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q " ASCORBIC ACID CONTENT

OF HUMAXN ARTERIAL TISSUE®

C. C WILLIS, 3M.D and
S. FISHMAN, P12, Monireal

Froat THE TIME OF VircHow it has been con-
sidered by pathologists that the eariiest demon-
strable lesion in atherosclerosis js an alteration
of the ground solstance of the arerial in-
tima.* % ° This concept has been based upon the
finding of metachromasia of the ground sub-
stance and upon the faet that lipid is deposited
in the ground substance, Approaching the sub-
ject in o different way, we have shown that the
graund  substonce  disturbunce resulting  from
avenrbies acid AeBeiermer in the gninea-pig s

aceonpunied by artedal hesions momphologically’

bpical of atherosclerosis.' We have found that
ascorhic acvid given purenterally excrts a marked
inhithitory cffect upon te development of athero-
selorosiy indseed By chalesterol feeding in the
duinea-md.t .

The gronnd  stbstatiee depends on ascarhic
acid {or ity furmation” amd under conditions of
wveorbie acid depletion the ground  substance
T IR i E dd.-pul}'rllcri:'_‘ltiun." Berause of the
mfluenee of asevrlie acid upon athernselerosis
i the meineapig, it wus decided to determine
the wscorbic acid content of human arterics untler
varfots circtitstionees, and thuas sticdy the meta-
Ledlisin ol Givterial graningd substance.

“Marrpials anp MeTnoms

Asenthic acid wits measured i anterics from
the followine three groups of cases: (11 Cuases
af swidden death 120 Rautine hospita] antopsy
paterinld 130 Casms treated in hospatal with
ascorbiie acid for varions leneths of ving priot to
theath t

The arteros were removed as soon as possible
wter deathe Bt has abready been denonstrated
thust the doecrease in the ascorbic acikd content of
huna tissues is vere slivhe durdng ehe first 24
hours™ and this has been our experience also.
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After mrefully removing the adveptiba, pordos of
the arteries (lheypmn'nu] 4 o 5 an. of the descending
thoracic aorta iy the case of the agrta) were pliced o
tared heakets containing 4 measwed amount o 20%
soluticn o nuned arid (57 mela e ackl and
1577 trichloracetic acid) and weig The tizow was
then greund ta a pulp in 2 poreelain mortar and subs-
cient water wis adced to bring the concengubon of ackd
ta 35, Lsually abouy 5 gin. of tissue was ground with
5 ml of the mized acid and diluted 10 20 ml with
wiater. Alter thorpugh mising, the thin suspens
imnwediatels Slered or contrifuged. It was found that
the additian nf 2 few ml of peroxide-free ether to the
pulp during the grinding ensured a clearer Elizute. I the
citract was stil] clowdy after filtration, a further extracs
tion with ether usvally helped 1o clarify it. This treatment
with ciher does not interTers with the assay of ascorbic
acid as deveribed below,

The ascurhic acid was determined in the acid axtract
of the Hssue by the method described by Mindiin and
Buthr- for the determination in plasma Eltrates.

EIn this procedure 2 standardized  sodium  acetale-
buflered solution of dichlorophena! indophenol is added
to an aliqunt of the Blorate, and after 30 sevconds the
eviexs unbloached dye is determined in the Ewvelyn
erlomimeter. This excess ol dye 15 proportional to the
amount of ascorbic acid in the fitrate. The readings
were made againgt 3 hlank identical with the test solus
tivm in all respeels eacept for the absency of the dye,

Ouvasionaliy, the avid extroct of calcified arteries
virlded 3 precipitate of calcivm phosphate on the sddi.
tion of Hhe sodivm acvtate-di e solution. This pecessitated
a piclininan yomova] ol the calvium salis from the
flirate by peotradizotion with spdivm scetare.

The aworhic acvid enntent of the arteries is expressed
as owmiliigrams of wsenebic actd per 100 g, of fresh tissue,

FEStLTs

The results in the three groups are given in
Tables [ 11 and 11,

The values for ascorbie acid in the arteries
in Tuble 1 indicate the levels which may be
found in sudden death fram natural and vielent
causes. In comparison it will be noted that the
ascorhic acid content of arteries from patients
dving after various illnesses as shown in Table
I s for the most purt considerably lower. In
seven of the 20 cases in this group, no ascorbic
acid at ull was found in the arteries. In the older
age grangps the depletion tended to be particu-
larly marked, Two cases were studied in which
the artery was thrombosed {Nos. 31 and 34
There was 0o ascorbic acid in the arterial wall
in either instance.

Aseorbic acid depletion is often found in a
scgmental distribution in arteries. Thus, for ex-
ample, the intermal carotid artery usually has
a higher ascorbic acid content than the adjacent

- T earotid sinus. . :

The results in Table IT suggest that it is po
sible to replace the ascorbic acid deficiency of
arteries by ascorbic acid therapy prior to death.
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Dscussion

Signifconce of ascorbic acid depletion—The
atherosclerosis which develops in the guinea-pig
as a result of ascorbic acid depletion has all the
'characteristics of human atheroselerosis. The
lesions are morpholagically identical awithy those
of human atheroscleresis. The plasma cholesteral
levels of these animals are normal and there is
ng lipid deposit in  the reticulu-endnthrlial
system. Ascorbic acid deficieney is not wsuallv
eonsidered to exist in subjects with athero-
scictosis where nuftition seems goud. The re-
sultsin Table 111 indicate, however, that a gross
deficiency does in fact oxist in the arteries of
imany well-nourished autopsy subjects, except in
cases 13, 29, 36 where the patient was cachedtic.,

Recont hiochemien] studies show that radio-
achve acetale is incorpgrated into cholesteral
comsiderably mare rapidhy in tissues depleteqt of
ascirbic acid” The significance of this fact js
that the gorta can synthesize chalesterol™ and
Table 111 shows that severe degrees of arterial
nscorbic weid deficieney are cormmonly found.
These ulservations are all integrated in the find-
ing  that  wtherasclerasis rapidiv develops  in
tuinea-pigs rendend searbotic !

Flasima sluecoprolfeing,. — Another mnifestutinn
of the disturbanee of ground  suhstance m
atherosclerists  §s the apprarance  of  gluce-
pratein i the blosl" This relense of gliueo-
pratein is believed 10 result from the tepoly-
merizdlion of grovnd substunce and i o phie-
FUINCHE Seen in souny 3

MECILANIENT OF  ASe G Aot Depmeniox

The fact that it takes about 150 davs of a
scorbutic dict to indnce seuryy in man®s makes
it seem that the ascorbic acid debeicney nnted
o luman arteriey is ot due to maliatritinon, )
is knenvn that systemie stross, such as ffoecting 1
toxni™ or bums™ is aceompanicd by 2 crece
merease i the ascurbie aeid requirement. We
presume that the stress of the various fatul dis-
vases bisted in Table 1T accounts for much of
the ascosbic ueid deficieney found in the arteries
uml!‘t‘l'l'l(‘d

Localized) ascorbic aedd deficiency. ~ Superim-
posed upon the systemic stress, our studies in-
dicate the presence of a incal form of stress
peculiar to the atery. In 2 Previous paper'’
we reviewed the mechanieal factors in the patho-
grnesis of atheroselernsic which ecomprise this

.
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local stress, Very appreciable differences in
mechanical stress can bé demonstrated along
the major arteries, and the sites where st is
gTeatest cuincide with the localization of athero-
sclerstic plagues. A good example of the Jocali-
zation of atherosclerusis by mechanica] stress
oceurs in the carotid artery. Because of the dilat-
tion associated] with the earotid sinus and bifurea-
tion of the common carotid artery, this site is
highlv suseeptible to atherosclerosis, The im-
mediately adjacent intermnal carptid artery is only
rarely involved by atherosclerosis. Our results
sugzest that the local point of excess mechanical
stress m the carotid sinus is associated with a
relabive depletion of ascarbic acid in most in-
stances as compared with the adjacent internal
carotid artery.

Ascorbic acid therapy —Our preliminary work
on the efficacy of ascorbic acid therapy in fer-
minal cases sugpests that it is possible to restore
tlie ascorbic ueid content to porm! in the arterial
wall, ’

. Cowrrusions

1. A gross and olten complete deficiency of
msenrbic acid frequently exists in the arteriss of
apparentle swell.nourished hospityl autapsy sub-
jrets. OHd age sevms to aecentuate the deficienc

2. The ascorbic actd depletion is prohably nat
butritional, bot rather related to the stress of the
fata] ilness, )

3 A localized depletion often enists in Sef.
ments o arterics susceptible 10 atherosclerosis
for reasons of mechanical stress, Adjacent swg.
nwnts, where mechanical stress is Jess, tend to
hive a higher aseothic acid vontent apd athero-
s¢lerosis here is rare,

1. The significance of this nscorbic zgid deple-
tion lics ip the fact that seiny in puinep-pigs
roaults in the rapid onset of atheroscleraosis.
Fartliwnmare it hus bevn ropnrted thag the aprt.;
tin svithesize cholestera] and the incorpara-
tion of radioactive sectate into chalestersl in
tissuey iy said to be several times more rapid in
tissues depleted of ascorbic ucid,

S Ascorbic acid deficicncy in arteries with
resnlting ground substunce depolymerization mav
teconunt for the release of glucoprotein noted in
the blood of subjects with severe atherosclerosis,

6. Preliminary studies supgest that it is possihl.
to replenish the ascorbic acid in arteries
ascorbic acid therapy,
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Il existe souvent, chez des soiets apparemmnent b-rn
nourmis, wne  déficenor m..l.'lqu.nc-e TDOE e &Ju.h'
d'acide ascorbique dans les spevimens darbires prnn'n
a [automsie. [a vicillese semble accentuer oete de
frbcner  Cr mangie dacide awochique oo
memt assvkd au Sress de L demidre o phuoat
fqu'a une mauvaive  suttoo. Coplais
d'anérss quicls a lension mécanique et portds il
avtusenl une deficiemos Jocalisee: des seproenls ad jacenis,
Mais o L tension awicanique o moiadie,  pootrent
un taus daride ascorbique plus ébmé ot raremint des
signes datherome, Llimportance carence en ke
wwnthiqne Tiside dans le Fait goe b worbut chez e
vobave donne rapidenent peiscane 3 athénmckorose, T
4 de plus ¢ mapporté que fsorc pout synthctiser &
theleterol @ gque Fmclusion Jucitate radioacts] dans be
cholestérnl des binas wsl senste dtre ovmsiderabbeoent
plus rapisde dans les tiseus puuvTes eo acide ascorbigque
e dans les lissos pormauoc. s défickenee dacde
Hhﬂf‘?l(]llr' dans bex arteres, nmultunt oo L depobyis
risatiemn du chient  inter-celluluire, poeut &Hre canse
e o hlratum des ghocrnmieines observess daps W
Y des sujets ufflipes Futhirowidrose avamncr. e
irevana rprur.‘ilr wrabient indiquer quiil sont pouhie
de pedever fa teneur des artores en e ;uurhr‘m.- prar
Vadmiisirztion de cetie swbstunce. M.RD
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