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INTROIUCT IUN

From the discovery of ascorbic acid es an antiscorbutic drug to
the prescnt day, the role of this vitemin in animal and plant metabo-
lism has been the center of intense and arborising research, Yet, at
present, few specific biochemical actions have been elueidated, Relae
tive to animal metabolism three rather specific activities are worthy
of mnﬁim; 4scorbic acid appears to promote the absorption of irom
in the ferrous form via the gastrointestinal tract. The apparent
mechaniem involved here is one of reducing ferric ions (commonly found
in foods) to ferrous ioms and concomitantly exidisming sscorbic acid
to dehydroascorbic aeid, In addition vitamin € probably acts to main-
tain the iron in the reduced iomiec state umbil active absorption is
begun, The action of vitamin ¢ in this case is & direet one, taking
place in the gastrointestinal traet, It does not influence the absorpe
tion of irem Af it is given parentnrnlly,.{l) Mnother and perbaps more
intriguing sction of ascarbic acid is its role in mintainming the
function of the ensyme aconitese im the tricarboagylic acid cycle, The
compound &,¢'=ipyridyl inhibits aconitase which is immedistely cone
serned in the metabolism of eitric scid in the tricarboxylic acid
cycles It has been shown that guinea pigs given &,¢tedipyridyl exe
erete inereased amoumts of eitrate after ndn:l.n:lsbmtion of ecitrate or
malate (which forms citrate in the body) while the econtrol animals do
not, This indicates deficient asordtase sctivity in the &,¢twdipyridyl
treated andmals, Similarly in ascorbic aeid deficiency, guinea pigs
will excrete increased amcunte of citrde seid if treated with citrate
or butyrate, In witechondrial preparations from livers of Gy 8 i pyrde

dyl trested and scorbutie guinea pigs s the'e was & merled deercase in



citric sedd cxddation, The ad itien of ferrous fon and/owr ascortds
acid to those properatiuns restered doprossed citrie acid m&&imw} .
Though the rde of escorbic acid in acemitsce meintainance hos not beem
entircly clueidated, it sveme possible that it acts to weirtalsn the
iron lon in the redoecd stebe which in turm is neoesssry for soordtase
aotion, Lastly, ascorbie seid hes boen closely linked to the mxidetien
of vyresine, or nore speeifically to the synthesis of hemogentisis

seid fpom pdydroxyphenylpyruvie acid, 4t presemt the bulk of rescarch
soems to indicate that sscorbic acid acte independently to maimtain
ensymo function rather than sobing ae a coentyme or chemiosl part of
the orayme' 3], 15 asateion thers s doudt Wt my free imtermeasate
compounds sxist between pelyrirexyphonyloyruvie and homogentisic wﬁd&ws é
It would sppear thet in this comversion there is only one ensyme soche
ﬁmmt&twmu compounds existing are bound to thip
engyme, The role of ascerbis acid appears to be nonspeeific in sine
talnirg engymatic activity and canm be » ploced by ramorous other Poe
ducdng am.“) In all lskeliheod the two or theee enzymes which
have beon proposed in the past %o medlate this reaption are partial
bropleiosm produets of only one ensyme,

Comtrasting with the paveity of material on specific chemical
aotiana, thers is & wealth of material relsting ascorbic scid to
variocus physiclogieal precesses, Unfartunatoely, mest of this meterial
has ‘een oltained from elinieally scorbutic bumans or Jaboratory anie
wals with in vive experinentsl setups, 49 a resuli of these rethar
erude preparations, enly the grossest of ¢healeal resctions heve huu
cbsurroed, and 8s & result, mltiple theorice ond hypothoses, oftew
eontradictory, heve evolved, Sush date does serve MIW of



dircotirg fuburs, more speclfie chemical explaratien, It alse has
mavledly broadensd the fleld of ascerdie acid rescarch and, as will
bo mentiomed below, bas linked ascordle aoid to the oven less woll
wlorghood raneh of ho pone wetabolisn,

4 peremount preblem in ascorhbic asid rescarch has been the muohae
ndem of ite biclogical synthosis im both plamie and animals, exmlasive
of pelmmtes and the guines plge Uonsidereble effort bas been divected
te this end by O.0, Ming and co-workers Smvelving amimsl biocsynthesis,
and by Foh, Laberwood and L,X, Hapson ond comwerkors explaining both
animal snd plant bicsyntheeis, It fa largely threugh the elforis of
Wing an essocletes, employing iscteple tracer teehniques, that the
Bochamisn of rat ascerble scid biosynthesis hee been almoat entirely
exsiained'” ), 1ng wemmlian Bicsynihetic presess o at present
m&wmwwwmugmm in the following
mammary Degdusose 200 oy corente sesd TITNE L to
Imculanie acid M!_.MM7 imepeorbic acld, The experimental
mqm used o demons rote this was besjealiy to mm firgh
wifernly lsbelled glucose Owlh to the imtect chloreteme®™ stimlated

mmmmumwmmmmmm,

Fartisl dogredation of the recovered sscorbie seid indieated thet Lhere
apparently had beon no splitting of the glucose moleculs whieh acted
ut.m“m. mm-mxuuémmmwﬂm>
10} with stnilar jecovery technies in the urine revesling, ssain
e ach the degrodstion of tho ascorbde soid, that thove had beon
AT e o ) o s e

ted into the structuwre of vitamin C, Beferences to thds lmu'
othor stimdating sompounds are listed in the mm.tan;r 3,




inverzion of the g&m;me molecule producing respectively Leascorbie
aoid 101k and 6C-lii, Previous studies having suggested that Zlucurow
nie acid might be a more direct precursor of ascorbic acid than is
glucosc, prompted similar experiments ubtilieing this substence,
Resulis proved that glucurenic acid not only scts similerly to glom
coge but gives greater quantities of labelled ascorbic acid establishe
ing a morc direct relationship, Z-keto Legulonic aé&d was postulated
ag the £inal intermediate, Isherwood has confirmed much of Kingls
mk by testing mmercus possible precurgors of aseorbic acid in the
rat by infectiny these substances and cbserving urimary ascorbic
acid exeretion ahangas&?}. He has algo observed pléﬁt synthesis and
finds that cortain plants may form sscorbic acid via Degalactose as a
precurser in the following scheme; Degalactosse ————Degalapturonic
acid ——lmzalactonic acid——— > Leasceorbic mm(”) + Isherwood
suggests that either mechanism is possible in rate but that c&am
speeiflcity in that animal strongly favers the oxidastion throush
Legulonic acidelike compounds, Beth such mechanisms mev he found bo
work in verious types of plant material, but in these cases enzyme
specificity favors Legalactonic acid-like compounds, A sisnifieant
fact about ascorbic acid amﬁ%is in rate is that it proceeds as a
part of carbohydrate breakdown, .Suah Q 1ink to glycogen-glucose
metabolisn immediately suggests possible bormonal influencc on this
process <orbed !;;«;g pancreatic, adrenocortical, and g\ziwitary secrebions,
To date little has been clucidated along this line, ‘
Fumerous attempts to relate the motabolism of ascorbic acid to the
adrenal steroids and vice versa have yet to contribute more than theary
to this i‘i&m.‘ Certain mewatiém s houever, are worthy of mention if

only to indicate that chemical relations de seem Lo exist between these



compounds, Jscorbic acla épp@ara in high concentration in the
adrenal cortex and is rapidly depleted under conditione of siress

to the animal or by the administration of ACTH, This sugzests an
impartant role fof this vitemin in hormome productiom, In addition
stress causcs hypertrophy of the adremal cortex, depletion of vita-
min G, depletion of chelesterol, and an inerease in the oxyZen
consumption, The commop dencminstor in such reactions oppears to

be the effect of ACHH, The difference between stress reactions and
effects of exogerously administered ACTH appesrs to be only quantibaw
tive and not guelitative, As psrtial confirmation of thip statement
it is noted that hypophyscctamised animals subjected to stress show
no acute drop in adrenal cholestercl or vitemin C, (These substances
show a drop chronically es the gland atrophiss,) It has been demonw-
strated by Long, Ocsterling, and Stepto that the adremal corbtical
ascorbiec acid level drops more rapidly in seurvy than does the adrmﬂ.
chaolestorol m{lﬁ*gﬁ}‘ Their observation indicates that the drop
in. cholesterol is secondary to the pomspecific atmé ét ECULVY,
Nadel and Claybom and meny others have shown that there is a morked
rise in urimsry corticoids in scorbutie guinsa pma(ﬁl,aﬁ) » This
oecurs despite adremal ascorbie acid levels being reduced to LE of
normel, The comclusions crewn from such experimental date would

seem to bes ACTH activates %hﬁ adrenal cortex and in deing so markede
1y decrcascs tﬁe adrenal level of bothk ascorbie acid &nd a stereid
precursor, cholesterol. The more rapid decrease in ascerbic ae:i?é
levels, as compared te those of cholesteral, in scqrhuﬁic nni-ﬂ.é

suggests that ascorbic acid is not acting as a precursor of steroids

but does affect their gynthesis, It sppears that large comsentrations



of vitamin C ere nob vegrired for tie synthesis of cortieal hirmodods
Lastly, since incressed quantitics of adpenal scriicoids are cxereied
in the uwrine of scorbubtic anizals, 3 would seem that the deficionoy
of ascorbic aold either ctimulates lncropsed cortieoid ayntheals or
georeescy ;nﬂ.wt& cortiooid ptilivebion or both, Ascerbic scid
prevonts adrenal hypertrophy induced by cold stress.

in po for ss the ¢ffects of stercide om ascorbic acid metatoliss
ave omcoimed, & few factn ove availsble, The adwicistrat.en of
ACTH, 4n humens, produces inorsased blood apd urinary ascorbic acid
jevels es well as imereaged wrimary ecriiecids, A portisl explalnge
bios for this ldes im the fact that ACTH hae been shown by Iaghar
ot, 8k, to increase glomeruler filtrstion rate ond roenal plagma flow,
and o affest tubular fwuww”g ACTH slso seoms to produce tiesue
sgcarbic acid mebiiizetion (and/or utilisstion?) as evidenccd by the
rapld drop in adrencoortical vitamin Oy On the other hand, adnirde
stration of ewogonmous corvicoids (ocortisens) reduses wrinery vitamin €
mm.m-u-awﬂuwnsmmm cland, and
preverts $ts fall 8 & vesilt of stress' 2r%5), Booksr descnstrated
that the effeste of ACTH on plesma and urive lovels is antacondced by
the adminigtratios of advemceortical sxtracts, This evidenve indicates
the’ the ofest of ACTH on asverbic acid is essentially an adronoccre
tical phonoaencn, end Shat the other Liseuwes are cnly secendarily
affectod, However, therc appoars o be llitle dombt that ACTH docw
exert & marked motebulie effect on ascorbie acid, as is mw
Halley's weport in wﬂ(m’ in which patdents on minimal ascorbie
scid intake wore treated with ACTH (9-110 days) and developed scorbutio
hemorshacic syspbens immedistely relleved by ascorbic seid theragy' '),



Attempts to link insulin and ascorbic acid metabolism sre eguslly
intriguing and cbscure, To date, no information has ever been
presenied demonstrating a direct effect of imsulin upon ascorbic acid
or vice versa. Rﬂii'ez‘%:, al, have reported one experiment in vitre
in which exogencus insulin was added to plasma and produced no drop
in the plasma ascorbic acid level, Un the other hand, numsrous exw
periments have been performed demomstrating an indirect eflect of
insulin upon ascorbic acid in some Liseues and in the blood end
plasma, Ralli has demomstrabted that insulin doereases blood and
urine ascorbic acid and increases white blood céll and platelet
ascarbie levels in vive' 0P}, vogt eb, s, and de Gamdariss
have shoum that insulin produses & rapid fall in adrenal ascorbic
aedd 1evalet¥3) | there are reports thet both disbetic humans and
dogs have low blood ascorbic acid levels when they are on exogencus
insulin{#s®)| Iy acgs these levels are normal er elevated if mo
ingulin is administered*®), As an imteresting sidelight, Basu
claims that insulin dosage in controlling diabetics may be halved
and carbohydrate intake may be increased if twentyfive milligrams
of ascorbic acid are simmltaneously administered with the insulin(32),
Though some relationship exists between imsulin and the advenmal
steroids, no clarification hes yet been forthoeming, It is becoming
abundantly elear that nc true understending of the effect of insulin
on ascorbic acid metabolism may be obtained umtil the role of the
adrenal steroids hes been elucidated.

Prior to the discovery of allomen as & diabeto.enic agent, the
glucogide, phloridain, had been widely utiliszed to pm:mcé diabeticw

like states in experimental snimals, Theugh its mode of acbion was



not fully understoed, it wes empirically found to stimilate marked
glucosuris, With the discovery of imsulin, the development of the
modern concept of the disbetic state, and the experimental use of
allorxan to produce diabetes, phl@iﬁﬁiﬁ has found little experimental
use until recently. In the past few years phloridsin has been utilized
for ite ability to prevent renal tubular glucose absarpticn, thereby
lowering bloed glucose levels, This particular aatién has made phloride
gin weful in studying glucmegemsil {glucose synthesis from
proteins) as well 8s other wspeuis of carbohyarate metabolism, The
rengwed interest in phloridein has brought some rather interesting
data on ite mode of sctiom, OShapirc has demonstrated that though
phloridsin prevents glucese phosphorylation in the proximal tubules
of the kidneys, the mechaniem is not ome of irhibiting glucose
phﬁsphmr:fiatim directly, but ratber a block in the production of

ATP (wmnwim_tﬂphmphu} which is required for glucose phosphorye
lation, BEvidence suggests that inh bition coours -ut- markedly in the
dehydrogenases of pyruvie and eitric acids, The action of phloridsin
prequires serchic conditions indleating that ATP production umder an-
erobic conditions is mot affected(33), More recertly, Lotspeich has
carried out studies on the sffects ¢f phloridein on citrie acid |
-codidatdon. by guinea pig kidmey cortex, Fhloridein inhibits thisg
oxidstion, Succinic and fumaric scids vend to augment the action

of phloriccin, He coneludes that phleridzin primerily inhibits

the enzyme sconitase blocking the TCA cycle betweem citric and cisw

(34)

acenitic “nd isocitrie aclids « Such information as the above

suggests & basic sction as an enyyme poison for phloridezin worthy of



study in obther tissues as well as tha‘ki&nay; Becavse phloridzin
prevents phosphorylation of glucose, it pwaven£s glucose rugorpition
in the kidney tubules, It thus becomes a conviensnt agent to proe
duce lowered hluod'gluaesa levels via renal wastege and an agent which
will htlock the resorption of other substances in the lkidney by
aimilar mecharisms, The effects of phloridsin upon ascorbic zcid
metabolism are not understood at present, but'it would appear that
some relation muet exist at the lovel of aconitase in the TCA eycle,
That phloridsin will inhibit the resorption of ascorbic acid im the .
Kidpey is lnown(35),

Three review articles covering muech of the extensive research
theory on aseorbie acid are included in the bibliography, They are in=
tended to supplesent the imtroductory msterial already presenteal 36-38),
~ Because of the intimate relation between glucese nnt&bnlism‘aaﬁ
ascorbic scid synthesis in rats, the possibility of hormenal influence
via insulin has been suggested, Insulin is known to govern the phog-
phorylation of slucose to glucose-S~phosphate by the enzymc hexokinase,
It wes believed thab perhape glucose phosphorylatien might be a prow
requisite for the biosynthesis of ascorbic aeid, ' The possibility that
insulin might exert some other specific asction in this synthesis also
exigts. It has been the intent of this thesis to provide such exe
perimerial data as would prove or disprove the hypothesis that age
corbic acid biosynthesis is controlled by insulin, In addition to.
this, certain ebther possible influences upon agcorbic acid symthesie
have been studied: i.e,, the mass action effect of elevating blood

sugar levels, the possible effects of produeing glucose wastage via



10
ronal leosses , and as will t;m,rurrian;i from obher workers data, the
effects of g}.aéase and of hypertonic salt infusions upen ascorbig
scid biosynthesis, and possible renal tubular competative mechamisms
between ascorbic seid and glucose. Some preliminary studics on asw
corbic acid exeretion and synthesis under the influence of phir:;rid-'u
sin will be discussed. |

This thesis specifically hae included studies of wrinary ascorbie

agid excreotion by depancreatized rats and by phlorideinized rats.



EXPEA THENTAL WORK

General Flan of Experiments.

Tworby-six male rats of the Sprasue-Dawley strain were utiliszed
in thesc exporiments, The weights were generally maintained between
250-300 grams sinece at this weight range, growth changes werc rather
alight, Thirteon of the twemty rats dopancrestised in the disbetio
group of animals died apparently from surgical trauma in addition i
distary inadequacy, MNost deaths occurred within ome month post-cpera~
tively, There was merked gastric dilitstiem in all cascs,

Two groups of animals were tested, The first group of rats was
divided imto two subdivisions differing only in that they were run at
two separate times, Since elperimentel condliions were nearly ildentis
¢al in both, they may be grouvped together, In this first group, the
ratg were placed in metsbolism cages (discussed later) and fed an
evaporated milk (Darigold) diet, to be taken ad libidum, They were
maintained on this diet for pme week, Follewin; this period, several
ely homr urine samples were collected from each rab, and the cutput of
ascorbic acid was determined as mg,/gm. rat/2h hours, Having determine
ed the control values f@r each animal s the rots were depancrestised
{998} and their festing blood levels determined, All those reaching
fasting blood levels of 350 mg.® and up were congidered diabetic,
&gain, several determinmations were mede upon the urime samples of eash
rat, bub thls time for both glucose and pscerbic acid., The amount of
each wos listed in the undts us given above, Following & suitable

number of debermirations, 20 mg. of chlorstons, disolved in 1 nl. of



50% alcohol wag edded daily teo the milk dist, Houghly 35 smg, of milk
was consumed per rat per day, thereforc by limiting the amount of milk-
provided to 35 ml, the amount of chloretone imgested was practically
constant, Daily urine glmpae énd ascorbic scid exeretions were again
devermined, Tho §.im required for the above experiments varied between
coe and one half to two menths,

In the second group of rets the experimental design was similar
exaept that diabetes was produced by phlaridein instead of by pancreaw
tectomy, The ﬁﬁ enlmals wore placed on similar evaporated milk diets
and uwrinary escorbic acid comtrol values determined, There was diffie
eulty in obtaining phloridaﬁ.n which preoduccd the desired bilolegieal
effects, No pure phleridesin was obtained, but that from the Hubtrition-
al Siochemicals Corperation was found bto produce & glucosuria which was
one half to two thirds as great as that of the depancreatised animsls,
This phloridain wes prepared as & LOP solution in propylene glycol and
50 mg./100 gn rat/day was sdministered suboutansously, 4s with the
chlorctone, the rats were maintained on this dosage & few days belore
determinaticons on the urine were attempbted, Several urine deberming
tins were run for glucose and escorbic aeid comtent as in the dow
pancraaiised rats, Hloed sugers were deolermined, In the last phuse
of this experiment, chloretone was added tov the diet ass in the first
group and urine ascorbie acid and glucose values cbtained, Hematow
erii values were done both during the phloridein administration and
during phloridsin plus chloretome, The analysis for this second group
required apmroximately two monmths, ‘

The type metabolism cage used in both expeérimental groups wes cone

structes of marter inch galvaniszed wire screen and set upon eight or
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ten inch glase colleeting fuunels which contained a wire gauze to
remove the Teces, (Sse picture on page 13,) The uripe wag collected
in 250 ml, Erlernmeyr flasks, The wrine oclliected from each rat ower
4 twenty-four hour period wee presgerved in 20 ml, of a sclution con-
taining 5% metaphosphoric acid and 10§ glacial acetic acid, It was
necesgary to clean the metabolism vajes al leest onece every week and
the ecllecting fumnels more oftien,

- Determination of Ascorbic Acid in the Urine,

Ascorbic aclid was determined in the sarlier part of the diabetic
experiment by the method of Roe and mathar(%} as modified by Roe

and E;eatarhm{w}, Bolmy and l-um{m'; y and Balin md Boak(hg}
The urine wao ccalleew& as described by Schwarts and Wﬂlnu(m}
This modified bechnigue was suggested by Mjwd( bl:) and wag found
to be campletely satisfactory though the results for duplicate dee
terminations showed variations up to 0.3 mz.%. In so far ss the ex~
periment was concerned, thi.: wag of no significance since experimental
conditions ;rndﬁnaﬁ mach grester variations in the urimary sscorbie
acid outpub, |

The urdine was ceaummal over twenty-four hour puriodas, Determine »
i'.ions were in most cases carried oot immediately, It was found
posaible to preserve these urine gamples, after filtration through
erude filter paper 4o rsmove extrenecus material, by frecsing inm
carikod cordainers, HNo ascorbic aeld wos lost by this technique,
Fallowing ﬁlm'nim, the urine volume was recorded alomg with the
weight of the rst, Diluﬁim of the urine was faund necessary to prrow

duce aseorbic acid comoentrations in 2 suitsble ranse to be read
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colorimctrically, In the normal and disbetic apimel, dilutions of
one to five were adequate, (while on a diet of evaporated milk)s

The disbelic apimals with twenty milligrass chloretone added to the
dist required urine dilutions of one to twenty, The phloridsinised
arimals required urine dﬁzmipm of one to fifty, and the phlorid-
ginized chloretone stimuleted animals mmd;ed a maximal wripe dilubtion
of ore to ome hundred, This method of sscorbic acid deterninstion is
based upon the cxidetion of ascorbic scid %o debydroascorble acld and
diketogulonic acid, both of which react with 2,h-linitrophenylhydira=
gine t¢ form the same colored hydraszons, which is estimeted colori-

fﬁ%t&:’iﬁﬂ.‘l&"-
f}:‘i—'—. m-:ﬁ_ ! ol
$
HOWC =g 0=
# ¢  oxidation t g +i,0 Lo
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Reagents used in Ascorbic Acid Analysis

#

1. ¢ ledinitrophenylhydirasine reagent, Msclve 2 grams of 2,l=
dinitrophenylhydrazine in 100 ml, of approximately 9l sulfuric acid,
Let this stand for equilibration and filter using élaas wool or high
grade filter paper, This reagent may be filtered at once if peces-
gary, It will normally show some precipltation &t room femperature
and my be vefiltered as is necessary. 4 néw solukion should ’be
prepared onve & monbh,

¢, (Nacial acetic acid,

3, Netaphosphoric-vhicurea solution, A 20% sclution of meta-
phosphoric acid is prepared in cool distilled water (Balors Heta-
phosphoric Acid was found most satisfectory), Fifty milliliters of
this sclution and 2 grams of thiourea arc added Lo a 108 millilider
valumetric flask and sufficient digtilled water is added o make
100 milliliters of solution, This sclution should be kepr under re-
frigeration and seems to be most satisfactory if freshly prepared
every two weeks, ,

be &odim g,énﬁichlarabatz'wneemmimiuphﬁnel dye sciution.
Digelve 100 mg, of the dye in 50 ml. of hot waber { 70°C roughly)
gnd filﬁer while hot, The solution should be kept under refrigera=
tiomn, ohmis sclution should be prepared fresh every two or three
weeks.,

're:fsimiqne for Ascorbic Acid Determination,

This technique was ubilized for most of the disbetic animal ex~
periments, A second technigue will be described later in the papow,
fwo miliiliters of the diluted urine are transferred to each of
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Shree test bubes (150 by 18 mas), Gne deep of tbe Sndophensd dye
{two drops Af secessary) is adfud Lo emch tube, This dye exidises
apeartic seld to the debydropsocrbis apic form, # pink color should
permist, if net, the ssoorble aeis conpentration ds teo grest and
grestar dilubtion of the wrive is requized, Twe milliliters ol the
thi uresenotaphiophioric scid are sddec L6 sll Lhres tubes to rFedues
mem”ﬁmmwm-mmmwma 46 the o
duees plates Juth contaminanta interfers with the determinebiong
Oris of the thres tubes s separated from the rest to be used 39 &
sontrel, To Ghe other two tubes, ome miililiter of the phowylhydresize
roagent is added, Thie is to fom Lho Bies ledinitrephonylhyiresens,
and te give an a0id medlum nuotsesry Lo maimtain the dely roascorbis
‘and diketogulenic solds in & stedle aeid form, ALL thres tubcs are
miwed woll and jdsesd in & controlled Semperuture bath and 37°C for
exaotly thoos howw, This develcps tbo lgdeacce deriwstive in She
bee phompliyerenine tubse, b the ond of this perdod the Subss sre
romovod and plased S & oold wster balh for fiee minutes to bring
thom o Fpom temporeture cod Lo stop the resobion. Five milifliters
of the glecisl soebic aoid are Lhen added to all three tubes, lostdy,
eme nilliliter of the iodophendl dye is sdded to the bienx tube, The
tubso e allownd to staud for thirty sirutes &nd Lhen the solutiong
mwmuwmm(mhwm}Mmmmm
and show omal trensmipsion of Light in the eolor renge used, The
sclutions ave read in & KistteSwmerson photosslostyié oclipinmber
{modsl 500e3) ueing & greer filter nusber 54 which hes & spoctrel
range of SOOW570 millinderens, The celorimeter 18 2e% 8t soro with
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osch blank, and the readings u&‘ the two unknoun tubss avsreges and
vead agalost the blank, 4 stenderd curve, which bas been previously
ecnstrusted with Qett resdings on the ordimate, and aseorbic asid
s milligrans percent on bhe absissa, is wsed to determine ascerbie
acid concentrdtion im the tubes, The l:lll.i.lﬂn\ poreont reading i
miltiplied by the dilotion facter for the wrine and by the volume ef
urine in milliliters over one hundred and this value divided by the
wed gt of the ret in grams. This gives the milligress asearbic acid
pe gram of rad per twentyefour m, | N
During the latber part of the dishetle experiment, %echmicel
difficulbies doveloped in the use of the Kleti-Summersou colorimter,
and it wos decmsd sdvisable %o mt&; to # Calesan Junior medel Sa
spectrophotometer which wes svailable, 4 now branomittsnes ourve wag
 esbablished and o meximal bramssissicn of S10 millimiorons was: dubere
mined as most satisfavtory Lo bhe volor resetion utilised in this
experiment, This instrumont wes csploged for the remeinder of the
experimonta, & now standard curve was made, 4 standard solution of
100 me.b apcorbic asid was wbilized Lo prepare solutions varying from
045 18 0 2,5 me,%, This standard wes freshly made whenever owrve
podnbs wesc Lo be chosised, hosover, it was fourd that & standard solu-
tion oonld bo kept for several deys (and maybe lemper) withoud deterw
leretine i€ made wp iz the weine pressrvative and kept umnder vefrigem.
abliong
Decmuse of Limited time for saperimenisl prooedure in the phloride

gln exporisent, & shorter sethod for sscorbic soid determipetien was
sought, Pellosing the su gestion of Schaffert amd Ringsiey ™S the
mv.«im temporature wap elevated to 100°C on the assusption thet the
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incubatien time could be correspondingly shortened, By elémﬁmgg; the
temperature tho diketogulonie acid apparently combines most rapidly with
the liy:irazim reagent to form the ’biawﬁ,izﬂir&trephenﬁhyﬁmmm, Since
this exper. msr"i:. pought only to determine the botal &a@orbic acid cone
tert of the urine (ascorbie acid, ﬁahawmcwma acld, and dihnkuism-
nic acid), the difference in rapidity of combimation of each of these
substances with bhe hyurazine reagent was of little sig,mficmw?
Varying times for inevbation at 100°C were testod for givimg resulis
comparable to those of the dlder technique, Twerly minutos was found
quite satisfactory, 7The resulis showed the some variability as in
the clder techmicue but the dete crminetion time was reduced by two hours
and forty winutes, This nhm'ter incubsion was used for the phloride
ginized animals, The total determinalion for accorbic agid remained
identical with the method first used eupept for the shorter imcubation
and the uwse of the Coleman type B é:&erimtric tubes for coierimtria
reedinge,

Several couparisons betwesn the twe techniques were made as to
the securacy of results. In both the short and lon: determinations
two factors seemed to acceunt for variation, Ome of these meemed to
be the urine itself, For sn as yet unaccounted for reason, uuplicate
urine ascorbic acid values tend to show ﬁnﬁ variation, prabahly from
BOLe u:ﬂisﬁ:m ‘anbatanc-e presery in the wrins, The second and more
important reepon appeared to be the use of the weak scid (glacial ace-
tic) to dis@i'ﬁc the bis~hydrarone formed in the reaction, Periodie
readinee in color demsity (every fiftesn mimutes) following the addi-
tion £ five milliliters of acetic acild showed a progressive rise in

color ﬁsumr over & two and one half hour periocd, Ths color fades in



twonby-four hours., Though this preduced econsiderable waristion in
readings, it did net imesfers with the gross vardstione demonstrated
in the experiment, Therefore, w use of Lhe weak scid was conbimued,
Freliminary tests vere undertalmn Lo sec if Lhe usc of & stronser
aedd would eloinste this fallacy in scourale determinations. The

wse of sulfuric scid as in the eriginal loe techrigywe hes a tendensy
to char varieus Mum b6 be testod for ascorbie seid, it ie
alsc relber time ¢ nevming to add dropw-wise b0 & sclubion in an iee
bath, Becanse of these reasons, the use of glacial epetic seld had
WM Sphwarte and Tillieme recerily hove sugsested the nse
of o corcentraied hydroshlorie~i5! phospharie seid cembinationm in
parts of three to twe rospoosively' ™), This must be prepered within
ome holf hour before uee, bdut has the s wvantages of a strong scid
withoul the heat predustion and charring effest, The fow tests rum
wtilising this obination showed prostivally me varistion in colowie
Beior readings over & forty-{ive mimuite porded, Jin addition, five mile
liliters of this seic cembinetion could be added repidly, Though this
chant e in Lechndque has not been fully tested or used in any of these
mln;tv-, it would seem to f£ill 3 gep in present methods of asw

Hethod of Dotermining Mood and Urive Ulusoss,

Souogyl s technique wes utilised in determinirg blood and urine
_ b7,
glueose levels in depenereatised and phlerddeindszed nu{‘ #48) .

When blood glueose lovels were te be determined, the rate wers rasted
for & Wwunty-four howr period price to obtaining blood sesples, The
sampleg were obbnimed in the afternoon arcund ope 1o two o'clock, The



wine jamt;rlcm wore eollevted and filtered sz mombiomed sarlier, Collec-

isim time wep siuelly el ten Lo aleven AL,
Beogomie.

1. 0.3 8 Pariun Rydremide,

2, 5.0% solubion of line Sulfate lepte-diydrate, It &8 most ime
portant thet these first two solutions mﬂwﬂim euch sther exmuetlyt
their etast concentrations ere less importsmt, FPhenciphthelelin is
uoed as the indlostor amé titratien is carried to & defindte pink
color whish will lest one mimute.

3, Somogyi ‘ugar Hoagenu (resang ome liter)

Arlgrdrous Disodiws Fhosphate 20 gy
81 ¥ Jodiun Nydroxide 100 m).
fochelle Salt - bo gm,
Cuoppie Selfate (erysteline) ' 8 gna
snbydrous Soblum Svlfate | 180 g,
Potassien lodide 8 om
¥ Potassium lodate 5 ml,

Initisily the Rochelle salt and the phospbate are added Lo about
soven hundred millfliters of distilled weter and disclved, The
modiun hydroxide is sdded and fellowod by the slow addition of the
oupric sulfste whieh has been previwusly diselved in about olghty
millilisers of distilled water, The sciubion sust be stirred whils
sddirg tho copper salt, Next, Lhe sodium sulfate is sdded and allowed
to dipelve, Lastl; the lodide and the lodabe are added and the cow
tire solutim ip dilubed to one liter, It ig aliowed to git for one

to two days end then filterec threugh good grade filter paper, 7his
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aoluﬂim will usually keep for @ year or more but a?_x_mzld be checked
against good thiospulfate every month or so,

S¢ 2 N Sulfuric Acid,

6. 0.005 ¥ Thiosulfate, This is preserved by the addition of
two milliliters of & ten percent podium hydroxide,

7« 2% Sodium Oxalate soclution, To prepare an oxzlated spot
dlsh use Ywo drops of the oxalate in each gup of the dish and dry.
This produces sufficient anti~coagulcnt for detorminations of 0,1
ml, of bloods
Frocedure fur Hlood Jlucose Determination,

. The rat is wrapped in & cloth with the tail exposed, The vail is
‘then woshed in warm water both o stimulate blood flow and to clean,
The tip of the tail is eut off with scissors and a2 few drops of blodd
deposited in ons cup of the oxalated spob M, The blood is sbirred
with the tip of the oub tail to mix the malate and blood well, Using
& one tenth milliliter blow pipette, on tenth milliliter of the blood
is lalked in 3,5 milliliters of distilled water, To this is added
042 ml, of the barium hydrcxide follwed by 0.2 ml, of the 5% sinc
sulfate, The solutioms are mized well and centrifuged rapidly fer
spproximsvely ten minutes in the usual laboratory centrifuge, Twe
milliliters of the clear agperm%ant fluid are accura ely pipetted
into a large (25 by 200 mm,) twbe, It is well %o have the tip of
the pipette covered with a small amount of cotton to prevent college
ving any of the precipitats in the supernatamt, Two milliliters of
the sogar reagent is added to the supernatant via an accurate blow
ﬁipe’c.tc whieh is uitilized for all suger determinations, The tube is



covered with a lerge glass marble and placed in a boiling water bath for
twelve minutes, After heating, the tube is cooled in cold water for
@ few minutes (actually ane mimute is encugh) and one millilicter of
2 sulfuric acid is added rapidly via a free flowing one milliliter
pipette, The mixture is swirled and should be titrated with the
btiogulfate solution within a few mimtes, The end point of the tiw
tration is determined by adding one or two drops of a starch solution
in half saturated sodium chloride, The starch solution gives a blue
colaor which at @ﬂ end point will change to a faint green color lasting
one minvte, The bitration is best ecarried out uwsing & five milliw
liter burette which is e-umm iz; bundredths and has & needle bip.
The thiosulfate is added at a constant vate with congtant swirling of
the tube, Vith every group of blood or urine duter_:l.mtim, two
blanks are run, These are prepered by uweing distilled waier, Gtharm
wise, they are run as above, The difference between the Wlanks and the
unlmown is obbained and valus of glucese congentration in the unknown
read irom a previocusly comstrucied eurve having arn ordinate of thice
. sulfate difference 'lllues and an abeisga of milligrams percent glucose,
The blowd glucose Lfﬁ'@lﬁ are reported in wmillicrams percent,
trine (lucose Determination,

(ne tenth milliliter of the fiiterm;% diabetic urine (two tentha if
glucese is less concentrated) is pipetted inte 6.9 (or 6,.8) milliliters
of disﬁil}.ad water, Four tenths milliliter of the barium hydroxide
and four terths milliliter of the sine sulfate are sdded and the mim-
twre gtirred well, The mixture is centrifuged, and two tenthe
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milliliter of the supernatant are added to the large :‘Lmub&tmé tube,
Po this are added 1,0 ml, of distilled water and 2 ml, of the sugar
reagent, The determinetion is run as above, The vaine in milligrame
percent is multiplied by the dilublon factor of ten or twenty and by
the voiuéae of wine in milliliters over ope hundred, and the result
by the weisht of the rat irn grems, This gives the fimal value of
wg./eran rot/ 2 hours, as in the ascerbic acid resulis,

Determipation of Rat Hemabocrit,

Hematocrit values are obitsimed by the method of Van Allen using
Ven Allen hemstocrit tubes and 0,01 ml, of blaad(w} s +The blood for
this delermination is obtained as in the mammer described above, only
potassivmeazmonium oxalate (two drops -f a 2% sciution) is used ine
stead of the sodium oxalate to prevent cell distortion, The blood is
drawrn inte the hematocrit tubss and two _wide rubber bands are applied
lengtbhwise %o beld the hlood in the tubes, The btubes are centrifoged
in & right angle centrifuge for thirty minutes to obleln comstant

volume readings,

1
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The results on the three animals purviving the first experiment
in 1953 are recorded on Table I. In this group, the uwrinary sscerbic
acid of the controls, the winsry mm;arhic: acid and glucose of the
depancreatized rats, and of the {iapﬁmréatmed plug chloretone
sﬁimiat;eﬁ rets are listed, 7The results of this experiment sre given
separatoely fiom those i‘a'? 195k because they were run ab different
periods and beesuse the daily determinations extend over a slightly
different period of time, In the concluding enalysis, both sroups
are considered as one,

By the termination of this first experiment » rat nusber threc
was in oxtremus, The urine sugars are depressed from lack of food
though the urinary sscorbic scid values appesr to remain at least
doubled cven on & sbtarvetion diet,

Table II records the results from the four enimals ubilized in
the second part of this first experimenbal group, 3Sinece only three
animals were used in the first part, it was necessary to comduct a
seecond simllar experimert te inerease the snﬁ:le size of depancress
tizsed animels to six or seven,

Table III presents the crude deta for the second mjor group of
experimentai animals, The determinmations are recerded as in the Prow
vieus charts with the addition of hemstocrit velues, Eamuw’ of space
limitation these values are placed on the chart during the general
perded in which they were run but not on the exmct day,

Table IV summarises the results of each exparimental group by

listing the means of each major determination, i.e., urinary ascerbic
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Table V

HEANS AND STARDARD DEVIATIONS OF COWNTRULS,
AN ALL URINATY QLULCSE CGUTRUTS,
(Values listed in mg,/ gm. rat/ 24 hours)

¥ean . B Standard Deviatien
iripary Ascorbie Aecid '
Control 0.015 8k 0,006
Uringr, Glucoge ;
Depancroatised 17.68 s 6,73
Depancreatized +
Chlwretone 16,89 3 3.23
Fhleridein 16 N3 2.2
Phloridsin +
Chloretone 9450 3 3.0
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acid and wranary glucowe, .he mears ere listed for 1953, 1954, and
1955, « This table does not list blood glucose levels sr;:me these were
utilized orly 2g an irdieation of the degree of diabstes exiating in
the éegamma%iaeﬁ animals and meintainance of normal or depressed
blood glucose in the phlorideinized reta,

Table V demonstrates the standerd deviastions for certain of
the important results in the foregoin: charts, This allows for a
rapid comparison of impeortant group data with the means listed in
Table IV, In this chart, the mean and standard deviation for all
ageorble aclid controls are listed, This is to faciliteis distinguishe
ing botween the normel robt ascorbie aeid ouwtpub and thoss of the
depancreatised, the chloretone stimulated, and the phleridsiniscd
rats, Additionally, the meauns and standard deviations for all
urinary gluvcose determinations heéve bean determined %;c: demonstrate
whether chloretone produces any stimulation of wrinary glucese oube
put in the depancreatised rav or the phloridsinised rat,
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RISCURSION

i io evident from the resulis dhbained that the followimg e~
clusimns may be drawn, Penoreatechony produces & state of marksd
losulin imuificierny a: iz evidenced by both blood glucose levels
and urinery givceee output, In this clsbetic state, there is & marked
inoreacg Lo wrinery ascorbie acidé output, With shloretone stimuloe
tion of the ret, there iz a grester imeresse in trimary ascorbie
seid than in diabetes alene, though there is no detectabls change in
the dilsbetic urinsry glucase levels, and probably none in Wood glue
case lovels, The deerese in blood glucese levels with phleridein
adminipiretion wes not sulficient to be detested, though it is va
bable that suse m.m weourred, Fhiloridzin does produce a marked
glucoauria, though not 8¢ great as in the dnpmm;am rats,
Frloridein alone produtes & urinary ascerbic avid level roughly
coperable to that of the depamrestized-chloretone stimulated rats,
The object of this thesis wos threofelds First of all %o demomsiraie
whethar o2 not there is any direct effect of insulin upon ascorbde
acid produstion, Seccndly, since giucose is a precurser of asoorble
agid in the ret, efforts were made to determiye whother or not eles
vation of Mlood gluooee levels will produce & mess agbion effeet,
stimdeting the ircrossed productlon of ascorbic zeld, Thirdly,

88 a eorollary 4o this, doos lowersing blood gluccse decreave the
ﬁaﬂmﬁcm ef asoorbie agid? The mawer Lo this lstber point hes not
ye' boen cbtained since, as mt:&md above, blood giuveose lwala‘

were nob Miﬂw depregeen by the adminisuratlob or' piloridain,
sdditionally, sinee the phloridein iz imewn to inhibit pensl resceptien
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of ascorblc acic, it is entirely poesible that this effect was enough
to stimulate ascorbie scid production via homeosistic mechanisme
degpite any fall in blood glucose levels. Fimally, the phloridzin
vbilized in this experiment was sufiieiently impure to lsad ore to
suspect that it might have been acting directly e 8 tode stisuleting
subgtance causing an irerease in ascorbic acid ;ara&uutim; Even

if the phleridein were pure, one does not know what, effects it micht
hawe d:i..véamy upon ascorbic acid produvetion, Nevertheless, the fact
that the phleridein wtilized in this experiment did produce both &
clueosuria and an ascorbic aciduria seems to confirm other reports
that it does block remal tubular rescrption,

Important to the theary that elevated blood glucese stimulates
ascorbic acid produstion is the possible competitive reabsorption
betweern glucose and escorbic acid in “‘thev iidney, if thers were marked -
campetition between these two substences, one might econcluds that toe
elevated urinary ascorbie aeid m.ght be purely the resuli of b}.mkad
tubular rescrption, In line with this reasoning, Daughday found thal
allaxan or depancrestized diazbetic rats exarete high levels of irocgim
tol in their urive, This does not ccecur in the norwal animal, Cone
tinvous intravenous ?adliniatrwbion of glueose in the normel animal
produced both 3 marked inositoluria and diuresis, Contimons inbre
venous godium ehloride mﬁismtiun produced the diuresis in the
normal apimel bub did not im;maae incsitol mmtiéu. The conplue
sion drawn from this experiment was that glucose and inositol compete
in renal tubular resorption, That the diuresis itself had no effect
| (50)

is indicated by the saline diuwresis without incsitoluria One

might agsume fronm these studies that such a competitive mechanism

N\



would alsc be likely to exist between ascorbic acid and glusose,
Selkurt hes studicd the effect of glucose in blocking ascerbic aecid
rescrption in normal m}g&?wg ), He reports that when glucose is being
resbsorbed ot & meximal rats, ascorbic acid reabsorption is 2t {irst
below thet of the untreated animal, P-sminohippurie seid emcretion
inverferes with ascorbie acid reabserption in a menner similar to that
of pluccse resorpbion, Although their respective btubular mechunisms
do not mutually imterfere, glucose and p-aminobippuric acid when ei-
mulbaneously infused, depress ascerbic acid reabsorpiicm to @ groeater
degree than does sach substemce sinely, Sellurt concludes that bee
canse of the nmmma}.ﬁe nature of the ccompetition, the interference
l,iasv in the syster which supplies energy for tubular transfer, 4
more tenable conclusion might be that both glm;me and p-amincbippuric
acid do compete with ome or more reactions necessary for ascorvic
acid resorption, Such & bleck to agéwhia acid resorption might be
partially overcome by production of additional guantities of such
pubztances as &;m regquired fm*‘ rescrption of glucose and ascorbic
acid and sceretion of p-aminobipruric acid, Though this experiment
wos performed upon dogs ons might postulate similar findings in rats.
If such were the ceése the chronic a:ffem'ts of elevated glucose ex-
cretion would account &t least partially for the slevation in urirary
ucoéhic acid in disbetic rets, It would not necessarily sccount for
all of the threefold increase cbserved in diabetic rats, Selkurt and
and h_‘éuck demonstrated somewhat similar findings upon ascorbic acld

resorption utilizing intravenous infusions of hypertonic sodium and
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V .,
potassiin Thicride sclmions{ﬁ) » Aczain, the experiment utiliszed
dogs ard not rets, These twe sall solutioms produced a signifieant
depression in ascorbie acld resorpiive Tw, '?m@uqﬁim of an csmobis
diuresis by a sububance not itself roserbed {(manitol) did not ine
fluence the rasorpbion of ascorbic aeid, The mature of the resorp-
tive block ubilizing the sall sclubions ls nob understood,

it is evident that &b least four substances do hsve some blocke
ing cilecy upon ascorbic acid reserption, ﬁmw::r, since disvetic
dogs hove been shown to ha.e lowered bleod ascorbic aoid levels as
oompured £Q nOrEAL when on exeogenous insmiin contrel and elevabed
blon_d gscorbic acid levels when not given ineulin, one might cone
clude that sustalmec elevation of bleot glucose does stimuiate the
formation of incressed guantities of aseerbic acid, #foth decreased
renal resorption and increased biosynthedis of ascoarbic seid from
elevated blood and wrinary glucose levels probably account for the
increased wine ascorbic scid in diabetie rats,

Ihot imsuiin is not necessary for the producition of asgorbic acid
in the ral sesms reletively certain, As a corollary te this, it is
falrly ecortain that the hexckinase reection is not mecespary for the
productivn of ascorbic scid, It may be further cmél uded that insolin
Sdoea influence ascorbic aeid production iﬁdiractiy thra:gh ity rogue
latory efiect on blood glucose levels, ‘

Despite the objections to the use of lmpure phleridein in this
experiment, it is logieal to eonclude that phloridzin secms to ine
directly stimulate the gamticm of ascorbic acid, This is true

despite 2 possible slisht l.owering of Blood glucose levels that would



tend to depress ascorbic acid synthesis, The basis fer this sbatement
lies in the fact that phloridein very definitely blocks remal bubulew
regorplion of ascorbic acid, With the failure to resord ascorbic acid,
the ret is stimlated to synthesize vitamin ¢ to replenish falling
reserves. The reasoning is conscpant with the primciple of homsostae
gis, It ig interesting to speculate that phloridein proamotes renal
aecorbic acid wastage by a mechardsn sinilay to that causing glucose
wastage, In ubilising the lmpuwre phlorldein in those experimente,

one is struck by the marked rise in uwrinsry ascorbic acid, This rise
is coparable to the rise stimuleted by chlarstona, Though ne do-
terminations were made on blood aseorbic acid it seems very possible
that the impure phleridein might have @%&d 8¢ a diveet stimulant of
biogynthesis as well as 2 tubular bloeking ag#nt. Studies of the
action of phloridzin on bloed ascorbic acid levels wauld be of

intercst,
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SUMARY

Ingulin does net exert a direct effect upon ascerbic acid biow
synthegis in the rat,

The elevation of blood glucose, produced by an insulin insuffis
ciermy, stimulates ascorbic acid .pwdue‘tim; This is believed Lo
hé the result of mass acbtion,

Insdin does exert an indirect effect upon }sﬁcwmfa acid synthesis
by controlling blood glucose levels.

Part of the increaped wrinary ascorbic acid lmela’ pan bo explained
by zlucvse ascorbie acid competition in remal tubvlar resorption,
Phloridein produces a marked ascorbic sciduria, This appears to

be lergely because of blocidng repal tubular resorpbion.
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