, P-acetylpyridine, quinolinic ac id, p icolinic 

acid, isonicotinic acid, and nicotinonitrile. Woolley and 

co-workers conclude tha t in addition to nicotinic acid and 

i ts amide, the anti-black tongue compounds are limited to 

those which are capable of producing these subs tances within 

the animal body by oxidative and hydrolytic reactions. 

In wo rking with bacteria Mcllwain (10) demonstrated that 
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pyridine-3-sulfonic acid and its amide cause g rowth inhibition 

of those bacteria which re qui re nicotinic acid for normal 

growth . There was competitive inhibition with Staphylococcus 

aureua and Proteus vulgaris . Escherichia coli did not exh ibit 
~~~~~~~ 

g r owth inhibition with these a nalogues since thi s organism does 

not require added nicotinic acid for g rowth. 

Pantothenic acid, a vitamin occurring in both plants and 

animals, is an essential factor for the growth of many 

organisms . Snell (ll), working with Lactobacillus arabinoeus, 

proved that the sulfonic acid analogue of pantothenic acid 

compet ed with pantothenic acid for some enzyme system in the 

bacte ri a l cell . The presence of small a mounts of calcium 

pantothenate caused inhi b ition; however, large amounts of 

calcium pantothenate reve r sed the inhibition and gr owth 

occurred . Yeasts gave the same r esults when they we r e subject-

ed to the same compounds. 

In a later publication, Snell (12) reported hi s wo rk with 

sodium a nd barium salts of pantoyltaurine . In addition to 

Lacto bacillus arabinosus, Snell used Lactobac illus pentosus, 

Brucella abortus, Staphylococcus aureus, and Escherichia coli . 

The res ults s how that there was inhibition with all organ isms 

in varyin~ degr ees with the exce p tion of Escherichia coli . The 

latter org anism does not r equire add ed pantothen ic acid for 

g ro wth. The inhibition of g rowth was p resent in a ll organisms 

which require d p reformed pantothenic acid . As a substi tute for 

p antothenic acid, .t3 -alanine was succe ssful in preventing g ro wth 
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inhibition when the organism was able to make use of it. 

p- alanine, a constituent of muscle, is part of the pantothenic 

molecule . Its presence in this molecule may partly explain 

why ~-alanine may prevent growth inhibition in some organisms. 

Mcilwain (13) also worked on pantothenic acid analogues. 

In his work he found that pantoyltaurine (thiopanic acid) had 

an anti-streptococcal index of 500 and an anti-pneumococcal 

index of 1000. Pantoyltauramide had an anti-streptococcal 

index of 100 and an anti-pneumococcal index of 10,000. Homo -

pantoyl taurine was les s active . The growth of Corynebacterium 

diphtheriae was also inhibited. These indices refer to the 

concentration of the analogue that is required to prevent the 

growth of the organism in relation to the concentration of the 

pantothenate . Thus the analogues have less affinity for the 

enzymes than the pantothenate which accounts for the high 

indices. Mcilwain is of the opinion that many pathogens need 

pantothenic acid for g rowth, and tis s ues contain more than 

enough pantothenate to meet this requirement. When one realizes 

the close structural similarity of these c ompounds, it bec,omes 

evident tha t antagonism is likely to occur. The only difference 

between these compounds 1s the repl acement of the carboxyl 

group of pantothenic acid with the anion of sulfurous acid to 

form thiopanic acid. 
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2 . Thiamine 

In 1943 Woolley and White (14) reported that a deficiency 

disease in animals had been produced for the first time by the 

feeding of a structural analogue . This compound , pyri t hiamine , 

is a pyridine analogue of thiamine. It is formed by the 

replacement of the sulfur atom in the thiazole ring of the 

thiamine molecule with -CH=CH-, the vinylene group . 

Pyrithiamine , 2- methyl-4-amino-5- pyrimidylmethyl- (2- methyl -

3-hydroxyethyl) pyridinium bromid e, was fe d to mice , and it 

produced the characteristic symptoms of thiamine deficiency . 

Mice died when 20 micrograms of pyrithiamine and 2 microgr ams 

of thiamine were given daily. However, growth was not affected 

during the forepart of the experiment. The ratio of pyrithia-

mine to thiamine essential to produce inhibition in mice was 

found to be 40 and 3 to l. The addition of thiamine to the 

diet corrected the deficiency disease in the afflicted animal 

and prevented it in the contro l animal . 

The competitive inhibition of pyrithiamine to thiamine is 

not restricted to animals as bacteria, yeasts, and molds will 

al s o react . Woolley and White (15) also demonstrat ed that 

bacteria requiring thiamine for g ro wth exhibited growth 

inhibition with small amount s of pyrithiamine. On the other 

hand, t hose bacteria which did not require thiamine were 

unaffect ed by the analogue . Some organisms can synthesize 
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thiamine if the pyrimidine or thiazole portion of thiamine is 

supplied. Others can synthes ize thiamine only if both portions 

are furnished. Endomyces vernal ie, a yeast, was not affected 

by pyrithiamine when pyrimidine alone was added. The ratio of 

pyrithiamine to thiamine necessary to produce growth inhibition 

in such an organism was 100 to 1. The ratio to produce inhib-

ition in those organisms which r equired the pyrimidine and 

thiazole porti ons of thiamine or thiazole portion alone was 

about 100 to 1. Organisms which required the enti r e thiamine 

mo lecule gave a ratio of 10 to 1. 

Robbins (16) studied t he effect of pyrithiamine with 

thiamine and its components on three different fungi. Phyco-

myces blakesleeanus and Pythiomorpha gonapodioides are able 

to split off the pyrimidine portion from the analogue molecule. 

The latter fungus can synthesize the thiazole portion of the 

thiamine molecule and then combine it with pyrimid ine to form 

t hiamine . The former fungus needs added thiazole to combine 

with the pyrimidine to make thiamine. Phytophthora cinnamo~i 

n eeds molecular thiamine for gr owth since i t cannot use the 

analogue. When the concentra tion of the analogue was 10 

micromillimoles or more in the flasks, there were signs of 

toxicity . Here again, the concentra tion of the analogue 

a ppears to inf l uen ce the r e action. The ability of the organism 

to synthesize thia mine either entire ly or partially is a 

criterion to help determine what changes the analogue will 

produce. 

i 

l 



- 10 -

Emerson and Southwick (17) fed 2 .8 mg. of 2-n-butyl-5-

(4 -methyl -5-P-hydroxy-ethyl-thiazolium bromide)-methyl-6-amino-

pyrimidine hydrobromide, the 2-n-butylpyrimidine analogue or 

thiamine, per day to rats on a suboptimal level of thiamine . 

This level was 5 micro6rams of thiamine per day. A control 

group receiving the same amount of thiamine without the 

analogue was run. At the end of fifty day, five rats out of 

eight had succumbed in the group r eceiving the analogue and 

thiamine. The remainin3 three rats were in a dying state . 

The eight rats in the control group survived the fifty days . 

By supplementing the group receiving the analogue and thiamine 

with 50 micrograms more of thiamine, the growth inhibition was 

corrected . It was found that l mole of thiamine counteracted 

the antithiamine effect of 40 moles of the analogue. 

Soodak and Cerecedo (18) prepar ed oxythiamine, 2-methyl-

4-hydroxy-5-pyrimidylmethyl-4-methyl-5-hydroxy-ethylthiazolium 

chloride , by the deamination of thiamine wi th nitrous acid . 

When 25 to 50 micrograms of this thiamine analogue and 1 micro-

gr am of thiamine were g iven dai ly to mice on a thiamine-low 

diet, death resulted in two weeks . In a more recent report 

by t he same investigators (19), a similar experiment was 

described in which the thiamine stores were depleted in the 

mice and then 1 microgram of thiamine was injected daily for 1 

to 2 weeks . Along with the thiamine, three analogues of thiamine 
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were given in varying quantities, 25, 50, 90 micrograms oxy-

thiamine , 100 micrograms oxychlorothiamine, and 130 micrograms 

oxybromothiamine. Growth inhibition occurred only in those 

animals re ceiving oxythiamine. The controlsand those receiving 

oxychlorothiamine and oxybromothiamine continued to gain weight. 

It was concluded from this experiment that the free hydroxyl 

group on the side chain of the thiazole portion of oxythiamine 

is necessary to be antagonistic with thiamine . Oxychloro-

thiamine and oxybromothiamine have had this hydroxyl group 

replaced with chlorine and bromine , respectively. By the 

removal or substitution of atoms or groups of atoms from the 

analogue showing competitive inhibition, it is possible to 

determine what part of the analogue reacts with the enzyme, 

carboxylase, in competing with thiamine. The exact reaction 

between the molecules of the inhibitor and antagonist and the 

substance for which they are competing may not be definitely 

known in some cases. However , alterations within the molecule 

of the analog ue may change the inhibition immensely. 

In 1940 Buchman and co-workers (20) reported inhibition 

of carboxylase with thiazole pyrophosphate. Thiazole was 

pyrophosphor ylated and then purified by converting it into a 

silver salt and later to a crystalline manganese salt. In 

checking thiazole pyrophosphate, free thiazole, thiazole mono -

phos phate, and sodium pyrophosphate with cocarboxylase, it was 

found that only thiazole pyrophosphate reduced the 002 
prod uction from pyruvic acid. The decrease in decarboxylation 
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of pyruvic acid was apparent ly caused by the competitive 

inhibition between cocarboxylase and thiazole pyrophosphate 

for the enzyme, carboxylase. These investigators believe that 

the active group which joins the enzyme is the pyrophosphate 

group which is conunon to both compounds. This reaction is of 

great biolog ical importance as the pyruvic acid level within 

the animal body increases when an insufficient amount of thia-

mine is present. Also, a competitive reaction between thiamine 

and one of its analogues for the enzyme , carboxylase, would 

increase the level of pyruvic acid. 

In 1941 Green and co-workers (21) reported a deficiency 

disease of foxes produced by the fee ding of uncooke d fish. 

This disease was called "Chastek paralysis" since it occurred 

on the Chastek fox f arm in Minne sota. The symptoms of this 

condition are anorexia, weakness, s ti ffness , incoordination, 

and tendency to lie down much of the time, followed by spastic 

paralysis, paraplegia, and de a th within 48 to 72 hours after 

t he onset of the neurologic symptoms . To produce t hese 

symptoms, the ration had to contain 10 per cent or more of the 

uncooked fish. There was al so a high mortality of fetuses and 

nursing pups. Large amounts of thiamine prevented the disease. 

These workers concluded that the foxes were suffering from 

avitaminosis B1 and that f i sh was the main factor in producing 

the deficiency disease. 

Sealock and Goodland (22) found tha t the destruction ot 

thiamine by the active princi ple in fish tis sues was decreased 
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when cupric, zinc, and ferric ions were added. Two ana logues 

of thiam ine, 3 -o-aminobenzyl-4-methyl-thiazolium chloride and 

3-P-aminoethyl-4-methyl-thiazolium chloride, were found to 

inhibit thiamine inactivation by the fish principle. The 

concentration of thiamine in moles per liter was 5. 0 x 10-4. 

To obtain 100 pe r cent inhibition with the o-amino benzyl com-

pound, the concentration was 5. 0 x 104 moles per liter. The 

~-am inoethyl compound produced 56. 4 per cent inhibition with 

the same concentration and 74.6 per cent with a concentration 

of 20. 0 x 104 moles pe r liter. The inhibition with the 

o- aminobenzyl compound was e liminated compl etely when the 

amino group was replaced with the nitre gr oup . With the 

fl-aminoethyl compound, the inhibition was reduced by replacing 

it s am i no group with a pht halimido group , C6H4 (co) 2N-. 

Sealock and Goodland concluded that the fish principle was 

highly enzymatic in nature. 

The work of Gr een , Sealock, and their co-worke rs proves 

tha t n atura l occurring inhibitor s may occur in animal tis s ues 

as well as in plant ti ssues. This r esear ch has been of great 

importance to fox, mi nk , and ferret farme rs, since avitamin-

osis B1 has been reported in these animals by f eed ing uncooked 

fresh water fish. It appears likely that other inhi bitors may 

be pre sent in nature which may be the answer to some diseases 

of unknown eti ol ogy. 
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B. Thiamine Content 

The thiamine concentration in the animal body may vary 

with the individual tis sues and also among the different 

s pec ies. It is known that organs such as heart , liver, and 

kidney, from an animal receiving a balanced diet have more 

thiamine per gram of tis sue than brain, skeletal muscle, and 

fat. However, t hese organs containing a gre ater amount of 

thiamine may become depleted and r each a very low level equal 

to the concentration in the balance of the body. On the other 

hand, all or gans and ti ssue s may r each a saturation point 

whereby excess thiamine is eliminated in the urine and feces. 

Thus it becomes apparent t hat a constant supply of thiamine is 

necessary to maintain the concent ration for normal func tioning 

of the animal body. 

Schultz and co-worker s (23) were abl e to determine the 

thiamine saturation point of the tis s ue s in rats. The rats 

were fed a basal diet containing 62 pe r cent rice starch , 18 

pe r cent vitamin-free ca sein , 14 per cent . hydrogenated cotton-

seed oil (Cri sco ), 2 per cent cod liver oil, and a 4 per cent 

salt mi x . Dry yeast, whose thiamine content was known, was 

added to the diet as a a-complex supp l ement. Analyses for 

thiamine were made after the excre tion equilibrium had been 

established . Accordin~ to Table 1, the maximum retention of 

the tissues was obtained by feeding 65 microgr ams of thi am ine 

per day . The thiamine concentration in the tissues was 
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Table 1 

Effe ct of vitamin s1 intak e level on total t h iamine 
content of the r a t * 

( gm.) Av . microgm . Av . mi c r ogm. Total B1 in Body wt. 
micro5m . / da.Y, av . of 3 rats Bi/sm. bodr wt. BJi/sm. liver 

10 118 0.54 1.08 
20 186 0.49 1. 2 5 
30 198 0.92 2 .8 
40 253 1. 23 4.8 
50 244 1.34 4.85 
65 218 1 . 77 6 . 6 
65 149 2.14 8 .15 

115 205 1. 63 5.3 
515 195 1. 88 6.8 

~'"Tak en fr om Schultz , A. s. ' et al. J. Nut r . 17:145. 1 939 . 

approximately 2 microg rams per gram of body weight . The data 

in Table 2 re present an aver a ge of 2 rats over a period of 2 8 

days for the first two groups, while the last group r eceived 

215 micro gr a ms of thiamine d a ily for 58 days to insure complete 

Tabl e 2 

B cont ent of o r gans and tissue s * 
(expre s s ed i n mi c rogm. / gm. of ti ss ue ) 

Mi c r ogm. Av. rat Sk eleta l 
B1 / day wt. ( gm •) Li ve r He a rt Test e s Kidney muscle 

0 122 0 . 26 o. 68 1 . 87 0.39 0 . 14 
15 245 1. 9 2. 6 4. 7 2 . 1 0 . 57 

21 5 259 10 . 0 7 . 2 6 . 6 6.7 1.3 
~~Tak en fr om S chultz, A. s .' e t al. J. Nu t r . 17:14 6. 

s a t ur a tion o f the tis sues. 

Blood 

0 . 07 
0.35 

19 39 . 

Cle l and ( 24) found tha t 0 . 2 mi c r ogr am of thi am ine per g ram 

of body wei gh t was t he min imum concentrati on t o maintain li fe 

i n the r a t. Ta ble 3 s hows that t he l i ve r contains the greatest 

a mount of t h i am ine pe r g r a m of t i s sue in the n ormal anima ls . 
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This finding is in agreement with Schultz . The greatest loss 

also occurred from the liver when the diet was inadequate . 

Diet 
Norm. 
adul t 

B1 def . 
adult 

Nor m. 
ycung 

Table 3 

Weight and thiamine content of rat tissues* 

Rat wt . 
(gm . ) 
203a 

154-276b 

195 
156-255 

139 
124-180 

Liver wt . 
( gm.) 
9 . 04 

6. 81-11. 65 
9 . 35 

7.17-13.10 
8.09 

6. 15-11.49 

Kidney wt . 
(gm.) 
1. 55 

1.40 - 2 . 0 
1. 86 

1. 57-2.17 
1.12 

o. 89 -1. 48 

Mic rogm./ 
gm . liver 

3. 00 
1. 96-4. 83 

0.32 
0 . 2 - 0 . 43 

2.16 
1. 33-3 . 85 

Microgm./ 
gm. k i dney 

1.78 
0 . 81- 3.14 

0 .39 
0 . 22- 0 . 49 

2 . 20 
o. 69 - 3. 87 

B1 def . 56 2 . 49 0 . 93 0 . 21 0 .17 
young 38- 80 1.72 - 3 . 23 

~<-Taken from Cle land, J. B. 
24:228. Sept . 1 946. 

aGroup average. 
bGroup range . 

0.63-1.44 0.12-0 . 40 0 . 09 -0.33 
Aust. J . Exptl . Biol. & Med . Sci . 

Cleland had 12 rats in each g roup. The normal rats received a 

normal stock die t while the abnormal rats received a t hiamine-

deficient diet consisting of 20 parts casein , 70 part s sucrose, 

5 parts salt mixture, 10 parts dried, autoclaved yeast, and 

3 parts cod- liver-oil substitute . 

It is evident that the result s obtained by Cleland and 

Schultz are in harmony. The thiamine cont ent of the liver may 

vary from a mere 0 . 2 microgram per g r am of tissue , when life is 

still present , to that of 10 micro g rams p er g ram of tissue when 

the tissues are saturated . On the basis of thiamine pe r gram 

of body wei ght , the range of minimum and maximum concentrations 

is 0 . 2 to 2 . 0 micrograms . It is apparent that an animal wil l 
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use the last reserve of thiamine in the liver before death 

since the concentration in the liver and in the balance of the 

body 1a practically the same. 

The thiamine concentration in rat tissues and in tissues 

of other mammals is comparable. There are certain variations 

reported , but they may be without significance when analyzed 

statistically. However, Waisman and Elvehjem (25) found that 

heart muscle from the ox and p ig contained more thiamine pe r 

gram of ti s sue than the corresponding liver tissue. They also 

showed that skeletal muscle of fresh pork had a high thiamine 

content with an average of 15.2 micrograms per gram of ham 

tissue. In working with human ti ssues, Ferrebee and co-workers 

(26) found the concentra tion of thiamine in the heart to be 2 

to 3 micrograms per gram of tissue, skeletal muscle 0.5 micro-

gram , and brain, liver, and k idney 1 microgram. These findings 

are in accord with Waisman and Elvehjem , but the thiamine con-

centration pe r gram of ti ssue is less. Ferrebee showed that 

the thiamine content of tissue could be increase d with vitamin 

t herapy and reduced with inade quate diets. 

Schweigertand co-workers (27) kept rats on different 

levels of thiamin and later analyzed the tissues for this 

compound. When 8 micrograms of thiamine were g iven to one 

gr oup of rats and 2 5 to 50 micrograms were given to another, 

the thiamine content in the muscle and liver was 3 or 4 times 

~rea t e r in the latter group . There was no material change in 

the thiamine content of the ti ssues when the rats were placed 
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on high carbohydrate, p rotein, or fat diets. Sarett and 

Perlzweig (28) also found that the thiamine intake regulated 

the thiam i ne content of the various tis sues. The prote i n leve l 

of the diet did not alter the thiamine level in the tissues. 

This was also confirmed by Schweigert and co - workers . Two 

groups of rats were given thiamine . The first group received 

9 to 11 microg rams pe r day while the second g r oup received 33 

micrograms. When the tissue s were analyzed, the first g roup 

had one - half as much thiamine in the liver and in the whole 

carcass as the latter group . From t hese data of thiamine 

analyses, it a ppears that the thiamine content of the tissues 

is gove rned to a g reat extent by the thiamine intake . 

C. Histopathology 

1. P ola rized light 

Accord ing to Munoz and Charipper (29) , the po larizing 

microscope was invented in France by Nachet bet ween 1833 and 

1855 . At fir s t it was considered a novelty ; h owever, its use 

h as expanded until now it is an indispensable instrument i n 

the fields of biological chemi s try , mineralogy, or ganic and 

inor ganic chemi stry, ceramics, botany , and other sciences . As 

e a rly as 1 8 54 Virchow and other investigators used the polar-

izing microscope in the study of nerve ti ssue. They noticed 

that myelin sheaths of nerve fibe r s we r e optically active . 

Po l a rized light is known to vibra t e in one plane only 



- 19 -

while ordinary light vibrates in all d irections pe r pendicular 

to the direction in which it travels. Substance s appearing 

black under the polariz ing microscope, when crossed Nic ol 

prisms are used, are called isotropic . When substances appear 

light under the same conditions, they are said to be aniso-

tropic or show the property of birefringence . A normal myelin 

sheath appears light when crossed Nicols are used. Cellular 

detailnsuch as node s of Ranvier, nuclei of Schwann cells, and 

incisures of Schmidt - Lanter mann , can be demonstrated in normal 

nerves with polarized light as t hey are isotropic. Schmitt (30) 

states that thi s sheath is really mor e complex than myelin. 

The lipid constituents of myel in are laid down in a neuroke r-

a tinogenic matrix. Thi s albuminoid pro tein is i sotrop ic; 

however, the abundance of lipids in the myelin sheat h prevents 

the i dentification of the protein material with polarized li ght . 

According to Schmitt and Bear (31), the myelin sheath of 

vertebrates is produced by the Schwann cells which are ecto-

dermal in ori gin. The Speidel the ory of myel in formation 

states that mye lin i s formed by the co -operative metabolic 

activity of Schwann cells and the axone itself. Regardless of 

its forma tion, w.yelin consists of phospholipids, glycolipids 

or cerebrosides , sulfolipi ds , and sterols (32) . Normal myelin 

i s pr actically void of true fats. 

When myel in change s from its normal an isotropi c appearance 

to an isotrop i c state, it is consider ed to be degenerated . The 

exact chemical chan~e in th i s reaction app ears to be unknown. 
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Sutton and co-workers (33) r ealized , however , t ha t myelin may 

change to triglycerides , which are i s otrop ic, thus permitting 

a more accurate study of myelin sheath de generation with the 

polari zing microscope. 

Myelin de genera tion, sometimes referred to as Wallerian 

degener a tion, is pres ent in many nutritional deficiencies, 

infectious diseases , and may be pro duced surgically by sever-

ing a myelinated nerve . Baird (34) states t hat one and one -half 

hour s af ter t he severing of such a nerve, degeneration can be 

seen by using the polarizing microscope . After three hours , 

t he fibers are swoll en and the myel i n has broken into masses . 

With ordinary staining techniques, the condition would have to 

be prolonged three days before de gen eration would be evident . 

Baird was apparently referring to the fat stains, such as 

Marchi or the Sudan stains , but they we r e not spec ifi ed . 

Sutton and co-workers (33) produced mye lin sheath d egen-

eration of peri pheral nerves in their r a t experiment by feeding 

a vitamin A-def icient diet . The degene r ation was a rre s t ed by 

the supplementation of vitamin A. External symp t oms , such as 

par a l ys is and prostrat ion , were not corrected with vitamin A 

ther apy . In a l a ter paper , Setterfield and Sutton (35) state 

that de gene ration of the myelin sheaths of the sciatic and 

f emoral nerves began 3 t o 6 days before symptoms of avitamin-

osis A were pr esent. They believe t hat one-fourth to one -

third of t he nerve fibers are affected befor e incoor dination 

is present . 
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Lee and Sure (36) obtained r esults similar to those o! 

Sutton and co - workers . They have produced myelin sheath 

de generation in the sciatic nerves of rats by feeding thiamine -

defic ient, vitamin A-def icient, and B-complex-deficient diets . 

In these groups there were various degrees of myelin sheath 

degeneration. These results indicate that a deficiency of one 

or several substances may cause or contribute to the degenera-

tion of the myelin sheathsin peripher al nerves. 

Prickett and co - workers (37) found a mar ked difference in 

myel i n sheath degeneration of rats by varying the thiamine 

i ntake . In acute deficiencies the nerves a pp roached normal, 

while r ats on a suboptimal level of thiamine over a longer 

period of ti me showed cons iderably mo re myelin sheath de genera-

tion. Contro l groups r eceiv i n g an adequate amount of thiamine 

but limited in fo od intake showed more degeneration than the 

acute defic iency. The administration of thiamine to r a ts 

showing seve r e symptoms proved to be of little value . Early 

administrati on of thiamine to those r at s showing mild symptoms 

was s uccessful. Prickett and co -workers concluded that the 

ti ssues were damaged beyond r epai r when the rats did n ot 

respond to thiamine therapy. Photomicrographs are shown of 

the sciatic ne rve by using polarized li ght. 
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2 . Tissue stains 

The staining of ti s sues for histological study aids in 

distinguishing the abnormal tissue from the normal. These 

di s tinctions can be shown when these tissues are stained. 

Various stains have been employed; however, the hematoxylin 

and eosin method has been the principal stain used in studying 

histopathology. A universal stain to show maximum different-

iation in all tissues of the animal body has not been developed. 

Thus it becomes necessary to use different stains to obtain 

the desired effect in each typ e of tissue. For instance, 

hematoxylin and eosin stain may be used to study vascular and 

cellular changes in the nervous system whi le it does not 

demonstrate de g enerative changes in the sheaths of myelin-

ated nerves. Fat stains , such as Marchi, Sudan, and Weigert, 

are used to detect these de generative chang es in myelin. Such 

stains are also used t o determine fatty changes in other 

ti s sues, such as the liver and kidney. The transformation of 

normal myelin to triglycerides is shown by the fat stains and 

with polarized li ght in unstained myelinated nerves. 

Hassin ( 38) states that 24 hours after a nerve is cut, 

the myelin becomes swollen, irre~ular, and br eaks up into 

fragments. The se fra3ments stain bl ack with osmic acid which 

si gnifies de generation. Baird (34) found that de~enerati on 

could be detect ed with polariz e d light one and one-half hours 

afte r the nerve had been s e vered. It is a pparent that polar-
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ized light will detect degeneration sooner than the Marchi 

method in myelinated nerves. 

Zimmerman (39) believes tha t the peripheral nerve lesions 

in avitaminosis B1 are non-inflammatory. He found that the 

primary change is medullary sheath destruction which is fol-

lowed by axone disintegration. Setterf ield and Sutton (35) 

observed black droplets in the nerves of thiamine-deficient 

rats by using the Marchi stain. This finding checked closely 

with their polarized light study. 

Davison and Stone (40) observed as many lesions in the 

nervous system of starved rats (inanition) as those on diets 

def icient in 8i and B2 • The lesions we re vacuolation, lique-

faction necrosis, and chromatolysis of the gangli on cells of 

the brain and s p inal cord. The myelin sheaths of the pe ri phe r-

al nerves were also de generated. In the starved rats the 

lesions were more mar ked in the peripheral nerves whi l e the 

vitamin-deficient rats showed more lesions in the central 

nervous system. Symptoms occurring in both groups of rats 

were paralysis of extremities, equilibra tory disturbances, 

priapism, convulsions, and tonic retractions of the head. 

Shaw and Philli ps (41 ) f ound a s mall amount of myelin 

de generation in the peri phe ral nerve s and spinal cord of 

pigeons in acute thiamine deficiency while the nerves of chicks 

ap peared normal. Chronic thiamine deficiency produced a moder-

ate a mount of degenerat ion in the myelin sheaths of both pigeons 

and chicks. More degeneration was pre sent in animals suffe ring 
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from chronic thiamine deficiency than from inanition . The 

pyruv ic acid level in the blood was higher in the chronic 

cases than the controls. 

Phillips and En3el (42) d emonstra ted with polarized light 

and by the Marchi me thod that a riboflavin deficiency in chicks 

may cause histologic changes characterized by degeneration of 

the myelin sheaths in the peripheral nerves and the spinal cord. 

Muscle fibers were also de generated. Riboflavin therapy was 

successful when the degenerative change s were mild. 

Various investigators have considered the Mar ch i method 

unreliable. Artifacts in the stained tiss ue can be produced 

by alterations in the technique. When the artifacts are 

present, the histopathology may be concealed. Duncan (43) 

observed black droplets in the myelin sheaths of the controls 

as well a s the diseased animal s . This patholog ical change 

was seen in the cat, r abbit , r at , and man . When the method 

was vari ed , the size, number, and general a ppearance of the 

black droplets were changed . Duncan believed that the Marchi 

method was valuable in denoting fatty change s in some tissues, 

but it was not specific for Wallerian de generation . The diets 

for the animals showing de generation were not g iven. There is 

a possibility that these diets were not balanced; t h erefore, 

the myelin dedeneration may have been exp ected . The human 

tissues were obtained from aged individuals. Re gardless of t he 

conflicting results from the Marchi method, it sti ll has its 

place in the staining of tissues. 
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Engel and Phillips (44 ) demonstrated that the p athological 

changes in the peripheral nerves of chick s on ail othe rwise ade-

quate diet could be corrected by the administration of P-
carotene with riboflavin. Rats receiving a balanced diet with 

the e xce ption of thiamine seldom showed pathological changes in 

the peripheral nerves, spinal cord, brain, and kidney. When 

thiamine was g iven to Bi-deficient rats, fatty de generation of 

the liver occurred. The nuclei of the liver cells remained 

normal. 

Eve leth and Biester (45) found that severe myelin sheath 

de generation in swine was not the cause of incoordination. The 

animals recovered fro m t he incoordination follo wing the supple-

mentation of vitamin A and gr een feeds, but the mye lin sheath 

degeneration was still pre sent. Vitamin A and t he B-complex 

vitamins we re eliminated as possibilities in causing incoordin-

ation and myelin sheath degeneration in swine. Control p i gs 

on pasture did not exhibit myel in sheath degeneration in the 

s pinal cord. ~hotomicrographs by t he Marchi me thod ar e shown 

comparing the s pinal cords of t he normal control group with the 

vitamin def ici ent gr oups . It i s eviden t t hat some factor was 

pres ent in the pas ture an1 absent in the diets of those animals 

sho wing de generation in the sp inal cor d . Bi ester, Greenwood, 

and Nelson (46) f ed dogs a diet conta ining vi tamins A, 

3 -c ompl ex, D, and E which produced severe myel in degeneration 

without incoordination . 

The primary l esions in Chastek paralysis according to 
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Evans, Carlson, and Green (47, 21) we r e found in the liver , 

heart, and brain. Bronchopneumon ia was present in s ome cases. 

The liver showed seve re fatty deg ene r a tion, congest i on , hemor -

r hages , and necrosis of the hepatic cords. In advanc ed de gen -

eration the liver had ruptured. Foca l necrosis a ppeared in the 

heart along with hemorrhages , cloudy swelling, enla rgement of 

the nucleoli in the myocar dial cells, and proliferation of the 

connective ti ssue . In the brain the nerve cells were degene r-

ated. A number of the blood vessels in the brain we r e dilated 

while in others the endothelium had proliferated . Hemorrhages 

were quite common in the brain. 

Alexander (48) made a comparative s tudy of the l es ions 

occurring in B1 avitaminosis in pigeons with those pr e sent in 

chronic alcoholism in man . The l at t e r c ondition i s known as 

We rni cke 's disease. The syndr ome r esulting in We rni cke 1 s 

disease is characterized by paralys i s of the eye musc les, poly -

n europathy , a nd c louding of c onsciousness . Alcoholic drinks 

a r e usually def icient in t hi a mine which contributes to the 

formation of the syndrome . Alexander used the benzidine stain 

in the tis sue study. Small f oci of de generation and varicose 

deformity of v essels were pr esent in the bra in. Subacute 

necrosis of t he brain parenchyma was found around the ventric -

ula r system. The pigeon br ain had nume r ous pe tech ial hemor -

rahages in the p ons , medulla , and c e r ebellum. There was a 

prolife r a tion of t he g l1a cells, especial ly the ol1godendroglia 

and later t he as trocytes . Alexand er concluded tha t chronic 
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alcoholism in man produced lesions similar to those in pigeons 

suffering from B1 avitaminosis. 

Beriberi is the thiamine-deficient disease occurring in 

man . The eating of whole grains in this country has prev ented 

its appearance to any g r eat extent. In the Orient, where 

polished rice is eaten, beriberi is very prevalent . Yeast 

extracts, dried brewer's yeast, the germs of grain, and rice 

bran (49) are excellent sources of thiamine. 

Vedder (50) divided the pathology of beriberi into three 

types . They are cardiac pathology, de generative changes in the 

nervous system , and anasarca. In the early stages of beriberi, 

the heart becomes hypertrophied, followed by dilatation and 

cardiac failure. Vedder observed pulmonary edema in 50 per 

cent of the beriber i cases. Chronic passive congestion of the 

liver, spleen, kidneys, and intestines was common . The livers 

were nutmeg in appear ance due to t h e congestion and degener a -

tive changes . Kidneys were usually cyanotic. The skeletal 

muscles s h owed atrophy , loss of striations, shrinkage of 

sarcoplasm with degenerative changes . Edema was first noticed 

in the legs and thi ghs and was soon followed by hydropericar -

di um, hydrothorax , and ascites. The brain, w.eninges , and 

spinal cord were congested. Softening of the brain and cord 

was pre sent . The myel in sheaths in the s p inal cord and periph-

eral nerves were degenerated as evidenced by the ~archi stain -

in3 method . Engel and Phillips (44) do not agree with Vedder 

regarding the degeneration of the myel in sheaths in the spinal 
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cord and peripher al nerves. They believe that in uncomplicated 

cases of beriber i , myelin degeneration does not occur . 
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III. EXPERIMENTAL 

A. Objective 

The pathological changes which develop in animals fed 

thiamine-deficient diets are well-known, but the effect of 

thiamine analog ue s on the animal has not been investi gated. 

Although it is recognized that the f eed ing of some analogues 

inhibits growth, the microscopic change s in the tissues have 

not been studied. 

This experiment is designed to compare the pathology of 

thiamine deficiency with the cellular changes that develop in 

thiamine-deficient animals receiving a thiamine analogue. 

Growth curves are established to show the effect of a thi am ine 

analo gue on rats receiving a thiamine -free diet and rats on a 

thiamine-deficient diet. Thiamine analyses of the liver, 

kidney, and slceletal muscle aid in determining any possible 

inhi bit ion produced by an analogue . 

B. Methods and Results 

1. Growth data 

Four-week-o l d rat s were obtaineJ from B. H. Thomas, head 

of Animal Chemistry and Nutrition Subsection, of the Iowa 

Agricultural Experiment Stati on . Weanling rats we re selected 
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because such animals are likely to be normal. These rats were 

divided into six groups. Five groups, A, B, C, D, and E, 

received a basal diet ad lib., consisting of t h e following: 

Sucrose 
Caseinl 
Hydrogenated ve getable oil (Crisco) 
Cod liver oil (Squibb) 
Salt mix (Hawk-Oser)2 
Riboflavin 
Nicotinic acid 
Pyridoxine hydrochloride 
Calcium pantothenate 
Choline chloride 
Inositol 

68.5 gm. 
18.0 It 

6. Q II 

2. 0 " 
5. 5 " 
0.0005 " 
0.01 " 
0.0002 " 
0.002 " 
0.01 II 

0.1 II 

This basal diet is used in the Depart ment of Physiological 

Chemistry for similar investi gations. Group F received a com-

mercial fox chow ad lib. Rats were chosen as experimental 

animals since they require thiamine for g rowth. The rats were 

kept in individual cages with screen floors. This prevented 

the animals from eating their own feces which may have con-

tained thiamine by intestina l synthesis or excretion of excess 

thiamine. Fresh water and the basal diet were available to the 

rats at all times . Each group receiving the basal diet was 

suppleruented with different amounts of thiamine and the 

o-aminobenzyl analog ue of thiamine. Thiamine and its analogue 

have the following structural formulas: 

1 Vitamin test casein was pr epar e J by General Biochemicals, Inc., 
Chagrin Falls, Ohio. Fat and wate r soluble vitamins were 
r emoved by re peated extractions. 

2 Hawk, P. B., Oser, B. L., and Summerson, W. 
physiological chemistry. 12th ed. p .1273 . 
The Blakiston Company. 1947. 

H. Practical 
Phi lade l ph ia, 
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Thiamine chloride hydrochloride 

o-amino-benzyl(3)-4-methyl-5-betahydroxy-
athylthiazoliumchloride hydrochloride 

Stock sol utions of the suppl ements we r e prepar ed as follows: 

I. Double strengt h diluting fl uid containing no thiamine. 

Ethyl alcohol 
Gl acial acetic acid 
Distilled water 

40 . 0 ml. 
o. 2 11 

q. s. 100 . 0 11 

II. Double str ength thi amine solution containing 10 micro-
grams/O.l ml. 

Thiamine 
Ethyl alcohol 
Glaci a l acetic acid 
Di s tilled water 

25.0 mg . 
100 . 0 ml. 

Q. 5 II 

q • s . 2 50 • 0 '1 
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III. Double strength solution of the thiamine analogue , 
c ontaining 2 mg . /0.1 ml. 

0 .314 gm . of iodide hydroiodide analogue 1 of 
thiamine was converted t o the chloride hydro -
chloride and di l uted t o 10 ml . with distilled 
wate r. 
0 . 3 14 gm . of the !•HI form is equivalent to 
0 . 2 gm . of the Cl·HCl for m of the analog ue. 

IV. Concentrated thiamine solut ion containing 50 m1cro gm . / 
0.1 ml. 

Thiamine 
E t hyl alcohol 
Glacial acetic acid 
Distilled water 

12.5 mg . 
5.0 ml. 
o. 025 II 

q. So 2 5 . Q II 

Supplements for the various g roups were p repared as follows: 

Group A. Diluting flu i d containing no thiamine . Equal 

quantities of stock solution I and distilled 

water. 

Group B. Thiamine solution containing 5 mi crogm . /O.l ml . 

Equal quantiti es of stock solution II and 

distilled water. 

Gr oup C. Solution of thiamine and its ana log ue containing 

5 microgm . thiamine and 1 mg . analogue/0 .1 ml . 

Equal quantities of stock solut ions II and III. 

Group D. Solution of the analog ue containing 1 rn g . /O.l ml. 

Equal quantiti es of stock solutions I and III. 

Gr oup E . High thiamine so l ution containing 50 mi c rogm . / 

0 .1 ml . Stock solution IV. 

1 R . L. Taylor , De partment of Physiolog ical Chemistry, crystal-
lized the I•HI analog ue of thiamine . J. C. Picken, Veterinary 
Researc h I nstitute, prepared the Cl·HC l analog ue fr om the 
I·HI analog ue for this experiment . 
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Supp lements of 0.1 ml. wer e g iven daily to the rate by me ans or 

a 0 .5 ml . syringe and a blunt 18-gauge needle. The n eedle was 

passed through the esophagus into the stomach to prevent loss 

of the supplement. Groups A, B, C, and D consisted of 2 males 

and 2 females each. Groups E and F consisted of 3 and 2 males, 

r espectively . 

The r a ts in Groupe A to E, inclusive, were weighed daily. 

Figure s 1 to 5, inc lusive, are individual gro wth records of 

each r at in Groups A to E, r espectively. After approximately 

40 days , when advanced symptoms of polyneuritis were obs erved 

in Groups A and D, t wo r a t s from each group, A to D incl us ive, 

and one rat from Group E were s acrificed for t hiamine analyses 

and tissue study. At a pprox i mately the same time, 5 micrograms 

of thiamine were supp lemented to the two r ats re maining in each 

g roup, A to D inclusive. The two r emaining r ate in Group E 

wer e continued on the same d i et . One r a t in Group F, r e ceiving 

the commercia l fox chow, was destroyed 46 days after the exper-

i ment wa s start ed . This r at had gained 199 grams in 46 days 

while a rat i n Gro up E, s howing the maximum rate of growth 

during the same time, had ga ined 113 g r ams . The r at in Group 

F was sacrificed to obtain normal ti s sues for thiamine analyses 

and tissue study . Twenty to 30 days aft er thiamine supplemen-

tation was begun , t he r emaining r ats in all g roups were 

d es troyed for t h iamine analyses and tissue study . At this 

time the sympt oms of polyneur itis we r e no lon3er appar ent in 

Groups A and D. The r a t in Group F, receiving the commercial 
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fox chow , had gained 1 93 g r ams in 77 days . His weight had been 

constant the l a st 3 0 days . 

Fig ure 6 is a composite growth record of Groups A to E, 

inclusive. Groups A and D follow close ly to gether. Group E 

sho ws the g reatest gain followed by Group B. Comparison of the 

gro wt h curves of Gro ups B and C illustrates the inhibitory 

action of the thiamine analogue . 

2. Thiamine anal yses 

The entire series of rats was d es troyed by chloroform 

euthanasia with the exce ption of r a t 1 08 . This r at was found 

in a moribund condition. The tissues from t h is animal we r e 

r emov ed shortly a fter death . Thiamine analyses were started 

on liver , k idney , and skeletal muscle from the thigh , according 

to the Thiochrome me t h od of Hennessy (51 ) . Two gr ams of tissue 

were weighed on a watch 6 l ass . The wei ghed sample was g round 

in a rl aring blender with 75 ml. of 0 .1 N H2so4 • This mixtur e 

was transferred to a 300 ml. Erl enmeye r flask. In the case of 

large livers wei3hin5 8 g r ams o r more, 1 50 ml. of O.l N H2so4 

were used and the mixture trans ferre d to a 500 ml . Erlenmeyer 

flask . These mixture s wer e r ef luxed for 30 minutes . The 

Thioch r ome me t hod, whi ch is desc ribed by the Association of 

Vitamin Chem i sts (52), was followed dur i n g the r emainde r of t he 

analyses . 

Table 4 shows t he r esults of thiamine ana lyses with supple-

ment a r y data . It i s evident that rats 108 , 110 , 121, and 122 , 



Table 4 

Thi amine content of rat tis sues with supplementary data 

Gain 
Rat or Liver Liver Kidney Kidney Muscle Microgm. Microgm. Microgm. 

Rat Gp. Tot. Wt. Loss Wt. Anal. Wt. Anal. Anal. BL/gm. Bk/gm. Bk/gm . 
No . Days gm . gm. gm. gm . gm . gm. gm. iver idney use le 

108 A 35 46 -15 1.45 l.20 0.94 0.63 0.43 o. 763 1.095 2. 645 
110 A 38 48 - 8 2 . 27 2.02 0.93 o. 63 1. 04 0 .388 0.375 0.113 
109 A 72 102 40 7.96 4.13 1. 57 1.26 l.30 0.937 0.839 0.406 
111 A 72 95 37 6.36 3.42 1. 41 1.05 1.30 1.542 l.006 0.268 

112 B 36 101 39 5.69 5.18 1.14 0.84 1.86 1.352 1.190 0.472 
114 B 38 115 56 9.06 3. 54 1.60 l.21 2.62 1.397 1.073 0.180 
113 B 59 1 82 118 14.96 3.97 2.13 1. 74 1.80 1.068 0.259 ~ 

115 B 63 158 98 7.46 3.36 1. 58 1.16 1.72 1.629 0.136 ...... 

116 c 38 106 40 7.03 4.41 l. 51 1.19 2 . 27 0.908 0.791 0.311 
118 c 36 64 4 4.32 3.86 l. 58 1.09 l.30 4.145 1.606 2.500 
117 c 59 123 57 8.66 4.20 l.45 l.01 1. 62 l.375 o. 575 
119 c 63 161 99 7.68 3.65 l.82 l.29 1. 91 1.457 0.246 

121 D 38 66 - 2 3.08 2.78 1.06 0.73 1. 23 o. 617 1.315 o. 536 
122 D 36 57 - 7 3.00 2 . 52 1.05 0.10 l.32 0.551 0.806 0.617 
120 D 70 104 38 6.33 4.04 1. 55 1.21 1. 61 1.585 1. 230 0.265 
1 23 D 70 119 53 6.48 4.09 1.46 1.10 1.74 1.147 1.357 0.061 

124 E 43 161 107 11.40 4.25 l.28 0.65 2. 61 1. 751 5. 741 l.069 
1 26 E 66 164 104 9.80 3.49 1.66 1.28 1. 83 5.107 2.848 0.885 
125 E 66 217 157 14.44 4.73 2.41 1.82 2.11 4.025 2 .782 0.959 

127 F 77 278 193 14 . 04 3.66 2. 69 2.06 2. 50 7.958 4.973 1.654 
128 F 46 281 199 13. 58 4.71 2 . 61 2.04 2 .45 2 .959 4. 674 1.708 
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receiving a thiamine-free d iet, have a very small amount of 

thiamine in their tissues. In these animals the thiamine con-

centra tion in the liver is equal to or less than that of the 

other tissues. Rats 125, 126, and 127, receiving an optimum 

amount of thiamine over a longer period of time , approach the 

cencentra tions of thiamine in normal rat tissues . The remain -

ing rats show a thiamine deficiency a s a result of an insuf-

ficient amount of thiamine in their diets . 

Figure 7 illustrates the effect of thiamine supplementation 

in Groups A to D, inclusive. The thi am ine content of the 

tissues from rat 118 are not recorded in Figure 7 . The patho -

logica l changes in the tissues, as described later , show that 

an unknown etiological factor caused the rapid loss in we ight 

a s seen in Figure 3. Groups E and F show the variations of 

thiamine concentration in the ti ssues of g ro wing animals over a 

period of a pproximately 28 days (Figure 7). Thus , by this 

expe riment, normal animals have the h i ghest concentration of 

thiamine in the liver followe d by that in the kidney and 

s ke letal muscle . 

3 . Auto psy findings 

Rats 108 , 110, 121, and 122 , r ece iving a thiamin e -free 

diet, s howed conside r able dehydrati on atrophy . It was partic -

ularly no t iceable in r at 108. The musc les in this r at we re 

atrophied t o the e xten t that s uff ic i ent quanti ties for thiamine 

analysis and tissue study were difficult to obtain. The hear t 



7 

5 

~ 4-2: 
<!. 
al . r: :, 
v 
0 
D! 
J 

,,.., 
<.. -L. 

0 

I LIV Ei;?. 

~ 'roC IDNEY 

D 
[J. 

D S Kt:l.E TAL 
MUSCLE 

AFT ER DAILY CSUPPLE.ME. N TP...T\O N 
OF c::;; M\C ~o~RA.M O F T klAMINE 

A.FrEF2 ACONr\\....ltJATIO N O N TH 
S A.ME. D l ET 

• 

Rou P .A... B C. D E F 

/ 

"31 . 5 DA..YS 37 D A'-1' '5 ""3 T DAY'S ""37 D.A..YS 4"3 t:))~ .... -Y$ 4 G.:. D~.._,..s 

~ 

~ 

"It ""33 " ._ 18 *I S " G e:.:> -'14 '2"3 , , -1( " 31 
• WITH SUPPLEM E NT "' It 1....-~o /\/ rt A/OED O N' SAMC: £J1cr 

F IG, . c COMP.A..R-AT\VE. T H IAMlNE A.N.A..L"i'SE.S O F UV E R- 1 KID N E.-1' 1 ~ ~'lc::ELE.TAL 

MU'$C LE EX PRE<;:,SE..D IN MIC f<.<:::> G,R..,o.....MS PE.R.. C:,R .A.. M C)F TISSUE'... 
c; f2.0U P A - ...eec.; 1ved n o Tniorn/ne. 

B - " s ;vt ic.rogr ... N??S ol Thiar>-une oailt.j · 
•· c .. .. .. .. and I Mq. of o-arnJno b,e11Z':fl. 

Ana/oque crl Thio/77i r?e Do//y · 
D - Jeeceived / Mq. of' o-a.!77ir7obenzt/I Analoque or Th1on11n e tJ o Jlf:f · 

•· E 50 Mlcro qro rns o f' rn1al'??1ne Oai/f:!. 
" F ,, A co rnrnt:!rc10/ Fox c h o vv ad lib. 

a. ~ Lovv 12e.adin95 on rh2 Phoro F1uoro;-nef-er vvere obt-ained lzy usin9 
un 1nsulf1(..,1~n1 QuurJh -ry of· Enz:Cfr>?e '::::dP""pen~/or? 1n rne AnolC:fSes. 



- 44 -

of r a t 110 was soft and flabby with a rounded a pex. Hydro peri-

cardium was present . 

The liver of r at 112 was light br own to yellow in color. 

The heart of r a t 11 9 was s oft and flabby . The tissues of the 

remaining animals appear ed normal on autopsy . 

4. Polarized light 

A section of s ciatic nerve from each r at was placed in 10 

per cent formal-saline solution. Calcium carbon ate had been 

added to neutralize the solution. On the follo wing day , long i-

tudinal sections , 10 microns in thickness , we r e made of the 

nerve with the freezing microtome. The sections we re floated 

in wat e r, placed on a clean slide, mounted in glycerin, and 

covered with a clean cover glass . At this time the sec tions 

were examined between cros sed Nicol prisms of a polarizing 

microscope . Photomicrographs we r e t aken of t he n e rves a t the 

po int of gre a test birefringence. Polychrome plates wer e used. 

Wr a tten B filter No . 58, with Eastman Kodak X-ray developer , 

ga ve t h e best results . It was very difficult to obtain contr as t 

in the ne gative until the Wr atten B filte r and the X-ray devel -

ope r were used . No . 4 Azo paper was used in the pr inting with 

Eastman Kodak Universal M- Q developer . 

Figure 8a shows s e v e re myel in de gene r a tion of the nerve 

fibers . The normal myelin h as br ok en down into t r i g lycerides 

which are isotropic. Normal myelin , being anisotrop ic , a pp ears 

wh ite in the photom icrographs . 
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a b 

c d 

Fig. 8. Sciatic nerves from Group "A". 
a and b from r ats 108 and 110 
c and d from r ats 109 and 111 

Polarized li ght between crossed Nicol 
pri sms . X500 . 
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a b 

c d 

Fig. 9. Sci a tic nerves from Group "B". 
a and b from rats 112 and 114 
c and d from rat s 113 and 115 

Pola riz ed li ght between crossed Nicol 
prisms. X500. 
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a b 

c d 

Fig . 10. Scia tic n erves from Group "C" . 
a and b from rat s 116 and 118 
c and d fro m rats 117 and 119 

Polarized li ght between crossed Nicol 
prisms. X 500. 
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a b 

c d 

e 

Fi g . 11. Scia tic nerves fro m Group 11 0 11 • 

a and b f rom rats 1 21 and 1 22 
c and d from rats 120 and 123 

Polarized light between crossed Nicol 
prisms. e from rat 120 with polari z ed 
light between unc ros sed Nicol prisms. 
X500 . 
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a 

b c 

Fig. 12. Sciatic nerves fr om Gr oup "E" . 
a from rat 1 24 
b and c from r ats 12 5 and 126 

Pol arized li 5ht between crossed Nico l 
prisms . X500. 
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a b 

Fig. 13. Sciatic nerves from Group "F". 
a from rat 127 
b fro m rat 128 

Polarized light between crossed Nicol 
prisms. X500 . 
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Figures 13a and 13b are photomic r ogr aphs of n erves from 

t he rats receiving t he commercia l fox chow. These nerves 

reveal the least degenera tion of the ent ire s eries of rats. 

Ther e are a few breaks in the myelin sheaths other than the 

nodes of Ranvier. The latter are isotropic. Figure 12 of 

Group E revea l s more degeneration than Figure 13 but less 

degeneration than the other gr oups . Supp lementation with 

5 micrograms of thiamine to rats 109, 111, 113, 115, 117, 119, 

120 , and 1 23 produced s light i mprovement in the degen erated 

n erves a s shown in Figures 8 to 11, inclusive. Figures llc 

and lle are photomi c rogr aphs showing myelinated nerve fibers 

between crossed Nicol prisms at the point of gr eates t birefrin-

gen ce and bet ween uncrossed Nicol prisms , re spectively . 

5. Mar chi method 

Small pieces of l iver, k i dney , heart, sciatic nerve, 

ske l et a l mus cle, brain, and spinal co r d we r e placed in MU1ler's 

fluid. The technique of h!:allory (53) was followed. The 

ti ssues were kept in MUller's fluid 14 days . They we r e then 

pl aced in a solution containing 2 parts of MtHler' s fl u id and 

l part of a 1 per cent aqueous solution of osmic acid for 14 

days . Dioxane was used fo r dehydration. It was found that 

a l coho l caused the t i ssues to become hard and brittl e wh ich 

made t hem unsuitable for sectioning . The tissues wer e 

embedded in Tissuemat and sec ti oned 20 microns in thi ckness . 

Tissuemat is a pr oduct manufactur ed by Fisher Scienti fic 
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Company. It is superior to paraf fin as an embedding med ium 

when thin sections are r equired . 

Tabl e 5 is a summary of the pathological changes occurring 

in the ti s sues that were stained by the Marchi method . The de-

g eneration of the myelin sheaths in the sciatic nerves checks 

with the polarized light studies . Fatty degene r ation of the 

liver was p resent in the hepatic cells around the central veins 

in all cases excep t in those rats receiving the co mmercial fox 

chow, the thiamine-free diets, and in rat 115 receiving a thia-

mine -l ow d i et . Myel in degeneration was quite general in the 

spinal cords of all the rat s . The brain showed myelin degen-

er ation in all cases exc ept in those animals receiving an 

optimum amount of thi amine and in rats 115, 11 6, and 119 . 

Pathol og ical changes in the kidney were found only in rat 118. 

Figures 14, 15, and 16 are photomicrographs of t he sciatic 

n e rv e , s p inal cord, and medul l a of rat 108, receiving no 

thiamine. Mye lin de g ener ation i s very prominent in these 

sections . Fi~ure 1 7 shows fat ty de generation in the liver of 

r a t 111 which h a d received a supplement of 5 mic ro g r ams of 

thi am ine. The livers of rats in the same g roup receiving no 

t hiamine did not show fatty de generation . Fi3 ure 1 8 shows 

myelin de g ene ration in the medulla . This section was made of 

r at 112 , r e c e iving a suboptimal l e v el of thiam ine . Fatty 

de generation in liver s fr om the rats of Gro up E is we ll-ma rked 

as reveal ed in F i gure 1 9 . Fig ures 20 and 21 show a mild de gen-

era tion o f the myelin sheaths in the s ciatic nerve and s pinal 
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Table 5 

Results of the Marchi st a i ning me thod 

Rat · Sciatic S pinal 
No . Liver Kidney Hear t Nerve Cord Br ain 

1 08M 0 0 0 ++ +t+ + 

llOF 0 0 0 + ++ + 
l 09M + 0 0 Trace + Trace 

ll lF + 0 0 Trace + Trace 

112M ++ 0 0 + ++ + 
114 F +++ 0 0 Trace ++ Tr ace 

ll3 M + 0 0 Trace + Tr a ce 

11 5F 0 0 0 Trace + 0 

11 611 ++ 0 0 Trace + 0 

118 F + Trace + Tr ace 

117M ++ 0 0 Trace + Trace 

1 19F + 0 0 Trace 0 0 

1 2 1M Trace 0 0 + ++ Trace 

1 22F 0 0 0 + -++ Tra ce 

1 2 0M + 0 0 0 Tr a ce Tra ce 

1 2 3F Trace 0 0 Trace + Trace 

1 2 4M +++ 0 0 + + 0 

1 25M +H- 0 0 Tr ace + 0 

1 26M ++ 0 0 Trace + 0 

1 2 7M 0 0 0 Trac e Tr a ce 0 

128M 0 0 0 + + 0 
M, mal e ; F , f emale . 
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-
Sciatic nerve of rat 108 s h owing myelin 
de generation. Marchi . X500. 
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F i g . 15 . Spina l cord of rat 108 showing myelin 
degeneration . Marchi. X500 . 
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Fi g. 16. Med ulla of rat 108 showing myelin 
de generation. Marchi. X500. 



I 
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Fig. 17. Liver of rat 111 showing fatty degenera-
tion. Marchi. X300. 



Fig . 1 8 . 
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Medull a of r a t 112 s h owing myelin 
de genera tion . Marchi. X500 . 



Fig . 19. 
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Liver of rat 124 showing fatty de gener a -
tion. Marchi. X300 . 
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Fi g . 20. Sciatic nerve of r at 128 s howing mild 
degenerati on of the myel in sheaths . 
Marchi. X500. 
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Fig . 21. Spinal cord of r at 12 8 show ing a mild 
de generation of the myelin sheaths . 
Marchi. X500. 
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cord of rat 128. The myelin degeneration in the nerve corres-

ponds very closely to the mild degeneration that was observed 

with the polarized light (Figure 13b). 

6. Hematoxylin and triosin stain 

Pieces of tissue corresponding to those taken for the 

Marchi method were fixed in 10 per cent formol-saline solution. 

Calcium carbonate was added to neutralize the solution. After 

24 hours of fixation, the tis s ues were dehydrated with three 

changes of dioxane. The tissues were embedded in Tissuemat. 

Sections, 6 microns in thickness, were placed over a film of 

distilled water on albuminized slides . The slides were oven-

dried at 45° c. The sections were stained with hematoxylin and 

triosin as follows: 

1. Xylene #1 (to re move Tiesuemat) 
2. " # 2 " " " 
3. 95fo alcohol #1 
4 • 9 5fo II #2 
5. 70fo " 
6. Wash in distilled water 
7. Stain in Delaf ield's hematoxylinl 

(20 parts of stock solution to 80 
parts of sat. ammonium alum sol.) 

8. Wash in distilled water 
9. Wash in tap water 

10. Wash in distilled water 
11. 70fo alcohol 
12. 90fo " 
13. Triosin (lfo in 90fo alcohol) 

14. 95fo alcohol #1 

3 minutes 
3 
3 
3 
3 
5 

10 

II 

ti 

II 

II 

" 
" or until 

differentiated 

5 minutes 
30 II 

2 " 
2 II 

2 II 

45 seconds or until 
differentiated 

1 minute 

1 
Mallory, F. K. Pathological techni que. p.71-72 . Philadel-
phia, W. B. Saunders. 1938 . 



15. 95fo alcohol #2 
16. Carbol xylene #1 
1 7 • II 1I #2 
18. Xylene #3 
19. II #4 

Mount in Clarite 
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1 minute 
3 minutes 
3 II 

3 n 
10-20- II 

In thiamine deficiency, connec tive tissue is likely to re place 

more specialized tissue. Since triosin differentiates connec-

tive tissue from other tissue by staining the former orange-red, 

it was used instead of eosin. 

The tis sues of the rat s on a thiamine-free diet showed 

consi der able dehydration atrophy. Figur e 22 illustrat es this 

condit ion as it occurr ed in the liver of rat 108 . Pathological 

c hanges in t h e liver s of r a t s 110, 1 21, and 122 were similar. 

Fatty de generation, indicated by the a ppearance of large 

clear vacuoles in the he patic cel ls, was observ ed in r ats 

receiving thiamine-deficient d i ets and also in those receiving 

50 microg rams of thiamine daily. These v acuoles correspond 

identica lly in size and loca tion to t h e large black droplets 

found in the ti ssues stained by the Ma r chi method. Figure 24 

is a photomicrog raph d emonstr a tin3 fatty degener a tion in the 

liver of rat 109. This de g enera tion occurred when the animal 

was suppl ement ed with 5 microgr ams of thiamine daily fo r 32 

day s , after having been on a thiamine - f r ee diet for 40 days . 

Nerve cells in t he medulla of all the rats, except those 

r e ceiving the commer c i al fox chow, s howed v a rious de gr ees of 

deg ene rati on . The n erv e cells in the medull a of rat 108 , wh i ch 

ar e shown i n Fig u r e 23 , have lost a ll detail with the exception 
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of two normal cells at the right of the p icture. F i gure 8a is 

a photomicrograph of the sciatic nerve of this r at taken with 

polarized light, whereas Fi gures 14, 15, and 16 are from Marchi 

pre parations taken at the same magnification. The de gree of 

degen eration demonstrated by the t wo methods is compar a ble. 

The skeletal muscles of the r ats receiving a thiami n e-

free die t were atrophied, accompanied by an increase of c on -

nective ti ssue . The rat s receiving t he 5 microg r am supplements 

of t h iamine in Group s A and D showed less atrophy , an increase 

of connective tissue, and a los s of muscle striations . Some of 

the muscle fibers from the eight r ats in Gr oups B and C wer e 

de gen erated . 

Degenerative changes in the muscl e fibers of r a t 114 are 

i llustrat ed in Figure 2 5 . The light areas in the photomicr o -

g raph represent t he d e generated blue-stained fib er s in contr ast 

to the pink-stained normal fibe r s. Advanced deg ene r ative 

changes of the ske letal muscle of r at 117 ar e seen in Figure 

26 . Calc ification, hyaline degener ation, and connective 

ti ssue p r oliferation a r e present . Figure 2 6 s uggests that the 

de g en erating muscle fib e rs, as shown in Fig ure 2 5, may even-

tually become hyalinized and calcifi ed . Gr oup E , receiving 

50 microg r ams of t hiamine daily , s howed some hyalinization of 

the musc l e ce lls as s een in Figur e 29 ( rat 1 24) . 

The k idneys f r om the r a t s in Gr oups A and D are atrophied . 

Albuminous d e generation is pr esent in the tubules thr oughout 

the k idney . This degenerative p r ocess occurs in the entire 
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series of rats. The kidney tubules of the rats on the commer-

cial fox chow reveal less albuminous degeneration than the 

other groups. Calcified areas in the cortex of the kidneys are 

found in rats 114 (Group B), 117 and 118 (Group C), and 124 

(Group E). These areas are found close to the capsule. 

Figure 27 shows this condition in rat 117. Hyaline casts are 

present in the kidney tubules of the rats from Groups B, C, 

and E. These casts appear in the tubules of the medulla as 

shown in Figure 28. Many degenerative changes have occurred 

in the kidney of rat 118. In addition to the calcified areas 

in the cortex and hyaline casts in the tubules of the medulla, 

there are areas of necrosis in the cortex which have not become 

calcified. Proliferating connective tissue can be seen around 

the necrotic areas. The kidney from this rat shows more path-

olog ical changes than the other kidneys in this series of rats . 

The s e alterations may account for the rapid loss in wei ght of 

rat 118, as seen in Figure 3 . The Marchi method demonstrates 

a trace of fatty de generation in the kidney of t h is rat while 

the other kidneys reveal no fatty de generation. 

The heart appeared normal in these animals with the excep-

tion of a few hemorrhages . Patholog ical changes in the sciatic 

nerve and s p inal cord could not be demonstrated with hematoxy-

lin and triosin stain. 
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Fi g . 22. Liver of r at 108 showing dehydration 
atrophy . Hematoxylin and triosin. X300 , 



Fig. 23. 
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enerated 108 showing d~gtriosin. f r a t ylin an Medulla o Hematox Ve cells. ner 
X300 . 



Fig. 24. 
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Liver of rat 109 s howing fatty degenera-
tion. Hematoxylin and triosin. X300 . 
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Fig . 2 5. Skeletal muscle of r a t 11 4 s howing de gen-
erat ion . Hematoxy lin and triosin. X300. 



Fig. 26 . 
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ll7 showing Skeletal muscle ~f o~a~d calcification. 
hyaline de gene~atriosin. X300 . Hematoxy lin a n 
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Fi g . 27. Kidney (cortex) of r a t 117 showing calcifi -
cation. Hematoxylin and triosin. X300. 
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Fi g . 28. Kidney (medulla) of rat 117 s ho wing hyal1ne 
casts. Hematoxylin and t riosin. X3 00 . 
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Fig . 29. Skeletal muscle of rat 124 showing 
hyaline degeneration. Hematoxylin and 
triosin. X300. 
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IV. DISCUSSION 

Deficiency diseases in animals are associated with alter-

ations in tissues, varying from well-marked lesions to very 

slight changes that can be demonstrated only by special methods. 

The rats in this experimen t showed similar pathological changes, 

but the degree of change varied with each group. 

This experiment was carried out in the summer of 1947. 

McCay (53) stat es that animals re quire more thiamine in cold 

weather to form body heat than in hot weather. This factor 

may account for the longe r survival of the experimental 

animals as compared with those of similar investigations. The 

need for thiamine increases in direct proportion to the break -

down of carbohydrates. Therefore, it is possible to deplete 

the thiamine reserve in the animal body by feed ing a high 

carbohydrate diet. Exercise also aids in depleting the thiamine 

reserve because the metabolic processes in the body are in-

creased. It is known that a rat needs one-third more thiamine 

when exercising (53). The rats in this experiment receiving 

no thiamine were the l east active. 

The function of thiamine in carbohydrate metabolism is 

well-known. Thiamine is converted to a diphospiate ester in 

the animal body which is known as cocarboxylase or thiamine 

pyrophosphate (54). Thi s ester acts as a coenzyme with the 

enzyme carboxylase in the decarboxylation of pyruvic acid . 
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The latter compound is an intermediate product of carbohydrate 

metabolism . In the absence of thimaine, the pyruvic acid level 

in the tissues rises above normal. This condition may occur 

when thiamine-de ficient diets are fed. The pyruvic acid level 

in the tissues may also be increased artificially by feeding 

thiamine analogues which compete with cocarboxylase for the 

enzyme carboxylase. Figure 6 shows that competitive inhibition 

has occurred between thiamine and its analogue . 

The thiamine analyses from each group of rats are correl-

ated in Figure 7. It is obvious that rats receiving an 

optimum amount of thiamine have a greater concentration of 

thiamine in their tissues. The tissues from rats receiving 

thiamine-deficient and thiamine-free diets were consistently 

low in thiamine. Supplementa tion with 5 micrograms of thiamine 

raised the thiamine levels only slightly. Growth, however , was 

stimulated as shown in Figures l t o 4 , inclusive . 

The results of the t hiamine analyses of rat 118 in Table 4 

are not recorded in Figure 7. Severe degenerative changes were 

present in the kidneys of this r a t, but its cause could not be 

determined. The Marchi method revealed fatty de generation in 

the kidney tubules. Considerable necrosis of these tubules was 

seen in the sections stained with hematoxylin and triosin. A 

small amount of calcifi cation and connective tissue prolifera-

tion of rec ent orig in .wa s present. 

The thiamine analyses a r e summariz ed in Table 4, and 

pertinent data re garding each animal are included. This table 
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shows that the weights of the livers va r ied fro m less t han one 

and on e -half grams to 14 grams . Considerable tissue atrophy 

was pre sent in the animals of GroupeA and D. These animals 

weighed less , after a period of approximately 35 days, than at 

the beginning of the experiment. The severe dehydration of t he 

muscles in rat 108 may partly explain the h i ghe r concentrat ion 

of t hiam ine in the muscle than in the liver. 

Polar izeJ light is a rapid method in examining myelinated 

nerves for degeneration. The method , however, has some d isad-

vantages as co mpared with the Marchi method . With pol arized 

light , photomicrographs must be taken immediat e ly in order to 

obtain a per manent r e cord of t he obse rved field because the 

ti ssue pr epar a tions are not permanent . Another disadvantage 

is the f act that only one field is recorded while in the Marchi 

method the entire tissue section is permanent and may be 

examined later. 

Table 5 is a summary of the pathological changes observed 

in the sections that were stained by the .Marchi method . Plus 

signs indicate the degr ee of de generation whi ch was observed. 

Small amounts of fatty de gener ation are r e corded as a trace. 

Three pl us s i gns indicate an extreme degree of degeneration 

while one and two plus s i gns si gnify intermediate changes . 

The occurrence of f at ty de gener at ion in the l ivers of r ats 

on a thiamine-defici ent diet and its absence in a thiam i ne -free 

d i et have no t been explained . However , some investigato r s have 

shown that the metabolic processes of rat s receiving a thi amine-
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free diet are decreased . Although the daily administration 

of 50 micrograms of thiamine is conside red ade quate for normal 

g rowth, the rats in Group E, receiving this level of thiamine 

daily, showed fatty de generation of the liver. Therefore, it 

a ppears that some factor in the diet other than thiamine may 

have produced the fat ty degeneration in the liver. 

Cardiac insufficiency may produce severe congestion in 

the organs returning blood into the venous circulation. As the 

blood becomes deficient in oxygen, degenerative changes in 

these organs are likely to occur. It is possible that the 

fatty degeneration in the liver, since it is centrally located 

in the lobules, may be a manifestation of cardiac insufficiency 

caused by a thiamine deficiency. Eddy and Dalldorf (55) 

observed central necros is of the liver in cases of beriberi. 

The de g ene rative changes in skeletal muscle (Figures 25, 

26, and 29) were observed in every animal except those 

receiving a thiamine-free diet or t he co mme rcial fox chow. 

Wells (56) believes that Zenker 1 s waxy degeneration in skeletal 

muscle is due to an incre asej accumul at ion of acid by a 

defective oxyg en supply. He has produced this condition in 

muscle fibers by the application of a weak solution of lactic 

acid. Since the lactic acid concentration in the tissues is 

increased in thiamine - deficient animals, degenerative c hanges 

in the muscles may occur. Runnells (57) stat es tha t calcifi-

cation may accompany hyalinization where necrotic areas are 

being encapsulated. The skeletal musc l e of rat 117 ( Group C) 
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shows these degenerative changes as illustrated in Figure 26. 

The myelin sheath degeneration which was observed in the 

rats receiving an adequate amount of thiamine (Groups E and F) 

indicates that some factor other than thiamine may be involved. 

Engel and Phillips (44) found that myelin sheath degeneration 

was seldom observed in a rat on a thiamine-deficient but 

otherwise adequate diet. The same investigators (42) demon-

strated that riboflavin was necessary to prevent myelin from 

de generating . Publications by Sutton, Setterf ield, and 

Krauss (33) and Satterfield and Sutton (35) suggest vitamin A-

deficiency as the causative factor in producing myelin sheath 

degeneration. Eve l .eth and Biester ( 45) concluded that neither 

vitamin A nor the B-complex was res ponsible for myelin sheath 

degeneration in the spinal cords and peripheral nerves of 

swine. 

Many investigators have found that thiamine deificiency 

does produce myelin de generation. There is a possibility that 

the diets of these animals may have been deficient in some 

factor other than t hiamine. It is eviden t that more r esearch 

should be done to determine the exact cause of myelin degener-

ation since the re sults appear to be inconsistent. The results 

obtained by the po l ar i zed li ght method and the Marchi method 

for demonstra ting de generation in myelinated nerves are in 

a gr eement. 
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V. SUMMARY AND CONCLUSIONS 

1. Competition between t h i amine and the o-aminobenzyl analogue 

of thiamine for the enzyme carboxylase is demonstrated. 

This is shown by the growth inhibition of Group C as 

compared with Group B. 

2. The pathological changes observed with polarized light and 

by the Marchi method in the sciatic nerve are very similar. 

3. Polarized light is a rapid and accurate way to check myelin 

sheath de generation in peripheral nerves. 

4. The o-aminobenzyl analogue of thiamine alone does not pro-

duce pathological changes in rat tissues. 

5. Degenerative change s in rat tissues from thiamine deficien-

cy are albuminous degeneration of the kidney tubules with 

the formation of hyaline casts, degeneration of skeletal 

muscles, and calcium deposition in skeletal muscles and 

kidneys. These changes may be caused by high concentration 

o! lactic acid in the blood and tissues. 

6 . Fatty degeneration of the liver was observed in rats on a 

thiamine-deficient diet whil e it did not appear in rats on 

a thiamine-free diet . 

7. The h i gh concentra tion of thiamine in the liver and kidney 

of normal rats is depleted in thiamine deficiency until it 

reaches the thiamine level of the other tissues. 

8 . Chronic thiamine deficiency produces more pathological 
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changes in the tissues than acute thiamine deficiency. 

9. Thiamine therapy is successful in rats suffering from 

thiamine deficiency when the ti ssues have not been damaged 

beyond repair. 

10. It is believed that some factor other than a thiamine 

deficiency is the cause of myelin degeneration in the 

medulla, spinal cord, and sciatic nerve in the rat. 
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