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TABLE 
--''---

THIAMINE - ROLES IN METABOLISM 

I. FORr~S OF THIAMINE IN THE BODY (ref 1-3) 

A. THIAMINE DIPHOSPHATE (PYROPHOSPHATE) - TOP 
Synthesized from thiamine and ATP 
Enymatic reaction requires Mg++ 
Thiamine + ATP Mg++ ' TOP + AMP 
Constitutes 80% of Body Thiamine 

B. 

c. 

D. 

THIAMINE TRIPHOSPHATE - TTP (ref 74-77) 
Synthesized from TOP and ATP by the enzyme TDP-ATP phosphoryltransferase 
TDP + ATP TTP + ADP 
Constitute~ 10% of Body Thiamine 

THIAt~INE MONOPHOSPHATE (TMP) > 10% Body Thiamine 
FREE THIAMINE 

II. ACTIONS OF THIAMINE (ref 1-3) 

A. THIAMINE DIPHOSPHATE - "COCARBOXYLASE" 
1. Glycolytic Pathway 

Ox -idative-decarboxylation of pyruvate to Acetyl CoA 
2. Citric Acid Cycle 

Oxidative-decarboxylation ofo<-ketoglutarate to s uc~ nate 
3. Pentose-Phosphate Pathway 

Two transketolase reactions with the transfer of 2 carbon unit from 
Xylulose-5-P 

a. To Ribose~5-P form sedoheptulose-7-P and glyceraldehyde-3-P 
b. To Erythrose-4-P to form Fructose-6-P and glyceraldehyde-3-P 

B. OTHER FORMS OF THIAMINE (ref 74-77) 
1. TTP is the neurophysiologically active form of thiamine (Cooper et al .) 
2. TTP important in the binding of TOP to its apoenzyme (Yusa & Maruo) 
3, Evidence in support of a coenzyme-independent role of thiamine in the 

nervous tissue 
a . . Inconsistencies in the correlation between neurrilogical signs in 

thiamine deficiency and activity of TPP-dependent enzymes in nervous 
tissue 

b. Electroph,Ysiological effects of pyrithiamine, an antimetabolite of 
thiamine, are due to displacement of thiamine from the nerve, rather 
than to enzy~e inhibition 

c. Thiamine is localized in nerve membranes, as opposed to axoplasm 
d. Both electrical stimulation and neuroactive drugs release thiamine 

from a variety of intact nerve preparations. Neuroactive drugs also 
specifi ~ally release the vitamin from nerve membrane fractions 

e. As nerve membranes are purified from a brain homogenate, the percentage _ 
of the thiamine triphosphate (TTP) form of the vitamin incr·eases 

f. Thiamine restores the action potential in an ultra -violet irradiated 
nerve 
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TYPES OF BERI-BERI AND PREDISPOSING FACTORS 

· . --rDry } 
I H S 

} 
_.Acute Cardiovascular B-B~Ed atous CV Collapse . yperacutc evere _......., em 

Deficiency ~Cerebral B- B ,." .,;:r 

II. Moderate Deficiency}+ 
Severe Physical 

Exertion 

/ 

.,.,"""., 
.,-' 

,. 

Wet Beri-Beri with little or no peripheral neuritis 

' . Ill. Moderate Deficiency L_.,.__ Typical mixed Beri-Beri i.e. Wet Beri-Beri plus 
Modera~e Activity j peripheral neuritis 

IV. Slight Deficiency r 
Caloric Restriction 
Relative Inactivity 

Dry Polyneuritic Beri-Beri 

CLINICAL PICTURE OF CEREBRAL BERI-BERI 

Signs and Symptoms in Order of Appe'arance 

I. Vomiting- Persistent, effortless 

2. Nystagmus -Starts few days after vomiting 
Horizontal more frequent than vertical 
At times elicited only by lateral gaze 

3. Palsy of External R~ct.- Unilateral or bilateral 
Nystagmus decreases with appearance 

of ocular palsy 

4. Progressive Mental Deterioration -
Loss of interest - Present and past 
Dull apathy -+ Confabul ation ~Disorientation__.,_ 

Hallucinations ~ Coma~ Death 

5. Fever- Unexplained - probably central 

6. Ataxia- Frequently absent - Ataxia of gait 
Seldom seen in individual movements of arms or legs 

. . ----- -- - - - ----- · 

., 
) 

' 
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TABLE II 

NEUROLOGICAL CONSEQUENCES OF THIAMINE DEFICIENCY (ref 4-25) 

I. ACCEPTED (4-10) 

A. PERIPHERAL NEUROPATHY 

B. WERNICKE'S ENCEPHALOPATHY 

c. KORSAKOFF'S PSYCHOSIS 

II. PROBABLY RELATED TO THIAMINE DEFICIENCY (10,11) 

A. CERE BELLAR DEGENERATION 

B. AM BY LOPIA 

c. MARCHIAFAVA-B IGNAMI DISEASE 

D. CENTRAL PONTINE MYELINOLYSIS 

III. PO SSIBLE DEPENDENCY ON INCREASED REQUIREMENTS FOR 
THIAMINE (74-87 ) 

J 

A. LEIGH'S DISEASE SUBACUTE NECROT IZING ENCEPHALOMYELOPATHY (74-81 ) 

B. ONDINE 'S CURSE - FAILURE OF AUTOMATIC CONTROL OF VENTILATION (82,83) 

IV. GENETIC THIAMIN E-DEPENDENT STATES (24,25 ) 

Table 3 . The Vitamln-rHpanlive Inborn Em»·s of Metllbolltm (Hei'.dltary Vtt..mln Ot,.,.ndenciMI 
---------------------------- ---------------

Dose for Treatment ApoentyrN AHtct.ct Comment• on Avpt~nt Mt<:han,.,-n 
(Per Davl o ....... Proven or Pre•um.dlll of Vttamm A.spont.r.oeneM ........ ._ 

20 mg Megalobla&ltc anemit Unknown Two repor1a : mec~rnm 47 
unknown 

6-20 mg Intermittent cerebellar ataxia Pyruvate dehydfooenne m Several forma prOO.bfy. 48. 49 
Mtchaniam of ret.pOOM 10 

mu.ai..,.. doMI unknown : re-
aponN IQUIVOCII 

6- 20 mg lActic acidosis Pyruvlla cerboiCVIIH Problt>MI "thunt'' m.chamsm via 60 
pyruvate O.hvdtOQentM 

5- 20 mg Branched-chttn tminoaci - 8ranched-chttn keto t c ld "- · Chn•ullv. ''mild" fofm. R•••dua l 61 
dop.1thy IM SUO vtntntl hydrooenaN IO.clrboxylaN tntynle t CUVlty (1 0%- 16% 

compon.nl) notmel). Uuamu\1 may;.,. 

aaaN •mount of mutant 

enrvmt 

i . 
I 
I 
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CASE I  - admitted  D'ied  

This 52 year old chronic alcoholic woman was brought to the hospital 
in a confused state. About 2 weeks prior to admission she developed post 
prandial nausea and vomiting which lasted several days. About this time her 
son noted that she was displaying mental .changes, some confusion and loss of 
memory. Following thi~ weakness of the legs, unsteady gait, anorexia and 
progressive mental changes were noted. Six days PTA she became febrile, and 
more confused. She was placed on oral antibiotics which were given until the 
time of admission without improvement in her clinical condition. 

She had been a heavy drinker for 16 years, consuming about 1 pint of 
of whiskey or a bottle of wine per day in addition to a large amount of beer. 

Px on admission revealed an acutely ill woman, confused, lethargic, 
disoriented who was dehydrated and febrile. B.P. 110/60 P.92 R.22 T.l04. No 
spider angiomata were seen but the liver was felt 2F-lt CM. The heart and lungs 
were normal. Neurological examination revealed diminished DTR's in the arms 
and absent DTR's in the legs. Nystagmus and EOM paralysis were not found. 
Initial chemistries revealed co2 21 mEq/L, Cl 106 mEq/L bilirubin 3.2 mg %. 

Thiamine deficiency was not suspected on admission. The apparent dehy
dration was treated with ll of NaCl and 4L of 5% glucose. No vitamins were 
given. Shortly thereafter the patients blood pressure fell from 110/80 to 
80/50. Levophed was begun and the patient given another 4L of glucose. The 
collapse worsened and did not respond to increasing amounts of levophed and 
hydrocortisone . By 7:30 p.m. on  she was edematous and in profound collapse 
without obtainable blood pres sure. She died shortly thereafter. 

Post mortem examination revealed the classical findings of Wernicke's 
Encephalopathy, focal necrosis of the heart muscle and portal cirrhosis. 

CASE II  Admitted /72 

This was the third  admis s ion of this 51 year old man who was 
previously admitted in  1962 and  1966 for Wernicke's 
Encephalopathy, Korsakoff's Psychosis and Chronic Alcoholism. Prior to 
this admi ss ion, the patient had been drinking heavily for a long time. 
About a week PTA he developed anorexia with occasional vomiting. This was 
followed by increasing confusion. Three days PTA he became bedridden be
cause of ataxia and ~1eakness. At this time he stopped drinking. Beca use 
of this sequence of events he was brought to the emergency room and admitted. 
Initial examination revealed bilateral lateral recti muscle paralysis, dys
conjugate gaze but no nystagmus. He was oriented to person only, showed poor 
short term memory and confabulated freely. There were also apparent auditory 
hallucinations and misinterpretation of his surroundings. T.P.R. were normal. 
The remainder of the physical was none contributory. Initial lab - T.P. 7.9, 
alb 3.6, Ca 9.9, Glue. 110, BUN 11, Bili 1.1, SGOT 149, Hgb 13, Hct 40, MCV 107. 
Skull and chest X-rays ~egative. 

The p·atient v1as given large amounts of thiamine folate .and multivitamins. 
By the next morning his EOM were normal and mtld nystagmus was noted. This 
disappeared by the next day. Korsakoff's Psychos is improved slowly but at the 
time of discharge, while improved, he was far from normal according to hi s wife. 
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GLOBAL CONFUSIONAL STATE 

A ~uiet, Hypokinetic Delirium , Composed of: 

1. General Fatigue and Apathy 
2. Impairment of Awareness and Responsiveness 
3. Disorientation and Confusion 
4. Inattention and Failure to Concentrate 
5. Derangements of Perception and Memory 

Except for Defect in Memory - Favorable Response to s1 

KORSAKOFF'S PSYCHOSIS 

1. In 80% of cases -As symptoms of Global Confusional State subsided 
in days to week, Korsakoff's stood out in pur~ form 

2. In 20% Korsakoff's Psychosis was recognized at onset 

3. Only 9 of 245 cases of Korsakoff's Psychosis (3.7%) were not preceded 
by Wernicke's Encephalopathy 

4. Characterized by 

a. Retrograde Amnesia - Inability to recall information acquired 
months to yea rs before onset of illness 

b. Anterograde Amnesia - Impaired ability to acquire new information 
i.e. to learn or form new memories 

c. Confabulation - Neither consistently present nor essential for 
the diagnosis 

d. Usually alert, responsive and show no serious defects in social 
behavior 
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COURSE OF WERNICKE'S ENCEPHALOPATHY 

MORTALITY- 17% DIED DURING ACUTE ILLNESS- AV. 8 DAYS (1-21) 

MODE OF RECOVERY 

EYE CHANGES 

6th NERVE PALSY - Corrected In All 
l/3 in 6 Hrs 1/3 in 7-24 Hrs 1 I 3 in 1-4 Days 

HORIZONTAL GAZE PALSY - Complete Recovery 

HORIZONTAL NYSTAGt~US - 40% Complete Recovery 

ATAXIA 

38% Complete Recovery 
35% Incomplete Recovery 
27% No Significant Improvement 

MENTAL CHANGES 

,j 

GLOBAL CONFUSIONAL STATE -· Complete Recovery Unless Followed By 
Korsakoff's Psychosis 

84% of WERNICKE'S Developed KORSAKOFF'S 
Complete Recovery in 21 % 
Moderate Improvement in 25% 
No Significant Improvement in 54% 
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SYMPTOMS AND SIGNS IN WERNICKE'S ENCEPHALOPATHY 
(From DeWardener and Lennox - Ref #4) 

SYMPTOMS 

Loss of n.ppct ito 
Ey0 symptom;; : 

,\~a\·ering of fields of visiou on look 
ing -to the s id0 

Diplopia .. 
1 'hotopho bia 

Nnusen nnd vomiting 
Insomnin. 
Giddiness 

SIGNS 

.Vo. of cases 
-W (88%) 
3:l (6:1%) 

:!-! (4U%) 
:!:l (44%) 

:l (H%) 
:n (57'\ ,) 
::!0 (:lK'j;,) 
11 (21%) 

(a) The ('!JI: dwngr·., r·.an Uf~ cla.o1:1ifletl n.s follow::;: 
.1\fu. vf ca,qrJJ 

NyBtag nHoh . . t>:! (I OO%) 
Ext.enud r<wLns fatig ne and ))(11'otl ,,· s i s 14. (:!!i ".;,) 
Complc !c di sronjugu Le wandering -1 (X "~, ) 
Loss of vi<mnl a<·Hit.y '' (·1':·;,) 
l">npilhl'dcma L ~ (·l "~. ) 
Pupil almormnlities ·> (.J.':.;,) 
Ptosis (:.?':.-;,) 
Complete ophthnlnwplcg itt (2%) 
Retinal ha'lii<Jl't'h<lgt) :< (:! ''U 

(b) JlJenlal dtai~(JC8 ea.u UC t•.]a~l-l if1e<l :l.- ~.l follow~: 

Emotionnl eha.ngcs : 
Apprehension -
Apathy 
Exci torn en t 

l\iomory loss fc·r roccJJf, event~> 
Disorientttt.ion 
Confn.bulntion nnd hallu<:inutions 
Conv11lsions 
l':uddou oul:!ot ol'mlvo.w:c<l nJentltl . sigw:~ IIH 

first.. cvidonc:e of cerobrnl beriberi 

.vo. of cases 

:15 ( m '~It, l 
17 (:1:!'\,) 
l7 (32';-,,) 
7 ( J.:I 'Y,,) 

:12 ·(li I 'i~ ) 
24 (41i ':fu ) 
I:l (:.!u%) 

1 (:!'~{,) 

h> (HI%) 
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FINDING IN WERNICKE'S ENCEPHALOPATH{ 
(From Victor, Adams and Collins- Ref 9) 

r Mento! ond behovioral obnormalities in 229 cases of the Wernicke
- -- ~c:·~:;;s~ldf syndrome at the time of tho initial examinotion 

Stupor 

Como 

Alcohol obst inenco syndro me; 

Globol confusionol stoto 

•Disorder of mernory 

N o mentol obnormolity 

Number 

9 

2 

36 

128 

13 I 

23 

Per cent 

I 

16 

56 

57 

10 

Incide nce of oculor obnormalities in 232 coses of the Wernicke
Korsokoff syndrome 

Sign 

Nystagmus 

Lotorol Rect us Polsy, Bilot crol 
Complete 
Partial 

Conjugate Goze Palsy 

Pupillory Abnormol ity 

Retinol Hemorrhoges 

Ptosis 
Biloterol 
Unilateral 

Centro! or Cococenfrlll Scotomoto 

No Ocular Abnormality 

No. of Cues 

38 IS) 
87 121 

198 (65)' 

125 171 

102 I6J 

43 

6 

Incidence of ataxia in the Wernicke-Korsakoff syndrome 

Abnorn1ality 

Atoxie of Go:t 
Mild 
Modorote 
Severe 
Normal 

Afo ai e of leg5 
·Mild 
Moderote 
Severe 
Norm of 

Ato xio o f Arrn1 
Mild 
Moderole 
Severe 
Normol 

Alo l itt of Speech 
Ab110rmal 
Norrnal 

lr.«:ldc~nc:• 

N = 188' 
67 
56 
10 
75 

N ~ 188' 
78 

7 
l 

ISO 
N = 191' 

IS 
5 
7 

169 

N = 1eo• 
IS 

165 

36 
30 
21 
ll 

IS 
4 
7 

80 

88 

92 

Per cent 

85 

54 
16 
38 

41 

19 

3 

<t 

4 

Time of onset of improvement of the obnormolitios in tho Wernicke
Korsokoff syndrome• (expressed os per cent of coses in which odoqunte follow-up 
do to wore ovoiloblo) 

Abnorm• lify 

6th Norve Pa!:y ("' = 52) 

Gaze Polsy 
Horizontol (N = 45) 
Vorticol IN = 26) 

Nystcgmus 
Horizontal IN = 20) 
Vertical IN = 28) 

,_taxio IN = 26) J 

Globol Confusion IN = 48) 

Korsol~ff's Psychos is IN = 22) 

Time After ln.-titution of Tr'edment 

1-24 hours 2-7 doyt 2-4 w•••• >I month 

62 38 

62 38 
50 31 19 

IS 10 10 
25 54 21 

58 35 

IS 46 )) I> 

0 27 M 
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FACTORS ASSOCIATED WITH THE PRODUCTION 
OF 'I'HIAMI NE DEF ICIE NCY STATES 

I. INADEQUATE INTAKE OF THIAMINE IN THE DIET 

A. REVIEW OF NORMAL REQUIREMENTS (ref 24, 27-35) 
B. FACTORS INCREASING REQUIREMENT~ 

1. Fever- Infections (33) 6. Losses From Body 
2. Hyperthyroidism (33) a. Diuretics (29) 
3. Exerci se (33) b. Hemodialysis (22) 
4. Pregnancy - Lacta t ion (33) c. Peritoneal Dialysis (23) 
5. High CHO Diet (21) d. Diarrheal States {43) 

e. Starvation - complete (35) 

II. DEFECTIVE INTESTIN~L ABSORPTION (ref 36-47) 
I 

A. REVIEW OF NORMAL ABSORPTION (ref 36-39) 
B. MALABSORPTION STATES (38 ) 
C . . ACHLORHYDRIA AND ANTACID INGESTION (45) 
D. EFFECTS OF ALCOHOL (40-42 ) 
E. EFFECTS OF LIVER DISEASE (40-42) 
F. EFFECTS OF FOLATE DEPLETION (46) 

III. DEFECTIVE UTILIZATION - FAULTY HOLOENZYME FORMATION OR ACTION (ref 47-52) 

A. LIVER QTSEASE (47-52) 
B. MAGNESIUM DEFICIENCY (5la) 

IV. DESTRUCTION OF THIAMINE IN THE G. I. TRACT_ (53-73) 

A. ROLE OF BACTERIAL SYNTHESIS IN DIETARY REQUIREMENTS (53-57) 
B. BACTERIAL DESTRUCTION - "THIAMINASE DISEASE" OF JAPANESE (58-60) 
C. THIAMINASE INGESTION - LESSONS FROM ANIMAL DISEASES 

CHASTEK'S PARALYSIS OF FOXES, CATS AND HORSES (61-73) 
(The Saga of the Silver Fox) 

D. THE ENIGt~A OF THIAt~INE DEFICIENCY IN RUMINANTS 

V. VITAMIN DEPENDENT GENETIC STATES (VITAMIN RESPONSIVE INBORN ERRORS 
OF METABOLI S~1) - REQU_I RE CONTINUOUS PHAI~MACOLOGI CACilliSES OV"-11-iTAMI NE ( 24,25) 

A. THIAMINE RESPONSIVE t~EGALOBLASTIC ANEMIA 
B. THIAMINE RESPONSIVE INTERMITTENT CEREBELLAR ATAXIA 
C. THIAMI~E RESPONSIVE LACTIC ACIDOSIS 
D. THIAMINE RESPONSIVE BRANCHED-CHAIN AMINOACIDURIA 

VI. POSSIBLE VITAMIN DEPENDENT STATES ASSOCIATED WITH AN INHIBITOR OF THIAMINE 
PYROPHOSPHATE -ADENO SINE TRIPHOSPHATE PIIOSPHORYL TRANSFERASE IN URINE AND--
liTiiOif-=--RE:QUIRES PHARMACOLOGICAL DOSES OF THrl(MINE - (74-87T _____ _ 

A. LEIGH'S DISEASE- SUBACUTE NECROTIZING ENCEPHALOMY ELOPATHY (74-81) 
B. ONDINE'S CURSE- FAILURE OF AUTOMATIC CONTROL OF RESPIRATION (81-87) 
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I. lliADEQUATE INTAKE OF THIAMINE IN THE DIET . 

A. REVIEW OF NORMAL REQUIREM~N1~ 

1. VITAMIN DEFICIENCY STATES- sine~ vitamins are ess~ntial precursors 
of coenzymes, a deficient supply eventually affects all functions 
dependent on the precursor form. 

a. Leads to a broad spec trum of biochemical abnormalities 
b. Usually responds to replacement at the Recommended Daily 

Allowance (RDA) 
c. Dieta ry deficiency more or less obvious 

2. VITAMIN-RESPONSIVE INBORN ERRORS OF METABOLISM (Ref 24, 28) 

a. Inherited disorder 
b. Involves a specific b~ochemical abnormality 
c. Responds only to pharmaco logical dose s of the vitamin 

( 1 0-1 OOOX RDA) 
d. Lifelong spec ific req uirement for pharmacological doses 
e. Augmented doses do not produce toxicity it might in a 

non-dependent person 

3. DAILY REQUIREMENT FOR THIAMINE (Ref 27-35, 24) 

Minimal 0.3 3 mg/1000 kca l mi xed diet 
RDA 0.54-0.66 mg/1000 kcal mi xed diet 
Needs decrea sed by hi gh fat intake 
Needs increased by high CHO intake - Minimal needs grea ter 
than 0.5 mg/1000 non-fat kcal 

Body Stores - Meager - between 25-30 mg 

B. FACTORS INCREASING REQUIREMENTS 

1. FEVER- INFECTIONS (33) 

2. HYPERTHYROIDI SM (33) 

3. EXERCI SE (33) 

4. PREGNANCY - LACTATION (33) 

5. HIGH CHO DIET .(21) 

6. LOSSES FROM B~DY 

a. Diuret ics (29 ) 
b. Hemodialys i s (22) 
c. Peritonea l Dialysis (23) 
d. Diarrheal States (4 3) 
e. ·starvation - complete (35) 

l 

u 
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II. DEFECTIVE INTESTINAL ABSORPTION OF THIAMINE 

A. REVIEW OF NORMAL ABSORPTION (Ref 36-38) 

1. Low doses of thiamine are absorbed in vivo in the small intestine 
by an active process (36) ---

2. Large doses of thiamine block the active process and are absorbed 
by passive diffusion (36) 

3. Duodenum and upper small intestine are the sites of maximum absorption 
in rats (37) and man (38) 

4. A greater proportion of a small dose is absorbed than of a large dose (38) 

7'able II . SeYcnty-two hom urinary ~XC I'Ction of rauioacth·e thiamine by lwulthy 
volunteers aflt' r Ynrying oral <.loses of "8-thiaminc hyuroch loride• 

Oral close of 
radioactive thiamin e 

(mg.) 

1.0 
2.0 
2.5 
3.3 

Radionrt ivity pn c f' nt of 
oral dost: 

51.0 ! 2.07 
46.7 ! 4.47 
~9.2 ± 5.0i 
H.4 ! :uu 

1'hia minc, rnean w~.·igh t 

(mg.) 

0.5 1 ! 0.02 
0.93 ! 0.09 
0.98 ! 0.1~ 
1.47 ± 0.12 

5.0 35.5 ± 1.77 1.7i ± 0.0!1 
10.0 43.:i ± li.li:i .a.:t:J ± O.Oti 
20.0 2J .R ! 1.51 ; .77 ! O.JH 
50.0 11. ~ :!: l.R I :./ 1_: 0.90 

Reaulta are expressed ns the me nn !. S .E.M. Urin e wa11 eo ll ectcd r--r · 1. holo-:"-· --
•Subjcc ta W<lre glvt:n 200 mg. O ( t hhlntlne h)'tlr·ochlorhl e' lntr&VCil C•Iu• l )" at th e time ur th e 

oral dose. 

5. Individual variation is great - Mean absorption of 1 mg dose is 50% 
(range = 35-85%) therefore individual efficiency of absorption may 
be an important determinant of individuals B1 requirement (38) 

6. Fate of Absorbed Thiamine (Ref 39) 
a. Most of the absorbed thiamine is phosphorylat~d before it is 

stored in the liver (some also in kidney). 
b. Later the thiamine is dephosphoryluted. The fre e thiamine is 

released for use by other ti ssues where it is again phosphorylated. 
c. Excess above that stored is metabolized or excreted (mainly) in 

the urine as free thiamine. · 
d. The rbc's mayreceiveTPP as such from the hepatic cells during 

passage through the liver. 
e. Total body storage is meager (25 to 30mg) in relation to daily 

needs (circa 1.23 mg) 
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B. EFFECT OF PRH1ARY ~1ALABSORPTION BEFORE AND AFTER TREATMENT WITH A GLUTEN 
FREE DIET ON THE INTEST INAL ABSORPTION OF THIAMINE (Ref 38) 

Primary 
Controls malabsorption 

Untruttd Trrattd 

90 

80 

70 

~ 
60 . . . 

'U 
. 

.!. 50 e 
u 
M • • • . . .. 

40 --0 
'U 

iO 
0 

30 

• 
20 • 
10 

54·1 26·7 40 ·8 
0 5 •66 5·11 3·84 

Flo. 3. Thiamine absorption in various clinical states. 

C. ACHLORHYDRIA AND LARGE DOSES OF ANTACIDS (Ref 33, 45) 

These older studies indi cate significant decrease in thiamine absorption 
under these circumstances . The studies should be repeated with more modern 
techniques. 

D. FOLATE DEFICIENCY (Ref 46) 

Recent evidence by Schenker and co-workers reveal that fol at e defi ciency 
produces a 30-50% decrease in thiamine absorption at low dose l evels but does 
not impair high dose l evel absorption . 
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E. EFFECTS OF ALCOHOL (Ref 40, 41, 47) 

1. ABSORPTION IN CHRONIC ALCOHOLICS (40) 

60 

l~ • 
!!0 

tSO 

~0 

'r 
•t. 

AOMINISTEREO 
OOSE 

MEAN : 

IN 30 
UR INE 

tSO 
20 -• . 
10 

0 I 
CONTROL ALCOHOLIC 

Ftc. 1. Individual percentages of the thiam ine 
dose recovered from the urine of the control and 
alcoholic auUjects in 24 h-r, shown with the mean 
and standard deviation for uch group. 

I} 
2. EFFECTS OF ETHANOL Per se ON ABSORPTION OF l HlAMINE (41) 

10 

~ 
so 
~ etrort l.TUAI.OL :;; 
~..,,,, [THA.NOL. " 40 u 

::: .· .. •o 
~ 
a 
J to 
4 

" 0 ·.· ., 10 

··: 
0 

II l4 ll 
HOU-.:1 

Fig. 1. The radioactivity in the rwr um nnd urine afl~r nd111iniBtrntion of 5.0 mg. of rnclioar. ti,·c 
thiamine orally t o 3 hna lthy !'4Uhjcc ttl with ( -- • - - ) nnd without ( - x - ) prior IHimin· 
istrntion of ethanol (1.5 Om. per kilogrn m) i ::!00 mg. or nonrndioftcti\·n thiumint! Wlll'l KiYCII 

intra\'enously nloug with the oral cJoF!c. 

'------ - -- --- - - - ---------- ---
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F. EFFECTS OF LIVER DI SEASE BEFORE AND AFTER 6-8 WEEKS OF TREATMENT WITH 
A HIGH PROTEIN NUTRITIOUS DIET (Ref 41) 

•• .. 
.. •• r::::::Kr~ ~ •• 
~ •• r.t:;~!:Nrt=J 
~ Z7 

... •• 
<: •• .. 

• • .. 
Ol •• 
" .. .. 

' 

·- -r 

• l•llr• u 11 

Fig. 3. The radio11.r.ti vity in the ~rum ( - -'. -,- e - ) 11.pd urino aft(' r ,_.lmini~t rllt i on of 
5.0 m&'. or rt~.dioll. c t h·e thiamine on.ll )' to 12 mnlnou ri 11.hed alcohol ic patients be fore and aft~r 
treatment ; 200 mg. of noore.dio&ct in l thinmin e ,,.._. given int u n no ualy a long with the 
radiollctin thiAmine. 
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III. DEFECTIVE UTILIZATION OF THIAMINE- FAULTY HOLOENZYME FORMATION OR ACTION (Ref 17-52) 

A. LIVER DISEASE (Ref 48-52) 

In addition to decreased absorption, diminished phosphorylation and storage 
of thiamine in alcoholics with liver disease, the conversion of thiamine diphos
phate (coenzyme) into its metabolically active holoenzyme may also be impaired 
secondary to a deficiency of its apoenzyme. 

1 . HOLOENZY~E FORMATION 

C~IIJ.WmbuiM!' 

Sn:~tcJIII,If'C' t>flmorh.- .. ofo·.J olo/•T" ,.,,,. t,f /, . .., / too ,.,,,..,,uo t l, ·t~·,., /, ·.,,·y . .,·/., ""''" .,, ~. 
f:<'Jb . Throtwdu.-le . / ) ,/,·f•·.tn·r ftUu >l""'"ft o/.wull uo to • o·o·ll,lltl, ·foo 'l ot r o·,,.,,,.,, ,,.., 
ru C'Of'YI!'J'""· .lj ddrrln'o' /<~trntJ / io., "f lon/..,.,.:~nw ,/,.,. '" .,,., ,..,.;'Jm<' oooul<oho•u 

2. CHANGES IN RBC AND LIVER TRANSKETOLASE DURING THIAMINE DEFICIENCY 
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3. CHAN GES IN TRANSKETOLASE ACTIVlTY DU.RI NG THIAMINE DEFIC IEN CY I~ITHOUT 
AND WITH TH E ADDITION OF TOP (Ref 51) - ·--- -·-·---

&0 

... ... -.... ~ 
~ ~ 30 
z ... 
0 w 
;: ~ 20 .. ~ 
...J:zo 
:> ... 
::1: 0 10 - ~ .... _ 
II) 

~·-·-·-..,.___.CONTROL 

o---o 01 DEFICIENT 

DAYS ON TEST 

4. CHANGES IN TRANSKETOLAS E ACTIVITY IN THIAMIN E DEFICIENT HUMAN SUBJ EC TS 
WITH AND HITHOUT LIVER DISEASE BEFORE AND AFTER ADDITIONOFmP-((oe-r10 ,ne) 
\Re'f48' 49) ------- -----
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~ 1200 

!1lrr 

ee t 
~1000 
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' I 
eeoo 
~ ~ . 
~600 •• • 
~·oo 
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l t:. 200 • • 
NO ClltUCA.LLY 

ACT IV( 
SrG~~IF"ICArjT 

CIRRHOS IS HEPATIC ABNORMAUTf[S 

0 II:IC 'fliiAidKH Ol ASC 

fiG. I. Rr-d blood ft.'ll ·lland.ccula§t' ani\ rtr in 
alcoholics \\ilh lhiamilll' c..kfl c it· •• c ~ arul pnipht•ral 
neurup:uh~ . 

- - --·-- -·-·- ·- . 
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B. MAGNESIUM DEFICIENCY 

TRANSKETO LASE ACTIVITY AND TOP EFFECT IN COMBINED THIAMINE AND MAGNESIUM 
DEFICIENCY (Ref 5l a) 

u./ml 8 100<1 TK : ONoTPP . Tl'P ,. 
N, Al,ohol Al<el>ol ... 

0.6 

14 T4A\d 

u./tmdw 
<44 

livtr TK: 0 No TPP • TPP 

Ho Alcohot Altohol 

~ 

to 

10 

Fig. 5 . 1-:fTI'd o{ in \'ilru R• l•l itinn nf tl1bt1ui11 o' l'_l'rnpl1t1!< plllll f' (Tl' l' ) 011 IJ ioml Rml Jivf• r tnw"· 
kt:tolal!e Rct ivity in thiniuiut•-t!,•th-it•nt Rll•l lhiarui uc - Rntl IIIHj.{nNCiuuHII'f11·i 1·n t Jill !! ( Oroup"~ 
~-~ . . 
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IV. DESTRUCTION OF THIAMINE IN THE G.I. TRACT (Ref 53-73) 

A. ROLE OF BACTERIAL SYNTHESIS IN DETERMINING DAILY REQUIREMENTS OF 
THIAMINE (Ref 53-57) 

This still debatable subject deserves re-examination by more modern 
technics. Nevertheless, the data of Najjar and Holt and of Takeuchi are 
impressive. The former found that when 9 subjects were put on a diet 
very low in thiamine (128 Jlg/day) four developed symptoms and signs of 
B1 deficiency in 3-5 weeks whereas 4 other subjects did not develope 
evidence of BJ deficiency even after 2-3 months on this low intake. There 
was a striking correlation between the amount of free thiamine in the feces 
and the development of evidence of thiamine deficiency. Those v1ho developed 
evidence of B1 deficiency excreted in the stool an average of 8.0 pg of 
thiamine per day whereas those who remained symptom free excreted 19 times 
that amount (158 Jlg/day) 

TABLE 1.--0utput of Fn•r a11d Comhincd Thi11111iHr iu Frrrs of 
Patients 011 n Comp/ctrl_v ThiamiHc Free J)it'f 

(.Figures rej"1re~ent mi<'rograms ext·n·lt'tl {>Pr clny, nn u\'ern~c of 
'OCrlods of one wePk's tlurution) 

SulijPrt 

 ...... .. .... . 
 ..... . .. .. .. . 
 . ... . .. . .... . 
. ····· · ···• · · 

B ..... .. ..... . 
 .. . ... . . .. .. . 
 . .... . .. . ... . 
 ···· · · · · · ··· 
..... .. ..... . 

= === 
Thlulllinc in Ft•t'PS 

~------_A__ ____ ---~ 
Pf!riC'Id 1 PNiotl:? 

Sym(Jtoms 
of 

'J'hlnminc 
Deficiency 

r-------__A..._....___, r-----A-- --.. 
.Free Free 
'!'hia- 'J'hla-
mlue 111inc 

Present 9.8 
Pn·sPut 5.0 
Pn~st'nt ti 
I,rcJo;ent 11.5 
(Jm·~ tlonRlJic :!li.O 
Ahscnt 2:JQ 
Ahscnt ;,;? 
Ah8eut 14:~ 
Ah~<'nt fi3 

8.5 
{.5 
5.5 

1Ci .6 

5{)7 
:n 

182 

·~ 
• Indkutt>s thiamine JiiH~ rnled by tre11tnu•nt with clurasc. 

TABLE 2.-Urillary Excrl"lioll of Tlriami11e Followi11q 
Admillislmlioll of Tlziami11e by Enc111a . 

(Micrograms In twelve hour specimen) 

Deforo A Iter 'l'wo 
Subject 'l'hlumluc Eucmn 'I'binmizw E1wmnR 

A .... -~··· · ····· · . . ............. HiO 1,615 
ll...... . ..... . .. ... . . . .. . . ... .. . JU2 5,200 

--- ----·- - ·· - -·- ----- - - - ·-

Finally, Takeuchi's studies indicated that between 0.25 and O.ll IWJ of 
the th i ami·ne synthesized by i ntes tina l bacteria are utili zed by Japa ncse 
adults daily (57) 
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B. THE ROLE OF BACTERIAL DESTRUCTION OF THIAMINE IN THE GASTRO-INTESTINAL 
TRACT (Ref 58-60) 

THIAMINASE DISEASE OF THE JAPANESE 

In 1954 Matsukawa and Misawa isolated a new bacterium from the stool 
of a patient with beriberi which was capable of enzymatically cleaving 
thiamine into its pyrimidine and thiazole moieties and combining the 
pyrimidine moiety with an aromatic or heterocyclic amine. The new bacillus 
was named bacillus thiaminolyticus. A significant percent of patients 
whose stools contained bacillus thiaminolyticus were said to have ''Thiaminase 
Disease". 

Thiaminase Disease is characterized by: 

1. Decreased thiamine content of the blood 
2. Greater retention of thiamine during thiamine loading than control 

subjects (i .e.,ltthiamine sto res) 
3. After saturation, when thiamine was given orally to patients with 

thiaminase disease, the recovery of thiamine in feces and stool was 
reduced (18%) compared to control subjects (85%) 

4. A propensity t6 develope overt ber iberi when strained by a high carbo
hydrate diet or marginal diet 

5. Population surveys in Nigata and Kobe reveal a 3% incidence of baci llu s 
thiaminolyticus in the stool whereas patients with beriberi had an 
incidence of 20%. 

MATSUKAWA, CHANG ET AL. (ref 60) 

Table IV 
10 f mg o thiamine are qiven oraJ..l.L.!.Q_r: 7 successive days. 

Case Excreted in urine Excreted in feces Total 

% % % 
I 4.8 8.3 13.1 
II 11.5 4.3 15 .8 

III 12.5 11.8 24.3 
IV 12.7 7.4 20.1 
v 10.5 6.4 16. 9 

Average 10.4 7.6 18 .0 

Control subjects excreted 85% of the thiamine-about 20% in the urine 
and 65%· in the stool. 
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C. THIAMI NASE IN FOODS - LESSONS FROH ANH1AL DISEAS ES 
CHASTEK PARALYSIS OF FOXES , CAT SANO-HO RSES - (Ref 61- 73 ) 

THE SAGA OF THE SILVER FOX 

In 1932 an epidemic with a 38~ mor t ality ap pea red in the s ilver fo x 
farm of J.S. Chas t ek of Gl encoe, Mi nnes ota . Shortl y th ereafter epi demic s 
in silver foxes were reported in Uta h, Wi sconsin , Sweden and Non~ ay. From 
the early 30' s to 1940's, Green, of the Univers i t y of Minneso t a , and Evans, 
from the U.S . Bureau of Bi ol ogi ca l Surveys, invest i gated these ep idemi cs 
and at a time when the definitive proof that We rnic ke ' s En ce ph alopat hy was 
the consequence of thi amine defi ci ency was not yet in, they made the f ollowing 
important observati ons : 

l. The epidemics occurred wh en fre sh fi sh wa s added t o t he fo xes usua l 
ration (a s little as , lO% fres h fi sh) 

2. After 3 to 6 weeks on thi s di et the foxes developed ata xi a , exqui s ite 
sensitivity to pa i n, pa ra lys i s of the limbs , convulsions and death 

3. The pathologic finding s were almost i de ntical to that descr ibed in 
Werni cke's Di sease 

4. Chastek ·Par-alys i s did not occur 
a. if the fish was cooked 
b. if the fi sh was fed o~ly on alternate days 
c. if s1 were added in large amounts or if the foxes were t reated 

with thiamine 

They concluded that fresh fish either prevented the absorpti on of thi amine 
or destroyed it in the diet. They favor-ed the latter hypoth es i s . 

In the early 1940's Wooley and Krampitz of the Rockefell er In s titute 
and Sealock and co-worker s reported the presence of an enzyme , l at e r named 
thiaminase, in fr es h fish capabl e of rapidl y destroying l arge amount s of 
thiamine. Wooley found the enzymati c activity to be distributed 2/8 in t he 
head (gills mainly), 3/8 in the vi sce ra, and 3/ 8 in mu sc le. Sea lock found 
the a~tivity mainly in he ad and vi scera whereas Bhagrat and Devi f ound about 
32% of total activity in muscle. 

In 1956 Jubb and co -workers r eported a spontaneou s epidemi c of Cha s tek 
Paralysis in cat s f ed a commerical cat food containing whole fi sh and ce real. 
From the early 1940's reports appeared identjfying a thian1inase no t only in 
many fresh and some salt wat er fi sh but also in crus tacea, clams , oys t er s , 
crabs and in a vari ety of plant food s . 

In 1951 Rees and hi s co-worker s in England proved that the Mad -S tagger s 
of Horses al so known as Bracken Fel' n Staggers 1~as the result of thi amine 
deficiency which produ ced a Werni cke's -like di sease in horses . The air 
dried bracken fern contained a potent thiamina se. 

Once the microflora of ruminant s i s establi shed, they no longer r equire 
dietary thiamine s ince the microorgani sms in t he rumen synthes i ze B1 and 
other B vitamins . Ve te rinarians have been pu zz l ed by th e fa ct t hat cattl e 
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and sheep in the U.S., England and Australia develop a di sease similar to 
Wernicke's Encephalopathy known as Cerebrocortical Necrosi s when ingesting 
plants containing a potent thiaminase. 

Moreover, even though thiamine is still present in the rumen, these sick 
~nima l s respond to massive doses of thiamine. In addition, dietary depriva
tion did not produ ce the clinical or pathological picture of Cerebrocortical 
Necrosis - even wh en l arge amounts of sodium sulfite was added to their ration 
to destroy some of the B1 produced in the rumen. 

The mystery was unraveled by the studies of Edwin, Lewis and Allcroft 
and of Pill, Davi s and co-workers. They postulated that the thiaminase pre
sent in perennial rye grass and mouldy barley would cleave thiamine and 
combine the pyrimidine moiety with a naturally occurring base such as picolene. 
This new compound would then act as a metabolic antagonist to thiamine . 

_; -

By feeding calfs a B1 qeficient diet and adding such a compound (Amprolium) 
they were 'able to reproduce the clinical and pathological picture of Cerebra
cortical Necrosis of Ruminants. 

This story may well have a clinical counterpart. It is known that the 
bulk of thiamine is~absorbed in the upper l/2 of the small bowel. Bacillus 
thiaminolyticus which produces Thiaminase Disease and is found in 20% of the 
cases of beriberi in Japan, is present in the lower l/ 2 of the small bowel 
and in the large bowel. Since bacillus thiaminoljticus also splits thiamine 
into its pyrimidine and thiazole moieties and combines the pyrimidine to an 
aromatic or heterocyclic amine, it may by doing this al so produce a metabo lic 
antagonist of thiamine. 



-23-

VI. POSSIBLE VITAMIN DEPENDENT STATES AS SOC IATED WITH AN INHI BITOR OF THIAMINE 
PYROPHOSPHATE - ADENOSIN E TRI PHOSP HATE PHOSPHORYLTRAN SFERASE IN URINE, -!3lJYOO 
-AND SPINAL FLUID . ---

A. LEIGH'S DISEASE - SUBACUTE NECROTIZING ENCEPHALOMYELOPATHY (SNE) 

In 1972 Pincus reviewed 86 cases of SNE and the ev i de nce (Cooper, Pincus 
and Itakawa) which indicates that SNE represents a genetic neurologi cal disease 
resulting not from an enzyme deletion but from production of an inhibitor which 
prevents the enzymatic synthesis of thiamine triphosphate in the central 
nervous system. 

SNE was first described by Leigh in 1951. Although originally considered 
a rare disease more than 86 cases have been reported . Pincus alone saw 10 
cases in the past 18 months. 

SNE is a degenerative disease of the CNS usually ap pea ring before the age 
of two, although a few cases have been repo rted in t eenagers and adu lts. There 
is great variability in the clinical picture. The following occur in varying 
combinations: 

Feeding problems 
Weakness and hypotonia 
Ophthalmoplegia 
Ataxia 
Nystagmus 
Cerebellar signs 

Convulsions 
Loss of vi s ion 
Peripheral neuropathy 
Periods of hyperventil at ion 
Prolonged episodes of apnea 

It appears to be an hereditary disorder of the autosomal recessive type. 
Incidence of SNE in siblings of affected children is 26.8%. The rate of 
consanguinity in the parents of affected children is high. 

Pathological findings are characterized by necrot i zing lesions with a 
characteristic distribution in the midbrain, lowe r brain s tem, sp inal cord , 
thalamic and dentate nuclei, basal ganglia, and optic nerves and tracts. 

The resemblance to Wernicke's Disease has made students of SNE suspect and 
investigate the possibility that it represents a disturbance in thiamine me 
tabolism. Usual doses of thiamine are without effect but se veral children 
have seemed to benefit from the use of pharmacological amounts of thiamine. 

Moreover, the studies of Cooper, Pincus·and Itakawa have di sc losed tha t 
patients with SNE have in their blood, urine and spinal fluid an inhibitor of 
TDP - ATP phosphoryltransferase. Supporting the importance of this i nhi bi tor 
is the evidence that at post mortem thiamine triphosphate was absent in t he 
braio_but pr~sent in liver and kidneys of such patients. In.addition, the 
acti viti es of a 11 the TOP dependent enzymes \vere nonna 1 . 
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SPECIFICITY OF THE INHIBITOR 

An appnlsol of lbe •ptdlklty of the TPP-ATP 
pbospbot)·l lnln!.fora.\e assay for SNE 

Numbu 
Inhibitory Assay 

Positi~·t> _I Negati•·e 
------------

Autopsy-pro\'cn cases of SNE 

Livi ng p<tticnts with SNE 
{autops)' in a sibling) 

Patients suspected of SNE but 
proven to have other condi tions 

Patients once suspected of SNE, 
now felt to ha~e..o the r conditions 

Patients suspt'l.'lcd of SN E, no 
diagnosis yet established 

8 8 

13 12' 

10 10 

41 13 28 

•These have mdudcd Wcrdmg Hoffm:-~n's d1scasc, cerebral arteritis 
Guillian- U.1rn~ syndrome, mult ip le sclerosis, metach romatic leukodystrophy' 
Barter's synd rom~. tuberous sclerosis, progressive supranuclear aphtha !~ 
moplegia, \ Vernicke's encephalopathy and carbamyl phosphate transferase 
deficiency. 

CONTENT OF THIAMINE TRIPHOSP HAT E (TTP), DI PHOSP HATE (TOP), 
~10N0PHOSP HATE (Tt~P) Ariii)FREE ·ffifAMINE IN THE BRAIN 
----lWl\PATIEiTtwTf1TSf~EANDCONfROL s 

Sample TI'P TPP TMP T 

Cerebellum 
SNE 0.1 • 78.0 8.0 14.0 

Frontal lobe 
SNE 0.1• 77.7 14.S 7.8 
Normal (A) 12.4 72.3 4.3 11.0 
Normal (B) 6.9 76.6 11.2 S.3 
Normal (E) 9.9 SB.O 1<4.8 17.3 

U ver 
SNE 9.7 76.2 S.1 9.0 
Nonnal (B) 6.7 77.3 8.0 8.0 
Normal (C) 4.9 74.4 8.S 12.2 
Normal (D) 6.4 75.2 10.6 7.8 
NonnoJ (E) 6.S 63.6 14.0 15.9 

Kltlnq 
SNE 6.6 64.6 24.1 4.7 
Norm al (B) S.l 69.4 9.2 16.3 
Normal (C) s.o 71.6 4.S 18.2 
Normal ( E) 8.6 47.3 19.4 24.7 

• DeJow tho UmJt ot ilenlficaoce. 
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B. ONDINE'S CURSE - FAILURE OF AUTOMATIC CONTROL OF RESP~RATION (Ref 82-87 ) 

Ondine's Curse refers to that form ofalveolar hypoventilation with 
no explanation save for CNS abnormality in the automatic control of 
respiration. As of 1970 only 30 patients were reported in the literature. 
However, in 1972 Lonsdale and Mercer, from the section of biochemical 
genetics of the Cleveland Clinic, reported 4 more cases. Most cases in 
the past were not apparent until the third decade of life . More -recently 
cases have been reported in neonates and adolescents. · 

In many cases apnea occurs only during sleep and attacks of apnea may 
be set off by mild upper respiratory infections. In SNE ep isodes of apnea 
are also common and they are similarly precipitated by mild infectio-ns . 

In 1972, Lonsda le and Mercer using more sophisticated tools for inten
sive investigation reported 4 cases of Ondine's Curse, 3 of the 4 patients 
excreted in their urine a substance exhibiting a highly characteri stic but 
unidentified ninhydrin sta ining chromatogram when the urine was subjected 
to high voltage electrophoresis and ascending chromatography. 

In 2 of the 4 patients the urine was also positive for the inhibitor 
of thiamine diphosphate-adenosine triphosphate phosphoryl transferase. In 
one case the mother of the affected child also had the inhibitor in her 
urine. 

According to Pincus 3 of 5 cases with Ondine 's Curse had a post mortem 
neuropathological findings closely resembling SNE in both the nature and the 
distribution of the lesions. (74) 

A clinical trial in one neonate with Ondine's Curse of pharmaco logi ca l 
amounts of thiamine promptly abolished the recurrent episodes of apnea. 
Moreover, the child has remained free of apneic periods up to the present. 
This case raises the important and neglected problem of crib death syndrome 
which could occasionally be triggered by a viral illness and treated effectively 
with thiamine. (83 ) 
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VII. NEW THERAPEUTIC FORMS OF THIAMINE 

For the past 15 years Japanese investigators have been seeking new forms 
of thiamine which might be absorbed more effectively and enter cells n1ore 
efficiently than thiamine hydrochloride or nitrate, the compounds us ed exclu
sively in this country. In this regard they have been eminently succe ~ sful. 
In Japan, for the past several years, two new forms of thiamine have l1ad wide
spread use because of their ability to produce higher blood, tissue and 
cerebrospinal fl ·uid levels of thiamine. 

Kinetics of thiamine hydrochloride absorption indicate that it is 1·ate 
limited. The higher the oral dose, the smaller the percent of the dose absorbed. 
Moreover, it appears to enter cells by an active process so that tissue levels 
are not proportional to blood levels. 

The two new forms of thiamine are absorbed in proportion to the oral dose 
administered and ' since they enter cells by passive diffusion not only are higher 
blood levels achieved byt higher tissue and cerebrospinal fluid levels are 
fou.nd. 

THIAMINC PROPYL DISULFIDE 

H,cy"y""• 
N0 f11a 

CH,. N-C=C- S-S- CH 1 CH1CH 
I I ' 
CHO CH1 CH1 0H 

THIAMINE TETIIAHYOIIO,fllfFI/IfYL DISULI'IDC 
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COMPARISO~ OF ABSORPTION OF A 50 MG DOSE OF THIAMINE HYDROCHLORIDE 
AND PROPYL DISULFIDE IN NORMAL SUBJECTS 
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COMPARISON OF THE ABSORPTION OF 50 MG OF T HIA~1 INE HYDROCHLORIDE AND 
PROPYL DISULFIDE GIVEN ORALLY IN MALNOURISHED ALCOHOLICS 

WITH FATTY LIVERS 

- ~ 
~ ........ ..................... \ 
....._ , ~ ' '" '" ' ~n • :>c • •u•-co •· •• • 

I 

·.~ ~.,.~~~:;.=:=::::::;~. 
MOIIIIIS 

( 

: 
.. .. 

: .. .. .. 
.. 

'"" ,,, 
UIIIIIUlUli(II IJIOII 

. 
" : 

40 i 

)Q g 
i ... 
! 

EFFECT OF 50 MG THIAMINE HYDROCHLORI DE AND PROPYL DISULFI DE ON 
RBC TRANSKETOLASE IN THIAMINE DEPLETED SUBJECTS 

;; - --

72 TP D THC L 

68 e Allu T'UIIn t lll 

Oltftrt Trh i Mtllt 

64 
- --- ---- - - - - ~---

... 60 

' ~ ~(i 

~ 52 
Me on Nor mal ~ 50 

Ranv e 0 
... 48 

·~II l 
:> 
:;: 4<t ... 
r 36 - -- -0 -r- -- --0 32 .. 
"' 28 

![~~ "' ... 24 
0 

"' 20 I :I. 16 

12 

8 I ·i 0 



•J 

-29-

COMPARISON OF THE EFFECTS OF THIAMIN E PROPYL DISULFIDE AND 
HYDROCHLORIDE ON BLOOD THIAMINE, CEREBROSPINAL FLUID AND 

CLINICAL RESPONSE IN WERNICKE'S SYNDROME 

------- ------

::j 'X 40 -

20 ;:n ~yo 

o-"ii~-~~~ 11--rr--
2 ., 6 46 2 • 6 Z'4 

HOIJRS 

FII'Jft 7. Comparlaon of response of cllrllc.tll 11nd laboratory ab· 
normaliti es In lhlemlne-depleted alcoholics with Wernicke's l!!n· 

cephalopathy li fter oral cdmlnistretlon of 50 rn&: of thiamine 
hydrochlorlda (l"HCI) or thiamine propyl disulfide (TPD). 

These new more effective congeners of thiamine have not produc ed any 
untoward side effects. The main di sadvantage of thiamine propyl disulfid e , 
an allium (garlic) derivative of thiamine, is the annoying side effect of 
producing a garlic odor to the breath. These compounds are not now avail
able in the U.S.A. but can be used with FDA approval for investigational 
purposes. 
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