INTERRELATIONSHIRS
OF THIAMINE AND PROTEIN

Thesis for the Degree of M. S
MICHIGAN STATE UNIVERSITY

A, Elaine Simpson
1966




Mo mew c A s
P e a owih b

BOOMIRS S T A ee e 3r cpomom 4yl paessoqsimosge
3 . : . 3
i oo v demn dd b everdiad 4 bl [T SV )
5 wrry W e e
Fraved b aehs waudal
Tae X T - T et e
LN W BN RV S A dedis e N A

s invelved In Lhe motdbLlizn o carluiye
drate. Tihus, tle neod e thianire Yo detommined, in
Fart, by tie cartohydrate cinvtent of the diet. The bulk
of tie erperlimtal evidence tasn {ndicatoed that g%
spares tilatlne, huwevar, toe relatisrzilp belwicon
triamdine and protolin Las not been eltatlicheds The

-

. . LT T E oy e ; g 23 . swg 1 Ly b e b
te.alliclad eflests wilceh rosuited wiwn whe protoeln convent

., - ! o . & 2] - . T R 2 & e "
in @ thiardip=delliciont digt may %e e plalned githar by
3 FPON PR A e < e (1*\?;/‘-‘,-0»“' wavm g o tm" LY i“'u
& Q.Qure.“»-u‘ﬂ b N SRR OPHRS] &&-&-QU&AJ Cid-n ALLAeERe U7 . uv.d:. kg
N s & g d oy A e D e
action of prcloln cu thlanine,
3 ) e e Lo S . . Y mre , - et B s %
Phe purpese ol Ao ztwldy wald to irveall oale tihe ine
&, ’ . ot on e L e R - Ao g .
iuonce of dietary proteln lovels upon tihlauine eoncentrat

fa rabl tlsous and e wilrary excretion of Lhils vitands .

AR S e @ F'ad L S RN SRR Y R S ! DT I s Tt -
Aa%s were Jed diets contaladng O & and a0 cascly

. F] &Y < a0 T Y e s e 5y gy e g K3 " . &
“i }C.\—‘, «..‘k"-o':.} w:-i 4,'\..-."#,) ?J:LQ.‘\L,:L& “C"“QCZ‘L‘.‘&"J.}*. «L"k 'C,.“.G

T gt TS ST S ey doar L 4oge 5 . “ PR I T IS N T
et sopeslnent rate woee Jod, onoan ad Jilitwr baols,



2 C5% m Ty
3 J WPSRIC S S

Doy e R :
Luﬁ &*.-.\Q‘ 'ba‘-&\;:lwi a.':«.n‘.;'..«.l ’ i"

tilalng Crnnartrationg @ e

BT N LA T U Y BN - . +Yi., N R iy e L3
a ’\/"S)v [ EX S9N ] &‘-—ts»a.w’ i;- ?.(&‘r PO OV &"‘:ﬁ ‘-‘J&a..‘“‘-m -:&m.eu.;‘é '\i

o~

I N . - .3 ~ wd 2 e .
LHese rats van tho zase derrite wide variatnlons in thite

YRR OF Ak

» «
\1 Cevaas b oy
.S [FIVNEND PR TP YeN

3

L;.,;.O i!‘i; {"\. )

J.x..a ab i(,‘l :..- 141. 3:}' .e.fde.-.-} LTS i::;i’.a':..;.sz %-skh(v-{’d :nh * ﬂ

bR - § oo d ey § x R X R T T JPTrIy R Y v
Lyt 453 I eIl fal dlevs TURLNALT &UVES Quantites

-~ sive  iwwedad  mes s onaad

- Ky
a5 e socund G @

vl .y 1, 4 e )
e § o R, & b 20 T e PO PR I ST, S AP S e A e
COnlna IS S 23 ~ e Wil Wavii Tawld o8w et g™ v
% * LR [ - - e . X - F . ¥ on A . .
> @l PEETE Spees FUEPETE S SES e ety » & e . % - 3 B R
3..: 'vcla Cw&-w- R L R DA e JP ﬁ . -..4.'\ D I e e R T 23> S

.
3 s 0o
.rt N- ‘bvw-l"\*‘ PRV

* . A R
Kol W04

s samy fos all

: “ o obn FPENNEE TR TR MR SR R kT IR SO M T T 2 P S
ko4 ~..u“f C 08T Ca Wi in.8 wy Vewd LUl v & FURIRR R SR oL

e

.p.mnv;,,-‘ e # 1 PR SUPRTT |
e~ e w e A 6

an "Q - 4 P . « &
f‘ 08 LLNRV WS RS BRI S -‘.\‘.ul

.
o !
t‘ﬂd ‘/, k‘ “cm

y 1

creap o raLe o verd Jod, onodn &l it
basla, dlets eontadning €, O or S0 carclin, TLa tllanine
cortsnt of the o Jiete wms alfustel wo LAt all rats Culee
et siollas Vids vitandn Jailye  Adshaoulh

PR T T QUGN SN .,,»
Lin v»«qi-hv-m.-\'a v»nu Xm -~

LA B A
O R N A R I e *, - £«
thiauing ewrstlon varled diroenly with {lg Joval of

dlevary casel

ety
m o ich e WO

eoun d et Lo Gooiwstal,

4 LY F IR “ ¢ v, 4 PRy RPN TN
Tar fn gl anioulo cpoplio tha wile vaslstion

. . PR e [ P 5 P IS S o S
comaagpnlon and Loy slooe Tonsllle ooplanatlans fon
R . N ik, X Vvt <
ta..;a L.hua.‘v’d'ul.mh VLR G lUlasiid e



PY
i
-

O R L~ - E
PRDE :: TERGT + S S ttr SEEIVAR MR-+ T\ #.3
*£ T > R R I N T R A ST N P
At Vi v C‘~. xf.: e c\l} “A wro el e e .*} *{‘,’t
[ S RPN dow £ gy o P 4~’~4}-... §
il ot fnlluone LS SR s Sy

|

P et AN '?F:

Sseta )i

eseredlon of Lhladogn

AR ]

otary

1 T
zua &Is..:.‘mﬁ..¢

iy e SN
a C.'"l;u.. Wb P

yeat

A i

L4

«,.A P

o ®

S

oo

-
b

AW o MR

Va e Wb

o
iva

5

ey

-

E e

RRVIFILE s

AR
.

e

A ‘4,' .~ o
N M

L4

T

N



LRI R IR e B L B LS A X
[PV TP T S W VRTINS I

&
Nk

TR LN

R
B T

- e R

-

Y ke 1 Tty o -
he Elalnm Iinmpu

P R L
4 i K

P SRR IR I Y &

WO

L T A

R R
50 bt dy bt Turad

R FRPURPEIOL A 73

@ g T g‘
PRI 4
2

LERT SO BN
EpaR PP

Pk

o wn

5
PR

Vo ¥ N

e R )
3 C'v:.w-a:.

AL AN AR |
PP, A

& e § & v
PN

*

o pop e,
At N




-~
- -

EACPRA .

o A ¢ .-
F oelieaand AL LA

.

. N - N P NI PR
Lve Moway v ke ererecsarmnes

i . L e
’ . v Lididen Mg Vo
O I, B RN * . i an S
V:.‘sl.'&i»»..»ﬂ s GETRAURIEIIT) SO0 ¢4 1 30 5 SOFINE S9N
A N . N

. . T i we caweses
F L SR EUE RN NP N S PTI

TN 1k

e

S toat - C e
PRI o S SR .

-




TAELE €F CLHTZNTS

4 RTRCSUCTION w o o o v o v ¢ 6 2 0 0 0 0 0 @
) 34 BEVIEN CF 218 TARATULR 9o o o 0 6 0 ¢ 0 4 »

Ae The Ir;vorwelatiur.zship of Thianine wiih

Cther Food Compinenid o ¢ » o ¢ & » »
1 Oarbchy&rnue Qo AL o 0 0 s e o

) Provedni « o o ¢ ¢ ¢ 0 0 0 0 ¢ ¢
a) Thianine sparing effect .« »
Crowtd Response s o o o o

Lelay in appearance of
bm‘ita«s& S}’:a‘«uﬁ-m . ¥ »
Indices ¢f thianine
OTALOLioM o e 0 o o @
b) Thiaming in protein netaboe
{801 o ¢ 4 % 6 5 ¢ ¢ 8 ¢ ¢ &

¢) Thignine and K metabolism .

Do The Exgretion ¢f Thiwzin® o« ¢ ¢ o ¢ o
1) The E£ffect of the Thianire
14-1;&-‘%& " EEEERER
2) The Fffect of Fat, m:%czm.vata
and Frovein in tho Ligl ¢ o ¢ o

Ce Dietary Prutein and Tissuwe Thiasdne
Lﬂ?ﬁlﬁ « & & & ¢ B % & ¥ B ¥ B B & B @

b % % 4 BEPERLIAITAL FROCEDULR o v ¢ o @ o o 0 0 & @

Serien 1t Ad libitun feelinr cf diots
containing the same tihlanin
content tut different Frotelin
IOVEIY e ¢ % 4 8 % 2 0 e 4 2w

Series 2 ‘

a) Faired-feoding of dlets wi
tho cass thiasdine CLL&.&.’&Z:‘&*
ticn but differsnt protelin
AUVELE o o @ ¢* s 0 s s s

) Ad libitwm feediny of diet
wlt.x sllferent proteln #G’VQ*J

and thianine intake m“uwm

to provide each arinal with
apprexinataly the cane »....i,a-
Bing ANS8EG o v o ¢ 5 » 0 % ¢ @

Faze
i

23

¥

23




TR RN T AR R T TI SR
B owA i st e it W L.t\.—udvc.'..‘q‘ba\m

R
1"’ I‘::::‘?:‘;'."..'..‘...‘.....33

o ¥ ] 43 R .
cerieu 1 Ad ilblivua feelin; ol Jlews cauu
b . b i=on [ RPN
tﬁlni:."' an' G ¥Q &u&.\.a‘;«ine GO, ..v
)

s IR Py *
DUl QAilargiil Tavleln AoVesd . e 3‘3

Seiles 2
a) iairﬁiafeo:irr. of Jdists witkh tha
LETH LIAILne gunoariration us —
dilfaront Pl u&.a.:;\ l"ae.-‘d * e 0 F |
7.)) Ad lihi'&‘.ﬂ.& Legadlng oF ey Walll ‘
Llerenl prox &*1 lovels and -

i’d a\‘na‘.‘i% La’uhuuﬁ @:tv‘h\) au\ v“l '}I Lrew
v Lw(a wc-h fh»iilhl ‘-s.. i a.«. MM ‘,;,,’,.‘fﬂ bg‘
Iy The canie Lolinding Inuaad e e L

e 3

pX

> R
¥ Biwbtudivii & 6 % % 8% & & & 5 & 8 ¢ & = & %

=

3
1
3
|
.
A
-
o
=,

LYs R Y IR
I Wi dh # W€ B & 2 W & 8 & ¢ % s & » B s e+

L2

%,
L O

1‘1-, YT U8 e e 4 Tra e
LY PP F S U, RN . ¢ & * 8 ® 4 ¢ & @ e n .- ¢ %



"t A wLT e
& e adned

1.

a2
L]

3

- »

Le

e

7.

Pe

SR IS
C ':‘-."w‘wd-bi

f)
o
£
b4
&9
¥
LE ]
o
it‘:
Y
%
4~
o
¢
¥
[ 2
[ 2
LY
L
L]
3
[ 3
L

2 .. - Roae oyl piy P ST .
Concantration of vizading fn raticno wgd In
* @

bt
serins X R EEEEEEEE N
L & oy e & g o e 3 A e e 1 - L%

Vitarnio cortent of caviony veed dn cories 2 o

CLH?QwiﬁiCﬂ cf dlevs Lo wileh the tolonniile
tizn of shiamine waa adi,hseu o an avieny
t&ﬁ r‘ L‘?.,.w.ﬁ a ‘.Lu&a-w.ui i:-:: - 'B (... t.umd “\!'&&QJ ‘1
m:c” ranions containdiog ;:a' ot devels of

casain woerg fed on an ad il L3l o o ¢ o

Averaze initial and final waighta cf rats fed,
cn an ad lititun tasis, raticns contalining
varying levels of dietary proteln &nd tie Lilge
mine level At 4 mCZe/Sme €L S48L o o o o o o o

Foed and thianine intaike of rats fed, un an
ad libtitunm basls, raticns contalinirng different
levels of protein., Values are fcor trae last
three days c¢f the ouperiment. ihiaulne culie
contraticn in each ration was 4 wCJe/m. Cf
180 o o ¢ 4 0 ¢ o 5 2 0 4 s 6 0 s e e s s s e

Trilanine concentraticn «f livers and thizh
nusclea of ratvs fed, cn an ad iibituas basls,
raticns containing differe“t cencentrations

cf prorein. All rations contained § meze. of
thi&:ﬁn@/,‘...t.oionotovoo«.‘on.

fally urirary excroticn of thianine for rat

in serles le-urineccllected lor laut tiree
days ¢S esperinment, Irdanine content ¢l rae
tions was & mcg./ru/ cf diet, lor daily trlae
mine intake during: this pericd oee Talie O o

Averase initial and I zal weirhit for rals fed
rations cuntaining 6 nd 200 prcte;q diels
ralrefed with rats fai. cn an ad liditum hLae

slg, C5 protein dlets a3 Lhe CunlItd o« o o o o

LY
<>

t.f&,
FOLY

Ié

43




i3,

e

154

CF Taslis (Centinued)

2

Urirary tlianine escrolicn of 1ats fed Cifle
foront levels of protein tut resiricted in
Joud intare to t.i:a a:.:oun* of food conswnied

Ly vavs fed on ctelinmires ratlun. .aw
tiocns contained l. L.c.,. ¢ LLianiing/ The o o o &

Avara;‘o indtial asd final welzlts Lo 1ats
fed ras u;a centalining tiares levels cf DiGe
tela., “hlanizne leves in dlet was a.;,j'.:.,wd
in an a’*ef': to pruviie ravs dn all groups
with the 2ame daily fntake,s ALY rais wore
fed cn an wliti:w.tbaia. ® 8 0 ¢ & ° 0 0 @

Caily feod ccnouwsption and thianine fntate
durdaz flial thres days o stuay of ravs fad
uie* % n.,a:.u;.:.,_, Lhed levels f.*' proeteini.
Thisndre lovel in dlet was adfusted in oan
®ftie v te provide rats in ali ;tm, 3 wiLh
ti® cane dally intaxe. 4All raty wo.e fed on
&n ad Jititum LAZiU 4 e e ¢ ¢ 2 8 0 2 e s s n

Lrir'*"y e.cretion ¢f thiasdne for rats fed,
¢a an 8l 1ibitua tas 1;:, diens contalnling
tires lovels ¢of pm.,mr.. vrtanlne levels

in ¢iots were aljusted An an atteupt Lo Qe
viie rats in &l mround with tlig sane wally
intahe., Ilor tihe tidaunine lntske ¢f tie:o
BNAals 68 TRUIE 12 ¢ « 0 0 ¢ 9 % @ 0 0 o w @

Tetal thimdne and percent retentiin in

JaAvor &nd ruscld for rats fed diets Cone
taluing varying pretelin levels, TiAduline
level Zn Giut was & mer./iute  The thlauln
content ¢f tha liver Guod muocle was £alium
sated foun w'..a..q,'*..i-'.i.. values e ‘el fur
tiose T.iw.u..,..s a..w. tl‘. wel it of muscle as
I'@yui‘tﬁi b {aster ¢t al (l u)- s * 8 o & @

Thianine I: o ol winavy eccretion of rats
Iad o fnoad 120Atu hasis distg cuntadnins

b
J‘..s(h (71914 a.ﬂ.VG...J (-.b bev@in e W * 9 ¢ o » ¢ &

*

Al

Faze




i onem e aawr s
[ PRI SR O G e R

r R )

oo i Lia od

LoD TN S ay on v agmaisl tead S e .. o RN
1. LY WEALLL QAT ANd LAlay InU0 QUnouay

tion for rate fed diety cuntalilng & uci. of
tllasding rer prad of 2ieb &t Lovee dillerent
?Tﬂtﬁiﬁ LBVBiS o o 4 ¥ 2 ¢ v e s 0 v e 8 & @

vase

Q-

-~




va N AT B n o> gy L
65-1) U‘vb J :’t&-;u‘:'j . e ar‘ i-.:a- e./‘:- Y L .Q Il-aud-i-‘m

harmfel €lfscses of darge intakes of vitawino., 7TLls Cone f‘i

cera %az btazed ¢n the alverase olfects rewiting fion tie -
inreuticn of exceszlve &nwunisel £a% selivble vitanins, H
A rocsnt 1llustration of this was the fartificaticn of .
infaut focodes with vitanmis D in Great Iritaln which ree :j
uite! in muorcus cages of iddepathle hypercaleent pes

extra vitazin D in the diev browgie the total Jaily ine
resticn to & lovel wulch caunod hypervitacduisls L in the
firot year of Life (Ancnyeous esitcerial, 1%04). Decaus
the intaie «f only modaorately kipn lavels ¢f tils fag
scluble vitanins producel sizos of hypervitauincesis aod
Vecausze the avallabilivy of vitanin preparaticing Lis ene
eouratel selfe-nolication to au lucressing eatenl, there i3
& pousdbilicy that glverse wmanlfestations misit eccrus
from an eacevclive intshae of the water gscvluble © vitaninde
A former viudend {Docwn, 1903) L8 wids Jdopaciaont
stuifel the effects produced by feaiing rats Lish ARLalios
of thianine., 7o evaluute the offezts ¢f tho Ligh vitanin
$ntake in conluncticon with "poor®™ Jets, ohe uled vaticns

Tl

contalning protedn levels ranging Svew € ve 200, During

i



[ 3]

the ccurse of thls work che cbserveld a relationikip Lo
twean tha level of provein da the ratiuvn and tle concelie
tration of thlasdise dn tie tisoues and uwine, Tie reults
of Ler work musgeatad that the cwrent tiecilgs econgelning
the influenca of preteln ¢n thiamine metal:ll:m neelel roe
evaluatlion,  Although this =AUy was 1laiiel Lo & éanai&-
eraticn ¢f the rolatlonsldp of thiam;ua tec dlsiary protein,
the influsoee of carbubyirate and fiv ere dlscusoed
brieily.

The purpole of trls stuly wad to Jdetoecnine wlhelher
the level ¢f distary proteis has any speciiic ellect ¢m
the concantraticn of thiasine {n the ticovwee ol weanling

o

save Lhe iullucscd o0 dlelavy

ravs and Locorely o lnvestd

protetn on urdinary escrerion of trdw vitasin,

=¥

ADT 2SR M > L ar e R




bl b o) ,v« serIe @ o+
&V e b .

PSR e

g g e e
3 sh e .

g

4 sl O PR ~ oy . e o e e, O s ST
Ae  aa@ arioirasatdonosio vl Chiandng swith Ootoe S

T N :

S AR SRS TR

~ o w1yt - v
1’ [ ST S L. 2-?:% Rt

e cE ] % 2 Wy - ety e g <mr

STuaien with ecperinantal anlnzals and hwans swgest

T

that &z whe Sietary calerie

devels L tl¢ Jigt loncrowse thore
pent for thizaine {Arncll ot 2l,

T

phvepbarylated fora of tidazmice,

e~ wy N
&

(i), e requirel f.r the fullc
prouvic Zlecarloaylase, pyruvie
lutarie ceiylrosonans, and tran

o P
) A LVDL Y

The earlis.t surestion

sy

u..,.t,

woz relatgd te the carbs AL

-

in 13314 {Tunk, 1914). UTirexna f

develayai berliberl esrlier than

r
b

g & ik

wedll (20

percentaje of

4

av g

Cao &Y puklicshod ®

Lhisuline reguivanest of nan and

Lo calturis dnlake, o resatel

to the total calorie dnts

Y

b v

oa

recentd stuiies have SLuoolcatel o
Is pure precliastly relatel to Lhe

}l}’ tho uiazt,

o2

wing e

LhET Lhe neod

ha, tut az will be

e:poeially tie carbibyirate
1o an Lireaced requlrde
L24).

e b S
}‘41 e h‘.}::‘;;a.uﬁ ’oe

4 RS (o
-~ ; n".;%‘d-\a’ .‘46

Ay

thia 3

s :4‘9

s
1

M TR LT
» oy ;..a ..“'_- Qu&,.ﬂn

boase P ogugs v P
e S ,.‘C‘Awﬂ-la. ZL.‘,. “;nv‘r

toclase (Gaomer and

«

-

. | IRY T R
[y | ¥ 1683 g

"y
u

content of tha Jlet wasg

ad A hizh carbaliviraie dlet

geuns fed a dlel cuntalie

swsngry of ctudles un the
grizals a3 influenced by

‘/‘\ >
WeL

thleaine eSS

gl
DALIUDESL, Jore
%t the thlasdine requirenest
vileld

fuu:v‘a 2 \‘&1~ :‘AG $ ’ K




Davly work (Svaus and Lepwowshy, 3527), dalmen and
Goodman, {(IV37)) cvucernins ths Litarrelasicnollp of
thiasine and fat J2i4 not Clearly inadicate tiisy fat spared
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contsining 5C. fat and no Teuomercial® suzar lived loncer
&nd grow fastoer than réts consunin? tLisninewli-go diatas

,’”\-'
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dist contalnins 2300 sceopub oil and JLo. susrvsa 433 nos
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to the wuirk reaported In tie previsus gsotlan. JEiars
thisnming 43 required to nesaballoe culy & pact of the
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protedn consunol, for emupie She Dlycosenic anlio ac
Then the noteclyecranie anlne #21ds woeuld spare Lilasin
wiile tho glycujenic amino aclis iscrease tie animalts

nagd for L:is viianin,
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ovecal studies have YLoan reporiaed oo the {nflusnce

re

of thiauing wpen pitroson metabelim,

care and Teod (1252) restiicied animals el an 4le0uste
Vasal reatiin to the cgud fowd lutalo as sanoa Ly rats fed
& thianinowialiciont <lgt,y Iy using Lho tetiilipia of
paitvedeloe lng, they attespted to elinivaie tle alteratlons
&onugiatel wilh the fonorveanel appetite of Llaving supplte
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iz wvrinary ¥ was wmore tlan euld bs accounied fur by th
welzit loss, In thele report they Jdid et provide the
2ald netd..wsary W6 aunewer Lhis guestlion,

rava faf 100 caseln diets with thianine .upplenent:
varying fooa € o L0 moegze dally ware used Lo rluly tie
e focts ol LLis vitanmin upon the willisution oI cauelin,
(Terfiold and Dadrlen, 1247)e Tho vats wore fof @ thlaniige
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saleeio and coewnrikers (1957) stulle? Liw winsey
gacretivn of thlaslng snd ticsud tilmadne concentratlon
of rave fel a thlaniveedeficient clov fur 24 \ays.e ocled
urine sanples were analysed dally for thlasdine,s AT Lhree
day dntervals four rate wore sacrificed) tho Lisugs of
v analpaed oy Wlasice,  TLe woianaes
pictted the thiaxive conten e tlecune 10 weg. «f
I

deve izsug ol the voiacine saorgtion
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slarply to a low eonstant level] Luowover vhe concmniraslon
o thianlon in dhe tlevues foll wtoadily L0 & cuve wihlich

wae of & logasiciaie nature,
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Lowy {12.0) uvelag the Jata of Jaleeis and coewnrhors
(ivp) valeulavel the percent of tha $ni1l°0 lovel of Lilge
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ook fnne geocwt the wellly doxs wideh Letag Inereasinse
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pulited 2a @ fall in tixsue thignice concanesation. A Lhg
geflclansy progieseda, the animals loot wol lte A3 tio
welsht icze cocurred tie tiscug mass bersu wuller and

the thlanine concontration per rran of vigoug Jdid nob aller
appreclatly, The thiszire regulced Ly tia body caneg {

the brechiswm ¢f body tissug.

Limit and cuecriars (17.4) stuliel tio eacietinn ¢f
thisnling $n the urine awd Jeces of rats el 315 Lo 313 nmee,
of thianing Zolly. The @ucreticn of the vitaalia in both
the wring ax! the feces was deierwined wian tlo aninmal
waw 1o egullililriwy, As econ s eQuliiVidlag was establisled
At &ityy oo level of thlaciune intale, the ouy)ldEub Wal
foersaced. Thalr data showed tial doorescing intakes of

Riasios frow &0 te 310 mer. dally cavsal ¢ pvportismate
Lacresse ia u:iuarf ard fecal tllaning. L relaticnaidp
botwean thisuine iuotake and escretion wus escontlally a
stradohie 2ing relstionshipe abvut Bull toa Loosaved
vitands sppadreld 20 Lo essrola o ruts anl was abaub
egually Livioed Lotweon the wine and focgs. VL% Jermaenlue
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concentrations alse Zetermines the pyrimidine excretion,
Pyramin i & metabolie breakdown product of thiamine
witlell arpears in the urine, Thun the values that these
guthors report for the thlamire contert in the urire are
slizhtly hirsker than thoze values repsried by cther

er, 1943; Brown, 1%3) who eaployed methods
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¥idch Jerarwire ¢rly the thiarire gontent ¢f the zample.
Ir the years 15942 to 1947 Kickelsen, Caster and leys
{19,7) investizated the wrinary thiamine escretion of 22
youns men, This work invelved prolenged malintenance of
the =ubjects on thiauine fntakes froem € to 16 ma. ¢aily.l
Thiamine intakes frea C.7 mz. dadly and up produced sube
astanrtially a strafcohteling relaviconship betwesn urirary
eicreticn ant ictake. UCelow @ thianine intaks of about
Ce? mr, dally thiazine excretion in the urine approached
sero, Thesd workers found tiabt the urlinary scretivn of
thiamine was 1i:lly characteriastic ¢f the iniividual,
It was found shat with increasing shiamire intake the
percentaze of thismine excreted in the urlne increaced
but reaclel a plateau at adout 13, of the intake when ine
takes were l.5 =g. 4aily ani abeve, At higher intakes cof
tidaiine Where was noe daxcrease in the percertare cf the

ingestei thiswine which cowlid be accwuntel fur ia the urirne,

1, The Fetiunal Feosearch Council (1%5e) reccuisrnds an intsake
of aprpreximately 1.2 7. cally fur the “averazdg man. It
will be kelpful to bear tris value in mina when reaiing tte
renainier of this section dealing with vlianine excreticn,



Priedoman &ol cuewcrkors {372C) slsilarly showed that

w4

the Jaily e~cretlion of ribelliavia und thiaaing dnereased

sly wata ingreasis iptakes of these vitamins, They
lugresczel tha vitauwin intane of sevea healthy younyg men
At S fay dntervals over a tolkl experimental perlicd of
Ege Wwhen tie dadlly dnvu.s ol thiauine escesdsd
Leo® B2ey Lha slopa of Lo curve reiating urinary to dietary
thianing Lecune steeper ladicatiag vhat above thls level cf
thianing a Jreatve percenta e of tie intake was exoratei.
when the man consumad 1.43 mg. «f thisaing cally, 135 of
tidz acunt ajzpearsd dn the urice, Tids vaive agresd with
tho work of Licheluesa and cuewersers (1947).
Toe mIat sacent work con trissine excretion as related

te thisndne {ntake 16 reported by Jipurin and cu-wirkers

176.). They ractrictel tig thiauine fntahes ol eight men
to Collelol3 oy ¢f thiauine wully. Clincal wigng of whise
rine selfcienty wpyeared 43 early av the nirth day., L[y the
sixtyn day of the restrdetiocn, theire was less than S0 meg.
of thiesxine in tha urine per day and the level was reduced
to upotectatle amcunts by the eighteenth day. After 3C
duys of deficient dlet, the dlet wis suprlenented to bring
the Jailly total dngeation to CW54-C.E1 mp. ¢f (llamine.
This level ¢f thiamire durirng the repleticon pordod 14 net
proiuce reasurable amcunts of thiamive in the wurine until

the ninth to twelfth day,.
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Cufiilii {1741) Fed X0 young men vieis wensiticg of
Ligas plue 2000 Calories J aucrdce (o & Liee day period,
In the foilowling tisee duy perdicd, vhe cucrese was replaced
L3ocalvrically sith butter. Cu vhe thlra duy of evach periced

Win® Colieilioniy wore wale winl whwelysee Lo thisaaize, The
ratic of Jat celurizs to carbolyisene calovies in the first
er Rizh Carbtilywral® porlcd wVOr&sfue &l ¥eal wid in LLe ze-
cund vy Riphelab parisd wvervuazed dil.(oe  Jhoce calcranlions
doivied tie célorlos peculivel frim Lhae Lab Sl Casbilye
CEGYE A6 Li@ Lidads TP QAOrinsnt &aU c.olucted twice. In

-

he Fiiit vidsl, «id eublects were piven B youct supplement
sudk &t the Cully thiadne intabks avera_o. 1240 wge; ik
the wecond $rdzi the supplecent was not Ziven, Lhe wubjeors
roceived an average ¢f 1.3 sy, of thisndine dully. I bosh
Cifale o Sidive.w Lo fab &l tle eapsnie o cwmibihpdrats in
vie ldet 13 rot eipriftcantly eliter tlo winary thlanine
vicretdcn, lowever the tlres day pericis usel o tils stuly
gsy nob e of suffi¢lent Jwratdien o allow tie bely o cume
ints equllibrius with the (letsry changes.

Felrholl and coeworkers (1944) «lsc eraninel the r1e=
daticnuhip betvesn the Jevel of wrisary thiasire and the
proportiens of favr &nd carbohydrste in the dlet., They
peasurel the wrinary thiazine excreticn ¢f mix youny women
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receiving {o varying sequerce a baual diet, & clet high in



T3t ani & dlet rizh in carbohyirate. Lach diet wan feld

er twn wesks,  Tha perenant of tetal calories provided
by fxt avera=a! 34,7, 0.3 and .50 for the taadl diet
the Lizh a2t dlet and the Li~h carbobyuarate L1l respece
tivaly, Alteraticps in the fa gcortent ol the llgt were
&t tha a.pernve of enrbetydrave; tha total cnliries, the
level o f proveln dn the 4fet mnd e thinuine Livike of
tho =ix sullects resainel grnztart, Uhe urinacy oseretloa
f tidacdine Jecrsase) wian the 4let woas changed from e
Yasal to hioh eartokyirate or fren the RAch fat Lo kigh

carbuhyirate let, Tince the X Mo engration vas Lhe

sz when tha basal sud hich '!'_:;':. ety viere fai, the

Lad

gutlsirs eomclule? that thare was ro npavine zozolon of fat
n thiaming anl that tYe rerults of previous wirbers

AT I b R % . .
Parertd ap! Yollin, 177 Soinen and

-~ . o - - “ E > R % . b IS SR -~ e -
Seo Bty 1937, el and Plyaltws, 1997) coull 1 e

Tlatned by decreases In the carbolhyirate sonvent of the
tlet,

The evilterca praisote! In Lhw
the work of Ouirn ard co=wosieerr {(100Y dnifactes that fat
vrarea thinmdva, re diatay vogt by lelnhkill poutulined am
g lemite arcunt of thiacire. Ferhars the chan g ia fat
calerios (15.4.) was ron leirme encuch to effcot o chang
in uriraiy trianine elcreticon uriyy the reriod LI th
ty,  Stirn and ecewnrkart {(1333) adbowed Lhat Ll Lh0w

1

. , .
Lhe cartolyivate 4n



the thlanine-laficiant diet alleviate! thlanine-deliciency
syrmtors.  Lther workers {Tanerjl and Yudkisn, 27433
Apteiar, 1757) have shown that mymptons of a thlanisng dom
fivdancy <4 ret arpanr in rats fe! o thianing deficient
diet which wes hirh fa fav sglehoush the netavoeilan ¢ Clre

hoterivate vay foveired, Jience fut daes iparse the need Lo
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The major porticn cf the thiamine present in the body
i3 fcuni in the liver and muacle, For the purpcee cf the
rrezent “Ziscussicn 4t wes esuuned that the cther tissues
in the beody act 4in & manner sirilar to muscle and liver
tissue in the retention ¢f thismine, The amcunt ¢f thiamine
present in the entire liver and rmuscle maszs is rabulated
in Table 14, As the protein content ¢f the diet imcreased,
the tetal thiamine gortent of these tissues becams greater;
howaver this dncreaxas waa related to the larzcer tissue mass
of the animals receiving hizher levels «f protein, not te
the thiamine cuncentration per gran of tissus, The thide
mine ¢tcuncentration 4n the tissues was esssntially the sanme
despite & fivelfold differeunce &n the total budy welpht cf
the arimals. The thiamine rerairel in the liver and muscle
mAats when expreznel &3 & percentazs ¢f the thianing ¢one
sumed i35 4o the rarge of 11l,lel5.4,0s Denpite the wiie
variatice in beoly mass and thiamine intake amcng thess
groups it weuld aprear that unider the conditions used in
this siuly a relatively ccnstant percentaze cf the thiamine
inzested by rats was stured in these twe tissuas,.

In fisuwre 1 the charnye in boly weight durling the ene
tire experiment §s pluitted versus the dally food consumpticn
for tre rats in ceries 1; a straisht 1line relaticnsnip ape
pears., -“his graph suszzests that weanling rats coculd be
maintained with no change 4n tctal beldy weirht if fed, each

day, 5.8 goma. of a diet cuntalning 3.7% caveln and & mcge
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of thiavulne/mi, of diet. This conclusicn was not tested
tacause it becasne chvicus cnly when the final interprotie
tiin of the cata wae maie.

The firal welzits ¢f the sciuals &3 talulated in
Tavless &nd 1l Lnidcate viat when ravs 4:9 f6d & proteine
free ¢let {groups lel and 2-(al), four £old inercases in
tie tilamine cuntent of tiat diet 41d mut resull in ine
Creaset welght palas. lowever at tie . level ¢f dietary
rotedn, rats whica eonsumed 3.9 mez. of thilaznine/gm. of
diev (greup 2-lal) zaiveld zignificantly mere walgit than
ratas consuning 4 wes, of thianine/sa. of diet (group let),
These welight galng during the fowr wesk esperimental pericd,
1.0, 12.2 ard 13.C pas respectively for tie twe groups fed
the &5 pretein rativn, are siznificantly different at thae
15 level (Tatles 5 and 11), TLis stavenont agrees with the
wcrk of ucctt and Oriffith {19:7) whe reported that as the

trlamize intake cf ravs iocreased frum Cu2 to $.J mes.

¢ally, tie growth vate ¢f rats was eniancef, TLe diets
these wurkers wued contained protedn 8t eltnor the 22 or
85 level and, &t beth levels of protveln, vho growth rate
cf rats was greater when the ratys conawield greater a&aounts
of thlacioe tian whon rats conzwsald lesoer ancunts, In
tha precent stusy su cumpardsen of tie Zrowih rate of rais
fol difierent SlLiaxing levels in the Z{,. protein dlet can
e Bade; L6 ke Snotalce wasd the level of tilwiline 4in the

g{:,r Cu"’*n X.\L.;.l. {‘u.» *6.. fw*tu. ‘0 m o[ ,Ji- (-f u.&ev.



The food consumption @3 indicaved in Table 6 and 12
vas not slionificantly ailected by the fnclusion of adidie
ticnal anwnwnita of thlacine in the dlote ilonce it may be
concluded tiat thianmino in excesa of the rogquiresent cces
rot gtimulate tho arpetice.

Tary Lovestizators (Sowsill, 19373 Dicls, ob ai, 1343;

Sippordn, et al, 195.) have elaimod that any tilamine ia
e¢xcass of the ascunt required by the body 1s excreted in
tie urine, and furthermore, thianline &ppears in the urine
cily when tie tiasus 2lored are alequate,

The ¢ilfferencsa in tie urinary thianine excreticn
¢f tbe grouds recelving different leovels of picteln in &
diet cuntalzing & moze of thiaming/gme of ration {(groups
lal, 16 and 1e20) are Li;hly sinnificant (Talle 2).

The difleroncaes in the winary thlamine eucretion enong
theze groups of rats could have besn inlluenced by many
variallos, a3 tha protaln level la the dlet Lacreased

did the dally caluric intake and final veiht of the
anicals as well as the dally thlanine intale. Alzo, the
increa:e in th@ proteln cuntent of Lhe Jiol WL &b LLeO Gue
pense ol dlotary carbolydrate.

In cerices 1 the ratas receiving the 2C. protelin diet
consmeod more Ltian four times Lhe sscunt of fvod ard
tidaniinge &3 did thoes anisals recalving Lie pritelinelree
diot {Tatle £). Therefcre an atteonpt was rode to egualice

the calorie intake by uslns the paired~legilin: technique
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and aloo to equallse the thianing Intile Ly aijusting the
thianing centent ¢f the ratiunz,

ihe diflerence in tlhe winary excretlicn ¢f rats fel
6 and 2C¢ provein raslens with the Jeily titastce intale
sdjusved o that 4t weuld be apprixinately egual s 8ije
pificars at tha 5 ievel (oroup 2e-Cal vy gruevp £walalle
Tie grovps recelving the CL proteln raticn eicreted less
hianine than thcze fed either the & «r 200 proteln rae
ticns and theze diflerences are siznificant at tie L.
level or less {Vavle 13). These differences ccowred
daspite tha fact thay the dally intake of thls vitanin wka
essentially the zsme for all zrowa (Table Ll)e These roe
pulis Indicated & direct relationship bevweon winary
thismine &nd tha level of distary protoln and/or calor

ix‘;t&li.e.
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with group 2=Cepf &3 0@ contrele A5 gena in Table 10 the
urinscy concentration of thianine was not dnlluvenctoed by
the proteln levol in tie diet provided that soue protaln
w23 incluled. Actually sheo wilnary escreilon of thlanin
for the gprovpd receliving proteln vaz ragrially conslant,
daespite a tireo-towiowr fold dilfarence In pretaln lulauess
Ia tihls stuldy greowlig oreanlong, weanling rats, wera
grudleds Itoarna &nd coewtrhora {(1957) stulisd the effect

, y Sy g AR AP S s -y~ ? o e 2
ef vardous thlaning intales of Cul7=2.02 132e dally In srowing
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stant vaiug in rate conoualng aqproxinmately equal dally
tnsales of Lhilasine bul differcit levels of rriteln {Tall
1), Despite varistions in food dntaxe and btoly wolght,
the anmuny of thilanine ¥hdeh couwld oy Yo asoounted oz
wan 1lary 53l = SaeT norlfiay/vate  ¥hoa LL@ COrrese
pondiny caioulatlons wore pede for tie reus recilving
diifeeut lovels of pruteln in diets cerlalning & nege ¢f
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Tatle d)¢ Thlacing fntate and wrinory encretion of rats fod
on en ai 13LiTua Lasis wiets contals .‘.::; wifioreat levels of
pruvelin
Croun 5 Protein Ihianine Thianing Thilanine Tilanire
Ceug Lo Lleb a Liod .!AU&:-Q Lwrevion Uraceounted
men/ o aenfeay/eay wes/day/ Lfor wer/
rat davs at
1‘0 C #.C‘C 1303 CQS 4,».3
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iedU 20 &olC £3.0 2Ce4 Lle2
wel il C 12443 Gled 502 Siele
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ef this eperinent are in agresaent with those of fastar
{1343). She cboarved that larger animals excreted more
thlacine than sualler anluals gven when the dally fatake
of thianine was the sane, The aniipgls conaunicg the Jllets
centalning a hizher percentage cf protein wore lerger than
those aninals conswsiag lessor amounts of provelin,
wlallaritics in the percent ¢f thianing lingested
which appeared in the wrine desplite differencos in shiamine
intake may be noted for rats fed diets containing O and 65
protein (Tables 10 and 13). Althcugh the rats fed the (i
protein ratiocns consumed like amcunts ¢f feed, the tlhismine
centent of the dists varied by a factor of fowr) neverthew
less the rats fed the OF protein diets eucreted J.2«9.65 of
the ihiwim intakee In series 1, the group fed the proe
toln-fro8 dlet was Lioutical in all respects te the group
whick gerved as the control for the pairedeiesiing in the
pecond series, Although 4t appeius that the peicent
urinary escretion ¢f theae groups is diiferent (Tables &
gud 1C) the abasolute values on which the percents were
bazed wore net signlifcantly differente &t such low levels
of feed intuke small differences in wrinary thianine eie
ereticn appear to be greator whon exprosusd as & pwrcentaze
whereas 8t Lizher levels of feed intake, dilferences ¢f the

i

sane masnitude do not appear ¢ Le 48 great.” In serlies 2,
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ot thianine were dubious unless aign&fietnz.
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(oooupy lel), witleh received the wae lovel ol preteln
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dally Locesiion of thess groupl, @acooted cnly Dol of

the thlanine Intahe (Tuble J)e  Tids Clossvatlon sworeots
that when 2a%s ol low peoteln Qlets Srd sltlar sautidicled
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crrtalning YnormslY dovels of thlaning. o elplanaticn
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of the Irsested vitanin vhich was ecreted in the urine
cogreasad (Table 0). This decroase was cbocsveld even
whon the tolal <ally inseution of Lo vitasin vas @suene
tially equal (moups 2«0a%, 2-lal, and 2W=22ul, Table 12).
This stuldy Lag demonctrated thats
e Th0 devel cf proteln in tho diet &id ncl inlliuence tie
tlhlandne concgniration 4n the tlssues of wearlls: ratsé
vhen the coneentraticn of thianing in the dlsot was widiorz.
e Thu@ wrinary eaicrotion ¢f thianing was nov related to
tis proteln coltent of the didte YLAS way ohowi when
woatlling rats fed clflsrent levels of jroitelin wWore rée
stricied in food intaue by palredeloeiinz,
Je Aniialy wiLich conouned more total and pore Jrotein
CALCrigd Gugrotod mors tilanline 1n e uring L .an arisals
13y conowmed fover total and proteln calioriss even whon

the dailly iataies of tilanine by these oroups were cinilar,
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coperloort vierd Ted &l 11bLltwa,  The dally eacrellion of
thiazine varded; those animalo eating ners preteln and
nore calories ezch luy eucreted & preater ascunt of thile
uine than thoon anisals that coenouned lels proteln and
calurles. Donplte tho willa variatiosn Zn fiod cunsunntion
and dictary preteln thore was & cfflsr anvunt of lne
cosved thiasedne wihich did now gopoar In tle urine, The
&nlnals which eonsuned tilaning in egous o LHLa redune
sended lovel of irtabe, axpresasd 83 mose ¢f thiaidne/ran
cf diet, 2id nct excrote this ecens,.

e resulte of thils ptuuly are talion to faodlcate that
thoe level of protedn in the Jdiet Soves nod directly L
fiuence the thianine content of rat tlocue when VYoorual®
thiamine levels are unedy she dally urinary e.ocretion of
tlhiaclne Is not relatod to the dletary proveln level

Lrectly but to the calordic fntake of the aninil,
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