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INTRODUCTIO N

This is a repor t on the concluding year of a study in depth on the

chemistry and metabolism of ascorbic acid and isoascorbic acid or erythorbic

acid. The broad objectives of the research were to study in detail the
a 

biochem istry of these compounds to provide the fundamental background for

further studies on the nutritive and stress requirement for the soldier

for vitamin C. A further aspect of the stud” wa~ to determine the metabolic

interaction of ascorbic acid and ervthorbic acid , since the latter is an

optical isomer of vitamin C and also a common food additive , esp ecial ly in

military emergency rations .

During the period of this report , three major projects were studied —

the first was the nature and enzymic properties of ascorbate sulfatase; the

second was whether C— 6 oxidation of ascorbic acid was a significant process

in ascorbic acid metabolisms ; and the third was an effort to prepare a C—6

oxid ized ascorb ic ac id by synthetic methods , so that its presence or absence

in biological tissue could be tested .

REPORT ON ASCORBATE SULFATE SULFOHYDROLASE

t Ascorbate is a ubiquitous metaboli te of ascorbic acid in higher

anir~als. It is a vitamin in several species of fish. But most important

of all , it is stable to air oxidation and does not hydrolyze at neutral

pH ’s. Thus it has special nutritive value for fish . Man surely inges ts

a considerable amount in his diet.

If ascorbate sulfate is to serve as a source of ascorbic acid there

should be an enzyme that can hydr olyze this compound back to ascorbic acid .
We hav e discovered such a compound in a number of ani mals , and examined in
detail the properties of the enzyme from cow liver. This report is attached .

Two interesting questions remaiLl : ascorbate sulfatase is very similar

to an important animal enzyme called aryl sulfatase A. The absence of aryl

sulfatase A in humans results in the genetic disease metachromatic leukodystrophy .

What is the relationship between these enzymes and what is their metabolic

role? The other problem is whether ascorbate sulfatase serves to hydrolyze

any significant amount of ascorbate sulfate , and whether the ascorbate

sulfate has a biol egical role. At present , it seems aseorbate is both

an excr et ion form of ascorbic acid , and has biolog ical func tion , perhaps

as an hypolipodemic agent.
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REPORT ON C—6 OXIDATION OF ASCORBIC ACID

• Whether there is s ign i f i can t  C—6 oxidation of ascorbic acid in

• higher :mimals was tested in two ways. First , a periodate degradation

fo r ascorbic ac id was developed , see attached reprint (1976) and this

method was applied to urine of monkeys and rats given ~6—
’4

C1 — ascorbic

acid . The experiments , see attached reprint , showed that about ~~~
of all asc~ rbic acid netabolites were no longer in tho —CH2OH oxidation

s ta re , c h ar act er i ~~:ic oi ascorbic  a c i d .

To confirm this result [6—
3
H~ — ascorbic acid was injected Lato

m onkeys and their excretion of 
3
H in urine measured. The excretion was

determined for  3H—w ate r  in the u r ine  and for  o rg an i c  hound 
3H in u r i n e .

This s tudy , see a t t ached  r ep r in t , showed t h at  again about  45~ of the

tritum had been released from the ascorbic acid me tab o li t e s  and appeared

in the urine.

The biological  s ign i f i cance  of this side chain  metabolism of ascorb ic

acid could be related to some special function of ascorbic acid — vitamin C.

PREPARATION OF SACCHAROASCCRB I C ACID

If ascorbic acid is subject to C—6 oxidation , a likely product is

ascorbic acid with a side chain terminal carbon oxidized to a carboxyl

group , or saccharoascorbic acid. Preparation of this compound was attempted

in various ways. Success was finally achieved using the method shown in

Figure 1. Details of the procedure were published in 1978.

Harkradcr , R.J. , Plunkett , 1.M., and Tolbert. B.M ., “Periodate Degradation
of ~abeled Ascorbi c Acid ,” Anal ytical Biochemistry 72 . 310—314 (197S).

•~bo’it a month after the new contract year began , Oc tober 15, 1975 ,
support for this work was terminated effective January 15th. This date was

later extended to June 30th with no additional funds to allow a more orderly

terminat ion of the graduate students who were doing the work described in

this report.

Their work has been of outstanding quality and their results have been

the basis of signhfic~ nt further studies on the metabolism of ascorbic acid.

The pr)l)ie~ remains to obtaLn solid scientific results from which optimum

intakes of ascorbic acid can be determined for the soldier under various

conditions to maximize his ability as a military man .
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Introduction

This is the final report of a twelve-year study on the chemistry and

bioche~istry of ascorbic acid Vitamin C. Ascorbic acid is art esse ntial

nu tr i e n t  in the soldier (man) and in addition , recent studies suggest tha t

it has a variety of significant physiological functions that are related

to the ability of the soldier to function adequately under a variety of

env iron men tal con d itions . The nu tri tional or pharmacolo gi cal level of
ascor bic acid intake for maximum well being in man is a subj ect of con-

si derable techn i cal controversy and alt hou gh some of the effects of
increased ascor bic ac id in take may be small , the possibility that supple-

men tal intake of ascorbic acid can provide improved mental and physio-

log ical well being, improved wound heal i ng and recovery from di sease ,
and greater resistance to the debilitating effects of unfavorable environ-

mental conditions , more than jus ti f i e s  m i l itary su ppor t of research on
ascor bic acid.

In addition , scurvy, the overt defi c i ency disease from inadequa te

die tary vi tamin  C , is an im por tan t  disease of man i n war  or whenever human
popula ti ons are dis placed from norma l food practices . Scurvy is an essen-
tia l aspect of militar y nutrition , althou gh it is under excellent control

today with synthetic ascorbic acid supplements. That is not to say it will

never return , for under the pressure of ex tended m i li tary operations in
hos ti le env i ronments , this nutritional -medical probl L~1 can quickly reoccur ,

even as it has in countless episodes in the history of man.
The discovery and synthesis of ascor bic acid is , comparatively speak-

ing, a relat ive ly :iodern event achieved in the period 1928 to 1932. The
elucidation of the molecular basis of its essential biochemical roles in
biological systems has yet to be completed . It is known to be a general
oxidizing -reducing compound and to have a cr i t ical role in a number of
hydroxylat ion reactions. These func ti ons , c.i~ our knowl edge of these func-
tions , are not adequate to explain many other facts  known about this v i t a-
m m .  Most important of these fact s is the wide distr ibution, in fact,

2
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ubiquitous presence of ascorbic acid in all mu lticellular organisms and in

unicellular eucar yotes. The role of ascorbic acid in u nts , primitive

an imals , and even al gae is unknown . In hirjher anima ls , the distribution of

ascorbic acid is unique and unexplained. It is present in h~qh level s in

such ti ssue as the bra i n , eye, gonads and salivary gland:~.. , a: well as adre—

nals. The levels of ascot-tic acid i n  higher animals is controlled by severa l

facilitated transport systems and thus rather specificall y maintained ,

suggesting a regulatory role for ascorbic acid. Such a regulatory role

for ascorbi c acid is also suggested by distribution and levels of th is

enzr”e in plants. One can conservatively state that an adequate understand-

ing of the distribution and function of ascorbic acid in biological systeu:s

would provide a scientific basis on which we could develop tatterns of

use of ascor b~c acid for the optimum heal th and well being of man , including

the so ld ie r .

Many scientific approaches to the problem of the essential roles of

ascor bic acid in animals have been made. The most common is to carry out

a physiological , nu tr it iona l , or medical problem with or without added

ascorbic acid and to measure the magnitude of the effect. In reality , these
are ser en d i pitous experiments , but in tota l , a great number of interesti rn

effects have been reported , and are still be 4ng discovered . However , no
u n i fying biochemical theory for their molecular basis has been discovered .

The prim ary objective of the research supported by this contract has

been to workout the biochemistry and metabolism of ascorbic acid and to use

this information as a basis for physiological and nutritional studies con-

cerning Vit C in man.

The evolu tion of the chem ic al an d bi ochem ical problems stud i ed in thi s
researc h is interesting and informative. They indicate a continuing increase

in our kno wledge of this vita m in. A summary of the scientific aims for this

study for the years l9f~ through 1975 is given below , together with current

co~r~ents .

16 April 1965. Aims . To stud y oxidation of ascorbic acid (As ) to

deh .’ir oa :coy-bic acid (dAs) to oxala te on a chemical and enzymic level.

C.; m ’unt :. The objective is sound , but oxalate will prove to be a minor

metabo lite , ar d tissue levels of dAs very difficult or impossible to measure.

3
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1 June 1 966. Aims. Same as above , but broadened to cover  sequence

of events involved in the in v i v o  catabolism of ascorbate.

1 Ma y 1967. Aims. Broad aims to cover the bioche m istr y and enzy—

mology of As me tabolism in the guinea pig, rat and human.

10 April 1 968. Aims . Same as in 1967 , but with the introduction of

the concept that biochemical information on ascorbic acid could be used

to explore the role of As in the physiology o stress. Comments. Rather

complex carbon-l4 labelling experiments are proposed.

1 March 1 969. Aims . Objective same as in 1967—1968. Comments. The

conceot is introduced that specific biochemica l roles of ascorbic acid are

involv ed in the optimum use of As by anima l systems.

28 May 1970. Aims. Same as in 1967—1969. Comments. The concept is

introduced that the food addi tive , D-isoascorbic acid , could have bad effects

in hu ran nutrition.

1 April 1971. Aims . Same as i n  l967 - 19~ r~~’~~n t s .  The role of
ascorbate sul fate,  a new metabo l i te of As in mar ed.

1 June 1 972. Aims . Same as in 1 967-1970 plus ,areparation of

asco rba t e  derivatives for use in metabolic studies.

23 May 1973. Aims. Metabolic studies as before using ‘4C , ~H, and
la beling techniques plus devel opment of analytical methods for As

metabo l i tes.

23 May 1974. Aims. As above plus a renewed emphasis on effect of

stress on ascorbate metabolism , and the possible effect of isoascorb ic

acid on As metabolism and utilization. Comments. By now it was recogni:ed

tha t  the best a n i m a l — e x p e r i m e n t a l  r e su l t s  coul d be o b t a i n e d by stu dyi ng
t hese factors  in  monkeys . The metabolism of As i s quite different in pr i-
mates as comparod to rats or guinea pigs.

Ma y 1975. Aims . Same as in 1974 . Comments . The early work proposed

under this contract was a chemical and enzymic study of the onl y known
nretabolite s of ascorbic acid in the usual anima l used for such stu di es , the
guinea pig. By the term inati on of this study , it was determined that the

guinea pig ~~ not a good animal for studies --they should be done in pri-

mates— —and that the early metabo l ites of ascorbic acid proposed for study
were minor products , probably of secondar y interest , and that the metabolism
of ascor bi c aci d was far more complex th~n suqgested by the literature on

4
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this subj ect. During this period , Professor Linu s Pauiinq gave dramatic

publicity to the concept that a high intake of ascorbic acid had value in

the prevention and cure of co lds.  The publ ic it i  on the problem was surely
good , and the number of sc ient i f ic  publ icat ions on this subject increased

• 
severa l fol d. In ways the publ ic i ty obscured Pauling ’ s more fundamental

p o i n t , namely that ascorbic acid had a role in gener a l ized treatment of a
stress~ a con :ept oh:: an::a:::: Pau l ing s public an: :ci~ nt i f i c  o t a te -
ments by several decaces. Unfavorable p ublicit y concerning Paul ing s pro-

• motional ac t i v i t ies  also tended to reflect poorly on a growing boo~’ of
knowledge that clearly demonstr ates a role for ascor ui c acid in stress

reactions. This aspect of the probl em probabl y remains the one of greatest

potential interest to the military , and one in which fundamental research

and ao p l ied researc h are both quite appropriate. ,4fterall, stress is a

major factor in the well being o~ the sol di er , both in war and peace time.
During the course of this stu ij, i soascorb ic ac id has been use d man y

times. It has the same structural formula as ascorbic acid , but differs in

being a ‘d iaster io isc me r - or an ‘ oot i ca~ isomer .” It is commonly used as
a food addit ive because of its antioxidant properties. Whi le not toxic as
a food add it ive , its use in rood: contra d ic ts  cood biochemical juda ment ,
insofar as ma ny diasteri oisomers of essential nutrients are antagonists of

the nutrient itself. Work on the metabolic aspects of this problem are

important since isoasco rbic acid (commercial name : erythorbic acid) is a

very common additive in the military ration. This work did not progress

very far , but it remains an import ant problem . More recent studies , some
of them currently in progress at the 1ab~ratory of the princira l investi-

gator , show that major metabolites of ascorbic acid have a chemicall y modi-

fied side chain. This in turn indi cates tha t ;soascorbic acid w i th a D-

configuration on the side chain should not be metabolized in a similar way

to ascor bi c ac id , where the configuration is L.

The following sections cover most of the important details of the

researc h that have been completed at this time ~nd not reported in previous

annual reports. In addition , several papers have yet to be written. Sec-

tions are as follows :

S
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I Ascorbic Acid Metabo lites in Saliva
by Sheryl J. Loux

II Bovine Asco rbate-2-Sulfate Sulfoh~u rolase
by R. W . Carl son , N. Downing and B. Tolbert

I I I  A ~:ew Synthesis of Saccha roascorb ic Ac i d
by Harold A. Stuber and B. To lbert

IVA Peniodate ~earadaoi on of Labeled A scorbic Acid
• by R. J. Harkrader , Larry N. Plunkett ,  and Bert N. To iher :

IVB Periodate Degradation of Ascorbic A d o  and Ascorbate Meta bol i tes
by R. 3. Harkrader

V Ascorbate -2-- Phosphate inhth ition of A sco r bate-2- Sul fa te  Sul~ o hvd ro la se
from Bovine Liver

by R . N. Carl son. N. Downing, P. Seib, and B. Toi bert

VI C-6 Oxidat ion of Ascorbic Acid
by B. Toibert , R. Har krader , D. 0. Johnsen and B. A. Joyce

V II L-Threo-Saccharoascorbic Acid in Monkey Urine
by W i l l i a m K. Sietsema
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I 1~T R O D U C T  i0~

I-h o has a t o ta l  of aDout t i e  jrcr:s of osc-orbic ac~~ ( A s~ anc

its :ua tah c l i te s in his body . ‘,‘er ’ , l i t t le  c-i ’ tni~ amou nt of a s : c r o i c

aci- : sae ~:s to be ie~~iied i~ knc. - -in and assi  ne’i b iocr e ical  roles , s u c h

as an enzyme cof actor in the r id roxy lat ic n of pro l ine ana cmi no acid

metabol is m .  The hiuhast concentrat ions o f  As are fouc~ ~n i s su e s

such as t ha  b ra i n , saliv ary 9lands , and gonads, where no si gnific ou t

amounts of hydroxyprol ine synthesis occur. The disturbing fact

remains that for most of the As found in the body, the c ioche m ica l l -’

ac t ive form(s) and bioc oe rr ical  role (s)  are unknown . The discovery

of ca tabo l ic  products may lead to discovery of a new biological ly

act ive form of ascorbic acid. Such an act ive fo rm of ascorbic acid

c o u l d , in turn , sug gest a possible chemical role for As , thus helping

to exp la in the unknown function of the overwhelmingly greater portion

of this essential  bodil y su osta nce.

Conicon assay methods fur decnrni ining As levels  in biolog i c a l

t issues are based on one of the fo l lowing chemical pr ’o~ert ies of

ascorbic acid: I) the reduction capacity of the ene dio l grouu , and

2) the abi l i ty of ox id ized ascorbic acid to form an osazon e .

Methods of emp ioyi 111 the ri’duction ca poci  ty of A s rely on the

deto tion of tho s  sub~ to n~~o reduced by As , soon as iod~ne, o’:os-

phorn olydate , ferric ¶ o n s  , m rithylnu e blue , and d ich lo roin :op hu nol

(DCIP) .  Of these ox id iz i nu  ag ent : , the OC IP test ,  int rod uced hy

T i l l r w n s  ( 1) ,  has the greates t  spec i f i c i t y  for As in bio lo - ;ica l

~~~~~~~~~~~~~~~~~~~~~~~ __~~~~~~~~~~~
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tissues. Lessey (2) showed the nighest specificity of the DCIP

method for As at o~ 3.5. At pH 4.0 naturally occurrinc pheno lic or

sulfhydryl groups may react w i th  bL IP. Th iosu l fa te , sul f i te ,

ferrc-~ s , c u p r o u s  and stannous salts interfere with the DCI? test

( 3 ) .  At a pH of greater than or equa l to 7 , D C I ?  i s  a dark blue

color .  At a pH of less than 7 , DCIP is a l ight pink co lor. Reduced

DCIP is co lor less at any pH. Visualization of the light pink end-

point of a di lute DCI? solut ion in a DC IP tit ra ti on assa y i s uncer -

tain at best. 10 preference to visualization , spectrophotometers

have been used even th ou gh many cor recti ons are necessary for the

large background absorption and s lowl y  reacting substances associated

wi t n most b iological  t issues.  DEIP reacts on an equirno lar basis wi th

ascorbic acid. Zannoni (4) developed a more sensitive colorim etric

procedure where the ferric ion was reduced to the ferrous state. The

reduced iron couples with 2,2’ -dipyrid yl to produce a red color. The

color develop me nt is read at 525 mc and is linear with the amount of

ascorbic aciu.

An assay based on the ability of oxidized As to form an

osazone with 2,4-dinitropheny lhydraz ine (DNPH) was developed by Roe

and Kuether (5). Trich loroacetic acid (TCA) is added to the sample ,

then the ascorbic acid is oxidized to dehydroascorbic acid usually

with Nori t and either fi l tered or centrifuged. The sample may or may

no t be centrifuged prior to oxidation. The DNPH in ~ H2S04 is added

to react with the oxidized As to form an osazone while incubating at

eleva ted temperatures (eg . 3 hours at 37°C , 1 hour at 56°). The

sampl es are cooled in an ice water bath , an d the osazone crystals 

• 
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are slowl y dissolved in 80, w/’.: H2SO,. The red color developed is

recorded at about 515 rio . The 515 ni: abs crbance Cur the As standards

is ci rect iy proportional to the amount of As present up to ubjut

50 g ( 5 ) .  The sens i t i v i t y  of this co lor i rc et n ic  method is second

only to the :annoni method. The spec ~f ic ity  of the D’~PH method is

poor. All five and six carban sugar -like compounds produce the red

color , but this color fades more quick l y than with As and the method

allows 30 minutes prior to color absorption measurement. Additi on al

i n ter fer enc e occurs from t he known rmata bol it es--~iehyd rna sccrbic acid ,

As- 2-SO, (5), and could manifest from other As derivatives . C-6

ascorbate oxidation is a known major metabolic process (7) and could

result in such derivatives as saccharoascorbic acid (8), which is

shown in this thesis to assay on an equim olar basis wi th As in t ie

DN PH , DCI? and Zan noni methods. Also , do :ivat ives of As wi th acid

labile groups on the C-2 and C-3 positions could si gnific an t l y inter-

fere with the D:IPH assay after hydrolysis at those positions , since

the aci d concen trati on is greater than 3N at eleva ted tempera tures

durin g color development. This interference has been demonstra ted

with ascorbate -2—su lfate (As— 2—S 0 4), a known ae tobo li te , by Baker ,

et al . (6) using the CI~PH method. Another problem with the D~Ph

method is that much bi ological material is precipitated and removed

by either filtration or centrifugat ion. The extent of precipit ation

and ren:ov~l of D1,PH material fluctuates due to a i f fe~’ent analy t ica l

procedu res. Thus , caution must be used when interpreting ‘whole

sar :pi e anilysi s by the DNPH method. 

-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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In the searco for ascorbic acid in biolo g ical tissues ,

sal iva has been invest ig ated. The f i rs t  inves t i c - a tor of a sc c~’bate

in human sa l i va  was St ut ev i l l e  in 1935 (9 ) .  S tu tev i l l e  usel the

SCIP t i t rat ion method on paraf f in-st imulated and ac id i f ied sa l i va .

He reported a measurable level of 2 .5 ~g asccrb ic  acid per mi l l i l i ter

of w hole sa l i va .  Stu tev i l le  also did a biological test with saliva

on a s i n g le  gu i n e a  pig . The guinea pi y was scorbutic with rapidly

declining weight. The animal was given a daily dose of saliva , and

the weight loss was stopped with a sl ight net wei ght gain . The b io-

assay suggested that an antiscorbutic factor was present in saliva ,

but the value of a sin gle an i mal experi men t is hi gh ly ques ti onable .

Zinm et and Dubois-Ferrière (10) reported an average of 1.42 ug As

per al of saliva in ten human subjects of good health using the

DCIP assay. Gla v ind et al. (11 ) determi ned the ascorbic acid con-

centrat ion by the DNPH method of a st i m ulated human sal iva sample to

be 1.7 
~g As per ml 

and of a non-stimulated sample to be 2.4 ug

As/n il. In a study of 85 subjects , Hess and Sm ith (12) reported a

mean As concentration of 1.9 g As/m l for unsti mulated saliva using

the DN P H test. Al so , a mean salivary As concentration of 0.7 
~
.g

As/m I for 110 subjects by the DNPH assay was reported by Freeman

an d Hafkesbri ng (13). The measurements of ascorbic acid levels in

saliva l i sted above were determ i ned on “whole ” saliva. As mentioned

previously, the DNPH method necessarily removes precipitated

ma teri als to some exten t du e to the anal yti cal procedure of certr i-

fugation or fi l trat ion to remove the ‘~or i t .



Whole sa l i va  cons is ts  of secret ions froir tw o ce l l  types:

serous ~li s wn ich exc retc a clear water y f luid , an: MUCOuS ce l l s

which excrete a thick mucous. The n1 are three s a l i v a ry  gland s in

m a n :  the  pa rot i d . the submax fllary and t~ie su o l in gua l glands. The

parotid ducts are located on the cheeks across from the upper oac~
molars and lead from serous ce l ls  only. The su bmax i llary duc ts a re

located at the cost forward j unct ion of the tongue wi t r  the f loor of

the mouth. The submaxil lary ducts lead fro m sero~ s ce l ls  and some

mucous ce l ls .  The subl in g ua l  ducts open at the junction of the

tongue wi th the f loor of the mout h , but are lateral to the tongue

on each side. There are ulso sublin gua l ducts wh icr ; ex i t  w i th  the

submax i l lary ducts. Subl ingu a l y l ~nds consist  of mucous cel is and

some serous cells. S a l i v a  is greater than 99 water. The solids

of saliva cors ist of inor ganic salts , a small amount of urea , mucin

(a ‘jly:oerotein) , enz’~- e s  for polvs a cc ha r id e nyc ro lvs is  and traces

of some vi tamins (14, 15) . Whole saliva so- pies may contain food

ce b r i s , or-al epi thel ia l  ce l ls , b a c t e r i a , flui~ from pocke ts of the

gu ns , and blood ce lls - -  any of which might ef fect  the results of an

ascorbic acid assay of the whole saliva.

Pretreatment of whole s a l i v a  by centr i f ugat ion on 25

salivary samples resulted in an average value of 0.93 ug As/11l by

t :e  O~PH test as reported by Dre l can ( l4~ . The sed i men t fractions

fro~; the above sam p les average d 2 .16 ~-g As /i:il . Dreic en (14) a l s o

found the sediment of centrifuged saliva higher in V ita m in A ,

pant othenic acid , nicotinic acid , and bioti n . Mb~ il i and Kirve ~k a r i

(15) found tue sedi ru nt hi gher in folic acid. Cdu ; osu and 4ilson

,— 1 ~~~~~~~~~~~
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(16) ,  using the D~ PH assay , reported that whole saliva after treat-

ment wi th ICA and centrifujation contains one sixth as much As as

found in wn ole so ii V a  -ii th no pr~treat ::ent . Ex a m ina t ion of the

er - s  shn’.-:eo epi she li ci and au cosal  c r l l s .  fooc za r t i c les  and

same polv :~orpn onu clcar cells. Selective stain in g of tne cells -,-nth

si I icr ni t ra t e  was rc~ orted to ~riow grari u 1~ s of As in the cy topl a s m

one cell nucle i ( 1 6 ) ;  how ever , the spec i f i c i t y  of the s i lver  n i t rate

:cetcoO fo~- As in b io loc i c a l  t issue nas not been extensi vel~ inves-

t i go ted .

St im ula ted parotid sa l iva  was assayed for As osin g the

DIiPd te s t  by f ia tes (17) ,  who reported a value of 1.9 n As /e l  ~r:c~
aver aa ing the results from 66 human males , and a value cf 2.3 ~9

As/~ l f~cm averaging the re sults of 40 human females. M~kil~ and

Kir - .’e:kori (13) co l lec ted aarot id sa l i va  and mixed submaxil lary and

su biina u ai saliva by olafactory stimulation from subjects who had

fasted a nini o :um of 12 hours. The mean parotid value was 1.26 ug

As/ ni l  by the DNPH assay on 13 subjec ts.  The reported va lue for the

m ixed subm ax illary ard sublingual saliva on the same 13 sub jec t s  was

0.60 ~
g As/ el , also by the D N PH method.

In addit ion to the DCI ?, DNP H and  Z~nnoni methods , con f i r m a-

tion of the presence of As in biological tissues by means of chre ca -

tygraphy has been attempted more recently. Bates ( 17 ) reported he

was unable to confirm the presence of free ascorbic acid in saliva

by using chro rcatoy-a phy . Feller et al .  (19 ) attempted to detect As

by pa~ or and gas chro matogranhg’ using pi locarpine st imulated parotid

and whole sa l i va  fro m dog and sa l i va  from humans. They reported no

_ _ _ _ _  - - ~~~~~~~~~~~~~~~ 
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detectable free ascorb ic  acid in sa l i - j o , and their recoveries

of As when nixed w i t r i  saliva were eKo el len t .

In contr ast , Smith (20) reporte d in an abstract that human

s a liva c ::ritoins Sb. ascorbic ac i c  a r d  50~ dehydro ascorbic acid ,

ouso r .eo ey liquid chrc -ora tojrapn ; . Using the Zarinoni method , 5 : r i t ~
r e ) o r t e ’ i  a tota l  concentr a t ion of the reducea and oxidized fo rurs of

A~ in s a l  i ía as be ine a p proxi matel y the blood level (10 ~g As / o i l ) .

Many invest i gat ions have been undertaken to deter mine \Ine: er

tnerc is an a s c a rc i c  ac id dose resp o nse in sa l i’ia ry A s levels in man.

Zi :vo et  anu uboi s- T er ni  ère (10) admi ni stered oral ly 530 ag As and

observe d no increas e in salivary ascorbic acid by the C~PH tes t .

Hess and Smith (12) o ra l l y  aOr - i ini~ :erod 500 cc As dissolved in mater

a~d observ ed that for 3 hours there was n o increase in salivary 4;

usi ng the ~~~ ass-ay. 9reizen (14) gave 500 ma of ascorbic acid

daily for s~ ien dais. Salivary samp les on the eijhtn day failed to

show a s ta t i s t i ca lly s i g no f i c an t  r ise in ascorb i c  acid by trie 2~ i 1H

test as co m pared -.- :ith toe p ro - ad r in i s t r a t i o n  sal i va sam p les. Hcwever ,

M~ki l~ and Ki r~esk ~ri (1~ ), using the D~ PH meth od , founi a paro tid

As concentration risin g trend maxi m i zing in four to eight (4-3) hours

after ora l administration of 580 m g of As to subjects who h od f a s t e d

for  a min~ : unr of 12 hours. M~ki lä and Kirveskari suggest that a

negative rc-o j lt could be expected using whole saliva because of large

back ground levels and possible associated errors mentioned pre viou sly ,

and because the three hour investigation period used by investigators

w i s  too sho rt .  Dessy and Doneddu (21) noted a slight increase in

_  _________________________________ ~~~~~~~ ~~~~~~~~~~~~ —-- --
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s a l i v a  As leve ls  2- 3 hours af t e r  oC: in is t r o t i c n  of I gra m o~ a s c o r b i c

ac id  g i ve n i nt ra .-~ nousi J . but they quoto -: no f igures.

The cor re la t ion  of sa l iva  asco ro ic  acid level s  w i t h  other

tissue s in can is norm-existent. ~reeman an d Ho fkeSbr in l (13) reoo rted

that  blo od . urine and s a l  i va DNPH cact i  ye material concentrat ions

did not corre late. 2~~ C r . f l C I 1  and Prescott  (22)  co nc l-~ced toat toe

sa l i va ry  g lands secrete ascorbic a c id  inoependently of toe l ev e l s  i n

other tissues. Bas•v s ~l7)  inves t igacc i  the leve ls  of ascorbic ac id

in saliv a , plasma and whit e blood cells (WBC). The saliva and -JBC

ascorbi c acid levels were estimated using the DNPH assay. The :lasr~a

levels of As were determ ined by the DCI? method. Bates reported a

si gnificant correlation (P ~
- 0.001) between the As concentration of

saliva and that of WBC in young (dental students) and old (over 65)

col e subjects , bates did not find this same correlation for female

sub~ect s. No other s t a t i s t i ca l l y  s ign i f i can t  correlat ions of the

l e v e l s  of ascor bi c aci d in  the t hree fl u id s was observed .

Lc -i salivary levels of A s as measured by the DNPH test have

been reported for subjects with pathological c emi~tions in which

vitamin C nutrition is considered to dicL.~ - -  B~jos (23 re-

ported low leve ls  of ascorbic ac i a  in the s a l i v a  o TB subjects.

Zi-ime t and Dubois—Ferri ~ re (24) obuer .el that some infectious d~;eoscs

result in low As concentrations in saliva. Post -tonsillect omy sub-

ject; were reported to have low ascorbic acid leve ls in saliva (25).

Lo-.-.er salivary As va lues have been reported in patients wi th caries

as compared to healthy subjects (10). However , Hess an d Sm i th (12) 

~.~~- 1 -~~ - — -~~ -——~
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observed no significant difference in salivary As concentrations

in carious and noncar icus patients.

Lars Hao marstrdm (26) reported on the salivary gland (Sub-

lin gual and submaxillary glands) distri b utio n patterns of

as determ i ned by impulse counti ng. Hc mrarstr&n injected i- 140-As

in n ice by the tO ji vein. Data was obtained by organ extraction and

counti rag . At 5 minutes , the tim e of the first measurement , tnere

was already a hi gh level of 14 C in the subm axillary gl ana , and the

radioactivity in this gland considerably decreased by the second

measurement at 30 minutes. in contrast , the subl i ngual gland h-a u a

slower uptake , which maxi m ized at ~ hours after the radioactive

injection. A 5-minute a’acoradio oram clearly showed the faster -uptake

of label by the subm axilla ry gland as compared with the sublingual

gland.



Chapter 1

‘4C-As LA 0LL~~d OF THE RATS: SPE CIFI C ACT 1 ITY
OF i~ g I~ SAL IVA AI~D UR INE

Introduct ion

Literature reports have given so c e indicat ion that the

frequently used wet chemical As assays are reacting w ith some

m aterial other than As in saliva. Numerous papers report levels

of ascorbic acid in hum an sal i- a of about 0.6—2.5 ;g/wl (9, 10, 11 ,

12). These levels of As in saliva are obtained using wet chemical

assays , namely the DNPH , Zannoni and DCI? methods , t h o u g h t  to be

specific for As in biological tissues. However , Feller , et al. (19),

using Da-per and gas chro matogra pny , found no detectable levels of

nsc o rbic ac id in pi locarpine st imulated sa l i va  in dog, but did re-

port using the dinitropheny ihydrazine (DNPH) wet chemical As assay ,

a DNPH reac tive material equal to a standard As value of 0.9 ng/ml .

In l ight of Feller ’ s work and the inte m- fe rence in the ON PH assay of

the known mn etabo l i te As -2— g04, the specifi city of the DNPH , Zann on i ,

and DCI? assays for detecting As in biol ogical tissues is suspect.

Therefore , 14C-As was chosen to be used as a highly specific analyti-

cal tool to detect As and As netabo lites . Rats were chosen for

radioact ive labe l ing because they were ava i lab le  and eas i l y  handled .

The radioact ive label ing of rats is described in this section.

_ _ _ _ _ _ _ _ _  
_ _ _ _  
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Me thou s

Ra di aac t i.e La bel ing of Rat and_ Sa l iva  C o l l r c t i c n

A g lass  v ial containing sol id  NC-A s in a vacuum was opened .

En-c~~ah ucuble —d is t i l l ed  s te r i l e  water was addea to cake an isotonic
- - - . 14solut ion and dissolve the As. Icsaeu~at aly, the dissolved 1—

a scorb ic  acid w i th  a spec i f i c  ac t i v i t y  of 50 ;,Cj/lO mg was injected

subcutaneously (s.c.) into an albino l e n-a le  ra t .  In Sc :me cases ,

the rad ioact ive v ia l  was r insed w ith ster i le s a l i r e .  The v ia l  rinse

was w icod ra w n wi th  the same syringe containin g the original radi o-

active A s solution. This radioac tive solution was then injected

s .c .  The vial was rinsed with saline a second time and the contents

withdrawn into the original radioactive syringe. This second vial

rinse was also injected s.c. The volume of the second vial rinse

was at least equal to the sum of the volumes of the original radio-

act ive  As solution and f i rst  via l rinse solution. Just prior to

sa l iva  col lect ion , the rat was inserted into a s l ight ly e las t ic

cloth tube equi pped with neck and tail draw strings . This tube

al lowed easy breathing but v i r tual ly no leg movement. A steri le

iso tonic water solution of pi locarpine , equivalent to about 6.7 x

lO ’
~ g pi locarpine HC1/ kg body weight , was injected interperitone-

al ly through the cloth tube. The rat was then laid ventral side down

upon a rack , which was ti lted at about 3Q0 so that the rat’ s head

was down . Who le sa l i va  was aspirated into a small f i l ter f l ask.

Col lect ion of sa l iva began approximately two minutes after the p i l o —

carpine inject ion and continued for :10 to 30 minutes. A typica l 

—~~~~~~~~~
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20-30 mi nute collection peri od resulted in about 1 mii i of saliva

being co l lected , although som etimes much less was col lected. Af t e r

,~ithdrawal of an a l iq u- o c of s a l i v a  for sc in t i l la t ion  countino , the

f i l ter  f lask was seal ed wi th paraf f in  and ic-fri ;erated at 0~C.

Radioactive hat Urine Col lect ion

Rats were contained in a g lass metabol ism - ;age. Urine w as

co l lec te d in 10 ml of l.5t1 ammonium formate au O usted to pH 2 w i th

• 33w form ic acid. General ly ,  urine w as co l lected at twelve -no-a r

in terva ls .

Counting of Radi oact ivit y

The so lubil izer for the Beckman LS-250 scint i l lat ion counter

was 15 ml of [200 g na pht ha le ne ; 10 e P20 ; 2 l i t e - s  sc in t i l l a t i on

d i o~ane ]. 100 ul of freshly collected saliva or urine were counted.

0.5 cr1 of the liquid chro matogr a ph f ract ions was counted. Counting

effici oncy was determined by spiking a sample wi th a dpm standard.

Results

In the f i rst  of two separate long-term labeling experiments

using 1- 14C-As , rat A (3 13 g body we ight ) was g iven 50 C~ in 10 tog

As and rat B (276 g body wei g ht)  was given 15 aPi in 3 mg As. The

dpm / l0O ~l of who le sa l i va  col lected and the avera ge dpmn/hour of

urine excr eted are shown for both rats on Figure 1 and for Rat A

on Figure 2. Rat A received all of the contents of a radioactive

vial plus multiple rinses . Rat B received the last portion of a

ra t ioact iv e solut ion in a via l plus mult iple vial  r inses. For the

_________________________________________________________ r~- ~~~~~~~~~~~~~~~~~ -
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second long-term labeling experiment , the saliva and urine counts

for rat A (433 g) and rat C (324 •g) are shown in Figures 3 and 4.

In this second exper iment , rat A received the final portion of the

rad ioac tive solu ti on p lus m ultiple rinses of the radioactive vial.

Rat C rec e ived a measur ed port ion of the radioact ive so lu t i o n and no

rinses. The lines of Figures l-~ are obtained from a least squares

analysis of the data . The biological half -li fe of each set of data

is l is ted in Table I.

A third l-14C-As la bel i ng ex perimen t , where rat C was g iven

5 -C i in 1 ran l- ’4C-As , resulted in 175 dpm/ l OO al of whole saliva.

The sa l i va  was co l lected 35 minutes to one hour after the final radio-

ac tive vial rinse injection .

A fourth label ing exoeri rnent was done wi th  6- 14C -As. Rat

0 was given 16 aC i in 4.9 mg As , and the spec i f ic  act i - .ity of the

who l e sa l i va  was 884 dpm/ lOO a l .  The sal i va was co l l ec t e d 0 .83 hour

to 1.33 hour after the final radioact ive vial rinse inject ion.

Discuss ion

l- 14 C-As labeled rats were found to give a radioact ive peak

i n saliv a at about one hour af ter the radio active in jection .

Ho -oinarströ mn has studied the levels of labeled ascorbic acid in the

salivary gl ands of nice as a function of time after labeling . A

very fast accumulation of 14C in the sub maxil lary gland (wi th in  5

minutes of labeling ) was observed in mice , fol lowed by a subsequent

rapid dec l ine of 14 C in this gland after 5 minutes. The sub l inq~.w l

~~ L _ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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g land s lowly increased its 14r level , pea~ ing at 4 hours, in mice.

~o measure ment was done on the parot id gland , however ~26) .

The 
14C in sa l i va  of the l*C~A s labeled rats decl in ed

loga r i t h m ica lly over t ime, as did the urinary ~~ This f i rs t  oroer

p rocess in  sa l i va and u r i n e  was ~raph icai i~’ anal yzed by the least

squares method , and t he  biologic -a l half-life of ~
‘C was calculated.

The bioloa i :al  maF - l i f e  of ~ in rats lab eled with 10 my l-~~C -As

is an average of 2.9  days in sa l i va  and 2.3 days in urine (Table I ) .

The variability of the urine excretion data is la rye , so that there

is no statistical difference in the observed salivary biological na i f—

l i fe  and the biological half - l i fe  in urine. The biological half-life

of 14
C in saliva cay be a less variable measure of the overall body

turnover of label t h a n  tha t of the excreted urinary labe l, w h i c h

f luctuates due to the amount of u r i n e  excre ted , time of day ,

duration of col lect ion time and loss of urine during hand ling .

The sal ivary glands of rats , mice and guinea pi es rapid~y

14 . 14 . . .accur~ late large amounts of C when given 1- C-As by in~ect~on.
. . 14 . 14Howe ier , saliv a is not a major excretory route of C in 1— C-ks

labe led rats . Averaged data from three rat exper i-reots where 10 my

of l- 14C-As was i njected , resulted in onl y 0.05-~ of toe 
14 C injected

beinq excreted in sa l i va  during a 20 -33 minute saliva collection at

ub out one hour after the final radioactive injection .

Whenever such a small percentage of the original As label

is being obse rved , there is a l m -~c- ts the possib i l i ty  that the observed

li bel results from an artifact of the l- 14 C-As . This artifact could

result ,  fur instance, fro:u the breakdown of l- 14C-A s even before

-

~

- - - — ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--.- 
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l abe l ing  of the r~ t or from the brea kc own and reincorpor at ion of

~C into the body pool of -a nother co m pound.  If toe c bs er ia~
in sa l i va  -w ere from a body pool otre r tn a n the body pool of ascorbic

acid , a b ioiog ~cal ~al f- li fe would be expecte d that ciffered f rcr - i

the b io log ica l  half — l i f e  of As ca lcu la t e d  fro m the e;’creticn of

in urine. Since there is no s t a t i s t i c a l  di f ference between the

twolo n i cal h a lf - l ife of in saliva ano tha t fcr  14 3 in urine I f

~~ -2-A s la beled rats,  then it can be concluded that the 1 C ob-:er-.~ a

in sa l iva did not resu~ t f rom an ar t i fac t .

Figure 3 evidences the d i f f icu l t ies encountered in dividin g-

the content : of radioact ive v i a l s .  Each rat shoul u have received

10 mg of l- 13C-As.  how ever , rat A , which received the v ial r inses ,

showed a much higher specif ic act iv i ty  of 14 C in sa l i va  than did rat

C. Yet , if the specific act ivities for rats A end C (taken from

Figure 3 ) are averag ed , then it w i l l  be se-en that the average comes

ve ry close to the spec i fi c act i vit y of 1
~ C in sa l i i a of rat A in

F ig ure 1 , where rat A had received the entire contents of a radio -

acti -ie v ia l  ar- -i nul tip 1 a rinses.

~~~~ L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --- ~~~~~~— - - - -  - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Cha pter II

IhV STIGATIC :~ OF SALIV A FOR PR S EPCE OP A s AND SAs

Part A: Column Chro: :cato ~ raon-i of Hman
aal~ ia ic r -es -~ne o-es

introduct ion

Experiments using l 4~ in n u m a n s  was not feasible in thi s

laborat ory, but analysis of human saliva was c es i r a d  for two reason: :

1) to add to the knowlec-:e of As metabolism in huma ns , 2) as a con-

venient source of large quantities of saliva. Liquid chromatography

was chosen  as a conv en i e n t mac thou of separation because of its capa-

ci ty ta separate large quantities of materi als. C. S. Smitn (20)

reperted in 1976 that ion-exchange chrm: :otoor -~ohv was successful in

the separat ion of dehyd roascorbic acid (dAs ) and A s in s a l i va r y

samp les . He reports that 50P- of the As excreted in s a l i v a  is dAs.

Us i ng the 2,2’— dipyri dy l assay (Zannoni), Smi th r ep o rt s tha t  the

to tal As level (dAs + As)  is close to blood levels. Blood level s

of As i n humans are generally assa~-ad by the DNPH meth od and are

reported to be ~-ou t 1 mq P (13) .  Feller et al. ( 1? )  reported no

free As in saliva. Tolbert et al. (7) reported a C-6-As oxidation

process of about 50~1- of the excreted urinary 14C-As im etabo l i tes.

These repo rts su ggest a Zannoni assay react i ve materia l wh i ch is no t

free As and tray be a C—6-As oxidation derivative. A candidate for

thi s unkn own C-6 oxi d ize d der i vative was saccharoascorb i c aci d

(SAs) , which was a v a i l a b le as a standard in this laboratory . Ascorbic

~m..- ~
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acid and ~As are oath good 3V absorbers. Thus, human saliva -.-i as

analyz e-i for the possible presence of As and SAs ‘icing ion—exchan ge

chrc ma tc - gra pnv w i th  - IV monitoring of the liiui e chromato g ra t hic

fractions in the procedure ce low .

0mm:  n Sa l i va C e ll ecti on

Paraf f in  st i m ulate-a sal I ye was collect ed and , if not i mace ~

di at ciy used , refrigerated at 0°C until use. Most s a l i v a  w as col-

le c ted from a female subj ect  taking 2 g As tab lets / d ug .

Chram: 2ur~~~

Wha tmi n CE 32, a DEAE cellulose [O—(die thylam inoethy l ) cellu-

los e (for-m at e form)], was the column support. The elu ent was a

b-u f e r  gradient starting with water and ending in 0.511 aranonium for—

mate ad justed to pH 3 wi th  SEP formic ac id (buffer equivalent to

2.S ~-~ f o r mate) .  A 200 ml gradient of 100 mmi i water and 100 mmmi form ate

buffer was used to elute a 1 cm 1.0. by 30—40 cm length (small)

colu mn ard a 400 cmi gradien t of 200 ml of each was used to elute a

1.5 cia 1.0. by 75 cm length (mn edi u ;m r ) column . In all of the color- n

work , the 2.51-! formate buffer was used as the strip solution. A

perist eltic pump was used to give a sma ll column flow of 0.6— 1 .3

a l / m inu te .  The UV absorb a nces of the co lumn wor k were at 254 nm .

The sm all column ~ns were don -- at room temperatur e - The cdi urn

col um n runs we re done at 3~ C.

_ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _  ~~~TT~~- _ _ _
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TCA ~recin~ ta ti en ard -Ce nt rH - ;- ,i:ion

Tr~ch luro ~ceti c ac id (TCA ) ~.as addec cc a sea -p ie -unt il a

pH of a:prw~imate 1y 3 was obtained -end p r ec i ti ta ci - o n occurred.

Usual ly t h is was 3000 mm p l i shed i-y idul nu 2 al of C mjv  204 cc 5 ml

of saliva , which r-a;ul ted in a i . -i~- w ’v TCA :oiut~on . in c

prec i ci t a te- C se -od e was coo n centr i f-aced for about 10 ui nut :: at

13 ,000 P - M -a t 1°C in a Sorv al  I RC2-B ref r ine ruted cenc ri ~a ne .

Resu lt s

A DE 32 small column chrom atograph of 1 .0 ml human sali v-a

(fr-ama a male who was taking no supplemental As) which had been T A

precipitated and centrifuged shows t-.~o major UV -absorbing peaks

1-a b c-led P1 and PIT in Fm -: ur e 5. A sm al l UV peak labe l ed PPT (pre-

peak I) is also she -rn . Sali - 4’a was collected from both male and

female subject :. The ch rom -ma tog ro ph of tre saliva from the mm - ale sub—

ject (Pi:ure 5) resulte d in 1.2 for the ratio of the areas of P1/Ph

and in 2.5 for that of saliva from a female subject t-ak irm j 500 ng

As/day. Saliva fr-c am both mal e . an d female subjects resulted in no

chro nmi tc yraphic UV absorption position difference of P1 and P11 .

Analysis of hu- aen saliva collected from fe-male subjects taking 2 g

As t :Pl ets/day and subpe cts taki no 503 mc As/d ay showed no di fferences

in the U’4 abeorbance peak area or posi tions of P1 and P11 by co lum mr

chrom atciraphy. 10 ;:~ each of As and SAs applied to the column

resj’ted in a UV absorb a nce of 0.0055 for As and 0.0043 for SAs

(see Table 11 ). In runs using stand~rds only, (i.e., no sal iva ;,

the IV absorbance for an As standard was observed at approxi m ately

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 
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the s an e f ract ion as that for P1 , and the UV absorcance for an SA c

standard -aes observed at appro xi n atel y the same fractio n as tha t

~or P1 1. Th~ positions of As , SAs , As-2-30~ , SA:-2-00~ , and A s-2-

P on a sm - mai l  col umn cnro mat u-i ra amh are ind i cated in Ficure 6.

A DLA E 32 (fo rmate ~or - ’ ) small (1 x 30-40 cm ) column

chromategrach of 1.0 ml of a centrifuged mixture of 9.0 :1 of saliva

f r o m  a ‘- im -en fem ale taking 2 g As/da y, 1 :1 water solution cant-a m-

ing 0.10 rag As and 0.10 rig SA5 , and C al of 5 w/v TC!\ is shown in

Figure 6. The elue nt was a gradient be n innin g .-.-i th H20 and endir.g

with a 2.C~i for’: t~ buffer (pH 3.0 ) ,  oni ch was the strip solution.

The 1 ml of mixture applied to the column (Figure 6) contained

0.6C ml saliva and 7.1 jig each of As ar-i SAs. The expected UV

absorbance (calculate-i from: Table II) of 7. 1 jig As is 0.0039 and of

7.1 ~:g As is 0.0031 . Since no new UV-abs c-rbin g peaks result from

addin g -As and SAs to saliva and they would be clearly visible by

themselves on this chromatograph (Figure 6), then it must be con-

cluded that the standards coincide with P1 and P11.

Discuss i on

This preliminary inve st igat ion of sa l i va  using a UV moni -

t i r- -: l iq u id ch rmna to graph indicat ed that it was po ssible for both

A s an :1 SAs to be present , but with no other major UV-absorbing sub-

stmca-a. This iii not account for the report of the presence of dAs

(2 - 0) in sa l iva , however , because dAs does not si gnifi cantly absorb

- it ~C. n r . Also , no UV- absorb ing peahs were observed for As-2-P04,

7-;-2-SO
~
, an -~ SA:-2-00 , ( F i c - m. - rc 6) .  The two major absorbing peaks 
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in hu: ir sa l i va  were observed in both sexes , but not in the same

p ra-po r on. Il -unma n sa l iva  of a female taking oral ly  2 g As / d ay in

tmme form : o tablets a id not show enhanced UV absor otion pea k areas

per m l of s a l i v a  ov e r  -a no m a l e  taking 5~~ my suppi ene ntul  .:s

No i-;-a hsor ’ b m nq peak pc -si t ions -,-~ere af fectea.  nor were new UV absorb—

in: pee kj5 observed

Part B: TLC and P:. ~cr C hr om to~~~~~~~of Hu mn an
5~ l i- ,’~ for  As anu  SAs

Introduction

The possib i l i ty  of the presence of As i n sa l i va  h~s been

shown us~ ny colum n ch romutog ra phy in the previous part of this

c h:pter .  in addi tion , there is also the n- ss ibi l ity  that SAs amay be

pres e nt in appreciable umac- -u n t s .  Further ex:en i:ents to invest i qa te

the possib le presence of As and SAs were necess a ry ; t om -layer chrc:--a-

togra phy (TLC) and paper chroma tography were cnosen as the analyt ical

tools , as ou tlined below.

Methods

:j~t ra f il tr - t i~ n

The s a l i - ,’a (/0 5 d i lu te d nefore fil t erin u with an equal volume

of e i the -’ wat e r or 2 .5N , pH 3.0 formate buffer (described under column

chroma tography). The A mn ic a n u l t raf i l ter  (UF) was employed wi th the

Diaf lo u;~ 05 f i l ter ( re tent iv i ty  - 500 M~-~). All UF~ -,Dr~ ‘~CS ~~re in

a cold ron~ at 3~C w i t h  gas  -

- ~~~~~~~~~~~~~~~ . —- —.~~~~~ _ _~~~~~~ _ _ _ _  ~~~~~~~~~~~~~~~~~~
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Thin-La yer Ch rorsato~~~phv

ty s tem I

S o l v e n t

n- utanol : Acet ic  i~cid: Carton T’Ctracnlo ride (70:15:15).

Solid Suroart

S~-m:a S i:a Oel H m ixed l cmig H 0  an-i coated I cam ttiek
on ~~~~ ;~i-ates . Plat as were uir dryed and then oven- -cried
~t 30~~ for se \ -~ ral hours immai ediat o ly prior to use.

Syste:: ~i

n- 2utanol : Acetic Acid: H20 (3:2:2).

Pol yoroam Ccl 310 J .’ — - ; Pre—coated Cellulose plates.
Layer: 0.1 m u made ~y Machercy-Nagel & Co. - DUran.

Paner Chrome tc- cmra nhy

.- hatman filter paper Solvent system was n-Butano l :
A cetic Acid: H

20 (3:2:2).

Descen ding Eluent.

Colu mn Ch~amatiy~~Dhv (previousl y described ).

Resul ts

Human saliva was collected as previously descr ibed. Two

7.1 ml samples of human saliva were TCA precipitated , centrifu ged ,

and chrc- - mma tograph ed on the small DEAE colum n . The UV-absorbing

f ra c t ions previous ly  desi -J ui t e~ as P P I , P1 and P11 were collected

-- - - - ~~~~~~~~~- ---- -- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘
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and evaporate- i wi t:-i N2 to dryness at room tempera ture . The total

CV absorbance was equivalent to the absorhance of 0.4 26 rig As for

P1 and 0.~ 32 ama SA~ for P11. Al l fraetjons were reconstituted wit- n

water and oto - u t iO. of P1 , 50 of P 1 1 , l00~ of ?PI, fl -s. SAs and

a mi x ture of As and S°s were aL-plied to a TL plate. The TLC was

accomo lished usi ng S~,’ste;: I. Quanti tative standards of As ano SAs

had been done u sing System 1. TLC plates were examin ed under U.’

light (254 nn), sprayed W it h  0.5 - :-~ -iich ioroindopheno l (- I P )  fol-

lowed by reaction - -il th iodine vapor. The mi nimum detection limits

of this system used were 0.01 mg As (detected by iodine) and 0.024

m g SAs (detected by iodine). A 0.5 mM DCIP spray detected a m ini :~~:-m

of 0.05 rag of As and SAs . No As or SAs was detected in P1 or P11

on this TLC plate (Figure 7). Botn applied pea ks sho-ci d have been

visible by iodine and DCIP mn rayin g i f  ~- s or S.lu ha- i been presen t

in the quantities indicated by the pea 1’s ’ UV absorb-ar- :es.

P1 and P11 fractions were 13 ::hilized to dryness from a

mcdi uw column run of 800 ml of huma -a n saliva which had been ultra -

fi l tered (iF) wi th an es~~m l volu me of for’-m~ t~ L-uffer. A sm all

col umn run of some of this lyop h il iced P1 1 sr,-jwed two UV-absorbin g

peaks. The lyophi l i :ed product Pi :  co ms is ted cf a mixture of fluff y

wh i te m aterial (nmp 187 7~C) an d u ye ll - -m- ~ cream mater~a1 (my 300 C).

A TLC of the two solid components of lye p n i l i ze d P1: (Fi jure 8) was

‘ I-cue on TLC System II along wi th standards of A~ ~As A s - 2 —S0 ,

As - 2 - P0,,  and 2 ,3 -di -O- methy l- Rs.  The Rf va lues of the standards

and unknowns on this T LC p late (Fi gure 8) are measured from the

leuiinq Cag e of each spot .  Two spots were vi su a l iced by ic- -Jine

- - - . -  —--- -- —- —- — _ _ _ _____-;_
~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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re-action for the - -m ite r~~I solid wi th  R f s  of 0.49 and 0.97. T ue

yello w P11 so li-i pro-Jucoc one jr-dine reactiv e spot at an Rf cf

0.49. The As, SAs , As-2—SO ,, .As_2_ :0~, and 2,3—di-D-met hyl -As

standards mad Rf’ s c-f 0.73 , 0.66 , 0.49 , 0.50 , ar-a 1.0 , respect ivel ,- .

A s - 2—P O,  -a n-i As —2—SG hove about the sa m - me Rf as one of the s~oss
pr-asen t in both P11 sol ids , but the P11 fractions are not c lose to

tac fr ac t~ ons where these standards el ute on the DL 32 column

(Figure 6 ) .  The P11 spot with an P.f of 0.97 is close to that for

2 ,3— -li -O- m net ny l-A s . Paper chroma tography of each of these P11 so l id

components (Figure 9) shows P f ’ s (measured from the leading edge of

each spot) for P11 solids differin - : from As and each other but close

to the expected ~hf of SAs in this paper chrom -m atography system .

D i s c u s s i o n

The preliminary analysis of human saliva using ion—exchange

chromatography monitored by UV absorption at 254 nms ind ic ated the

poss ib le p res ence of As an d SAs . UV a bscr ba nc es , m mrm - ed P1 and P11

on the UV recording of the column run, coincided with the CV absorb-

ances of the added As and SAs st eadard s , respect ive ly .

Exa mi nat ion of P1 and P11 of hun-an s al i - .’~ by TL and paper

chroir -atoyraphy did not show the presence of As or SA s, al thou gh

there was some materi al present with Rf’ s clo se to the expected Rf

of SAs in the paper chromatograph. A lso, there was no e,’iience of

the presence of SAs-2-S04 in P11 using TLC and no evidence of

As -2—S 0 4 ,  As -2 -P0 4 and SAs -2-S0 4 in P1 or P11 using column chromato -

graphy . There was so: . ,e substance present in P11 that had a s imi lar

-~~~~~~~~~~~ - -  .~~~~~ :c. _c
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Rf to 2 ,3-di -O-methy l -.As in Syste :n II of the TLC and in the paper

chrome tog reph.

Part C: Co— Chr nnat oq rachv -c f As aid SAs w i th  Sa l i va
from l-J4C- -~s_ Laa-- eu -~-atc 

- -_____

introduction

In Part B of this chapter , it was reported that no evi dence

of As in human saliva was obtained from TLC and paper chromatography .

A column chromatographic confir mation of the absence of As in rat

saii -; a was a lso desired. The c lose Rf ’ s of P11 sol ids wi th SAs in

the paper chroma tography data required further investi gation of the

absence or presence of SAs. In the fo llo .ving experiments , a radio -

act ive label was employed for the detection of As metabo l i tes in tb-c

l iquid chromatography f ract ions , since there had been interference

between the C/-absorbing peaks of compounds in sa l i va  and UV-a bsor h-

ing peaks of standards.

Methods

Column  C hr -o;mma tr-qraphy (previously described).

Resul ts

0.240 ml of radioact ive rat sa l iva was spiked with 0.60 inc

S A s ,  TCA precipi tated , centr i fu ged , and appl ied to the small column

(Figure 10). The maj or radioact ive peak dppeared at fraction 14 in

this run, whi le  the U I  abs o rb- moe for SAs c lear ly  peaked early in

fract i on 13. There was a s ;n-all over lap in UV absorbance a t t r ibu ted

_ _ _ _ _ _  -~~~~~~~~~ -
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to the SAs spike and the major radiouct ive peak. If the sum of the

counts of fract ions 14 and 15 are assi gned a vai ue of lCO. , then no

other rad ioact ive peaks s ho- m- ;n are greater than 101 of this major

peak. A l so.  this in-agor peak const i tutes greater than SD.. of tne

co bined rad ioac t i v i t y  of all fract ions . Figure 13 shows some amount

of UV absorbance corresuondin g to the major radioactive peak. CV -

absorbin g P1 also had a trace amount of radioactivity associated

wi th  it in this column chro mato g raph.

0. °C0 ml of rad io act i- ~e rat sa l i va  was spiked wi th  0.250 mc

As , 1C1 precip i tated , centr i f uged , and appl ied to the s t a l l  col umn

(Figure 11 ) .  Part icular attention wa s paid to radioactivity balance

in th is co l umn chro matog raphy run , and no loss to the column support

was observed. In this run , an air bubble obscured the detection of

UV absorbance at fr -action 7 , where a tr -ace of rad ioact iv i ty  w~s

obser-.’~d. Nev erthel ess , tb - is run clear l y s how e a no rad ioact iv i ty

assoc ia t e d  wi th  the UV absorba nce as the As spike. It wa s also noted

that the UV absorbance of P11 corresponds to the major radioactive

peak in this column chro matograph.

Discussion

Column work done wi th sa l i va  from l- 1
~ C-As labeled rats

c)~ F irre rI both the results reported by Feller et al. (19) and the

nonr adio i ctive TLC and paper chromatography results described pre-

vi  ~- usl y ,  by showing that no detectable amount of ascorb ic  acid is

presen t in sa l i va  (F igure 11) .  Al so , column chromota graphy of

h1 _-~~~~_ — - 
- ~~m~~ _~~~~~ -e:n .- - _ _______
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rad ioact ive sa l i va  spik ed wi th  SAs conf i roe-I that the - m a j o r  me ta b i-

- 

l ite was n ot  SA s (F igure 10). Furthermo re , only one m;a ’-jr

meteb o l i te  was shown to be present i - n radioactive rat saliva u sir

colu mn chromato graphy , and this lete bo l i  to a pcea r :  to be a ai rly

- strong acid.

~i

IlL. ~~~~~~~~~~~~ ~~~~~~~~~~~~~~
— -- .-~-~ -~ -- -~~~~~~~~~ .. ~~~~dtT_ 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - -



Chapt er

iNVE ST IGATi0 :~ OF THE 1 — ~C— As t- ’dT- Th -
~ :T: F-d k - ;

Part ~: U’-! --osorition s-~ ~~ ~~~- -~~ - - ~ as -n m: ’ fr~ ’ -h -at :
Ac~ a F etreat ent n-D i ic - -.ee o~~ - n -

- m e t - - ’

As c orb ic  ac id  one A s Ja r iva t~ 
- -i: d ltn S r i Th ta c :  e- - - c i o l —

lac tor ,e  rinu are all excel lent  cOso r O - sos  m u v u,-~ - to l e r  e~ o in- t~c-n

coef f ic ients  on the order of lc- ~ . ~- 4 - :u i tc r i r : : l iqu id s - ; r s t s t o g r a c h ’

by UV abso rpti an is desi rable bec - .4 ~se c-~ i ts  -ccn -~e” ie nce .  The ~r::act

enedio l— Uctone ring is the ch~r-m ic i st r: ic : - - re sp - s-Tsi  t ie  f-o r the re—

a c t i v i ty  of A~ a na SAs ~n the 2 .~~’ -di~~. DC iP t e s t s  a - a  le~ ~
to the Y~°H color reac t i  on . T hm s is also t :e: s t r uc t u re  one t - mm : - c s  As

and Sas :cou UV abr ; e - r :-er s.  ~-~1 I 31 ~na -se ~~~~t; 1 r- - - to toe as s t ion

that t b- a observed -so lu o U-/ absorbanc c of sa l va coi n-s i d c - n t  - •- 1  t o  the

l-~~d-As : - o c a bo l i t e  - - e ra  due ts the t ;e ta co l i te ’ s UV i b s o roc io n .  Si Tni-

f icant ly ,  a few co lu mn  L i  ana i jse s did not cc~ ncide ~er1 ectl~ h” toe

rad ioac t i v i t y  and are descr i : e~ in t:n-a f c l 1 o ~ ing resu l t s .

l ie t f l - ) ds

Cai lon  Chre oto~j r~p~y (p m - -i iousl v leo sri ce d) -

Resul ts

Three snofl 1 col mon runs s b - a-dod c los e , but i- - p e r ~ act  coin-

cidence of ta -a major radi~~4 c t iv e  DO- i r -.:ith H /—a b ~nrt -1 n r .1 - - 3ne

-

-~
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t 5 ) c a l  ex a- mole of this is show n in Figure 12. Fioure 12 shows tne

- major ma uioact ive peak max i m iz i og at fraction 16 end the UI absorb—

ante of PI~ m axi m iz ing Qt the beg inning of f ract ion 17. Al l  t nree

of these coio :on runs had the sam e - a l i v a  pre -co lum n treat ;- ent , that

is , the addi tion of TC A to precipi tate a roteins and centri fugat ion.

Discussion

Throu ghout most of the column work , the major radicac t i ’ .’e

peak appeared to b-a c iose !y  associated wi th some major U V absorb a nce

(Figure 12; .  Further co l u m n  work made the coincidence of UV abs- :rb-

ance - -n t-n the radioactivity suspect. The accuracy achieved in con-

relat in-a the fractions col lected wi th  the UV absor Dance recorded does

not per m it att ributin~ non-co incidence to measurement errors.

Part D: U V Ab s o r ntj o n  of 1- 1” - -A s Met eh o l i te  from Fat:
Neu t ra l  oh Pretre atment Followed ~~~coiumn Chr om - m-a t o - g~~~n

Introduction

Errors in the marking of column fractions on the 12/ re-a -order

chart pa per could not account for the separa tion of the UV -a L-so roi~~
peak a- na the rad ioact ive peak by a whole f r a c t m on . However , the

scpara t ion of peaks was small , and a greater separation was desired.

2etter separa t ion  of the UV-a bsorh iny pea ks - m1aj  be obtained by ~sing

a la rger co lu in eluted w i t h  a greater total volu me of gradient and by

using a different pretreatment of the sa l i va .  The results of these

modified column chr omma t og raphy procedures are given below.

-5--i—- -~—- —-~~~~ — - - -- -~~~~~~~~~ --- ----- --- ---- --—--~~~~
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Methods

C - us ro-aa rnsh ( p r e v io a s i y described).

Ult ”a .filt ’ati on (previously described).

Resul ts

The results of a meci um column run of 3.2 ml of radioactive

rat sa l i va  and 800 ml human sa l iva which had been ultrafi l tered in

formoat e buffer and lyophi l ized then cc mbined and appl ied to the colu mn

is sho rn in Figure 13. Standards of As an -I SAs previously chrc - nm ,to —

graphed on the medium column had appeared at fractions 60 and 90 ,

respect ively , by monitoring UI absorption. Fract ions 7 5-34 encom-

passed the major radioactive peak which did not coinc ide wi th the

UV- absorb ing P11. Similarly, tb--a maximum UV absorbance of P1 correc-

ponds to only a trace of radioactivity . A different ra di- sac oivity

distr ibut ion -is observed on this run , the major peak containing onl y

twice as many Counts for the fractions 7 -84 as for the fractions

36—40 and 130- 1 33. This change in distribution may be due to b-reek-

down of the labeled compound. The medium column run took ab~ut 2A

hours from the start of the 400 ml gradient to the end of the gr-s u i ent

( beg inning of tue st r ip ) , whereas the per is ta l t ic  pump mp liceti on of

the 200 ml gradient to the small column took only about three hours.

In vie w of the observed distribution Change from small to medium

columns , the longer time ev i d -eat ly a l lowed some brea kdc -c n of labeled

compaunds , thou~h the m - o di -no ccl ‘t i n was refr igerated. 
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Pre— column treatment of sa l i va  by di lut ing wi th  water and

u lt raf il t eri n g resulted in com p lete separat ion of the rad io ac t ive

peak end the UV-a bn : ’ b i ng peaks (Fig ure 1 4 ) .  In this sm a l l  column

run , a mechanical failure resulted in fraction 22 not being coliecte a .

Hc. - -aver , the counts cont a ined in the f rma cti o n -..iere est io i ia te c by sub—

trac cina the tota l ra d ioac t i v i t y  e lated f rom the amount appl i ed , a

reasona bl e caicu~ation since no los - s or rad ioac t i v i t y  to the col u m n

sunport had been observed in previous column chromatography usi n - g t~me

small column . This est i mate is indicated in Figure 1 -~. T~.e estimoatec

peak absorbances for dif ferent amounts of As app l ied , base a on the

actual peak maximum absorba nce of As when run on the sma ll colu mn ,

are show n in Table II. If reported values of about 1 -~q A S/~1l sa li v a

as deter mined by the 2~PH - assay are u~ol as a basis of est imat ion ,

then 0.5 g As should have been present in this run (Figure 14).  This

amount of As woul d not be measurable by UV absorp t ion if it were

applied to the small column (Table I i).

Disc -n - sc ion

A change of pre -colu m in treatment from ac id i c  condit ions to

a water d i l utio n mm th su bseq uent ul t raf i l  t ra t ion  el Thinet~’d t oe coin-

cidence of observed U’4’ absorption wi th  the major rad ioact ive peak

( Figure 14) of a co lu a n chro matog ra ph of rad ioact i v e  rat s a l i v a .

The nature of the UV-a bs a rb ing weak acid components of sa l i va

is not kno~n. Preliminary U’ 4’ a bsorpt ion measurements of P1 1 fractions

show a 
~ 

o~ 240 n mi at pH 3 from one column run of hu m an sa l iva  and

2 - l . 5 nm at pH 3 f rom one col u m mm n run of rat sa l i va .  800 nI of s a l i v a

- -  — -- —----- - - ~~~~~ _
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which had b oon ultrafi itereu wi th fo r- nate buffer ~4’ ere chromatcgr r~ e~ ,

and U -.-absorb inq P1 and P11 eaco had - ‘ s of about 2~3 em m a  2b -l cc .

Tb-c- absorbance at 281 1:0 ma— i be a der iva t ive  of c ryptopha n or nyr’ss i r e .

~-~as s s r-cct r. i  of lyophi l ized mater ia l  fromo d- .-’—ah: c r- bing PI~ sb-cm -n-ed cr iy

low molecu lar w e ight  f rag ments.
- 14 .. - . - . -The e lut~on of the 1 — U- r- 5 1-ece b ali te or rat c a l i - .a u; -ng

ion—exchange ch romacoq raohy is cha rac te r i s t i c  of a fa i r ly  strong sc id ,

poss i bly an ~—hydr oxyc arbox ylic acid . The fact tac t  the cosmpoun -a

elu ces after ascorbic acid us i r j  a column gradient eluent f r on -.-iet-e r

to acid indicates that it is a stronger -a - s i i than As. Side chain

oxidation or degradation of A s is capable  of p i -adu cioc this cha n ce.
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Chapter IV

INT ERFERE NCE IN ASCORBIC ACID ASSA ’~S

Part : - :  Possi b- i e Ascorbic Ac id Mete o l i te  Interference
in Asc e rs  Ac id  A ssays

Intro duction

The most common procedures for determini ng ascorbic a d s

(As)  in b io logica l  t issues are based on the presence of an intact

enedio l - lactone ring of As. Results from such ex pariment e l proce-

dures on biological  sa m ples arc usua l ly  reported as As.  However ,

com poun ds suc h as den v - s t l  yes of As wi th toe ene-diol —lactone ring

int act or derivatives of As w i th  acid labi le subst i tuents may be

ab le to interfer e with these As assay method s.

The dinic ropheny lhydra:i ne (8 .P H)  as sa y of ascorbic acid is

a standard method used to measure As concentrat i ons in biological

t issues. Three DNPH niethods commonly oo pioyed are the Schaffert -

Kingsley (27) ,  Rce- Kuether (28 ), and lessey- Lowry (29) procedures,

which differ ess on t i  al ly only in the t i mm ; e and te mperature of the

osazone color deve lo p- - ’ e nt.  Roe (3~ has already emph asized avoidance

of high temperature s during th e c-o-~p1 Inc react ion. Ba~ er et al . ( 6 ) ,

using the nodi f ied U~hH proce aure of Roe- Ku o~her , have rep - i ’ted that

one Known metabol i te , A s-2 -S 0 4 , c -in -g i - .’e the soni c color reaction as

ascorbic acid.  When t Ie As -2-S0 / D~4 Pb - assay m ixture was heated for

15 minutes at boi~ ing water t per atare (9 5 C in D iver) ,  i t  reacted

e-p ~a l ly  as wel l  as A s.  A s -2 - S 0. ,  as s syed at  60~C fo r  one  o u r  usin g

-~~~~~~~~~~~__~~~ 4- - - 4- -_ 4- -—- - -~~~~~~~~~ -~~~~ -~~~~~~~~~~~~—--— ——-~~~~~~~~ _-— -—~~~~~ _ _ _
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t h i s  ‘H s method. resul te’i in 5O~ of the A s — 2 — ~-2 , bel f l 1  conv e rted to

t n e  colored osaz o r - e , as co mparUd w i tn lO0.~ of the As con — ierted under

these same ccci i t i c ns .  At 3 7 C C for one hour , no 3’~H color  develop -

cen t m.a s observe s for As - 2 - f - J , .  nter fe ra nce oy A s- 2 - S 0.. is parti -

cal a n y  i :m :p-o rtant in un no , -.-~ner e A s — 2 — S O .  e - c r e t ion  has teen

de monstr ate -i (3°- ) .

Prel lo i n  ~ry resu l t s  nave b-~en re pa rtee recently that apprc - n-

imte iy  45;. of the urinary As metabo i so s in rats and mon keys have

undergone side chain ox ida t i on  at the C —6 nosit ~on , presu - m mab ly leav —

inc the en ed i o l - l a - ctone ring intact (7 , 31 , 32) .  L-thren- saccharo-

ascorb ic  acid (SAs ) is a 6—carbon ox idat io n der i v a t i ve  of As wi th  an

intact ~nediol rir :m . SAs is one possibility for a side chain oxida —

t ion met a bo l i te of As w i th an intact e nedio l—l actone ring. Si’ s w a s

t~± sr f -d  for interference in the fo l l ow in g  three As assay methods:

2 ,2’ -dipyridyl ; 2 ,4- dini t roph er-y lhy ura : ine ( :kPH); an d 2 ,6-dich lo-

roi nccchenol (OCIP).

L-threo -riex-2-enaro -1 ,4-l actone [1UPRC1 or , commonl y, L-threo-

s a ccb -a roasco n b ic  acid (S A s)  -vm s tested usi n- c the three As assay

meonods below. The SAs was prepared by air oxid at ion of the C-6

Q~~~CHUHtI 2 H L-threo-saccharcascorbic acia

H ~OH

ca r ton of L-asco rhat e -2-su l fa te , usi rig a Pt /C cata lys t .  The SA s-2-

s u lf a t e  forced - .- ias the-n deb loc ke d by ac id  hydrolysis and recrys ta l l i zed

~~~~~~~ - ~ -~~~~——= - - ——— - ~~~~~~~~
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to great e r tour. b- 3 p am -i ‘/ . ) et L i ls sf to: s proc~d ui-e ie  met n

~ub l is hee (8 ) .

-ie t h~ds

2 .7 ’  — Di n ’ .’r dyl
__

A s s a y

The 2 ,2 ’ —~ ipvr - - - I  co lo r i r metr ic  test fo i l’ ’.-1-e u the procedure

of annon i , -
~~~ a~ . ( -

~
) .  The enm - - : ~ol r 4 n’~ a-f As r~ nj c :s Po 111 CC

I T  ITFe . ne n-a is con - mmhle:.es .-n:n ~,2 -JiDyr ’ -~j l to pro iu - -o a red

color which is measure -s at 525 n i  w i t h  a sp act -o :-no to :- :ete r ; tne c3~cr

de’.-ei - a p:ment is l inear wi tn she a - aunt of As.

Dt~~H -‘
~

-
~~~~~~~“

The 2 ,4— d i n i t r c p n e nv~ hydraz ine (D N PH) co lor i metr ic As assay

us’s a was the Sch af f e r t— h ing s ley  ~rocecm ,re (27), m:o - s i f i a i  by Baker

(33 ) .  Tr ich lo roacet i c  ac id  is added t- the sample; t he sample sh’tuld

se centri fuged , if a precipitate is observed. The - c od i f i ca t i on  is

substi tution of cupr ic ion in place of charcoal (Norit~ as the oxidiz-

ing agent of As.  One mi l li l i ter  of DTC mixt ure [10.0 ml (2 gin D N P H

in 100 oil 5k H2SOJ, 1 . 0  o n !  (0.32 . CuSO ), and 1.0 nil ( l . O ~ thiourea )

is added to each mi l l i l i ter a-f sa : - o l e .  The subst i tu t i on of DTC for

lIon t e l iminat es the fil t rat ion step and , in some cases , a - :ent r i  fuga —

tion step nece~ sai -y f r ’  the removal of the Nc- n i t .  DkPH couples ~-.i th

dehy- d roascorbic ac id  to form a red-colored osazone. The color is read

at 515 c:i wi th a spectroph atonneter. The develop s— ent of the red color

of the os az one is d i rect ly  proportiona l to the amount of As react ed. 

- --4--- — ~~~~~~~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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D-CIP Ti tration

The ~,6 -dich loro indophenol (3 - D IP) A s assa y  method used wa s

a t i t rat ion procedure. A 0 . 4 77 aM DC IP aqueous so lut ion was use d to

t i t ra te  b~ t h , 5m and tA s .  Each sample a l iq uo s wa -s buffered at p11 7

w i a: - , a co mic - basic potass ium phosph at e- sodi um hyd n o x i ce  buffer so too t

a blu c endpoint could - be visualized. Ascor oic acii reduces DCH on 
-

an egumo olar has - s.

Resul ts

The 2 ,2’ -dipyridy l experi mental  procedure assayed Si’s on an

equi noo lar basis wi th As , as reported in  lab le III. The DkP H test

assayed SAs on an equi nnola r basis when co~or develop- sent took place

at 553 f-sr 1 hour , as shown in Table IV . When the DNPH assay was run

at 37~ for 1 hour , the o bs o rb an ce ~s . moles no ctod c~o~-.’e was not

ii i -a i r ;  the rat io or the a b-sorba n - oss fa r equimo lar amounts of S-As /As

was 1 .34. When the DNPH assay was run at 370 for 3 hours , this rat io

was c lose to one. Thus , the Si’s appears to react core rapidly wi th

DNPH than does As. The DCIP t i t ra t ion procedure assa y ed SAs on an

equin nolar basis with A~ , as shown in Table V. The molar extin ction

coef f ic ient  and 
~ 

of SAs was measur ed in a conob asic pot assium

phosph ate -sodium hyd roxide h~~ fe r  ~~ ph 7.0 ~nd f-ca n-i to be 1 .dO x

1-0 ’ and 267 mc , res pect i ve l y.

Disc o scion

T ie  da ta reported in this paper sh ow that SAs , a possib le

met a ico l i te  of As, ca r interfere in the As assays us e b- in t b - i s  study

L ~~~~~~~~~~ -
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T A 2 L S  :~~:

2..~~— L n ’ ~J’r~ - uJl  ~~~~~~~ ef As and b-As

A bs or oances at 525 cnn are rcc~ r~ed of u~p l i c ace  runs i and Ii f -or
the - a l a n  am ount shown of As coo a~ s. Ab - e n hances of the b lanks - 

-

ha’ie c-e e c u.’er age ~ ~3 .o- C ’~ ana su btrac -e a .

So .: plc ~-,:m :oumit — ‘s (~- aso r a~n c~ Si- s ~i-.o s-srOan:e)nom oles I II I II

7. 10 0 . 127 0.0 1 5 0 .029 0.02 1 —

10 .2 Q. -2 -~5 0.034 O.C - -~0 0.032
23 .4 0. 033 0. 025 0.033 O. -Ji” b- - a
~1 2 6  0 . 118 0. 110 0 .107 0.099
55 .3 0. ib - - °  0 . 14 2 0. 155 0 . 147

T~ BLE IV

2 ,4—2i n i t r c ’ rH en~.- lh ydra:ine Assa y  of ~s and SAs

A bs orb e nces at 51 nm a~e recor ded of d ua l ica te  runs I and Ii for toe
ros ’ ar en -aunts shown of AS and SAs. Color was deve loped at 56 : for 1
hour . Absorbances of the blanks ha ,’e coo n averaged (0 .0 10) and s~ z-
trac ted.

So ple A ount As (Absorb a nce ) S- A S (A bc - :- i - ban ce)
x lO- -~’ co las I II I Ii

5.68 
—- 

0.193 0.189 0.1 34 0.186
11. 4 0 .377 0.3f4 0. 35 3 0.367
17.1 0 . 507 0.516 0 .520 0 .2 29
22.3 0 .67 -I 0.66 1 0 .6 6 3 0. 5 - 33
23.5 0. 133 0.4 34 0. 3- 54 
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O!1 n e u  - O I J I  b a s i s .  Th is  r - ’ -m i t  L~nr r :ns  tb -~ - - .a: - _ t eY ; :rna~

s i1a c h e i :  ‘sx id - : t i - n  rt ’ni .- - s i . O 5  sf As -n tlm an i n ta c t  en: -~uioi - 1acso r -

r ’ o . ‘ n ton e e — i t h  t~ -s~~ -Is t 5 t ~~ ,’ - e a r - n-a : .  br- ri -aTm i .~~O uf I~

~h th e -er -~ - si o 1 -1~~ t 0 r m n  is un .- ’ i: i t , t : a  s :~ 1- . r~ -~~- n - ~ t-

all tan re e poc- - aeren - es. l~ toe ri ~s s u n .s i t~ s~c , a - ~ rea p o m se

deter ’~ on the a i l i t ’ ,’ of ~re d e r i v - s ~~~. T ime r’.- o .

ca n not be es - 5 a 2 00 ho cue 3012 ‘or toe 0 ,0 -d ! p .n iaH  pr .eu~ n:: .

con be assayed by the CkHR uro - sa d urs if d c - r e  O t  e~e-.-S~ t~~.e - - - - .ure~
(5).  A s -2-ph os ph- te is ore re idi 1, ny r -o i ya ~ -a th ,nn 1s~ 2~~ul ~nd

should cause more int -e rf-sr - c nce .

5 in ce s ide ch : in ox i da t ion  pro c uct s  of Is h i1e -  c e- en rec-srt - : i

to be a si - lO i f i can t  portion of As met ~ho1i tec  from as leas t  one b~o i -c-

gi:a1 co e rce , then it is poss ib l e  tha t a 7 0 : - s e n  of a~ a le t i ca1 res~ lt ;

of As as se - -~; on blood , urine ~nd ti s oc e have s ioni t i c a n m t  errors f: mm

ne t abo l j t e  intC t- 0r - CmleC .

Part 3 : JNPH R e a c t i v e  - ‘ ‘r tor i  of ‘ t ,: ni a

I n t r -ado ct ion

O duac - sni and Wi lson (16)  rep oted that c c ’ n n i  f u -nod h~ n a r

sa l i - ,  ln .rd one s i x th  ti nt:- P l c  rc-ec tiv - n n i a i  of  u’ -

fugc-1 hl nca n saliva. Ac i di fic a ’i on ~ the sa l i ía -,~ith 
T~~~ ~~

f i l t r a t i o n  to i-n : -ave the lwri t a ls o  r -c ” os e s so re LP  m rcae t i ’ ,- e

m ia tc n j al . k-mi thO r ce nt i lu - ma t ion nor fi 1 tnat i  ri s hoc  1 i r’e .inovo free

As or a sma ll  me t i b o l i t e  of A t .  

— —-4----— -— —4--- — - -- -- --~~~~~~



~~2H ~ssa~’s of ina: - .an blood , ur IrlV , and sa l i.’ - rev-:ul ed

na co r re la t ion  o~ te e i - : v i l ~ ~~ -2301 ‘eao t ~’.’e - m u t a n i u l  in ion - an

5 i l 0 - .:~ • - . i t im  m17 Ot t o  t t n ~~n ~~- - 5 t i 5 3 - J~-S ( 1 3 , l 7~ . ern~ a - a t i :-:

Sm ~et - i e r  c e r re lemon i  o~ t- ne 2 , PH re-act i -c -ote - :a l  i~ s al  iva aith I’

that in other t iss ues coe s not e x i s t .  In this ect lon , data are

presented sh- win that the 3 1~H assay i s not measur i ng As or th e
- 14 , - . . - - - -maJor 1— C— .-~s m e t es -a n i t a  in c ali c o , b-ut , ins c e eu , is measu r ine i n t e r —

ferinm ~ subst ances.

k e t h o d s

k °HA s t~c- (previuss y d ias cr ib ea ) .

I lt ra f i l tra t i u n  (pi - s Y j o o s l y  descr ibed).

c: ukl- :n 1~r~~a~~~~~~~ ( p - - s v i -uos lv  lescri  bed).

4653 dpnn/ 100 ~1 was the aver ag e v a l u e  for ra t sa ’ i va col lec ted

- ae pro x i mat e ly  one hoac- af t -ar toe rad ioact ive inje c t ian (Fi ger - ~ 3) ,

where 50 ;Ci/10 ma 1- ’4C-Ao was adm inistered to each rat. The dpn - , ol

for th is v a l uo is 46580 diuaj:1 of rat s a l i v a .  The mol es of

n~~tab o l i t e s  ocr mu] of rat  s a l i v a  may be calculated by assu m ing tnat:

1) tb -a t imue l e v i ]  of MS in the i c t  is co - Ca ra t- IC to
thjt in n ants that  the nut ’ s b in - ny pool c~n L—e

sim .a cc -a ~s to l l  ow s

2 < l d 3 mn ~~s U’: i 3 ~~~nL~ x 3~0 n n-at = 10 c- -Is (r  - , 
-

70 x lC -~ g m o a n  
— 

boai poo l ) ;  

._.__ - - ~~~~~~~~~~~~~~~~~~~~~~~~ — ________



-

~~~~

2) t he 1— C— Ac rots e-~uili~ raLed w i t h  tn- a As in the body
p a )  i S- i

3~ the sic - i an sp-ecYie ac t i .’i  ,- of the rudi oa c t i vi ry is
not dl f Aa ron: fa r  As and i ts  s a l i va ry  na et -m- o l i tes .

The number of r o l e s  of -Is me - ta o -el ia - c ~-~ r nili l i l it a r of rat

s a l i v i  is:

10 nag Is i-m j e o ce-s — 10 tog As (oatHr 
— 

1 
— - - 1 1 ~ 0 1 ’

,~~n i  ~a ~ J 1 )r ~~ l P j _ t - ~-.2 .2  n~- 1 - . u m .m

~ ~~~~~~~~~~ = 0 3  x l0~~ i - a les  A~ metabol ito m/ m] rat m a l i
- - 0
0. -u X 1- 0 sn

If equal color de’.’eicpsne r .t fro: - S3PH re~ct~ons - -mi th As eco

w ith s mm a tab ol it e s represents e q u a l  m o l e s  of t h ose  substances p ieC- ent ,

then for e a c h  c i  of whole (uncent n ifuged) rat sal iva , there is about

4 .5  5 J3~~ mo les of A s aret , : nJ i t - s  (T i b Ia  V I ) . /1i3p~G s m i i r - a te ) ,- a J 0

ar oles o r 2 —, -~~c o l  i ber . / c l  a lso  a p p l ieu  to the C u i - c a l o r i c AS inn i- a r

levels i n use ntr i m u eJ human sa l i va  as m ea s u r ed  h~ D3P~i assay.  T A

precipi tut ed-ce nt r -i f u-ged rat sa l i -. y ie lded about 2/ 5 as much D’~m im

res c t i ~ o ru t : - r ia l as unc o nt r - i fuged mate ni al , and an eve n laroe r c - -op

i n  miIPH react ive m a t e r i a l  w as observed for TCA preci p i  t a to d - cen t - ~ f e -os I

h-oman sa l i va  (Table V I ) .  It must be noted tha t 4 0- 53 af the radio-

e -c t m v i t y  of l- 1 C -Aa label ed rat sal i v a mr s  a lso lust upon preci p i ta -

ti:n w ith TCt~ -m ind c -an t n i f uno t i on  or ui c ruf i l t ra t ion w i th  an equ mi

v o l  a mm o ~f ?.5M fa n - s mi te  buf fe r  (pH 3 ) .  By contrast , ul truf i l t ru ti on

wi - h an c-l u-a l vol -a ce of wa t e r  y ie lded no signi f ic cn nt  loss of r -ad io-

ac ci v i  sy in rat s a l i va , yet toe DNPH ma tei l  il of ~- a ’ :- c - - -~i lu ’ - - 1 , ul L i - a —

n o n  s o ]  i s - i ! r y - p n - - m! ~o i -air los - s t han t r e  ~1 ivil ’ -n t oh

C, - 1 ~ i m  A- - / i) (C x l0 l~ m a -a s/n : n l  ) 1 tm v c- l
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Fihur -e 16 shows a snai l 1 (1 x 0 - 0 — 4 0 cnn ) colu m: n’ run of 20 - 1

of hman sa l i va  and 3. 0 ui of s a l i va  fr o m a rat  labeled w i th  l-~~0- As .

The s -a l iva wa s - u lt ra f i  I tered wi  to an eas e l  -e i n:u~~rm t c-i wotor at 3 -C a i nO

1 vophi iz e- d to dry ness. The iyo ~nIl i ccc sa l iva  -4-ias - ecc nst i  tuted in

-i-oub le—dis ci l i ed water and appl ied to the c o l u m n .  -tV e bsorhar - c~ at

25 0 nan was measured. Ro d i cac t i — i ity - -~-~s a -c te r ined by co unt ing 0.5 ml

of eac n 12 sI f ract i on.  The remain ing f r ac t i ons  were lyo p h i l i zea  to

dryness befor - -~ a DP lm H assay w as run on the remaining port ion of each

fract io n. The DNPH r eac t i ve  leve ls  obta ined were adjus ted to include

the miss ing 0.5 mn l a l iquots used for counting the rad ioac t i vit y . As

previously mentioned , all controls (lo ml aliquots) for the DNPH reac-

tion showed that much less than 0.1 ~-g As /an I (6 x lD~~
0 mole As/m I )

DNPH react ive mater ia l  was present af ter  the human sa l i va  was ultra -

f i l tered in water .  Of the three hun-sn sa l i va  controls , t4io cont ro ls

we re lyophi l ized befo- ra - the DNIH assay was started , and one was con-

centreted to approx i mate ly  2.5 al by evaporation with N~ and assayed.

N-a further tests were carr ied out on the material coming off the

co lu:- :r’ which was DNP}-I react ive , so the ident i ty of this material is

not known. It is known , however , that this material is not from con-

tamina ted cc-iumn ma terial , because two of the cont r-o l chron iat :njr aphs

and the Figure 15 chro rnatog raph were accompl ished using fresh co lumn

mater ia l ;  all of these showed e n s i  ly detectable levels  of DNPH reac-

t ive material in the fract ions col lected , when essent i a l l y  no OkP H

react i.-e mate ria l was epp lied.
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D i scuss i on

TCA prec ip i ta t ion and centri f~gat ion or u l t ra f i l t ra t i sms in

fc rmm -a te buffer resulted in a ~0-45~ loss of the rad ioact iv i ty  of

s a l i v a .  DI~PH reacted a l iquo rs  of hun-n-a n sa l i va  which were TCA pr-c —

c i n i tated and centr i fuged were two f i fths as DNPH reac c ise  as the

eal i - i c .-i hic n was TI-I prec ip it ~ ted but not cent n i f uced.  The noncon—

cur i-ance of BNPH react iv i ty  losses w i th  rad ioact iv i ty  losses so n e c ;d

that the 23P-1 assay was rat  meas ur ing the rad ioac t i ve  me t ah o l i t es .

Th is  - - - as confir nrn ed when t h e  CI~PH reactive :ateria l of 10 t o i L  of h u m a n s

sa l i va  (after u l t raf i l t rat ion with water) was equivalent to m u o n less

th en 0.1 eg As / nil (6 x so le  As / n i l )  w hole sal i s a .  By contrast ,

no significant radioactivity of the rat saliva was lost in the same

BE/ma ter step. A mixture of human saliva and radioucti -ie rat saliva

~ns ultraf iltered in w ter. The ultr afiltered rm n ix b ure was applied to

the ~-n a ll 0246 column. The D~PH test was carried out on the f ractions

from this column run , and so m e D~ PH reac t i v e  -nateri al was observed for

the UV-abs o rbing f ract ions.  However , no DNFfI reac t ive  mate r ia l  wa s

observed in the major rad ioact ive  peak (Figure 15). This appearance

of O~PH react ive materie l was not due to column contani inat ion .  because

fresh colu rmmn ma terial was used for the chrom atogr nph -y in Figure 15 and

in two other separate control runs.

Since the ultr a filtra t ion niennr br ane ’ s reten tivit l- is greater

t h a n  5C0 ~~~~~~ then the AS nietaho lite nm nu s: be less than 500 NW . Based

on the column chromatography results , the AS inietabo lite appears to be

a fa irly strong i mid, it is apparently not ON PrI reactive. The 3.3 ml

- ~~~~~~~~ --— ~~~~~~~~~~~ -- - - - - --- 4-- -- -4-~~~~- - _ - -~~~~~~~~~~ -~~~~~~~~_ ------ - -—--~~~~~~~~ 4-~~~~~~~--- -_—~~~~~~~— - --
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of radioactive rat sali va applied to th e c O lu m n run ,Fi aa re 15),

alone , cn~ul d hase ‘~i -.-en a deteYtbl e le-1 -2l of LNPH reacti .-e cr t -~r ial

if al of toe- OCIH reac t i v e  mater ial  n-ie~-e ‘aoncent rc t~ a in the c raG.-

t i a r a s of ne c-a ior rdcioac: i-j e peak ( f r ac t i o ns  7 and b) ; nc- - 4 o . - -er ,

n - s  ~~CH reac t i ve  m i t u - r ia l  W a S  observe - i  ca r the major  raci oac: i - ;e pc- - aC .

T~o -absa r--j~tico~ of Ocuma su and 1-iiison (l i) th~ t T CA p r— ~ci p I-

tat e-d— centr i  fun ~-J hu- a n sa l i va  nas a f r ac t ion  of the b%Pmi r-~ec: i ic

material of -~hole human sal i  —.‘a was confi r e - c , as shown in Table fl

Similarly treat- ed rad io a c o i . ’e rat s a l i v a  resulted in tne loss of onl y

4 0-4 5 - of the- rad io a c t i v i t y . lurther una lysis e s in c  a -,~at e r  dilution

of human sa l i va  w h i- : a ‘4-4as u lt raf i lte red resul ted in essen t ia l l y  co:s —

plete loss of DNPH reac t ive  mater ia l  , whereas u l t raf i l t ra t ion of

wcnt er— -Oilut e -J rad ioac t i ve rat  a a l i v a  resulted in no si ,s-- i f i car t loss

of r- u - a i o a c t iv i t y . Th e ultra f i lt e~ me mbr a ne ha - . ing a re t en t iv i  cc  of

g reater t n-e n 500 Nd ~nou1d not h va re’ m - :e.I -an :’ f re e- a s corb ic  acid

nor any -a-- f its known m et abo lite c . Ther -e cr-a , the~ -~ is no jus t if~c a —

tion f -nr  re-port ing DNPH react ive a m - e ter n al  in sa l iva  as ascorbic ac i d

or cc a n ie t ahol  i to  of As.  6- c - me card ida t ea for tHe D P’N n- aa c t i ve

mater ia l  of whole sa i is- a an ’ ca ruohy dr -e t es result ing from hydrolysis

of the po l ys acchar ide p- u r t i un  of - n u c i n .  Hyucolysis of the pol ysa c-

ch a ri - !e is l i ke ly ,  boo n - use of the st r o ng ac id  cond i Lions of the DNPH

an i lys i  s. The losses of D’LPH re ac t i . ’e mater i a l  o imaa r - .’ed in ac id a f ie-J

s i l i v i  co u l d  be due to the  ; - n ~t iJ T 74 n ruc ip i ta t ion of the glyco—

p rot ei n— -n - c ain and its r-a - n n :ov el by ce ntn if - .-~at ion or ai ltra ti on.

- -4 - - - --— 
_ _ _ _~~~~
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Cha pter

- ( I !  ~~~~~~~~~~

Part A: C e l c u l a aa n of the E m- : - : s :es i  JV Ah~or’-oance
/in~~1I-T4 C_ 4 s  ~~~: J~T~ 

Introduction

0~- eyj au s ex per iments  show that the major l— 14 C-A s metuou li t a

in sa l i ;-a does not -soincide w i th  any s i e -n i f icant  amount of UV ea se - rb -

ar _ c u-s ing a os: : c e l l u l o s e  co isn nnn c h r - c n- no to g rap h . The prese nce or

absence sf  JV absorption of the a e t a c o l i t e  is of interes t .  ~f an

intact e ned io l - l a c ta - ne  ring is present , it shoul d have a - o la r  ext inc -

tion coc - f i c i e n t  around l0~ a n d  a 
~iu at 2 0-2C0 nm. It is possible

to s -~1- _ ul~ t a  cmi CX OCt  ma U /  a t - s - ~rba nce of an As n at soo l  ice in sa l i  ca -

with an intact en~~ io i - la c t : nsa  st ructure by usino rad ioac t i v i ty  levels

of the ascorbate metabol i te ;  this ca lcu la t i on is -done below.

Calcu la t ion

An es t im ate  c m i  t-s- :~ de of the expecte d UV abso r m mt ion c c- ne

l-~~C-A s sa l i va ry  met abo l i te  by m nia k i - - g a number of assw npt icn s :

1 ) th a t  the re t a b o l j t e  is UV- i bso rb ing ,  and that i ts
mo la r  e< ti n ction coefficient is on the sonic o r der
as that for ascorbic acid (about lO~ ) ;

2) ti-at tissue level s of As in the rat are cc: m mpar a b lc
to that in man , and that the rat ’ s body pool can be
estim ated as follows:

2 I O mm g A s (ftsyn ftO(~J x 350 g rat = 10 mq As rat bob;
70 x In - g huma n pool;

- -- -- - - - - — - — - -- - -  — — — - - - -- - - - -~~~~ I- - -~-_~— ~~: T -  --
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3) that nan makes the i- 14 0-As - netabol i te found in
rat saliva;

1) that the amount of m et abo lit c- /n~ rat saliva appear-
ing in the majo r ra cioactive column peak is equal
to the u n nounc of me ta be i i te , mn i  human s a l i v a  that
would he present in Cc-- - -esponding column f ract ions;

5) that a reasonable estimate of the amount of nietabo—
li te prese nt can be obtained by usino the - maximal
peak absor hance of an As stan dard as Jrectiy pro-
portional to the amount of As appl ied when tne S d - n - ;

column is used (T eo le II),

6 ) that the molar speci f ic  radio ac m niv i t ies for As and
its s metabol i te do rot di f fer;

7 ) that the l-~~C- .As is equi l ibrated wi th  the As body
pool; ã~d

8) that the column chromatogr aphic peak shape of the
l — ~~C —A s meta boi i te is co m parable to that for As .

With these assumptions , the fo l lo wi ng ca lcula ti on nmm y be

anode for the colu mn chrounatoerdph of Figure 15:

10 ng As rat body
pool + 10.0 ug As

1 mole As 7505 dpm (fractions _ 7+8) 
~ 

iniecte -d
0 l 6  - 106 A 3, 3 mm ] of n-a t sa l i va  50 ~Ci

/ - mg ~ applied total injected

- 
1 ~c- i 

= 2 , -I x 1O~~ SQ l - us As nnet~bol i te / n- ’ l woo le sa l iva
2.2 x 10 ° dpnu

Assum pti on (5)  a l lows peak heights and not peak areas to be

us-cd as an estimate of the absorbance one might expect for the

column chromatographic peak of the l- ’4C-A s metabo lite. The observed

peak ab so rbance of the 0.01 tog As app l ied to the s m a ll DEAE column

is J .OO O ( f ~ o n mi Tabl e II). in additio n to the 3.3 n i ~ 0 r a d i o a c t i v o

rat saliva , 30 ml of hum an sali v a was lyophi l i zed to dryness ,

_ _ _ _ _ _  _— - __ - - - ------ - ~~~~~ ~~~~~
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re —d isso l ved  in a smal l vo lun m e and appl ied to the sna i l  column , the

chro m ato -nra ph of which is show n in Figure 15. In t h i s  chro - m aoo- reoh ,

the expected absorb ance of t re l- 14 C -As sa l is -ary m ne t e bo l i t e  would be:

0.OflSS a bs 0 . 176 x 7 r --q A c  2 . ° a- 10~~ mole As mn n e tano l i t e
0 .01 mg As ~ 1~~~ i e A ~~ 

x n1~~~~~~~~~ i~~

x 80 -:1 hunnan sal i sa  ap~n-l ied = 0 .0 i 9  aL - c exr~ c t - sj  f~~- 1~~~t C . -As
salivary n etabolite

A t the full scale recorder ran-g e of 2.0 cbs , as indicated on

Figure 15. an absorbance of 0. 02 is about one half of the s ma l les t

cha r t  m a o e r  d i v i s ion , w hich is detectab le . No U-/ absorbance was

observed f or  the r -a d i o a c t i sca  pea- (Fig ure 15) .

Discuss ion

No UV -acs -o rbanc o was obser c ed for t i me l- 1
~ h-As iie t -Jho lit e

o f sal  iva u n d e r  th es e ex oer i  mental cc nd i t ions .  However - , no cc- ma clu -

s ion  say be dra’.-m as to whether the meta bol  i te is IV—a b S orb i  rig

h t c ~ n i e  the calculate -cl  expected a b- s o rban - a c of the 1_ 14 C_ A s m-m etabo l ice

of s a l i v a  w a s w i t h in tb-a background variation. Thus, it rema ins

a n  ov en  goes t i m whethe r the ened iol — b c  t o ne r i n g rcma i n s i n t a c t

i n  the n- m ajor 1- ’4 C -A s - m e t i h o l i t e  of r a t  sa l i va .

- - - ~~~~~~~~~~~~~~~~~~~ - - - -— - — -~~~~ - - -~~~~~—--4-4- -- -~~~
_ -4 -~~~~~~~~~~~
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Pa r t  5: Ca lcu l a t i on  of the Moles of l - ~~C-As Net a bo l i tes
P er  l-~i ll ~ lite r of i t  and Hun nnar g a l~~va and uo lumn

C hroma to iram a n’,- J 0 uj o ac t i ve  Human L~~ii - a

Introduction

C as e d on rad ioac t i v i t y  ca lcu la t ions  done by Th ker et al .  ( 4 )

t-s deter - t ine the si:e of the As poo l in an , there ar -c about 2 -gra ms

As in t - e r:-un an body pool .  A s m ec i f i c  ac t i v i t y  for the raretabo l i te

in sa l i va  can be ca lcu la ted by assuming that the mola r  spec i f i c

uc : i v i - i es  o~ the n e t - nbo i i t o s  and As a r e  eqsal

Methods

A humm ncn experi ment invest i cat i ng the phar~acokinet ics of As

c n:e te bolism was conducted by Dr. Anders Kal lne r  at Huddinge University

Hospi tal , Huddi nge , me- ~d en , m o  generously ag reed to suppiy al l  of

the radioactive hunm na n Sa l iv a referred to below. The methods of

administration of l-~~C -Ao and sa l iva  co l lec t ion  descr ibed below

were carr i ed ou t by Dr . Ka l l ner .

Ad nm n in i st re ti on of l- 14 C-As  ~ 
L’ 

Human s ubjects - inn -c ‘ n i - j o n  a t r a ce  ar on n ’. of - A s t- tal i- ag

2-2 -Ci ora l l y.

R a d i r - a c t i v e  H u m a n Sal iva  Co l lec t ion

Sa l i v a  was s t i m u l a t e d  w itr i  a quick r inse of c i t r ic  acid.

Sa l iva  col l ect ions took place at the third , f o u r t h , and f i f th  hours

for 20 min ute periods. Bott les of sa l i va  were f l usned wi th nitrogen

and ~torod at below 20~C. Toe co l lect ion date wa s No-; enmnb e r 8 , 1075.

-- -~~~~~~~~ -~~~~~~~~~~~~~ - - - - - — - - -- — ~~~~~~--—— - ~~~~~~~~~~~~ . - - -~~~~~~~~ - _— -~~~~- _—_  _ : T  -- -- - - — _
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Dr. Kal l ner then shipped the col lected sa l i va  on dry ice to this lab.

Four bott les were thawed January 25 , 1977 and counted . The re - s a m —

ing 8 bot t les were thawed May 4 , 1978 and counted , u lt ra f i l te re l

with muter , ard lyophi li :ed. Then a column chr cnuato-g rap h of this

lyophi i i :e-d material  was done.

Resul ts

Speci f ic  radioact v i t 1 cab c~ iati ons (a sample ~f t is ca —

culati on is given below) for man given a trace of As and for rat - 
-

given 1 mg As result in 1.8 x l0~~ mole As metabo l i te / - n i nun - nan sd i i v - C

and about 0.994 x bO
_ 8 

mole me ta ooli te/n n i l rat saliva (Table V I). The

rat dpm/ :m m i sa l i va  is c a i c u l a t e l  fri)- data given in Chap ter I. The

h man damo /m i sa l iva  data is l is ted in T a ble V I I ) .

S e m m b e _Ca lcu la t i o n

Assuming that: 1) the m olar speci f ic  ra i ioac t iv i t ies  for As n

and i ts netabo li te do not differ , and

2) the i- 14 2-As is equi l ibrated wi th  the
As body pool ,

then
(Rat: 1 hour
after label

1 nLC i 1 mole As 0 of do 
______ 

Huma n: Mean of - -

2.2 x io 6 dpm 0 . 176 x iO 6 tog As 1 ni w hole sa l i va  12 measurements

5th hours  a 7t e r
label )

of ; -~s i n  bod , pool +

~ mu A -~ a 4
~mj r a . s t p r r . d - - . - - 

- - - -
- - - - = ot moles As nietabol ites/n u l wholei ~~~~~~ a . - i ~ n - u r e u .sa l i va .

-
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The co lunnm n chro~n a t c~ raph shown in Figure 16 is of wa t er -

d i l u ted , ul t ra f i l tered s a l i v a  from humans ad - m in i s te r ed  l- 140-As H

ora l l ,’ . The ra c i oa c t i ve  ho- mie n sa l i va  us ieg l- ’4 C-As l-~bebe-d 5j h-

jects revealed a si n gle major radioact ive peak usi n g the s ia l l  ~~4

col on -m n (procedure as previously descr Ibed ). Fi gu r - - 1C She s the

elut ion position of the minor l- 14 C-~ -s letso ol ite of hum~r sai~ va

to be about the sante as t n - i t  for tnc i- l -—C - s -m i n o r s-at ali ~ a ~n

rat sa l i va  and that for the major hu m - m an tahol i a -a t o  be ea r l  i ~~~

Discuss ion

The an -a unt of 1 - 14 C -As met- a bo l ite~ e—: c reted in rat  ;-a l in

(co l le c c ed  st one hour af ter  labe l inc )  is about O.OL of t h e  to ta l

label in jected. The amount of 140 excreted i n  ho - m m sal .-a (ca lcu-

lated T ro ms - h e  twelve —s - s m - le  ave - ra c e thon- .-n in ab le  . i~~) ~s roa-Th~~--

0. O2:~ of the total  1 a C acm~ini stered . From :- these resul ts , it may be

concluded tha t sa l i va  is not a major eacret ar~’ route fo ’- the i— 11 d-A s

label .

The colu mn chrans a soora ph of sal i v i  from hurn-a i suoj ects who

had been administered l- l4 C-As o ra l ly  (Fig a re 16) ,  shca ,L- o ~ s~n g 1e

m ajor radioactive peak. This radio active peak elut es ~refora and

the minor radioac tive noah elut es at chan t the expected p o s it ion

of the  m a j o r  l - 14 C-A s metat -o l i te had rat sa l i va  he-en usad . It

cannot be conclud ed , however , fr oii the s ingle col umn run of Fioure

16 w h ether any of the l— 14 C—ts  meta bo l i tes  in hu m a n  s a l i v a  is the

s en -c as tho se in rat sa l iva ,

The P11 UV absort - - -ince was mini mal in this chro matog ro ph of 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~
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hummi an sa l iva  (Figure 16).  T iiis decreas e in P1 absorbance in

huma n saliva which Lad be-en frozen and stared h-a s been observed

sev e ral  t i mes for non-r ad ioact i v e s a l i v a  a- sam p les . The refore . it

may be tha t  the loss of PI~ absor hance in re la t ionship a -a P

absorbance is a consequence of s tor m - n the frozen radioactive

samples for Drolonced periods of time .

Bacter ia l  gro -~th may have s i t e - mc i  the C C etabolites

of .As so that F 130 ’e 16 does not reflec t the huma n mn-c tabo lit c-s

but rather bacterial or decomposition products. Further exper-

iinents using fresh r - a d no a c t i ve  sa l i v a  f aa-nm ho- mans are ne~dcd .
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Part 1 1

C,~r r o:~ .f r orc R~’scar ch , bO I~~’~) 151-~~3
c F.~,cs Scicriti ;ic I hii ~ino ~z (.~j in~’anv , -\ i ~terJ i:~i — Pr in t ed in ~~

A N E W  SYN THES I S  OF L~tI ,r eo .FiEX - -EN .\ R O- T .4~LA CT O\E
(“SA CCft \R O . \SCORBIC ’  \ C lD~: .\ M E T H O D  FOR THE PROT [CTION
O~ THE [N ED IOL OF ASCOR BI C ACID

H AISO L n A. Srunrx AND B ER r M. TOL~ERT
Department of (hemist ry . L,ü c’r stn of Colorado , Boulder , Colorado ~ )3( i C.S.A.)
(Received December 7th . i 9 6 ~ .ic~cr tc u for publi c ation in revised f ’rir , F .~~ uar v 25t h , I9~ 7)

ABSTRACT

A new synthesis of L-Ihrcc~l1eX-2-eflaro-1.4- IaCtOne (4i (~saccharoasc or hic
acid”) is pres ented. whose un ique  feature involves oxida t i on of th e side c: ;ain Ot
ascorbic acid. Ascorbate 2-sul fate ( 1 )  ~~as selectivel y ox idized in water at pH ~i — ~~.5

with p i at i r ~um-on- carb on cataly st to y ield the 2-sulfate t 3 )  of 4. H~ droI ysis of 3 in
150 ,, tri ~1uoro acettc acid for )O mi t t  at 70 yielded 4• The r~roc~dure  a ffords a u~c :u i
preparat ion of 4. and d~’n~on tr a t c~ the c ~ccl !cnc ~’ of ~u liai : n for protecti on oi the
enLd iol I asLo rb ic t~ d du r in .  s \n th ct iL  m an ir ’ul  it ons ot ti SldL Lh un The ~u 1I
ring ts stable to ox i diz ing aeent s and to base , yet sul f ate is read i l y  removed h~ acid
h~ dr~~~si~. The prop erncs of a ne~ compound (3) of biological si gnht icanc e . and
those of the previou sly unch ar act er iz ed 4. a~ reported.

INTR OD~~CT tON 
- -

The C-6 oxidized der i~ at i~e of ascorbic acid . L-t hr eo-llex -2- enur o- 1 ,4-Iactone t
- - (4 .  was described in a 1947 patent by N. R. Trenn~rr 2 . wh o  ~~~ cot — — .. -~

L-gulosac cliaro ascorh ic acid. The patented synthesis  involved oxidation of an 0-
isopr op ’.hdenesorb ose derivative , with  subsequent i somer i zat lon and Ia c t or t za uo n.
The product ‘.vas identi f i ed onl y by i t s  m.p. No fur ther  eh emt ~ or h to i og t ca l  charac-
terization of 4 has since been reported , a l th ou gh it is un iqu e  in being the onl y ~tde-
chai n ,s ~ized der ivati’,e of ascorbic acid to have been described .

Rc~ nt studies imply that C.6 oxidation ot ’ ascorbic acid is an important
ni~taho1i c process 3 and compound 4 has been postulated a me t ahol i te  of ascorbic
acid 4 , a l th ough 4 was not then avail able to verify this  Prop osal. F1o r ti ig~ has proposed
t h at the major. polar ntetahol i te  of a~cor hate  -sult ’ate (1 observed in the urine of
rat s and guinea r io s is t h e  -stii fat e ~3) of -I. This comp ound has not been pre~ ious ly
synthesized , nor has it been identified as a product fron t natural  sources.

This paper presents a new s~ n t h es t ~ of 4 in which Z is prepared as an int er -
mediate. Purifi cation and characteri z ation of both compounds is described. The
s~ n t h e~is introduces a pr ocedure of potent i a l  ~c ;ier ;il ~a 1ue for the pro tection and
subsequent liberation of the labile r~ng -h vd r ox y l  gr oups of a~cor hic acid . We were



~Tt a ‘i .  ~~~~
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5

:~~ t T h e  to obtain 4 h Trenaer ~ pat~ r i te d ~~aur e  as ~ r i e ’~. a~ d 1 :: a t I o n ~ of
h is vn~h~ as are ako ~ut l incd icre.

J’ l .R!M L~ .1 AL

I’r epar ar wn j  p vhzssiz i i i t  a~ i i . ’ 3— .s a/b k ( K~ — . — The ~a t K ~ — I ‘.~ as
cn :,  ~cd hr :t pi r i i s h c d nroced ure ’ devc loN d ill our I a n ( ’r a t ~) rs

(~~tai ~ tj c  oa t / a r : ’; ! !  oJ I :  !!r;c ’ar ~ir; toi  ~j 2 .  — ih e  i u5s~~in ~ — a l t  of  1 K~— 1 .
. ) ~, 6.0 rnmol ) ‘a as dko;l~ ad in ~ti ml of d o u b l y — d i s t i l l e d  Water and the  nil

ad u ted to ~~ ~ ith .5M pot : • a i i n i  : d r o x id a .  The ~olo , ’ii ‘.a~ pi .ice~i ri a 25 0— n i .
t : c ~ — ioc~ cd 11a5k e o u i p t .~i ‘a l i t  a r a d d lc — t \  ‘a st r r c r  cap al i le  f I t~I )  r .p.m . ~no

10 . A p 1 I pr ; N r .t~ P t .L c J  a one neck ot t h e  l a k  and a hu ret  i lLd  ‘ a i t h  0.5~t
t~~~~~in1 ht ~d r .  ‘ .d~ ‘aas p lacell t~o that  the h a-a  coi i t d  be auded ; ; ‘ a  ~c

t i c  ~~R t O fl . I ii~ t cm~~c r a t ur e  ‘A .I i n a i i : ta i ica at (~( ) h’; acaut s of a ‘a.~~cr : , . , .
P _ it ilni — ’ ’ I — e:L l ) ;, cd l’ ~ 0.5 ~_ \ Ia thesoi i  Cole i t .  and LIeU ‘a:i~

the ‘ u i  and sv .eeri n g ‘a t li ‘ \ r c t ¶ ~— 0 .) i i l t l t i  ‘a n .  hL’!ZU t .

c p1 ~tec rc .cd t t e : t , i t c \  , i i td ‘ a n .  m a i n t : ’ ied bet~ een ~ . () and ~~~~ by

1.:’. p~~~~ . - u i  f l \ d r ” \ r d e  I he o l un i e  of a k a i cons ul ted in Ib i s  manner
‘a is r dcd . i~ 0ar ‘) h , the r e a ct ion was stopp ed ,u ;l t h e  111 I \ t U  re ‘a is l i h t e r e d

L t i  ‘ n h  t ine p iper to r ern o~ e the c: t td l \  ~t . ‘a hici~ ‘ads ra e ;~ er a i l .  I ha soiut on ‘a as

— ~~~~~~~~~~~~~~~~ -~~~ ~~~~~~~~~~~~ —— ~~~~~~—— -~~~~~~~
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, , ,
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t i - i . e  ‘‘\a:.:t,, ’ !t , (‘ ‘:i :-’ -t; i t, t I , , t , ’C Is t m ’ , ilt ’, : -l ’ ,- i s ‘
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r a t t a t r e ci to P; ; ; : t t , : ; t l  u ; ;e t ’ i i . i t ” ..’. ) - :c e-,:u b ’ .t , -c t t ,  ~‘l acid i s  t ’ ’ r t i t a l  i t  : :t e  , - \ . d a i u e t : .

Tb :e r .:i:a ‘.s crc I t t :  : : m , t v - - cr’ - r: i: ’ii .: ‘.: m !  i he: ;  xc er -c !‘ol l, ms s ad ha a sltsss i:’ t ’r ; ’.is I t

e, ’t : : ; ’ h e c a ’ t i ,  m Ic ’ n~
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re-ut I-cs: ;ta a n m  r:t;’u l. i ou: : , , rate- - , foil ‘xc c — i Or’ .i slow :tisprc’5ich 0- co mrt :’,ct u imn.
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Part I., A

‘ ‘~

sI~ ct~ i t S  S i  I ’ l l , ,  ‘ i  c i i . ’ m i’’~ ‘1. ‘tO ~ i l_ i i t

Periodate Degradation of Labeled Ascorbic Aci dt

Ro’s S t . D J .  H \ R K R - ’,D! R . [ . . s Ic lm x N i ,  Pt , i. ’ N K I - I t .  x ’ s t  I~n -ms m \ l . l a m  111km

‘ i ( ,s; ‘ t , ,  - I ‘ n,,- ersi r, ‘‘ m C s ~ ,: . ; ‘ It, ‘a.,,,- r t ’,- I’ ’r,: , - ‘ 2

Re~~ic ed is, ’c c ’ :’e’e r I - i’r~ . I c 5 e p i e- .i t ) , - _’ ,’ ’, c’ cr  4 , ‘a’ c

The o x i d a t i o n  of ascorbic acid has been s t , t d m ~ d h\ j u n i  ar id I le~ m t I ’ .
x~ ho showed that gl~ Oxalate was formed skiss is  ri 9 1’ v u e l d .  ~ io t a
recen t l y ,  \ erma and (~ rover  ‘2  has e used perio~l ;te ox id a t i o n  of ., -.ear :’ic
aetd to l’arm ;i l de im ~ she foml ov. ad t’v gr a v i r n e t r i c  :t.’’- : i c  of the  d t m m i e , t , r n c’—
formaldeh~ de p rec ip i t a t e  as t h e  h :t- .it ,  O t’ an t t S . ’ ; t V  procedure fat . i se , ’t  h ;c
acid , H orowi tz  ;t n’J Ki n a  t i~) iieveki peci :i deict’ ;tu u t t t o n  procedur e t s r  t he
osazone of labe led ;tsec mt ’bt c  acid wh ich  ha .s been t .m se d in rcc ct ; t  vi . at ’. ’  isv
Li.iewus (4 ! ,

Thi s  p aper is a report on a s tudy  of r eriodat e cixi t ia t i on of ascorbic
acid u sit t ll Libeled as cor b i c’ ’acid to es t abl i s h  d i c hn i t ive i s  the C arm , l  C5
deizr. t datton rroduel s .  ‘I his c” ark is part of a l ;ii ’aer st u d y  on the  chemical
na tu r e  of w ’inuirv fl ) cthul’ i m I t ex  of ’ ;is cs mrhi c : ici ’l .

MATERIALS AND METHODS

CI~ ’f l t i (  h i s . [ I -  l(’ .‘\sca rhj c ;t ctd ss;is r m i i c h ; t ’ ,e d I ’rorn N -e’.v Fna la n c i
N u ,. lcc . i r  Corr or at t on .  6- - ‘Cj  .\ scorh t c  Wa ’- syf l t l t c .’ i/ ,ecI a” ci sa.’,crihcci 5 ’ .
Sodium P (, ‘ carbona te so lu t ion  ‘.s a.’ r ’ar ar cd from st~ir ,da rd ize d b ar ium

‘ C e ;t r h on . t te .  Po t t i s s i um n1eI,~r an , i d atC ~- d i m e t h v l - l  .3 -c v a?i ’h e\-
t i ndeduone ( d imed sm ne ) .  and , t . ’ e i m r b ; c  acid scare re aee nt  eraCe mater i a ls .

j ’,- rj ~ ii~ t,.’ a vj d at i a n  . , -\ t h ree  n ecked 25)) n i l  r ound bot tom du sk  wit s
charged w i t h  ISO ml ~‘t

’ O . 1 I M K b ,. r i b  ~ . ‘f lue  l1 ,isk cc i’ .’ ti t t e ’J s c i t h  a r 11
elect rode , a 60 ml pre ssure Lor ipens ute d dro t ’p t n o  l’u n n e l .  a sweep ~~
inle t  tube  a ~t e nd in g  to the botto m of the  tI. isk . tin e x i t  t i the  leading to two
I S ml CC): ahsorpt t on tr ap s , and a st i rnn g b ar . 1 he re action ve ssel vats 0

covered cc i t h  dark par er to exc t tida laIn .  ( a l t  at i’oorn t empera ture ,  and
sxce p t w i t h  N at abo u t two bubbl es  r er second , ‘flie CO. tr a ps t~cer e
t i l l ed  xc i t l ’ .  c’ t l i a n o l an i i ne .  ‘\ 2 , S msi cam p le o f i  ‘. s c om’bt c ac Id in 2 11 ni l  cc: i t a r
w ;m ’.’ added t’rorn the f u n n e l  Isv drops oxer  I .S mm ,  The dropp ing funne l

- sca s washed xs i t h 2 ~ 2 ml of 2 ,5 xi K O L I .  Th e re a ction m ix t u r e  was
slmrre d for 1 hr. The p 11 r an eed fr om 7 .5 t o S . I .  Fix a m i l l i l i t e r s  of
concen trated HCI scare added to the reac t ion  m i x t u re , and then I S ml of 6

S ,r roi ’ .ed t~5 ., c’,’i’, t r . S t sc i ih  1 he Su i~ cimn ( ens ‘~ - , ( I i  i ,, , ‘t the I.’ . S , \ i ” - - .

i t o
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t ’ : - t t ) a t ) \ I l  ) I- t R\I ) m i ! i ~~”.h i i !  \ ‘— , , i I I~ m ’ ) ,  S i t ! ,  3 1 !

xi ‘-.od~s ti a ar s c n t t c  xc a— ~ ,ij 05 ’d Is’. sh r i m p s  m c C i  I t )  ‘ ‘ in.  \ u m e r  t dc  sci os’.
as ian  d t s .tpmra _ ii ad t , , h o i i t  0 a m t t m i  t h e  55’ c’e~” ‘S us m n , , i t t t t u n c , ~ f i ’r  i I ; t ,

I i m , ’ p - ’ m t id /1 ’d s , , ’ i ’ i / i  a ~‘m: ; ,n  m : I , ,o 11w t a t t e i t o i l  f l h i \ t m t u a  ~S i 5  s l i i ; ; : e s m  x c i t h
s s : m c r , and cnoi ;~ h 5 xi K O l I  cc -as ;ii .lcti  to is i t t i g  t I : : l i t , , !  s,’lt t t ic ’n t i ’
;- ‘ f — l 4 .0 ; ; t  - ; m mt )  n i l ,  - ‘c 2t ,  r~ ! ;mI i ,.~uot cv :tc :.ken frsiimi t h e  cc i t,ttt, ’n . t t ’ d  2 i— u t

at ’ d s n i c c l i m m , e  s o l u t i o n  f s t )  tn t _ i  n i  05’ - e:h.un ol - i s c - i s  :id de ,t . The ‘o ’ l t l I ton
ct( , , s1  sic e r t m i g i m t  - Fhe ss i a t e  pre c i r a m . , te  xca. ’  c i s l l ce te u  art a t est s t i t i t ’’.
g i a c . ’  i R a n . J m ’.e- ,l , ,,i i t t  - ,ei m h ed . 1 l ie  n u a l t ; : t e  i - i t t : !  c m l ’ t h e  d i : acs t ~~ne
, l - e r , x , , t i x c  ‘ c c  1 9 1 —  1 2. 5 ’ ,

( /  m i : ,  , ; , ‘ O - , - , ’ i s ’ i , t r ; , , , i  . I’he I’oi- -m ;t ls l e n t ’, cI a ) i l t i ’;t t e  ‘,c . i s  n~,’ t t t r . t 1 t / :d  cc oh
si 1., O b l , .u n d - t ml at ’ 0,5 xi e ;i i : ; t u m  ,us ’a t : t t e  cc ,’ .id ,j ed .  ‘I I t a  s, m l u i , , u m

st~~~d ion I (ii’ . i lta c : m lc i u m t i x t i l ; t i e  r i e e i r : i a t e  cc ; is  co l l ec ted  si l t  :i i ’ m m e
s t n t e i ’ a’J ad i ss ti~t cr  ;m t ai c c ax h a d  cc - i t h ~ ml - c u b a ! ’ , 1 he m i l t r , t t e  s c a s  i’emos, - tt
t’oi’ t he  t , ’i  m tc  ac ts! s l a ! cn in in . t t i on , i te  p ” a e i p t i . i t e  csa s sca shed c c i t h  2 ml ci t
4 :.m ; ies-t , e .t~ td so lu t i o n  ;ind t h i s  t ; i i ; i t e  c c ; i ’m chs- ,_’;, d ad . ‘[he c c s n ; ’ i n i i ’ e

prec m p l t ; . : c  sc ,, s t r e a t e d  .sith ~ nil c f  2 xi H . ’ I .  f i l t e r ed , a nd xca- .h a d  cs t t im
2 uti l cc a te r ,  I ) i t e  m t l l t l t t c r  of t h i s  s o l u t t o n  sc- t i c  used for r ; m i . l u o ; s x , t v  -

‘I he r e m a i n i ng  col u t t ~iii 5¼ h i s  he at~ d to (i0 ’ t ind the  o’ca l i~’ t i c id cc t ic  d et e r -

mined hr t i m ’ r a t i o i l  cc t b I t )  ‘ xi st ,t n d ; ir d p c- m , s s t um  perm.inu.ttinate sou t h ’ a .
us i nme .s r - tmi k  ~t ic l po in t .

- ,(, 0/ ~5 ,‘,‘t”ia,’a,’,’ ,i/t , I hs,i ~~it ,jt i ,nt ,‘x ; i ,; t t ’ d l ’ r ; ’ta as , ; i a um im
s l i c t t dc d  to ‘dryne ss  at 34 - ‘Fit  t h e  r e s i d t t e .  I ))  ml cv h it c r cc as added. t’o l—
lowed hr l i t ’ pho sp horic  sa id  ti d .t ’:d hr slm op s u n t i l  t h e  so lu t ion  r e ;tc a’]
a pH of 2. ‘I he c o l t i t t on  cc .lc d i s t t i l e d  t o d r y ness  ,ii i , i i - t , - , m  ‘[e n m i l l i l i t e r s
of cc : ib er  was added to the re s idue and the so l i t i  ‘‘n ~c as d m c t t l l e d  to ii. ‘. im -e ts  -

‘[ha ac t s t ep xc as r epett te cl  once ,
The four d i s t i l l a t e . ’  5’, cia combine s! und ne t t t r ; i l t i e d  cc i t h  ( 1.1 st KOl  1.

1h i ..- u ’ . e m i t r a l  ‘ m i m l t i t u , ’ n  ‘.c is co l i c en t r a t ac t  in  ‘~ h t c I t o  to 3 rd m d  t r . tm m s f t ’mre d
sc i t l i  15 ml i i . t i sh  sc a t e r  to  t i  large be . ’! t i j h ~ . T h I C C  n i i l l i l j j e r ’ m  t -~l’ ~‘‘t
mcrc t u r c  c h l o r i d e ,  I ml sa t u r a t e d  a~l iu i i i  ,tcc tate . ;,rai ( 1 .2 ml .t ci 11(1
cc-a re : tdded . The tube xc t is  closed cc ii  h t i cm ’  ‘i-I’s’ i coot  a nt ;  t ’ me a N , -.cc cep
in l e t  tu b e a nd an e x i t  t u h - e l c , , d i ng  to tw o I 5  ml ( 

~~ ab sorp t i o n  I ’t , i ’b’iar ’-
t i l l e d  cc mn e t h u i n o l a m i n e .  l’he tes t tu be was covered  cc i t h  h l . t c k  t a pe ;ind
heated in a h a i l i n g  cc . i : er  b a th for I hr  cc i t h  a ccc cep o ft i b ou t  txc a bubble . ’
r er second.  I ’he t a . ’ t  t aba cc , , ’ .’ coaled in oil ice-cc i t em b a th  for .1t ) m m ,
‘Pita coLonel  pr-:c i~~i t , m t e cc tts C o l l ec te d  a ir mii ’ie d , ‘m i .m t ,m meml  gl;mss l i t e r , tins!
wei g hed ,

- RESULTS AND DISCUSS I ON

I he p a m ‘s t _ i t s - s t eu _ i !h t d , i t lo n  m ’u t — ,i~~’ mti  I — c  m c i i  t a l de d  I n mal 0! m ’~’i ’rn td—
d ch c d e ,  I inol i t  o x . i l . i t e . I n :, ! at  ~~ :— ,~ t~ cl i m ’ xi ’le , .tnd 2 t i i i ’ l  a t ’ t o r m : i~e ,

- 
is c hcis c 11 in ’ I .ilsk I .  ‘ I he r r l l s l i i c b s  t ind t h e i r  t , t l O i i t l t s  t i r e ~‘ ,m n c i s t e n t  xc oh

kn , i cc n o x i d a t i o n  p rs m di c ’ s at ’ c t m r h t , h r , l r ; t t c s  • i c de .’cribcsj sc D i r  h i t i ’ t  6 ) ,
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I’i - t c , , ’ o c i t  t ) t , , R - \ i ’ c i i i , ’-. ‘i ‘ m u )  I i’’’ ’.’ ~~~~~ c i . ’ ’ ’ ’ - u .-‘. ‘ m is  omi t ’  5-  1~

I , ‘ r m m m . , tdc ’I u~~iie I s c - m e  , -, -m ,, -_ - u, t )

t m Tm fl oI I  I im t ~ m - , , ,  ‘ or’. ’ ’! m ‘ i i ’ , mi , , i  i
_ _ _ _ _

~i e t d  - m c i i  ~~t h~. ,~ i i ’ -
( ‘ ,, t c t , !  ,ted ‘. ,~~‘ !  i r n s l m  ‘ i I

-u , -,- ; , !  ‘~~ i~~t ’ m  ‘~ i ’ ‘~‘i ii

Hoccever , the  .uctmon of p en iod i t te  on t m l e en ed mo l  r ,n g  ccs t i !d not be
predicted from classica l pei ’iod tm te degrad a t ion ,  r I t e  d ata  p i ’e . ’a : mu a d he lsmsc ’
slio cc tha t  c leav :u iz e of t h e  m o l e c ul e  i u m m j a m  - ; ‘ t e d lv  rnocc eds , tc  t ,  ‘floss ’’

S

.‘ms ssi t l ’.e dem_ i r~id emj pi ’oducts t : ;uc c’ cL a rn ic a l  r ie l d - , a s s! t , ’cc ii ii’,
Table I and r a d i o a e t i c  t x  y ie ld s  ti c sh,t sc n in 1’, t h! ~’ 2. ‘1 o t , m i  r ;md ssm ; u cttc e
r icl d s cc - era gener a l ly ,x’o— ’-tmt of the ‘ ;0 i~’.i tscorhtc acid ,ms~ d in the
ra uc t ; on

The dime d one a’- ’- ,,r for t ’o rma ldehvde  cc t i s  q l m , l n t ;  m t i c e , ; m r ; c )  I to ol of
the  de n i v a t ;ve  xc ;is t’ound per mal of ’ . i’c s ’i  I, c ;tcud, ( ‘h i s  t’ i ’d i ;et  f rom

— ( lascorr’ic acid contained u i I s_ ’OO ’ at’ t he rea~)x crash r a dm isa ct , ’. i t ’ . -

Fr o m  1 - ’ ‘C u s c o r i - i~,’ ac i d  on ) r V’~ of t h ~ c , mr h on-  14 wa s l ’~ u m ;d mn the
d imedo ni e prec ip i ta te .  The se r a ’ n l t s  sh smcc deadr t~’ m t the tcr :t’,n ;tl gI rcol
of the sid e chain .‘ cleaved w form l’orn iakl ehr -de , , n d  t h a t  t h u s  is .s c s’t ’\

cle a n re a ct i on ,
Tit ramet r i e  o’s ;u la te  d e t e rmina t i ons  r melded tin equi ’~ ; u l en t  t t i l lc sml nt  a t

ox : i l t t te based on the  ascorbic acid u sed,  The [6— ’ ‘( . i s c ssu h m a acid in sl t a , ct a ’-
that radioactix i t t” contamination of t h i s  p r od mtc t  c c , m s  less than 1 ’ ;

[ 1 - 1’ ~‘\ scorh ic acid degraded w i t h  per io dut e  e t c a S~~~,si- ’7 5sf t ime to t ,mI
recoc crash radio aetm c i t s  in  oxatate .ttid 12 — I as  (‘0. .
The possibility lh~ t t h e  ‘ ‘ ( 0 .  fl t h i s  degr a d a tion 55 i ’ m sl a nt ’ ‘.‘J tr a m

labeled c!ehvdro~u ’mco r tsic te id . a comms’n i input - it ‘,‘ in , i s c c m i  h ic t m c t d  . xc his
inv ec tmmz , , me d  tic follows , t t , helm _ i d [ I _ I ‘C [ascorbic a cid cc- his it  x i d t . ’ed cc um h
hr s m m i ne  to de lir  dr oa scorh ic acid hr adding I . I eq uu i c  ; i lan t c ~ f R r ~, t i t

cc h t : l t  ra nt ‘he l i c e  h n i ’ m n m n e  color per s is ted , 1 h i s  r m ’ 5 i i i e t  c c , m ’ m i n i i ued m ; i t e l r
subjected to pcr tad ~t t e degr ,~t_j~ ti c ’n. The re su lts scare e ssentm.i i ls  the s.iine

mc c s i th  red u ced ‘- c o r h uc  a ci si , l’hi s clioc s s that dehvdro.iscorhic acid cc its
n ot the source of the °( ‘( ) . , I t  ~il . ’o sti ,e -. t s  t h a t  t h e  t u m - : c h , o m u s n i  of the
pcnod m t e  ‘Ia- a t , i c l .m i io n  of the ~n edi ol b on d  invo lves  an i n i t i a l  ox i d , t t i o n

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . ‘  ~~~~~ ~~~~~~~~~ ~~~~~_: -._
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1 ) t - t t s t t m s i i , ’ . ’. ,,, i m m i ’ R i \ 5  i :’ , u i ’ , I ’ m , ’.i I’ m ‘st m c i ,  i ) t  “ s i , c i i’ i c  - i -  I ’ ’ ’ (  , 5’, I , m m m i m l

. ‘ ‘ t t ’ . ~‘‘ ‘I , \ — l _ I I l - i i i i m Sm i t )  5 \t , ! - ’ i~ mm l i t  IS ‘ ‘ ‘ . ‘ ‘ ‘ ‘ s ’ t m ,  \ - , : i

I ~~~~~~~~~~~~ ‘ - - , ; , , m i -  ! , ‘ r i ’ - m , ’ & i i .

1 . 2  ~_ ( m , -.’, - m~— ‘( 1.a ’~ j ‘u s  ‘ s t - ’ ” -  ‘ ‘ ‘ 2 2  ( i i i
it 3 ~ r i t m , , ’ i  I ’ t’ r C c t i t T . r i ’ - ‘ii, 4 t i t  - 4  i ’  ‘-h

1 . 2  ~ t ‘- s - ”  ‘ ‘ u ( i  ‘ i—u I I - ’’” , 0 - a’ - , i ’ , ’

in 2 - tu tu 1 t ’ er ec’nt ~~ ‘u’m t - mm

2.~ d i  \ s - t ’ ’’( ’ I i i ,~N t t  ~ i I I  0 - ’ i t ,~~~’
2 miii , ’ ! i’ c’:~~s , t , , , t e , t ~i0 . ii . h t t  ‘)

2 5 t i t u S. ’ I - ‘‘(
• 

~d. i 1’ ‘ ; ‘ I m I , i ,  ,~~, h  1 —
~~~

fl 2 5 um i m , , i  i’ :t ~~c’n t. -,.-e - m t~- 4 -1 ‘t  2 t i T ~ 4

2 .~ . a i  . ‘ L \ . ’ - t . ’c ’ ~d t  t t , t m i t  c~m , , ~~t , , t  m u , :a
ri 2 .5  m i m t o i  i’e t ,o , ’r t , i ~~s’ ’ u~ mm 5 — 5  11 14 n rc

“ ( ., !e;i ., ’asi as r e t~~nm ,:e cI t  i ’m . , !  . ‘ . to - , - n - 1 4  i - ,r: , , s e m ~ J

~~~ the asa i ” rb ;mte  r ing to the dch ’. d r sj asc i m r hmi -’ ’aci d ,  1 he , t c m t t a l  n i e c h a n t s m
5 ’u t o r rn 1u t mo n  ot ’ ‘ ‘( O tr a m the C , car ’k mn o f ; m - ,cor r ;t t a is fl ‘t k n mi ’ ,cfl - L’ a~ucr
our c a n s l ;t m a i : s , t ’’hdluta ‘- rot ox i d i z e d  t ,~ ~ ft. Ii t! sp- .’:~r s  t o he a m m _ it
p t t h ’ ~c tsr . p i i ’h ; u l ’ I v  u n v o l v i n - e  a (.‘,_(‘ _ e le t iv ime e us n t m : i t i a l  s l a p .

,‘\: : , i ’ . s ; s  t a r formic  acid r a s t m l t a - .l m a  a c ,mls ’m el ‘cr ;t v ,n~~m rlc r - me ld  at ’ ;i p —
p l ’~ \ i m ; i t e l x  2 msO at  f ’  m t m te  par mcii of ascorbic ; cct d.  The yield of
fo rm am a  t 0d b q U t m n t t t t i t i c  a i i i  t h i s  j i s t i l l a i u , in procedur e.  tm nd t h u s . not the
eth cmer- : v si t ’ the penmodate degrtudtut ion ‘self, is  con ctd ered the  ‘i. ’tu’ce ot’
l ie l osc ; m u t c ,  B a t h  at u lie al eled ascorbic ac id s g .m s  e la s s  than Iq of the

i n t t m a l  n ; t d t m ; , c i , c i t y  in  the t
•
or :m t ,  t i e  I ’r ; m e t ; , m m m . l ime e i f I c t i -’ncv  of ’ im CO ra—

cc ’s a ry  hr ccc ca p t r a m  t i m e  re act i on c ’esscl xvas tested and .‘hocc n t u u  I-a
i l i ; . m m t t t _ t ! t % e . One mole m i t  ( ‘0. is p r u ’ dmmm ,- ’~i pci ’ imm , ’l u u l as corbi c a c id ,  The
( 0. fr o m  o, 14( , -, t s m r h m c  ; , c t m l amo u u n t ed  to less t h a n  I~~ of the  radio—
; i C t t . m ! ’ . m ’~ the  t ’ ’ : , m i  s , i t t f l ’ ! a  ‘I he (,. 0 rot h  t - ’’( . , u c c or h ic acts 1 . t iho t i t
I S  , 

- is  t t i ’ m~ .i. ’sCcl ea r l i e r  and scant ’s t o I—a a m u r o r  p t mth x c a v  in s l e g t t m d : u ’
t i o f l  c i t  t l ;e ena ct tol r ing.

‘I ha .z m a c m m  t n t  cml  p a l m ’  i s l ; m t  a c on s mi  mcd r’ H — .5 . t inde r  th e  can-i u t t o n  m u s ed
in t h i s  p t ced u i r e . cc t ,c not n i e t us u t r e d  becau se ;t s a iu t i - a ies j  soL ut ion  at ’
r a i s s u u u t m  m t c t ; i p _ ’t ’ t i ’ s i  m m a  sct m ’ m in~u u t r u , i ut mecl s lu i n i nc  t tk- r e a c t i o n  hr in e\ ce ’s
,m f the  solid K R ) ,. -‘c t o tal  mol , t r  r , m t ; o  at ’ r en i~’~t ut e  to ascorb ic ,ic id s ’t ’

5:! cc - tus present in t i me n u m ~.i l r e a c t i o n  i n t \ t t l i ’ e . I n  ear l ier  cc’oi k , mon ito i ’ —
ing at ’ the  pan o ’.I ;tt e stciz r ; msl :u t to n c i t  .tsç,mrh tc .uc id i t  pH 4. 1) hr  t i t r : , t i o i l
cc it h s t , m ns l tu i ’ sI t ! m i s u s u m l f t m t e  s o l u t ion  indicates ! t h u  5 , 5  nt is! I sei ’iodat e scene
c o nsun iest s tu n in me the  ox i d a t i o n  , ‘t ’ I mu t i  ~l’ .i ’C~ ’i ‘ t i -’ a~ ts I , ‘[he ‘, i~- l d  at ’
f s i rn t t m lde l m r  cia, lmsuc c a c e r . cS , ms less t h an 311’ ? at ’ t h,it e x pe c t— i it ’ one

-‘ - ‘ .-~~~~~~~ -- ~~~~~~~~~~~ - - -~~~- --~~~~~~~ - ~1. ~~~~~~~ --
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e q t u i x a l e n t  c i t  fc ’rn ’ ., L e i ~~. e ha d h a e n  t i - t i - e d ,  p ’ . ’ s t b l r  r ,’.”. , i u ina  ! t , ’tn
a xu, f , t t  ion at ’ t h~: torm t ul deh r she cinder , u ç t c !  a ,m p j  ‘ mans - B , t sed  on I t ie i’e , u c -

Hon ~sroduc tc , tim e amount  at’ per io d _ mt - a con sum e d  per nmola a! as-as’: “- , , e
is as h~ l 1 ,~scs One mol of p e r t u ’ t : te i . ’ c ,sn sume d d c t m i n ~ the  c!e~ c t iCc  of I

t i-i t s m u r , i : u~s f e h r d e . c h h t : t L t i m t e  C. I i ,  t i n  : u l deh rd e ,  l ’ime enedi ol ‘ s i - s t e m  ‘‘ I
C — C ~ i m c lc:uved u ’m i n g  2 mo l ot ’ pan i s sdau- e  to fi rm oxtul . m a t r  rn C t ,nu C~,
Thi s a :, - . c ’~ C ., in tin t uc ud t’orrn ,t i ~.sI a t h r e e  carbon ch a t  n at S’ax ‘-2 -
h r  J~, ’\ ‘- “r op:u n ~m mc t ie d [ra n (

‘
- , ,  (. ,. an d (

‘
. C is ~ l a - m c  ad cc tb I n:~ ’ i-m I ’

r a n , ’ d t t i - :e.~s , t t m e  ( ‘ 10u t t J  C , ;n t l . e  t ’c - r m  of g i r o \ r !, , t a .  ‘.c ch mc r . u r : ~l l y
ae gr ,uct ed  hr  the  : u t u t i  m.” l em ! r e r m o d t u t e  to ( ‘ ( ) t r , ’in ( ‘ ., a t i . ’ !  L mi m a t e  i ’nc tu l l  &

‘
;

SUMMARY

The de me r a dati sm a at ’ t u c cor hue t i ci d by p- er t a d - ‘a has b e en s i m i d i e d  u s i n g
1 or ~n- °C ,ssaa r ~’:a tod d , as wel l  h i -  q m t i n t  , l , , t i c  e a id  of t he c . t i u o m h s

p roduct ’.’, Ase c ,’r ’rmc act ,] . o .xi i:z,: d at pH 
—

~~~ us c ic ax ed ‘t o at y e  2 mi-si
formt ct e . I mol C O . I mol of im\ : i : : i t e  - and I m t - i  t ’cur m’ u l d e i i v d e .  The
ox:d ,~te and fsmrrn tul de d vd c a te  der i ved from th e  1’ t u r d  6-carl an ’s.
r e s p e c t i c e i y .  About  ~‘ of (‘~ is ,m c m d u , e d  t o C0~ by a side r e , u i - t ; i m n .
Debt ’  ur oa scorhic -aid g u ce s  the ‘s , ut : m - e  d e e r tm J a t i c t n p r o d u c t s  t i c  t m sa . ” t
acid ,  Detai l ed procedure s  for the  de gr t ms !at um .m tune p re sen ted .
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1111 H~ ’ ’- J - C :

t -hmey t ’ni:  .01 me c c i  (t S i n c  itt t~~ t ,at’ , , a no I t ’ - — . n  t o t ’c -i in ‘a

O. ” mt - ’ L j C  
~~~~~~~ ‘ I t t , i, . m t t cm- _ ,c , t i , - l  - i c ’ io t ic’t ’ C u m e c c i m e n  a:

- oc I m’ ’ cm i t s  t ’, t ’d i - ,t - I  “ i . To:’ b ol meme 1 i tmoc t  On

c- i  a : co” - - : r  t ’ i t iC  u - s  ~ ‘m; L’t ~~” i t t m e J  to memet’v as  an

c l t - :~~” t ’- ’ ~~~~ in  m e i c - : ’ n m n : m ’o m :c p o ’  ( 1 ) .  to a C f c c m e i r ; 3 t i e

ct . c c t . t n o ’ , I ’ mem ,  r i  c~~’ r’J,r’. :05 I t t  t ic~ l~~’.’ 0i ~2 ) ,  to o c t i n 3  as me

c o b r ’ c I u n  in  it o- s o - t h e s i s  of i ’ . ’ Ll -c, -: . ’ i u t ’uu l i r i f i  ‘O , id n ” d r ’u Y ) ’ l ’i S l l ! e

i n  c o l i t ’t’; c ;,  t , atL ’.h t .’ l l m e I i l  (3 , - , b ) .  In  o I l  Of Lh t ’ m C O , J S L C ; iS

o the r  C’ .-. i ’ , a L m c i ’t / re-:l , C t l t . ic t t ( i I C C U l i - r S  sucn me s g l n t a t h i o n e  con be

S n o t - - t i  to s a t i s f y  the ro l e  of a s c o r b i c  ac id  in itt i-i : ; ’ . ’ scs te , :is .

A s p c c i f i c  b i o l o g i c a l  f u n c t i o n  of a s c o r b i c  a c i d  has not

L0 it  dcitc: ’ : ’;i n-o -:i .

Li t t l  a i s  hn c ’.-: n a l - o u t  aScor L ’  c a c i d  t ome t t i l - o l  ‘i s-me . In th e

~ ~1’1C0 p 1 5 ,  [ - 2 — 7 0  - of t I m e  i r :~~’sted a: cct r l ’m c a c i d  is  c a t ob o l  ized

to C tOl’L Or ,  d : c ,”. t d o .  The r at  c at cc - ’: l i :cs [a -- 01 it s  inc - -,ms t ou

a n s i - - i ’  :~ a c i d  to CO~ (n ) .  ICc i. enho y  h a :  be :n shot -tn to

o,ddize em :-,nonbi~ ac - id to c a.m ’~ - a n ‘ : I r i ” i C ~ ‘eth~ fl ascorb ic  ac id  is

fed ol ’c : l l I .’ . hItu - -n H u e ::-o ’ ; . .y i s g i v - o u  a c o o r h i c  a c i d  i .v .

no rod l t i d m , ~ i \ ’O ‘CD2 is  i ;c ’ t cc Lcd ( 7 ) .  M a n  C. ’ me been f o u r d  not

to s ,HOah ,’m I  i c ~~: a s : m e - -b u c  a c t d  to ~~t ’l c m tm d i o , L i d i -  , i f t c r  oral  or

i r ; t n a v o t : aj - , i m : i c c t i o m ’. ( l ; , 9 ) .  Thu s , the  o : ,j d o tj i m n  of a s c or b i c

a c i d  to  CO , , me u y n o t [-h’- a’,o~ c j - a t c  I i , ’ j t h  an u t . s c n t j , ’, i  f u n c t i o n

of ~nc o i - l ’ i ~ a c i d  i r  F i i j } u n’ a i m i o c i - :  ( i O ~~.

Ot ~ of  t h e  I - m t c L , u n ; c t r u ’ i , -~-j  me - 4 cmL ~~1 an’ :. of a sc o t  b ic

ac id  is  t i n ’ 1 c u u ’ t ’m ~~1 j on of mt . ,  1’ [c~ n- ’ ‘ [— 2 and C — 3 ci ca v oo r  Oct

~ 

~~~~~~~~~~~~~~~ , _ , j~~~~. ‘
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ascon h . h - : .  Th .: t ’ S t t  ci  C’ ‘1 ~r - i  c. -.2 do ’ ’b I e  ~ob~ i , o

ac id  ‘me n n , ’:nbs I -me ‘
~~~ chu m h i o t  “ ‘ a l o h a  :0- , tO - .; f l ’f lt-!  c :m u - L o r : m e

1 an~I 2 of - :- cc t  1,-cc - : ( 1 1 ) .  L ; .c m’ m ’ t L ; ! ’ of e m x m e l a t e  i s  0 _ ~ Q’ o h

the  C . t I : , I  c : I i c  “‘ _ ‘ - c i c  an d p o r t  I s t s  do !’ i : , J  m [ - 3 . r i ’ ,’ m m : i o t t  0’

a s c o r - I t i c  Lt C IC in  me -o t t ( 2 .  F i - . ’, , :~ , or , ti ,c ‘hu t ’ ”  c a t ’Lar ,  i n t ~ i-

m i -cd i ~~t • bo l  i ’c’ sc -d to t o t h t - croaa :_ ta , a l L e n  t i e  ci ttt ’’,’O ’’ e

D eb , ; ’~~t , [-2 me nd  [-2 d- ’ t r ~ rot  me; r i eL l’ to he ca t ,a[;. oi i:cd

fL t C t h 2 i ’ ( 1 3 ) .  A ’.l J i  t I L ’ 0 2 l  mae t . ameo i  i na ve  be -on f o u n d  s i n c e

th~ d 1t,i- -ov~~’ ,-’ of u :- , : , Io te .  A :com h a t e - 2 - s : : i f a o a  ( :5 c 0m ‘ot o ;

sui Ca b e)  tic s i n i t i a l  i-i  di scov ot ’cd i n  h i - i  r. o s h r ’ E t p  C)’ t s  b)’

lou-:1 t ad  F i~.-mi o :’ e ( 1 . 1) .  T t sco r b -a t c - 2 - su i  f e o c  has  boa -n found  as
— ( a u r i n a u -j crud soi’ t t~ ssuo t ’-et ~ m eo1 it o  i n  o i l  en i m ’~al S

i n c i m e d i c t a t an ( 1 E , i f ) .  A c c o r h u t e  s u l f a t a  i s  a m - ’ i cor

u r ina ; ’j  r : o t c ho l  i to  co’. : P t ’ i s i r ’ l  ab ou t  3. - of the to ta l  U i ’ l t 0 l ’~

a scorb r  i- to m ut coa bo l  ‘I te s i t t  t - .e - t o i m k e r  ( 1 7 )  . A 2 — 0 — - c  bhy i

L - t  ~i- o ’ d t m t r  d e r i vcui , i Va h.rs boo a f cu n d  in  tha  r a t  ( 1 8 ) .

Al l  of t h o sO  Rn o ’- tn a scorha t e  t at ,  b o l i t e s  co ) ‘ i r - e o n l y  a

S L i i i  ‘ bun  of tL- o to ta l  amec r i m - ba t e  met , a [ ocui  iCc ’s. Moj cn ’

ascu c - ~ a m o o t a l - o l  I Lo s are h o ]  ‘ ic m ,’ cd to he c o o m e l o l  i z c - d  f ro nt

d’t ’L1’. , m me “ m a r l ’  I c  a c i d  . Ho”meve r , no a s c o r b ic  a c id  o x i d a s e  has

b a n  t - ’, ar t - c d i n  c n i ’ t a i s .  The s t r u c t -um ’ ’_ -o n E  t l i t o  :.: aj ar

-- t o  1~ to- h o l i t  ., ha men itot  hi -en dc ’tcr , : ,  I no d .

i t t ’ .’ r i -t .1 ; c i t j ~~n :, of o - ;c o r l ’  a c i d  : c ’ t o - H m i  i tes hav e  go:: !‘ul  11/

Ct mc  i i  ‘, ‘i i i t  o o n u i c u t ’ onn Ott  t I c  c’n~ d i o l  l’ i ! ’ - t .  S t u d i e s

0: ,  r : n i : ; - u ” , a ’.oo r ‘HO ’ n t~ I’-o1 t rc  , L t S i m g  c o i m l o m !  Ch ro o t o q r a n l m ’ ,’ ,

_ _ _  —~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
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s u o  ~a s t  l a r ~’: r, r , i—- :r o f ~p.~me ’, iat ’ m : mI: t i  I t !SOO ’ t : O t O  : ‘hmei a i  no

e> ,j a t ~~~~ T h ” ;. - c :  Co- l : . . . : I  m e E t ’: o , : m o 1 t o  of

a n d  ~o . o: E j c ~ ’h,~~~ C, ‘~i : ’~ a ~~i :~~~~
i . l , .’ t t ’~ t i  of  “H , L O i  i tes , and

i t  i s  t- ~~ t I c ;OLI  tL~b i t t  no:t  :‘;ch~~- ul  i OOc > t I - :  a n c c i i - i ’i c a c id

c a in  c m 5 I ~~ 1’,t~, t ‘ - : : i : u n  i t , :c’b ( 1 7 ) .  Ti -c’ no b r - i ’ uf 1, i ,c ’ s~r

O5Ct i ’- ,.H~ i:c . cC: .]  it~~ -a ‘ t i -u i ‘u~~’u 1 me-c i’c~t ic - n a i  i s o  t t i t t m c ’j t

pt ~tO i a l  n~ aj u e  n I .  tuc  ; o t ~~’-m e l i : u .  C ‘ :eat l v , ii ~ i’n i g ho: .

O O - ~ p t’S- . : I  a 6 -carL o:’ i - c ’ j o - t i  t o  ol’ es co rt : t o - S~~i f a t e  a: a

po ssiH e net :,~ u l i t o  of ~scc ’i’ho t ~ s u l f a t e  ( ) .  Tol L-u~ t dos

a lso  :om ’ ; meo ne- d corisou ’i -6 o o i do  i o n  an i t  otabo l  j t a s  of asc or  h -i c

a c id  i : c ; L-~E -u1 i ou: ’ ( i c ) .  in  a d d i t i o n , s tu d i o s  of a s c o r b i c

( ci a - id :. ‘i ’;O i .:t ’SoI ’: i t  p1 a ’ :b s h :.vc lcd F. A.  Loot ’:us to ‘r-t ’ ;:sme e

a t i o : , , , o .h , .t i c  p o L ! 0d5 oh ciscou’Hc ac i d  c i t i ch  ~t 1 t~i r n s

epi :- -i :-.o L i o n  cml ca t t~ n 5 ( 2 0 ) .

E : p - m ’ i ’ ::on t m e  m:c ,~: d c r s i ; n c d  to o x a m u i n e  t h i -  S i d a  cC-a in

of as cc - i ’E i c  a c i d  u, ’~ in c j  p a r i s - d a t e  o : - : i d m e t i o r i~~.

Peric- I - ’ t n  0~~~$ , u , t. i cu os h a t ’  ba-co n a f a v o r i t e  me m :~ ly t i c a i

t echn i d e  for  m an -: ca t ’ t r f : ) ’ i ! r : t t e c h u -t u i  s t a  . Par t i - d o - i  LO 5:i 11

ci ~- a v u  1 , 3-di 0 1 a , 1 , 2-a: tool  c o iuoi  s , and k oto C O I l  t i t I f l i ,  l i i

a piu ’C’i c l , ahl ’ -  t t t t t t : ’ t r  and  c an  I - to  t i o ’d  to dc ’L rtm: t d o - i ’ i ’ ’ a t i c t a t i o n .

T }u i s  t l t ’~ is cot ’  i. .: I mu: .  o- cH cm i cal  s t r t d a ’ of par I od a t  e ox i daL i  on

On asc ;t ’i.’ic a c i d .  f la t ’ i cm - ! at ’  o x i d a t i o n  ~~ l abe l ed  a s c o r b i c

a c i ’ I  i - o s l o ’ c t t  d ; ’~- .~1 ; ; ’ m :r1 to ~st i h1 i sh , f t - u , : Jc- n r c d a t i o n

p rad o I ancu 1)5 is , I I , ’’ n o - c l i me ; i t , :  of pc y’ i t i , l , t Le ot t  a s co rb i c

—
~~~~ 
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t ,; ci . ‘ i h i ~~ E CO 1 O t I . , L t  d c i i  DC. ;  1 - i ’  ‘: . . i ’ i -i 0 1 . S t O  .5 ‘i h I ’ i  i c

t o I , . ;, I -c, 1 i~ ‘1: i t t ’ ; - 0 ’ , ’ ; ‘1 . . It .; 0-i me t  ~ 1 ‘I Lu:  hi ~- :- t m t u . i : ) - ’s a

1 .1
i .  t o  c ; i ’ - ’ , ”n r o c ’r m ;~ -~ - i -~- c — u .

I.

(

I,

— --- -- , ,  -



(
PhJt ’I 1

(I

P C i - I l l ” ’ b- ’i 2. c ’j ’ o’ r~~’ ,“ t o ” ” , ”- t ; i ”  r u ” ’ i ’ . 1’. C t lU ‘ 2 O T t ’:’

P o t  i ; ~~~ u ; i : . : i d , ’cj u :i - :  I : u V C  i ’ ’ ,:-;”,: a c la s : . i c cm i a m u c i ;t i ca l

t o c i  f l i  i ’ t ; I ’ ’ l , : d ’ tc ’ ‘‘ ‘i s c r y .  P : ’ c ’ i m e J - : b o  i’c.. ’,- -.ct’c h I a :

~~imt ’,’ j ( ’ it  C . ’ ; ~
;, s m . -U ~’ c cod i  I i i ’ :  ~-~t’o ’ab1 ’t for  ‘-

-
.i-’ c-d.’-te

to sc . l : . ; :, i ;~ i ,  u:- ’ j m , j c ’ ,’zc l , [ - c t i c l s , l . 2 . .o - : i : , o . l c c t i c , Ia . 1 , 2-

}t y d : , ‘; . c ’ t t i  d - .jd - me s ansI i ,eton ome , 1 , 2 — d i  La L o t u s ’ s , an d 1 , 2 —a ; i t i a —

Los -c’ a c t i  Va t , -,- m e J y l  c-nc qro ;tps  h a v e  been kno :’.’n

to ox ’idio:  wh im pe r i o - i c r t c - . The ~- c t i o ’ m  of p ar  ioct: :Lc 00 th ese

co; -[om:d ’: l O S  been mcci i  s t u d i n d  ( 2 1 ) .  P cr io . : a b e  dcy ’c. da ’biutu

~~ p r o - du c t s  ‘hr : .” t h e se  c- o: : ’~ , m ’ ,:nd ~ c-o n Cc s’.ccur ah .mely p r o d i c t e ’  I .

Per ~ odc~t m: has h i- - mo sh -o- -., -m i t o r a p i d l y  a t~ act  t Oe su i ‘hut

ate of t r : ’ t l t i o , m i c t e  c o d  C ) m t t : i e  ( 2 2 ) .  i !o ; :aV ei’ , t i m e  o x i d a t i o n

of Sui0 ct r ’ cc’~ ”o i n i n ~ cc- :p :u’H : is not  j s o e r a l  . F u m’ thcr

s t - m d ,,’ O t t  t o  p c r i o d m e t e  ox o d :t i c : t of :u l t ’me r c c ’ m m t a l n l r g

co: oot t r ; d’ ;  n u n  C he ’ n o - o i l- a In j t i d e r s t  and iCe r oac t io n s  and

l oom s ( h i  ) .

Thu i - r c ’d ic t ~ b 1m ’ me ” ;n ;tn i sin c-f p e i ’iod at e  o x i d a t i o n

W I  S U 5 ” mJ t o t, L if ’ t J c t t, t I he c i r r us  of per Inca  to a t i _ ack on

a sc ot  Ic  a c i d .  Frn ’r t I -” p er iod a  to d o grad a  I ion p ro duc t s

d e scr i l ’ : -d b) f l n v i t u u ’  :.t ( 2 1 ) ,  a s co r b i c  ac id  co -s su g q e s tc d  to

cleav e th or d i o l  s ide ch a i n  bet i ’,’c ’P? ) ‘mi -b oo s 5 an d (
• Per iod ate

~,‘ci a a t u t i c i p :  Lua d to o : : i d i z e  the en - d i e ’ l  l a c t o n ’ -  r i n g  bet we en

carbons 2 o - o l  0 h u t , hr ’c ;.j oa t h i n  i s  an c - n c - d i a l  and a very

L~ ~~~~~~-=--- --.--.. -~~~~ -- 
,,~~ ~~~~~ ,, -.~—--- 
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j
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lab  i i  o r i t o t  t ’ , i t L’ii p a r t l y  n ,’sid I mee d , i.~:t ’ n a t u r e  a t m o l ~o o m n t  c f

p ’oC ’t t : cool ol n at o-a pnc .di c t : - . F: :‘ t m e r  pc - i - i  0: -i La d o :  r o ds  t i c -n

v.a me 0 0 : 5 1  i - c o - c d a i cc. - si  h i  I I  t~ a~ tv ,’ - . m e  Cci l ’t : ’j : : 5  C end , and

4 and S a f t - ,cr p a r t i a l  d ,-[ r od t i o r u .

R e c m e ’ o t i y ,  ‘.‘cr c : J  and Grc ’’.’cr h~ ’;to umee d  p rcn io m ic t t e  o x i d a t i o n

of t ; - ‘ C—6 CS t OI :O’  i_ c ‘In: ’ , j l d n~t , ’ iL. 
~~~~~~ ~; - , d by a ’ - ‘-4’ i r c a t r i c

assay of t I ; O  d i - e J o : ’l c - f o t ’- : :a ldc i ) ’da  d c r i v a t i v e  at ; the b a s i s

of an assay ITt ’ asco t-bic acid ho” i’ cc v i ’r , 110 expei ’ i s i an t a l

procedures  :;cr ’� i n c l u d e d  (23)  . !iou ’o ;i ’i cz and k i ng  ( 2 1)

dev e lop-a d a dcgt ’a d cm ti c a i  p rocedure ’  for  the osoz one of

label ed ascorbic acid which has boso n used by Loewus (20).

P er iod ate  ox i d a t i o n  of a scorb ic  acid h a s  been s t u d i e d  by

Juni arid lIey : it  who pu b i  i s h e d  r e s u l t s  showing  tha t  y ly o x a l a t e

was fornmcd in  9 1% y i e l d  ( 2 5 ) .  T h i s  r e s u l t  is in disagre em ent

wi th classical predictions.

The work of Horowitz and h o g  d i d  not e s t ab l i sh

d e f i n i t i v e l y  tha t  observed products  come front the C-i and the

C-6 carbons of the os az o i l e  and f u r t h e r , the os azone cou ld  degra d e

in a d i f f e r e n t  way fr c - : :u a scorb ic  ac id  i t s e l f .  S ince  p rev ious

p e r io d a t :  o x i d a t i o n  s tud ies  on ascori s ’ic ac id  were not in

agr ec : : :c- ir t , t h e  es t ab l  I ~bmen t of p er i o d a t e  d e gr a d a t i o n

products  f r o m a scorb ic  acid was necessary as a first s t op

in  t h i s  s t ad i,

Ma te r i a l s :  A~c o r b i o — 1— 14 C ac - i d ~‘ias purchased  from

N ’;-i Lriçj l ~t : d  I m e c l  car Corp m: r ’a t i on .  Asco t ’b ic -6 -- 14 C ac id  was



7(
- -I no m I - ’ ~~.r ’j I ; -~d ( t I ) .  P s c o t ’ h o L c - 6 - ~~ L ~u l f a - ~’me ‘ ‘os

I H I.’~’ , 1] . I-~. Ti- i h i - c’: ~ i ; m t . .:rc r , ’m t ’)’ an  d o - s c r i  C-r d ~O 7 ) .

co:. .  me ,
~~~~~~~~ . 

‘I C ~o ’I i u t  l o s t  m a : .  :r ’c ; ’ : .re ’ ,i :r c :s s t ; ,i ’, d c ’ d i z c - d

t : n i o - s . s c ’ , - r . -~ - n - . , .’- ‘ C.  lt O t , , S S l I m o- t : - O L 5 . , c r i c , i . , t C , d , S_ ’t ~ : , . t , i r l . ’ i _

1 ~5- - :yc~ ci i -. : m ; , ’; l i c , , : ; ~ ( d i -  - ‘- clO t ) a n t I  O C - ’ Ii ’ % Ic  a c i d  n o r - -:

1’S ‘ 7 2 ’ - ’ C m ’’ 50 ‘.0 1 1 St ‘ 5 .

Pc - i ’i a- ’i~ 15- , 1 2 :  j o t : /. t H o e  t. -i . ,c ,:i 25 U ~:l . i ’m_- u t

f l a m e d  mo-o s chai ’ - :- ,s-J ;,itu l td cli . oa f 0 . 11  i-i . kb 4 , pd 11. 1.

The ‘Tlt ; i. s-c s f i t t . d  r - m i t i ;  a pH clec t :’n- :s e , a GO t . :l . pr c~ :-ura

cc- - m a n s a t c - J  drc -pp i  n~ funo e l  , a s~uoep gas i nl  ct tube e s’:tend I n~- “

to t F ; c  O o t t n ~: of th e  f l a s k , and an ex i t  tuba l e a d i n g  to two

is  :1 . a1. i o - t,o’ a t i o n  tm ~ tp s  c , :~d a s t i r r i n g  b at ’ . Toe r e a c t i on

vessel  -.-r~os ce’.’-ar :d w i t h  do’~rk p a s I ..~r so exc lude  1 m i t t  and lef t

at rot ‘ t e . s ; ;e i ’ a t u r :  . The CO 2 traps wore fill ad m i  C 2 — a n s i  no - ’

e th- ~m ’ . -1 ( c - t h a u a i a s o - i n e ) .  A 2 .5  ri-i ~u in t 1 e of L-a :cc r ’h ie  a c id  “as

addo c fro st tb- a f u , ; m , t o l  by dro ”s over f i c t e e r ’u n t i  m e u t e s .

T iuc  r o s a c t i o m e  u x c s : ’o  was sti  i-r ed for one m o - U t ’ . The pH r cm ’u~ cd

frost 7 .5  to P .1 wi’:I m 5 m i  1.01 . F i v e  ml . of conc ectr a  Lc d t t C l  was

addu ’d to th a  O c t o -0  1.1 on mi a.t ore and th me - n 1 C ni l . of 6 1-1 .

sod mt a r ; o ; t j  tc sma ’ ad - d ’,,i I c  cIm ’ o -  , over t o r i  : :m i n u t a s .  A f t e r  t ime

ycl I;: ,, ’ uco lo ; ’  d i ; z o ; .’carc. - ! , a f l i t r ’ O % n  s;- .’moep of t b -  ‘.-‘c-~ sel a t  a

t aLe of 2 ~‘tC-hlro ; ,’ss’cond I S i S , t , o i n t a : ’ t : d  for  00 ; ; 2o~ r.

F o r t - : . l d  - h ’ j m ! n  Pr ’U ’r: i i c c . t  h a t ; : ICc i ’ c a c t i o i ;  u n , - t u r e  c-os d i iu t e d

v.’ i ft m o - t a r  and came  a i r  ~~. Cdi I’ ’o - S a ddi - I to I t  i~~ t he I ’ i iucm l

so lu t i on s to l u l l  .UG i t t  :113 i t t ] .  A 2cm i r l  . al  i - c o o t  s o s  t d l , L ’ ?l boos t

~~~~~~~~ -:-
~~~~~~~~ 

,,~~~~~~~~~~~~
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tho s u t l i t i r n  e m m a  :- m s m l .  of S ,!’ - u I I : I r o O I m d  1 — i  , 3 - c y c l a h o m e a m ; -  - h one

( L l l : . . C . - t C~’ s o l u t i o n  (20 ~./ : ‘ i .  O CO e C h o n o l )  m i - s  o -Had .

T I m e  5 0 1  m e t  i O f l  0 505 .1 ( m ’.’r’ r i i  :11:. h O  ~, d j  t o  p u ’ m ’ c o  0 ’ to S o ‘-“as

cal :‘;Ct O i  on t ; r ,”; .’ s i n t e r e d  cj b o - a a  f i l t e r , d r i e d , ~n ’i m c a i ç h o c .d .

T !, ’ a ’,;o l t i n n  p outs  of Ha d i t s i - C u n e  d~ r i ’ -.’ :Hve  was 191  - i C ’2 . C °C.

0:.cl~~;e  f l.- t c r ’ , ’P- ,s ;t ion: T Im E “o m ’ r a i d -: h, ’de f i l t r a t e  m ’ s

i . o u t o e l ’ i z e J  t i i t b  S H.  KOP and 4 m l .  of 0 .5  II .  c a l c i u ’ -i a c e m e c t e  s - d c

added .  The s o l u t i o n  stood For one hour. The cal ci oar oxala to

p r e c i p i t a t e  was co l l ec t ed  on a f i n e  SihSe t ’e d  g l o s s  f i l t e r  and

wa sh o d siith 5 nil . of water. The fil tm-ate m•;as ret oo ved fo r  the

foi ’o - mic a c id  d eLco :  -
‘ i n m a t i o n .  Th e p r e c i p i t a t e  wa s sm ashed vu th

( 2 st i . of 4 N . a c e t i c  ac id  s o l u t i o n  a m m o ’ the f i l t r a t e  m - .’as d i scarded .

Th2 i’wsc ~ i r t i u u g  pr -~c ip i t ate -‘as t rea ted  mi Lii  6 ‘ - t i . of 2 N. dcl ,

f i l  t r r c J , and moo - Hi - c d  w i t h  2 m l .  wa t e r .  One nil . of t h i s  s o l u t i o n

for radicu ssay . The r e c t o i n i o , o  s o l u t i o n  mio - : he ated to

600 and the o x a l i c  ac id  was cie te r o~inc ’d by t i t r a t i o n  with lO~~ N.

s t a n d a r d  po ta s s iu  a pe rn i an q an a t e  s o l u t i o n  u s 1 ng a p i n k  en d~ a i n t .

F or ’nic  1-, c i d  f l e t e r a i n a t i o n :  The oxal  ~te f i  l i _ r o t e  was vacuu r

d i a t  i l l ’ t c l  to d;’~’aoss at 34°C. To the r e s idue , 10 nil . of naiLer

was add e d , f o l l o s m -a d by l O t  p h o -a ph or i c  a c id  added by drops

u n t i l  the s o l u t i o n  reached a p 11 of 2. The s o l u t i o n  m -ua s d i s t i l l e d

to dm’jnc -c s in  vac ;i o .  Ten ni l . of ~i a t cr  was added to the  r e s i d u e

an d th e s o l u t i o n m-ia s distil i -ed  to d r y n e s s .  The l a s t  step m ’ias

r a tun c I ‘cI Oncc - .  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~



1,

(
Th , Sd - t i ’ C i n  i l l  ~e-c m- ,- m e ’ e O L t t t b i t V ; S l  o - t , i - -wt~~c:l .s , ci t i C k

( . 1  t .  d l .  m- ~ - L o . .o l s c i m ; t i u n  ‘- a s s . - : cc ’m tm ’ ..’ t , ’ c d  i t t  ‘icc-i a to

o ‘ - 1 . ~
- - :  ;t’ ,,O t H  - _ .  -~ t c i  Cm ;  15 -ml . s.’~ n C ‘ ‘ c o - o r  te ’ cm 1, ,: - i n

t i , . , . .  T l r ,-n r.m l - of  ‘ ;.- 0 , T m , t u  i - C c h i c - u ’  C- : ’ , I i t S  . u ’ oc - m t t ’c’ ’t - - .1

- ( -  ‘) -~~ 
_ J~’ - ‘ , ‘ ‘— - “  “--

~~~~~~~~~ c r : ,  a .~ ,. - I .  C i  - ‘ . I ’ .,, - ‘ -‘c -  - ‘ m - ’~ . i- - O .  i t ~,

s i - t a  c T a - ’aJ . - H ’ t  a s c -a , ; ’ a ca ‘,:. j ’ - i ;  ,
‘ n t  H c o u p i r S - H .

~nd o t t  ome-: i~ h O L C  l a d  rsg  a - - a 15 cml . CC 2 a5~ ’ ‘s o h s - s  L t ’a ;.

fil m ct m r ime — “ —  “- ‘. I
I

[ - l o c t  ta ;;~ and , t H o - d  in  ~m b-H I tv  coo - : ; ”  C-~,’ah for COO

i t t  H s m- o eep of ah~~;u t  2 k’, I ’ ;i - ,-: ,”:’:-”ac’n,. Tt m: mee ;t ‘c , Lr

v - o s  ~c, . l c J  in  an  ice b a t h  f o r ’ th hm ’t ,s,’ ‘ l i t t o n _ - s .  T im e ca ’I on’~ i

prmeci
~

- o i_ s - t o  wot ; u-eli co - i_ aol , a i r  d r i e d  ‘an a t n t  glass fi

- l cd . Tho “c -oct ion ‘of rm c t ’- :- .Jr ’j ‘a c l i i  a r i u :  i H

aci d to tor ; m ra-:r’-: :’-ouc c h l ’ a r ’ ; d a  l i s ’c ’:,~ c~ c o t ’l . .~r t d i -c :’: ’m d e

C E  S i , 0 ’ , I ms

2 b o i l 2 
4- l i C k - i l  —~~ ll g 2Ci 2 

I’ 2 PCi + CO2

l - t~ ~;l  -; m i s - i  l ) c ’ n cs , ” ”'-i on: Time p er iai .ta dc’:traciation of

L— accor  h~ C. ac i C y i e l d e d  one aol a of f o r mome 1 . i e I v s I e , one tool e

of c - a  in  .o , ons-  mci - i c  i t  c a m - k - o i l  din:-: iCc ’ , and t o  tmo ’t es of

fot ‘ta r e a: sho rn in  T a L l  a I . T it e p roduc t s  and t eli’ mc ; i ou nt s

a re c o n : - ; i st ,; s - t , i t h  t: -: sn ’ ~xjd;. tinn pr o - due t s  of carboh yd rates

an m ‘ - -Ui - tm - C 1’~’ Dt’ ~’ m m t n ’ s t  ( 2 1  ) .  I t - am - co v e r , the act~ on of

p - ime - c’!i c~ on l i m o  u m ’ ; -JiOi could riot be p i - r - 1 ft n-i Cr — c lass ic - i l

- S e ( !r- -:;i ’oda t ion . T}t .-coa data sham -u th at c i e , ’ ve n c  of the

n:oi co :ul oa t s - I c - H ‘ c i  y pr ’oct c - I n  o - S fol loo n :

_ _ _  
. -  --

~~~~~~~
- ‘ -  ~~~~~~~~~ ‘ - ,
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. 5 to
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G.n.fl a ’ ‘
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-
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~~~
‘ Li 2

Am: I ,’ok  of t i ;  - t ,”cj r ’.’t ; S ; ’d j: ~‘. lc. c t ’~ ~ - vo -  c h ~ c m i c a l  y l a l i a -

as ~1’ . , ’. i c m  T a S l o -  1 cm C m’Os icc : t ’, t i ’ _ - i t v  y f t -l .n ; 00 S t i O S . - ! ’ l f l

[ CL- a I i  . Total  r c - d h o n - , o i ’ - ,’c ~-‘ i - i  -ci: .  m a -  a qa r :’rc l - ~ 2 k - C - ’ :

or . m c m  La ale ;; t s s ;c ’ ; r : oo~, i - C u ’a c .- fl t oo

Tr , c  (111 - 0 . 0 ,1 ttm ’ c - E O S ’  c i ’  i n i r a ; c , o : ; ; ’ - :-nt ccc ;
~L O u t L i t O L ’ I V C , ar t .

Ci te  co l a  of ‘the d : r : L c ; t~ ’,-’e m~m en F , , ; t ’,d ~. i ’ s t o i c  ef a s c o r k i s

a c i d .  The pr o d ; c I. coat a s c o - m ’ b i c - C — 14 C ac id  c m - m e t  H nod

92-52 oi~ in’,- i’c- cr , er-H t’ t; Cl b c a c t i  vi  ty .  Fro nt  a i s c o r b i c - l  ~ ‘ C

ac id , omi y 1 ~l of the  c o t -non ~~t o- m oo s fo - smn -C i n  t i re  d i . : c ’.:c. - no

~ i’ cC~~iu L;; t -c . The u ’ e n u l t o  c l c -~ u l v  she . : t h a t  Si te  t o t  s h o a l

g l j aa l  ci  t I’ :: s i d e  c h a i n  is  c l e a v e d  to fc-r - - ’ h’omnt - ~ l .C ci t .m d c

an d  this pat ’ticu ba r sid o- -cho - in  ox id  ;t i on  is  a ‘.‘ e m ’y cl - as - ti

or’ cm .

Ti too ; ;. ;- t r i c  o ;-ct i - oH d~ t om’ : - ’.i n a t i o n s  y i e l _ - l cd  an equim’ o.l ’ ‘it

~s-; oi ~~t . o f  oxalate b us ed (In the  a s c o r b i c  acid usmed .

The ~s’:orbic --C-~~L ac id  i n s l i c a t L ’ :, t h a t  i ’ a d t o i - - c ;t i s ’ i t j

cont ~ m t m i m - m t i o n  of t h i s  :‘- m ’oduct m ono ler ~s tI ,m rm 12 . Ascc ’u’l: io-l - 1” C

ac id  C - m’ ~m - H t i an C ame Sb -P-t I of t ime  t o t a l  r r c n ’,’cu’ed r a m l  in -

ac t i ’ . h t-~ ha  u ;-~o l a t e  and 12 - 17; . - as CO 2

The ‘nn~ it I l l H Hot th e  1’ C0 2 in t , I , i s  d u q r a d c i t i c n

i~’; t l - c t m e l  I ‘ 1i5 , ’ ., l i ’ o ; ’ c n u ’ l m i c  acid , a c c - m t _ - tan i m ” i c i - m ’ i t v

- ‘ -~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~ -- ~~~~~~~~~~~~
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U 1

i n ‘1 ,- i c  . 1 0 j , i , moo ’ ’ . h i i ’ , ’C - t~~~~-cj . , - - I  an  I -  i t ” , ’ s~. L-,:I’ t ~ft- -,l

i -o n a , ’ , .  -:
~~ ‘I - “C oc I ’d ;.- cms ct-s i ‘I ,:-:- m i  -ti~ h r r - - i t t - a  0 (l i O l . ’ - ’ m ’ --

i - ~’ ~, k1 j I 1 . 1  e- 1 5 ’ ,’ ’ i . u t ~ .5 : 5 I so .  a t  . 1 1 t h

- .2  00 1 i t t ’ t o - i - s i  c t .  : 1 .  Ti mm c’ . - :  , ; ,  ‘ - ‘ac i’ - - u i c ’ , .l’i

‘ ;r i  U; t ,; ~o c i:  f u  a Ci a I a t i .  T 0~ m’t - ~ ’ u H

c-: - - .. m :t ; ’u n’ H O  s:. a ;— to O t 5. 0 -5 ’ - . ,‘ , ‘:~~, t h C  a t i t .  :. ‘a :;c: -;s

t h a t  H -
‘ 

d c - -c m o s - i c  a c i e  - - a  t i - c  tIn .- ~ ‘LU~, :. ‘ :- ~ ~~~. f t  ~~~~

r . , m c 1c: - H. H , - s  t h e  : 1 1  .- : S d t o  t lc- ’~~~ ;~ ’o t i e m i  :c:. h t ; . . ’ c’: ca U a

c -- i -- c ; i - r - ~ i ’ , ’:oi’ ,’cn ‘ m i n i t i a l  s~;-: i d : - t i n r :  of t ’r: ;  ~ t ’ . -~~’

r i n -~ t. n t i e  d~ I t ’, ’ -J c o c ; m ’ r m h  C a c i d .  Tim ’ : a cu ’ocl  - t : ; -Cb t ’.m u j ’ a t f l

of Son ‘i - th u - n of 1’ Ltt2 f t ~~~ . t i ; e 2-1 c~- r l - n u  of an - o ’~t ’~ -t i t ~

r o t  Li ’  s- . . .  L’e ~a’ h - a 0O- ,L th io .- cond i H no: , o.-~al ate is macU

o ;- id i r . ..I H I t  cppen ~”a H t o  a r i m , , ’ :‘- o t h . - - - .~-- ~r - : 5 - i .’

r ,’oa , : l t i o - ’t C 1 - - .

~~ 
cle. ;- .ct e  st ra the  i n it i al :~iup .

AnaL’s i s  fo r  foe -; Ic aci C m -acul t c’J i n  a cc 1 c- s - mel  gi ’ s- imoct i - ic

y i e l d  of cp jm ’ -e : -c i:: a t r_- S c  ;, -,- ,~~ moles of for..ate per role of

a c c o r l t a c  c t c m d .  Ttu1a y i m t l d  ‘i s  not  q u a n t i t a t i v e  i i  Ski - s

d i s t i 1 l u t i ~ ’ . ~u o:- : - - iur ~ co d t h i s , n o m . t h e  e f f i c i c e c . ’ of

th u c m - - t a C t -cm d e q rudo t .  i on i t n e l~ i s  con s i J c r ; ’d the m - ourc c r

of t i t a  1 - ’ ’ ‘i d - c r . P; th c - i f  the l a l t a s l o d  a s c o r b I c  a c i d s  g s ’ c - e

le ss t s . cm ir  U of t i e  i n i t i a l  r a d - i o a c t i v i t , -.’ i t t  t f u e  f or i n c t e

-
- t i - o t t .  1k” m , f o - i c i .~tr ; y of Sto  l4 r~ a l l t : o r i u t  i on  t O p S

w as tO-s tme’I u s i r g  I n t o  j ; r r m - ~~ C - c o  I - ’ - , ’u ’ c ari d s i t -  s t  to [-a

( m :i t t I t  I i Li vi. .

~ “ .‘-“,, 
‘ 

- - ~~ -~~~- ~~~~~~~ .5 ~~~~
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l i e  c. . :  0: 1 d i ’ . ’ ,-. l i e  : m  ‘ :  ~m : , c~~m ’ I .  Cc -  i--- - 

C ~~~
-‘ i t !  -- , m ; s n t ’

to I -  ‘ . t .  t i - i s  o 0 0 m c : 0 . 5 ; t : : c  h ’  ‘m l ,’ ‘ . 1 i k e  U Cu I

H -  Ch ,, ? L - ; i  “~ i:’ ::i ’.:- 1-’ ’ C t o i l , n . ’ - . ’ ; m t  1 ’ I , i ’~ d i c c o c c e d

nr ::. nC ,. I ’ ’eo - : to l . a a O h m - C t ’  ; : . .! o. ~;’ ,’ i n  i , l t ; s  d~~~~u

m n ’ H o  ‘c-i~’cH 1:1 l- oc t sccm

Aa -: :c ; ‘ - ‘,t.:-C- ’ C sri “a 5’: S:t ; : Ct s - a m . . - .~ m ; h t t ; ~~r c .  to ’ .

T c n I - .o I I  s - : - . t b - n m,. t i n  s a l t s  C t ’ L,’ h i m :  5.5 : 10 for  the

as bc m a  w i th  co -c cnr ’ r  t o - - u —
1 C U i i . T h i s  in i i c ~ t ao

t im-H s ; L  ; b : i u  c;,- sidati c-r t i L k  p:’ r iod . ; t a d c c c  n i t  
~i~~P - ’ a. t t’ to

be ~‘fC m .s-Hc ’:h i’:~,’ d -:: m - i ’ c a t i z ’.’ t i u ;  on the  ~r r ’ a .  ol l,o :t.one ru l e .

l i m o O . ; - , : , s O  i- f  r-nr iu l a te  ccns~ts ic. : ! s i t  pH 7 . 5 o tH er  th ~
c c m ; , j j t j o s ; s  ( I :n :crii ’ai  in  SI t ’ :  eX In -? t’i’ t ’ c ’ mm L i-us nor m . m e - ’m :;u r ~ c

a o .- L m . ’a ta- i  ‘s o l u t i c - n  of t i c  i~~t : s3 :c i  :~ t. t no ’t’ t t :’ t t t

m i s  m . : a i n t - o  t~.- 1 sI- - i n s ’  th e r e a L t i o n  by an t,tx cc ’ss of t l i nt K ; O ,,

A to t a l  m e l  or ~.‘t ’i o of p c t m - i n j o o t c -  to asco m ’ l m i c c c i i  uf 3:1 mc ’ s p r o s c m ’t

in the i n i t i a l  O L ; . o - O  ‘ Hmm r~~:’ ,ut - e .  In e ar l i e r  m - .’orb , rto ni to m ’ in-: of t I e

p . r — b -H at e  n L ’ t i ’a d a t j , ”;’ of a r c ; ”b ic  ac id  at  p It  1.0 by

t i t r a t i o n  m- .- i t h  ct - c a ’c! ’ i ’d t I ~i o : - t i l f a t e  ; - ( ‘ l m m t i O r l  i nd i ca t c ’J

[H’ ! ‘ l n i m 0 0 r p ’ t ’ i o - . !ate - r i .’ con r , - :s .c ~ i d n r i a - ~ th i s  ox i d o t i c - n of

otm a- - m b of a ’ - n i t - h i :: a c i - l . 1 t t ~ y i m a l u .l of foi’ , ’ : o lde i rs d ’c .

I ;o: :- ’v r r , me’ - . . l e s s  t ’ . m St -
- of t I m a ’ a  t o - t I c - :  t ed  i f  one e q u i v a l e n t

of f t m r , - . ; i cH. L . i . ’ h ad h Or n f u r , t ’ c t ’ i , p . : , OL . 1~, r c - a m t i t , : t m ’ j  i n - e m

os’: i . i a , t i o , i  ci t i e  fo t :t ~ l l ’ - i ,~. - I” un d o a c i d  coed I i  l O t i S .  Fic ’i’;od on

the  n - cm ’ H i  m ’ m m  .,r ’~~ , l n i c t s , t k ’  :m.”:n ; m r i L  ci ’ i c r  I ü C . ’u t ~ cons ;i;sstc’d pr o

t u b e of a’ .r ’i’ [ , t t ~~ is a ’ ; ‘ Io l l t ’ m , ’c : On ” r i - l a  ol’ pen a l-to in

— -—-‘-- ~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~. . .~~~~~
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cc ,:,: d C m i i ‘J tin :- cl a-a ~- a e  of C-C H fat - -cml ml ,;:le ci : .fl~Ji

C- C to S n  a l d a I ~ ’d-a . Ti c- oc ’aJiH : - y u i n . m  c m ’ C - - b’ c - b  C--3 I’:

c lc-c ’c o,d a s ’ i , m  5 — -- - .- t a l c , ;  u o f r u . 2 1 j , : , m l .S t o  I t . . f c- r ’ ;n o.. lote f r o s t

C —i  ~~ C— b’ . TI I s  lc ’cNe ’S C — S  i n  a m ; a c i d  loo m a: ; I a t 1 .ne~

C S: m : 01 ;  ClOt h I ) i - I ’ .5—es _ - i - m - I-os . i0 0 0 , Y ” i ’t ’OY . i m O i C  a c i d  c o t  C— b ,

C - I , a n:; C — f . . C — S  H c lu - : ; - . ” . i c ’ i t l ;  m. :5 ‘Ca  of

bc - ,-.C~~ C-3 ~ i m ’I C-~ i t t  s i r :  Ic -r t c c t ’ ql~~.:- x -H -n t c: ‘.. i t ; C t :  i~

ri-- c - i d l y  d .n , r- : . : i i-d 5’ th e f l  5th  i , m ; l c  ci p c m n i a I c ’ i to CO 2

f t ’ ma :: m C~-3 am id ~- ar s i- it~; fi’c’:a C” I .

(

. ,~~~~~~~~~~~~~ , “~~~~~~‘~~ ~~~~~~~~~~~~~~~~~~~~ - 
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l i L t  i i

1- ’’ q ’ ’ m ~~~~~ fl . ’I” . ’ ’ t h . I T h O  (
~~~

‘ iiffl ’ C ’ ’ : ~‘ ‘ ~~~~i-1 ’O :

1 r i - h  ‘. 0 5  ‘ . 5 1 . - si - as ’ .om ’ H;: --h - 1’ C 5 ’ : ! :  H Hi-

dO - u ’ : ’ ‘ i t - i -  ; : :-c 5 U ~l i  ~~s t O O L :  . 1  I t t . 1 -3 . t O m ’ 
-

- t.: -05’ ,J t ’  t ’ d .’:t. h t a ~i .

s-i ’ t o .’ n aUs t ’ - c -b h - -n as - c - : ’ ’! m t s i . ..: c i - ’ i m i  m ; a s

t I c- H- ‘or ’ .’ i n t c m ’n.:,t. Pc- r’ i ,’~l u i , ’ ox - . .H~~m , o f ~_ .~ -~ ‘1: is . cci.!

d m 1  o I l  : O L u b : - ) l i t c ’ s  ~; i t h  an i nb c .o t  - Ch i t t i l -  ‘ Cb ’ . ,i’i h : , m 1 r,u ld  ‘H eld

f- .’ - ” Ul ; , 5 15 3 ’ C- .:- 1 t C , as d t ; c o t o t i - . s t r ’- .i i n  p -n -c t  S of o s - i :  t h e s i s .

If t I c  r~i a a  c h a i n  is c h c o ; i o a 1 l ~ a l t c i ’ cd .  c ’i t ;;~ n is ’. ’ oc- r ’r~’a t ) : a t ’ i an

or o ; ’ : i , l : ; t i omm i ’ntH:s - ,, t i om ; , i t  t i l l  not 3 - l o l l  l a t  i - l i - c !  f a r - r : a l d e h H e .

T i : ,: or 1 soy asu ,s c .m - I - :mt e  m. ;et~ Ls ’l I tes -in-ac , the  labe l  i-i-i ‘s’m t ’ , ,er r :

I- . i ’ o-d .‘i th  ~t c m ’ i m , , C I , .o. T[~n ’~ u r i f l a t  Y o:’.o ’um ’ I ’5 t ~ :-atatcc l i tos

‘c-nc- -: al ;:C par t l / oc~.-or at ~ d by col : n :  ch ;’cs’ot :g. ’c;.-h y o.tS j

t im e  sr l cm c Ys. tc -c!  p201:5 \ ‘ /C u ’2 poi ’iosbutc degr a d ed .

1, :  i - - al Pt’ i- -’~ - -
’ - t’~c : A 33k g . Lo a d - - Evans  Iloadi - .I  r~ t i-mi -s

given sm . :h cu t o  t a c o — t H y  33.2 c C u r i e n , 10.2 n q .  of a sc nm’U ic -G -~~ C

oH I ~n 0 .75  oil , of s t e r i l o  sa l i n c .  The ret m -cac f ad a m c m ’ - ::a l

d i c ’: i- ed i t s  do. I . ’ ur i n o  es- ,t ’m’ni i on  wsm c col led -e d a t : ]  fil tare..’

h r u s t t , h in g  t. i ’ m’ . - tt  h C h a t m : m n m n ct ’12 f i b  L e t’  p apami ’ o s l o 5 a

~t m c !a m ’ i -t f u n n e l  to SCpO no to the iccos . Ti m e t -~u ta l  vol  i t t e

of u i - i n c  and wac h i  m I s  was . ;ccmcure d and one isi l . moo: u s c - - I fcr

r a d i o s c t i v i  m:y zt rm m’ ;ty by a l i q u i d  s c i , t t i l  l a t i o n  c o u n t e r .

Tb:: 1,0 : sib car t - , c m mc-- - i . ’l pet ’ day m i - s  d m . s ta i - c , i m ; ’ l  and t ime  rom : .s i n i n ~

u r i n e  m m : -  fro.’c’n a mid  sto r a  I for l a t e r  omm :l ja i s .

L

.~~~~~~~~~~ - 
_ _
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in e , i _ ; ( . i  I D - ’ ’ ’ r ’ ’ l : ’ , ’ i - n t  , - l’ 5 ’ l ~ m l r  I t ’ -’ , : ri ca - t r u 0 j j t

a] j : t : ;  ,
~ r’ H’ L I t : ’  dsi i t . ’ o r  so . 1  - ‘ m s : . i  ‘ -  m l  t t ’, ’i 1 s c - - .1 :~n i

a L’I-2 d i , t i l c - r  m -m ’ n ;t b j i’ ,. n ’ m ( m ’ x u : i : i C ~ ’: - - c o l o r  H u m  2Ut O H.’) in  on

f m - m i s  - m m  O H , ’’jo .5 c c - ll u c c t ’ a n u t - - H r pmc .’’ t ’sm rc  c ml  “. .
~~ :.~~.i

1 ore ml. Ce “‘as as~,a .’c’,! f~~u ’ r ’; .Ho n a t l ’ ,’i’ I_ ,c .  2 , 5 1 . cC

L - - a s c c m - k i :  c : :: iml :-:3 :- , :- s !Jc ,I to 0 a :t ’ i ; ;e  - - - . 1 1 - ’ Sm ’- a c r r r l r

i - r U  5i ; i -  a o l - L i o n  ma t s -.kj ” ,’. :Cc-d ~; i t i :  : - .: r iu . L ; s s o  dc :,eni -ad

in  p ort 1. f~f to . r  tb -a q u c m : c l t i  r ot C t S  01 , 5.  r e ac t ion m i x t u r e  ‘on , !

t O :  coc ; :pl ot i  c - -m m of the  H
~ 

S O c - b ’ ,  i-i t- dc s s c r i  L’ S: .1 i i i  p a r t  1 ) t Oo

s o l u t i o n  isa:  b r o L I g l i t  to a to tal \ - - sbuc - a  c f  100 ‘:1 . at phI 4.6.

Tu e sol oh i c- cm was g r i-v ‘I ty Il l tor i--C th ’im ’cLi 5 mm a: mr:a t ;

( f i l t e r  b~i- Pt~r o.n d a 20 t C .  a b i q u o t  :‘ma s m ’ c ,, . o m ,’c :l . Tm ’ .’o m l .  ef

di : . m- s- -doma a r o b o t I c - n  muca ; acldo’ t  t.o t I e  a l i q c t c m t  c o d  Ha sois ’. i o n

Wc’lS a l l  i :t ’cH to ~t an1 OVc ~t ’r ; i g h t .  The di :c ; .- - i u t i ~ -f ot ’c:a 1 deI ,~’]a-

p n c ’cip i  t a t e  ni - s col lc t c t cd c - mt  a a i n t - .. ’c- -d g i s t ’s H b  ter as

O’2~c PlL i - L  iru pa r I s I .  The p r e c i I a i t t O ‘u- ;a~ dr ’t c’] and assayc oc

for r a d i i - - a c t i v i t y  w i L t ;  a l i  a id  scu m ;: ~i l i - t i c s  cot .:n tet’ .

Th e r ad I o~’ L i a i t , -’ recos’ercd in t i ts ;  d imrcdc - s --bc-i - mrs - a l d:sh~’ - .H

prer, i o  i t o H ‘ma n coc : :”re-i to the  r~m d i t i i-’ c t ’ ,’i h:’ of the u r i n e

sa,n1al e.

D~ 5 ’  -3? Col m s . t  C l t m’ -~ ’ , o t - r t m’cmr ’ !m ’,’: Four to si> tu b

a l i c 1 u ot m ;  i / ( ’Oc -  ul  t n - t i  i b t r r rad t . h m r o u y l m  a 151-1 —2 m cm ; : , :t i : m’: l n e  u s i n g

dii P uiti i - a t m  S L i on  cob I undar -H p .s . 1 . OF fl ’i tt ’o ’n cn

T hi s ’  f i l l  ‘‘to ’ I um’ i t - _ s 5 , - m i _ i Ot .  i - l a m — us c o m n o m ’ ; t t  m ’ s !  c i  und ~”r a str c :i

of n i  t t - o : ..mm to 1 . 5  cml . at 37°C. A b 1 ! . ,’, f . - 3 2  co1u ~m n ( 1 x 30 c : : m. )
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vos H’ ~~~ so 1 m m ‘ id a 
~~~~~ ‘.i m ’ s’  15: - a d t- .m u - c l ’s 0 5 0  t i-I i - t m  th e

u n t i l  a S t a t ! , :  ‘IC - - ,: ~ t tc uS 2, ’?! t. m b . / ’ j s : . . t i - S

m a ,  c i :~ ‘I - 1 5 : , O i - , I ‘ c r’ , 1- c t’eti -. m i  Lbs  i - s i  c:::o ~rU

C’r,m.~~. ’mm t I (C . ” ‘ — i .,. .C ’ h ‘C i t , ” 3  
- 

,‘ O H i .  ,:, ,‘ —- CO SOt . : ‘ -H

ii  - mm : - [i a .c-i~ a it’ : ‘ - a  s: : 5 5  i t , , b l u e  — scO O- .t t ~ ( : 2 5 1  JL- fl O 0 0 5 ,  d tJ t~

ii - ; ’.’ s c - lb  of i -n  S:~c m  t I- ’ :- b ~ on !- .tt  n a m s- sri ‘a”

at  HI. ’. : : , . ; ; - ‘ - s _c - n m ’s . F’i s- ’a Stu nt c n l I ,~-r H u m  c; m. -~i’ cs :‘ : ‘nc ’ ’a l l :i

m , s”L d u ’ i n l  1 . 5 0  r ; m m : n i ; : ;  5.1 a ’a l i i - n t  i - H  I±r ‘ , i :m ’ a io- c c - l h - : t i  os:

- a la  m ’:hs: a i - i j t l o S i L l ‘. n c d i ..oos wc r ’.r a pp i  i n : .  I t  too

ct’.:! m.m I  g’i’ :-d’l c mmL I , O HH : J 1. L b . m)
1 

‘, , ‘5i R a r t - l i e ’ . !  to  t i m O  c c l ’ o s r t

u n t i l  an csc o ’O-at e -2 -: ’ ,;l 15m b ’: p a. ., 1: u- a m; el:;c~’-.l.

4 S t O j ~) g ; i - e b ,’C L (0. 1119 -1 . ii 2~
0 .  — OH’S ~i 

~2~’°~ 
p b s

0.2 ~ No 230,, 50 ml. each) fall owed a t m- I t I m  i~ grad i  em i t

e l o t c d  tha  no ’ to in i t ’ g r a d i o a c t i v e  p001 :5. One a l .  fcc - s

e ec - lu f r a ct i  c m :: mi - s i-i i qu ot e d  and  as :- .‘s’ ,’e] f- or’ r a l i  act i ’s  i ty.

Th e rc .s : : a i n i m v t  ci u- an t  in  ecicn I t - a c t i o n  was- ti~ ut m’i - 1 ‘I r ed

wi I I t 1 , 5  14. 10 11 mi - cl  ~t om ’a-] ft ’o~~ s; a t  -20 °C. Ti c- n :t d ic-

act  1 - ‘1 t ’,’ a s n s y  of each fr i - c  t i m ; r m :a: cm — p h : .1 aS t l m i -  C : put -

f r a c t i o n  ver sa :;  f r a c t i o m  r i - m t _ c a r  on so : :i —l rs Colo r.

P . : ;o l ~ te t i : s r l t ’ O i c m t . iOn  m,mf P i-: H :  Ti- ; m’ i - c t i o n S  C o n t a i n u m s :

t sr :! ‘s c u - c t i v i  I .y p eak s  m - mem ’ L’ r c- ,m l , oa and one ml . of t t ie - u - I c:-.!

i ’ omm us ’ ” sssa’co ’d for  i-r, l t ool .  i vi ty . The r e s a i m m Hr of t i m e

i c - I , ~m o . ;  usod fu ’m n pc ’ri m m ’ .; . u t e  dc qrrs c ! a t i m n  , f irs t ~‘1 10 my. of

L-’ scor hn c a c i d  ima c add a d  . The pea ~. mucu s t reat ed

\ ‘u i t l r  0 . 11 !~~. : - c t u i - a t ; ’ -,; ~a u l , : t i a m m  of ~~~~~~~~~~~ j ’ ,’r~ 0Ji -t t e

_ _  ---~~~~
- 

‘ - - -__
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(
u:udai ’  the c i - , - J iL i~t i - t . d;. :cm i L m , .i-.t fl pSs t ’ t  1 . I ~ i ‘0 SOiC! j~ h 1 t : ’

of t ic - i - -c - L i : ti ar - i i t t  cc ~~ t m  ‘ ‘ i -ue s t e l ’ on : ~~~~~~~ th e

I :c,m~; 1 . - tom i L  to :1 :IC L; ‘i t t  c, t n ’t a l  ‘ ‘ i- l i -  ‘2 Os °it C m l .

1 5:0 ,- I ,  i - bl at : 1 : o - m m  c. r , [ e t o l y : s c - 1  for  _c.  ‘5
~~~~~t~~i - C _ c _ c’ ) 5

p u ’O m : L . H o s  ~.t- i !. . . i t  I’ . 5 0  1.

— 
“ ‘  1 ‘ I  — C i  (

th e u H , i - :  . ; - m ’  0~~’ ‘- c -  L~~ tim _ _ a bc -u ’ t h e  r e t  us .  s i r - n  i n

Fis_ c ,~o’ I. The b u Ol  - 1 1 t H  fo r  t i m e a o c o rb i c . -3’ i s ;  t i me  ra t

w as 2 . 0  cC ‘?‘~~
, .  T~u i ~ r e s u l t  is con:i~ tont i-sit s pm’o. ’.’ i o u s l v

d~ t~ i’m i ’ I i’:~ mJ ha l  F — l i f t; for  as - c so : ’b ic ac id  ‘li t  r o t s .

Ti -a  - e m s ]  t s  ci p c r i o d at e  dc- u r mm d ’ : I i’o.iOle u r i n e  Si - i t [ .m l  OS

( freca ‘ [ct ’s 2 , 9 , 111 , and 23 i-re r eport ed ‘in Ti-h. i5~ 111.

it -u se i ’- ,-~ - . ;l H are  g ’ v et I  as t l te  p ercent -H e of r ad io a - : t i ’,’i t _:

i’ecO ’.’o.t ’c’! in the d i t . :e d onc -—f cn :- s ;t i i c - l y l e  p r e e l n i  bc to CC: :~‘ur cd

to I - c -  t o t a l  r a d i c o : t i ’,’ it y  of t Ime  u r i n e  sa mp b e.

A D Ef u E- SS c c l i - :  tm - u c hi r ouss- .m t o qu’ ~’~4t of day one r at  un - m e is

sO. . t: t i  j i m  F i g u r e  I I .  T hto  s t r ip  p c i - k  f r a c t i : :n s , m-: h i c tc  a r c - s a n

a f t e r  up~.il i- na tion of th e S t r i p  r a d i c ’n t , ‘ -‘ - - re pooled an d

d c c ; r m m t L - , i ;- i Lh pe r i od  .t e .  A n a l y s i s  for  r c t d i c . c m c t . i v i t y  of the

dc’ ‘I ~t ’ cm , ’ 1, ct s  is given in  T ab l e  I V .  A second D[~’ C-32

cn l : .; . r m t  c h m ’ u ’ : t s t m m  m a p !; I i  day one ra t  u r i n e  is  sh~ ;-.--n i n

F iq ’ rc ,  I H I .  Th e ps c i , d o s 1 g n ~t t u ’ d  as  pe a k 11 m- ais poc in d  Cu: J

tm’ i - H  c i i - i  Lh - ,r t ’ i u m ’ o ’ c. T i t us  d i  ri  b u t i o n  of s- c , dj o a c t i v i  ty

0: - s c - m m ’! tI c - p m - du c t ’ ;  is  - - :pom — I ci in  T ab le  I V .  f lE u iE— 32  c o l t : t t m n

c - h a:. ’ t m  S ‘ :~‘, s . 1 u ,’ of iL ,‘ t h r ee  r-. ’ 1 . ui ’ i wa s i m m a h e u s fly a

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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i:mc - . [ i ’ i s - ~ ‘h’ S I U I ’ t  I . G i ’, s J ’ lc c n t  I ( 5~~’t . ’5 t o O. m: . . ’i [ C

/ 5  o l .  c ; ’ i m )  0 ’ S  su ~~s - : i  -0 ‘j , , t )to ,’I ’ t’r -~,c, ’i~~t j ~~’: ot t  1.15:’ I’S 0’ i C - ms

c c m ; L a  m u  m l  l , c ’ c c - h m: c id . ; . Th e c -h i t ’  o :a : — , t t er u ;  ( t i q ; r e i ’ -, ’

I ’S,- - S m  11 . . . t u  i~ O[” S- ‘ i - t o  , Oi r .5,. t . ’ 01 His ;‘.‘ccu , a ‘. Co m t - m O a t . ! :

The i m c ’ ; m !  0,1 ;“oa~. ( - br ’o c : i : ’r s :  I .~t ,.i C )  ~ ot; t t ’ ci- t ‘a ~~‘m. ’ i t m m  ~:,‘ ‘1e:L. m e .

f ,n o . l v s  I - n i-- i c. -~~’ j s ’ m t , - um . sss’o m , :t [  u .  o . h s c I s  t ’ m - ,- ’ t  h- ~ m i c - u t m ’i-i  i C : k

are i ’:s; - u ta c! i n  T IC ’] - :  J m ,’ 1 15’: m i - t I -  i t c H  ; m ~~~ i. ( l i - a c t i o n  9

tHct~~” i -n; s-ai s cL~ u ’c t cIcI w i t h  oor ic :dote  i-sm .!  r a c uj o a c t  c .

i - f  the  tn’o’,1 ,:cts is ai’ccn in  T aL ’le I V .  A f i n a l

D EAP - CO cob m s , c t a  chu ’ c : rm , . t - o g m ’ u a [ i  of li -my tu~ un n’s ( F i o u r & ~ ‘.‘)

r en a l ’.’ ::; s ix  p a r k s  of r a c i i o a c t i v  i t ’,- . The neu t r a l  pc i -I , .

( the s- r at :  a c i d  1- l i - k , pec k I ( f t u c t i  n n ~ 2 1 - d C ) ,  and  p a c k  I I

were cal ad n-eps. r -: b c - b y  a m m ’ J 1u tn  Ic a t e  dc~ r n d e J .  The an r u l y s  is

of the do:~s- i-dec! p r o d u c t s  from the S e peaks is g i v e n  in  T a b l e  V

_ _ _ _  -- - -- —.--, - ~~~
—

~~~~
--

~~~~~~--_- - -—- ~~~~-._- —._--. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ -.-- ~~~~~~~~~~
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pI kT I I I

Ifl ’I ,O - I I ’ tI ’’ ‘5 ’ ‘11’ ‘d ’ H ’  1,311’s

- IC Ti IT l’T ; ’ IVC’ 1’

.-‘.n c -e i c -mn s ta r - b ‘I -c ~oct s be t I e  1 i-hi - i  i l l ’ : Of  ‘ mc r a t

‘ i - I C  0 :5 5 : es m t c m ,, i n  — L O C O S ” i ’ t i ’ .’ C 5- t - , ; - , I~ ’ — - , i t t m  tkc-

Lut t ’.— r . ’et : ’, ,‘-au ,’ l i - S t i t u i s  SO Lerr . s a .r ch .  L u  c - - n i h -.’ of

5:-n F r . n c i  t e c - .  [x[’s:m ’i i ;  -on m i - l  re co l to fror - :  m acs i - n y u  are

p:. r t i c t :b s . r i ;  ‘i5 1  b ar t a st i  t n t  io- ;c a t i scs the y  can Los a;. Lt ’apo i a ta d

to :son . T Ic -a ; m s i - u :  h i c i- c d  r im -c s - al l’e: ’ t C m i t  or pi’ la , a Has ha -s

h- c - en s I , s s - r i ;  to be a n a l o g o u s  to man ’ s requ I i ’cnme nt ( i

P r i :s a t e  aoscou ’.’i-: a c i d  inc - t i - ho ] i s ; su a 1i- pc~ ”s to be si i l  ar

to th e m: ;et ~i h . -:- ] s-t m of rn - s n .  Oath - c - m i  hey - and arm h u e  been

fi en d to m i m i - i  n t o i  is a poo t OF a scor t m a to and t u e to “over  ti’ s-c-

far  a scor b ic  i- c - i ’d in b oth  Sp u 5 c ic: is sitn i l am ’ .

C:’ n a r ’ m ’ t ~~’ s m’H ~‘r : . : c [ ; m s ” - :  A 3 k p .  rm ac a qu e  “ key i-r i-s

g iv on  i . v .  G 5 . 3  ; t C u n i e s , 25 :‘g .  c-f c - scc u m’h ic - C-~~ C ac id  and

the t’ - .’e t m t y -  r ec t i ’ b ou t -  i - r i s c ’ s  i-uere c c - I  Ic c -t ed • asos y . . 1 for

rod i O - . : Ct l ’ - .-’l t a  and f t - neon . The m m - - e n k c u  i-ia S fcc! a c t o m t m m o r c i i - l

r i-or Ct ‘y choi ’i d i e t ,  ad 1 i b cu l t  i s_c s u p p l i e d  about  300 mug . of

asr, or hIC c i - c l ’,! par day .  T w o—th im - d s  of each u r i n e  m i - s  sh ip ped

f r ee a m - i n  dr ic e  fm - m o m L ct ; .c -m ’: ms n - n Ar my In s t  i Lute  of Re searcl ì

Ic -  th o Un I ~‘ r’~i by of C olor -c o in , [loub u [ ’ ar l ab or a i  on and stored

in a deep fu ic,s:e u r t i  1 i - l l i - u l V c - j  s was made. The c i t - i  n c- s m-ierc ’

i t s sa~’ e’i let’ c w ’ I m a n — . b i  t-acl li - ac t ivI ty it i m bios  t m : . .’- m m t y — f n u r

ho u r ezcr ~’ t i - ’ot’ ; of c a m - H u t - - i l  msc - t ’c d e l  ~‘ r i - m i t u u s d .

L. 1 _______ ___________
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r~5 -~c-~ a t  e h I - r i - m I ’ s  I j c t f l  of Hi- I a !‘r’i n -’n : ki - .‘ i- to cinh t mmml

sa’ -~’u b a s of um’i mc - s ’ s p ae;i - sr c -cl  f o -  por’! c . -‘ m t e  d ri- - . ’c- ’ [i - 1 o m m  as

d e sc a i t o d  in  p a t  I I .  The si- s p I e s  ccci: d c- q t ’- c dod i : i t Im  ; ;a ’ io da

as des:cr i is ~ i i i i  r im ”t  I .  5 ’o ] le ’, i i , c ~ L E mm ’i , u i ’ n : t i C n  of pcm c-ie :c

dec t i’a:’ ::ic, n and cu l  l i - c t_ i o n  of i - c a l m s - a d i o : t t d : ,  the s o l - u t ’ i o m t

to a to s ,i- i ‘,‘ a l o s s c -  of -~0I r, ml . c-c pH I C E .  A 510 :tl

a l i q u o b  c c ’ S i - i - m i n c e d  en d 51 m m m l .  of the di :-e[,o;e ~ol ,tic ’ t~

(d e s em - i b ’ a d  in  par t  1) c-e s a d — H I .  The d i m -  r , Io t ; e — for - sa ldaiu; d c -

p r e c i p i t a t e  was colIc- etc-c! and a ss eytad  fo r  t ’ a d i o u c t i ’.- i t y .

O AE -32 C’. : nn c r n - o s . t c~~coahy: A f i v e  m l .  i -b i quc - : of

day one sm o i hey u r i n e  was prepar ed by t i me m : ;~ ’tImc - d descr i be d  i n

pant  I i .  The u m’i ru -: s ar m ’pbe  was concen t r a ted to one nil . un d -r

a stre et - i  of n i t r o g e n  at  37°C. The one ni l , of sas cup le m i - S

layered on a De ;”,E— .~ colu m n (1 x 30 c-rn . I and t u e  r e s o l u t i o n

of i - s c - a c h e  to nic --tabul it a s was n uct d e u s i n g  t oe grad i c - n t ’s

descn i,~~d in part II. One ni b. aliquots of t h O  cob lc cHa -d

fri-c-ti ns i-cere assayed for radioactov ity i-in st the i-c -sta ining

e lu o n t s  were n eu t r a l  izc’d by t h e  i ’t~ th vd indicated i i i  part II

The DCI I pen fri-c 1, ia’s versus fraction c’;mbc -m’ wi -uS grit tihC d arm

s c m ; s i -bc ’  p ape r .

! J 2 cJc.u.rd lP IJ~ets~’.!:: TIme f r a c t i o n s  c-an t i- i m ai ng

r a d i c u c  L i  c i t y  pe aks were pooled i -nd trc at estl  as d e s c n i t m aci in

pa r t  I I .  ~4O 5:5 . of L - a s c o r -~- ic  i - c l !  wa s  added to the p ooled

pea l .  p r i or  to p-er lola t.e d e m ,~m ’ .a c! ml  i on  as ts le ” .cri  Le d in  par t I I
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~Tdd d L ~,~- :  A o u a p I t  of ~~~u . c t o t a l  c a m - L o t s - i - f  i--o r da ,’ ’ ,- . ’ , ’t u s

t i m - t c -  is SH ut i t S  F i n o s ’ -~- V I .  The H- ’ m i - n c r  t i e s  for  t i so

asco r Ls  i u -ô -  ~~~~~~ in the , c !d , m , \ ’  1, - S  20 cL i-’ c .

i - l O u — i t t ’  l u C  si - - r :m i , : s  ri - - - :  t : , s ’mmt b ’ - l ou r  u s t  col l t~c t to t :

of dan’s 1 , 6, 519, 39 , Cl , 43 , a t i m .~ C7 ‘~- :art c ’ drj ii - ded e’ i t h

p e r i c c r .n a .  ‘Ski ’ ‘c c’u~~c.~ c- of m - i - oV i ’~ ’j  i’adi -o : ’c m s i v i t y  in

the  I j i m C , m , ) t _ ,_ Le- r oum I - His -d c - p r o c - i  pi t a t e  to thi n -  sc ’ , ; :pl  a r i- S i  oa ct i  vl  by

is g i v e m a  in Table VI .

T !m~ DEAH-- 32 ccl i G , j f l  c i u r m .-st a ’ c- r a p h y  of d ay  one m O n l , C .~ un no

is g i v e n  in  F i g u r e  V I I .  The ne u t i - a l  peek (fractions 8—1 0), the

w eak acid pc-a k (fractions 14-21), the ascorbatc- sulfate peak

( (fractious 45-17), and a real ad strip pc i-k were dc-3rc51e with

periodat.o . Tie results of th e  degraded ~‘rc -d ’ sc t s  carhr u — l 4

anal ysis are reported in Table VII. 
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~
‘ ,‘ - 5’ ‘j— J \ , i

h’ I : ;0L t ”, ( ’ t
~~’ ’  I— i, : - m  ‘ a - I-- :

Os - b - u ’ 1 , - c- s s b - , , : , , - u - b L o t. m s y c ’ m :~~ -~~~ i t  c a t ’ l ’a i  i o t a

i- s c- n t 5 _ 1~~L 1 C~ 2 (,H :a
~ 5 5 i ; j l ,~~’ ~t i ’ J y ( m c  5 5 . 50  i-C

r: m !  ~~~~~ C s  s i ’ -  a ~
‘ t - t a t  0 cm ’s m- ’c- ’ak’ - n - c s - a - ’ ’ - - rnrol ‘ I , - ic - - :  m i  :; t m i -  -

1. 1 la
i - S ’.~ - t I ’ m c- ’ l- ’  C , eec~- u ” ste - l - C c,’sl o s u - , i - r l  sm : :c o s - a c - - 5 - C ,

r5 1 ’ :c i S imI5  c l - n :  f i c an i t a n s a - : m i t ~~ of b / -ca i~ ~1c-”~ L t i r ,s a t h  (I~~
;

:1 ~,
‘ c n c b i c - l -  C , i-~ c - i - : ’Li - , t ’~— l —  C s a l t c u t - a .  emma I  u : . cos - l - a—6— “ C

i’m u Sc -  ~~i’iO1 . V .  to h- c - mnu ’m h c  y e , m a  r i -d in: ’ ,. t i - c  cL rt m - ’-n d i c : : i d o

s H -a -He -a t  cd in  thr s ii ’ r s ’c -n  Hi . The feccss fm - - the  s t -cut kcc - h V S

co-s In I s and  ne r ~ 1 ig i hl e t’ad i -ca ct i  v i  ty (2 1) .  In  Lot m m . c - m ;  an d

i’; mc ; - mi ,cy s gi ~~’C ’ i I . ‘-‘ . a s c o r b I c  ~14 c the  u r i ne i s  th e i

e,’os ’c- t ’ i - n  p a t h  a r - i  c :n t a in ;  t h -  ; ; t sj c m r  O S C C m ’ b . - ’lO  a c - i d  ;m~c-t~~~ lj t c - s ,

P et ’iod ete  d m ’r r j ros .!a l i on  c f  rat a m n :h m onkey ‘h ale  i - r i f l e s

(Ta l l  La I I I  c - n - i  V i )  sho t 52-1 of the a s c o r b a t e  uri c- :, m . -

n ’c si -a! ’ol i tes cc -toi it the  p r im . - sry hydro xyl  gro up  at carbon 6.

T I e  55 ” n -ac - av ery of for t  t i - m i d c ’f~y~h c - _ b 4 c s sm - ~j gea~ S as c - or !m c s t c -  s ide

cha i r ,  nod i f i c - t m t l i - m u  for th e  i’ c m a i n i n q  15 . The r u o d i f i r d

S t m ’ . u a t  u r n s  of t I cs i - c c - o r !  - i t  ma m ci dc c - hi - c - i n  i - i -nr c - n t  bum

cbc ci ’ ’ -~, c’d fu - c - ,m ties d I ’o - u ’ c u ( b a t i o n  p rodu ct  analysis u s e l  w i t h

pc - r i ( - , ’ a t e .  IC i’ j u a - , i , c - h e !s - - t c , : i , m L ( 55 of t m ; :  c-scum h -ito side

cha i n  sa r i  L a usa - i  ef fec  t ic-  m’- ’i~~ , i f  t_ c5’ mci dc ch :u i i i  s t r u c t u r e

i s  a li’)1 inn L o l a t ’ i ’,’ ’t , i ’ , ’ u m .  I t ’ i c m c l i t u ,’ i - d ill i - l i - u de grade

C 1 ies  or Us in  d c - r i  ‘,‘~i t I c’ ,~s, in  cm : - t t f l ’ s i m :’ Jh c-l i : - r t c;us cm t h e

—~~~~~~~~~~~~~~ -~~~~~~~ .‘ —-“ ‘ -- -  ~~~—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- .

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~ -
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U . ’ ’ . h - i t i u : ’i ’ : a t j ’ ~c~ ( C l ) ,  T m  t he  i-ec r t - ~u n o  c - ide  c t , ~in

hi -m e La mc c c l  m c - if ic d , s t l L ~~._ ‘ i - ’j t , i n i — H , cc r ed _ s d , p~ i ’i~.- l - m t - ta

u - s i t  n ob  dc- , c , i ic ’  i_ i t - - S I C  e l i - i n .  b ’ rus . m the  ml.stc ,  I ;  T i - sk i  ta: l i T

a n d  ~.‘I ~‘s S S ’ j l ’ i c -  c - : c i e - a - u t c  i , s i - t . c -h o l  bc - c  e- ,. i l l  l t m ~ lj Jc -

c - I  rcH i m ’: c ,s ’ cc - h i-u - u s  S or 6 or t e a l -  a l l  ne c- ’ s u l s m ,. ’ i t m t i i ,n

on cc -ri  e m -  S c-c 5 j t i I d~~: . a l l :- -, . 1- r n o , H t c  t t m  c l a cvc ,  t i e

asco rba t ’  s i d e  i - h i - i s a . fl,e s i d e -  c i s c u i n  c o a l d  i - c -  es :, .c c i i _ i ed.

Cart -c- n C could  fo r t ’  t Im e c - i - i ’ d  or’ c - l H i _ im~ ,~~ en i - a s s - c’ da-H ’,- c - T i v c m .

A l c c - , a c i i m i e  c - n d t i m ’Io l : n i v a u , i : c m e i u n  c o u l d  i-c

s t r ’u c bn m r’ cs I c~-:-J i fj c - i - s t i o n s  on t h e ’  ~ScO iH m i -tO 5 ide  c-h- H e i_ n a t

c u ll  n o ’. d e j  -e d ’ .- v - i t  h ~or’ ieJe t c .  Fui-thar h - m n a s l  . 1  a s ide

d u o  in mm cd i  Sicat ion : i n e l u d ~ r’ed,m at~-amn of  car  ‘ c — u  5. /mi 1 of

the: ’-e a - n c c - u ’! cu ta  s ide  i - r a i n  dor ’i ’,’ a t i n ’ c s  c o o l — j r e s u l t  i n  a:

re:c- ’.’ cm -y of fo t - ; - e i ld ch , ’ - .!c-~~ C u - t i n m : m .  t h e  rum in e s  c -r e  t r e a t rc !

w i t ’ s  pc-~’~r- I ’ s i e .

A 011,52-32 ce l l  u b u s e  co lumn  c- :as uso d to rec o t s c  s i x  : . sc -j or

r a d i o a c t i v e  pe eks fros t r a t  u r i n e  and four  ct -cjor r ,.- i i i : c t ’ i  .‘ m,s

a s c o m ’b i - t e  ,‘ol: s fm’c :a i i m l o m m k c - y  on rt s-  (F gures V arm s! VII).

T h e - ’ a m - c  c a l l e d  in  o rd er  of ci u t i o n :  neu t ra l  p e ak , c - s - c - k a c - i d

pe ak , p e a k  I , peak I I , a sc orha te  cub late 1 m-ck , ,c -nd st r i  p se c -k I .

The p e ak s  c - a t - c sep ra l  cC u s i n g  d i l u t e  sub f u r - i c  i — i d  g r a d i i - n t s

as dcscr 1 1 0 1  in  p ar - tc  I I  i-nd I I I .  I t  is  not b :t :o ;-m n wh ether

t hc m c- -c- pn ’c -Li - i’ r - p t ’ nS ’ r i t  S i m s - I l  C Ct O s m l j S t mi f l , l f l  or t i i x t s u m ’es of

l i -k - e l  ci [ t ’ c - m i - a c -  La h i t  , t i me  n ; mt ’mh ’ s r  , s k i  p-c and i i  - led resol v i  r ig

b’ m ’- - - - ,’ ’r of t h e  c o l u c r i  ss: , u l d  m n  :- ~ eo t  t h m : t  na t t y (if t hem c-re

___-  — ~~~~—~~~~~~~~~~ - --- ~~~~ 
-

~~~~~~
~-
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m s - . r c - , 5.- i ’ cc: ; , . -5 ~~~’

ICc m ’ n - m - o l ’ ,~ i m , ! ,  c f  f :~~i s a j e m ’  t ’a- .i ’j c’ c :c -a’i .’ u s  a : c n c ! m a L u  ; - c s - H~

fi’t;s,; ii , - s ’m s c k ’- ,’ a s ’ i ’ m e  c c — r H i c - b c,- s-c Ubs t h ~ m r~- : s i  t s  of l i - i t C H  ( 1 7 ) .

m m c i  ‘ - ‘ 5  1!) t i c - c r  sta n ’ -y t h a t  c i ; :  c c - j o ’  m’ s m .t i c u  c s i  i ’.’e

i - cC- j ’ h ’ S t O r : nakc ;  ‘, :‘ : ‘n m os-spi - - r - a t - s - J  H a — s m U -  u i - -i sa nsf i-

gi amu -: : n. . ‘ c - S c o Y ! , : i -~~ 5 os i-m c nt r l ’~~-c - ’  f- _ L td ( 1 7 ) .

T h i s  s- ’~~y, st c d  c f l  i t a t c - c t  i - s c - I , k-a L~c- St t ’ i u .. t : : ,. f or i - l i  t a r

m - t a j o i ’  i ,, m : t C i , c - l I  Sc:- . In t h i s  mc U s-c y on ly  f m : u r  ecj -c r ~~L : ’. i ’ c m i - - m r

~fl Ln’i iiC f r i - - s  ~~c u m ’ b i c - 6 ’~~~C a c - i -cl , see Fl - I - c u re  V U .  !‘ s, : k m c  I

cc- rH U , c - m ’ c -  cot c - :m ’m c - c., e nt .  A c - s u ’ c f U i  c-ta o s i c - a t i o n  of thc

(_- ,V t- c - re’ - t H a i  ci-~ d i t  i e sos  su q o a c t  an e x p l a m e t  l i - a r ; . At ( h a  t i c - m o

( of hIs I ” 1 i u L ~ s c a m  C , t b -c- b c - m u g  t an - sav er  t m u i e  o f ascorb ic  c - a i d

i i ;  t I m - a u ’ ; ank c d ’  -am :  n a b  ISiS’ O”,’ i m t . In K n i g h U :  CX~~c s Y - j i , 55flt , the

s- .”sL ,’ ase d si - s d Icc -n g i v e ’ s  a e - :c m ’b ic- l  -~~C ac id  only  s i x t y

day s pr ior  to ~1t a I .v .  a d e i i n i s t m - a t i o n  of a :coc bi c - G- 14 C.

The a ‘cc - Ot ’bj C  ac id  tu i’nov cm r t im e in  the l f l O l u 1tCV i s  tc- :enty

days . T b - i t; pci ’s -s i ts  on ly  t i r ao h i - b f—b i fes p r i o r  to the

a d s i t m i s t r a t i o n  oF t h i s an cor b i c - 6 - ’4 C. Peaks  I c-nd I I

ohc ’ :m ” .’ a s h by Fln i q t it are hel love: ! to be a r e s u l t  of

ascot  h - a t e - i  -14 C m s ; sc - t l m b i te c o n t a t m i  n ì a t i o n .  The c u r r e n t

sep - ar c- i on Ui -d i -~~t ,5, pc - c - k s  I s m -si I I  l o ’ ,e th e C—6 cat -ban

st . u m a r i e m c t i  i m m j as~:u 5 m u - k , a i c- s i de  c-h i- s i it m a x i d i - t j o n  and d e c a r b o x y l c - t i o n

in the s u n ken ’ .

1 baa ri-s t d id  m a t  sho~u t i n  mc 1 o:; s of pt ,ci , s I a m i d  I I .

Ti m e r a t  u r i n e  i - am ,  m c n a l l y  se! :u rd !. . J in t o  cie so,jor raa io:--:tive 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.
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i-m mcc , c i ! . - :s . t c -  p - I , :. l i - c - i ;  of t y~~i- ~~~~~ u- - .rc p501 H a i m - .! m C c - ’j i -- ’c i ~~u f  j
I i -  j- - - ’ i — ic - m , _ t , ~_ c - sn H a c m ~j I e d  i~~m i-cos t 11 . i i  a a m -  - c _ a i m ,  C c i  h- s

d’ .j , c , c : : u t i m ’ ;  H J , :i-tr ; is  s l : a , : : m  in  Ta t - l i - s  U ~m , l  U T a  g ’ m i t s - ’ - i l

o h : - a ,  ‘i:: , ‘m : m t S  c -c ’ i~~~ s- : m I a n y a , ’ m  a 1 Ha l a ; c i  ‘st , c r c - - Ha c m i  t i t eSe

~~~~~ fr ’  -t t ao  a t o  da :, s ~,o lo H s m ’ ; a r c  mH’ ; t um’e ~ of cs~ C

c - mad :-ccn k , t i e  ‘Cc’ - -‘u n -ed ‘~ c 1j ~~ -, aU- i by is  u i - H  s m a , m t j t c - t i . *,

-h U t  su c :sats : c - l - l , O m ’ c hU m m H - a t i m .m n  m I n t s  c u n t - H H - m ’ t i o

i l ab ’ . I C ’ S  l acaa : : c ’ L .

~‘t ~:’ dc-~ rc , I H t m u  of t i -a n e u t r a l  ~~ak (T i - sb ls-sc ‘ sa s h

F I gc: u on IV oH V) a t i c - l y ’ s -O m i c-s 695 of the radi o c- cti’;’ii , , as

f or ,; :ai ! ; l u I ’ s : c - -
1 “C , j i m a !  ica t i  r i g t hc - t  i : r uc im of the 

~
- - - sa ~ y

h y l s -c ’eyl e r — u s a  re: ‘cc- c- i-s on this c-sc- ct ‘i-bc - C-c c - er r ’

Th: s cc-i i - ca c t i ’ ;  I b y roco~’ cu ’v of oxa b  a to- C i s  i i-i ecU a’ a of

c-, u , m ; ’ ;t ;ur m ~ of Ct ,’ : i t , , m , m ; , -j s i i i  t h i s  pc - Ha .  C ‘ ‘pc -ri  n on  of a l e

e l- ,s H i - ru vol tt ,:a: f e s ’ a m c c - i rl i c ac id  wi c I t  t im e  run : , t t’c - i pa: I

arm t l m ~~ DE , ’, 1, —32 c -ol sen m l  ic ~ t m ’c- a s co rb i c  a c id  is  not  foun d

i i i  t b c -  , c - i n : m t c , 1  p c - c - k .  The ox a l a t e - 1 
~c- a m . u i c - cs ;  of q u a n t i t a t i v e

r ’id i oe ct  i V it , ’ m - :c-av c’ my H u t ’ s  mcu q m a m c  t several coms sUnnds in the

t i ’ - s ; l  r u b  pc - al .  5 i-15 s ide  c h a i n  i a o , ! i f i e d . The n emu -aca l p c - a l . ‘ s

I i a j  or c a: s mm p is s s -nuucsn t i -  a l ) L ) C a I ’ f~ cr-n t a  in  ar t ur ’: ed i fi cc! Si shc-

c h a i n .  T I u n s , e  tsi - .cj r r ccm . s m I ,:l c - s : l  -a t h u s - t m  r o u s t  he mo d i  d i ed on ths ’

em ’s-i 1, 1  l i-c t one  r i  rug .

T Imc -  u- mi - k  staid p - c - I ,  ( i t - u - nc TV c - i ; !  V)  m i-u S cLqradcd w i t h

p m ’ i C , t tIC . Tho fat c-l !nh- -- - h - ’- ’’~C rec t a - n v  u -ui - s 52 an d 5 6 -  of the

L t i - t a l  (i ’ i - ! m l t , ’ -;  U , u nc! v ) .  T h i ~ r a d i o a c t i v e  a n a ly : - i s  of o x a l a b e , 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 
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fc c- -: m m ’ S i - i -  s e r l s a t m u  d j i- :,1-’i c- sl id nm - I a ‘s ac - cm’ a ll of t:- c,r

n - c H i c - a c  : iv L ;  H ’ s -. , in tb ; : ~o l s (  C i t .  O t u l y  F ; . I C i - c c  of

t I ’  t a l c - i  c - - , ’! C - i ’ !  t i - i - S  U s i C i t s t i , , .:;: tI ~n-~ cm ‘j c- s~’n- .!c - tj o f l

pi~o: !cm c be .  i ! m , t  s tc nc  L u u ’ :5 of t !m n cc ‘-sm It in  t k u  IS

Cu ’ . L a l ieve - - ! H a c o t , l a c - u ,  O.:~- n- c - m! ’ to sic !- : c -ha i t  s- c -i i f i c a s i o n s ,

tar o;; -- , l i o b  l ; .c t cn e  u l a  d c - r i c a  c i z c t i c s ma o , a mid csc-ecs

as co u -h i c  i - c - i d .

P c - - ak  I fr i - s i t  the  rat m n no DERE - ,U col U - j O ( f i g - m e V , Ta t I  c-

Wi -S dca v-c-de cl c: ’ith pe r u — d a L e  and m e sa ’! ted in  a qu e n t  - b a t i v e

r ee c -v em ’c-’ oi f o nm , m . mc l c i ehydo _ 1 1 C. The a s c or h o t e  s ide  c u t a  i n  is

i n t a c t  and m r m c i i F i c c - t i o n s  are p r o b a b l y  on t h u r -  a sc o t  b at e

( encdi a l  b c - e t c - s a c -  r i n g .

Pedk II  ( r i g -u t - e s  i~ i c-nd V)  gi - ’ve  anomalous  n ’-esul  to

p~ r’loda t e  d j i’c -dc -d . Itt F i g~ m ’e I I I  , the day c - c -  u r i n e

r e s o l u t i o n  folio ’i - c -d c -m i t !  p c-n od — t o  d : ’ar:dc -t ion of p , .e L I I

re cov- a cd i1~ of the n o d i o c o t i v i t y  as f om ’ ; tm o ide lm y dc- 14 C

( T ab l e  I v ) .  The d c -v two u r i n e  se p a r a t i o n  alt _ i  l ’er~~o:!atc

t re at t - c - t r t  ( F i - ~’s r ; V . Tab le  V ) recov am-ed 7 l 2  of t a  r i - m d a o —

a c t i v i t y  as for ; ; :abcto hy de-~~ C. The reas on for t h i s

i m u c - a i r e i s t e n c y  is  not kno s- .a . Peak I I  is  kno t -rn to vary  in

shape c -nd si - i c -n I tud e mi nd pe rh aps  d i f f e r e n t  ascorha te r , sr t . i h ucu l I ( c - s

are pt -c - sent .

Th e etH p peak (Fi gure  I I  , Tuba l is I V )  was dc~ i ’~i c L-d u- .’i th

per i sH La a m : ’ !  c - e v e  as p r o d m u c t s ;  20 , f o t ’ u m u b dc- l t I

7 12 o x a b a t c - 11C , c -r id 95 for ;  ,it e- 14 C. The s t ri p pea l; cou ld
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a ctac - l  l~’ cu ; , I ~ i n - s - am a ci-; p c r m n - i s t : m m i  t i l l  c - O i :m , cc - I~ ,

S I m i S c  o Hm -a ‘i S  l i t t l e  m esS ’ !  cu l l  cmi a t  t h a  -a stas ,:c - .  T Ime 05- i-’ 1 n t e - 14 C

i- m m ; : I  U t ’ . - i, m a -  
14

C c- i~c- i m c - d i a a t l ’; ’c - o d an i-~~ccrL ,st a  ~i -t c- c l - a l i t

c, - i - c - t ’ : ’;cs m r -oec s .  D , s a l e t e  is a I n c - i  c - s e c  lc -t c -  s e t H - - m i  I t o

4’ . ,. - - - . .,. -u - - , ‘~ I — ’ ~~ \ , , . 2 “ 1 - I . , ’ .
I 1 u, : ~,. 

- m ,, ,,5i - ,, i -ri .- -. ‘, i b u t  mc floe ( SI  I ~ i i -  u i - u,, r i  a- .~ O~’,L

i t  r , u : c  co s a  f r - . ; u C ’ m c - I ) C ’ fl S 5 0 ’s - i  o .  m u l e  S’ -C C ’S ’,’ C m ’~ ’ 01

fm ’cn ;  p a ;  co d a -He  acc ;n - , m i, c- t ’u c  n or the u r i n e  Ci i- m a t  g m — ,’an

an - co u ’b i s ’  G- 14 C in d i c u t e s  bc -al  ca rbons  ~ an d  C of asco rbo ~ -c- }‘m -C V C

h ect ’ r , ; s i - ,h i :mud . Pen a l — u s  i - i - I l l  c leos - ’e ca r b or : I c-H 6 of

i - s c - c - n b a -La i-sc o x i - l a t e  o n l y  if an o.-k e t o a c i d  h i-u s t een for , : sd

or -Ibi  a sco t - Ic - a  cc - s i d — a  c h a i n .  The f o c u a t e _ l m C recovery

( could  :u:5le st  carbon 6 has b c - c - i c - c -xj d i z e d  to t i c -  a l d e I c- de .

The r i - s o l u t i o m s  of the nzrd i oe ct ’ i ’~’c a scom±a t e  pea!.s fros :

r;~t u r i n e  hg : col , s t n  c i ;m’ oss s atc gna b ’h y and i-~ c o r L ’s c - e  s ide  c -h aH n

an - s ly s i s  cf th osa p ar - c - k s su gges Is the c - sc orb a t t o  s ide  c-ha in

i S  t t i ü s ’m i  f t C — ~ m u m  so::; a of th u ,r n r c - t i -ha l  ‘r tes . Fr om th e  data i ii

Tables  1’! and V , severa l  a sc o rbcm te  s i d e  ch a l  e mcdi  f t c - a t  c - c c

can he p m - m t -- c-sod and t h e i r  deg rada t ion  with p e r i o d a t e  cc -n

be p r — H i — L c d :

_ _ _  ~~~~~~~~~~~~~~~~
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Ass -c-  m ’ s t ,~ 
C~ ~~

-, ~- m - . P r - m U l l - - , , m I : t ’i ma m a r - - , L ; m s t

-C I!m c-!!- 1’ 112C-N

ç’~t , .
I 

~-h. ,U 1~ ‘ CiS )

l4 .,~, ,-cl -c, - i - 5 c  II L0

~OOC-~~CUH

( ~ CIi : ’ , ! m ~~”~~~C - ’ !mH OH C - 14 C00

A l t hu ’ s . i q h  the l a s t  p eric- : la t e  degcc d ca ~c - :  ma h . c -e J uCt ,

g l v o x s . l c t c , has not been c o n c l u s i v e l y  do : ;or ’:st r et ed ,

pr c -l i -- i i r o n y  u - su nk h am s shoc’ m u i-s r adi  oac t iv e  p cmc i c- -,Isite degi -ashablo n

p n ’odc- .. t mu lch  is be l i eved  to be g l y o x a l a t e .  Gby ossa l i - u t c  can

be oP - L a hu e -h  fro’ , m the a sco r h at o  s ide  c h a i n  if  carbon 6 has

h i - c - r i  ca’: i H i — n J  to t ime  i - c l ]  t - u j t ! s  carl a -on 5 rc m m t , ’ i i u u i m ’uci i n t ac t . .

r -~. ~
‘ i .  I , l u  u - i l l  n~~I. c - b i - - i ’ve o~— hmy d roxya c ids  i - a u !  t i m i s  g l t ’o x a l u t o

is t~ ’ - a - t ’ ’ i n !  - I c  u ! , - ’ i - ’ c - t l m t i o n  p r o d u c t .

TI h: ’Y— 3 2 c -ui  umn s s -pc - r - a t io n  of t ime m i - i c c - quo i ;j i -’flki-5 ,-’ 

5: i-S ‘ ‘ u s  d i  scuss ’:d cut r - l  ic r .  Per le - l a te  de~ r c - d c - t i  on

of U ’  mmcm ; Ir a !  i tatau k ( [ i c - o re  V i i , T able  V I I )  g av e  a
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dl - c - cu’ s - - l i  :h : :d c_ ~C t ’c - ’C’ .- ’ / m ’ ; ’y .  T im e o t h e r  i - i c - H , ‘~~çmd I s: ’s Hu ~ tc,

Ill ’, j i l l - c a t s .  t b m ’ c -  S C - _ ;u ’!. c i - c-  s i - I - a

( — m i l l  U : , e c ! i f i c - H  c - i  , :i i c - r I o - l a t e  — m i l l  c b c - a ’,’c ~*e sh i n d c i ’ s

is: a . s : - t u s s;- 1 1 t H  j t l ’ S’. m l  O t m , j ’ !  H :  t I l l  n ot I t o h - t a  tL i -

ra -H sm c-, , : s i ’,’ c c ! e i l ’ ’ , , - ! - s t i u t ~ p m ’- s s - -, ,t .  TI’  i ; m C ’ ’ m I i - .:U- m ’ m ’ - O - : -, - u -y

of c c - r b . m , : - i - i  i u ; , ; i e c I m : : Ui- s e - a t m - i ~ m t i - i  i s  i-s : u ’s ’S L . t ’C -~~

‘

i- u t  1cc- st  h - -c- cc -n tc - c s ; , r ’,l s .

The u , ’~ - sk ac id  ok f mcs , u  t I u : r  S i c - L i - I :  , - c - ’ Sm i-i I ”- ,:

f~ t~i-j c- 1 dcl ~~~~~ ~C t ’ - aco v -c my (T o l l s ’  -.1 1) .  Tb . ’- r c - e ’;’icr y is

nob ‘u u a n t i t - s , t i v c -  i - i l —s i m u m ; -  i c - e s  t ic - u I t i m S -  soc -a k a c - i s ’  Imc.a s,, a l so

c o m l H : i i l s  o r a . \ t c m m - e  of ccs ;t: m - c u m c 5 s. T ao s a m s m t a i - l  ad s-sc -al ; i - cc - u

( pe aks  c c -c -t o -ta the ‘s.c . ’ nr  c-5~~O u ’b5t C - s c - s a c - a l  i t o .; c-f ‘i - ha  sc a m ! .  ~~~
‘ .

The ss ’ p em ’ i oJ o t -c  r e 5s - i  -Ls S - c - c -mi  to be ‘in u g r i - u m . . - t m t m - ,- ;  t i - i

pcr i c- H to d~. d u’ . d i - t i o l l S  O F ;  the  m :ho ’ l~ u m ~~m 1c .  T b — c - L : - eu ; ec -  of

p c - a las  I - c - tv . ! I I  in  t i c - s c -  l - c- ; bcy i n d i c - a t s a s  i c - ca o~’ the  C—C

cam - I - c - c  cue m a r r i a i O u ; : - !  c a r l  ide’ ~Il t h e s e  m: ; e t c - !  ol i s ty

T11e asc orb ato  ui  r a t - ,s p ’ne k  ‘ - -‘mi s tt’ cc: ted cm ’ t rm pc -r i  -:1- t a .

The r c - ’ m.’l L a f t - c - s - u  t h e  doçj - i - a d - a t- i on  of t h i s  ~m cm ’k j r j a c - t,e

the a c j .c - ’! . - t,a- sul  ic t na p e ak is riot a s i r ; - ~l o  cc ;: - ’- - s i - I .

Ti m ’ c x c - ’ ! — !  c’ - 1° C r cc- m ’-,’ mmy from d e - t r a d a t i  ta u i  t i m  -a i c u d u t t o

s the  p ’ r c t - m m c s n  of c - r i c - sm a u t ’ l - : ; ; ’ c -  ~ido ci: - ;  in  m s - t i - I - c l l i e

con ! a n i  nj an  a t _ l e t ‘.c- . c - i c -  ( T a b l e  V I I )  . T h i s .  cm : ’ , ’ s l  a~~

r u c r . - a s  :‘ j~ uic , c - lo ; , - u s  to ! c u ’ i o m l ’~ d r c ; r c : - k t k i u r m  of the

sl_ r ’ i ;  i ’ ’ - : !: f r ’ s ; ’  th~’ ‘ m l .

T i m e ~m i ,r 1i ’  po - c- 5 C r - ,, i  ( i t ,- c - ta m - !  ‘‘ a- u n i t s - :  ,i’c m u ’i - ,bc - t c- S

-

~~~~~~~ 
‘ —
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(T I - h r V I H s . u - dc - ic - h  i r , . i c c ’ L e s  t i e  c - : u s - t - : , L - -

s i c - , c - k . ,  I am i s  c ola  s oul 1 f l - s - i .

ih: r e ~. ‘ I-a ( l c ’ m s , ’,- a c - m i O u : e  (
~ P L i m e  D[,c , l - . 3? c - O l m : t

i t s  I i cc - a ( mc -  :ca ,e cc- I - c -  i - i - c c - u - i c - I c -  !, 5 C l c : 5 c - i i i s a .-:5 C O f l t c; ’ f l  s i c - s

c - b a s i s  ‘- ‘cc I T ’ I c : H  :5 : : - . ‘IUI  ar e  t ’ aS , a r c h  c - ’ ”sd a .  t i c -

mac - IL -i: . TI , : e, - , a l ; s L a - ~~ C i’ C 5- . , C r J  :;u ic s ’ , - c s  b lot  c - ta

c - c - c - o 5 - i - c - - c -  s i c - c ;  c - ! : c - l t a  I :  a c t t ’ - l o ’ ! i c  p - -ic -H of c - sscom LH e

nsa ac - I -c - i  sn .  Thi - m c t s a c - c t u r e s  of the  oua 3 om’ dS c L -r lacs  -c- c -c t i - t C i i  c-sc -S

h t - .’ -a not been c -h o c i d a t H .

The di- (-a rc - .t per i c - d a t e  d e g r a d a t i o n s  of ‘,‘; h o h e  u m ’ i c ies  i - m i d

D c-,tH ’-c2 c- oh cc - mn mc -- a o l c-ed P c - i i. S s 1mg~ es’s th e i-imc corbot’c- sic- c-

c-ha fl is  cs - st sv- s 1 , - s i c  nc -i- l i f ic-d du r - i c -~ c - i - t a l c - l i s t. I t  cor ’ uo t  be

det e ’ - - ’ I t s - td  F t c - s  p a r ’i o u tm at e  d c ” ” c - m ! s - t i o n  da t a  a “ i- nrm i f  the

asco ni ot o s ide cha in  is in  pant  r educed  as wel l  as ox i c - i c - c - H.

A t - c-c - -’n t ,  s’l~m -H-’ c- f c - s corb a tc - -  u r i n a r y  n :e t c -b o l i  las’s fr c- : m a

m c - a m ! - - y  c - i c - e n  i .v .  aa corb i c - 6- ’ 3H has provi d- i -d H - a t - c w h i c h

i rudici -~is0~ t ! ’mc - et ,c nm’h :it e sc - d c  c - h i - m n  c - s  o x m d i : e d  H u m - i t - c -

ci- sc - i: ” ! iso ( 2 3 ) .  ‘hi- , r l abe l  i m m u i  e> : p -a u ’ m e r l~- ( ; m s a c e q r i i - ;  c m u a r m l , m t y  i . v .

2 13  ~, C j .  50 c - c - .  sco ” ic - ’ic-G )I { ) has shc;- ,-o t i m c - t  4 3 1  of the

t r i t i u , u  is  ex crc t i - d  as ~-so~ m r .  Tw en ty - fou r  hour  u r i n e  snm - ; ; c -Hn:

wore c - o i l  cc t ed  Cr oss t im - c - a ~r ut’hl  c -6- 3F1 i c -b c - i  c-H monkey .

Ti ; - - ; t r i t i i c - m  f ; e s - ,1 c - s ~l l 20 -c-os i , ; c i c ’ m r a c l  i n  a d d i t i e m u  to tb ’ ;

to ’ t i  u r i n e  ‘sa .c- . h c ’ - d l a i, c i !.y - s :  ( i a  c-~ c ’ , ’. H-c - m r m a~L c - l i t eC .

T In -  t ’ -, m t , s  -c-f 31i ?0 f o m - : s s s i t i e m i  is  e m i c m i v a 1 u m ~, to the r a t e  or
‘ 3cr ’ m ; i - u m ; i c  i - a c - o i l ~ u.s s -s c - ! . u L ; ul i  I c -  e x c r e t i o n .  T i me 11 20 usa: ,  s I a c ; , ’ m i

j
- - 

- -
~~~~~~~~ -~
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to t u e .  ‘ ,‘cm ’r i n  c.as - , ’ F i y  H :; ’ :. , c - sl U r -  i s  t h e  e - - ;m c S c - t t ’ F i ( m ’,’ ,a S” t ’ ia c:

fc c - e l  l e a  i - scc -’ rh I i -  - s c - i d .  ‘t h e  l a d y t- ,’c- H’r ’ t c r ; c - u s — e m ’  h is - m a ir a

the  m : - : m i l sc ~-- ‘ sc m:: 5 m 0 3 5 W - 1 ’I L ’s Icr St a tS  d i m e ,  I f  t i c -, d li , g

in  t I n  o. -: r s c - r i r : r - r u t  tam ti- cs i- V c - - i -  i n  - -v .- . c -H ’S ,

t h a n  I t’ 1 -, :Fm5 ’ : mi- I t m i  t i e - - ; , , H U :,~- ‘nr - .: -s am t o He H-i ’

- H c -u  hO c - h i - mi - i -  f ; i 1  t o  S ic - - c - .- : ; . ; e — . s r H c - ,s L, c-5 t - ,~ i-’;-,c -mH ,tl’ jmm.

Th i- d3 m - e c - s ’- ’cm ’ -’ of ~i hi’? c-nd t , : c r m t ”,’ d o , ’ s c - h f _ l i r e i s

hi :hly  e ’a smees t i  ;~a of aces - u I - to s i l o  c l m h i i a  o, -’ i s h i t i o n .

Ft - c-’ - ; t i c - i s  U i - t i -  , th e  C--Ie-cc ~y auc - : i ’bic ac id  cc -n bit

ci i l _ st  s i c - t e d  a: an i - sc ; t t ’h tm te c - r i  t i a r a  s .c - ta ! ’  s c - b e .  s e  l O S S  of

this tri ti un ‘- - u - - amId not occur i s  t h e  ac - cc - s c - ,;:’, s t O r m  c h a i n  ‘-cc - s

( be ing  tc ’Je :ed . Ho - - ev er ’ , t I m e  i-eta ci - ,nn mc-~ ci i c - i  s m c - t e  c a r b o n  5

and , -’cr - C s ’ :t e r i f i c i -, t i o r m  i- is p a s s i b t e i - m S c r ’r - ! . , . t C s i d s ’- c~:his

rne t cs h -’.’l l a o s .

f e n i c - dabe  rl m c - : m ’ c - U , i t j o s :  of t I c -  sc -i c - i c  “ mc- rc- i sc -~,~ ‘uri mse s

(Ti-s i’ie V T )  sil o ’,’,:; a sc - or b at  a s ide  c h a i n  o ; ’siuS: ’ t ’ is :n t am L.a

con st :n t  u-s i t Im t i n e .  Th i s  c - ot i s b c - n t  r a t e  of ,c - ; c - m m - s i - a  c s i c - .

c - b c - i n  os~idc - t Hs n m-c -~ be a r e s u l t  of the i i , ’ ta ! .C’, ’ S i n c - L ’ h i u t -- to

sy n t t ; - s i z e  a sc - : Hn c ac id  amid i t s  c-~~c~~i ’5c- te s t cr .’ pm ’ :ys~ ~~~~

P c t - i ; m s ! c - t e  dc :~r a d e t . i o n  of the cc- o l e  r at  u r i c - s  ( T h i l e  I I ! )

shams , : , i-’ S o r b e t e  s i d e  c - t i c - i n  o:- ; i d c u t i o r i  i r s c m - a a n - c- s w i t h  t l m m c - .

T !mi ~ i r l c - r ’ese  in utc conl’cu! e S i c - i- c -ha i t i o x i d a t i o n  c O u l d  bc

a i t  c - t i l t  of s~ i s l ! s ,’’~j s  of ~a a c. ’- i ’h i c  a c i d  I ,~ the r a t .

Pro ’ s - n t  U - t.ut mmi i  c.’c.e I t e m r~s I, a rm - ! cc-cal m y si~o um 1 ‘1 hav e a

- 
~~~~

‘ - ‘ a . . , 
~~~~~~~~~~~~~~~~~~ . ... .. ~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ci m -ml a I ’ S  a s - c - u i - I - i ’ :  i- r~ ~~c I pr’ i s’ss5r i l y 1 i - - c - : Hi in

t i . ’ i - h os ,-J c m - - a l  a l - . - s ’ ,g t c - u ; , ,, m ’ .- a r  ca:c - cm [ ’a ;- e a - a - a l. If this

ci ,~c- ’ucc t 1 me i- 5 c c ;  I - .- c- a c-sc’ -:’ ’! s ica s -by  ‘cxc , c - mc - -~cs u i - i  ( I t  t h e  i i.m, c - ,

tu s - .- - , c ; ’ sc cr ! ’ ’u t e  p ool the u’c te of i dol i r s ~ t i l -:- Sim -

I ;~ c- sc . : m m ’ . — to pc -oh s-i - i ;.h c-scarS: ic-C- C, ‘ -mac h d b c-c-

b-a- a s s ’  r’c- t cc- of c - a c c - u - h - c - t c -  d c - p h  a- b ’s m c -  1” ras:a ; t ic - ; a p a m al

In ti -c case oc t ic - m a t , t : i s  shea -a  ex c !a :ms t l i r : - s  pa - a - i  u s d 1 !

n o’: he Sc -HI t ’, . ad ~i i t h  ascorb i c -6- 14 C u n t i l  t i c - c -  s~ s the~ zed

as-ca r l - cu te h-a s i - C C f l  c c - t a l c - i ic - e d . The m - ac - e of i - a c - c - m e t — a t ’ s

C S i c - a  r I m : i ,a ox ’i ;h t ’i c- ’ ‘i--c- - m i d  c-~ -, 1 m~~~ u to in c re a se  m - ,’mH~r ( ‘u s- s c - .

P m’i-s u - to t ic - c -  I . v .  i c - i c - a l  dm a - n  of the u sc - -a a c’y;c- :1: , , ‘ ‘- i - i  c -h

a c i d , (l ie ’  macc -key f a s t e d  fo m t;-.- cl  -c s c - i - r s .

Thc -  s o n i a ”  a l so  f c c - c - c - c l  t u ,’cn t i- - f o u r  li - ac -ms p a - s t - l i - b c - i

T h i s  l u - c - e e c -cs ’s ’  i-i i i - -
, , - ;  t i c ’  labeled as -cor ’oi C i - Cl  to c r c - t o m  the

a c - c o n I c - t o  poo l ‘, : i t h  thc  l o n g  tus’ n o’ -’ m ; r t - : - ’m c - .  T h i s  lo rc- t

t u rn s ’. i - u’ ar ; c c - ’ L : : ml cr I - -aol i-t c - ; ’ ” c - e r ;  to be in  t u , sa  u -r d sc c- ct

c -c o - i - a t e  e j i m  c! m s in  c o n C u r ’  c - t i  on .  The c a - u r i c - t a  s ide  c h i - m u n

oxid’r ;’’ad d ai’ ivc - t ivc ’c- arc fee; p.! and nc -i c - c - c - S i  fro m t h i s  c- sc -c - i

t ’iiu : , lm :c- lo u - s l y  c-;’~c - i s , r m - ’ , a- m ’,’ i t ? t  t imc -  c i r c u l a t i ; g  p -.m c ’i .

The 55~
’ fo m - i s-c , l d,~m- m c - ’,ie~

1” 0, os’;c- l ike- NC , and  f c a m ’ ; : : s t e - 1 ’
~C

r c:n ’J ” u - i c - s f t - s - - a  l i -m i s d a t e  L ! ’ a ’J r a ( l i - t iOi l S , c - r d  t t t - :  r ecovery  of
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~I 1 ?0 fr mn t ! c  a m - c - e m ’ ! m i c - C - 3 11 s t u d y i m ” p ly th .c- t t h e  c -u . co rbc t t e

side c l - - s in is ~x i d i ; ’ c--i . ‘This  ( i c - t c -  can baa c is c -U t a - i s t m ’ m e c - : t

_________________ -. .~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~‘~~‘
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i s a - s i l l - s  mci.  - a te -  5 1 , 1 0  c ; - i r  - i - : e i ’ .’i -u t j ’ .’1s ’- u :hi  L u ; e  c - - s - ’- . s

fu cHs ’ cC m i t ’ i , m ’  i c- a- - . C - s  t h e  us - Co ’L ’ c-S. ts C- C . . . ;  ‘ a - - t m .  T l m c -  C~~~5 lb l e

S t : ’UC ’ . ; - , r i - E .  i u s - i ’ ; , d - :

— Cl

—C k -:”3-- :, ° d -  c-n —C l i . ’-k— ’ -

- 
Q

- C - - f o C I :  or - -C -c -u -3

t.’s~ i ’c -’ g~ c ’c - Chic ;  or n m i I m o ~ - c-s: d c - r i ’ .’” t i : a t i ’ c ’r c - c -  us - c  p o e s i l a l e  b , m t ,

sec-s l E S S  i l  ,~ i v  f t c-a ’ a r e t - a l- -al i a- sc - pc -u’Sp~aCt c -V ’S .

The data fum ’t m i - ’ “c- m i - a c t  th e  c - c c - o r - L i e  c -c - i d 0 —6 - cat - b c - s i

is  a c - b c - v e i l ’  n c - t i - i o i  Had I c-i a pro cess tha t  lo ses  iiydr ogc ’ . i t  is

a p p : m m a r t  t h a t  the c- c - t are of i-~ccu -L-c -te carbons 5 a’c -cl ,/om’ 6, (a’

pen cc -5 ” s e rd .:- cc - d a t  ion s , c i s c -  r- g e s in  ct -a a sco rb a t  Sm ri~ t a L i~ i Ic -

Thu 1 ii u i ted nc - c hue o f  d i f f e r e n t  types of h ’ icc ! ra : - i c c - l  r c c . c t i c - c ms

an-i ar m t I c -  b a a - i s  of b l u r c-:i~ a a h l o s i  the p o a t o l a t l e - u c -  of a

r cascu m c - s , kl e  i sm -a ta b o l ic  :-:tL’ i -nv . A s p e c u l a t i v e  ‘ ‘e t c -b c - i  ‘mc s a c r c ; ’; cm

for c - sc - i -H ate  c a t c b o i i s m n  is as f o l l o ’,c s :
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m c c , , c - , -~ ’ 1, mc -  i c - t sr - a c :, c i - c c - t c - c  of os -cm . , , c a t - c - i ,  s - m i s c -

c- ‘ -~. U . ’~~- ;-c - t l C.m % I i - ’ ~ ’5 y  s s O s ’-, - c - - m t , , - ; ’ ,’:- r i r ; ; - . t h t ’r , ’ : ” l i , - i ’ m r l ) i e  c - a  c - - c - c C.

c - I  p ..- :i c h c - i s -- .i I - . a - c - r u s s :- l i-a -“- :-: ‘i - i a s e  Ic- t h e  c - l i - a - is - c - i rs .

l i e  c - i d z ’ ’ .- Cm I~ e i t : - c r  a ;, :i ’ Hi --, s or ru - _ c . !  to c- al e i - i c - i d  or

c - i c - i - ci a -” ! .  The s t r a m c - t ’,: m - 1 ‘ u c - c - ; - ; ’~’ c-I :sc ’c-s’IH c - a - i  I c - m d

h o c - a c - c -i ou cc-f 05Cc - i c - i c  a - c - id in  L a s - a  b r o i m u  p r H  ti -s c - c - sc - s c - c - si - c - Lb s

c F a -m c - c a l  e t c - - m s  a C- :- . i-c- Hi vo u s mess for  thc - i - c r c :  S .c. Cc - s ic - am c - m a c - a n .

P c - u  c - I d  Sc - hi - mr s c - S  c y n t l c c - c - 1 7 0 d  t he  L-~ aa- ci : a,u’cc , ac c c - : ’ l: .ic a c i d  snc-

h as  pmal i mm ’ I m m , r’y a v i d , :  ‘ce , c - la c- ni h c o l a m s sn a m i d  H’s i n  hc .C -r a r

c - i r a - a t -c dr i - i im ’ , to suc m g ’as t  t h i s  C- .~ c - c - i d  dc- n y c - c - i  - - c- I ;  an

i-s c-ce-Li ’: a c - i d  i s i - - t c - b o b  I t o .  Tlc- -a r ev c ’m - s ih i  h i  Ly of the  f i  r u t  ste ; .

( in  this c-COpO5e-n CSn am u-hLI to mac t i -m Is! Ic pa t in . ’:ys is  n c-m t p r o v e n .

T Ic - : ‘lass of t m - i t  le s s d s e m ’ i u - ~ o x i d a t i o , c -  is  In c - - sc - . T ics  5 , - cc-j a m ’

in ac - c - a c -  f c -r  p , -o~c- os i m p  the  i - c - i c - i’s ib i  i i  ta’ ~f (i 5c - o x i d a t i o n  to

the a l d i - h , - - !e I S  h a  ac - - a l o qy  to cc- t ochol  meta l - : ‘ u d

The rc - :o v am -y  01 o s s c - 1 a t a -~~~C i n d i c -~ tes t ime o’- : id i - t io s i

oC tim-a o s c c - ’I- : t c-  ca rbon 5 is- j a p r o b a b l e  meta l  c- i i c- c ’ . Lo a n s I c-i-

s c m c - - s ’ c - st e d t ime ir s ; l ’ o r tance  of ca rbon  5 o x i d a t i o n  in  the

b i o s y n t l m a - :  is  of us c o m !  ic ac id  (20 ) .  The 5- - l .e t c- ,sc I d cc :ss poum i

C c - a i d  be ox ’i di , cc - ’ I  a t  t i me  C— C c c - r I - c - i c -  c -n d foi ,~m t ime ~— L e t o e c i d .

Tic s asco ’l , a L cc -  ic - c c - t a . c - I - I  d e r i v a t i v e  c o u l d  q i v c ’  o> , c - h i - t e  s -h i -n

-c-i w i t h  c -c - i - i c cli Ce . 1 lie c - sc -u r I c- to ket oi -t ci U cool U ha ’

m’ i - sai ly  d ccc -  md ’o s - s ’’ l  c -t ed an d f o r i ;m the 11 v1 ’ carbon a : m ’ m p o m m i a i s

by loss  of a c - u i  , I a m m J  11 f m’ s-c - si the t:Ld [-32

-
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cs ( : i i s i i - c - -:~ c t ’ ; ,: , ’ ass - ; : s i c - e  rc- S t !; : i m i c - m u t .”/ , r j m - , .

1 : i c s - : ’ .~~c - - - - ’, a a s - - c - i c - : - ;  of a-ca a o ’-sy c c - C a l - c - ’ ’ ! i Cc - s is

[ - m ’ s  “ a - ’ , S H ( - , m m c - m ’ ‘~ - m a t , ,  1 ~‘csau I L  a; i n  S i , i  a c - l ea i s .

I a  c c c :  cat s  a - -. - - a  ~‘~‘es ,-c - L l~ S i  t i e  l ’ i - :Sl ’ c -  of r- t s ~ s ‘ u - H i c - t~

a-H- ’ c - h  I c - s .  l i i  a c l - .! i C i - r u c c - u  tI’ : ’ i  s c - i - c m  1a i , i’ ;m cr c - s :. ,-mb: s tc -

c - a  5 c i i - ’ ’! a 
~

- -
‘

- t i - . a; 5 , ,c - n~’ l u , c - a ’ s  a- ’ : io i - i~~I n c - a c - m m  ‘ s m

h a s - I — c - c l  c - s c - t i  a - . m m : -  c - c - n be - m

ic - m a-c -  he :’ i mc - t~ m ’eS l o  C~ G a c - s-c - id I c-ed iCt ’ I  ‘ c - c - t i c - c :  of a sco m ’b :, La

1-0 , 5’ ! u “ ‘Ice  f i ’c~’: t ime  -c, h ’i i i  C;-’ nf t ic -cc -c f au st ‘ i c - nc - !  cp’c’,’ps

to c o a c h  c c - t h y  Ion-i  to p r o t e i n s  an d  p m m 1 y c - c - c - c h c - c - ’l~~~~.

T us - ::- : CO Vi - i  e n t l v  L s: mc - m si c- .s c - c c o r b a t e  f o s s - s a- i - c - l U  n c - m a c - i n  t i m e

c ’ i ; , , d i c - l  l i - - s t o n e m i s s ’s a r i d  m , ua - m ’ i n t c - i n  i t s  c-c ’ s c - L i - r h c-s a

ce s - l ; ’ct .  The n ; ’ l c - l - c - n ’ i t y  in  t i c - a m  s c O m . ’ ca - c-  S c - dC a - s c - i n  c -n d

c T , 5 c~i - ! m O h a s m I m ’ ’ c -  u s e t a s h au i i c - i - s, W i i ,h ~ Ot1Oc - : ’5 i i 1C c c - a -c - cc - s c l e ad  to

Iif l ’c -c - ’  c -l’ j e st l o i i S , ifl c - h ’ a d i u c - -~ ~~~~~~~~~ the cc - Cs ’ i a i ,-:’- h s  c - a d  ac - - c -,s m c-~

i -) ’ Cm clu ~ c- -cm d -s - -d ‘i s i a - m i l a r  cus s e s .
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[ mam m a - s ic - c -  of m acc - i cc  c’f i:- s ,c -c 1~~ of in s a le s of
Fo r s s - : m !cI- aum ,’ -c - i e C- .- ; c - h c - t u  Foi’ as ~i-,i t c -  . CII,

Y i e l d  a 1 3 .12 3.36 5.15 3. i,’ s c-
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Dj s , f i h c - c -~ a ac - c’S Is- : i ’ i c-m . : ’a-ti’;’i t ’  f r - ”a H- ’i c sdc , -.e ’ f l : a m  -c -: , s t i cas a  r~f
Ac - c a - i  s-i -as ‘1- - ’ C A’; ic -I , i’. mo m ’ ic -- i - C fec - i d , P-i - a c -  ia ’- a i - :s ’ :m i ’,:i c c- —

~ca c - m m , c - - i  c - sca -m ; ’i: : : tc--c-  -- ‘ C 1 ‘.1 1 Sc -t o

Recovery Eu ; ,,nm i c-l c i m ’d , .m ( i - - c - i  at e  C c - s c - s c - t o  CO 2

1 . 2 m C i  As- 6- 1” C c- C l 1. 018 0 .006 5 .000  0 ,0 ’ !
in  3.33 n sssm c i h cs Pet ~cc-flt* 96. ’! 0.61 2 .0- ’, 0.0 ’!

1 .2 a C i  A : 6 ~~ C c - Ci 1 .10-! 0.006 0 .06 2  0 .0 00
in  2 .5  m m i m i sm ’s l oo  i~; m ’c en t ’k 95 ’.l 0.53 0.2 1 0.20

2 . 5  c- C l  ,tc -~ 1-~~ C pCi 0 .00 1 1, 91 0 .005 0 .25 0
in 2 . 5  i S  L U i C S  I” c r m c c m m t *  0 .03 0 .2 4 11.9 - 5

2 . 5  p Ci - i - 1t ’C c - C t  0.00 ! 1 . 13  0.003 O .23~j i m 2 . 5  c - s o l e s  Pc naae r t* 0.0, ”! 82 . -i 0 .2 1 17.4

2 .5  c - C l  d A s - h - 1” C c , CI  0 .00 1 1 .~~3 0. 003 0 .Z’1 4
in 2 .5  i ,c :iohes P eu ~c ea t *  0.05 03 . 0 0 .14  10.0

10. p C i l1S~ 6 ” C SO5. c - C l  6 .79 0. 037 0 . 3 ’~ 0. 1106
in 2 . 5  a : c - sa uo lc p  P er c cum t* 9 0 .4  0.50 4 . 7  0.4
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C c - ’ 15 ‘si ,a c- c-c-i d i~ - f r , ’ i c - a ‘ It ,,- , -c - c - t i - i a - i  c-si c - s - - c-i ‘s f ’ r , sc - c - , c -e

P c - Hc - T  : T , L t 5 ;  h” “EU :25 jS / ’~c- 1A’7~’[c-~,”[’ s ’(

.‘L c - c - c - c - c - -c- -s sin ’s’ -
~ c- — ii o sc - -a- ,’c- by t ,c - l - c i  ,c- c-- i c- s”c- ’n- m ’

C c - c - ac -  s - a c - ,  -c - c - 5 C f l c - c - c - t~ fA s f i ’ ns  : i-c - , “- -c- s- c - 5 / S c - c - -- ‘ c - - i c - - s c -

c- ic - ic -c - to s a : ,c-r at o  c- Si c-a s c - i c -c- c - c - -c-i - c - c - c - c - c - - c -, a l - - c - s  c - - c - c - t h  S’c-c-i s’, c -i f i ’ - .S) .

:c - c - , c - , o r c - d io rc -s ’,ap h~ ‘,-iere Ic - c - c-c- i c - ado of ’ c - - ia  ‘c - I c - c - c - -s h-c - s c - c - ac - c - in c - c-

sec - t ion c - i ’, f ‘511  S C , : c- c-f c - - i c - i  c c - s u , i i m c - ’ I  t ic- c - c - c - c - s n t ’ , l i r c - u i c -f

sc ’s n t i l T h t s o n  Cc - Uc - t c - i ’. Rrc - ’ c - ns “ c- d c- Qf t c - c - e rad’ioac t iv i  S c - c -,’

- Jc r s :c - S  f’s- - s c - c - c - c - n  nc - c - sc - ic - c -_ i’ s”c - ’,- s c - _ a j H  aM ; - ‘ - - c - s s c - b i - c-c-- - c - o r r c - l  ,i C i O f l S ,

I
,

IH ’ i ocS s a c - c 1  1 5 i t r i u l ’ c -

~ a~c- i n c - I  5 ’ :  i c - _ a  0c- c - c -  “ I a  ic-’ c- TLC p i a t sss s - c - c - -c - c- sa d: ’

u s i n ~ a s p r s c - 5 c 2 , s s’ f’c -c -c -i ‘ ‘ - ) u i c - , , f j S _ i s i c - c - r i i ’ s s c - s c - t ’c- ’’ i n  E c - s u l a s s d .

Eu ic - a ‘ i c - i  c- c- sc-c - I’S fr ” - ’ :s S i - c - s c - a  Chr ‘ i c - a l  Co: - ’ - c - - ’i ’ - , ’ s-c- c- c- c - i xe -d

s- t i c - n  c - m -c - t ’ r’ i n  a ra t i o  of 1 : c- i,- ’,’ c-~
p ic - c - t  - T he i c - ; i x i s r c - c -

i-ac-i s teen c - c c - re d  i i i  c-c t i c - - s  c - i c - d c - , c-nd c - c r c - s d to a t m : :: ~c - nes s

c- c- sf 1 c - c - i s .  C c c - a r - t l j  c - j r ’ m ’, ) c - 1 ,’5 5 l  thc - c - ’  c - c - t i r e  s us -c -s~’- er 1c - ei Un-i

the Ls ihh l o s to S e c t i  cc- c- o’,s t. T a  p la tes  c-, ‘ri” a u ’  dii - ‘-ci

a “ i c - ’c - l  t e ic - r -c - c - ra ’  us - - , , and then c-s tored in an ‘c - v e i l  a t ”  fli c - C .

U - s i ’  ‘iCr ” c- Or t h i n  I c - c - c - s c ’  sc- l i  -,c - Ic - s ,~ c -s c - - c - ; r c - - c - l ’’ . S I - c- c- -c d sc - im i ’ c c - h  (1).

-s c - ì c - , c - t i ’ c - s s  ~ c- ‘ c- c ’ Lc- ’— i ~~5 - ‘ 2~ - Five c - s i .  of t ic -s d ’s ;- ’

~ u r i n e  ‘;ia s f i l  -red c - s c - n c - c - c - h ,.i h i a f l o  i :’ c-.r”- s ” c - c - c -  using
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-Ic -c - u . ”,. I .  s” n i c - c - ’ c - -’ s - - s c -  c - c -  a ‘ - - - - s c - el ‘ - c - s i : .  T h is  c - - c - ne s- c - i S S

b lc - ,-,- :c- ,,-c - ,- ;: c - c - 1 s:c - 1. at c- I C  u s ; c ’ c - ’ i ”c - c - s - ’ , : 2.  c - c - c - c -c-,. sc-

- c-; nc- n c- c - h ’ c-- c-, - c - I c -  c-i P c -c-c-U c - c - ,  c - s ic -  i c - c -  t i c - c - a  c - u i  c - i c - c - c -  fcc-

( I c - C - ‘ , ‘c - c - c - c -’, , )  ‘c - i c - c ‘c - s e n’cH ‘I - : ; ,  ic - c - ’ s ’ ’c - dianc - s

1) 73 s c - s i .  c - c - c - h  ~ . ‘hfli -i i- c- Sc-I , , i r , -,s O . C I 9  I’~ c-~~~

5~’~~~ .3 c - c - ’ , ca-c- i 5 . ” : ’ ,- c-c- H _ c - C O .  c - c - U st ’ i ’ ,ier

3) 30 i i .  st r ’~ c -c - c -c - :’ (‘3 .2 ‘i ’ , -’s_ , S5) . jic - 0. ’? 1 H,c- ?Cc - ’
j

F r s c  c - ions - c - si collect ad,  c c - a r t - c -f ‘-c-c-r l a c - l i : c - s c t  i - i it ’ ;

and i rn z , ” s c - .  A p - - ac - s c -  a- ic - c -  s c - a c - ’ of t ic -a c-c-s c-i i c - c - s c - c - i  v i  c - c - ’  (C- ‘ SI

‘ - ‘“ c - c - c - ,  f r a c t i ’ c- nc- st c- c-’ ( s ’ c - ” F i g c - c - c -’ sa 3 ) .

In order to s i c - c - c - i  ify tic- c TLC p lc - te d ata , t c - c -  f ’ ra- :t ’H’ins

( s -c - c - r n- d i- i ided ii;~ -~c --l rc-’ ips ,  c - c - i s  ~ Cic - iC ic - i c - c - a c - c - c - i’ p c - c - - a c -. as 1 n r c - c c - c -

( s e a  Taul e 1) .  [c - cU grc- un c - sc - - c- c - hac --~c-c , po c i sc - - i , ‘ sc - I m ’c - - c - c - ’,’ c - lc - c - S

to sc- c- s c - c - a l l  v o l c ’  -c .  c - I _a c- ma c - u -  - ‘-3 ‘c-a T ’.s r t : - c - c - s’ s’ e -c-i~ c-e the

vol uc - ’ c -  c - r , t i l  a r,c- r c - s c i ’ l c - a mc-c ’ L ’ s i c - c - fl far~c - i n ’~ . U’ . c - t c - s ’  - - - c - - s c- -c - - c -  Ic-i

to just  c l ea r  thc- , ‘ s o lu t i o n .

T ,ihle 1. D i v c - s i o n  of - “ a - c-l i  c - - a c t i ve  peak ~ into c-~’ c - c - c - s .

C c- c - , i c- S’” ,:cti on c c - c - S - C s ’S

1 6—11 )
2 1 1 — 1 3
3 1 6 — l U
-i 12-35

S nt  c- i ‘ c - -c - c - I  I E l c - c - tic - c - -sc- of TLC Cl “c- . c - c - ; : TLC p 1 ate ‘,‘ c - c - ss  C

- c - c-nd by -Ii ’  - ‘ l i - ;  v ’ s  , i c a l  l i n a c - s . 1k c- ic - c - u or bl ade

- c- c- “c- ‘c-
- - .. --.--c- c - - --’-- - -- - - .2, .c-/c- - -_, c- _ c - , - c- , , , , c - _, -. -~-c---i-~-’-’~~~~~~ . , .TIh-. .~-.. -- - -- -c-c-
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1 cc - c - c -. ac - c -c - a r t  acro ss c - l ie esc - ’ s i r e  p ia t e .  Spo c - c - t i ng  c - -c - as dosi

be t s - i -c - en  c - s c - a  ‘- ‘c rc- i c c - i  l~~c - - c - S , 1.5 C c - c - . f i ’ c ’c -  c-he hot-ic- .

Th - ,c-’ sac - sc - i a c--ic -S spot c - - c - si in c - c - ne c c - c - n t _ a c -, as - - i  s c - c - sc - d a rds  -- c - e r- c -

sc - c c - c - a d  on ei ther s u e  of t~c - i s .  Ti c - a p l c - t a  w as p l a c e d

ic - c -  2-30 c- i . c- c - f f r e s h l y  c - i - c -c-c- d s-c - i ’ i - c - msc -t (see Tac - l -c -  2)  a c - id

a l i o c - , e~ to d c - c - c --c- w i c - n i n  2 Cc - c - i . of t h c -  top ( 3 — 3  I c - o c -~~~s ) .

Tac- i~ 2. S o l v e n t  S1st,c-a - ,ss

S’,’st~ c- ’s 
________ _________________ 

R c - t ’ i O
______ Ch Ic - ’-’c-c- v i c - c - -c- c- sn

*Chlo rofo rss 1 :l,lc - t ha nol :;1~ te r :A c et ic  Ac id 6 3 : 5 c - ’ : 15 :2 C Ic- c - :,-c-,
A c e t i c  Acid :Sth a no l  :C e n z c n a  l O : C ’ O : c - V )  AE3

*A c e t o n e : c -~e c - s s ,ano l . r ., , a y c - z e n e . A c e t i _ a  A c - c - i d  5 : 2 2 : 2 0 : 5  c- c-,hiFU\

( *fl 15 t c - s s Q l  ‘A c ~ t i c  A c i d : C a s ’b o ’c- T, - c - s ’-a C h i O s ’ idc -  7 3 : 1 5 : 1 5  EAT

A c - c - c - i c  is- ’ c - i d : - c - c - c - s c - a n o l : C e n z e n e  l O : _ a O : 1 O  c - C -
n—P - c- c - c - c - c - c - nc - i c- ‘c - cc - t i c -  A -,: i d :C hi - c - rofa r :c - c - 70 : 3 1 :15  SAC

c--c - c- c- c -ne :flntha no l :Benzen e 10:5 51 :40 /c -c - I- IC

*P, cst  Systc - is i s

The plate was c - c ra v ed , and c - sc - c -  so iver c - t fs -o nt ic -s c - ar s d .

In order to v is ual i : -a  the s ’ c - n c - i a r’ds , but not thu sac - - c - p ie ,

thc - p l a t a  ‘ -ia -c- sprayed w i th  a 2’ iod i ne: s c - th a ’ s o l  sol ut ion

w c - i  l ’c covering the sample wi th  a she et of notc h-c - o k pa- c - c - e r .

[‘c - t a c - - i c - s c- record c- c- c- d, a f ter dvidinq tic- c- p l a t e  into c- ones for

Co ’ : n t i c - s q (see F iq ’ -urc- 4 ) .

L c - m s i d S c i n t ’ H - a t i o n C o c - m t i r c -~~: ‘~fter the p la tes

c- ic - a rc -  d iv ide - I  into zon c-- u , each sample zo ne c - ic - c -S sc r a c - - ed  of

c- , , - - - -
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‘c-se p l a t e  into a ‘c- lass court ing .‘ia l , c- nd i ’ ’ j v , c--j w itsc - “ 5  sa l . s c-
c - f  c-

count s - c - c - p so lu t ion.  T,- - c- s a i u t i o ns  c - a c - c -  s-ad . the f i rs t

co ns ist ’ i  s c - p of 200 -c - c - i c - .  n c - c - t h a I  c- ne, 10 gins . U’ .3 — 3 t- hc - s c - ,- l —

oxa :-c - - le (P P O ) ,  and sci s c - ti ila t i on grade dioxa -se to ac -~a

2 l i ters . Ti’se sc - c-co rc -d solution contained 3 c - c - c - c - S .  PP O ,

130 c-c - a c - . di c--se: ,syi POPOP , and sci c - c - r i i ia t i or s grade ta l c - sc - n e

to c-- c-aL e 2 liters . The di oxan sa solution had c-etc -er salvatio n

prop~~’t ies , but is sic-ore exp ens ive to use , and is cc-c-c-in-

oganic. Efficiency tests s’c-ere used to car- -act the data ,

so the solution used is not too important.

Data

For s i c - ’ap li ci c -y , all the daca is pres santc -c-d here ~n

the form of graphs. The ‘slats are of radioactivity

venus fraction (zone 
~~
). The position of stan— larsi s

i- c- sho~-~n by horizontal 1ic - c - es drawn over the zonas in

wh ich c- l i e_ a wer e found. A peak located over a st u”c- ic- i’ c - i

l ine is a corre lati ,c --n. It is s ups iested teat one remove

(care f ul 1’! ) the rj s ’ c - : c - hS , arc - -i s c - lace the sc -c - on a large tab le

so they can be r - ‘c - ranged s’ihen in t s rpr e t in cc -  this data .

The sa l  ‘.- nt SyStss” us c -- i is c - c -a r ke c -~ in the uppes ’ left  Ic-and

corner of each g r a p h , si t ing the abbreviat ions f a -i nd in

Ta ble 2. Th -i roup - c - - s c -  s c - c - c -c-’ is found uic - - l e rss c -a th the sol vent

system .

— c- -~~~~c-L~~~, _~~~,. 
- ‘— - -
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Figure 8.

( 
. 

~~~~~~~~~~~~~
. .

~~~~~~~~~~~~ 
. 

~~~11~~~~~

_
\.. \

. .L

. .

..‘, - - . . -  - -

~ ~~~~~~~~ 

_

~i:_



Fiqur~ ~~~.

(S - 

- .

1~
- -

- -

- . .- - - ‘- - - - ¶

- 
.1 -

— — - .~~~ - -- - . ~ __ .- - -~~ I

- 
-
~~

‘.



Figure 10. 
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Disc us ~ i~ n

~nr? are o n’.~iiher of I~ L~~~5t 1~~) nS  t uet  eb s es ts c’~u1d

s. e H y n c  n ,  th ~� f ir : ; t t e i n q  t r .  n j ~ b nc  o~ I I i~~ 1O~~~~~~~ j~~

ce: nc-unO s present  in ~h s  ~rinn . 
~:/ 100 k m -

~ a~ t hs four

gY. I P HS for - groups I- iV  w i th  C’ U-~ us a s c r i v e.n :; ( . nuns 5. C

12 and 1_I ) , one can s- -se a ~ni 5 -ri of s ix an~ a nuxis’~’

of n i n e .  Group I s on - -is one com pound at the or ic in , as - 1

ano sner ’ in none s 5 toro ign 9. G r o u p  II also  show s one

at th e o r i g i n , w h i c h  may be the  same as t o u n  in G r o u p  I .

Gro up II shows one in nones ~ and 3 , one in zo ne 10 , an~
one in zone 13. Group III shows 1 at the orHir~, and

1 in zones 3 through 7. The ln:tnr may K C Ove r ’1 ~p frosi

the second peak in group II . Fin~ 1y, -~ - -~‘io I] soc -is 1

co~un-ound ii zones 7 throunh 10. It is inte res~Hnn to note

tha: the compound in Grou p IV ~pnee red as a y ei1n -~i sp l o t c h

on the  TLC plate in th is ,  as wel l  as othe ’ syst eos .

Gslon this same analysis technique . the AHr dots

seems to show a ncinf ccsm of S a~d a rnaxiciu ;~ of 6 (sub —

st i t~ t ing one 0 the ocher systems for the one missing here

for group Ii ). The other systc -- s are rather sketchy ,

but seem to conf i r that there are hnt . -~ ‘n ~ and 10

co:i po unds. A s ment io ned u”fo rc , this dots is in-s — n c l u s i ’ .- : ,

hut 0 -O S put one in the right bal lpa rk.

The secend question posed i-ihen 1ookin ~ a~ t h is  d~ ta

concern s th~ prnn 5
~r.e of .SAn . ~!hen SAs is put on the :~ ~E-32

- -— .——- ——— ———
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sol f - s:e colum ’~. it H c-i j t’:cl in cnn v i c i n i  s ,’ of gre - 5 ‘I

T o - s data iare c5oi’ i s a cornl -st io ’  L -e t . - ieen a -n i ou c c iv e

bc p oH the SAs ; toni - s “J in the C- t cc .  inn :.)  I

(~ in~ ’e 5). The S~20 s -j st e~s ( F i - ~~re u’  :;no~I~ ~- adi - -

in that t ” O O  0 150 , so we c~ - n-: ~isccn f i r ~ it s  or’~Senc -

in Gr o~ p I. Tor su e Gn~ up I: J -c s c .  Her ’s an sin c o r r o l os ioc s

in the C ’b - J4 and f-~t2A (Figur n- ; 7 sod :. )  S ,~~ t é L S , u d  fl~~

d isconf i rmation in the BtT sys tn-s (E u: ; re 9’ . ~~~!
‘O O h  11

dat u sho is one co I’re1at~on in the c~H sy ten çFi g~re 1 2).

though a poor one , and ;esr O 1 S S A S  in the Ot i lC e  toree

systems (Figures 10 ,11, and 13). G roup IV data shows

corrol ations in the AflO and SAC systeus (Figures 13 arid IT).

bus a lso shows t i e  nic e disc on f i r~;ations in t he 0-s~E

end C~C~A s ’j c t es :  (Figures 14 OH 15 ).

On the basis of this d o t o. alone , one could SUO I , ~~

th ut SAs is pre s rss t  in G r - ~ps I and II. The fact t h a t

it co ne s out in Group II on t he column helps det - - s ine

tha 1 it is not present in Groups III and IV. However ,

it may be tha n there is, indeed , some over lap in Group I.

One should note again that th~ -s~ conc lus 1O~~~ S o-c ~nsc~5 -i hat .

sketch .- ’ . The lack of good H - h ~‘e I ~ C C  nounoed by

the pussib i l i ty  th o t  high ion co ncentrat ions in the ur ine

are int’s rfer I r ) - )  w i th  the rrss j l ts . T h i s  prohl im in U so l t

with in P.c~ t II (see pafle 26).

-5--— -- -- —-—- --— -5- ’  - - -  5- - —~~ - 5 - — —  ~ -~~-_ _._~~~~~,__-~ - -~~~~~~ 1 
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T o  1 eSt  bit of d i sc i ss i on  he re isI 11 concern the

nature of these cosn ounds -cn t ;e  sa si s of the i r ’ cer -e c a t o —

graphic o r:cis rs ies . One s-:-nuld ‘ecal ’  nbc these coc oa .c is

all came off a DEAE- 3. colu :n (a .- iee k bus e) -.‘iith a very

dilute SO, sol ution , and none came out in He voia

volume , so they are all we ak acids , or neut ra~ c o - a c u n d s .

This ‘-jo’sld be ex ce- cted if they are der ivat ives of ascor o ic

acid.

Specula tions  are more di fficult from the TLC data .

One must recall that silica gel is a power ful adsorbent ,

and tha t elution will take place largely due to the polarity

of the compound in question. rn g en e r a l  , it s e ems  t h a t

the more polar solvents (C~1WA , AMB , and PH) g a - 1o the

lai ger i .

~~ 

values. In addition , it seems tho t acetic ac id

was a necessary componen t in these syst-e- ’c to move any t hind .

On e could say, then , that these compounds are being adsorbed

quite strongly on the silica gel. This would als o be

expec ted if the compounds are As derivatives . It is

inte resting to note that these compounds all behaved

sim ilarly on the column and on the plates . This lends

addi tional support to the theory tha t these compounds are

all ascor bic acid derivatives.

Toe ques t ion as to wha t t hese de ri va ti ves are i s ncs r

imposs i ble to answer . On the bas i s of w here SAs and

- -_ ~_-. :: -~~ 
———-—-5—- -- - - -~~~~~~~~~~~ -~~~~~~~
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Ire el-sted on nun -sj l s’ n , one could -sax t hou Group III

and I ’ - compou nds s - -c stro n or acids t hen GAs and ee ker

acids thsn As- 2—SO~ . Ho -iov- r’ , cur concl scions are l i r i~ e’h

to that. A voriet y of den ivative s have boon - o d e  -
~ 3) , a s ’s

it is oni i a rsact H ti ‘-c before Hose unkno wn ; ar-s

eiu.5 i-J~

PART I I :  T . 0 t
I
~~~ N cNPnd1AT nhC3 pp~

A number of coic . sis were experir .nnts d wi tn before

a suitable one was found for our purpos es. Each one w i l l

be di scussed br i e C - ’ ie~e befo ’e continuing w i th  the

~~~- success fu l  one. The f i rs t  column tried W I S  an A G- i

res in in tr - ‘oHini carbonate form . It w -os t ncs- ~ht

that a str’-;nul y basic column would give a good separa tion.

Difficulties arose l I ~~~~5fl it was ~ nur ~d that ~s and SA n a re

unstable at the column pH (s 9 )  a J decompose before

‘lu tion can take place.

The second col usil tried was also an 13-I rosin ,

hut in the for: Iote f-nc . Forciate ~‘ias chosen because of

i ts ease of remov al . It was soon fou nd that al most 5 M

forwic acid was needed to push SAs off the column , so it

was decided to go to a weaker resin.

DEAE— 32 in the forniate form was the next try , but

did not sets to give good separations. Since this elut ion

- —  -~~ -~~ - —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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concen tr a t i ons  w e re  in the right range , a sucni u ;: Hr’mte

was tried , and foend to give good separ otions . The best

wore obtained ~-,hen the pH I-laS adj ssted to 3.5. e good

~haracus’ istic H a -- aol so b r  s t e  he r-c is that it ca n be

lyphol ‘ ‘ze s o f f  if des rod .

Methods and ~c :erials

Pr~oaration _ of the Col um n: The re sin was r - s ’eo red

accord s no to the i nstructi o:ss in the Mna tr:’ -~n p o :~ :’ l ec

‘Adv ancs—l Ion Exchange Cellu loses ’ using step 3 und er’

Equili o ration . .5 M ammon ium for — ate was used as a

huffer . It was degassed , an d th’:n po: red into a ~c X

i cm. column using a large glass tube as a pipette.

The rosin was rapidly pumped dc-.-~n , an d topped - -Fl  as

needed to keep the column ful l . It was the-n rinsed with

double disti ll :sd water to a const ant pH (-5).

i i l ibrat ion of the C o l u m n :  .5 H Osus iors i usc fo”mate ,

e- Ijusted to ph = 3.5 was used as a stripp er to remove

impuriti es from the column. 50 ml . was found suffic ient

in most cases. This was followed cy a i-cub Ic j5st~ ile d -, I t,OI

rinse until the pH was constant.

~~~~~~~~~~~~~~~~~~~~~ Ur i ne was :r~~ar~d b~- passin g

i t throu gh a d i a f l o  menrbran~ under 45 p.s.i. 1 ,. It was

then blo- -in down under more N 2 a t 37~’C to .5 nil .

- .5
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Pr eo~ration of the irine without C1 Ions: Urine

can be precared -,-iith most of the cr ions ‘es -ac e- I if

interference is encountered . The silver fomso t~ used

to acccHpl ish this can be prepared as fol l ows(4):

Nix silver nitrate to a 13 solution aid preci pitat e

it with 50 NaOH. Spin toe solu tion down , and ~-sash

the precipitate 1/1th water . Then dissolve the

precipitate in formic acid diluted to pH = 2.

Th i s s i lver forma te solu ti on can be use —i to precipit ate

Cl ions from toe urine after it has been filtered through

the diaflo membrane. A centrifuge is helpful to spin

down the cloudiness between subse quent add it ions of the

silver formate solution. Add the solution only as long

as cloudiness appears , s i nce extr a Ag+ ions  i n so lu ti on

are undesireable. The urine may then be blown down

at 37°C to 0.5 m l.

Runn in 9~~~e Column: The column was run a t a s peed of

0.5 ml ./min. Fractions were collected every five minutes.

The gradient was 200 ml . of degassed amm oniu n formate

f ro . - a conce ntr ation of 0 to 0.5 H at a constant pH = 3.5,

followed by 50 ml . of stripper (0.5 N amnioniur n formate

at p 1= 3.5) . The sample was appl i ed , and the  gradi Cot

beijun immediatel y The UV scanner was also turned on and

zeroed . It was sometimes necessary to increase the pusip

speed sli -jht ly near the end of the gradient to prevent

-- ~~~~
- - - - - -- ‘ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~ - -~~~~~~~~~~ O 1  ~~~~~~~~~~~~~~~ 
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the column from running dry .

Linuid S c intill a tio n Cou nt in o : The s-~ljt ions os~ d were the sa sc e

as thos e for the TLC pi anos (see pane 5). The dio,-:-~ne was again found

to be a much su perior solvent .  Solubi l ize~ was usual ly needed . and

1-3 Si . of Dr. Tolhei’t ’ s so lu silizer was s.fficien: . T he so lu tions  were

counted ~or ‘~ C and 3H , and e f f i c i e n c y  t e s t s  we- -c do ne to correc t the

s ata

Data

The data w i l l  aga in be p resen ted i n tne form -f 3 raphs , plott ing

DP~I versus fraction no- tsr . Pea - .s cha t have been identified will be

la beled as such. The f i rs t  r jn wa s done with 10 nil . of urine , and

did not ha ve the Cl ions r~-sovod . As , SAs , As -2-w31, an- s SAs-2-GO ,

were added as cold carriers (see table 3).

Table 3. Spikes added to the first run .

Substance Am ount Added____ Recovery Zones

As 0.25 og. 4-5

SAs 0.3 s q .  6-7
SAs-2-50 5 0.2 ag. 27-73

As-2-S01 2.0 mg . 35-36

The UV scan obtained showed a variety of absorbing compounds present

(see fi gure 13).

_ _ _ _  - - _ _ _ _  ___  
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F igure hi. WI Absc rbance frc:s run ‘~

Tn ~ sec ond run was done ;-i i th 5 ‘il . urine whic h was treated to ren ove

the Ci ” ions. This WaS spiked with 1 mcj. SAs . It was recovered in

zones 9-15 . The correlation in this run is quite soectacular (see Figures 19 and l~

fl—sfs-2-S04

~~SAs (present as an impurity

I n the SAs)

/ \--~~~~~~~~~~

)
I ~ I t  ~ $ 1 !  ~ i t  I ~ I I ~0 3 6 ~i 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 67 72

- Fr- se t i’~n N - 1 ’ - ihe r ’

F igure 19. UV ahsor hance for run ~ 2.
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Fi gure 27. Pun 1 granr .
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D i s c u s s i o n

Toere er~ C c- -Jo  f l i C  CO I ’ ’ C l C t S  c s S  b i ~- s’ PAt s,nt-e s 5 5 5

ra n iaac : iv ~: ~oa~ s .  -.s~~ic aud cos~s i - :e ’ - :D1 e s ; s s o - t  t o  t ’ s-sc-r i

Lila;: SAs is present in the urine as a .enahoi ite o A s .

In run nun -u-s r 1 t se S P I  ~~~~ was reco ve red in cones  6 end 7

(Fi~~ -~ 1-7 . Table 3) and a radio active poao w as f as i nc  in

zo nes 6 and ‘ (Fi — :ure 20) .  ~n run number 2 a spi k~a as re-

covore.: in zr-sos 9 t~rou-j h 15 (Figure 19), and a rJ ioac t i - j e

peak w a s found in cc - s e t  10 through 15 (Figure 21). So there

is undoubtedly a compound in urine that behaves chromato-

graphical ly li5-: e SAs.

I t  appea r s  tha t  each of the radioactive peaks that are

bel ieve -i to be SAs co mp r i ses about 9 of the total rad io ac t i v i t y ,

so it is present in a sicinif icant amount. It may be that

acre was present or ig inal ly ,  and that it deco m posed . On the

other hand , it is a lso possible that the 9 L ~ SAs is the deg—

,‘adation product of another metabol ite.

One say ask next: What does the lar-3 0 radioactive peak consist

of? It is lost l i ke ly  the major n~etabo l i tes of As , tho ugh

we cannot dis card the poss Ibi l i ty  t hat it may be decomposit ion

products of the maj or - se ta t i l i  tes . Acc o ’- i ing to the TLC data ,

it ray co-ss ist of to ~ different compounds. They almost

surely contain the As ri n - i , since they behave so similarly

____________ - -  — 
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no As on the col sn . T: - e re are a variety of der iva tives

- -ada t rat  coul d be cendi- :ates for tuis pea~- (3).

It is inc ~.res tinq n-sat s- se H’ scans of both rus t

(~ i - -~-. res lb s od 1~~) snawi a - ‘ a r - le ny of U’! ab so rb in g  - t o is pe u na s.

P~i s is to b -a c - c o n ne d . Onl y the l a r~-~ prote:ns have b een

f -u-u our sc ales , ar - i  the urine contains e vas’i ety

of bo si 1: iTt:a r~: t ‘at ,-:ould aosorb LII! 1 inhe.

Con ol us I s

It is d i fF ic j lt to siuke any solid conclusions bas- s i on

this evidence alone , h~t one can determine witn stron9 certainty

C that SAs is present as a urinary ;-etaboHte of As. There has

also bee n some light shed on the othe” radioactive mater ial

present. It is probab ly a group of metabo lites or d-s co is rosit ion

products exhibiting weak acid pro nerties. The chances are good

that the As ring is still intact , since ring brea kiown would

chance its chromatogr -ephic properties drastically. More studies ,

however , n-~ed to be conducted to answer these questions.

T ho r- s  are several experiments that could be done to

further elucidate the SAs problem . The first , which will he

done in the lab this fall , is to isolate the radi oa ctive SAs

from the -appropriate fractions , a ix  it with non-radioactive

SAs of good purity, and recryst:lli :e it to a const -sri t specific

act i /ity . This will show, -i ith great certainty , t h a t  SAs

—— - 
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~~ 1 cOki no -at. It :-s i 11 n-)t. nc- .-I’~v er  di sr ar-i

the co ns ib i l it y  t -~an SAs is only a u’oco- oooi t ien Or e-s-oct .

o~’ ethe~- .-n se u r i s no r na n t .

An exn~ r ’ 1ssent to -~ ss;onscra ta the ir’pcr~e’ice of SAt mo ld

be no isolate radio - active SAs from tOe li ver or brain of a

gui nea pig in ject ed w i t h  lane~ed As - T u i s  ;-,onld she - i that SAc

is o reso nt in the body , and not just as a u r i n a r y  setab-ol ite.

A t;sird ex ker i :s e nt ,  which mould s o w  SAs present in the

urine beyond any shadow of a doubt , would be to isolate enough

of it in a pure form to run an NMR or csass spectra on i t .

( This cay prot e dif f icult, though. as l a rco  a a unts are required ,

and st :dies are S t i L i  be ng (lone on a small scale bas ss .

In an/  case , fur tns r expe rimen tation in this area should

prove to be exciting and rewarding .
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