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THIAMINE - ROLES IN METABOLISM

I. FORMS OF THIAMINE IN THE BODY (ref 1-3)

A.

B.

C.
D.

THIAMINE DIPHOSPHATE (PYROPHOSPHATE) - TDP
Synthesized from thiamine and ATP
Enymatic reaction requires Mgt
Thiamine + ATP —Mg™t > Tpp + AMP
Constitutes 80% of Body Thiamine

THIAMINE TRIPHOSPHATE - TTP (ref 74-77)

Synthesized from TDR and ATP by the enzyme TDP-ATP phosphoryltransferase
TDP + ATP ————— TTP + ADP
Constitutes 10% of Body Thiamine

THIAMINE MONOPHOSPHATE (TMP)

_—>10% Body Thiamine
FREE THIAMINE

II. ACTIONS OF THIAMINE (ref 1-3)

A.

THIAMINE DIPHOSPHATE - "COCARBOXYLASE"
1. Glycolytic Pathway
Oxidative-decarboxylation of pyruvate to Acetyl CoA
2. Citric Acid Cycle A
Oxidative-decarboxylation ofe<-ketoglutarate to sucdnate
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

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

b. Electrophysiological effects of pyrithiamine, an antimetabolite of
thiamine, are due to displacement of thiamine from the nerve, rather
than to enzyme 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
specifically 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 increases

f. Thiamine restores the action potential in an ultra-violet irradiated
nerve



TYPES OF BERI-BERI AND PREDISPOSING FACTORS

: .= Dry CV Coll
R /Acute Cardiovascular B-B \Edematous} ollapse

Beficieny N Cerebral B-B -
I. Moderate Deficiency 7 N
Severe Physical Wet Beri-Beri with little or no peripheral neuritis
Exertion

'lll. Moderate Deficiency Typical mixed Beri-Beri i.e. Wet Beri-Beri plus
Moderate Activity peripheral neuritis

IV. Slight Deficiency
Caloric Restriction Dry Polyneuritic Beri - Beri
Relative Inactivity

CLINICAL PICTURE OF CEREBRAL BERI-BERI

Signs and Symptoms in Order of Appcarance

l. 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 Rect. - Unilateral or bilateral
Nystagmus decreases with appearance
of ocular palsy

4. Progressive Mental Deterioration -
Loss of interest - Present and past
Dull apathy —»- Confabulation —> Disorientation —¥=
Hallucinations —3 Coma —3 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 11

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. CEREBELLAR DEGENERATION
B. AMBYLOPIA
C. MARCHIAFAVA-BIGNAMI DISEASE
D. CENTRAL PONTINE MYELINOLYSIS
ITI. POSSIBLE DEPENDENCY ON INCREASED REQUIREMENTS FOR
THIAMINE  (74-87) _
A. LEIGH'S DISEASE - SUBACUTE NECROTIZING ENCEPHALOMYELOPATHY (74-81)
B. ONDINE'S CURSE - FAILURE OF AUTOMATIC CONTROL OF VENTILATION (82,83)
IV. GENETIC THIAMINE-DEPENDENT STATES (24,25)
Tabls 3. The Vitamin-responseive Inborn Errors of Matabolism (Hereditary Vi in D
Dose for Trestment Aposnzyme Affected C onA
Vitamin (Per Day) Disease Proven or Presumsd(?) of Vitanuin
Thiamine (B4) 20 mg Megaloblastic anemia Unknown Two reports; mechanism 47
unknown
6-20 mg Intermittent cerebsllar staxia Pyruvate dehydrogenese (7) Severel forms probably. 48.49

Mechsniem of response to
massive doses unknown ; re-
sponss equivocsl

6-20 mg Lactic acidosis Pyruvate carboxylase Probable “shunt” machaniem via 60
pyruvate dahydrogenasa
5-20 mg ] hed-ch i B had-chsin keto acid de- Chinically, “mild” form. Residus! 61
dopsthy (MSUD varnant) hydrogenase (decarboxylase entyme actmvity (10%-16%
' component) normel). Thismins may in-
crease smount of mutant
enzyme




case 1 N - aovitted [ oicd D

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 this, 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 i11 woman, confused, lethargic,
disoriented who was dehydrated and febrile. B.P. 110/60 P.92 R.22 T.104. No
spider angiomata were seen but the Tiver was felt 2F¥ 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 CO, 21 mEq/L, C1 106 mEq/L bilirubin 3.2 mg%.

Thiamine deficiency was not suspected on admission. The apparent dehy-
dration was treated with 1L 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 h she was edematous and in profound collapse
without obtainable blood pressure. 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 1T [ Aomitted 72

This was the third admission of this 51 year old man who was
previously admitted in 1962 and F 1966 for Wernicke's
Encephalopathy, Korsakoff's Psychosis and Chronic Alcoholism. Prior to

this admission, 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 yeakness. At this time he stopped drinking. Because

of this sequence of events he was brought to the emergency room and admitted.
Initial examination revealed bilateral Taterol 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, Gluc. 110, BUN 11, Bili 1.1, SGOT 149, Hgb 13, Hct 40, MCV 107.
Skull and chest X-rays negative.

The patient was given large amounts of thiamine folate and multivitamins.
By the next morning his EOM were normal and mild nystagmus was noted. This
disappeared by the next day. Korsakoff's Psychosis improved slowly but at the
time of discharge, while improved, he was far from normat according to his wife.
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GLOBAL CONFUSIONAL STATE

A Quiet, Hypokinetic Delirium - Composed of:

General Fatigue and Apathy

Impairment of Awareness and Responsiveness
Disorientation and Confusion

Inattention and Failure to Concentrate
Derangements of Perception and Memory

B wWwr —

Except for Defect in Memory - Favorable Response to By

KORSAKOFF'S PSYCHOSIS

1.

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

In 20% Korsakoff's Psychosis was recognized at onset

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

Characterized by

a. Retrograde Amnesia - Inability to recall 1ﬁformation acquired
months to years 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



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 A1l
1/3 in 6 Hrs 1/3 in 7-24 Hrs 1/3 in 1-4 Days

HORIZONTAL GAZE PALSY - Complete Recovery

HORIZONTAL NYSTAGMUS - 40% Complete Recovery
ATAXIA |

38% Complete Recovery

35% Incomplete Recovery

27% No Significant Improvement

MENTAL CHANGES

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 appetite
Eve sy mptoms :
W A\enug of flC]db of vision on luol\
ing to the side
Diplopia ..

Photophobia
Nausea and vomiting
Insomnia - ois
_ Giddiness .. W .

SIGNS

No. of cases
16 (88%)
33 (63%)

24 (469,)
23 (449%,)
3 (6%)
31 (57%,)
20 (38Y%)
11 (219,

(¢) The eye changes can be classified as follows :

Nystagmus . .

External rectus fat.lgne and puu]\ sis ..
Complete disconjugate wandering
Loss of visual acuity
Papilleedema s

Pupil abnormalities

Ptosis

Complete ophl}mlnmp](‘gult
Retinal hainorrhages .

.« &

No. of cuses
A2 (10094)

14 (262)
'

2 “ ‘:'(') )

— 0 L.
—
<
=
~

(b) Mental (l.an,Ju can b(, (]Jb\l(l(’(l as 10[10w~;

Iumotional changes : ai o

Apprehension

Apathy

Excitement .. .
Momory losg for rocent e\(,nls ..
Disorientation .
Confabulation and hallue mmlons
Convulsions

Sudden onsot of advanced menlul sx;_gn'-) as
first. evidence of cerobral houbmn s

No. of cases
35 ((37"/(,)
17 (32%)
17 (32‘0)
7 (139,
32 (61Y%)
24 (4(5"/)
l"‘ ( 0(1{/)
1 8%

10 (19%)
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FINDING IN WERNICKE'S ENCEPHALOPATHY.

(From Victor, Adams and Collins - Ref 9)

I Mental and behavioral abnormalities in 229 cases of the Wernicke-

" Korsakoff syndrome at the time of the initial examination

Number Per cont
Stupor 9 4
Coma 2 |
Alcohol abstinence syndrome® 36 16
Global confusional state 128 56
*Disorder of memory 131 57
No mental abnormality 23 10

Incidence of ocular abnormalities in 232 cases of the Wernicke-

Korsakoff syndrome

Sign No. of Cases Per cent
Nystagmus 198 (65)* 85
Lateral Rectus Palsy, Bilateral 125 (7) 54

Complete 38 (5) 16
% Partial 87 (2) 38
Conjugate Gaze Palsy 102 (&) 44
Pupillary Abnormality 43 19
Retinal Hemorrhages 6 3
Ptosis 8 3
Bilateral 6 3
Unilateral 2 <l
Central or Cecocentral Scotomata 6 3
No Ocular Abnormality 9

Incidence of ataxia in the Wernicke-Korsakoff syndrome

Abnormality Incldance Per cont
Ataxia of Gait N = 188° )
Mild &7 36
Moderate 56 30
Severe 40 21
Normal 25 3

Ataxia of Legs N 2= |88*
-Mild 28 15
Moderate 7 4
Severe 3 2
Normal 150 80
Atexia of Arms N = i91*
Mild 15 8
Moderate 5 3
Severe 2 1
Normal 169 88
Ataxia of Speoch N = 180°
Abnormal 15 [}
Normal 165 92

Time of onset of improvement of the abnormalities in the Wernicke-
Korsakoff syndromo* (expressed as per cent of cases in which adequate follow-up
data were available)

Time A}hr Institution of Treatment

Abnormaelity 1-24 hours 2.7days  2-4weeks > | month

bth Nerve Pal:y [N == 52) 62 38
Goze Palsy

Horizontal (N == 45) 62 k1]

Vertical (N = 26) 50 31 19
Nystagmus

Horizontal (N = 20) 15 40 40 5

Vertical (N = 28) 25 54 21
Atexio (N = 28) 58 35 7
Global Confusion (N = 48) 15 46 3 ]

Korsakoff's Psychosis (N = 22) 0 9 27 . b4
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FACTORS ASSOCIATED WITH THE PRODUCTION
OF THIAMINE DEFICIENCY STATES

INADEQUATE INTAKE OF THIAMINE IN THE DIET

A. REVIEW OF NORMAL REQUIREMENTS (ref 24, 27-35)
B. FACTORS INCREASING REQUIREMENTS
1. Fever - Infections (33) 6. Losses From Body
2. Hyperthyroidism (33) Diuretics (29)
3. Exercise (33) b, Hemodialysis (22)
4, Pregnancy - Lactation (33) c. Peritoneal Dialysis (23)
5. High CHO Diet (21) d. Diarrheal States {(43)
e. Starvation - complete (35)

o

DEFECTIVE INTESTINAL ABSORPTION (ref 36-47)

REVIEW OF NORMAL ABSORPTION (ref 36-39)
MALABSORPTION STATES (38)

ACHLORHYDRIA AND ANTACID INGESTION (45)
EFFECTS OF ALCOHOL (40-42)

EFFECTS OF LIVER DISEASE (40-42)
EFFECTS OF FOLATE DEPLETION (46)

MMOoO O >

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

A. LIVER DTSEASE (47-52)
B. MAGNESIUM DEFICIENCY (51a)

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 ENIGMA OF THIAMINE DEFICIENCY IN RUMINANTS

VITAMIN DEPENDENT GENETIC STATES (VITAMIN RESPONSIVE INBORN ERRORS
OF METABOLISM) - REQUIRE CONTINUOUS PHARMACOLOGICAL DOSES OF THIAMINE (24 25)

A. THIAMINE RESPONSIVE MEGALOBLASTIC ANEMIA

B. THIAMINE RESPONSIVE INTERMITTENT CEREBELLAR ATAXIA
C. THIAMINE RESPONSIVE LACTIC ACIDOSIS

D. THIAMINE RESPONSIVE BRANCHED-CHAIN AMINOACIDURIA

POéSIBLE VITAMIN DEPENDENT STATES ASSOCIATED WITH AN INHIBITOR OF THIAMINE
PYROPHOSPHATE-ADENOSINE TRIPHOSPHATE PHOSPHORYL TRANSFERASE IN URINE AND

BLOOD - REQUIRES PHARMACOLOGICAL DOSES OF THIAMINE (74-87)

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

A.

REVIEW OF NORMAL REQUIREMENTS

1.

VITAMIN DEFICIENCY STATES - since vitamins are essential precursors
of coenzymes, a deficient supply eventually affects all functions
dependent on the precursor form.

a. Leads to a broad spectrum of biochemical abnormalities

b. Usually responds to replacement at the Recommended Daily
Allowance (RDA)

c. Dietary deficiency more or less obvious

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

a. Inherited disorder

b. Involves a specific biochemical abnormality

c. Responds only to pharmacological doses of the vitamin
(10-1000X RDA)

d. Lifelong specific requirement for pharmacological doses

e. Augmented doses do not produce toxicity it might in a

non-dependent person

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

Minimal 0.33 mg/1000 kcal mixed diet

RDA 0.54-0.66 mg/1000 kcal mixed diet

Needs decreased by high fat intake

Needs increased by high CHO intake - Minimal needs greater
than 0.5 mg/1000 non-fat kcal

Body Stores - Meager - between 25-30 mg

FACTORS INCREASING REQUIREMENTS

1.

w

FEVER - INFECTIONS (33)
HYPERTHYROIDISM (33)
EXERCISE (33)

PREGNANCY - LACTATION (33)
HIGH CHO DIET .(21)

LOSSES FROM BUDY

Diuretics (29)
Hemodialysis (22)
Peritoneal Dialysis (23)

Diarrheal States (43)
Starvation - complete (35)

o0 T
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I1. DEFECTIVE INTESTINAL ABSORPTION OF THIAMINE

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

1.

4.

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

Large doses of thiamine block the active process and are obsorbed

by passive diffusion (36)

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

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

Table 1I. Seventy-two hour urinary exeretion of radioactive thiamine by healthy
volunteers after varying oral doses of **S-thiamine hydrochloride®

Oral dose of
radioactive thiami Radioactivity per cent of Thiamine, mean weight
(mg.) oral dose (mg.)
1.0 510 * 2.07 0.51 * 0.02
2.0 46.7 * 447 0.93 * 0.09
2.5 38.2 * 5.07 0.98 + 0.12
3.3 444 * 3.76 1.47 £ 0.2
5.0 35.5 * 177 L77 * 0.00
10.0 43.3 £ 6.63 +.33 * 0.66
20.0 23.8 £ 1,51 177 * 0.36
50.0 11.3 * 181 £3 % 0.90
Results are expressed as the mean + S E.M. Urine was collected f. v iz hours,
'St‘x)!:,!‘elc:iaoszerc given 200 mg. of thiamine hydrochloride Intraven«iniy at the time of the

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 B] requirement (38)

Fate of Absorbed Thiamine (Ref 39)

a. Most of the absorbed thiamine is phosphorylated before it is
stored in the liver (some also in kidney).

b. Later the thiamine is dephosphorylated. The free thiamine is
released for use by other tissues 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 may receive TPP as such from the hepatic cells during
passage through the Tiver.

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 PRIMARY MALABSORPTION BEFORE AND AFTER TREATMENT WITH A GLUTEN
FREE DIET ON THE INTESTINAL ABSORPTION OF THIAMINE (Ref 38)

Primary
Controls  malabsorption

Untreated Treated

soW .
80+
7204 °
.
L]
< 60 |
< H .
< — L]
3
504 . .
L
: Y o0
S 404 = & o
"
] " B
304 . .
o e
20 = s
10 ° &
L]
54-1 267 408

07 5-66 511 3-84

Fi1a. 3. Thiamine absorption in various clinical states.

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

These older studies indicate significant decrease in thiamine absorption

under these circumstances. The studies should be repeated with more modern
techniques.

FOLATE DEFICIENCY (Ref 46)

Recent evidence by Schenker and co-workers reveal that folate deficiency
produces a 30-50% decrease in thiamine absorption at low dose levels but does
not impair high dose level absorption.

-~ e
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EFFECTS OF ALCOHOL (Ref 40, 41, 47)

1. ABSORPTION IN CHRONIC ALCOHOLICS (40)

so-( <
o
50+ Lo
80750
a04
v 40 L 1%
ADMINISTERED
£
°H ot :
URINE MEAN
. 10§
201+ ° o..
L]
) 104
ol !
CONTROL ALCOHOLIC

Fic. 1. Individual percentages of the thi
dose recovered from the urine of the control and
alcoholic subjects in 24 hr, shown with the mean
and standard deviation for each group.

P
it

2. EFFECTS OF ETHANOL Per se ON ABSORPTION OF |HIAMINE (41)

‘0’- ﬁ
sof- ‘1'
B Betore ETHANOL .

o
-
= X
E ool Eane emmanor -{
v Z ®.
x e .
] g
¥ 30 oo -
| SBON
g s %
= o
© . O P
*® top o %
0 5% \ 2 *\ e\
iz 24 e

HOURS
Fig. 1. The radioactivity in the serum and urine after ndministration of 5.0 mg. of rndioactive
thinmine orally to 3 healthy subjects with (--@--) and without (— x-—) prior ndmin-
istration of cthanol (1.5 Gm. per kilogram); 200 mg. of nonrndioctive thinmine wns given
intravenously along with the oral dose.
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F. EFFECTS OF LIVER DISEASE BEFORE AND AFTER 6-8 WEEKS OF TREATMENT WITH
A HIGH PROTEIN NUTRITIOUS DIET (Ref 41)

42
394
36
sEroRE
s3] meearmenr IS
AFTER
30 ragarsenr=—
27
24
21+
([}

% ORAL DOSE EXCRETED

s . L 24
heurs
Fig. 3. The radionctivity in the serum (—A —, —@—) and urine after administration of
5.0 mg. of radiosctive thiamine orally to 12 melnourished alecholic patients before and after
treatment; 200 mg. of nonradionctive thinmine was given intravenously along with the
radioactive thiamine.
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DEFECTIVE UTILIZATION OF THIAMINE - FAULTY HOLOENZYME FORMATION OR ACTION (Ref 47-52)
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. HOLOENZYME FORMATION

Cell Membrane

Substrate

u

Several types of biochemical defects
gests. These melude. 1) defectice tra
to coenzyme; 3) drfective formation

2. CHANGES IN RBC AND LIVER TRANSKETOLASE DURING THIAMINE DEFICIENCY

Qe @
Circulating Thioming /"
Ax~|

g g
,A/.A;:W\"“'. "
P i -
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3. CHANGES IN TRANSKETOLASE ACTIVITY DURING THIAMINE DEFICIENCY WITHOUT
AND WITH THE ADDITION OF TDP (Ref 51)

50}
88
w
=8 |
x <
gx P
L 40 /
\ o
w Z % -
8 : O‘(? v O \L :p
x o ’
X o o ;
x & % 0
z \ /
-0-0
30 o-°

e———as CONTROL
O———O B, DEFICIENT

STIMULATION BY TPP
(% OF HEXOSE FORMED)

4. CHANGES IN TRANSKETOLASE ACTIVITY IN THIAMINE DEFICIENT HUMAN SUBJECTS
b(dITH AND WI;HOUT LIVER DISEASE BEFORE AND_AFTER ADDITION OF TDP (Coenzyme)
Ref 48, 49 .

1400+
§ 1200 P
3 o
1000 #
? 1
S 800
u
! I I [las?®
¥ 600 ®
§ I *
¥ 400
. H
S
€ 200 2
w1 .
0
NO CLINICALLY
ACTYIVE
SIGNIFICANT CIRRHOSIS

HEPATIC ABNORMALITIES

RBC TRANSKETOLASE
O RBC TAANSKETOLASE @ ArTeR /i v/raQ ADDITION OF

THIAMINE PYROPHOSPHATE

Fic. 1. Red blood cell-tiansketolase activity in
* alcoholics with thiamine deficienes and peripheral
neuropathn
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MAGNESIUM DEFICIENCY

TRANSKETOLASE ACTIVITY AND TDP EFFECT IN COMBINED THIAMINE AND MAGNESIUM
DEFICIENCY (Ref 51a)

ql.‘/ml Blood TK: DNoTPP -TVP
No A(cohol Alwﬁol

1.6

0.8

c T4 Tamd ¢ Td TdMd
u./gmdw Liver TK: CINo TPP 8 TPP

40, T
No Alcohol Alcohol
30
20
0
0 . [CE
C T T ¢ T4 Tde
Fig. 5. Effect of in vitro addition of thizmmine * pyrophosphate (TPF) on blood and liver trans-
ketolase metivity in thinmine-deficient and thiamine- and magnesium-deficient rats (Groups
E, and E,).
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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 ug/day) four developed symptoms and signs of
By 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 who developed
evidence of By deficiency excreted in the stool an average of 8.0 ug of
thiamine per day whereas those who remained symptom free excreted 19 times
that amount (158 ug/day)

TABLE 1.—Output of Free and Combined Thiamine in Feces of
Paticnts on a Completely Thiamine lFree Dict

(Figures represent micrograms excreted per day, an avernge of
veriods of one week's duration)

Thiamine in Feces
S i) =g

oo om0 ~ mmssans
Period 1 Period 2

Symptoms  —~—~——n A —— A
of Free Free
Thinmine Thia- Thia-
Subjeet Deficiency mine mine
Present 9.8 85
Present 5.0 4.5
Present 47 5.5
Present 11.5 15.6
Questionable 26.0
Absent 250 507
Absent a2 37
Absent 143 182
Absent 53 43

* Indicates thiamine liberated by treatment with clurase.

TavLE 2—Urinary Excretion of Thiamine Following
Administration of Thiamine by Ene¢ma

(Micrograms in twelve hour specimen)

Befor: After Two

Subject Thiamine Enema  Thinmine Encmag
Y V. SO 160 1,615

Bponammsmeaasip gavene immes ey 162 5,200

Finally, Takeuchi's studies indicated that between 0.25 and 0.4 mg of
the thiamine synthesized by intestinal bacteria are utilized by Japanese
adults daily (57) :
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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:

—

Decreased thiamine content of the blood

2. Greater retention of thiamine during thiamine loading than control
subjects (i.eVthiamine stores)

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 to develope overt beriberi when strained by a high carbo-
hydrate diet or marginal diet

5. Population surveys in Nigata and Kobe reveal a 3% incidence of bacillus

thiaminolyticus in the stool whereas patients with beriberi had an

incidence of 20%.

MATSUKAWA, CHANG ET AL. (f'@F 60)

Table IV

10 mg of thiamine are given orally for 7 successive days.
Case Excreted in urine Excreted in feces Total
% % %

1 4.8 8.3 13.1
II 11.5 4.3 15.8
111 12.5 11.8 24.3
v 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. THIAMINASE IN FOODS - LESSONS FROM ANIMAL DISEASES
CHASTEK PARALYSIS OF FOXES, CATS AND HORSES (Ref 61-73)

THE SAGA OF THE SILVER FOX

In 1932 an epidemic with a 38% mortality appeared in the silver fox
farm of J.S. Chastek of Glencoe, Minnesota. Shortly thereafter epidemics
in silver foxes were reported in Utah, Wisconsin, Sweden and Norway. From
the early 30's to 1940's, Green, of the University of Minnesota, and Evans,
from the U.S. Bureau of Biological Surveys, investigated these epidemics
and at a time when the definitive proof that Wernicke's Encephalopathy was
the consequence of thiamine deficiency was not yet in, they made the following
important observations:

1. The epidemics occurred when fresh fish was added to the foxes usual
ration (as Tittle as-10% fresh fish)
2. After 3 to 6 weeks on this diet the foxes developed ataxia, exquisite
sensitivity to pain, paralysis of the 1limbs, convulsions and death
3. The pathologic findings were almost identical to that described in
Wernicke's Disease
4. Chastek Paralysis did not occur
a. if the fish was cooked
b. if the fish was fed only on alternate days
c. ifBywere added in large amounts or if the foxes were treated
with thiamine

They concluded that fresh fish either prevented the absorption of thiamine
or destroyed it in the diet. They favored the latter hypothesis.

In the early 1940's Wooley and Krampitz of the Rockefeller Institute
and Sealock and co-workers reported the presence of an enzyme, later named
thiaminase, in fresh fish capable of rapidly destroying large amounts of
thiamine. Wooley found the enzymatic activity to be distributed 2/8 in the
head (gills mainly), 3/8 in the viscera, and 3/8 in muscle. Sealock found
the activity mainly in head and viscera whereas Bhagrat and Devi found about
32% of total activity in muscle.

In 1956 Jubb and co-workers reported a spontaneous epidemic of Chastek
Paralysis in cats fed a commerical cat food containing whole fish and cereal.
From the early 1940's reports appeared identifying a thiaminase not only in
many fresh and some salt water fish but also in crustacea, clams, oysters,
crabs and in a variety of plant foods.

In 1951 Rees and his co-workers in England proved that the Mad-Staggers
of Horses also known as Bracken Fern Staggers was the result of thiamine
deficiency which produced a Wernicke's-like disease in horses. The air
dried bracken fern contained a potent thiaminase.

D. THE ENIGMA OF THIAMINE DEFICIENCY IN RUMINANTS (Ref 94)

Once the microflora of ruminants is established, they no longer require
dietary thiamine since the microorganisms in the rumen synthesize By and
other B vitamins. Veterinarians have been puzzled by the fact that cattle
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and sheep in the U.S., England and Australia develop a disease similar to
Wernicke's Encephalopathy known as Cerebrocortical Necrosis when ingesting
plants containing a potent thiaminase.

Moreover, even though thiamine is still present in the rumen, these sick
animals respond to massive doses of thiamine. In addition, dietary depriva-
tion did not produce the clinical or pathological picture of Cerebrocortical
Necrosis - even when large amounts of sodium sulfite was added to their ration
to destroy some of the By produced in the rumen.

The mystery was unraveled by the studies of Edwin, Lewis and Allcroft
and of Pil11, Davis 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 By deficient diet and adding such a compound (Amprolium)
they were able to reproduce the clinical and pathological picture of Cerebro-
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 1/2 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 1/2 of the small bowel
and in the large bowel. Since bacillus thiaminolyticus also splits thiamine
into its pyrimidine and thiazole moieties and combines the pyrimidine to an
aromatic or heterocyclic amine, it may by doing this also produce a metabolic

antagonist of thiamine. P
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POSSIBLE VITAMIN DEPENDENT STATES ASSOCIATED WITH AN- INHIBITOR OF THIAMINE

PYROPHOSPHATE - ADENOSINE TRIPHOSPHATE PHOSPHORYLTRANSFERASE [N URINE, BLOOD
AND SPINAL FLUID '

A.

LEIGH'S DISEASE - SUBACUTE NECROTIZING ENCEPHALOMYELOPATHY (SNE)

In 1972 Pincus reviewed 86 cases of SNE and the evidence (Cooper, Pincus
and Itakawa) which indicates that SNE represents a genetic neurological 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 appearing before the age
of two, although a few cases have been reported in teenagers and adults. There
is great variability in the clinical picture. The following occur in varying
combinations:

Feeding problems Convulsions

Weakness and hypotonia Loss of vision
Ophthalmoplegia Peripheral neuropathy
Ataxia Periods of hyperventilation
Nystagmus Prolonged episodes of apnea

Cerebellar signs

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 necrotizing lesions with a
characteristic distribution in the midbrain, Tower brain stem, spinal 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 several children
have seemed to benefit from the use of pharmacological amounts of thiamine.

Moreover, the studies of Cooper, Pincus-and Itakawa have disclosed that
patients with SNE have in their blood, urine and spinal fluid an inhibitor of
TDP - ATP phosphoryltransferase. Supporting the importance of this inhibitor
is the evidence that at post mortem thiamine triphosphate was absent in the
brain but present in Tiver and kidneys of such patients. In.addition, the
activities of all the TDP dependent enzymes were normal.
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SPECIFICITY OF THE INHIBITOR

An appraisal of the specificity of the TPP-ATP
phospboryl transferase assay for SNE

Inhibitory Assay
Number
Positive | Negative

Autopsy-proven cases of SNE 8 8 &
Living patients with SNE
(autopsy in a sibling) 5 5 -
Patients suspected of SNE but
proven to have other conditions 13 1 12¢
Patients once suspected of SNE,
now felt to have other conditions 10 - 10
Patients suspected of SNE, no
diagnosis yet established 41 13 28

*These have included Werdnig Hoffman's dissase, cerebral arteritis,
Guillian-Barré syndrome, multiple sclerosis, metachromatic leukodystrophy,
Barter's syndrome, tuberous sclerosis, progressive supranuclear ophthal-
moplegia, Wernicke's encephalopathy and carbamyl phosphate transferase
deficiency.

CONTENT OF THIAMINE TRIPHOSPHATE (TTP), DIPHOSPHATE (TDP),
MONOPHOSPHATE (TMP) AND FREE THIAMINE IN THE BRAIN
OF A PATIENT WITH SNE AND CONTROLS

Sample TP  TPP ™P T

Cerebellum
SNE 0.1# 78.0 8.0 14.0
Frontal lobe
SNE 0.1* 717 145 78
Normal (A) 124 723 43 11.0
Normal (B) 6.9 76.6 11.2 53
Normal (E) 9.9 58.0 14.8 17.3
Liver
SNE 9.7 76.2 5.1 9.0
Normal (B) 6.7 113 8.0 8.0
« Nommal (C) 49 74.4 8.5 12.2
Normal (D) 6.4 152 10.6 1.8
Normal (E) 6.5 63.6 14.0 15.9
Kidney
SNE 6.6 64.6 2 4.7

Normal (B) 5 6%5.4
Normal (C) 5.0 71.6
Normal (E) 8.6 473

¢ Below the limit of slgnificance.

-
30 B 00ix
A=

i

o=

1Y

24.7
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ONDINE'S CURSE - FAILURE OF AUTOMATIC CONTROL OF RESPIRATION (Ref 82-87)

Ondine's Curse refers to that form of alveolar 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 1ife. 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 episodes of apnea
are also common and they are similarly precipitated by mild infections.

In 1972, Lonsdale 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 characteristic but
unidentified ninhydrin staining 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 Tesions. (74)

A clinical trial in one neonate with Ondine's Curse of pharmacological
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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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 more
efficiently than thiamine hydrochloride or nitrate, the compounds used exclu-
sively in this country. In this regard they have been eminently successful.
In Japan, for the past several years, two new forms of thiamine have had wide-
spread use because of their ability to produce higher blood, tissue and
cerebrospinal fluid levels of thiamine.

Kinetics of thiamine hydrochloride absorption indicate that it is rate
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 but higher tissue and cerebrospinal fluid levels are
found.

THIAMINE HYDROCNLORIDE
"'C\I/" HHy. HC s CHy CHy0H
r
"J:m./ T Nen,
THIAMINE PROPYL DISULFIDE

T\I I

CHy. N—C=C—5—S5—CH, CHyCH,
CHO CHyCH, OH

-

THIAMINE TETRANYDROFURFURYL DISULFIDE

CHp N—C= £ —$~S—CHaC.H(CH, | CH,
] i
CHO  CH,CH,on L—o
Nigurs 1. Structursl formules of thiamine hydrochiorids, this.
mine propyl disuifide, and thiamine tetrahydrofurfuryl dlsuMds,
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COMPARISON OF ABSORPTION OF A 50 MG DOSE OF THIAMINE HYDROCHLORIDE
AND PROPYL DISULFIDE IN NORMAL SUBJECTS
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Figure 4. Relstionships batween the amount of oral administra-
tion of thiamine hydrochloride or thiemine propyl disulfide and
the urinary excretion of thieming,
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COMPARISON OF THE ABSORPTION OF 50 MG OF THIAMINE HYDROCHLORIDE AND
PROPYL DISULFIDE GIVEN ORALLY IN MALNOURTSHED ALCOHOLICS
WITH FATTY LIVERS
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COMPARISON OF THE EFFECTS OF THIAMINE PROPYL DISULFIDE AND
HYDROCHLORIDE ON BLOOD THIAMINE, CEREBROSPINAL FLUID AND
CLINICAL RESPONSE IN WERNICKE'S SYNDROME

BLOOD -TNIANMINE CONC
7
~
[y
A
1

CSF TNIANINE CONC
(mpgmsmt )

HOURS
Figure 7. Comparison of response of clinical and laboratory ab-
) In )

with 's en-
cephalopathy sfter oral edministration of 50 mg of thiamine
Y (THCI) or thiamine propyl disulfide (TPD).

These new more effective congeners of thiamine have not produced any
untoward side effects. The main disadvantage of thiamine propyl disulfide,
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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