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The Hislory of Beriberi end the Discovery of Thiamin

hosounte of bariberi remch iste the ancient history of the Orientels.
laogowan, (1) 4in his "History of China*, states that beriberl was recognized
by the Chiness in 2697 BaCe

ite prosence, however, was not recognised in the western world unbll
the seventeenth eanturye In 1645 4«De Jacobus fontlus (2) oboerved the
presence of dry beriberi in Jave, One hundred and Dby years later Rogers (3)
desoribed wet teriberi. Web and dry beriberi were considered twoe suparate
disesses unbll 1835, when Maloolmson (4) notdced that casee of one kind often
shanged to the other. From guoh obssrvations he goneluded that there possibly
wore several forme of the same dlssase, [irota (45) deseribed infentile
beriberl in 1698

in 1884, Teimki, (6) the Surgeon Cenerel of the Japanese Bavy, found
that changing the retions would do wuoh t0 erasdicste beriberl frem the navy
personnale The substitubion of moderste smounts of meat, legumws and barley
for a portion of the rive reduced the incidengse of the disease from 23 to
40 per cent to less than § psr cent.

Though Takakl vas one of the surliect sdvoecates of the dietary theory
of the origin of the disease, it was the work of Eijiman (7} & Duteh
phyysicion snd chamlst in Jawa, thet appears to have most sffectively ene
doresd the theorye ELijkwan showed that @ parslytic condition resembling
beriberi could be developed in fouls by feeding them upon an exclusive
dlet of polishad rice. He showed that the dicease did not develop if the
fowls were fed unpolished rize, or pelished riee plus rice polishings.
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in this way he came to belleve that She dicesse wes due to the deficliency
of pome substance present in the whole grein bub sbeent fram the starehy
porbions

Fletober (6) published his etudies of the disease in Fuala Tugpuy
in 1905, e gondusted his experiments in an insene asyluws and found
that over 50 pereent of the pavients fed polished rics for losger than
& month developed beriberi while nons of the patients fed tvown rice for
varying lengbthe of time developed 16,

Fraver and Ltanbon (9) published resulis similar to those of ¥leboher
in 1909« Their work was dome in railread lubor csmps in the Yalay States,

Other names woven into the story of the discovery of the & vitamine
are whose of Tunk gnd Vedders lunk (10) is oredibted with aiding in the
projeetion of the deficiengy theory as thw ceuse of beriberdi, scurvy,
richets and pellagra and with giving the name "vitemine® %o the substances
neosssery for the prevention of each disease. The work of Vedder (11)
was conoernad prinoipally with eradicetion of beriberd from the Fhilippines.

Btepp, 1909, (12) found that mice lived satisfactorily on a diet of
tread and wllk bub found that 1f the bread was previcusly exbrected with
@loohol, the diet would not wmeiobain thoms The addition of the aleoholie
- axbrect restored the dists ,

Hopkins, 1912, (13} fourd thet rate could not survive on & dieb
containing puriiied provwein, a&rhnfvdmw, fat and minerals Wb that the
addition of milk (25 per cend of the diet) with ite "scowesory factore®
resulded in setislsotory mubrition. Osborne and Vendel, 1913, (14) and
¥eCollum and Devies, 19135, (15) mede elmilsr reporte. In 1916, MeCollum
(16) propossd the name webter soluble B for the subsbance necessary for the
prevertion of beribeprie



iitebell, 1919, {(17), frwett and lures, 1920, (1) end feith end
Horwiriok, 1926, (19} were among the firet to oboerwe that the water
soluble fraetion of rice poliehings appesred to gontain & complex rather
than & eingls vitemin factor. It was found that an autoclaved extrast
was growth prosmeting bub no longer antlenpuritice.

Jonmen snd Donmath, 1926, (20) isclsted the vitsmin in erystalline
form as the hydroohlovide.

In 192’?’. the British Acosssory Food Fesotors Commibtitee (21) approved
2 systen of nomenclature in which wibtamin b was used for the complox and
vitenin By for the anbiensuritle vitemine Other pombers of the B complsx:
wore given separate subserints.

he composition of vitemin B was determined Ly Windsus and coworkevs,
1932, (22)s They veported the eomposition to be Cypfyqif,08.

Willisme, 1935, (23) synthesised it as the hrmd.d- hydpobronldes

At present the sntiepeuritic vitamin io obtaimed chiefly se the
hydrochloride, the structursl forpmla for which accopding bo Willisms ies

Cily
?=? — % HOL | (24).
€ == —CH_CH, 0
Cllg—C  G—Citg—( e
I | on—s
N—CH 1

It was he who gleo puggosted the neme *Lhiamin® wileh hoe been universally
ascepbed {21},



The Phyelologisal Action of Thismin

¥hile the symptoms of beriberi ore many the primary physiologloal
action of thiamin vesponaible for preventing tlw diseass is unimowme

Mhlssdn demonstrates physiological significence in tissuo respire-
tione lohmarm sid Schmeter (24) heve shomn that co-oarborylase,
necossary for the decsrboxyistion of pyrunie scid in tiseoue respiration
is the pyrophoschorde acid ester of thissln hydrochlorides

Degeneration of the myelin shesil of pepipheral rerves and lesions
in ganglion cells of the bealn, spinel cord snd dorsal rocts are seesn in
thismin deficiency. {26)(27) |

Hyportrorhy of the vight heart ie & very frequert finding in thiamin

Anfimtlaveaw anmeadatio 12 sdmwe o a% on eomensd . FAR080Y
b WJ TN bR B, N Ay & L R i RE y‘vwva‘w’ imw iﬂ-’?’

The cause 1S vow
iknown but 16 wey be due to weter retention of musels whieh tekes place in
the aboence of thimsin. UDrury (30) observed severe bredycardia during
deprivetions

The vitamin has & pronounced effect upon appebite (31) and late
sbages of deficiensy are characterised ly stony of the stomash and ine
testinel tract (32)e

Thiemin is necessary for normal adrenal glands, (33) hypertrophy
resulting fron daficiency. 7The ielands of langerhans hypartrophy
during deficienay {34)(35)s Produstion of sex hormomes s affeeted (36)(37).
The noed for thiamin haos been found to inoresse during lactation. (38).
the shysus, thyroid, pitultery glends and liver are sald Lo strophy during
deficiency (39).

Thismin may play 2 part in she transmiselon of nervous lmpulses.
sesarding to one thenry of nerve mediabion the charge of scetyl oholine
Mbersted by en impulse which nrrives &b & gynapse smet exart its eflfect
and bo removed before & suseeeding impulos can bo effective {(40).



Choline saterass sey have & vole in tho remcwal of the scetyl eholize
1iberateds Thers im evidence to the effect Lhmt thiamin BBy Corserve
chaline ssiores and thersfors potentiate thelr effects by inhlbising ths
seblon of cheline entersse (41)s Choline asterspe sotivity ie high in

beriberi pigeone {42} Thiemin sdministradion decresses this activity (43).

Eymptoms of [hismin Deficlency

the symptons of thiswin lack in man vary with tha duretion and Segres
of delicienay.

iv In adults the onset of syeptoms mey be vagus and insidious, Vatigue
axi loss of strength ars amony the flrst subjootive manifoctotions. Ot ff
ness ol Lhe legs is oflen observed. [hese sysptoss are soon i‘eﬁlm by
headacte, inscmnis, nervousness, dissiness, dyspres, loss of appebite, Joos
of welght, dyspepsis, snemls, Sechycerdis end tenderness of call suscles.
Afber s variable period of tiwe Lbe major sympiome of beriberl appear and
Whese pay be divided into bhree groupss

& = gyupoons referable Lo fnvolvement of the nereous systen callsd
dry beriberis. lere, peripheral nouritis is the most oonspiouous manifesta-
bion and le asvociated with weakress, leg oraxps, burning of ankles and soles
of the feot and incressed snile and knee jerks in the cerly stages, which,

B8 Lhe disease progresses, decrsase and finelly disappesr, Anestbssia and
tumbness and atrophy of skin and musele follow involvemsnt of the nerve.
Sphincter conbrol is mainbained wntil the late oteges, The vagus norve is
often alfected.

b - syploms associstod with gonerelised edoms cslled wel beriberi.

The edena le moet oonsploucus in she fest and legs and gradusliy sscends up
the bodys There sre often effusions into the pericardium, pleurs, peritonsal
cavity and lunges Ihere 1s alrophy of the suscle cells, reductlon of fat and

suelling and loss of ebristion, wiih edess fluld in the suseles.



¢ =~ aoute sgymptoms depouding upon curdiac involvemesnt and
songeablon of visoeras Acute cerdiag fallure 4is often the cavse of
eudden denth in thismin deficiency. IThe heart 48 hypertrophied snd
dilatod and appesrs to have lost comtractilile powers Other viscers may show
sonpusbions

2¢ In infarts, who are wvery susceptible, the syuptoms of thiamin
delicliency are simller to thome of wet beriberis Ihe onset Lo sudden,
ashociebad with rigidlty of thw body, whining, eonstipation, diminished
wrinery exeretion, weakness, odems, cardise enlargement, oyanosls and
rapid sl Irregeier pulaes. If the infant is not cured proapbly he may
die suddenlys |

3« & variety ol comiibions have besn sbgerved in assooiation with
thismin deficiencys Chronlie sleoholiem, prognanoy, disbetes, pellagra,
pernigious snemis, ste. are often sccompenied by thissin laock. This lack
Bay be due to inadequate food indeke, vomiting, improper sosimilation or
ubilisation due to the primary disesse but the offects are the same as in
the unocmpliceted cases (39).



fhe Histery of Cowrwy and the Uiscovery of hscorbiec idcid

he earlisst accounts of scurvy refer tw 4% a8 o plagas.

Hippoorates spoke of men in the sy who suffered from leg pains, gengrens
of the M,.m loss of teoths There ie an acecunt of ibe broaking oub
during lent when the men ate no meat bud partook of & speocles ol esl whieh
thay belleved bhad euten dead paople and therefore led Lo the loathiscoe
disnass.

It was & gseourge amony ke Lpypbisng of Lhe thirbteentls cenbury.
Referonoe is sade %o the lividivy and spongy condition of the pume anong
the Cruseders and %o bhe fact thab "borber surgoons® had to cut sway desd
flesh so that peopls might chew Lheir foods Hisek spots sbout the lags,
wonkrase end peneral debiliby wore sccompanying femiures,

Seurvy hee probabiy existed in Nerthern Surope and Asis ever sinee
the Tirst inhabitetion by man. It was especially prevalsnt in Frussic and
among the Swedes,

The early colondsts of North sweries were much afflicted with sourvy.
The #vensch met with very high wortality during the Canadian winters and
the Englieh in Yow Foundland debabed the wisdom of sbendoming settlement
bacause of it. |

b appesrs Lthat no war was am&hw from this bLype of sickness. It wes
prevaleont during the Revolutionavy and Civil Sers and the leal Vorld Wars

Sourvy wes early a.émainm w.th 1ife ot sees The long voysges of the
I‘M‘tnnm srgl slxbeonth cenbturies were often felilures due Lo the lncapacitaw
bion of the grews by ibs (ne of Lhe eariliest acccunts of such owperienses is
thai of Vasuo deo Game, 1497 Jowever, these loog expeditions with ine

gvitable oub bLreass of scurvy undoublediy did sueh o turn abtbenbion to ite



dietary origin. In contrast bo the earilest gocounts of sourvy at see
the expedidion of Capbain Cook, 1L772-1775, lost oo men from ibs An
loporiant contributing fuotor or the suoowss of the Oritish Navy
botwean 17 79-1803 was due to the addition of lime and lemon juloces to
the diet of the men (44}«

in 1595 Theobsld Cmibh reparted a hemorrhagie coudition in guinea
pigs vestricbed to a cereal diet (45). |

In 1912 Holst end Frolieh {46) recognised the simiiarity betwesn
this disease in guinea pigs and scurvy in humen beinges They cbesrved
that & diet csusing seurvy in men likewliss produced it in guines pigs
and that substances having a ocurative eoffect in one were sgqualiy
elficecioue in the other,

fhe work of Onlok and Dume (47), Cohen sud Wendel (48), Harden end
Zilva (49} resulied in the final accepbance of scurvy as & deficiency
ulssasse

In 1939, Drumsond (50) designsted the anbisocrbutic substance as
vitamin Ca

Gohen and uendel (48), le Ner, Cespball sud Shewman (51) developed
gonorsl, Seohndes end experimental dlets whioh resulbted in quanbitetlive
usesurenent of antlsgorbulle activiiy.

ﬁm&b«ﬂrgrm Igas (52) isclated a reducing substance from such
sources as oranges, lomons ans guprarensl corlexs e consldered 16 %o
be a }mxwmia.mm t.‘:éﬁ‘,;a}{aa

in 1930 Mileans and Uirseh (53) correlsled the peduclny powsr of
rarious foods with thelr witanin © content.

Waugh and King 1982 {54} Lsolabed orystalline wilemin { which proved
to be Ldenbical wibth the “haxuronic® scid flret lsclsited by fﬁmﬁtv-&ygrm

{52} end Kendell (55) from sdrensl glandos



wynthesls of the vibesdin was acoouplished by Nelehstein, Orussnor
and Opponaner 1933 {(56).

The structural forsuls of vitemin C was {iest reported by Heworth,
Hirst wnd coerorkers (57} Herrer (58) Michell end Braft (59), Puler and
Elnsemann {060} zoon wede confirussery reporise |

The structurel formule for vitamin € e

0
I

for which Howorih and smwﬁvm {61} smgpested the nase sscorbie apid

to sonnobte 1t adliscorbudic nature,



e Fhysiologieel &cbion of Ascurble Acid

Very 1ititle {8 koowm M%&m Lo the semner in whish ascorbisc
sold exerts ide physlolegiocal mvdion

1% 1s functionally significant in prelstion to the formation of
sesenchymel interoelluisr subsbance, such as collagencus connestive
Slesue mborlal, ostwold tleome, bone, and denbine of the teeth. It
is negossary for maintenante of the inteyrity of the blcod wessels.

Under pormal sonditdons the :‘i.bmbuat app‘lﬁ'ﬂ %0 ile in a groend
substance within whioh ibrils ars formed which in twrn form collagens
'l'huu fibrils appoar to be cevented Logether by 2 translucent substonce.
I6 in believed Shat the formation and cementing of these fibrils during
she developmond of collagen ic controlled by sscorbic neids |

in ssorimtie guines pige fitwoblacte and grousd substance ere formed
but flhells end collagon sre nob.

Fhether sgoorids ancid exerts i%c most diveot effeet upon the flbroe
blasts or the interceiiuler mabtorial is undecided bLub 4in the prissey
responss of soorbubie snimsls %o asoorble neid the newly formed waterial
10 in close proximity %o the filyoblasts. The fibroblaste de pot seem G0
ba changed in sppearante unbil uhe lete stages of sourvy {(62)s

Tissuse charasterised by high netabslic aebtivity have a high sscorble
asid condont (63). Individunl tisoues of young snlsels are richsr in
sgeortde acld thas the corresconding tiveves of slder aulmale nnd bhe
nmrﬁm acid requirenant of the prowing enlmal is grsstor than that
of the meabure anisal (64) (65)« .

Bormey snd Axbmann (66) indicate thst sscordic acld serves as @
poweriul growth stimtlsnt Tor young plant eubryos.
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Amoorbic acld ie necescary for the red blood cell Ferming
tiesuss [67).

A prescoriuble state ofton cpcurs wherelin lspalrment of
physlologlesl functions other than growih are indicated first. This
border line of deficiency in snimels results in grester sensitivity to
injury from diptheris toxin (68} (69), end the dexbrose tolerance of
such animals ie lowered (70) (71). Hecistonce ageinst infeotions is
lowered in the proscorbutic and scorbutic sondltions (72)s Cormis (73)
roports that ascorble escid will smuﬁ eutanaous resctione of
arsphonanine in sonsibised skine

Penefioclal offects have been reporied by eascorbic soid administroe
Blon in cesss of lead polsnming (74)e

There are avocounts of sctivabing and ishibibing ofiects of secorbic
asld on engymes in vitro., Whebler Lhese effects sre of physiologiocsl
importance is obill o be proveds

The cybochrome-indophensl oxldese systewm hes besn shows o ach gs
s oabalyst for the sersbis oxidailon of mseorble scid m‘ei evidence Lo
diostes thet bhis gystem may be responsible for the glow asroble oxideblon
of the vitemin in excised animsl tisswee (75) (76)e

There 1s no clear oub evidenoe Lo support the theory that assorbie
acld serves as 8 hydrogenebransport agent in animel tissues, Hepkins and
vorgan (77), und Borsook (7€) in support of this theory in relstion to
plants, and emphasize that glutathione plays & role in thy oyole.

Green and Riohter (%) reportsd that ascorbic scid acts as an
ichibitor in the adresallip-adronoehrome oxidation systesm in heuprt Sissues

Lomberg, Corlimejones asd Nerris (20} Derron and Nerrer {61) have
corrolated the coupled oxidation of sscorbic ecid and hemuohronogense

Geher (G2) bhas reported a close relationship babtwesn ascorbic acld



and mines plp complemente The oxidetlion reduction Lehavior of
somplensnt was found o be dependent larpely upon the ascorbio ssid
gontent of plassa. Complement setivity is depemient upon its being im
the reduced state.

Ascorbic ecid has beou shown %0 bo an sseential festor in wound
healings iI% is neooessary for normal proliferation of comnective tissue
and bridging of the wound (83)(84)s |

Symptoms of Assorble Acld Leficiency

e degrew of astorbic peld deflcienay is fsirly well corvelated with
the severity of sysptome and the lecabionsz of the lesions are largely lne
fluenced by growbh and etrees (21).

fniemls ot the borderline of deliciency show a lowered resistance
o toxine, infections, snd lessened genersl ri&i&tma {(FOHMRT3)e

s the state of deficieoncy increases goneral woskness and lassitude
booome sppuronte ho first obvious effect of severe depletion is cape
illary fregility and the presencs of potechiass (85).

As bLhe depletion progrosses the hemorrhages booome nove massive and
affoot largor weeselss Okeletal lesions are present as indicatoed by
zeray stedies (86). | '

In wory severe depletion hemoyrhinges are very extensive and skelstal
and gingivel lewions spe exbensive and severs (21}

The todividual lesions of sourvy mey be decoribed ss followss

Cutaneous lesions due %o ascorblc scid deflcienty aside rom petechis
{83) inelude Myperpigmentetion of bhe skinm, dilstion of the balr follilcles
and frageentoblon snd loss of halr (85).

Bxeletsl lesions are mogt common in 4he ooetrochondral junotiona,
distel end proxdonl ende of Lhe fesur, proxissl end of the tibia and in

the weioh bones. In the sres of Lhe lesion the forpation of hona cosson



exi the opsetus pord beewmws parifiedes AL the costochoudral jhwmodsion
there is vreplacemsnt 6‘{ the normal Junetion by & sone of gollagen poor
conpective Liceve in whioh Ls lmbsdded fragments of ealcified cerillage
metrdix freo of ostecld bissues It hes been shown that in asoorble acid
defloilenyy She ostacbleste revert to {ibroblasts when wable bo fore
ostecid tiseue and etteupt o form & fidbrous unlen bobwesn disphyeis anl
epiphysis, {the gam‘;mmﬁc} wikhin which 1le caleilled fpsgeents of
cartilage mabterdlx and bony trabeculaes These leslons sre oflen acpompanied
by hesorrhsges which may be subpsricstesl or within the bonse Conrective
tisone Pibers chow Lragility. There is & watery sone about the older
ostecblaetss There 1 & weekening of the periosteal sttaohment end grest
proliferation of comnective tissue oelis in an attenpt to strengbhen it (21).

The testh of edults with seurvy show resorption of dentine. The rew
sorption begins sbout Tome's cenals. mgsmmti?n of the odentoblsats and
hypereuls and atrophy of the pulp ccours These lesions firet cccur in the
epex of the tooth and at the division of the root camal (21). Fich and
larris reported defeobs in esawel and cement aleo (87)s

When the teetlh sre present leslons cecur in the gingive, especially
ahoul abnopmsl tesbhs The guss becoms swollen, and bleede loosening of
the testl often coocurs. There ie destruction of She aﬁl‘hmllm, often
followed by vlverstion (21}

Fregmentation of sirlsted mussle Tibers ccewrs in severe scurvye There
ie preat efforh to repalr the demage by proiiferation of sarcolecama. (hore
may be replegement of musols fibers by connoctive Lissue 1&6&:- in collagen (21}«

Bloody tumors of the conjunciive and ecchymosis of the eyelids may
sppear (2L).

Riffuslous into the sorous caviiies are commons There may be edena.
inlargement and dilation of the heart mey sccur (21)s



Abrophy of the Lone werrow ccours v th replacesent of aglold
resembling salerisl (88)(89).

The digestiw trect is usually nob sericusly affected; thore may
be some hemorrhagle area (1) The adrenals are owollen and hyportroe
paled in early sourvy but atrephic in late sowrwy (90} The lymphetie
blesues and glends of internal socretion alrophy 40 some extent.

fesorbls scld delislensy is aggrevated by certain diseases among
which are preumonis, typhold fever and subsroulosis.(84)
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CAPERTMENTAL WORE

Prelisioery Chssrvatlons amd (utline of Work

Iv was ab first casuslly obsetved that ecorbuble guloee pigs fed
e amounts of dhiasin wore likely Lo die mors guickly shen those
without thismioe (Lis led to an im‘@stsigabian of the effechs ol thiamin
when administered Lo scorlmile snd non seortubic gulnes plps.

Several scorimbtic diets wers tried bubt since guinen pigs thrive on e
dlet of Clymple rabbib psllebe snd green leaves or Ulymple vabidb pellets
and supplenents of gynthetie ascorbie acld, the pellots were chosen fovr
the sbock dlot, and given ade 2ibs

these pellets contaln alfalfs menl, ground bariey, yellow corn meal,
ground oats, whest middiings, wheat shoris, wheat twen, ococconut oil, soy
baan oil weal, linseed oil meal, wolasses, dried bwst pulp, limwstone,
salt and vitamineg 4 and D in feading oile

fhisnin es Lhiasin hydroshloride (Mallinkeodt) was uesd in aquecus
polution and given Ly droppers

Crystelline sscorbic seid (Lilly) was used in agueocus soluiion and
glven by deoppers

A% Lhe beginrinog of the work genersl observaeiion amd weight records
were kept for groups of sale guines plge meintsined on the Tollowing
daily dista for varying pariods

Oroup 1 received Clymple rebblt pellets and 50 mgs aseorbic acid.

Group 3 veceived Clympic rabblt pellets, 50 mg. ascorble eeid and 25
Eie bhismin hydrochilorides

droup 3 rveceived Olympie rabbit pellets.

Group 4 received Glymple rabblt pellets and 25 mg. thismin hydrochloride.
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DISCUSHION

Tis Pireb 5 guines pigs of group 1, whieh recsived psllets plus
sscorbie neid, sained en sversge of 123 gns. during the firet 4 wesus,
whils the elmilarly pumbered snimels in group 2, reesiving pellets plus
Awﬁr!ﬁa oeid snd Shiesin galned an sverage of 45 ges, during the same
langth of times It Ls regretted that the effexte of the deily edminise
trabion of 24 mge of thiamin hydroohlaride to animsls recelving more
than 50 mge. of assorbde avid deily wore not cbhbeivede The firsy 5 gulnas
plgs in group 3, reeniving pellete alome gained an sversge of 17 gnd.
during the first 4 weekn ynm the similarly mmbered aniuale in group
4 rocelving pellebs plus bhiamin lost an sverags of 4J gas. during %be
same lengbh of tinds ,

It was found that older guines pigs ars mmch less susseptible than
younger pigs to ascorble aoid deficiencys Uuinea plgs weighing 700 gus.
or mores useally did nob show signo of seurvy on the soorbutic died untll
about 4 weekse Ouinas plge weighing srourd 400 gnse ueually showed
dafinite signe of sourvy within 3 weeks on the scorbutice dlet while pige
walghing 300 pgms, usually ehowed sisne of eourvy within 2 wesks. The
faot that older anlmals srs lese suseeptible %o ascorble eecld deflicliency
than ere younger aninals hes beon previcusly reportod snd gonfirmed (64) (65)s

It wae obwarved that decreased food inteke, weight lose, bendernsee
of the liwbs and lamenees, sll cccurred at sbout the sew tiwe in the
anisals fod the scorbutio dleb. The snimals fol the scorbutie diet plus
25 mge thiamin Wydrochloride did mot eesem o show signe of ecurvy appreeiably
earlier than the animalo on ths soortutic dled nlone, with the excepbiom of
waight loss, ot after the disease wos spparent thiamin cansed its more
rapld progrese. Some of the scorlubic snimsle fed thiamin lost eamplote
use of the hind loge snd dragged themselves about on the front lege as i1



1%

souplebuly peralywed Lu the hind lays.

it way found that the hemorrbagss in Lhe seorlusic guines plys fed
thismin wore nmore massive than those in the anissle on the scorbuiie
diet slones Hemorrhases were pever found in the snimals fed on Yhe normal
diet or on the normsl dlet plus thiamine

longenscker, Mricke and Eing {91) showsd thet ascorble seid synthesis
increassd in reats when chloretons and vavioue other subsbances ars ade
ministered., I chioretons aduinistrablon lnoreases the ubilisabion of
ascrdie acld, iis edwinistration %o gﬁimn pigs whleh do nobt synihesise
it should aggrevate the condition of sourvys '

The procedures and dabta of Durther study on the affects of the foumr
dists listed, and of chloretons on hemorrhages in guines pigs ere recorded
in Gecblon 1.

It was found that gross bone deforamiiles appeared in animals fod the
seorbobic distb apd the scorbubtic dlob plus thismine (he wrist Jolnbs were
gspotiaily aifectods In some of Lhess anlanls the front paws btook posibtlons
similar to thope of the {lippers of a ssals Ths costochondral junctlions
wore found Su be oonsidersbly enlarged in severs sourvys [he procedures
and data of further work on Lhe affeots of the four dlets on bone structure
ars reconded in Deobion TIT.

Since Lhe bones in the gcorbulic snismsls showed gross pathology, it
was consldered important 50 deberming the caleoiuwm and phospborus exeretions
in relatlon Yo food inteke of animals on eagh of the four diets. Frocedures
and data for this phape of the work are reconded in Sseblon IYe

Sportutic guinea pige fod thiamin showed signe of increased restlessnass.
There wore various signs of nervousness and the sotions of tho animals
wore discordinated for & time alter thiacin sdministretions There were jerke
ing movensnts of the body, eye blinks;, jow movemants, ebo.
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It wes observed that seortutic guines pips fed thismin for a

sherd time (10 days) usuelly died. They often died during or

s

meediately after a ten day pericd of thismin therapy and wore vsry

i1l with scurvye In some cusew the guinea nd ge lived for geveral

movbhs if continvousiy «iven m;:ﬁ.@ green food, starting ismediately
after the period o thiamin sdministration. The snimals sppearad to
improve for a tims after resumption of the normsl diet, ate well, and
began to gain weight. Sventually, however, tﬁmgh they continued to
appesr hungry and tried to est they bepan to lose weight. It seemod that
the strengbh of the chewing mmesles progressively decreassd and the
arivele becem2 unable to exert Joree when chewing, though they conbine

3 With apparsnt weakening of the jaw
mscles thers was decrsased coutrol of these muscles and the animals
would spend long pericds with jaws consbantiy opening and clesing in a
rapid chewing motion. In some snimsls this condition of constant chewing
bacane perssnent wnbil desth. Then thase apimals died they were exe
bremely emetisted, but on exsmination it wes found that there wers no
longer any soorbutic hemorrhagie sreas. Fecauge of these cbservations
and o other porsible signs of possible nerve invelvement, the study of
reripheral nerves and skeletsl mmscle wes unde:teken. Procedures and a
progress report on the study of periphorsl nerve and skeletal mmuscle are
recorded in Section V.

Because thiamln sdministration appeared to aggravete the scorbubic
condition ineluding bonme pathnlogy in guinea pigs which eannot synthesize
ascorbic seid, ib wes decided to investigste its effechis on bons formation in
rats which can synthesize it. 5Since chloretone has been found bo greably ine
crease the productlon of ascorlic acld in psis (91) the efiect of chloretone

edninistration to rats in conjunction with thismin, was siudied.



SEorToON 13

Phe Bffoockn of large Asounie of Thismin aund
Chlorstone on Seorbutic end Hon=goorbutic Cuimes Pige

A In order to detarmime the effects of lergs smounts of thiamin
on the produstion of heworrhage in guinea pigs, groups of wale animals
weighlng 420430 gnse wore placed on the following deily diets for 5§ woeks:

Group 1 received Olymple rabdbit pellets and 50 mg. sscorbie aclds

Oroup 2 received Clymplc rabbit pelleds, 50 mg. ascordic scid and
2% nge thispin hydrochloride.

Group 3 received Clymple pabbit pallets.

Oroup & received Olympio rabbis pellets and 25 mge. thiamin hydroohloride.

Livor § wesks the snlmals wors killed and sxanined for Lemorrhagete
e affecte of oach diet on the production of hemorrhage are Indlested by &
representative aninal from eseh group shown in Plates I sod IX.

Be In order Lo deteranine the afs;feaw of large amounts of thiamin
ard thiamin plus chloretons upon soorbutic and nonessorbtubic guines pigs,
male anlmals welghing 420w430 gns. were raintained on the following daily
diete for 5 wesks: .

Anisel Ko. 1 received Glymplo rebbits pellets, 20 mge chloretons and &
daily supplement of 45 mge thismin hydroohloride during the last 10 days of
the 5 weeic perdod.

Ardmnl fioe 2 recsived Olymple rabbit pellets and s daily supplemeat of
25 nge thiamin hydroshloride during the last 10 deys of the 5 weak period.

Anlmal VNes 3 recsived Olymple rabbit pelleto.

svdmal Fo. 4 recoived Olymple rabbdi pellets, 100 ug. ascorbie eeid,
25 mge thisnin hydrechloride, and 20 mge chloretonse

After 5 weeks the anlmals wers killed snd examined for hemerrhages. The

eiffecte of snch diet ars shown in Plabe IX,



bIscuslion

Antmals maintained on & daily dist of Clymeic rebbit pallets and
groen leaves or on pellete plus & deily supplement of 50 uge ascorbie
sold have pever shown ey signs of bemorrhage.

Animels fed on a daily dist of Olymplo rabbit pellets, 50 mge
ascorbic soid and 25 mge of thiamin lhydrochloride have niawx- shown signs
of bemorrhages It is possible that long contimued use of maseive doses
of thianin with & normal diot would bring aboud this scorbuble gomiition,

Andmals fed on (Glympie rabbit pellets have never failsd to develop
heporrhages, Ihe time necessary Lo produce hesorrhsges largoly depends
upen the @ ol Lbe animal end Lus dlet previous 6o Lhe experisent.

Antnals maintained on Clysplo rabidt pellete and 25 mge thismin
hydrogiloride develop sore wsesive henorehages in o given time than Shose
malntalned on the seortubic diet alonss The sffecte of thiamin ssem bo be
about as great 17 Lt edministretion ic begun efter the Iirst gipms of
gourvy davelops
| The animel salntained en the pporbubie diet and chlopetone daring
he 5 week period and fod 25 mg. thiamin hydrochloride during the last 10
days developed the most masslve hemorrimges of sny endmel in & given binme.

Tho enimal maintained on Clympde rablit pellebs, 100 nge ascorble acid,
25 mge thiamin hydrochlorlde and 20 mg. chloretone throughout the § weok
period showed no signs of hemorrhage b the end of the periode. |

It appesrs that ehiloretens increases the need for ascorbio asld and
bhat when the extrs requirement due to thismin adelnisteetion is SUDD P
imposed she scorbutic cordition is aggrevateds |

I is of interest Lo note Shat the adeinletration of lsrge amounts
of gsoorble acld will prevent the sosbined deleterious effecte of larce

ascunbs of thdemin and ahlorstonse
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Animal on normel diet.

Anlenl on porsal dleb plus thiamine
Anisal on scorbutio diet.

Animal on scortustio diet plus thlamin.
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i 2 3 4

leg from guines pig fed Olympic rebbit pellets,
thismin and chloretone.

Leg from guirnes plg fed Ulympic rebbit pellets
snd thiamine

leg {rom guines pig fed Olympic rabbit pellets.
Leg from guines pig fed Olympic rabbit pellets,
ascorbic acid, thiamin and chloretons.
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ERCTION IIX

A Bhady of the “ffecte of Thismdn on Bone
Development in Forsml and Scorbubtic Culmea FPligs

As has been stated (31) the hisvologioal changes of tone in sourvy
are wogt marked where growih in lengbh is repide The bones mood 1likely
to show bypioel changes are the riba.

Sines the conbochomiral junetions were chosen for study ln Shds perd
of whe work a4 deseription of the classieoal ploture of & junclion froa w
seortutic anlmal will be givens

The colwme of carbilage gells in the proliferative cariilegs norselly
end 40 be linesr wheress in sewrvy they beome irregulars In seurvy, the
eells composing the columms are smeller than normal, the yows ars umally
shorter and are separaled by irrepular pastes of eartilage malrix.

These columme of ardilage mabrix are fewer, mors irreguler ond larger
thon moysel. They tend to form an irvegular fravework bivough which it is
diflicult for capiliaries to pensteaios

Noraaily, with the excapbion of & few masses of cartilege reserved for
framework and which are changed Lo bone, the resovel of cariilsge ssirix
{8 yuite prompt and is followsd Ly replscemant by warrow Llsoude

Sourvy asppsars o lnterfere wilh bthe nechanitn of peavweal of cariilspe
astriz. Sinee this sechanism is lnhiblled in wouwrvy the irrepulsr sassss
gomposing the scortutle labtles increase due to growih and L0 the advance
ol the zone of provisionsl esledficstion, and encreseh upon the marrow
tissuee The soorbiulis letsice may therefore ba much thickened. This
thickenlng persists unbll the growbh process in the cartilage cells is
armstads

ihis soortutic istiice appears %o be rarified and fraotures easlly,



e froctures increase Ln exbtont and number as Whe scorbutic condition
Lnwronses in ssveritpe In the late siages bhls latbtiece is disorganised
and appears ao 45 churned, end Instead of mainteining a gensrel longle
tudinal direction, the particles of brokén ssbriz are coupreseed laterally
and may penetrale inko the weakened places near the sartilage sha't
Janstione

in sgurvy, ostocblests fall to form bome in & normal sanner and none '
of the mabrix is found in the process of belng converted Lo btonos The
formation of new trebeculac is therefore inhibited. C(lder trabeculuas,
thet were forned previocus to the scorbubie process mey be pnmt- but
are separsted frow the labilee by & zene which iz devold of newly formed
trabeculses This sone of repeflaction appears o extend eatirely sovose
ths bonee '

The scorbubie process, sloo csuses Lhe regsorplicn of preformed bone,
sgeningly by 4 reverssl ol the normel bone bullding funcilon of the oshoow
blastes The oeseocus frumswork of thwe entire bone becowes abissuated and
in the portions leeediately adjecent to Lbe cartllage there is siso resorpw
btlon of bone fyrom the cortexs. In the sngle bebween tle cortex and Lhe
lattlice Lhere may e no bone sl all, merely & vhyar of Sibroue tlosue and
the earbllage shaft jJunction ie likely %o be the sids of teculiar
distortions.

Jhe serrow in suorbubic bone is extensively ¢hanped. NHematiopoletic
shosue is lergely replaced &b the ephiphyseal end by s lovss meshed Dibroue
tissue "tho Gerustsark® cantalning few flbroblasts end much intercellular

material whioh stains like mugin and rosembles eubryonie connecbive tissue {92).

Flate 171 disgramatically compsras the noyuel cusbochondral junction
with those demonstrating varving degrees of sourvy (44).
In order o determine ¢he effects of large msounts of Lhiamin on bone
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formation in scorlutlo and sonwscerbulle guimse pigs, sale animels
wolghing 420430 gwes were ploced on the followlng daily diete for
4 weaks:

dntmal %o« 1 roceived CUlymplo rebbit pellets end 50 mge sscorble acids

Auimal Noe 2 received Olyvmpie rebbib pellets, 50 age aseorbie seid
and 25 mye thismin hWdroshloride.

Anleml Fos 3 received Olympic rabbil pellebs.

Animal Moo & received Olymple rebbit pellets, and 25 mg. thismin
twercahlorlides

After 5 wesks the animels were killed and histologlosl eseiions of
the costochondrsl junction of the third right »ib of eash pig were
made (99)s While seotivns were prepared from oniy one animel mainteined
on sach diet, the animnl showed symptoms charsoteristic of the dlet and
was otherwise considered representatives '

Tw effects of sach dist on bone forssitlion are ilndicnted by photow
graphe of the ssctions of the oostochondral Junctlons prepsred and

ghow in Flabes IV - 1IK.
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DIBGULLIOR

‘he cartilsge cells in the norwsl bone are arranged in erderly vows,
quite regularly specads The cartilegs t.mi:mmlm between then sre guite
regular and prosent a fsirly sven tvenswerse plane. The esrtilape bone
Junction io oven with noe bulging. The cardilege metrix lastlee ie thin,

Bone trabsculuse and bone are seen in close prowimity to the cartilage.

The bone removed from the animal receliving pellets, ascorbic scid and
thismin show & alight owvor sll eppearence of abnorsmlity ae compared 4o the
nornels There appesrs to be slight disorganisation of certilage cells snd
slight evidence of bulging at the Junctlon.

The bone ivom the anisal receiving ouly pellets shows shopter rows of
disorganised cavbilage cellss Thers is & tendency Sowsrds ciroulsr groupss
The sertilsge trebeoulee belween the oells ere shorter than normsl. [he
oartilage shaft juncbion is irregulars The scorbutic latbice is thioke.

There is resorpbicn of bone espeeislly in the saree immwedistely edjscent to
she ecartilage and bone asd bone trabesulse ars sbesend {ruem Ghis srese.
lacrosoopie deforwily le spparent {scorbulic rosaryl.

e bope fron bhe snimal regelving pellebe plus Shismin plotures the
cartilage cells srrenged in Jonger, and more reguler rows than shown in the
ecase of scurvy alomse However, the deeper cartllage colls appesr to be loss
sumerous, suggesting the arrest of proliferabtions These desper cells are
smaller than normals 7he scorbutic latbioce is very thiek with a sach churned
appesrance. longliudinel directdon of the lattice particles is lost and a
more general lateral direction is assumsd, There has been great resorpiion of
bone near the junstions The arce near the jurnction is devold of bone end bone
trabegulaes Guly a comnseblve Slssue covey approsrs bto rensin. The juucbion
shows gresver defornlby then thet fron the anlmel fod pellets alone.
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is Diogram of normal rib-junction.

2s Diagres of rib-junction to illustrste ineiplent souwrvy.
2+ Diogrem of ribejunction to illustrate definite ecurvy.
4s Diagrem of rib‘-,junct.ion to illustrete ascute sourvys



PIATE IV

Cosbochondral junction from guinea pig fed
Clympic rabbit pellets plus ascorbic scid
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Cartllage cells at costochondral junction of

gulines pilg fed Olympic rabbis pellete plue ascorbic soid
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Costochondral Juncbion from gnines pig fed

{lymple rabbit pelists, sscorble apid ond thismin
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Cartilage cells at costochondral junction of

puinea pig fed Olymplo rabbit pellets
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sECTION IV

Phosphorus and Caleium Freretion in tormal and
Yoorbutic Cuines Pigs with snd without Thismin Therapy

Since tldagin adninistretion to scorbubic gulnes pigs appears (o
seuse iroreased bone destruction it was gonsidered importent to make
studive of phosphorus and csloius exerebtion in both vormal and seorbutie
guines plgs with and withoud dhlemin adaindstratlone |

!@imry anﬁ feeal phosphorus end calclum deborzinetions were nade
on the exoreta from mele guines pige fed on the following dists Jor
various iengbhs ol blwe

Nes le Ulyupic raveid pellets and 50 mge of ascorbic acide

Noe & Olpeplc rabblit pellets, 50 mge ascorbie acid and 25 mg.
shisnin hydrochloride.

Hoe 3 dympde rabbli pellsis.

Sow 4 Olympio rabbit pellste and 25 mge Shiamin iydroeiiorides

Animels were mmm in individual metaboliem osges (Plate XX).
seoh cage was constaucted of s 7 inch glass fumnel and 1/4 inch wire mesh,
ihe cage floor consisted of a oircle of the same mesh, Lopped by snother
sircie of 1/16 inch wire meshe A thin film of wet glass wool was stretched
soross Whe lower and of the funnels The stem of the Danvel dipped into a
25 cos geadunted eylinder cvntainizg 2 ce. concentrated hydreshloric gcld.
he ceen wes supported by & wooden stand and & wolghtod wooden slab sarved
us & cage Lope Uater and food were supplisd from corbalners wired Lo ihe
esge walle

Ab the end of ssoh 24 hour collection period the funnel was carefully
ringed with dilube hydrocblorie sold sud emptied inbtoe the gredusted asylinder.

Yeeer were colleoted and placed in 20 peroent sulfurie 2cide
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vodifioations of the mebhods for the determinstion of phosphorus
and caleium developed by Fisk and Subarrow (93) and Clark and Collip
{94) respestively, were used es followsy

is Praliminary preparalion of urine;

fach 24 hour sample of urine wes diluted %o 25 oo. with distilled
vater and well mixede 4 1 oce ssupls of the diluted urine was pipobted
into @ 12 x 1 inoh pyrex test tube greaduabed with & 25 cce marks 1 OCe
of soneentrated nivrie ocid was added. The mixbture was bolled unbil
fposhing coased. 1 oge of concendrabed suliurie acld was then added
and boiling was copbiwmed unbil there was ne further evoiubtion of red
fpese Mils wae followed by the addition of 1 voe of perchloric scid
{60 percens) and the wixture was bolled until coloriess. Fhen eoel, 10 oc.
of water were pipebled inio the tube followed by the suctessive sdditions
of 4 coe of conpentraled ssmondun hydrexide and 2 drops of brem cresol
purple. T convente of the tube ware then shaken gently to mix, neutrell-
ized by further addition of concentrated mmonium hydroxide snd diluted Lo
the 25 sos marks

i Urinary phosphoruey

4 2 cas semple of the sbove digest was pipetbed into a 100 oo.
volometriz flask: 5 cos of ¢ standard solution contalning Osb mgs PhoSw
phorus were pipetbed into s second 10U pos. flask. 1o Lhe contenis of each
flaghk were sdded 10 ccs ammonium molybdate solution (2% percent sumonium
molybdate in § i sulfuric asld) snd 2 oo of amidol solubion (1 percent I, 4=
diamine phenol dilydrowhiloride in 20 percent sodium blsullite)s The conbtents
of the flasks were diluted to 100 cos with diotbilled water and allowed to
gtand 10 minubtes for aolor developmentsy Samples of the eelublion were then

comparsd in o phobowlestrle cclorimster whioh hed bean gerosd Lo waber.



2, Upinsyy caloiumg

2 oee of the dilubted digest were pipetied into & gradunted 15 od.
gontriiuge tubse 2 oo of 4 percont amumonium oxelute solutlon and 1 oc.
of distilied water wers added and the conbtents of the tube were %&wma;%ﬁy
mixed. The wizuures was silowed Lo sband for 1 hour, Lhebh venurifuge. for
& minutes at 1000 =~ 1500 revelntions persinute. The supsroalent fluid
woa poured oll and e whe was sllomed 5o stand lsverted on {ilswer paper
for 5 aimted. The mouth of the ube was then wipsd end the sides of the
tube were washed wiih 3 oo of & percond ersonium hydroxide from 8 wash
bobLles The aixture wes centrifupged and dralmed as beforss £ 2c of 1 N
suifuris scid were theon blown iabo the Lube irom & ;g:-ipe_tt-n the btube was
pilassd ln a bollilng waler baih for 1 smimile bhan Lus conbenis wére Lusuodie
awely titested with i:/im pobaesiue peraangenate.

Bs Froliwioery preporation of feoces;

Esoh 24 hour sample wes dilused to 1000 ooe with 10 percent sulfurie
selde 10 cos of this muteriel were pipetied into a senll crucible and
drisd over a low flass. Do recldus wne then mixed with I gue of sodium
plérate and Yhe crucible wes placed Lfo a Durnece and Lis eonlents astiede
Afver ashing, 10 26e of 15 percent hydrochloris ascid wore added %o iLhe
residue ant mixed wells AfGer standiaog over nlght the contents of the
eyaeible were wensferved o a 100 eoe volwmirie lask with ewreful
rionsinge & drops of brow cessel purple wers added, the solublon was
noutrailised with cormgentrated smonium hydroxide, diluled Lo Lbe nary
and $ilbereds

i« 2¢ Facsl phosphorus axl galciwuag

Iha filtrabe preparsd 1o B was used for the determination of feeal
poospherus and colodums The stue procedures deseribed for the determina-
tion of urinary phosphorus and caleium were used.



The eflsets of the fouy d4lets an phosphomme and calofus
exoretion sre sumparised in the following corvesponding tabtless
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FAOBPIOME RECEETION
Table In » BEffest of Wormel Diet on Daily Urinary Phosphorus Nxeretion

FIRST Werg SEOQD WEER THIRD WREE POURTE WERE FIFTH TEEX a1xn mp
Anbml Wb Tood Py Ps . W Food Ps Pe mole . Food P, Ps s e Food P Py PRl s Pood Pa By » W Pood Pe .
Wusber mie gre. mgs, food pma. gus. gno,. mge, food paoe Omse gOSe 2gS. fﬂsp!-. oy guoe vgoe food gum,  Gmme gose ng8s l‘ﬂ!¢ Omse gm=8e T30« fﬁ%‘;
1 385 21 85,07 l.28 M3 26 PRIOT J88 S5 26 26,01 1,08 406 25 26.00 .99 448 51 BBAT 81 462 33 29,47 88
2 w e 2108 e 436 + B087 - M8 o 20,80 804 33 80.88 .08 646 B8 2838 .67
3 454 15 17.8% 1.6
4 458 83 20,00 .12
8 434 17 23437 143
fable Ila « Bffest of Normel Diet Flue Thismin on Duily Urinery m Exorotion ) }
[} 868 21 184,78 W67 866 28 17.24 »T6 S780 R7 54.50 1.27 43¢ 26 1Y.05 «89 448 86 Sd.i2 1,814 476 383 8l.26 «58
7 - - 18,8¢ - 476 - 13,00 - 488 o 2087 7 518 30 Bl.82 72 660 306 21.87 63
) + Table ilia » Bifeet of Goortutie Diet on Dally Urinary Phospherus Dmsretion
8 808 22 RT.02 1426 865 80,16 2488 - 406 B3 44.60 1.96 427 27 20482 1,09 448 81 40.80 1.27 478 28 53426 2,11
L] - 10.88 =~ BOd - 2.0 - 606 = £0e36 = 608 20 063.36 1.75 BR0 11 80,17 1.86
10 788 290 28,58 811 761 80 25.84 .88 798 S50 84.20 .47 795 S8 £26.84 .78 @72 31 £6.60 .88
mh Va » Bffect on Seorimtic Diet Flue Thiamin en Pally Urinery Fhosphorus Rmoretion
11 487 B4 27,90 1.18 487 28  ERJA 87 440 33 33,08 1,07 400 B0 28451 1,08 490 33 23,28 «86 480 32 £0,00 +08
12 - - 23,08 = 0 - 24,08 - 604 - 82,15 = 846 23 86,09 1,87 482 8 27,13 3.8
13 818 23 28,12 1.22 478 26 28,12 1,30 B31 81 81,92 1,02 83} 29 26,60 178 658 B2 26481 80
13 6186 20 20,82 O a15 33 81,90 «98 GO3 33 88,88 .87 868 2¢ 26,8 00 Gt 25 20.12 1.4
” | Table IITb = Effeet of Seorbutie Diet on Dally Pesal IMowphorus Ewaretion
1 %6 28 - - 761 50 100,860 2.56 788 59 121,21 3,17 736 33 118,04 38.60 T2 31 £46.08 T7.98 T2 12 9407 «76
186 408 10 30,43 1,00 350 0 B4.34 2,
16 480 85 27.30 1,08 448 8,5 15,21 ) 1.78
Table IVH « Gffeat of Seorbutic Dist Plus Thianmin en Daily Feeal Fhosphorus Dxoretion
138 sie 478 26 B0 2458 B11 31 V0,50 2,27 51 2% 88442 2468 652 32 9 2.81 832 81 28,7 «83
u 616 616 I3 10848 3,19 668 38 7844 231 668 86 100,00 3,88 934 BB 133,33 B.38 888 6 83420 U.85
pig 448 20 84430 02 406  ¢.8 12,17 2.7
18 408 17 21.3 .26 427 94 334 3.7

¥ represents weekly average of daily determinations



CALCIVN EXORRTION
Table Isa « iffeot of Normal Diet on Daily Trimary daloiums Emaretion

FIRST WBIK szeu;m WETK THIWD WERR | FOURTH WEEX PIPTH WEEK STXTH WEsK
Aaima} W&, Food Cae O - e Food Ga. Oa - Tte Pood Uay . Oas 2p8e Wy Food Dae fa - Wte Pood Cee Oa Tee Food Doe Toe
Tomber grs. pooe myse food . EBe EW« WEPe !ﬁ’ s+ gmm, gmee mpa, food gume gewe gro. nges Toold *» e P, mgee food peae  gmne gEm. mgSe !ﬂ’h.

1 #3488 21 PE8.48 142 343 28 R6,10 1,004 343 28 Ro.022 1.1 406 28 BR,01 W01 448 81 24,68 M 462 88 242 T
2 - - 81,7 - 438 « 2878 - 438 = B0 - 804 B3 28,98 .87 546 35 80,12 .98
3 434 16 T80 0,80
4 434 B3 B0.,00 1.%0
§ 434 17 81487 138
'rubh Ilsa « Effest of Wormal Diet PMlus Thiemin oa Daily Urinary Caleius Hxeretion

& 284 B1 28,18 1408 64 23 !E.t’?v 1400 70 27 58,08 1l.44 848 26 28454 1.8 48 26 380,74 1.18 476 B3 30.00 02
7 - - 20,04 -’ 47 - P0,00 = 483 - B2.47 - 518 B0 24,75 LB G650 35 28,11 L80

Table Illas = Bffest of Seortutie Diot on Deily Urinsry Calelun Sworetion ’
8 302 B2 28.18 1.4 85 25 33,08 1.48 406 23 89,66 1.7 487 27 £1.28 .78 448 81 36,70 1418 476 26 28.80 1.50
2 = e B0.40 - 608 w» 21488 = e - 87,00 - §30 B0 B8, L90 620 11 18,58 .08
10 758 20 68,45 2,01 P61 88 08,78 176 T96 B9 60,74 L0 708 88 83,10 1.0 TE2 31 €2.80 2,01

Table IVas « Dffest of Scorbutle Diet en Daily izrﬁa_a:y Oaledun Emoretion
11 87 B £0,78 «86 427 26 20,38 1,08 4“8 851 8501 1,22 450 29 51,81 1,07 400 53 BSA0 1.07 - 480 52 B7.81 .68
12 - w 28,24 o 490 « 20,28 - 604 " w £2,00 = | B4 23 B1.70 1.87 468 8 26,13 35,38
18 616 23 30.08 1.38 478 B8 38,81 5,00 S11 81 70,36 .45 B11 20 83,70 2,20 852 2 67«40 2,10
14 616 89 44,37 1.8 G186 85 TB.6R 2420 .603\ 35 B840 177 - 666 2¢ 54425 2,00 844 B5 38,68 1.54

Table 1TT6b = Effest of Seortubie Diet on Taily Fecal Oulofum Bxsvetien ,
b1 ] 76 20 - - 765 39 75,00 1.2 2 198 3 80 2408 786 58 090 2.0 TSR S1 126 4408 Ti& 12 376 14.88
15 : i 408 19 385 17,10 280 S 180 16.87
16 ‘ 400 25 228 13,00 248 B8 228 £0.46

Table IVbb » Effect of Scorbutie Disty Plug Thimmin om Daily Feonl Caleium Zxoretion

13 51¢ 28 110 4488 47¢ 28 100 3.0 1 B o0 3410 Gep 82 180 4. 632 81 RVE 3.80
b 0] e 2o 1w 8a76 816 38 84 2.8 883 85 127 34806 966 26 150 G.76 608 & 286 37,80
17 42 26 37 14482 406 4.5 326 72,28
18 400 17 285 18,27 427 ©  BBO B7.77

| % represents weekly average of daily determinations
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SBaiter and Aub (90} bave repuried thel the well known cessation
oL geowth in bomes in scurvy 18 accompanied by a Tallures of caleium
depogition. Halwdd and Ddletein (97) have found & deereass of csloium
and phosphorus in bones of infants desd with sewvy. Beyer (98) hes
reported bhat in esuwrvy oaloium and phosphorus do not deposidt in bone
until sscorblc acid is given, Usumann and Howard (99), Chaney and
Hunt (100} end Selter (100.) have reporbed d@mﬁi@n of calelun in
bone in healing sourvy.

Bousmrm and Boward (99) have reporded a slight inorease in urinary
celoiun oxorebion in sewrvys lagayome and Muneshiso (102} bawe reported
an inorsase in both phosphiorus and caloium sxeretion in scurvy. [hay
found $he inoreass of caleium exeretion to be greatess Ir the fuces sed
the inorense of phosphorus exercilon to be greatest in the urine.

Aecarding Lo the data susssrised in the tallss of this sectlun,
thiamin does not arpesr te increess the urinery phosphorus exeretion
in guines pigs fod pellsts plus ascorbie scid or in guinea plge fed
pailets alonse

Thiewin deoes not appesr to inorease the upinsey caleium exoreidion
in guines plgs fed pellats pins asocrbic scid or in geines pigs fed
pellete alonae

Thdamin doas uot jppear w apprecisbly incorease the feenl phosphorus
exeretion in guines pigs Jed wollets alunee

‘hiamin does ceuse a swrked lroresase of fecsl celelum exeredion in
guines piges fod pelists alones Labla relative 0 the effects of thissin
on feeal caloium excretion in guinee plis fed pellets plus ascorbic

aoid should be shizined,
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Ulyeple rebbdt pellete contoin a cslcium aversge of € ngo.
par go. and a phosphorus average of G2 mgs. por gme (103).
Guines pips have boen malatained for several months in apperent
flood condibion on @ diet of tlwas pelless plus ascorbic asld
ouppiement. lowever, data of Tables IXI bb and IV bb indicate
that guines pige fed peliety alame or pellets plus thiswin for
soveral weeks show a negaiive ocaloium balance. |
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SECTION ¥

The Effects of Seurvy and Sourty Plus

Thiamin mron Muscle and Peripheral Nerves

Pround and co-workers (104) (105) (1046) observed the presence
of pain, tenderness, hyperflexias and mascular dystrophy amon~ cased,
during their study of rhwumatoid arthritis. These signs suggested
biwe possibiliby of nerve involvement and special sttentlon was given
to the investigation of the nervous system in conjunction with the
gtudy of arthritise. It was fourd that pathologlieal lesgions wers cone
sletently present in the periphersl nerve trunks (sciatic, femoral,
brachial plexus) of the ceses studieds

The characteristic findings were represented by an inflsmmeiory
typs of nodule in the perineurium of the nerve trunks. Histoelogically
each nodule consisted of two or thwree gsones, s central sone of necrosis
which might or might not be present, an intermediate zone of prolifw
ersting wesenchymal cells and a perdpherel ring like zone of inflasmation
conbaining lymphoeytes and plasma celis.

Purther invesblgetlon elso revesled that slmilayr inflamnaiory
nodules were present wibhin the muscle. Desides these inbter museular
nodules hydrople degensretlon, edems, loss of stristion, marke
swelling or ghrinkage end atrophy of muecls fibers was found,

Since scorbutic guines pige slse conslstertly demonstrate the
sympboms of pein, tenderncss and hyperflexis, it was decided that the
study of musels and nsyve preparations from such animals and firom

gcorbubtic animals fed thiomin should be undortsken in an athtempt to

determine the presence or absence of pathologleal states in thess tissves.



Hisbological seetiond sads will hemascxylin and Ven (lssen
sbaining technlques weps preparedes The tlssus wae taken from the
right soialic verve and adjsgent muscle of sale gulnea pizs msintsined
an Oljneple rabbli pellets for § weeks, and from pigs mainisined on
Ulymple rabblii pellete for 5 wesks plus & dally supplemend of 25 uge
of Whlamin hydroohloride in agquecus solutior fed by droppers

The nervee from the seorbuble guines pigs showed signe of syelin
degeneration ae dic the nerves from seorbudie pigs fed Lhiamine This
Pinding 15 confirmed would indleste thel thismin in the shsence of
ascortic soid does not contrilute toward maintenance of the uyelin
sheathe The mseles fibere from the soortutie snimals fod thiamin
wors unmsually seall.

rurther work on these problems is in progress i the preperstion
of histologioal sections ly the Usrchi :wthod ie plenneds



SECTION VI

The Lffeots of large Amounts of Missin and Chloretons
on fints flecelving Hachitogenie and Rickets-Hesling Diets

“he bone pleturer af the eostochondral junchlons which indicate
inoreased bhone destructicon in seorbutic guines pips fed thismln suggested
thet thimsdn wight aifest the vouree of rickete in anisales |

| Longanecker, ¥ricke and King (91) showed that sesorbio acid
gyethesis ls inowreased i rats when ahlorebone i asduinlstered. Tnls
suggests thal ohloreishe adeinlisztration to rats inoresses the need {or
azeorbla agid.

{ur evidence indlestes thab oghlorebone sduinisbration with probable
agcorbie anld dopleblon apgrawmtes the sympboms in mrmti@ gulbea plgs.
This iz especially sppavend in immam henorrhage and in enlayrgenant
of the costochondral jonctions, The bone sffects of cllewione in gulnea
Figs, which do nob syntbesisze sscorbie acid, ralsed Uhe question of the
eifects on oaleifiseilon, of chioretone, in rats which do gynthesize
ssoorble acid.

A serier of experiments was planned in en atiewpt to lesrn Lbe
separate and combined effecbs of thianin aud ehloratons on the processes
ol decnlelfication snd csleification in mmise

Eaoh phons of the axperisent was carried oub o & group of § young

the Steenbock rachitogerde diet pumber 2965 was useds Thismin in
equecus solubion, ehloretons In corn oil and eod liver oll were fed by
4ropoerts

The arimels wers mpintained on Lhe pachileogenic diet for Il days

during which time msarked decalecilicaution of the leg bires cocurred.
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Following this peritd the sillmuls wer  glven 3.9 UsSeP. units of

vitamin De in € dally feedings, except four groups of § rabte kept for
negative controlss After & more days, the smimals were killod snd the

matophyses of the longitudinelly ssetioned vadii snd vlnee exemined,

afbor staining in allver nitrate, for the receleifisstion brought ~houd

by the adainistration of vitamin De The vitamin effect was dedersined

by the sommonliy emploped "line test® of Parke et al (IU7)s

£s The eifecte of large mmounts af thismin and echloretone on

‘dacalelfiost Lon 4n rels.

Four groups of anlwels were fad ps follows for 21 days:
Oroup 1 pecelved only Lhs rachitopentin dlot.

firoun 3 rocsived the roohltosanio diet nlus a

10 nmge thismin hydrochloride.

Oroup 3 received the reshitogenic dieb plus & deily suppliowent of

4 mze thlovetors,

Upoup 4 received the rachldogenic diet plue delly sepplemants of

10 nge thismdn hydroshleride avd 5 nge chloretonvs

ifser the Zh day perlod the anlmels wore killed and the bones examined.
The results are susweariged in the following sorpesponding Tables:

Table 1 The Bffecis of the Hephdtopenie Biet on
Deasaloifiousion (nagetlive eontpols)

anisal inisial whe 84 end ote galn

mnbar  gex whe p0fta of i daye Lnde hesulbe
3 &7 54 7
b Fial 46 4] nost decsloifioation
'3 b 49 3 in this group
& A e 7
5 46 48 2

votnl geln, gme, 25
aves galn, gus. 9



Peble 2 The Effects of Milamdn on
Deeniedfication {negative contenla)

mnimnl initial whe At oand Whe pin
ounber gex whe M0 of 21 days B Desulte
3 &2 51 2 :
2 &7 e 5 moderate decalelfication
3 45 52 7 in thisz orsup
4 &7 54 7
5 FAR 43 &

bobtal galn, gms. 29
BYBe ﬁ&iﬂ, Ente Ge8

Table 3 The Effects of Chloretons on
Deaaleification (nogative controls)

3 & 54 ) |

2 & Wb & loact decnloification
3 46 & 3 in this group

4 &5 e  j

8 46 48 P

letal geln, gma. 28
avas pgoaln, gus. &

Pable & The Effects of Thissin and Chlaretone on
Deasloilfication (nogative contrels)

1 45 Fy 2

2 b 50 4 moderats decsicilication
3 &5 5 | in this group

& 43 45 5

5 &5 51 &

total galn, gns. 24
dvns galng, ms. 4e0

Bs The effects of thianmin and ohloretone adninisiration during the
rechitopenie perlods

Four groups of enimals were fod on the rachitopenic dlet during the
31 day psriods During the 10 day healing perind all ruts were fod 3.3
Uelluls unite of vitswin U in E deily Teedings. Iuring tiw rachitsopenie
poriod the rate in each proup received supplensnts asz Jollowss

froup 1 control, no eupnloment,

Oronp 4 received 10 mg, Lhianin hydroshloride dallys



SE———

Group 5 regelived 5 npe chluwrelone deilye

Oroup 4 received 10 mye thiamin hydroohloride plus 5 mge
chdorvtone daily.

The results are sumuarized in the following corresponding “abless

Table 1 Control

animal Iodbial 21 day whe gain whe gane whe j2in total gain 1l test

mmber seX whe gmfe  Whe gnse 31 deyw s fase assay
i & 52 g 56 & 14 & P
2 &6 54 5 57 & 1 Welle *
3 44, 49 5 54 8 10 o g
4 50 5 9 &l 2 11 *
b 45 51 & 55 4 10 - g
Reds T
tobel paln, gume 3 a4 46
aves gein, gms. Bals bel CA3eR
® uetaphyssal henling, .

¥ sepresents everage Mealing on & sosle of U 40 4 the latter figure

repregents couplate heslings

Pable 2 Che Kifusta of Thianis Jdainisbration luring the
Peeslelficabion Ferlod '
i &4 ¥4 7 55 3 1o Muly
P 45 &9 4 - - - dled
3 43 51 L £y FA iz * b P
A &7 &5 & 59 4 A< 4o
b &7 83 6 60 7 13 Helle
F.00
total gain, gne. 93 8 &7
aves gain, gns. &l Bals Sed
l'uhh 3 The iffecte of Chioretons idwinisterzilon During the
Decaleifieation Period
: 1R 43 A7 é Pl 3] & A
] 85 63 y J 63 i g - Helle
3 &4, &7 3 49 2 5 oo
& &b 50 4 52 e & P
5 46 49 3 47 2 1 o
37
BVde gA in s B8 Fet ol T



Table 2 The Effects of Chlorebons Administration
During the 31 Day Period

animal initisl 21 dey whs gsin wb. gme. wb. gain total gein 1line test

mmbor sex whbe gmss whe gms. 31 days a8 £ms . assay
1 £ A 57 13 59 2 15 *
2 48 55 7 50 5 2 e e
3 &6 57 1 53 4 7 PRI

P A 42 &6 a 52 6 8 ook g

5 43 &6 3 52 6 9 TP,
3440

total gain, gms. » 5
V8 e llin’ fzan 11N 78 b 842

Teble 3 The Effects of Thiamin and Chloretone i&dlinistmﬁim
During the 31 Dey Period

1 44 4B FA 49 1 5 -
2 &7 56 9 59 - | 12 *ebee
3 A7 52 5 5% $ 10 R E
4 &5 8 &4 &7 a2 2 U,
5 4 &7 7 by 3 i0 e
) n 400
total gain, gms. 29 b1 3
ave. gain, gmse 5.8 2 T8

Ds The effects of thiamin and chloretone sdministration during
the healing period only.

Three groups of rate were fed the rachitogenic di.a; duricg the 31
day periods During the first £ days of the 10 dzy healing veriod each
rat received 3.3 Ue.S.P. units of vitamin D in 8 daily feedings. During
- the 10 day healing period the groups were fed supplements as follows:

Group 1 received 10 mg, th:l.m.n Iuﬂ:wﬁlbride dailys

Group 2 received 5 mg. chloretons daily.

Group 3 recsived 10 mg. thiamin hydroohloride, and 5 mg. echloretone
daily.

The results are summarized in the followimg corresponding Tables:



Pable 1 The sffects of lhiswdn Administeation
Puring the Healing Period

snizmal  initial 2L day whte gain wte gass wis gein total gein lise test

nuaber sex whe RS whe gmee N days i e iate ansay
b1 &7 52 5 5 5 j Ls] R

2 43 &7 i 50 3 17 b
3 43 &9 & 54 5 13 LR
4 97 43 [ & 3 Q2 o e

5 45 48 3 56 g i PR
360

total gain guse 34 24 58
&va, gain gmoe befl o8 1l.6

Tatla 82 The Effeste of Chioretons Adnindstration
- During the Healing Perlod

1 46 52 6 50 -2 4 &
2 46 53 7 83 o 9 & &
3 44 51 ? 56 4 1n v hr
4 45 52 7 52 o 7 .
5 &7 3 & N F n + 4%
‘ R 2ed0
total gain, guo. 3 & »
ave. gain, guS. Geb 1.2 7eé
‘fuble 5 The Effects of Thismin snd Chloretons Administration
Muring the Heallng Perded |
i a2 50 8 53 ) G > & Wy
< A 42 ] 43 3 3 et
3 &2 47 5 54 3 8 At
& 43 45 5 & | & %y
] 45 51 & 53 F3 1o -
&0
tobal gain, gne. 26 10
Ve gl guoe Sud 2 Tad



DISCUSOION

The resulss resorded in Section VI ere sbotrscied in the
accorpanying Table snd presented wiih she dliscuscions

The Effects of [ilamin and Chlorebons Administeation
% Rats doring the Rechibtogenio and Heeling Perlods.

Dagslodfioshlon
Decsloification avd Calolifica- Daleification
Mariod tion Teriod Period
A

Effeets of
Thimein ond
Chloretone on
Dooaleilicantion
is Combrel inoah

dopalal flostion
2¢ Thismdn
3s Chlcetons
4s  Thimein sod

Chlovebone deonleifieation
i} 4 B
#ffeots of
Tihdsain ard
Chloresbons op
Caleification
1. Contyrol L Redf ' HeR§ AL
2¢ Thismin 300 , Fals0 J.80
Ae Chloretom .70 368 Ladid
Lo Thissdn ang 400 a0 Py
Chloretone

# These walues reprwsent ths sverege hoaling on a sosls of O to de
fw latior flgure represents complote healings
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the daba pressnted In puwrt / shows thal desaloiliealion in rate
ori & high caloiws low plwsphorus (rechitogenie) disb was inhibited to
a considerashle exbent by the sdministration of chicrwione which ine
aveases ascorblie acld synthwelia in those animpise

Than thiamin was adniplobored wlih ehlovetone Lo radvs ou a
rachitogenio diel the decaleification was greater thuh when chloretbone
alire wee adsdinistereds This ineressed decel¢ilicetion suggests that
Shimmin admindstration L0sel! lacresses Lhe need fop asoorbic wold.

Fhern Lhiswin alone wan sdminfssersd b rets on & rachltopenic died
tie amoupt of doggaloification waz the sume s when chioretons and Shismin
wors aduinlsteratd bogether. Yo exnlanstion ls offered for thiaz situastlons

the dete presented in part U shows Lhat heallng in rats on & high
esiclion Jow phespherus (rachisogenie)ilet was grestest where bobh
tidecin snd chlorelone were adminisbersd during the decmlclficasion
periods.

¥hen ohlorebone wae adminisbeved alons during the decsleification
perdod the heallng was greater than was observed in the group fed thissmin
glone,

The group fed thilamin aione during the decaleification pericd showed
mope hesding hek Lhe econtrols but lese heslling than she group fed ohloros

teme glone during the deceliollisation parlods

The dnbu presented in purt C shows Lhat She adeinistratlon of both
gidaratons end Phlenin Lo rabe on & rechitogenie dled durlng bobh whe
decsleilicstion and calelficelion periods gave complete healing shich
was identleal with Lhe remils obbained in perl £ when chilorelons and
thiamin wore given only during the decalcificstlion perlode

Wher thiemin slone wae adeinivbored during the deceleification and

caleilliostion periods, the hesaling was jpeater Shan Lhat in the sontrols



and greator Lhen wieon eiloretone alons was adminlstersd during both
poriodes his teallpg was slse greater than when thimuin was fed
during She decaleifieabion perlod only.

When ehloretone alone was adminisbersd duwring the ducaleificstlion
apd chleilication perisds, bhe healling was grester bthsn Lhat for the
sunbrols, lesw Chan when ilasin alone wes adminisbersd and Jees than
when chlopetone war administered only during Lh\ desaleifigation poriods

3 debe presented in pert D ehows thet when additions were made
during the ecalelllication period alone, grestest healing oocuprred when
both thisuin and childorstone were given.

Whon thismin elone wes adminicbered during the celelifiestion peried,
the hoeling was gresbker than thet for the controls or Tor chloretons
edmindstration alone, The healing wes also greater than when thismin
wes aduinistered during the decnleiffeation psriod or during both the
decaleifioetion and calolficatlon perinds. |

When ehlorobone wee sdminisbered alons during the ealeifisstion
period the healing wae only slightly grecter than for ths paatrole,
bub lews then when thienin wes sdwinisbered slone or when thissdin wee
pdminiebered with elidoretonne It was alee less then when ehloretone
was adminigtered during the decaleificetlon pericd, or decsloifiscsticn
end caloification perinds,

The dats presenbed in parts A; B, ¢ srd U suggests thab ascorble
seld inhdbits decnlelflcabtion in the nboonae of vitmmin Ds 1t alse
wguvaw thet thiamin lnopeases Ghe demand for sseorbic seid but tint
in bhe pressnce of an adequate supply of ascorbie acid thismin also
inkildts decaleificatlion.



$mse chlorvione admirdsbretion during the decaleification
period resuibed in more healing Shan when glven during the
ealelfication pericd, 1t ls suggested bhat Lhe greatest offeet of
aidorebone 1o due %o increagsed ascorbice acid synilwels which exerds
ibe grestest effect io inbilbiting deocaleifiestion in the mboence of
vibamin D, rather Shen In alding esleificstior in the pressoce of
witamin De

Singe thianin aﬁ.w:iaaﬂ%m during the deesleifinabion period
resulted in Jess healing Lhan when given during the ssleificetion
period ib le suggested that Shismin exerss its grestest sifect In
promoting enloificabion in Lhe presence of witamin D

The fact that administration of bobtb chlovetone snd thiammin
during both deealoifiostion and caleifioution periods shows greater

- effect then when one ia sduinistered alone mggests thal the effects

of ehloretone and thismin awe more or less edditive.
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SUENARY

It vmi Mi first casually cbserved that scorbutic guinea pigs fed
thiamin were K.ik:alg% to die more guickly tham those without thiamin.

This led to an iavestigation of the effects of thiamin on scorbutic and
nop~gcorbutic animals.

It was cbserved that decressed food intake, weight loss, tenderness
of the limbs and lameness, all cccurred at about the same time in the
animals fed a scorbutic diet. Animals fed & scorbutic éiwh plus large
amounts of thiamin did pot appear to show signs of scurvy apprecisbly
earlier than animsls on & scorbutic diet alone, bﬁt after the disease
was spparent thiemin ceused its more repid progress. Some of the sscorbutie
animals fed thiamin lost complete use of the hind legs and dragged them-
selves about on the front legs as if completely paralysed in the hind legs.

It wag found that hemorrhages in the scorbudic guinea pigs fed thiamin
wars more massive than those om o scorbubic diet alons. Hemorrhages were
never found in animals fed on & mormal diet or on a normal diet plus thiamin.

Longenscker, Fricke and King (91) showed that ascorbic acid synthesis
is increased in rats when c¢hloretone and various other substances are ad-
ministered. Chlorstons adminigitration to guines pigs which cannot syn~
theaise asoorbic acid was found to aggravate the condition of scurvy.

Grces boue deformities appeared in enimals fed s scorbutic diet and a
scorbutic diet plus thiamin. The eostochondral junctions were found to be
considerably emlarged and histologicel secticns showed greatest bone deg-
truction in the bones of seorbutic animals fed thismin.

Since the bones of seorbutic animels and scorbutic animals fed thiamim
showed gross patholegy, it wes considered important to determinme the eal-

cium snd phosphorus excretions of normal and scorbutic guinea pige with



and without thismin adwinistration. It was found that thiamin does anot
cause any appreciable increase of urinary calejum or phospherue in normal

or #aarbutie guinea pigs. Fecal phosphorus sxeretions in Qéorbubie

guinea pigs fed thiamin appeared to vi:wraau slightly over that of aﬁurbutic
pige and fm caleiun exeretion was markedly incressed in the scorbutic ms
fed thiamin.

it was abamﬁ that scorbutic guimse pigs fed thiamin usually died.
They often died during or ismedistely after s 10 dsy period of thismin
therapy and were very ill with wﬁrvya In gpome ospes the guinea pigs lived
for several months if continucusly givem ample green food; starting im-dnh»
ly after the peried of thiamin administretion. The animals appeared to im-
prove for a tise ‘nfter regumption of the normel diet, ate well, and hegan
to gain weight. Eventually, however, even though they continued to appear
bungry and tried ’w eat they began to lose weight. It seemed that the
strength of thé chewing muscles pmpcasiwiy decreased and the animals
became unable to exert force when chewing, though they continuslly tried to
sat. .In conjunction with aspparent weakening of the jaw muscles, there was
decreased aonn?a}. of these mugcles and the animals would mpend long pericds
with jaws conetantiy opening and closing in a rapid eh@uing motion. _In
some animals this comdition of constant chewing became permanent until death,
When these animals died they were extremely smatiated, but e:n'mmﬁim it
vas found thai there were no longer any scorbuiic hemorrhagic areas.

Becsuss of these observations and of other possible signe of nerve in-~
volvement the study of peripberal nerve and skeletal muscle was undertaken.
This work is st4ll in progress. |

Becsuse thismin sdministration sppeared te aggravate the scorbutic
condition, including bons pathology inm guinea pigs which cannot synthesise



ascorbdo aeid, it wus decided to inwestigate ite effects on bone
formation in rais *nixiah oan synthesise it Since chloretone has
been found to greatly inorease the production of sscorbic scid in
rats the afrwtm of chlorstone administrabtion to rate in uan;}mtmn
with %&i&min, was studied. The resulbs of $his etudy are sbatracted

in the sccompanying Tables
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the Effeots of Thimuin and Chlorstene Administration

Lo Hats durin

Lffescts of
Thiasin aend
Chlaratone on
Deocalelificesion

is Conbtrol
2 Thiamin
3« Chloretone

de Thiamin and
Ol apetone

Lffecta of
Thiamln ond
Chloretons on
Caicilieation

de Control

Be T

3e Chloyetone

b Thismin and
Chicrstons

bhw m;&ib%ﬁmi& and Heallng leriods
eculoifiontion
Uecaloification and Caoleifics~  Coloification
rericd bion Feriod Poriod
i
T
depadelliontion
nmoderate
decslolitcation
sode rais
decslsolilicstion
ioset
deceleificntion
B G [ F
# LS w Sed8
Sl 3eb0 3.80
3.70 Sed 20
&atd Ll L0000

# Theso velueo represent bie averags healing on & sesle of O 0 4e
e labter Digure repreasnts couplete Lealing.
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