VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

SUUDIES TN THIAMING DEEICTENCY

i

MAW AND BXPERIMENTAL ANIMALS o

by

X,

RACHEY, T, DOUGLAS, B.Sc. (Gles.)

Lxom

The Depavitment of FPathological Blochemistry
(Vestern Infirmery)
Univergity of Glagsgow.

Theais submittbted for the degree of Ph.l.

ox

The University of Glasgow.

October, 1958,



ProQuest Number: 10646972

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uesL

ProQuest 10646972

Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



PABLE OF COWTENTS .

TUE DRTACTION OF THIAMINE DEPTCIENCY.

(1)

(4)
(5)

The Fasting and Resbing Blood Pyruvalbe
Concentration.,

The Blood Pyruvate Concentration following
Administration of Glucose in Human Subjects.
The Blood Pyruvabe Concentratlion felloﬁiﬁg
Exercise in Human Subjects,

The Thiamine Concentration in Dlood,
Txeretion of Thismine in the Urimea

(a) The 24-hour ILxcretion of Thiamine.

(b) The Urinary Excretion of Thiamine following

gn Oral Teat Dose of the Vitamine.

(e¢) The Urinary Excretion of Thiamine following

parenteral Administration of s Tegt Dose of
£

the Vitamine

BEPERIMERNTAL

(1)

(2)

The Iastimation of Blood Fyruvate.
Generald (Considerstiong.
The Bstimation of Blood Pyruvate.

Detalls of the Method used.

Page.

ORI LT



(3)

(4)

The Eaotimation of Thiamine.

General Considerstlions,

The Egtimation of Thiamine.

Details of the ketbthod uvsed.,

THIAMING DERICENCY IN POST-GASTRECTOMY PATITETG .

(1)

(2)

(3)

(4)

Viscuseion of Thiamine Deficiency in Poste-gastrectony

The Fasting and Resting Blood Pyruvate
Concentratbion.

Exceretion of Thiamine iun the Urige following

a Test Dosc.

Effect of Vitamin Therapy on Pogte-gasirectomy
Patientg.

Blood FPyruvabe Changes Tollowling the Ingesition

of Glucose.

Fatlentfe

FALERIMENTS OF THIAMING DREFICTENCY TN DOGS.

(1)

(4)

Faating and Resting Blood Pyravate
Concentrations.

Blood kyruvate Changes following mild Ixercise.
Furtheyr Experiments on the Blood Fyruvate
Changes following mild Exervcise

Effect of Thiamine Therapye.

els ale o

30

65

70,

-

52,
86

=
&
L ]

(ko)
G
°



(7)

Blood Pyruvabte Changes Lollewing strenuous

Exercise.

Changes in Blood Pyruvate following oral

Aministration of Glucose.

Ixeretion of Thiemine in the Urine following

a Test Doge.

Further Observations on the Relstionship between

Thiamine Deficiency and the Blood Pyruvate

Concentration in Dogs.

THUE STABILITY O THIANIVE.

(1) The Stability of Thismine and the pi.

(2) “The Stability of Thiamine and the Bffect of lHeatb.
DISCUSSION,

(1) Thiamine Deficienty in Post-gastrectomy Fatients.
(2) “Thiamine Deficiency in Dogso.

(3) Assessment of the different Methods of

investigating Thiamine Deficiency.

(a)

(b)
(c)

Faating and Besting Blood Pyruvate.

Human Subjects.

Ixperimental Animals,.

Blood Pyruvate Changes followling Fxercise.
Bleod Pyruvsete Changes following Ingestion

ofl Glueose.

96.

100,

102,

107 .

bd
fud
29
*

118,
122,

128,

128.
433,

137
137,
1361' ®

139

141,



(d) Urinsry Excretion of Thismine after

Injection of a Test Dose.

Human Subjects. 141,
Ixperimentald Animals, 142,

SUMMARY . 143

PRI

BIBLIOGRAPHY. 145,




ACKEOWLEDGMENTS .

Y would like to thank Dr. B. B. Hendpry fox
the help and encouragement he hag given me during
the course of this research problemn. I am also
indebted to Lrofessor J. W, Davidson who hag
naintained a constant interest in the work,

I would also like to thank Mr. D. M, Sinclair
who co-operated with me in a study of thiamine
deflciency in poat-gagtrectony patients.

I gratefully acknowledge the facilities
offered me by Dr. W, 1. M. Mclantyre and Hr. M,
runningham, of the Glasgow University Veterinary
Hogpital, Garscube, to study thismine deficiency
in dogsa

1 would slso like to thank Ny, R. Callender
for preparing the figuwres for this thesis, and

Mise C. Burness for btyping itb.



Vaid

INTRODUCTTON o

It has been recognised slince the end ol the last
century that s diebary deflciency of a subsgtance present
in rilce pericarp, now known bto be thiamine, results in
the condition of beriberi. The most eonvincing nmethod
of demonstrating that beriberld is due to a specific
laeck of fthiemine, is o adminigter the pure thismine
to & patlent suffering from beriberi and to note the
speady return o normal. Thia can be very dramatically
shown in plgeong, 4 dietary deficiency in thiamine
leads Lo neeck retraction in the plgeon - an almost
instantancous recovery heing made by the injection ef
thiasmineg, Beriberl was o condition very comuon amnong
the rice-eabing people of the Zast.and; since it has
been recogniged that this conditien is due to lack of
thiamine, which is preﬁent in rice @erimarpg beriberi
hag almogt disappearef.

Ian this countyy beriberi, in its severe fovrm, ig
rarely met with and, if it 1, the cuwe, and the proof
that this actually was thismine deficiency, is te
adminigter thiemine.

However the ataile of sub-optimal thiamine nutrition
leads eventually bto a condition with verioung vague
clinical signas and sympioms none of which are diagnostiec
of thiawine deflcilency. It ds in these cages of verying

degrees/



Jdegrees of mild thismine defieiency, and in cases of
gub—clinical fthisnmine deficiency, that bilochemical
'avideﬁce is of value. It was with this in mind that
the following work was undertaken.

There was evidence to suggest that gsstrectony
might lesd 10 thiapine defilclency. An dnvestigation
into the state of thismine autrition was cayried oud
in a group of post-gastrectomy patients and s comparable
group of coutyrold subjects.

Although severe thiamine deficiency in humans ig
rare in %hiﬁ countyry & severe outhreak ls liable to
oceur in animals which are belng fed s gtandard,
invarisble diet. wueh an outhreak occuryed recenbly
in Glasgow amongst greyhoundg. This led 1o the
opportunity of studying thiamine deficilency in greyhounds

bl

and also in other dogs,
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THE DEIRCTION OF THIANIWE TEEICIENCY .

Five general metheds have been employed in

the detection of thiamine deficiency in men and

gxperinental animalgie

(1) studies of the fasting snd resiing blood
pyruvate concentrabion,

(2) examination of the blood pyruvate concentration
fallowing the administration of glucose orally
or intravenously,

(3) examingtion of the dlood pyruvabe concentration

following elither mild oy severe exercisey

(4) studies of the thiamine concentration in blood, and,

.uJ

(5) examination of the thiamine excreted in the urine
either on & bhasis of the 24~hour excretion of the
vitamin, or on the bagis i The amount of the

vitanmin exereted in the vrine after a test dose.

(L) The Festing and Resting Bloed Fyruvate Coneentrab:

Although the results obtained by any one worker
depend on the method used for analysis, there is
general agreement thaet the normal fasting and resting
concentration of pyruvate in the bleod of man and
experinental animals lies in the range. 0.4 10 1.2 138
pexr 100 nml. with a mean of approximately 0.9 mg. per 100

per 100 ml. {See Table I).



payie . Fasting and Regting Blood Pyruvaite Acid

Concentrations in Noymal lHumen Bubjects.

AUTHORS METHOD . CONCENTRATION,

nge per 100 ml.

Platt & Ta (1936) A 0.4 to 1.3
Platt & Im (1939) B 04 t0 0.8
Bueding & Wortis {(1940) ¢ 08 to 1a2
Eato & T4 (1941) | B 0.6 to 1.0
Klein (1842) G 0.6 to 0.9
twlge et al. (1944) ¢ 0.8 to 1.2
Friedemann &.ﬁaﬁgam (1943) b D7 Lo 0.9
Friedemarm et al. (1945) D 0.6 to 0.8
Paylor & VicHenwyy (1949) R 0.9 to 1.3
Horwitt & Kreisler (1949) D 0.7 to 1.1
Turnock & Welbourn (1953) D 0% o 1.2
Rerppola (1953) D O.h o 0.7
Dicknell & Prescott (1952) - 0:3 to 1.3

HMoonSsesesess e t0 L.0B

Hnethodgiw~
A Feters & Thompson (1934).

B T (1939).

¢ Bueding & wWortis (1940).
¥ Friedemann & Haugen (1943) using othyl scetals.

I Friedemann & Hougen (1943) using xylene.



The asccunulation of pyruvate in the blood in
thiamine deficiency wes firat shown by Thompson and
Johnson (1935) in England using rats and pigeons,
ond in hunan berileri by Platt end lwu (1936) in
China. In thé sub-acute form of human berdberi,
the bleod pyruvabte concentratbions were often Lfound
to lie within the normal rangej the acltual values
found lying between 0.8 and 1.9 mg. per 100 ml.

In severe acute beriberdi in humans, much higher

values weyre consistently obtsined:; values lying
within the range 1.0 1o 5.8 mg. per 100 ml.

Tu (1939) also studied the effects of a thiamine
defleient diet in experimental birds and aningls.

In pigeons, the bloed pyruvate econcentration rose

from a norynmal value of 0,9 mg. per LOO ml. %o

5ed mgz. per 100 ml. as the deficiency progressed

to the severe aculbe stage. In rats, the corvesponding
figures were l.l rising to 3.2 ng. pyruvabte per 100 ml,

Ii and Kato (1941) made a large seories of observ
atieng on the changes of blood pyruvate concentratlion
during the inductilon of thlamine deficlency in rais.
The fasting bleood pyruvate concentration of normal
rats was found to average 0.9 mg. per 100 nml., by the
end of the second week on a low-thiamine diet it had
increased to 2.0 ng. pexr 100 ml., and by the end of

two/



/two monthsg, 1t had risen to an average of 6.0 mg.
per 100 wl. = by which dtime the rats were clinically

1

severely thiesmine deflclent. At this stage,
inJection of thiswine reduced the bleod pyruvate
coneentration Lo about 2.9 mg. per 100 ml. within
24 hours with o simltspneous mavked clinical
inprovenent in the state ol the anlmals,

In these experiments, ILi and Kalto recorded that
increasing thiamine deflclency iteelf reduced the
appetite, and consequently the food intake, of the
rat. Anorexia 18 a typical symptom of thiamine
deficiency. In another sewles of experinments, they
found that starvetion (which, of course, implies
deficiency of oll vitamins) increased the blood
pyruvabte concentration in rats, but the highest
concentrations found were only 3.0 mg. per 100 mi.
They concluded thet this high value was due not
only to lack of thismline but to other uvnkinown
factors as waell. Thely wost lmportant observation
was the considerable, and the very rapid, reduction
in the blooed pyrwvate concentration of thiamine
deficlient rats following parenteral injection of
the vitamin, thereby proving that thismine is a
major factor in the contrel of blood pyruvate
concentcration.

with/
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JHith human subjects, the changes in the blood
pyruvate concentration in thiamine deficiency ave not
so great as with expervimental andmals, nor are the
recorded resulta dgo e@nvineimg.

The effect of a low thianmine dielt on 6 atudents
was studied by Hulse, Welssman, Stobtz and Clinton (1944).
From an initial'&veraga value of 1.2 mg. pyruvate per
100 ml. blood, the figure rose tov Ll.4 ng. per 100 nl.
by the seventeenth day, by which time the subjects
were rather dispirited. Additien ol thiawmine to the
diet at this peint was followed by an lmmediate
clircical improvement and the bhleod pyruvate rapidly
returned te normal. Hulse considered these changes
in the bloed pyruvate cemeentra%iam to be significant.

Horwitt and Kreisler (1949) also studied a series
of 10 subjects on a thiamine deficient diet. ITuitially,
the fasting blood pyruvate concentrations lay wibthin
the range 0.7 to 1.1 mg. per 100 ml., Abter two
nontha on a low thismine diet, the values had risen
to 0.8 to 1e3 mg. per 100 ml., and at this point, the
subjects were regarded as having developed & sub-clinical
thiamnine deficlency. After Tour months, the recorded
valuen were L.0 to 1.9 nmg. pyruvate per 100 ml. blood,
and delinite signs of thiamine defilciency weie apparent.
These authors concluded that thiamine deficiency was

present/



Joresent when the blood pyruvate concentration rose
above 1.2 mg. per 100 wml.

in a similar series, Turneck and Welbourn (1953)
sgreed with this conclusion. Teylor and McHenry (1949)
reported bloed pyruvate concentrstions within the
range of L.l to 1.7 ng. per 100 ml. in @ series of 12
cagesy clagaified as sub-cliniecal thiamlne deficiency.
Bueding, Stein and Wortis (1941), in a series of 13
cages of thilamine deficlency, found bloed pyruvate
concentrations areund 1.0 mg. per 100 wnl.

On the other hand, Klein and Blsom (1844) induced
asub=clinical thlauwine deficiency in s series ol §
volunteeys withoul any significant alteration in the
bloed pyruvate emmceﬂ%r&ﬁ;am, Keys, Henschel, Taylor,
Mickelsen and Drosek (1945), in a similer series, were
unable to demenstrate any cerrelation between the
degree of thiamine deficiency and the level of the
blood pyruvelbe concentration. Berryman et al. (1947)
made the comment that this disagreement was parily due
to the variation in the fasting and resting blood
pyruvate concentration in the normal individual, and
partly due to disasgreement on what constitutes the
earliest clindecal signeg of thlamine deliciency.

In the interpretation of bhloed pyruvate
concentrationg, other faclors are also involved. Since
pyruvate is further mebtabolised in the body by oxidative

processes,/
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Te

/processes, any coandition leading to anoxis nuat
necessarily iead to an incressed concentration of
pyruvate in the tissues and in the blood. Increased
blood pyruvate concentrations have been demonstrated

in congestive cardime failure by Ochoa (1539) and by
Friedemann, Hougen and Kwiecialk (194%). The latter
have also found increases in subjects at high altitudes,
and in other forms of snoxia. in receut yesrs, an
increage in the blood pyruvate concentration has bheen
demonstrated in conditions of stress and in other
conditions where there is an ineresse in the circulating
cortisone (Selye (1950), Rindi, Ferrari and Perri (1954),
deCaro and Rindi (1955)).

It is clear that the blood pyruvate concentration
in thiamine deficlency in hunan subjects does not-
increase to nearly the same exbtent that it does in
experimental animela, and that for the purposes of
defectimg mild grades of thismine defieiéﬂcy in the
numan (which is the ebject of this vesearch) it is noi
s very reliable criterion, although in severe cases of

defileiency it undoubtedly has ite ylace.



(2) The Blood Pyruvabe Concentration following

Ldmindatration of Glucose in Humen Subjectsg.

It has long bheen known that the ingestion of
glucese lg fellowed by a xrise in the blooed pyruvate

concentration. Almest identical changes are found

when the glucose is given by intravenous injectlion,

Vost workers are agyeed that the maxinmal bloed
pyruvate concentration is found about one hour alter
the administratieon of 50 g. glucoese, when concenitrations
in the region of 1.6 to 2.2 mg. pyruvate per 100 ml,
hloed have been recorded. |

Presunably this increase in the blood pyruvete
concentration is due to inereased glycolysis, and
in any condition in which the Ifurther metabolisn of
glucose is interfered with (as, Tor example, in
thiamine deficiency) a greater, and a more prolonged,
rlae in the hleood pyruvate concentration 1ls to be
expecied. This has been demounsgtrated by more than
one research worker,

Tueding, Stein and Wortis (1941) found maximal
values up Lo 2.6 ug. pyruvate per 100 ml. blood,
with the maximum three hours aflter administration of
glucosge in ceses ol svb-clinical thiamine deficiency.
Taylor and MeHenry (1949) found maximal values in

the/



/the vange 1.5 to 3.3 mg. pexr 100 ml. again three
hours after glucose ingestion. Other reported
maximal valunes in sub-olinical thismine deficlency
includei~ 1.0 $6.3.0 ng. per 100 ml. after 2 hours
(Turnoek and Welbourn, 19%3); 1.0 t0 2.3 mg. per
100 ml. after 3 hours {(Horwitt snd Ereisler, 1949).
The last two pairs of workers came to the conclusion
that a delay in the return of The blood pyruvate
concentration to the original festing level was
more signiflicant than either the time taken to
reach the maxinal concentration or the actusl blood
pyruvate concentration at that peint. The figures
recorded by Bueding, Stein snd Wortis (1941) amd by
Tayloyr and Helenry (1949) support this conelugion.
The comments of these various suvthors show no
great enthusiasm for the teat as a method of diagnosis
in doubtful cases, although the results in established
thiamine deficlenecy appesar bto be falrly consistent.
Horwitt and Ereisler (1949) and Turnock and welbourn
(1953) beth preferred to use the delay in the reburn
of the bleood pyruvate concentyration te ithe normal
level as a means of detecting sub-cliniecal thismine
deficieney. Taylor and MeHenry (1949) vegard the
whole test as of some use in confirming severe
deficiency, but not for detecting a sub-clinical
defieciency. This view hes been supporbted by Hulse

et al. (1944) and by Florijn and Suits (1949) who have/
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Jhave also used this methed of investigation.

(3) The klood Fyruvate Concentration following

Exercige in Human Subjecis.

In normal buman subjects, a shovt bout of

exercise ig followed hy an inerease in the

pyfmvmﬁé concentration in the bleed. During, and

10 « 15 minutes immediately followlng light exercise
i1n normal subjects, blood pyruvate concentrations
lydng between l.2 to 3.1 mg. per 100 wml. have been
reported by Hulse et al. (1949), Flatt snd Iu (1839),
Friedemapn and Barborks {(1941). Fellowing a bhoud

of severe exereise in normel subjects, blood pyruvate
coneentratlions in the range 3.0 to 5;3 mge per 100 nml.

ave been reporited by Friedemann and Haugen (1943),
Friedimann and Barbevka (1941), Asmussen (1950),
Johngon and Bdwards (1937).

One would amticipate thal exercise in thismine

deficient subjecta would produce & grealt incresse

in the bleood pyruvate concentration due to laillure

of the normal oxlidaitive mechanism for vemoving
pyruvate from the tilssues and frem the blood. Data
found in the litersature is exceedingly scanty and
1ot very convineing. Only very mild cases of thismiue
defileciency have been studied, and only Llight exercise

has/
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/hag been tried. Flatt and Lu (1939) found blood
concentratlons up bo l.2 mg. pyruvate per 100 ml.
during the 10 minutes Tollowing s perioed of lLight
exervcise in mildly thianine deficient subjects.
Although this rise is less than that recorded above
for normal subjects, it should be noted that the
normal fasting and resbing velues obtained for the
bloed pyruvvate congentrations by Flatt and lu arve
considgrably iower than those found by most other
workers (see Table 1), sc that an increase in
concentration to 1.2 mg. per 100 ml. is guite
substantial . (Platt and Iu found the normal
tagsting and resting values to be 0.4 to 0.7% mg.
pyruvalte per 100 ml. bleoed.) What is more imporbant

~
]

is that they found abnoxmally high concentrations

of blood pyruvate 1 hour alter the exercise had been
conpleted in thiamine defiecient subjects, whereas in
normals, the concentration had returned to the
original level by this time. IHulse et al. (1644)
found wvalues in the veglon of 1.9 mg. pyruvate per
100 ml. blood in patients with mild thiamine
deficiency immediately alter light exercise, and he
further observed that the aversge value rose to a2
level of 1.7 mg. per 100 ml. Lfifteen minutes aflter
the exereise nad been stopped. Horwlitt and Kreisler
(1949) reported velues of 1.3 to 2.5 mg. pyruvaite in

mildly/
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Juildly thismine deficilent subjeets 5 - 10 minutes
after a perioed of llght exercise.

These Tigures are Tay from convincing and do
no more than suggest that the matter might be
investigated further. Lt will have been noticed
that the changes in the bleod pyruvate concentration
following ingestion of glucose, and following
exercise, have been studied only in human subjects.

There ig no yeporited work on experimental aninals.

G bt it A

v S

(4) The Thiamine Concenbration in Blood.

Random estimations ef thismine din blood are of
1ittle value in sssessing the oversall state of
thiomine nutrition in Jomen beings er in experiwmental
aninals. ouch estimations mainly reflect the
imnediate prior intake of the vitamin. Varistions
in the fasting blood thiamine coneentiraltion have
heen revorted by various workers - (epending to sone
extent on the method and ag?&raﬁuﬁ nsed in the estimatlion.
Por exawmple, in normal homan subjects, the following
ranges have been reportedie

Blood thiazmine. Relerence.

t0 10.5 ng. per 100 ml. Sinclair (1836).

,
Wt
.

o W
] '
(ST R

50 13.5 mg. per 100 ml, kestenbrink (1943).
to 9.0 mg. per 100 ml. Williams (1943).
4/
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/It is generanlly agreed that the concentrabion
of thiamine in fasting blood cannot be used as an
index of thiemine defliciency. Benson, Witzberger
and Slobedy (1942}, for example, studied 22 children
with unequivecal evidence of thiamiune deficlency and
faund thet all had bleood thiamine concentraiions
within the nermally accepbed limits. This has been
confirmed by other workers. in addition, there have
been found 0 bs considerable techunleal difficulties
in the chemiceal method of eatimatlon which casl some
dowbt on the accuracy of meny of the published methods

and theidr medificastions.

(5) Excretion of Thismine in the Urine.

(n) The 24-hour Breretion of Thismine,

& number ol werkers have claimed thet the 24-hour
urinaery exeretion of thiamine ig & reassonably good
index of +the nutritional statua of the individual
with resgpect %o this vitamine.

There are three common m@%ﬁaém of estimation of
urinary thismine, viz.., the bradycardis method, the
colorimetyie diamo method, and the fluoronetric
thiochrome nmethod, and there 1s some suggestion that
the velues found depend en the choice of method,

Harris/



/Harrvis and Leong (1936) used the bradycardis
method and obtalned uvrinary thianine excretion of
72 te 105 ng. per 24 hours in the normel subject.
They regard 30 ng. as the lower normal limib.
lelnick, Field and Robinson (1932) and Rebinseon,
Helnick and Field (1940) used the diawo method and
regorded normal excretions ranging from 128 %o 350 1ng.
pexr 24 hours. They regard 90 pg as the lower normal
limit. A& survey of the published date would suggest
100 to 300 pg. per 24 howrs as a reasonable average
normal .

Ag with blood; the c¢hiel objection to the
urinary éx&retiam of thismine during a 24-hour period
is that it reflects more the immediate previous intake
of the vitamin. ~ A miner, bul extremely inmporvant,
objection to the procedure in hospital work is the
well-known hazard of sttempting to collect acourstbe
24-houy speclmens of urine in s genersl ward. Unless
the amount of thismine excreted in the urine is
exceedingly small, signiflicant results are not likely

to be obtained, and at that stage o1 the condition,

the diagnesis of vitanin defliciency s uwenally spparent

clinically.



(b) Urdnaxy Ixeretion of Thimmine Following an

Cral Test Dose of the Vitanin.

The oral dose generally used in thilis test is
5 1mg. By collecting urine esch hour f@ll@wing the
test dosme, JdJowelt (1940) showed that the most
satiafactory results were obtained when the urine
wag collected over a H-hour period Lelleowing the
test dose - the percentage excrebted during this
period being caleulated. Robinson, Helnick and
Field (1940) proved that thiamine was much more
efficiently absorbed from the intestine when the
5 ng. teast de&a'waé‘given along with an ordinery
mixed meal. Under these conditions they found

that the normal subject excreted at least 350 ug.

thianine in the urine during the subseguent 4 hours,

and this has generally been mccepled as the normal
standard.

Ag with =21 tests of this pattern, the
posgiblility of errovs due to malabsorption from
the intestine cests doubt on the resulbts, and this
form of the test has been replaced by one using

parenteral administration of +the test doge.

o
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(¢) Urinery Bxexebtion of Thiamine following

parenteral Administration ol s Test TDose

of the Vitamin.

The general form of this modification is 1o
give 1.0 mg. of thiamine either intrevenously or
intramuscularly (it does not seem to matber which)
and to determine bthe amount of thiamine excreted in
the uwrine during the next 4 hours. The following

data appear to be generally acceplbed standardsie

Urinary Thismine (4 hours). Reference.

Minimal excretion of 110 ng. Hajijer and Holt (1940).
Hinimal excretion of 180 ug. Pollack et al. (1940).
Minimal exeretion of 180 ng. Mason and Williams (1942

(Mean = 160 ng).

Any exeretion ovér 160 ng. per 4 hours is regarded
88 showling adequate thiamine nutrition. Values
hetween 160 and 60 ug. per 4 hours inlicate varying
degrees of sub-clinical thiawmine deficiency, while
values below 60 ng. per 4 hours ere always accompanied

by signe and symptoms of thismine defliciency.



BXPERIVENTAL,

(1) The Estimation of Rlood Pyruvate.

Genersl Considerations.

Since Berzelius first isolated pyruvie acid in
1835, there have been over 50 methods, or modifications
of methoeds, recorded in the literasture for its
egbimation. Hearly ail the methods in general use
depend on seme reactlon common to all compounds
containing a carbonyl group and guite a number of
guch compounds are present in blood, viz., acetoacetlc
acid, oxaloacetic acid, e~ketoglutaric acid, methyl
glyoxal, dihydroxyacetone and acetone.

For example, the reaction of carbonyl compounds
with bisulphite was used by Clift and Cook (1932)
to estimate the total concentration of carbonyl
("bisulphite~binding") compounds in blood. Excess
bisulphite was removed with lodine and the bound
bisulphite, alter belng set free by hydrolysis with
disodium hydrogen phogphsate, was estimated by bitration
with iodine. A micro-~chemical method using this
procedure was developed by de dong and Picard (1937)
and was suitable for the analysis of small volumes
of blood. Thompson and Johngon (1935) later showed
that pyruvate comprised about 25% of the totel
"hisulphite~binding" substances in blood. And they
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Jelee showed that the Blood "bisulphite-binding"
substances were increased in cases of thiamine
deficiency, snd that this incroage was due almosih
entirely to sn incorease in pyruvabe. They further
demenstrated that administration of %hiamiﬁe
reéuﬁéd the blood "bilsulphite-binding" subsitances
te the owriginal noymal limits.

Abont the sawme time, others were siudying the
reactlion between carbonyl compounds and 2i4-dinitro-
phﬁnylhgdrézine and many attempts were made to make
this reaction specifiec and guantliiative for pyruvic
agide This ia the basis of most ¢ Lue medern
methoda. It has been extensgively studied,

Heuberg and Kobel (1929) and Case (1932) were
ameng bthe firet to use this reaction as a basgis for
the estimation of blood pyruvate. 2Zid-Dinitrophenylhydrazine
was addad-ﬁ@ & tyiablwxaeeﬁim acld Liltrate of whole
bloed anﬁuth@ hydrazonss thus formed were qumntitativeiy
extrested into ethyl acetate together with the excess
dinitrophenylhydrazine reagent, After neubtralisation
with solid ealeium carbonate, the ethyl acetate exirach
was evaporated to dryness and the residue tasken up in
toluena. The pyravié acid hydrazone was extracted
from the teoluene with 10% sodium carbonate solution,
and then precipitated from solution by neutralisation

with/
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Jwith coneentrated hydrochloric acid. The
precipitated hydrazene was disselved in alccholie
pobasgivm hydyoxide and the red colour of the
solution estimated dirvectly by colorimetry.

This original method had certain advantages
and certaln disadvantaged. Case proved that the
crystalline substance precipitsted from the sodium
carbonate extract by acld was indeed pure pyruvic
acid hydrazone, It was also satisfactorily shown
that methyl glyoxel, dihydroxyasetone, and acebone
(when present) did not significently affect the
analysig. On the other hend, sceteacetic acid,
laevulinic aeid, and L-ketoglutaric acid did interfere -
the lagt of these to the extent of 13%. The method
regquired a large volume of bleood (10~20 ml.) and was
glow and time-consuming, bthus limiting its clinical
applications.

Jowett ond Quasitel (1937) took the analysis the
length of the ethyl scetate extract, and without any
further extraction, added the alecoholic potassiun
hydroxide directly to this extract. The red colour
of the resulting wmixbture was determined and used as
a wmeasure of the pyruvate present. No atitempt was
made to remove exeess dinitroephenylhylrazine but

allowance was maede for its colour by the provision

of/



Sof ﬂuifahle "hlanka®,

The main objectlons to this medification were
(a) lack of specificity chiefly due to the famet that
only one extraction if employed, and {(b) +the high
"hlanka" obltained.

In 1939, Ju published a “yapid, specific and

senglbive method for the egtimation of bloed pyruvate”.

Thise method followed exacitly the techniques described
gbove up to the stage of obtaining the ebthyl acetate
extract. The ethyl scetate extract, which contained
the hydragenes of a variety of aldehydes and ketones
bogether with the excvess dinitrophenylhydrazine, was
then extracted with 10% sodium carbonate solution.

It was shown that the hydrazones of pyruvie scid and
ather ~keto aecids were oxbracted into the sodilum
carbonate layer, while the sldehyde hydrazones plus
the excess dinitrophenylhydrazine rem&inaé in the
ethyl acetate layer. The sodium carbonate exbract
was then nade strongly alkaline with 4% sodium
hydroxide and the resuliting red colour was estimated
directly. It was shown that, on addition of the
godium hydroxide, all the L-keto acid hydrazones

gave & red colouwr which wag maximel in 2 minutes.

The colour due to the main interfering substances
(the hydrezones waL»kﬁ%@glutariq and aceboacetic
acids) faded rapidly, and at the end of 10 minutes,

the/
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Fthe colour remaining was alwmost enbirely due to the
hydrazone of pyruvice acld.

Bueding snd Wordtis (1940) dintroduced a Qli@ht
modification by uvaing 2 in place of N sodliwn
hydroxide Tor the Linal célaux developmnent.
Aeecording o them, this mmﬁifie&ﬁi@m produced s
more stable final colour and redueced interiference
from obther keto acids. The value of this
modification has besen confirmed in the present
studics.

In all the medifications of the method described

3
[Er—— B et

above, maximal extraction of the hydrazones from the
reagtlion mixture has been achieved by use of repeated
sxtroctions with ethyl acebtate. Yriedenana and
Haugen (1943) have exewmined the extraction of these
hydrazones in great Getail. Using stendardised
gonditions, they found a constant, bubt incomplete,
extraction of the pyruvic acid hydrszone into ethyl
acebate. In view of the fact that this extraction
was nelther specific nor gusntitative, other solvents
were tested oub. Of those tried, xylene (in place
of the eshyl acetate in Iu'ts modification) was the
most uvaelul in that it appesred to increase the
gpecificlity of the subsequent sodivm carbonaie
extraction, and gave results which were mowe reproducible

and/
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Jond more quenititative. The use of xylene appeared

0 greatest advantage when the blood contalned
relatively high proportions of keto seilds other than
pyruvie acid. In normal hleed; where the aamﬁ@mtfa%iam
of these eothey keto seidds is low, theyve lg no grest
advantege 0 be galned in substituting xylene fop
ethyl scetate, and Friedemann and Haugen bthemselves
continved to wae the ebthyl scetate sxtracilion

procedure foxr blooed analystg.

Friecdemann and Heugiaalso &ﬁ%em@téﬁ bo mak@ the
final stage mere specilic by determining ecolour
densitics atitwo different wavelengiths selected by Lfilters.
They showed bhat the ratio of The @xmmnetm@n of the
nydrasone of pyruvic scid alt 420 ond at 520 mp waa 1.3,
wheresas with the hydrazene of L=katogluteric acid,
thig reatio was 1.9. wWith this information, they
determined the falatmve proportions of pyruvate and
d=hketoglutarate in blood, and at the same time,
confirmed their previous observations on the relative
rerits of ethyl scetote and xylene a8 extraction
solvents.

Other workers do not agree with the absorpiion
mexine quoted by Friodemenan and Bangen. Hemmaveten (1948),
Tayler and MeHenry (1949), and fsmussen (19%0) a1l find
that an alkaline solutbion of the dinitrophenylhydraznone
of pyruvic acid hes a pealk about 450 mi, and this
Tigure has been confirmed in the present work. (see

Pigure 1)
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Figure 1. Absorption spectrum of pure pyruvic acid

234 dinitrophenylhydrazone.
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{(2) 7The EBatimation of Blood Pyruvaie.

Details of the Hethod uged.

»

The method is sssentially that of Ia (1939)
and ceritaln modifications and details have been
further investisated.

B&d@& was obtedined from the median baglilic
velin with the mindmal awownt of astasis,. Immediately,
200 mls of blood were transferred 40 6.00 ml, of
ice=-cold 10% trichloracetic acid which had been
Lfreahly prepored. The mixzture was sentrifluged as
soon ag posdible, bub it was found In later
experiments (when it wes not possible to cenbrifuge
immediately ) that the migture could be kept overnight

at 0°. without any appreclable change in the pyruvate

congentration. Likewiae, the protein-Lree supernaitant
could be stored for several days abt 0%C. without
svpreciable change in the pyruvaite concentrabion.

In shed blood there ip an initisl fall, followed

by & rise in the pyruvate concenbration. The initial

o~

fall i due to the pyruvaibe reacting with tyriose phosphate
to give lactate (plus 3ephomphoglycereate ). The lateyr
rise is due to the fact that pyruvate is the end-product
of glycolyais. Thege processes have been studled by
Long (1944). Both changes ave inhibited by adding

the hlood, without delay, to the dce-cold %ﬂmvhiar@eet&@

acid, /
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200 ml. of the itrichlorascetic acld supernabant
{equivalent to 0.50 ml. blood) was added to 1.00 ml.
of U.1% 2id-dinitrophenylhyidrazine dissolved in 2N
hydroohlorie acld. The mixbure was allowed to
gtand Loz half an hour at roor tempevebure during
which time the formation of the hydyesones of
pyruvic ecld and obther carbonyl compounds is complete.
The only precauntilons 4o take at this stage sre bo ume
freshly prepaved dinlitrophenylhydrazine reagent and
o filter it immediately before use, otherwise high
and non-reproducible blenks may be obtained.

The hydramones, together with the exceess dinitroe
phenylhydrazine, were then removed by 3 extractions
each with 3 ml. of othyl scetate. Thig gives the
maxinal exbraction, The ethyl avetate extract cm
be stored overnight in the refrigerator without loss
of pyruvic acld, but if left overnight it room
temperature considerable losses {(up to 33%) can occur.

The ethyl scetate layers woere combined and thewn
extbracted twice with 3 ml. of 10% agueouns sodium
carbonate solutlion. The combiined extracts were
centrifuged to separate off the last treces of ebhyl
acetate. This sodium carbonate exmbtract could also
be stored overnight st relvigevsior temperature withouts

loss/
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Jloss ol pyruvate, but al room temperatbure,
conslderable losses {up o %0%) can cccuw,

5.00 ml. of this sedium carbonate exbtract,
which muet be completely free from sny trace of
the athyl scetate layer, was added Ho .00 mi, of
2N sodium hydroxide, and the intensity of the red
colour was measured at 44% mp in a Hilger "Uvispek®
Fhotoelectric Upectrophotometer, The ecolour
dovelops lmmediatly and lu stable for at leest one
noue. |

some further experimenitis were underitaken to
lunvestigate the completeness of the extraction of
the hydyrazone of pyruviec acld under differvent
conditlons. ALL ovganic solvents reitaln a greater
or ;aﬁﬁer amount of the hydrazone which cannot he
extracted into the agueous sodium sarbonate layer.
Friedemann and Havgen (1943) stated that with ethyl
acebtate ng the selvent, 81% of the hydrazone of
pyruvic acid conldd be extracted into the sodium
carbonate layer, while with zylene as the solvent,
95% could bhe extracted. But no nrotocols were
glven in thelr papex,

This was confirmed in the present work, When
stondard pyruvic scid solubtions (1.00 mg. per 100 ml.)
woare brested by the method described asbove for the

eatimation/
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Jestimation in blood, the extinction of the {inal
colour at 445 mp uveing ethyl scetate as asolvent,
waa found o be B = 0,165, but usling nyleneg as
solvent a valvne of B = 0,180 was obtained. Both
resulte were highly reprodueible.

The 2:i-dinitrophenylhydrezone of pyruviec acild
was next prepared as folleowsie Pure pyruvic acid
was redistilied in vacuo and then added to the
caleulated amount of 2sf-dinitrophenylhydragzine in
2N hydrochloric scid.  The latter reagent had been
purified by vecrystallisatlon twice Lrowm ethanol.

A yellow precipitate of pyruvic scid 224-dinitro—
rhenylhydrazone was obtalned. This crysitalline
precipilitate was collecited on a sintered glass
filter, washed free of reagents, and ﬁimally
recrystalllised from ethanol. The M.P. was 218°¢,
which sgrees with the figures quoted in the literature.
A standard ﬁélmtium of this hydrazmone was pxa@ar@ﬁ
corresponding to an eguivalent concentyation of 1,00
mg, pyruvic acid.per 100 mi.; and the colour
dovelopment carried out in the usual way. The
density of this solution at 445 i was I = 0.195,
Comparing this Ligure with those guoted in the
preceding paragraph, 1t will be geen that when

ethyl acetate is the solvent, 09% of the hydrazone

can/
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Jean be extracted into the sodium carbonate layer,
ond when xylene is the solvent, 92% can be 80
exbrachted, These figﬁfaﬂ agree well with the data
ziven by Friedemann snd Haugen.

T wag also coniirmed that, slihouvgh recovery
was not 1004 complete, the uze of either ethyl
acetate or xylene as solvent for the exitracition
save recoveries which were hilghly reproducible.

When the bloed pyruvate concentrabtion was
wibthin normal limits, l.e. around 1.0 mg. per 100
wl,., tho differences bhetween resulivs obtainad méing
svhyl acetate and xylene as the extraction solvent
are insignificant, provided that the standard has
been extracted with the seme solvent as the blood.
Bat when the bloed pyruvate lua high, l.6.; 0of the
order of 10.0 mg. per 100 ml., the results using
ethgi acetate ps solvent were higher than those
obbalned using xylene by about 10%, According to
Yriedenmson and Hougen (1943) this difference is due
to the retentlion of kKeto scid hydrazones other than
pyruvie acld hydrazone by the xylene during the .
agueons sodlium carbonate exiractlon. This is s
big snalytical difference but when the bhlood pyruvete
concentration reaches these high levelds, an error of
1 omge per LOO ml. is of 1dttle clindeal significance.

Friedemann/
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/Friedenans and Hauvgen, using ethyl acetote and zylene,
found an @ﬂﬁlgﬁi&@l dilference of 0,12 mg. pyruvic
seid per 100 ml. bleood in festing and resiting samples,
and a dilfference of 0.69 mg. pyruvie acid pewy 100 ml.
blood in samples collected alter a boust of severe
grerciag. They regsyd this difference ag
nelgnificent, chiefly bhecause 1t was no grester
than the difference found in two successive samples
of blood, drawn within a few minutes from the asne
subject after exercise - @0 rapidly does the blood
vyruvie acid concentration changes when the
concentration is high.

Thevre is no doubt that the figures guoted by
¥riedemenn and Hewgen (1943) for the sbsorpbion
maximne of pyruvie scid 2id-dinitrophenylhydragone
are in error [(see above p. 22) presumably due o
these authors having used s series of coloured
Lilters to determine the absorption spectium. AL
other workers have used instruments with o monechromatie .
device for selecting wavelengths and are agveed that
the maximal absorpiion peak occurs st 445 mn (see
Figuee T, p.23). At conecentbrations within the
normal and abnoxmal biologiesl range, the colour

oheys the Beer-Lambert Low.



(3) The Estimation of Thiswmine.

General Considerations.

The metheds which have bheen used fox the
estimation of thiamine heve been (1) biologleal,
(2) mievobiologicald, and (3) chemical.

The eavliest Dbiologlesld nssay was based on the
smeunt of the crude vitemin pyreperatlion reguired 4o
cure the neck vetractioen of thiamine deliclent
plgeons (FPunk, 1911) and dates back to the beginning
of the hlstory of this vitamin. Sherman and dpohn
(1923) later used the rat for asspay. When sll othew
newn growith factors have been supplied in adequate
gmount, the rate of inerease of welght in rats,
previously on o thiamine deficilent diet, i@
vroportional o the amount of thismine supplied.
Goward {(1936) showed +that the accuraey of the rat
method is very high foxr assays of this type. The
Oxford School under Peters (1933, 1835, 1538) was
the first to develop an in vitro method of aseey -
the *Catatorulin Effect” - which depended on theiw
discovery of the fact that thismine incresses tvhe
oxygen uptake of avitaminotie pipeon brain tissue.
The last of the impoxbant blological methods was the

"hradycardis Methodt developed hy Drury, Harris and

Maudsley (1930) snd by Bireh and Heovris (1934). Thig

was,/



Jweg based on the finding that the thiamine
deficient rat congbtantly exhibited a bradycardia
whiech could be cured by administration of the
vitamin, and the incresse in the hesrt rate wam
propoyvtional to the dose of wvitanmin administered.
The test isn higbly epecific, and comparsitively
rapld for a blologleal assay.

The microbliological methods have all depended
on some aetivity of the cell reguiring thiamine
when the concentration of thiamine la the limiting
factor in controlling thet sctivity. schopfer
(1935) newsured the rate of growth of Phycomyces

blakeslesanug which ia dependent on the thiamine

concentration of the medivm. wperret and Cheldelin

(1944) used Lactobecillus fermentum. Others have

uaed yeast Lfollowing the observation that addition

of thismine te the medium increases the rvabte of
production of ecarbon dioxide during fermentation.

And g0 O, The microbiologicel methods have heen
proved Ho be extremely sensitive, but unless greats
precaubions arve taken in the control of the conditiona,
they lack specificity (Meiklejohmn, 1937, and Sinclairp

1939).

There are two chemlical methods in common use; the

Lfluorometyrie method snd the diazo method.

Feters/
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/Fetera, Rydin and Thompson (1935) discovered thad
thaimine could be oxidised by alkal ine fervicyanide

to give & substance (thiochrome) which hes an intense
blue fluorescence in vlitravielet Llight. The thiochrone
could be exbracted from the agueous reaciion mnixture
by isobutancl and the degree of Iluorescence wag

found to bhe proportional to the original thilamine
content. - Voarious modifications of the method have
besn introduced with the object, in most cases, of
adapting the technigue to the type of nmaterial under
examination. In the anlysia of urine, Hennegsy and
Cerecedo (1939) found that the thismine was
guentitatively sbsovbed on gsoedlium aluminium silicate
("Decaleo® )} from which it could be eluted by an
acidified agueous solution of potesasium chloride.
Hiilae (1939) introduced the uvse of a blue filter
during the measuyvement of the fluorescence, a
modification which congldersably incressed the
specifloity. The most important onalytical lmprovement
was the discovery by Mawson and Thompson (1948) that
the fluorescenee dve to thiochrome was destroyed by
the addilitien of strong acid, while the fluorescence
due bto ceritain interlering substances, such as
methyle-nicotinanide, was not. The difference

hetweon the fluorescence before and after the addition

of/
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Jof strong acid was therefore a wmuch more specifie
meaguyre of the original thiemine contenb. Thianine
ig present in blooed and tissues partly =28 the free
thilomine, and parily in the Ferm of thiswine
diphesphate (cocarboxylese). Before tha total
thiamine can be sgtimated, an enzymic hydrolysis
of the ester must firet be carried out (lavris and
wang, 1941, DBureh, Bessey, Love and Lowry, 1952).
The dilsazo method i an older method and was
firet introduced by Jansen and Donath (1926). When
thianine 1s conpled with diazobtised gulphenilie acid,
a pink colour da produced snd the depth of colour i
proporiional to the thiamine present. This method
has been widely used and numeroug modifications have
been introdueced. Kinnersley and Feters (1934) used
o formaldehyde~asno complex of sulphanilic acid.
Probluda and MeCeollum (1936, 1939) used diszotised
peginino-acebophenone which reacted with thiamine to
give a ved dye which wag m%a%lag insoluble in water,
but whieh could be extracted guantitetively into
xylene. They found that it was the 4-=methyl-S-hyiroxy-
inte this resctlion. fale reagent was speciiic fox
thiamine, and did not estimate cocarboxylasa. The
mathod has been extensively exanined by Melnick wond

Pield/



/Field (1939).

In the estimation of thiamine in uwrine, the
vitamin was adsorbed on "Decalao® (previously
gonverited Lo its "potassiun” Form by suspending
it dn p@%&@aim@‘chimriﬁ@ solution) . The thianine
displaced the potassium and was itgell retodned hy
tha reogine. after thorough washlng, the thilemine
was eluted by hot 25% agueous pobassium chloride
solution containing /10 hydvechloric scid.

Melnick and field (1939) found that bthe large
asmount of inorganic salts in s 24-nour collection
of wrine inhibited the displacement of potassiunm by
thismine, and that a preliminery extraction of the
wrine with benzyl alcohol was necessary. Hochberg
and Melnick (1944) found that theve was nob
aufficient inovgenic ssalds in s l=hour colleciion
of uvxine (approximately 100 ml.) to inhibit this
exchange, but, on the other hand, there was nog
aufficient thlanmine in & l-hour collection to
estinate acourately. They isherefore devised a
d--hiour excreblon test for thiamine dellclency in
which 1 mg. thilanine is injected intravenocusly snd
the urine collected over the following 4 hours. in
ong-quarter of this specimen (eguivalent to a l-hour
sample of uwine) there was sufficlent thiamine bo

eatinate/



Jestinate accurately, but not enough inorganic aalt
to interfere with the action of the "Decalse,

To the acidic potasgium chloride elusie ig
added alecohollic phenel (which was found by Helnick
and Fleld to increase the senaitivity of the reaction)
gud the pH is adjusted to 7.0 with,ﬁ/lﬂ sodiun
nydroxide using an imbternal indicator. . The diazo
reagéent is then added, the mixture allowed to stand
for 2 hours, and the red dye ie then @xﬁf&@ﬁ@ﬁ (once)
inte 3.0 ml. xylene, Phe intenaity Of'%hﬂ colour i
then messured in 2 Hilger Uvispsk rh@t&&l&@brlﬁ
ﬁp@atr@ph@%mmat@ru This ls the basis of the method

whtich has Deon used throughout the present worlk.

(4) Estimabion of Thiaming.

Details of the Nethod used.

Although the disso method of estimetion of
thiamine is not ©o sensitive as the ﬁlﬁﬁriﬁ@@ﬁi@
meth@ﬁg.it is claimed 4o be more specific. Melnick
and Field (1939) and ﬁaehbaﬁgg NMelnick and Pleld
{1944) Found the method most sultable for the
gabinmation of quanbities of the order of 100 ng.

thiamine,  Briefly, the method of Melnick and
Field (1939) ie as followsiw
31.8 mg. of p-amino-poetophenone in 5 mil.

*

hydrochloxic acld ia dissobised in the cold with 25 ml,

1/



/I sodivn nitrite. 20 ml. of the diazotised
p=gmino-scetophencone solutlion is added to 274 ml,
of an alkaline mixture containing equal volumes
of I sedlun hydpyoxide and I godiwm blcarbonate.
The reagent ig at £iret a faint pink colour, bub
the ceolovr Tades alter gtandlng Loy 20 mirnutes at
roon btemperature, and the reagent i then ready for
Us@ae

& sbandard thismine solution (pH = 1.0) is
prepared by dissolving thiamine in a solution
containing equal volumes of (a) 25% potessiun
¢hloride in N/10 hydrechloric seld, and (b) 0.88%
phenol in §5% ethenol . Dnmedisntely prioy 1o uwse,
the pH 18 brought to T.0 by the addition of a few
drops of 2N sodium hydroxide (using Thymol blue as
internal indicator). A volume of the alkaline
diazotised p-smlno-acetophenone, egual to the
volume of the thianine soluitlion 1s then added and
the veasection is allowed o proceed in the daxrk for
at least 2 hours. The {thilamine-dlanc complex is
then extracted into 3.0 ml. xylene and the colour
intengdty measured in a microcolorimeter wnaling a
green Lilter.

Only two minoy improvements were introdueced atb
thils s8tags.
(1) ALL pH neasurements and adjustments were made

hy/
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/oy means of the Mareond gless electrode pH-meter

in place of thymew hlue indicator, and,

{i1) The colouy density of the xzylene extract containing

)

the thilanine-dlazo complex wad read atb ;2@ mpy the
wavelength being selected by o monochromatsing
deviad. It is coneldered that this is more

accurabe than the use of a colour Ffilber.

Beproduclibility of the MHethed: 20 estimations, each

uelng 10.0 pg. thilamine, were caryvied out by the
above techmiguo. The mean extinction wes I = 0,140

(3.De = 0.,007) so that the varistion is less than 5%.

Standard Graph for th Dgtination of Thiamine: An

atvenpt was made to contruet s stenderd graph covering
the yange 3 to 100 ng. thismine. The following resulis

Were ﬁb%@iﬁﬂ@ uama% the technlgue deseribed above.

Agre Thimimling. Extinction.
3 0,032
5 0.064
10 0140
20 ) ' 0.265
30 0,450
50 0.890
T3 1.36
) 100 1.93

See also Fizuve 2.
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Figure 2. Relationship "between the extinction at 520 mu and
the quantity of thiamine present, using the
original method of I<ielnick and Field (1939 )#
(Protocols on p. 37%)



Ovey the range 0 - 30 ng. thilsmine, bthe sextinetion
i proporitional to the amount of thismine present,
bt beyond this point, the graph ceases to be a
stralght line and the deviation is guiite marked.
This devietion firom the Beer-Lambert laow abiracted
attention because the exbinction at the upper limits,
was grester §me% leass) then was expected. It was
decided that this was worih lnvestigeting furthew.

A reference solution of the thisnine-diazo
complex in xylene was prepared. Thié solution had
an extinetion of B = 1.60, d.e., the extinction is
at o point on the greph (Figure 2) where the deviation
was gquite marked. This reference solubion was then
diluted with varying guantitles of xylene and the

extinctions neasured.

Volume of Thiamine Volume of xylene Relative awmount

Je

=0lazng comnpleX. addaed. off Thiamine. Rerbinetion
1.0 ml, 0 10,00 1.6O
1.0 ml. 3,0 ml, 5,00 0.800
1.0 mi, 2.0 ml, 3633 0.540
1.0 ml, 3.0 ml. 250 06397
1.0 ml, 440 1l 2.00 0.320
1.0 mla 5e0 1wl 1.67 0246
1.0 ml. Tel ke 125 0.193
1.0 ml. 9.0 ml. 31.00 0.1.62
1.0 mlie 11.0 mi. 0.83 0.130

see alse Figure 3.
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Relative amount of thiamine-diazo complex.

Figure 3. Relationship between the extinction at 520 mu and
the relative amount of thiamine-diazo complex in
ure solution.
%Protocols on page 39.)



1t will be seen from PFizgure 3 that under these
experimental conditions, the colour oheys the DBeeiw

Lambert Law at least up to an extinetion of B = 1L.60,.

In oxder ﬁa taﬁ@ the %tabili%y of the final
rad diazo u@mplux umder the conditions in which
it i& formed, ﬁ@f&&& sanples wers ta&@n at various
timé% alfber Lnu flﬁ&l reagent had %Q?ﬁladﬁ%ﬂ - Lhe
msth@ﬁ having ﬁoam carried throug h.m% aaﬁcrib@d on
Pe j; e gxd Lh@ae samples were &h@ﬁ axhrﬁe%ad with
xylene and the extincetion of the zxylene solution

determined. The Tollowing results were obliained:

Time Interval. Extinction.
2 mine 0,602
B min. Jed6
10 min. 149
L5 mine 460
30 min. 1eT7d
1 hre O min, 1.82
2 hr. O min, 1.82
4 hr. O min. 1.82

16 hre O min. (overnight) 1.82

Sge also Figure 4.
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Figure 4. Graph showing the rate of colour development, and
the stability of the coloured complex.
(Protocols on p. 41.)



It a, pears from these experiments that the lack
of Jinearlty in Figure 2 1s neot due to fallure of
the red dilazo complex to follow the Beer—lamberd
Law over the rangé of quantities employed, or to
ingtability of the complex uvnder the conditliong
in which it is formed during the reactlon. The
orly rewmaining explanation is that the conditione
'éf the reaction lead to incomplete formaelon of the
dilamo complei. And this conclusion opened up the
wholde gueation of the mechenisn of the rescbion and
the factors on which it depends. ALL of these
factors were examined serliatinm and ae o considerable
amount of experimental work was involved, only the
mein conclusions will be sumnarised herves
() Since the alkaline diazo reagent is made up
in relatively csm@@mtyat@é alkali, it is unnecessaxy
to newtralise the comparatively small amount of acid
in the steiderd thismine solvvion before proceeding
to Bdd the diage reaszend. |
(b} fThe pH of the rescilion mixture, 1.6, the
thiaspine plug disgobised p-amino-scetophenone plus
phenel, is dmmaterdial provided that it is ot least
10,54 1T the pH is lower than this, only a yellow
colowr, due Ho coupling with phenol, is produced.
Ineresaing the pH above 10.5 does not result in
increased colour formation.

(e)/
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/{e) In absence of phenol, the extinetions Lound

sre spproximately one=third of the values found

when the awnouwnt of phenol recommended by Melnick

agnd Fleld has been added. The explanation of

this is not kanown, but experiments have sug_ested

that the function of the phenol is to destroy

excess diazotlised peamino-acetophenone.

{(d) Also, in sbsence of phenol, it was Ffound thab

the amount of dlazmoilised p-—amwino-acetophencne in

the reaction mixture was critical. Uaing

guantities of thiawine of the order of 10 to 100 pg.,
it was found that the optilmal amount of dlazotised

panine-acetophenone oy maximal productlon oif

coleur, wan 300 + 20 ng. Upeater or lesser amounts

gmﬁé sub-optimal colouwr production.

(¢) "The presence of phenol increases the colour

production, and agaln, the amount ol phenol in the

resgbion mixture i critical. Using guentities of
thiamine off the ordexr of 10 to 100 ng., it was Lound
that the optimal swount of phenol for mawimal

production of colour was 25 4 2 mg. Greater o

lessger amounits also gave sub-optimal colour production.
£) In alkaline seolution, phembl 1tself veacts wibh
dlazotised pesminc-agcetophenone 0 give a yellow
compound which, however, canunot be extfacted from

the/



Jthe resctlon mixture by xylene.
(g) It was slso found that the pressunce of phenol
considerably improved the reproducibility of +the

resultse.

The details of the method finally employed ares-
13.5 mge. p—amino-acetophencne in 5 ml. N
hydrochloric acid, is diazotised in the cold witvh
20 ml. N sodivm nitrite. To this wmixture is added
200 ml. of o solution conteining egual velumes of
N godlum hydrexide and ¥ sodlun blearbonate. The
reagent must be prepared dmmedistely belore use.
Varylng quentities of thiamine (10 to 100 pg.)
are added to 3.0 ml. of 0.88% phenol in aloohol
(26.4 mge. phenol). 2.2 ml., of the alkaline
diazotised p-aminc-acetophenone solution ig then
added (300 pg. diazotised p-smino-acetophencne)
and the mﬁx@u@e allowed Lo stend overnight at room
temperature, 1t 1s then extracted (once) with 3.0 ml.
xylene and the optical density of this xylene extract

ig read at 520 mp,

Reproducibllity of the modified Method: 27 eastimations,

each using 10.0 ug. thisnine in agusouwns solution, were

carried/
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Jearried out using the wmodificetions of the technique
desceribed above. The mean exbtinction was now found
50 bo B = 0.178 (S.D. = 0.004) indicating & veristion
of 125k

By stricet conbrol of the gquantities of reagents,
the sensibivity of the method has been appreciably
ncereased, and the random error has beer halved.

(Gf. the figures guoted on pe 37).

standard Graph for the Nstimation of Thiamine:

odlfiad Hethod.

The following results were obibtained using the

dified metvhod described on p. 37.

noe Thisming. Txbinetione.

10 0,178

20 0.350
30 0.520

0.85%

\J7
<

W

429

1.59

ot
2
<O

dee also Figure 5.
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figure 5.

20 40 €0
q. thiamine

80 100

Relationship between the extinction at 520 mu
and the quantity of thiamine present,

ing
the final modification of the method dé%ﬁribed
on p. 45. :

(Protocols on p. 46.)
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The optical deneity is dirvectly progorviional
to the amount ol thiasmine in the range O - 65 pg.
thiamine, therealter, the colour intensity no
longer obeys the Beer-lambert Law, the exbtinctions
being smaller thon theorvetical - which is the usual
deviation from the law ot high opitleal densitlies.
(Cp. Tigure 2, p. 38)., This is the standard
graph Loy the estinmation of thismine which has

been used throughout the following work.



Thiasmine Deficiency in Pogb-gaaitrectony Palblients.

Rutritional deficiencies in patlents with
gagtro-intestinal complaints is comparatively
COMBOn, BeZey Bhe “dumping syndrome" alter partial
or total goatrectomy, the securvy which develops on
a su=galled "ulcer diet", and go on. This section
of the wmfk deals with an investigetion ianbo the
pogsilble occurrence of sub-clinical thiasmine
deficlency in a seriles of post-gastrectony caseny
it i8 not so mueh concerned with those cages in
which frank gigns and symptoms of thiamine defliciency
gre apparent on clinleal examination. Hany caaea
of thismine deficliency occurying during the course
of zestro-intestinal upsets, snd following surgical
interference with the gasitro-intestinal bract, have
heen recowdaed in the literature.

Ungley (1938) reported n@mritis‘emﬁﬁliﬁ&ting
sowe caoes of gastyic uvlcewr, @ylgrieAﬁ%em@@iﬁg and
aeoplagms of the intestinel tract. scobt (1938)
and Laurent snd Sinclair (1938) made similap
observations. In these cases, there was no evidence
that the neurditis wes a direet seguel of thiamine
deficiency. Fileld, Robinsen and Helunick (1940)
examined two series of pabients, (1) o sexies

receliving/
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/receiving alkalline therapy in the course of
trentnent Tor pepblce ulceraticn, and (2) =
miscellancovng aseries of ¢ ages of schlorhydris , snd
in both, he found a sub-nornel vrinexry exerebion
of thismine followlng o test dose of the vibtawmin,
A sixiley response %é a btest doge of thilanine wag
Louwnd by Follaclk, ﬁ@l@er; Eilambegg'amﬁ Cohen (1940)
in a group of patlents with veriouvs forms of gastro-
intestinal uwpset. |

More definite evidence of & correlation beitween
gaatro-intestinal discase, neuritis, and thiomine
deficiency was produced by Muir (1949). He
followed up 124 posb-gastrectomy paﬁﬁ@nﬁﬁ of whom
20 complained of varying degrees of neuribiss of
these 9 xepidly responded to sdminilgtration of
thilamine while the other 11 did not. Two of Muir's
cases war&malﬁﬂ Found to be suffering from mild
geurvy which responded lmmediateldy to ascorblc scid,

Helbourn, Yughes end wells (1951) reported 10
cases of thiamine and riboflavine defliciency out of
100 cages of sub-total gestrectony one or MOYe yesrs
al tax @paxa%iamu On the ebtherrhand, Blake and
Rechnitzer (1953) found no conerete evidence of
vitemin B.ﬁ@fi@i@n@y in 104 postegastredtony coses.

During/



During the last Live years, there seemg to have
been no publisghed worlk on the subject, and the
Literature prior to that contalns no adeguate
sclentific examination of the posgible occurrence

of %thﬁlln coal thiamine defleiency in this type
of casg.

This investis mh&om wag carrvied out at the
reguest of FProfessor h. e Kay and the pogte
gastrectomy cases were Irom the unit of Frofesaor

e W, Illingworth in the VYestbern Infirmary,
Glasgow. weventeen cases were selected atb
rondon ag they appeared ab the Oubtepatient Clinic
and it was believed that they formed a reagonable
cross-—section of post-gastrectomy patients. They
were bthoroughly exemined by the clinical stall,
and on w bagis of this cxaminetion, they weve
claggified as Tollovwsgse

Group l. 9 paticnts. These paltients had no

clinical evidence whatever of any degree of thiemine
of other vitemin deficiency.

Group 2. 5 patlents. 40 this group, the patients

comilained of ab least two wminor symplons suggestive
of thiamlne deficiency, and the sympbtoms included
neurasthenia, lasgitude, snorexis, limb painsg, and
losa of weighte

Group 3./
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/Group 3. 2 patienta, In eddition to various

ayapboms, these two patients showed objective
gigng suggestive of vitamin B deficiency, engulay
stonatitis, glossitle and chellosis,

Group 4. L patient. while it was not the

LR TR

original intention to study Lloxid thismine

defielency, this patient appesved while the cases

were beling collected and was included asg a matter

of interest. She was o typical case of gsevere

-

thiamine deficlency showing all the clagsical

h

mental, neurelogical, cculay and cardlovascular

-

silens of the condition.

Control Group. The control group consiated of 24

subjects selected from ward patients who hed beon
adwitted for relatively minor gurgical treatment -
moatly cases of uncomplicated hernis repslv.

Testy were all cavried out on the day before discharge.
The subjects were all in good genersl health, free
from any gastro=intestinal sympbtoms or signs, had
been recelving a generst mixed hospital diet withoud
any vitemin supelement, and, ss Lar as possible,

were matched in sage and social stoatns with bhe
potients of the post-gastrectony group. in
selecting these controls, the variable factor was

the avsence ol & gustreCclomy. kany of these control

subjects/
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/subjects came from the poorver districts avound the
hoapital, and there is no ceritalnty that thelr

pagt dietary history had been adeguatbe with respect
to thismine,

In endesvouring 1o delect sub-glinical thismine
deficioncy, efforits were concentraited onn (1) the
fasting and resbtlng blood pyruvete concentration

‘éa this quantity ils frequently reguested by clinicilans
85 o measure ol thismine depletbion, and (?) the

wrinary thiamine excrebtlion following a test dose of

the vitamin,.

As The Fasting and Resting Blood ryruvate Concentration.

Controdl Groups The mean fasting and resting blood

pyruvate concentration of the 24 conbrol subjects
was 0.74 ng. per 100 ml. (S.D. = 0.20, Ravge, 0.25

@y

$0 1.15 mg. per 100 ml.).

Pogtegagtrectony Patientss The resulits are shown in

Table IT (see pe 55).

The mean fasbting end resting blood pyruvate
concentration in the 17 pOﬂtmgaﬁty@cﬁemy patients
was 1.03 mg. per 100 ml. (S.D. = 0.23). Using
the Student "bY test, these mean values are

slenificantly diffevent at the 1% level. It is

clear/



Joleay, however, Ifrom an examination of the dats
in Teble II that there is no relatlonship whaltever

Al

bhebtween the level ol the blood pyruvate concentration
and the degree of thiamine deficiency. lHence, othew
factors must be operating. -

The fasting and resting blood pyruvaie
concaentration of the pestient Jo (&r@mp 4) was
determined on several occasions snd conaistently
fell within the normal TENEE £ bey Antravenous
asdminigtration

I thianine, there was a marked

of
fall (see pe 55).

L
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TABLE IX. Fagbting and Resting Blood Pyyruvaie

Concentrations.

Controls and Fo&ﬁ»gma%rec@amg Fatients.

(a1l resulits in mg. Pyravete per 100 ml. blood).

Hlood

Group and Fetlent. ILyruvabte. Hesn. Ronga,
Control Groupe. s D74 Oe25H b0 1,15
(24 subjects).
Gyroup L. Ste 1Le03

Mi. 0.93

Gae ' 0.72

Ni. DYl

Bra. (1) 1.25

T (.93

e, VT4

Bare {2) 1.00

Gwe 1.15 0.96 072 50 1.25
Group 2. Ba. 1.60

She 0.90

Shi.. 0.96

Hao 130

MoMe dol5 138 0.90 %0 1.60
Group 3. Gil. 0.50

St 1,310 - o
Group 4. do. 100 e \ -



Be hxeretion of Thismine in the Urine following &

Taat Dose,.

The responge to the admindstration of a test
dosge of thilamine was measured while the subjects,
patlents and controls, were in a festing and
veating (basal) stabe.

The test was carried out in the moxning.
Ammediately before the experiment was sbtarted, the
bladder was completely empiblied and the urine
discarded. 1.00 mg. thismine was then injected
inbravenously, asnd all vrine passed during the
follewing 4 hours was collected, the bladder being
emptied sgain completely at the end of that tine
and the uvrine added to the specimen. The urine
was collected in a %raw& botitle containing 10 ml.
glacial aceblc acild an preservative. The
thismine content was estlmated by the method
descrlibed abhove.

In a few preliminayy experiments, it was
found that these subjects excrebed very small
amounts of thiamine in the urine without having
heen given any of the vi@&mim in the form of o test
AOSG. The maximum outpul observed was 15 age
thiamine per 4 hours, snd since this is very small
compared with the amount excreted ofter the test

doge,/



Jdose, it hes been ignoved in the caleulations.

slnee the amount of the test dose which is
reltained by the subject is related to the hedy
weilght, this factor of body welght must be taken
into asceount in &ﬁweﬁﬁiﬁg the value of the data.
The 24 control subjects could all be described asm
normal in sizme. Hone could be classed as obhese.
The postegostrectomy pabtlents were all elthew
normal in aize, @rg‘in a few cases, couslderably
widerwelght as might be expeched from bthe nature
of their medical histories.

The fate of the injected thiammine has therefore
baen followed in two ways:e (1) the amount of
thismine excreted in the vrine in the 4 hourg
after the test dose, and (2), the thiamine vetained
pexr kgo body weldght up to the end of the 4-houx

period which the experiment lasted.

Control Grouvps Phe mean urinary excrebtion of thiamine

rYollowing injection of 1.00 mg. of the vitamin in
the 24 controld subjects was 210 pg. per & hours (S.De =
62, Range 126 %o 340 pg. per 4 hours).

The average body weight of the contrel subjects
was 63 kg. (Ranze 47 to 80 kgl ).

Jhen the thismine retention was related to body

welght/



Jueight in each of the individual control subjects,
it was caloulated that the mean retention was 12.6 pge
thiamine per kg. body welght (S.D. 2.0, Range 10.5 to

171 ﬁ o thiamine per kg. body weight).

Foat~gaatrectony PYatlenta: The results are shown in

Table IIT (me@‘y. 60).

£

The mean urinayy excretlion of thismine following
injection of 1.00 mg. of the vitamin in the 17 poste
gaptrectony patients was 128 mpg. per 4 hours (5.D. =
64, Range 50 to 290 pg. per 4 hours ). Using the
Studentts 5% fest, bthis mean value le significantly
ditferent Lwom the control meen velue ol 210 nz. per
4 hours. However the results of +this test do nos

-

altogether agree wibth the concluslions of Uajjar and
Holt, Pollack et al., snd Mason and %Williaws (8ee p.l6).
The scatber in the grouvp of 17 post—gastrectony
patlents lo much too wide for any couclusion to be
drawn, and in ¢ of the 17 cases, the awount of

thiamine excreted falls withinthe normal mean 4 L SPOR
Nor is bthere asny gtrict correlation bebtween the mmouvns.
of thismine excreted snd the clinical assessment oF

the degres of a@veriﬁy of the thiamine éepieti@no

Examination/
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JExomination of the amounts of thilamine retained

per Kge body welght lun the 4-hour period aiter
injection of thlamine, glves o much better
clagsification of the patienta. The mean retention
of thismine was 15,8 JA& e per kg. hody welght (S.D. e
2.3, Range 11.8 to 20.5 pg. thiamine per kg. body
welaht ). Once again this mean value is glignificantly
different from the control mesn. With few exceplions,
the amount wretalned peir kg. body welght cerrespeonds o
the eliniecal and dietedic eveluation of the case.
sinee thiamine ls used snd stored only in tissues
which are metabolleally active (e.ge, musele, livew,
kidney, etc.) the smount of thismine retained undey
the conditbions of the experiment shouvldd properly he
correlated with the lean bedy weight to which the
total body welght i the fivst spproximsibion. And
since only 2 of the 17 posi-gasitrectony patients were
heavier then the mean of the contyrols, this Lacbor

should bhe taken into account. @



60.

pABLE IIX. Urinary IZxceretion of Thismine.

Fost-ragtirectony Caseg.

_ EXCRENTON RETENTION
Group end Patlent. welght. pg. Thlamine pg. Lhilamine
Ege per 4 hours. per kg. body
; waight,

Control Group 63 210 12.6
(Mesn values).

Growp le St 58 135 15.0
Mis 53 143 162
Cone 64 183 1247
i 54 150 157
Brw (1) 56 56 167
iie 54 89 16.08
Wal, 67 167 12.4
Bir. (2) & 155 18.0
G 56 ' ge | 16.3

P
ble
]

FKeans foxr Group l. 56 d30 155

"

Group 2. Ba. 56 50 17.0
She 6% 230 11.6
Shi, 97 | 150 14.6
Ha. - 56 14 15.7
MG 46 290

fd
e 1

®

-

Means fox Group L. 56 167 14.9
Gmoup 3. Gl. 45 210 2

N b
<,
L ]

)
L%

B 4é 78
Group 4. Jo. 50. 90

fad
o
L ]
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Further information concerning the relative
vaelue of these three methods of detecting sube
clinical thismine deflciency has been obitailned by
examnining the elfecty of systematic treatment of a
proportion of the patlients with thiamine in various
therapeutde preparations. wince the whole experiment
involved hospltelisation, not all of the 17 pogte
gaatrectony patients were available for fellow-up
purposes, but extended cobservations were carried

ot on 6 of the coses.

Oe Effect of Vitemln Therapy on Fost-gastrectomy

Yatients.

AT AR PN A TR

According to the asmerican Hational Regearch
Council (1653), the rvecomended daily intake of
thismine 18 1.0 40 1.5 mg. 6 of the pogt-
gaatrectomy patlents were placed on an ordinayry
mixed diet with o supplement of 2.0 mg. Hhiamine
daily snd Turther obhservalbions were made aflter
4etd woBKS Y The effects of this regime on the
faating and regting blood pyruvate concentration
are shown in Table IV, and on the excevetion and

rebtention of s btest dose of thismine in Table V.
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V. Effect of Thiamine Therspy on the Fasting

- 1
( Bach

Group

and Resting Blood Pyruvate Concentraiion.

patient had 2 mg. thismine dally for 4-6 weeks.)

Blood Pyruvete Concentralbiloil.
J :
nge. per 100 ml,

1

and Patilent. Before Therapy. After Therapy.

Group

Group

Group

L.  Mi. 0.93 0.70
Ca. ‘ G.72 0.55
Pr. (1) 1.25 1.30
Ze Sl 0.0 0465

Hee 1.30 070

bo JO. .00 055



TABLE V., Iffect of

xxar@ti@m

Thismine Therapy on the 'I}r;i.nm;;; ,

and Retention of Thiswine

followlng

o Test Dose.

(Bach petient had 2

mg. thismine daily for 4-0 weeks).

LXCRETION . RETENTION,

A e Thiamine pey 4 P Thiamine per kg
hours. hody welght.
Group and ITatient. Lelove Aftex Befoxre Aftey
‘ herany. Theropy. Therapy. Therapye.
Group 1.  Mi, 143 180 16.2 13.2
Gae 183 220 127 10.3
Bre (1) 66 &7 L6.7 1544

Group 2. whe

Hag

Group JO.

()
(b)

11.8
157

ft
}
®
o0

230
114

230
410
200

(a)
(b)

%‘_'_1

P~

=

L
L
o i
L] *
MWD

18,2 (a)

(b)

G0 LTT

X763

after 4 weeks,

after & weolig,.



The resulis set out in Yable IV are no more
convincing than those in Table Ii. Ghile the

-

blood pyruvate concentration falls in =11 6

&

ases
after o couvge of thiamine itreatment, the wresultsg

are neither striling nor convineing, and 1t is

clear that this extension of the study of the blood

pyruvate concentration can never be of diagnostic

dmportance.

The same avgument applies to the dete in Table

De Bloed pyvruvete changes lTollowing Ingestion of

Glucoses

This test was attempied in two of the poste

gastrectony cases (Ml. and Sh.). In both cases,

the patients were vielently silck and naunagated
after swallowing 50 g. glucose, and this line of

investization was therefore sbandoned.

64 .



6.

Dincusaion.

rasting and Resting Blood Fyruvate Concentrations (See

Table IT, pe 55).

The only concluslon that could be reached wasg
that, 1if the blood pyruvate concentratlion were
ahove the uvpper noymal Limit, the patient was
probably sulfeving fxom some degree of thiesmine
deficiency, provided that other causen (see pe T)
of & raised blood pyruvase concentratlon could be
excluded, This vpper Limlt may be taken asm l.1l mg.
pyruvate per 100 ml. blood. But the level of the
blood pyruvate concentratlon was ne index of the
degree of thiemine defilclency, and a nowmal blood
pyruveia concentratlion did net exclude even a

gevere degyree of thlamine deplebion.

Thismine Bzeretion aflter a Test Dose. (9ee Table III,

Pe 60L)

Clearly, there ig no strict corrvelation vetbtween
the occurrenece or severlity of ithiismine deficlency
and the smount of thilamine excreted in the nrine in
the 4 hours alter dnjectlon of a test dogse of the

vitamine

Phiomine Hetention albter a Teat Dose. (see Table IIT,

Pe 60‘,}

when/



Jihen the smount of thiamine reteined in the body
after injection of a test dose 1s calenlated, and
i® bthen correlated with the welght of the patient,
the results -obtained sgree ressonably well with the
clinical assessment of the case. The wesults
suggeat that, of the tests selscted, thils is the
most reliable and the mowt likely to give positive
conficmation of the ﬁli&im&l‘éi@gm@ﬁiﬁ. But,y
taken as o whole, the test adds Little to the
disgnosis of subeclinical thismine defleienay,

for the ssme patients could be equally well

clossified on & baglis of the clinleoal emsnminabion.

Thiamine Therapy. EBfTect on Bleood FPyruvaie

Concentration (see Table IV, p. 62).

Since the blooed pyruvate concentrabion was not
markedly olevated hefore therapy, it 18 hardly
surprising thet the effecta of therepy ave limited.
Yet it is of sowe interest bhat in all ceses
examined, sdaoinistration of thismine brought sbhoud
o reduction {end in some, o marked reduction) in the
level of the blood pyruvete concenbralbion. On the
othaer hand, the majozdity of the analybical resulis
fall within the normal range of vaviation, and
dounbtless, sinilar resulits, slthough perhaps not so

mayiad,,/
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/marked, could be obitained in o series of normal
gubjects. It wag not felt that the point Jjustified

further investigation.

Thiamine Theirapy. Thilamine Ixeretion and tetention

following o Test Doge. (See Toble ¥, De 63.)

The effecta of prolonged thiamine adminigitration
both on the excretion and retentlon of a test dose
of the vitamin ayve diasppointing. Lt was expected
that the course of therapy employed would have had
a much greater efifect on the individual patients
wuo had not only been receiving supplementany
vibamin, but had also been advised aboult thelwr
general diehs.

Parhaps the wmost disturbing Lfeature of these
resulte is the serious lack of correlation bebtween
the celiniecsl asscgsment of the patient's condition
and the blochemical Lindings, e,8., the basal blood
vyruvate concentreabtions in Table T1, and especially
the findings in the patlients in Gyoups 3 and 4.

The patients Jo. was wndoubtedly a severe case of
vitamin B deficliency snd a very byiel sunuary of

her clinical history has been inserted at thim point.
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‘Resume of the Clinleal History of the Fatlent in

Group & (Jo.).

Thia patlent was of speclal interest as she was
disgnosed clinically as o severe case of vibtamin B
deficiency, but the blochemical tests which wexe

applied showed no outstanding atnormality.

Me JOa Famnle. Married. Town 1904,

The patient¥s symptomg begen in 1942, and she complained
of increasing dyspepsis for the next ten years.

Deptember 19523 Partial gestrectony followed hy gagitilos
Jejunoatony .

November 1952 - Fatient complained ol numerous attacks

dJanuery 19553 of vomiting; epigeastyic pain

beginning ln Fovenmber 19535 lassitude
and losy of welght, a feeling of
fullness altor meals, and general
malalse,

January 195532 hepeonted gastiroscopic egxaninations
did not show any atomal ulcer, bui
the appearances are described ag "not

those ol a normal gastrectomy'.
Fabruary 19553 Laparotony. Humerous adheslons were

Yound in the upper abdomen. There
was algo o stomal ulecer. - The
anastonogsis was uvndone, and & further
povition of the stomach was renoved.

& new anastomosis wag mada.

August 19553 The patient was re-admitbed witl
gympboms strongly suggesitive of a
severe vitemin deliciency. Hhe

complained of sore tongue, moubth and
gung, and had an snguler stoumatitls.
There were no symptons of pexipheral
nenritis., ohe was disovientasted.
Myocardial changes were detected by the
IeCaGs The patient had cireun-orbitsl
cedoms, excovialbion of the canthi, slihi
photophobla, and a slight superficisl/



Angugt 19595 -
September 19505

Dacember 14553

/superficial keratitis. She also
had o histenine~fast achlovhydris.

€
L

The varions blochemical vesta
reported here were carried outb.

A course of 2 ng. thiawine daily by
mouth had failed to effect any
inprovement in the patient’s conditilon.
She was then starited on a course ol

5 mg. thismine (#10 mg. wiboflavine)
once weekly by intranuscular injection,
and by December 1955, all signs and
aympbome of vitamin deficiency had
digappeared.



65,

The proof that her symptoms in the wmiddle of 1955
were, in facit, due o thismine dellciency isg shown
by the complete remismsion Lollowing large intramusculan
injections of thiamineg, At no bime was hew blood
pyruvate concentration even up to the upper 1imit
off the normal range, yet she was @uffi@iently ill
t0o make the response o glucoge oxr the exercise
toleronce-—-tegts inadvis ehie Although she retained
a very high pervcentage of an injected dose of
thismine (see Table IIX, p. 60) she was still able
O exerete &lMOﬁu 104 of the injected dose at o
wime when her deiiclency was 80 severe thatbt she
was exhibiting paychosomsbic digbuxbances.
The £ ailure of these patients to exhibit either
& reduced excretion or an increased rewb ion of
thismine after 4-0 weeks on a diet containing
added thismine, may well be due o an excesgively
high ralte of destrucation of the vitemin in the
alinentory trect following rewovel of the source of
gastbric acldity. The faect that the patient Jo. did
not reapond to orpl sdmindstration of thiamine, yotu
was completely cured ol her gigns and syuploms by
parenteral administration of the vitamin, strongly
augsedts this.

Wh :L:LQ/



Vhile in individual cases these vesulbs (apart fron
the $hiamine retention teat) are not conclusive, they
do confirm the strong poesslbility of fthiawmine
deplaetion developing in pogt-gaatrectony cases and
the need Loy vitamin supplementy in the diet. I
wmay be that in spvere cases such a9 the case Jo.,
this vitamin supplement m@y have to be glven
parenterally slthough the yémson Toxr such therapy

in this particular cage was not dlgcovered.
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LXPERIMENTS O BHTAMINGE DEFICIENCY T DOGH .

Vhen this work on human subjects was almogt
completed, an opportunlily avose of studying the
eilfects of bthiamine delleiency in dogs, and in
view of the rather unsatlsfactory results of
expeyiments on post-gasirectomy paticnte, this
chance provided fscilitlies for & movre thorough
examination of the effects of prolonged thiamine
deficiency.

A number of unaccountsble deaths of racing
greyhounds was reported in Glasgow in 1655, These
deaths ocouwrved suwddenly elther during racing ow
imnedistely after o bout of severe exercisc. The
chief post-mortem Lfinding was extensive cardisc
leglona. On investigating the genersl management
of these animals, it was discovered that they had
heen fed a dliet consisting of 1i 1lb. meat plus 1 1b.
rosked white bread per day, but that this miyxture
had bheen gimnered Lor about 6 hours belfore 1t was
fed bto the aninalsg. The possibllity of death
being due to vitamin deflilciency led to the matter
being referred to this Deparitment. There was no
record in the vetberinary or sclentific literature
of any biochemlecal investigations of thilamine

depletion in dogs leading to illness snd death.



EXPERIMENTAL .

Bisht dogs were availlable for the experiments.
Hix were from kennels whewve the original deaths had
heen reported, and the other two came Lron kennels
where no deaths had oceurred. In an atvtempt o
bring 21l the animals o the some nuitritional

statusy the eight dogs were transferred to the
University of Glasgow Veterinary Hospital, Garscube,
Glasgovi, where they were maintained on the normal
hospitel dog dlet for several weeks before the
experiments were started. The enimals were housed
geparatelye.

Belfore the experiments began, the fagting and

remting blood pyruvate concentrations were determined
on each dog on two separsbe pccasions. The mean
concentration was found to be 1.02 my. per 100 L,
(5.D. = 0.18) in the 16 estimations. The reswlts
att fell evenly about the mean snd it was concluded
that the dogs were all conpsrable with respect to
thdaomine nutrition.

To make sure of this important point, each aanimal
was bhen given H mg. thismine intramascularly, and
the Fastling and vesting blood pyruvate concentrations
were determined thyree days latexr. The mean
concentration found in these 16 snalyses was 0,94 ©

"L::'

pyruvate/
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Joyruvate per 100 ml. hlood (S.0. = 0.14). Two days
later, the mean concentration was 1.10 mg. per 100 mi.
(5D = Qeld)s These changes vere not regarded aa
aignificant. Having esbablished these polnitsg, the

dogs were then divided into three gwoups a8 followsi-

Group L. Dogss C/5 ¢/6 F/2., (Control group).

TR

Dogs C/5 and F/2 were fed what will be reforred
0 as the "lebthal diet" which was similaryr to the
diet Ted at the knels where the deaths had occurred.
It conslisted of mest and rusked white bread which had
heon simmered bogether Lfox 6 houfa hefore being fed
to the animals. In addition, these two dogs were
given 0.9 mg. thiamine dally by intramuscular injection.

Doz C/6 was fed meat plus unrusked white bread.
In addition, this animel was coprophageouvs and so had
a second source of thiamine.

These thvee animals all received adequate dally
amomgtﬁ of thismine and theveifore served 2 controls

for the other two groups.

Group 2. Doges C/3 C/4. (Hospital diet).

Dogs /3 ond ¢/4 were fed the hospitel diet of
knackery meat and rusked white bread. Both mest

and bread therefore had been previously subjected 40

a/



/e short heat treatment. Fo further heating of
food was carried out before belng fed to the dogs.
It was bhelleved that this diet wes adeguaite in
thiamine,

ggggﬁméf Dogss C/3 ¢/2 F/le (“Lethal Diet").

These animals were fed on the "lethsal diet®

ang were not glven eny supplenmentary thismine.

1. TFagtiong and Hegting Blood Pyruvate Conceniraltions.

2. Blood Pyruvate Changes Lollowing mild Exercise.

The changes in blood pyruvate concenitration in
these experiments in each of the 8 dogs are shown

graphically in Pigures 6 « 13, pp. T4 « Bl.

{oe



Group 1 QeC/téi/ <u0t' thiaminmi)

: 80

E 6-0

Figure 6.

Dog C/5

SO 60 90 130
Days

Graph showing the changes in "blood pyruvate
concentrations over the course of the
experiment.

o-o fasting and resting

x-x following exercise
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Figure 7.

Group 1 09thmidim€*- thmminm)
Dog C/*

o0 60 g0 130
Days

Graph showing the changes in hlood pyruvate
concentrations over the course of the
experiment.

o-o fasting and resting

x-x following exercise
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Figure 8.

Group 1 O th™dI9¢t' thi*tminQ)
Dogq F/2

30 60 QO 120
Days

G-raph showing the changes in hlood pyruvate
concentrations over the course of the
experiment.

o-o fasting and resting

x-x following exercise

76.
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Figure 9.

Group 2 (JlospitiU
Dog c¢/3

30 60 20 120
Days

Graph showing the changes in hlood pyruvate
concentrations over the course of the
experiment.

o-o fasting and resting

x-x following exercise
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'°'H4“r Graup 2 (Hospital Diet)
| Dog c/a
3
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Figure 10, Graph showing the changes in blood pyruvate
, concentrations over the course of the
experiment.

0~-0 fasting and resting

x-x following exercise
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Group 3 U9thal dieO

Dog c/i
AO
20
oo
ao 60 90 130 IS0
Days
Figure 11.

Graph showing the changes in blood pyruvate
concentrations over the course of the
experiment.

o-o fasting and resting

x-x following exercise
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Group 3
Dog F/i

ao 60 90
Days

Graph showing the changes in hlood
p¥ruvate concentrations over the course
of the experiment .

0-0 fasting and resting.
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1. Fasting and Resting Blood Pyruvate Concentratlong.

Group 1. ("lethal diet" plue thilsmine).
{Bee Figures 6, T, and &).

Stevting 10 daya ofter these dogs had heen
placed on thelxy diets, fasting snd resting blood
pyruvate concentrations were determined ot inbervaels
over a period of 150 days. The mean of 91 estinetions
on these three dogs in thig control group was 0,94 mg.
pyruvate per 100 ml. bloed (S.D. = 0.15). The
differences between the three snimals were not
significants, nor was there eny significant day-to-day
variation dviring this pewxiod. In pazticwnlar, the
biood pyruvate congentration remained within normal

Limits until the end of the expoeriment.

Group 2. (stendard hospital diet).
(see Figures 9 snd 10).

After 10 days on the standard heospital dietb,
Tasting and resting blood pyruvate concentrationg
were determined at sulteble intervels over a period
of 150 days. The mean of 58 estlimetions on these
two deoga was 1.2% mg. pyruvate per 100 ml, blood
(3.De = 0.26)s  This mean is silgnificently higher
than the meen for the aninmalsg in group l. The

ata

)

standard devistion is also greater, This
would sugeest that the standard hospital dist is

not/



B3e

-

/net partiounlerdy rich in thiamine, although it
should be noted that there is no tendency for the
blood pyruvabte concentrabion 4o incresse even atg

the 150%h daye.

Group 3. ("lethal diet"). |

After 1O days on the "lethal dletY, the fasting
and resting blood pyruvate congentrations were
determined at Antervals for periocds wp to 160 days.
1t soon becane apparent that, while the dogs ¢/1 and
¢/2 were reaching in the same way, the dog F/1 wawm
regponding gquite diflferently. it is of some interest
that this dog (end dog F/2) had been obitained from
different kennels than the other six dogs and had
guite a diffevent dietary history.

Dog C¢/i. (ses Figure 11).

The mean of 2% estimations of the fanting and
regting blood pyruvate concentration duying the first
120 days on the "lethal diet" was 1.33 mg. per 100 ml,
(SoDe = 0.28) which is significantly higher then the
mean values for the control dogs in group L. AT ber
120 days, the blood pyruvate concentration began o
rige - the highest rocorded Ligure being 2.50 mg. pew
100 ml. This aninal survived.

Dog C/2. {see Pigure 12).
The mean of 24 ewbmmae¢amd caryied out ab

intervels/
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Jintervals during the firet 108 days on the "lethsl
diet® was 1.30 mg. pyruvets per 100 mi. blood (S.D. =
0:26) which 18 else siznificently higher than the
mean values for the controls of group L. Afteow
108 days, the blood pyruvate concentration begen

0 rise - the highest recorded Ligure for this
animal being 2.09% mg. per 100 ml. This dog
collapsed end died soon afbter o bout of exercise,
and the pos t-mortem findlngs were consistent with
death due bto thlamine deflcliency. Death oceurred
after 142 days on the vlethal dietv,

Dog ¥/l. (see Figuve 13).

This snimal repidly developed biochemical
abnornalities characteristic of avute thiamine
daficlienay. The mean of 6 déterminations of the
fasting and resbting blood pyruvate concentbrabtion
carried out at intervals during the 29 days which
it survived on the “lethal diet” wag 2.63 mg. per
100 ml, The hilghest recorded Lilgure was 4.60 mgy
per 100 ml. on the 27th day. Fost-mortem findings
were pgaln consiatent with death due to thiawmine
deficlency.

For weasons which are not obvious, this dog (/1)
developed a sudden acute thiamine deficlency
coryesponding to- the fulminating beri-berd described

in/



Jin human beings in China by Platt and ILu (1936).
In the buaman, fulminating beri=beri a,years to he due
to o complete lack of vitamin By over a relatively

s

snort period of time, sand is not necessarily

8.5 smci&ue with severe aymptumﬁ of vitamin deficlency
although Flatt and Lu found that the blooed pyruvate
concentbration was markedly increased.

In the other two dogs of this group (G/1 and
¢/2) the general condition of the snimals remained
quite good. /) showed signs of fabtigue after
exercise on the 120th day, but ¢/2 appeared to be
guite healthy until its sudden collapse and death

after exewcise on the l4iznd dey on the “lethal diet"

from these results 1t would appear that the
bagal bloed pyruvate concentration is not a very
delicate method of determining the thilamine status
of the animal., Two of the three animals on the
"lethal diet" died as the result of thismine
jeficiencya In 7/1, the basal blood pyruvate
concentratbtion increased steadlily over the period
of thiasmine deplebtion and just before death a very
high level was obbaineds in C/1L and ¢/2, on the
other hand, blood pyruvate concenbrations were
never grossly ralsed - even just before death in ¢/2.
It d® clear that such asnalyses ave of 1ittle help in

the/



/the detection of the eavly steges of a subeclinical

thiamine deficiency.

2o Blood Pyruvate Chenges following rild Txercisc.

(see Figures 6 %o 12).

The Follewing experiments were carried out
between the 38th end the 142nd days on the spocial
diets, l.eey soon alfter dog /1l had died but while
the two renalaing d@wm on the "lethal diet" were
ghowing ne aigmﬁ o aymptmmg of thiamine deficlency
and befowe thelr basal blood pyruvate concentrations
had -become permanently elevated. The progedure
was af Lollows fe |

Rloed was withdrawn while the dogs were still

n & bameld condition in ovder Lo determine the

fde

fasting and regting blood pyruvatse concentrations
(see above). The animals were then baken oﬁﬁg
wallked around for ten minubes, allowed to run freely
for ten minutes, and then walked back to thelr

cages ~ the whole procedure cceupying a botal of
thilrty minubtes. As soon as they weturned, a second
gpecimen of blood was token Loy analysls. The

results are shown in Flgures 6 -~ 12

Group 1. {(Ylethal diet® plus thiasmine).
L T TR LT T -
(soe Figures 6, Ty, and 8).
The mesn of 42 estiwations of the blood pyruvate

concentration/

-



Jeconcentration followling exercise wasg 1.55 mg. per
100 mle (S.De = 0.37). Examination of the graphs
of Figures 6 - 8 shows that the blood pyruvaie
concentration is congistently hizgher after exercise,
althovgh the average inerease was only 0.6l ng. pew
100 ml. The day-to-day variation aflter exercise
is slightly greater than the day-to=day variation

0of Lthe basgal concentrations.

Group 2. (etandard hospital diet).
(see Figures ¢ and 10).
The mean of 30 estimatbtiong ol the blood vyruvatse
concentration following exercise was 2.3 mg. pef

100 wle (B8.De = 0.51). Again, the blood pyruvatbe

e

concentration is consisatently higher than ihe

corresponding figure for the bhasal state, and also

shows &a greabter day-=to-day veariation. .

Group 3. ("lethal diet").

Dog F/1 had died of thiamine deficilency before

this series of experiments wos started.

Dog C/L. (see Figure 11).

The mean of 10 estimations of the bloced pyruvate
cohcentration following mild exercise duving the
Livst 120 days on the "lethal diet" was 1.90 mg. per
100 mi. (S.De = 0.25).  Thereafter, the blood

nyruvate/

) BN
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/pyruvate concentration after exercise rose very

. -t x L o et .
steeply « the maximum recorded value being 6.2

nge per 100 ml., on the 144th day of the experiment.

Dog C/2. (see Figure 12).

The mean of O estimations of the blood pyruvate
concentration following wild exercise during the
Lirst 106 days on the "lethal diet" was 2.83 mg.
per 100 ml. (8.D. = 0.31). ‘Phereafter, the blood
pyxuvat@ concentration after exercise also rose

steeply -~ the maximunm recorded value of 16.5 mg.

per 100 ml. on the day of death.

the mean values guolted above for the blood
pyruvate concentration following sbtandard mild
exercise are no more help in the diagnoeslis of the
early stages of sub-clinical thiamine deficiency
than were the basal blood pyruvate concentrations.
Indeed, for the first 100 days, dog ¢/1 (vlethal
diet”) is nearver to the control series than dog
C/4 (standard hospital diet). Forimasons which
will be explained in connectlon with later
axperiments (see p.92 ) it might have been poasible
to detect thismine depletion at an eavliier stage by
determining the blood pyruvate concentration after
1% minutes mild exercise, bult the necessary information

was,/



Juag not evalilsble at the time when the above
experiments were éarried oulb.

The gross elevation of the blood pyruvate
concentration after exercise in the two remaining
dogs of group 3 leaves no doubt that, at that
time; the dogs were severely depleted., But it
will have been noticed that the bamal blood
pyruvate and the blood pyrHVa%e concentrationsg
after exercise, hegln to rise almost exactly at the
game time, viz., alter 120 dsys in the case of dog
¢/1 and efter 108 days in the case of dog C/2, g0
that either type of aétima%iam wounld sulfice for
disgnostic purposes although the increase alter

exercise 1s much the more dramatic,

3e Further, more detailed, Bxperiments on the

Blood Pyruvvele Changes following mild Yxercise.

In order to gealin more information on these
changes, an exercise tolerance test was carvied
oult in the followlng waysi—

& specimen of blood was taken while the animal
was gtill fasting and wewting to determine the
wasel bloed pyruvate concentration. The animal
waa then allowed to run freely for a total period
of 1% - 2 hours. Blood specimens were taken atb

intervals/



Jintervals during the exercise, the exact time of
venepuncture being determined largely by the
ability of the kenneluman to cateh a doge. The
changes in the blood pyruvate concentration are
shown in Plgure 14. (see .94 ). |

These experimenitsa were carried oul between
the 144th and the 16lst days on the diets by which
time, the remalining dog in group 3 (/1) was
gseverely depleted of thiasmine, and the two dogs
in group 2 weyre alightly or moderately depleted,

m The graphs in Flgure 14 show thaet the maxinmal
hlood pyruvate concentration-in the dogs of groups
1 and 2 occuyrs about 1% - 20 minutes after exercise
is started and thereafter falls even although the
dogs are stlll exercising. It would therefore
have heen a beblter experiment il the blood pyruvatbe
changes following mild exercise {(above) had been
studied 15 « 20 minutes (instead of 30 minuvies)
after the exercise had commenced. There was,
howevexr, a good reason fox the tardiness of this
glscovery. For some time after the greyhounds
hed been assembled at the Veterinary Hospital, they
woere very vicious animals with a marked objection
o dintravenouns woxk, and it was not unitil they had
hacome thorovghly accustomed to handling that it

we.s,/
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Jwas considered prudent to atbtempt & = T venepunctures
in the course of 90 minutes. After 140 days of the
experiment the dogs were sufficilently tame to handle
in this way snd co-operated to the extent of 1ifting
a paw to agslst with the venepuvncture.

Returning to Figure 14, 1t will be seen that the
exercise btolerance curves correspond well with the
nutritional status of the dogs.

The exercise toleyance tedt has ghown that the
greatest differences in blood pyruvaite concentrations,
amongst the 3 groups of dogs, were to be found at the
end of 1% - 20 minutes'® exerclse. During this
initial period the dogs were unable to metabolise
the pyruvate es rapidly as it was being {ovmed with
a consequent steady incresse in the concentraltion in
blood. This had no apparent effect on ithe abllity
of the dogs of groups 1 and 2 to take falxrly strenuvous
exercisc. By the end of 30 minutes thege dogs were
able to naintein their blood pyruvete within narrow
limite - around 2 mg. per 100 nl. for group 1 dogs
and 3 mg. per 100 ml. for group 2 dogs. The samne
could not be said about ¢/1l. A% the end of 15
minutes! exeveise this dog showed gigns of weakness,
ataxia and uawillingness bo vwi, The further
exercise which C/1 took was very light and very
SPASMOOLE . By the end of 1 hour, however, the above

signs/



Jaigns dissppeared, snd the dog willingly took
moderste exercise once agmin ut with no return

of these signs. It ds interesting that the blood
pyruvate concentrations closely Lollowed these
obpervabions (see Figure 14), and it could be that
the early signe of weakness and ataxis wewe in lact
due to the pyruvatbe accumulated in the bhody.
Bventually, after about 13 hours, this sninal was
able td maintein the blood pyruvate arvound 9 mg.
perl0 ml,, while continuing to run freely, though
much less strenuvously than the other Jdogs. This
concentratlion, though greatly elevated, did not

appear to be harmful {to the dog. As a test of

thilamine defilclency tihe blood pyruvate concentration

follewimg 15 minvtes® exercise might be expected 1o
bhe the wost satisfactory in diagnosing suvwb-clinical
thiamine deficlency.

Furthermore, the fluctuatlons in the blood
pyruvate concentration clogsely follow the activity
of the animal. On the 166%h day on the "lethal
diet" the dog ¢/1 was taken oulbt and alliowed to
exercise freely. Ag before, the blotd pyruvate
concentration rose duxing the first 1% minutes by
which +time the algns of ataxle and weakuess were

apparent and the dog was unwilling to run any more.

While the dog vested, over the Following 10 minutes,

blood/

®
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/blood pyruvate concentrations started to decrease.
The dog wes then foreibly run for 10 minutes when
the blood pyruvete once more increased butbt without
& return Of.ﬁh@ above clinical ﬁympﬁamﬁ. The dog
then willingly continuved to run slowly while the
blood pyruvate decreased again bo remain steady at

about % mg. per 1u0 ml. (see Figure 15, p. 95).
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de Bfect of Thisnmine herapy.

On the 168th dny of the experiment, the dog
which had been fed the "lethal diet" (dog C/1) was
given intrevenocus thiamine (20 mg.) after o shors
bout of exercise, The effects of the exercise
and the thiamine on the blood pyruvate concentration
are shown in Figure 16 (see p. 97).

Clinically, the animal became nuch more Llively
within 20 - 30 minutes of the injection, exercised
vaiumta&ilyg aud, in spite of the exercise,
maintained a blood pyruvale concentratilon comparable

with the dogs in group 1 {(the controla).

De Bleood Pyruvabte Changes following strenuous Iixercisge,

| After the basal blood pyruvate concentratlon aend
the blood pyruvate concentration after mild exercise
had sbarted bto incresse in the 2 remaining dogs of
group 3 ("lethal diet?), the offects of a shairp bout

A

of strenuous exercise was exemined. This experiment
was carried oul on two separate occasliong,

Blood was taken for pyruvaie estiwation while fthe
snimals were fasting and resting. The doga were then
allowed teo race 300 yards ab a licenced race track
umd@r.ﬁtaﬁ@ard racing conditions., Immediately after

racing, & second specimen of blood was taken for analysia,.

Besults are shown in Table VI, p. 98,
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TABLE VI, The Effect of Strenuous ¥xerclge on the

Blood Pyruvate Concentratlione.

(511 values in mg. pyruvate per 100 ml. blood.)

Doy L31. Day, A460.
Bagal AfGexr Basal Alter
Group and Dog. State. Bhxercise. Stale. Ixercise.
Group 1. C/5. 1.1 3.9 (deand)
C/Ge Lol 4o 0.9 4ol
/2 1.0 4.6 4.0 5.0
Group 2. C/3. 1.2 8.3 1.3 10.4
/4 1.3 el Led 10.4
Group 3.- C/L. 2oD 12.0 2e3 17.0
C/2 240 13.8 {(dead)



The effects of strenuouns exercise are mevely a
magnification of the changes produced by the mild
stondard exercise, but 1t is worth noting in passing,
that the blood pyruvate concentrations of the dogs
in group 3 are the highest thot have ever been
recorded in the literature. Ag a teat of posgible
thiamine deficlency in vacing greyhounds this would
he the test of choice. It is simple to carry outd
a8 no special precavitlions or conditlons are ncegsary
and the results ere clear cutb.

In these determinations, the keto-acid hydrazone
was extracted by eﬁhyl acetate before photometwic
estimation. It has been stated (see p. 21) that
this extraction method is relatively unspecific in
that the hydrazones of several keto-acids may be
extracted simulitaneously, and that the uvse of xylene
e more specifiec for pyruvie agld (see p. 22). The
specinens obtained ffom the dogs in group 3 after
strenuous exerclse were analysed in duplicate using
xylene ag emiraction solvent in the second estimation.
The results using xylene were 8 to 12% lower than the
figures recorded in the Table, showing that the
increase aller exercisge is almost entlirely due to
the accunmlation of pyruvate. _

In the second series (160th day), the COo

cambiningﬁ

Ue



/combining power of the blood of dog C/1L in the
basal state was 55 volg. per 100 ml. Lfter
raclng, the value fell to 37 vols. per 100 ml,

The dog appsarently hag a falrly wide range of
alkall reserve with values rather lower than the
humnan . Data is very scanty, but the Handbook of
Biological VFata (Wright Alr Vevelopment Center, 2nd
Tde, 1956, Table 41) quotes a range of 17 = 27 medq.

per litre (37 - 60 vols. per 100 ml.) for dog plasma.

Se Changes in Blood Pyruvate following oral

Administration of Glucose.

The experiments were carrvied out on the 144th
day, by which time the dog C/1 wes the only survivor
in group 3. Foxr this éxperimentg the doga were
kept in the resting state throughout. A fasting
specimen of blood was taken for determination of
pyruvic acid, Immediately afterwards, the animals
were given 2% g. glucose mixed with a 11ttle meatl
a8 prepaved for the "lethal diet", l.e., devoid of
thiamine. In this way the dogs ingested the glucose
gquickly and completely. Fupther blood specimens
were collected 40, 80, 120 and 160 minutes after the
glucose had been taken. Results sre shown in

Figure 17, p. 101,

BRVLY N
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blood

mg. Pyruvate per 100 ml.

80r
6.0
4.0 -
&S C
2.0 —A
________ ‘O"-———-—-—-—-O--—--—-———O--.._.._._____‘;_CIA
t ————— 4--—-—-——=-+-L-————_1-——-—-——-%~F/2
0.0 ‘ : : 1¢I5
o 40 80 120 160

Minutes

Figure 17. Graph showing the changes in blood pyruvate
| concentrations following the oral ingestion
| of glucose.



The control group show no algnificant change
in blood pyruvate concentration Tollowing glucose,.
The lncrease in the dog O/4 (group 2) is more obvious
and is pomeibly s further indicatlon that the
gtandard hospltal dlet is thiamine-deficient, while
with dog ¢/1 (group 3) the iuncrease in blood pyruvate
ig considerable.

By the time that this experiment was carried
out (144th day) the dog C/1 had a raised bhasal

blood pyruvate conceatration, and showed considevsble

increases in hlood pyruvate after exercise, (e.g., see

Table VI, pe 98). I spite of this, ¢/1 showed no
elinical aymptoms of vitamin deficlency, so that this
teat can be used to demonstrate sub-clinical thismine
deficiency although at how early o stage, has yet to

be denonstrated.

Te Sxeretion of Thiamine in the Urine following a

Tagﬁ DOse .

Since this test inveolves the parenteral
adminlatration of thiamine, 1bs regular use would
have updget the maln experiment, and therefore it
wag carrvied out only when the other bilochemical
findings showed the need of more informatlion aboud
the ﬁégs on the "lethal diet" (group 3). In all,

the test was spplied on four ocvcasions; once before

the /

102,
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/the atart of the esperiment proper, and three times

during the experiment, viz., on the 35th, 20th and
B

150th days.
The experiments were caryied oub during the

forenoon with the animals in a fasting condition.

The bledder was Lirst completely emptied by

catheterisatlion and bthe urine wag discarded. 500 ng.

thismine was then given by intravenous injection

A

and all the urine passed durding the following 4
hours was collected by catheter. The volume of

urine was neasured and the thiamine concentratlion
determined by the method described above (pe 45 ).

The results are shown in Table VII, p. 104,
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TABLE VII. Exoretion of Thismine in the Urine

following Admindistration of a Yest

Dose of the Vitamin.

(Results in jig. thismine excreted in the urine in

4 hours).

Control  3%%h  90+th  150th
Group and Dog. YTeriod. day. day. day,

Group 1. C/5 131 152 340 150
o/6 170 167 200 180
F/2 190 170 150 160
Group 2. /3 120 140 76 60
C/4 131 102 66 6%
Group 3. C/1 134 160 T7 10 Ca.
¢/2 153 98 54 dead
F/L 128 dead o .

Control periods

Mean excretion = 144 pg. thiemine per 4 hours (S.D. = 24).

Nols The experiment duwing the contrel period is not
to be confused with the experiment (see p.
where the blood pyruvate concentration was
gtudied following injection of 5 mg. thismine.
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Do F/L (group 3) had died of acute thiamine
ﬁefiéi@mcy after 29 days on the "lethal diet', and
it was considered advisable aboutv this time to have
an independent assay of the thiawmine etatus of the
remaining dogo. Hence the firet thiamine excretion
tegt was carried out on bthe 35th day. After GO
days, bthe remaining 7 dogs showed no clinical signs
of thiawmine deflicliency and & study of the bagal
blood pyruvate and the changes in blood pyruvate
following standard mild exercise showed no
conaigtent difference bhetween the three groups.

The guestilon then arose whether an examination of
the uvpinery bthizsmine excvetbion might disclose
biocchemical abnormalities which were not ﬁhowmm£§f
bloocd pyruvate examinations, since it was felt
that, after 3 months on the "lethal diet", the two
dogs in group 3 must be very depleted in thismine.
The third occasion, on the 150%th day, was shertly
after the dog /2 had dled of ehronlc thiamine
dellciency.

The difference between the three gioups on the
35th day 18 not sufficient to be able 4o dvaw any
definite conclusions, but if lavger numbers of
animals had been svallable there are indicatbions
that there might have been statisticelly significant
differences. Orn the 90th day, the difference bhetween

the/
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/the control dogs (group 1) snd the other two groups
of doga iv very marked, and the results show that
this ftest of sub-clinical thismine deficiency gives
pogitive resulte at a much earliex stage than +the
tests involving changes in the blood pyruvate
gconcentration.

The urinary exeretion of thiamine afber injection
off a test dose of the vitamin agein indicates that
the standard hospitel diet was delficient in
thiamine, and that the dogs in group 2 were.
demonstyrably {thiamine-~deficient by the GOth day.

HNo caleulationg were made of the fraction of
injected dose whieh was retained per kg. body
welght {(see pe. 59). But it is of interest to note
that on the 150th day, the dog (/1 retained something

of the order of 98% of the injected dose.
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Pogt-lorten Hesults in Greyhounds.

FPogt-iortemn Resulis.

¢/

¥ /1
C/3
C/4
c/%
/6
B2

Well marked lesions of cardiac dystrophy.
Congeative cardiac failure.

cardiac dystrophy.

1 swall focus of myocardial degeneratlion,
1 swmall dystrophic focus in left auricle.

2 small dystrophic fsai in right veantricle.
Morked lesmilonsg of cardiac dysityophy in one suricle..

L small focus of nmnyveardisl dezeneration,
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Turther Observations on the Relationship between

Ihiamine Deficlency snd the Blood Pyruvaie

Concentration in Dogs.

Certaln conslderations led to o repetibion of
part of the work described above. The main
hlochenical reason was the bhelated observation
that the meaxiuel increase in hloeod pyruvaete
concentration occurred not after 30 minutes, buld
sfter 15 minutes of mild exercise (see p. 90 above),
and a further reason was that the pathologista
wished to have more detalled information aboutbt the
wmorbld snatony and histology of cardisc muscle in
thiamine deficliency. It was also thought advisable
to study eome breed of dog other than the greyhound
which, through in-breeding for racing purposea, has
a very highly developed cardio-vasculay sysbtom.

Ten snimals were chesen alt random Lor this
expoeriment. Thege consisted of 4 mongrel terriers
and H mongrel collies. The dogs were palred, as
well as possible, and divided into two gvoups each
congdading of 2 terrviers aund 3 collieg. Tach dagiﬁ
was housed separabelye. They were all fed the
gtandard hospital diet fox two weeks before experiments

hegane
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Group 4. Degs &/ A/2 A/3 4/4 end A/5. (Contrel group.)
One of these dogs (4/%) was Found to heave s phyaical
deformlty of the Jjaw which led to difficulsy in
eating. Being s nutritional experiment, therefore,
thia dog was discarded leaving 2 teryiers and 2 collies
in the growup.

These dogs were fed the "lethal dist® (see p. 72)
but were also given s dally intramuscular injectilon

of thiamine (0.5 mg.).

Group 5. Doge B/1L B/2 B/3 B/4 and B/5. ("Iethal diet").
These dogs were fed the "lethal diet" but were esllowed
only 1 1b. of food (meat and bread).

They did not recelive any supplementary thiamine.

The immediglte object of this expeviment was to
Tollow the fasting and resting blood pyruvaite
concentration and the changes in blood pyruvate aftewr
15 wminutes of mild exercise. It was hoped that this
method would be more successinul in detecting the
earliest stages of thisuine deficiém@y‘thaﬁ the besgt
ol the metheds uvaed in the greyhound experinenits, vis.,
the much more laborious urinary bhiamine sxcretion
aflter a tesd dose of the vitamin. However, with
this collectlion of dogs 1t proved lmposaible to
gollect reliable basal specimens of blood owing to the

very/
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/very lively and excitable mature of the animslsg.

Ag the experiment proceeded, and the dogs came 10
know the stafl concerned, so their excitement
increaged. Although attemplbs were made to compare
the blood pyruvate concentrations in the basal state
and after exercise, sometimes the former turned oud

to be hilgher than the latter.

Group 4 doga. Control giroup.

The resulits are shown in Pable VIIT (see p. 110)
where the two sets of analyses are more corvechly
referred to ag "before exercise" and "afler exercise’.
The experiment was continued for a tobal of 140 days
#ith sach dog, and it will be se¢en that the diilference
between the two sets of figures ils negligible, and
both, in elffect, are compareble Lo the previously
recorded (p. 87) blood pyruvate changes after mild
gtandard exercise. The mean value for the blood
pyruvate concenbration of all 109 anslyses was 1.25
mg. per 100 ml. (S.D. = 0,42).

Throughout the whole experiment, the dogs remalined
in good physical condition and none showed any signs

of thiamine deficlency.
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TABLE VIIT. Blood Pyruvate Concentrations belfore and

afber wild standerd Exercisec.

Control sroup dogs (Group 4) only.

Besulte in mg. pyruvate per 100 ml. blood.

Before Iixercisc. After Txercilse.
No. of » Ho. of
Dogs. Analyses. leans. 9.0, Anelyges. leans. S.l.

ASL 17 1
A/ 16
&/ 15
AS4 15

°
Lad
<

0.43 13 1.26 0
0.37 11 141 0,49
0
0

f
-

)
A

ot
.

]
W

0e39 141 1626
0.34 11 131

ot
®

St
O

J‘fy‘ie&éflﬁ » ::iar » 2:’» :iov L 3:3»
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Group 5 (Jethaldret’)

 100r
Dog 8/1.

80}

60r

»
S

" mg. Pyruvate per 100ml. blood

20 l
{ O'O 4 ' A A 1
o 20 40 60 80 100
Days

Figure 18. Graph showing the changes in blood pyruvate
concentrations over the course of the
experinment.
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too - Group 5 ('jothaJc/i*t')
Dog B/4-

(o]0
120

Figure 19. Graph showing the changes in hlood pyruvate
concentrations over the course of the
experiment.
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Group 5 (79t/t°Jett’)
60r Dog B/5.

40

Figure 20 Graph showing the changes in hlood
pyruvate concentrations over the course

of the experiment¥



troup 5 dogg. "lebhal dieb".

(See Figures 18, 19, 20, pp. 111, 112, 113.)

Zach point on each graph 18 bthe mean pyruvate
concenbtration obtailined on that day, i.€., the
average Qf the values "hefore exercise" and ‘wfter
exercise'. Yhe. two sets of analyses Tluctusted
in exactly the same way as the snalyses in the

control group (see above).

Uog B/L. (see Figure 18). This dog died after
97 days on the "lethal diet®. Up to the 43rd day
the blood pyruvate concentration remained within
normal limits, bthe mean value being l.20 nmg. per
100 ml. (S.De = 0.37) Thereafter, the blood
pyruvate iacreassed considerably, the maximun
Liguwre being 6.1 mg. per 100 ml, There wasg also
a very great day=to-=day variation. Clinically,
thiag dog was bright and lively wntil 3 dsys before

desth. It then hecame unwilling Lo exercise,

[

hecane weaker, comatose, and Linally dled.  Death
was due to cardiac failure, but post-mortem
examination did not reveal any signs of thiamine

deficlencye

Dog B/2. Dog B/é, These two dogs remained £it and

well throughout the 140 days which the experiment

lagted./

Y 4 AP
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/lasted. Thay showed no signs or sywupboms of
thismine deflclencye. The mean blood pyruvate

concentrations after exercisa weresie

i

B/2  1.58 mg. per 100 ml. S.D. = 0.50 (22 estinations).
B/3 Lo4AT mge per 100 ml. S.De = 0.40 (23 estinations).
md even in the last few days of the experimeunt, the
blood pyruvate showed no tendency to increase in

githeyr animal,

Dog B/4. (See Figure 19). This dog died after 107
daye on the "lethal diet". Up to the 50th day, the
mean blood pyruvete concentration was 1.06 mg. pew
100 ml. (S.De = 0.44) which is actually less than

the mean values for the controls of group 4. Aftex
50 days, the blood pyruvate hegan Lo rise with
tremendous day-to-day fluctuvatlions, the highest
recorded value being 9.5 mg. per 100 ml. Clinically,
this dog remained hnealthy until a few minutes before
death. Again, death was dve o hesrt fallure and
poat-mortem examination did not revesal any of the

classical Tindinge of thiamine defilciency.

Dog B/H. (See Figure 20). This dog died alter 72
days on the "lethal diet". Up to  the 43x»d day,

the blood pyruvate was not sigaificantly increased,

the mean value being 1.37 mg. per 100 ml. (S5.De = 0.18),

with/
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Jaith very little day-to-day varistion. Therealter,
the bleood pyruvate begen bto rise, bul the highest
ohserved concentbration was only 3.2 mg. per 100 ml.
Clinically, the dog remained well unitil 2 days before
death. 1t then became wawllling to exercise, and
showed signs of weakness and ataxia, and evenbually
died in cardiac failure. The pogb—nortem findings
in this cases were cowmpatible with death due to
thiamine deficliency.

The considerable day-to=day [luctuation in the
blood pyruvate concentrations in these animalo ig
probably due to two facltors.

(a) The animals in group 5 occaslionally went off
theixr food. On. fhree occasions this anorexia
was assoclated with a fall in blood pyruvate.
However a fall in the blood pyruvate was also
noved on other occasions when the animala werc
apparently feeding normally.

(b) By reference Lo graph 14, it can be seen that
over the Lirst 30 minutes® exercise blood
pyruvabe concentrations are repldly changing
in the animal, hAg 1t was impossible in these
axperiments to obisin blood samples at exactly

15 minutes large Lluctuations were o be expected.

The failure of two of Tthe dogs (B/2 and B/3) in

group,/
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Joroup 5 to develop any aympbtoms of thismine
deficiency or to exhibit an incrcased blood pyruvatse
concentration, ig not regarded as anything other
than a normal blologilcal veristion. In the last
few weeks of the experinment, these two dogs must
necessarily have been seriousgly thismine-depleted,
and the findings of peraistently normal blood
pyruvate concentrations merely conflirme the conclusions
previously reached (p. 88) that a normal blood
pyruvate concentration elther before or after mild
exercise does not exclude sub--cliniceal thiamine
deficiency even when the estimaltions are carried outb
on auecessive daye. Although in the othexr 3 dogs
(B/1, B/4 and B/5) thiemine deficiency was picked wp
at on early stage by means of the above hiochemical

analysisg,
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The Stability of Thiamine,

The results which have been obtained in this
work naturally led to two furthey investizations
relating bto the mechanism of thiﬁmine:aepleﬁiOﬁﬂ
(1) the stability of thiamine in relation to
achlorhydria and slkelinity, and (2) the rate of
destyruction of thiswine wdey Lhe conditions in

which the *"lethal diet" (p. 72) was preparved.

the otability of Thismine and the pl.

lelnick, Robinson and Field (1939, 1941) showed
that thlamine is stable in gastric juice bhetween
pH 1.5 and pH 6.0, but is destroyed by the presence
of antacids, bile or pancreatic Julice. It has long
been known thatv many of the B group of vitamins
(e.g. thiamine, rivoflavine, pentothenic acid) are
unstable in alkaline solution, 4t was aloo Found
by Melnick et al. (loc. cit.) sud confirmed by
sinclair (1939) and by Goodhart and Sinclair (1940),
that absorption of thiamine ig deficlent in casmes of
achlorhydria. Robinson, Nelnick and field (1940)
aleso showed that thiamine wes much move el.iclently
absorbed from the intestine when o teat dose of the
vitamin a9 given along with an oxdinary mixed meal,
vresumably due to simultaneous Liberation of gastric

acid./
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/acid.

But there is no precise data in the literature
on the rate of degtrucilion of thiamine at alksline
phygiological plls,

indeed, owing bto the difficulties of obtaining
naterial and the obvious vardations which can occur,
there dg 1little precise data on the pid of the
intestinael canal and the various alimentary secretions.
The following data are taken from the Handbook of

Biological Data (1956 edition):-

Humnss » Do o
BT LBAES [LE5 R
Gagtric julce. pH 1od8=8,38 -

Bile. (hepatic) pll 6.2 = 8.5 Tl o

oo
L]
71

Bile. {(gallbladder) pH Heh « B0 -

Pancreatic julce. pH ToeO = 8.0 Tedl = 8.2
Tnodenal secretlion. piH Hel =~ Tel Be30= To28

Fost-gagtrectony patients usuvally have a long
medical history with frequent reference to the use of

-
o

alkaline therapy which may, or may not, be continued

after operation. HSurgical removal of the source of

S

gastric acldliity, together with the continued use of
alkalis, will result in pll velues considerably higher
than any guoted as & noyrmal range. while the highest
physilological pH quoted for any intestinal gecretion
i 8.5, the use of slkall therapy in post-gastrectony

. da 2 . 4
pasients/
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/patients may involve pH values in the uvpper jejunun
a8 high as 9.0 perbaps higher. There is no available
data. The commoneat household source of "alkali® is
baking seda which, in pure agueous solution, hegins

to lose carbon dioxide at about 209C. snd at 37°C. the
decomposition is rmuch more rapid. N/10 sodiunm
bicarbonate (initial pH = §.2) decomposes ab 37°C. to

give a solution of pH 8.9 alfter A0 minutes.

The rate of destruction of thiamine in alkaline
golution is shown in Figure 21 (p. 121). 100 pg.
thismine was alssolved dn 100 mi. of buiifer solution
(ﬁaﬁgf04w§agﬂPﬁ4mﬁaﬂﬁ) of varying pH and incubated at
3790, Samples were withdrawn Lor analysis at times
up to 60 minutes.

Felow pH = §.0, thiamine is completely stable,
but the higher the pi above this value, the grealer
the rate of destruction.

In post-—gagtrectony patients, who presumably have
& complete achlorhydria, some destruction of thiamine
is certain to occur in the alimentbtary tract and if
alkali is taken before or after food, the amount of
vitamin destroyed may be considarable. Thig is thervefore
one factor which may induce thiamine deflciency in such

patientg.
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Graph showing the rate of destruction of thiamine

at various pH values.
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Yhe Stablility of Thianine and the Bffect of MHeat.

It ds known that many of the B group of vitaming
are partially or tota.ly destroyed by heat depending
ont the conditions. In the case of the "lethal dilet”
degeribed in & proevious section, the food was
subjected Lo healt at three gtages in the preparation
of the diet.

(1) fThe meat obtained from commercisl sources for
converalon into dog food is oblalned Trom
condemned carcasses, and must he sterilised hy
heat before bheing sold,

el

(2) The bread of the diet has bheen rusked, 1.,
expoacd to dry heat for varying lengtha of time,
and finally,

(3) The mixture of meat and bread was subjected to
simnering for a period of 6 hours before being
fed to the animals.

There was therefore ample opportunlty for destyruction

of thismine.

Tut wnder any condbions of heal, alkalinity (€ege,
see Figure 21) ele., treatment is meldom so drassbic
that the thiamine is completely destroyed. Byen
after the treatment described sbhove, it is unlikely
that the final product was entirvely devoid of all
thianine, and 1t bhecame a nabtier of interest, Lireh,
tavéiacover how mueh of the thiawine was destroyed

Uy S
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/by this pre~treatment, and secondly, exactly how
mach bhizmine wos conbained in the so-called lothal

diet."

Yhe "lethal diet", when homogeniged snd extracuved
with water, was always on the acid side of neubralitys
the pit in different experiments varying Irom 5.0 to
Bedo In this range of piH, thismine is completely
gtﬁhleg s0 bhat any destructlon of the vitamin in
the *lethal diet? must be due to heating oxr to the

length of time of heating.

Analysis of Diets.

The food was prepared in the ratio of 1i 1b.
meat (heat sterilised) to 1 1b. whitebreand (rusked).
water was added to allow for éVapGratiem and the
mixbture analysed for bthiamine before and after 6 hourst
slunering .

300400 g. lots were taoken for analysis,
homogenised (pH of the homogenate = 5.3), acidified
t0 pH 4.5 with hydrochloric acid, and treated with
a preparation of acid phosphatesse of proven activily
prepoared from dog rrostate in order to liberate
thiamine from thismine diphosphate. The mixture
was then deproteinised with 10% trichloracetic acld,
filtered, the veeidue thoroughly extracted with walbew,

and/
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Jand the filtrate re-adjusted to pH 4.5,

Blecalso wag added snd stiryed for about 2 hours
in the solution. The resin was then centrifuged,
waghed several times with water, and the thiamine
eluted with 25% (w/v) potassium chloride conbaining
N/10 hydrochloric acid. Thiamine was determined in
this purified cxtbract by the method described in a

previous secllion. Results are shown in Table TX.

TABLE TX. The Effect of leating for 6 Hours on the

Thiamine Content of the Diet.

Results in ng. thiamine poer 100 g. (wet wt.) of mixed Lood.

Iixperlnent . Hefore heating. Al ber heapting.

1 10,0 2e5
G0 1.8
9.2 L7
6.5 1.5
T+8 2.0
G.0 2l

<m0 W B

Sy W

-3

6.0 1.9

[

TaH 246

Means. .?tg 20}

The simmering process cangsed destruction of about
three-quarters (average, T49%) of the oviginal thiamine

in bthe dietb.



This point was further investigated in the
following experiments. Pore cryatalline thiamine
was added (a) to an ewbract of homogenised meat plus
hread at pil .3, and (h) to a phosphate buffewr
(WallgPOg=No.0F04) at pH 5.3. Both systems were
boiled vnder a reflux condenser For 6 hours, and,
after allowlng Tox the oviginal thiaswmine content of
the food, the percentage destrucbisn in each case was

caleulated, Results ave given in Table X.

TABLE X, Destruction of Thismine by leat. pH = 5.3

Fexcentage deatruetion.

»ge. Thiomine - Heated with Tood Heated with
Added., Ixtract. Buffer.

200 444
1.00 50, 51
50 56, 58, 58% 55, 56
30 60, 64, 65% 60, 60%

£
o
L
=
B
-G
[

49% 47
2

5245 52, 524

i
"

At pH 5.3, thiamine is completely stable at 379C.,
henece the destruction on boiling is purely & heat
offeet. {(Cp. Vigure 21, p. 121). The smaller the
amount of thiamine present, the greatexr the relative
amount destroyed, so that on a low thiamine diet (such
as the standard hospital dielt, pe. T72) the percentage
thiamine degtroyed may he considerable, and the diet

readily/
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/readily made thiesmine deficilent by heating. The
diet beforxe hesting corresponds Lo the standard
hospital diet (see p. T72), and the diet after heating
ig the "lethel diet". From these filgures, the

following dabta has been calculatedie

8. dhismine.

Thismine recelved Thisnine received
Group of doga. Aaily in the diet. dally per k. body whe

GLoup 2.
Shandard hospilital 200 to 340 & %o 13
diet.

Group 3.

tLethel diet". 50 +to 85 2.0 t0 3.5
Group 4. |

btandard hospital 80 to 140 8 to 13
diet.

Group b. ‘ .
"Lethal died". 20 to 35 2.0 to 3.5

Street, Zimmermen, Cowgill, Hoff and Pox (1941)
Tound that thismine deliclency couvld be produced in
dogs on a diet conltaining spproxinately 2 ung. thiamine
pey day per kg. body welght. Swank, ‘orter and
Yeomans (1941) atated that ne symptoms of thiamine
deficiency developed in dogs when the diet contained
more than approxinmately 4 jng. thilamine per day per
koo body welghit. Sswank et al. did not carry out any
biochemical investigetions, and the fact that thelr

animals/



Janimals showed no symplons does not exclude a
thismine deliciency which can be demonstrated by
bilochemical methods. The dogs of group 2 in this
work did not show any symptoms of thismine depletion
(see pp. ) but the development of thiamine
deficiency could be demonsgtrated in more ways than
one, in spite of the fact that these dogs wexe
receiving § - 13 ng. thismine per day per kg. body

weizght.
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DISCUSHTON .

Thisnine Veficiency in Fogb-gagtrectomny Patlents.

Bilochemically, the experiments were disappointing
in that they did not differentiate clearly betwecen
the post-gastrectomy patients and the conbtrol subjects.
However, the experiments confirmed the general view
that post-gastrecteomy patients do tend to he thlamine
deficient, and the obsexvabtiong made on the effect of
thismine btherapy susggesbted bthalt an oral thiamine
supplement of 2 my. daily was not adequates to protect
all the patients agelnst a sub-clinical thiamine
deficlency.

Avery Jones (19%2) 4in his book, Kodern Trends
in Gastro-enteroclogy (p. 462) suggested three main
factors responsgible for thilamine deficlency Lollowing
sastrectony, (1) lack of gastrie hydrochloric acid,
(2) intestinal hurry, and (3), decomposition of
thiamine by bacteria in the upper jejunum.

Reference has been made above (p.49) to the work
of Melnick el sl. (1940) and of Sinclair (1938) on
thiasmine deflecilency associated with achlorhydria and
orn the instability of thismine in presence ol antacids,
bile, and pancreatic juice. The experiments recorded
here have led to an exsmination ol the steblility of

thiamine,/
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Jthianine at different pHs. (see p. 121). Thiamine
was found o be unstable above »H 8.0 ~ the extent of
the destructlion depending mainly on the pH, but also
on the total amount of thiamine present in the aystem,.

Bile and pancreatic juice hoth contain bicsrbonaie
in a concentration ol the order of 100 meq. per litre.
Kormally, this is neutraliged by the gestric scldity
but in achlorhydria, decomposition of the bicerbonate
with loss of carbon dioxide at 379C. may vesult in a
pll as high as 8.9 (see p. 120). In pogt-gasbrectony
cases, where there is a gagtro-jejunostony, the fluid
asylrated through a Byle's tube is a mixture of saliva,
plus ocesophageal secretion, plus any gastric Julce secreted
by the remnant of the stomach, but contaminated in every
case with varying smounts of bile, pancreatic julice,
duodenal secretion and secretion Trom the wpper Jjejunum.
The pll of this mixture is usually q&ﬂﬁ@d-&ﬁ G = {0 units,
and if sodium hicarbonate is taken in guantity, pll values
above 8.0 are assured. This will lead Lo considerable
degtruction of thiamine.

The powsibility thal excesgive intestinal hurry,
leading to malabsorption ol thiawmine, is a faatof that
has been put forward by 4dvery Jones and while it must
remain a theoretical possibility there is little evidence
that 1t is of practicel importance. For example, none

of/



/of the patients of the pogt-gastrectony series
complained of disrrhoesn.

Frazer (1949) has shown that achlorhydriz, and to
& lesser extent, hypochlorhydria, leads to bactevial
invasion ol ileuwm, Jjojuwman, duodenim, and even the
stomach itself. He has suggested the posgibilisy of
competition between bact.rie and the host for vitamins
of the B group in general. But achlorbydyria is by no
mesns unknown in normal healthy subjects, and is
regularly found, for example, in cases of pernici@ma
anaemia, and neither of bthese two types appears Lo he
eppecially prone to the development of thiawine
deficiency. Mevertheless, this may be a factor in
certain cases.

Of the three possibilities, the destruction of
thismine by an abnormally high pH seems the most
important. The optinal intake of thiamine is
variously quoted as 1.0 Lo 1.5 mg. per day. Since
the great majority of the subjects were fLrom the
poorer classes, it 1ls moat unlikely that spny reached
this optimel level, and partial destruction due to an
increaged pH in the jejunum might well have brought
about & gbtate of sub-clinical thiamine dellciencye.

It is ohly proper that some of the difficulties
encounbtered in work of this type should be referred to
at this point.

Boltiple/
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Jdultiple vitamin deficliency is the rule, not
the exception, and it is clear from the case history
(pe 678) and the response to vitamin therapy, that
the patient M.J. was also suffering from a considersble
deficiency of riboflavin which was probably the main
souree ol most ol her symptons.

Although Muir (1949) veported 20 post-gastrectonmy
cases complaining of peripheral neuritia, only 9 of
these responded clinically to adminilstration of thiamine,
and the remsinder eventually responded to various foxrms
of physiotherapy. Gilder (1950) concluded thatb,
although it was very diflicuvlt to produce experimentally,
a deficlency in any one.of the B group of vitaming in
humens, in general vitamin B deficiency it was a
thismine deflciency whiech was most repidly produced
and led to the initisl sympbtoms.

The clindical difficulities of selecting probhable
cases of thiamine (or vitamin B) deficiency are
congiderable for no gigns and gympitoms ore specific
in the earl y stages of the condition, and in this
woxrk, attempts were being made to diagnose the sulbe
olinical stage of the deficiency. Vague synptoms
and signs such as lasgitude, neurasthenis, anovexia,
limb paing, gloasiltis, cheilogig, angulayr stomatitis,
elbt., ocouwr in many conditions other than vitamin b
deficlencye.

The/
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/The post-gastrectomy patients formed a
heterogeneous group of patients whose only common
factor was a previous peaxbial gastrectomy. The
gagtrectomien had been performed 2 months to 10

years previously.
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Thiamine Leficlency in Dogs,.

This 18 the first recorded biochemical investigation
of an outbreal of thiamine deficiency in dogs. The
objects of these experiments were,

(1) to verlfy that the sudden deatha of racing
sreyhounds were in fact due o a deflociency
of thiamine,

(2) to study clinically snd biochemically, the effects
of the "lethal diet® which was belleved to he the
caunge of these sudden deaths, and,

(3) to study under more controlled conditions, the
various tests of thismine deficilency in an attempt
to apsessn thelr relative merits in the investizgation

<D

ol sub-clinical thilamine deficlencye.

The "lethal diet" fed to the dogs provided 2.0 to
345 ug. thismine per k. body welght per day which
would agiear, from a comparison with the findings of
other workers (p. 126), to be on the border-line of
inadequacy . BPut these other workevrs, such ag Streed
et al. (1941) and Swank et al. (1941) were trying o
ohserve nothing more bhan the development of clinical
symptons due to thiamine deficlencys they carried no
biochemical tesats.

fow, two polnts have been made cleaxr in the

present/
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/present work, (1) that biochemical teste can detect
sub-clindcal thiamine defileciency, and (2) that dogs
may be near the point of death due to thiamine
deficlency without exhibiting any marked clinical
gympboms.

There can be no doubt that a diet containing
24 pz. thiswmine per Kg. h@ﬁy.waighﬁ per day is
geverely defiecient in thiamine. Even on the
"gtendard hospital diet", which coutributed 5-13 pg.
thiamine per kg. body welght per day, blochemical
methods could elicit signs of thisnine deficiency
while the aniwmels were apparently guite healthy.
While no experiments have been carried out to
determine the minimel daily intake of thiswmine
compatible with health, these Ligures would suggest
that the mindimum must be of the oxder of 15«20 ng.
per day - & Lfigure which is of the same order (pew
unit of body weight) as that required by humens.
The (fommittee on Food and Nutrition of the Lalional
Research Council, U.8.A. (1952) recoumend o daily
intake ol 20 - 30 pg. thiamine per kg. body weight,.
This d1s probhably a very generous esbimate. kinimal
reguwirementss for health, established in conjunction
with bilochemical dabta, are considerably lower.
Stiebeling and Fhipard (1939) found 13 pg. por ke.

adequate/
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Jadequate to prevent biochemical lesions of {thiamine
deficiency -~ a finding which has been supported by
the work of lelnick (1942). Keys and Henschel (1943)
found that a diet providing 10 pg. thiszmine wper kg.
just adeguate.

vhe satisiactory bebaviour ¢f the doga of the
control groups (which were given thiamine daily by
injeetion) both e¢linically and blochemically, proves
the point that death was due o thianlne defliciency
when the dogs were fled the "lethal diet. The cause
ol the fthieamine deficliency of the "lethal diet® was
the abvpid way in which the food was prepared by the
kennelmen. Destruction by alkalinity does not come
into the argunent. The pll of the prepared "lethal
diet" was always on the scid side of neuwtrality
(average pll about 5.3); and dog gastyric julce is
reported to have 150 meqg. of hydrochloric acid per
litre (Handbook of Tiological Data (1956), pr.6l).
The initial diet is not particularly riah in
thismine (see Table IX, v. 124), and 6 hours®
continuous heating destroys aboul three-—-guarters

Al

o1 the vitamin present.

Ag a result of these indings, the various
kennels were advised to change the diet fed to
their dogs. The following suggestions were maede e

White/
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Jinite bread in the diet should be replaced by
whole meal bread, and it should not be rusked hefove
being mixed with meat,

The final wixtuxre of whole meal bread and weat
should not he heated before %he Tinal prepavation
of the food, and,

Yeast tablets shouvwld be added occasionally to

the dilets

The other impovtant point which has been observed
is the total lack of all clinical sligns and symptoms
of thiamine defliciency in dogs fed the "lethal dist®
until a few days belore death. In the dogs of both
groups 3 and 5 (Ylethal diet") the animals remained
apparently healthy and in good spirits, e.g. dog B4
(p. 115) which appeared to be guite normal until a

few minutes heFore deathe
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Agsegsment of the different icethodg of dnvesiticating

Thismine beflclency.

Fasting and Hegting Llood IFyruvate.  Human Subjects.

mbtatistically, the post-gastrectony pabtients
had higher fagting and resbing bleood pyruvate
concentrations than the control group ol subjecis.
It covld reasonably be concluded thalt these poate
gastrectiony patlients, a2 a whole, tended to be . lamine
dgeficient. Individually, however, there was considerable
overldevping between the two groups, patients and contro ls,
g0 that it would be gulte imposeible to decide il an
individual patient weve thlamine defdcient on the
strength of o single blood pyruvate analysis, or cven
o series of such analyses. The only concluasions thatb
could be reached were that if the basal bloud pyruvate
concentraltion were ahove the normal uvpper limit, the
patient was probably sullering from some degree of
thiamine deficiency, provided that the other cases of
o raised blood pyruvate concentration (p. T7) were
excluded, but that the level of the blood pyruvate
concentration was no index ol the degree of thiamine
deficiency, and that a normal blcod pyruvaite
concentration did not sxdude even a moderately severc

degree of thiswmine defliciency.
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Fasting and Resting Blood Pyruvalbe. LBxperimental inimals.

The difficulties of correlating resulis on
human subjects and on expervimentel animals are too
well known to reguire emphasis here. from the
laboratory point of view, the cutatanding difference
wag that the 8§ dogs on the *lethal diet” were allowed
to become g0 thiamine delicient that 5 of then died
of this deficiency.

- Only the animals in graupﬁ-lg 2, and 3 will be
considered here; no true basal blood pyruvaie
concentrations could be abtaiﬁea with the snimals
i groups 4 and 5 (see p. 109),

The mean fasting and resting blood pyruvate
concentration for the aniwals in group 2 (standard
hospital diet, which was slightly deficient in
thiamine) was higher than that of the animals in
group 1 (controls), and the mean value for the dogs
in group 3 ("lethml diet") was in turn, higher +than
that of the dogs in group 2. But again, there was
considerable overlapping in all three groups, and a
bilochemical separation could not be made on the
basls of o single analysis except in the dogs of
group 3, and then, only toward the end of the experiment
when they were grossly depleted of thlamine. Bven
then, the basal blood pyruvate concentration did not

always/



Jalways show any striking abnermality ond reached
onkty 2.05 mg. per 100 ml. in dog /2 shoirtly bhefore
deatile

The conclusiong reached in theaningl experiments
are much the same as those resched with the post-
sastrectony patients, viz, that a raised basal
blood pyruvate is diagnostic of thilamine defileiency,
other causes having been excluded, and that a normal
blood pyruvate concentration does not necessarily
exclude a staite of thiamine defliciencye.

In both human subjects and expevimentsal animalsg,
the analysis ls gquite useless in the detection of
gub-clinical thismine deficiency and should not be

used clinilecally as a diagnostic proceduve.

Dlood Pyruvate Changes following Bxercise.

Exercise, even in noxvnal aninals, locreases the
concentration of bhlood pyruvate (Figures 6, ?; Sy DD
Tdy, T5, T6)e On a slightly thismine daficient diet,
the increase alter exercise is greater (Figures 9, 10,
ppe 1Ty T8) and theve is @ grester variation. This
variation may be due o several factors, G.g.y; the
imposaiblility of reproducing accurately a “standard®

bout of exereige with experimental animals, slight

€3

varistions in the time at which the blood syecimen was

withdrawn/
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Suilthdraws, and 90 O bHut when there la advanced
thiamine depletion, vexry high values for the blood
pyruvate concentration alter exercise are invariably
found and the increase is fay beyond any possible
experinental ervor or variation in procedure. Bui
this dncreasse occurs at the same time ag the increase
in the fasting and resting bleood pyruvate concentratlion,
a0 that it does not help in the early diagnoais of the
condition, miricetly spesking, it can be srgued that
these analysis establish a disgnosis of “sube-clinical®
thiomine deficiency Lfor at the point when the blood
pyruvate concentration was significantly elevated both
before and after exercise, the animels atill appesred
guite healthy on clinieal gxaminatlon. But an
examination of Ligures 11, 12, 18, 19 and 20 (pp. 79, 80,
111, 112, 113) makes it clear that this increase in
bleood pyruvate is a late event in the development of
thiamine deficiency.

These changes in blood pyruvate concentration in
dogsa after mild exercise, corvoborste the Tindings of
others in human subjects suffering Lfrom thiamine
depletion (mee p. 11) and suggest that this might be

£

the bagis of & standard bicchemical test of thismine



Tlood Fyruvate Changzes following Ingestion of Glucose.
. —— S "y

The changes in blood pyruvate aiter ingestion
of 25 g. glucose successfully seperated the doga into
their respective groups (see Figuwre 17, p. 10L) but
the experiment was not carvied out wntil the 144th
day on the varions diets. It is not known at how
early = stage this test will give gositive resulis,
but the findings recorded here ave in general

sgreement with the observetions that have heen

recorded by others in human thismine deflicierncy (seec p.9).

Uriﬁaﬁy xerebtion of Thismine after Injection of a

Test Dose.

Human Subjects.

FPost-gagtrectomy patlients excrete in the uwrine a
significantly smaller wvroportion of a test dose of
thiamiace than deo the corresponding group of controls
(sse Teble ITI; pe. 60). DBubt again, there is
conslderable overlapping oi the reswlitsg of the iwo
groups and one would he unlikely o be sble %o
clasgify any given individual accurstely by this teat.
Yhen the resulbs ave vecalculsted as the welght of
thianine retalined per kg. body welght, a belter
correlation is found with the clinical assessment of
the case, bul agaln there is stllldl much overlapping

of/



/ol the "control vange'. with neither method of
expresaging results did the bhiochemical findings
soree accurately with the elinical assessment of
the coge.

Hevertheless, taken as & gf@up of patients,
the results lead to the conclusion that post-gasgtrectony
patients tend to suller from thiamine deliciency which
ghould be avoeided by recommendation of a diet rich in
vitawin By or by therapeutic administration.of vilamins,
or hoth. fhe results in Table V {p. 63) show that o
considerable excess of thiamine over the normel intake
may be necessary, and the case of M.J. again stresses

the importance of mulitiple vitamin deliciency.

Experimental Aninals,

The excrelion of thiamine in doga after
adninistration of a test dose (mee Table VIL, p. 104)
gives more clear—cut resulis, and, noxre luportant,
there is & very significant difference between the
dogs on the "lethal diet" and the controls by the 90th
day of the experiment. For the dlagnosis ol the
earlier stages of thlamine depletion, this would seem

$0 be the method of cholce.
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SUMMARY .

Chemical methods involved in the detsction of
thismine deficiency, pyruvic acld snd thlamine,
have been gtudied in detaill. dome modifications
and improvements of exislting methods have been

introduced.

The thiamine status of a group of post-gastrectomy
atients has been investigated by measuring the
fasting and resting blood pyruvate concentration
and also the uvinary excretion of thiamine
following an intravenoug test dose of {the vitamine
Compared with a similsy group of control subjects

post-gagtrectony patients tend to be thiamine

deficient.

Thiamine deliciency has been produced experimentally
in dogs. The wvarious vests of thiamine deficiency,
viz. blood pyruvete concentrations under dilferent
experimental conditions, snd uvrinary excretions

of thiamine following an intravenous test dose of
vhe vitamin, have bheen studied In these animals
during the course of thiawine depletion and also
winen severely thlamine deficient. The relative

merits of these various tests have been discussed.



The effects of the variation of pl and of
temperature on the stabillisy of thismine have

been investigated.
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STUDTES T TILTAMINE PRFICTIENCY TN HAW AND

DEPERIVENTAL ANIMALS,

by RACGHEL T. DOUGLAS, B.Sc. (GLASGOW).

Summary of Thesis submitted for the degree of Fh.D.

of the University of Glasgow, October, 1958,

This theais deals with the blochemical manifestations
ol thismine defiliclency in man and in dogs, and with the
problems of detecting subeclinlceal thismine deficiency
and of assessing the extent of clinical deficiency by
biochenical nesng.

The firet section da o resuwe of the literature
pertaining to the chemical estimations involved in
the detection of thiamine deficlency vizm, pyruvie acid
and thismine. The various tests of thilasmine deficilency,
involving these two estimations, as used hy the different

workers in this field have been digcussed.

The chemical estimationg of pyruvic acld and
thiamine have been gbtudied in deball and certain
sodifications have been introduced.
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/6 measure of the fasting and vesting blood
pyruvate concentration, and of the urinary excretion
of thismine in the 4 hours following a 1 mg. intravenous
dose - the most widely uwsed tests of thimmine deflciency -
have bheen employed in the investigation of thiawmine
nutrition in pogt-gastrectomy patients. A comparison
of the thiamine status of 17 post-gastrectomy patients
and 24 normsl aubjecta has been wade.

An outbreak of thiamine deficiency in greyhounds
led to a controlled study of this condition in dogs.
The defioienéy was due o bhe destyruction of thilamine
in the preparation of the food prior to ibs bheing fed
to the dogs. This diet was shown by chemical snalysis
t0 have » very Jlow thismine conteni.

The courae of thiamine depletion snd the subsequent
atates of sub-clinical and elinical thiamine deficiency
were studied biochemlcallye. Blood pyruvate concentrations
in the fasting and resting state, and following mild
gxercise, were followed throughout the duration of the
experimnant . Elood pyruvate concentrations have alseo
heen studied ot intervals during exercige. The efifect
of the ingestion of glucose on the bloed pyruvate
concentration has heen studied. Once before, and
three tlmes during the course of the cxperimenti,
urinary thlemine excretions were estimabted following

an/




Jen intravenouns itesb dosa,

The result of Ffeeding this same thlamine deficlent
diet was also studied weing collies and terriexrs asg
experimental animals.

The stablllty of thiamine at variocus pil values
was next dnvestigatbeds the eflfect of heat was also
gtudied.

Thismine deficiency in post-gastrectomy patienta
wag discussed Iin relation to the stablility of thiamine
at the pi of the zastro-investinal tract. Thismine
deficiency in the greyhounds was discussed in relation
to the stability of +thiasmine under the conditions of
the prepmwaﬁimm of food.

Finally the various methods of.deﬁ@ctiﬂg thiamine
deficiency have been criticelly reviewed in the light

of the worlk recorded in bhis thesis.



