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II. INTRODUCTION

Retrolental fibroplasis is & blinding disease of
prematurely-born human infants of low birth weight,
involving the retina of the eye. The disease, if it ecan
be called such, involves the abnormal vascularization
of the retine, with subsequent retinsl detachment and
thus, blindness, After detachment, the retina becomes a
fibrous mass behind the lens of the eye -~ thus the name,
retrolental fibroplasia.

This malady was unknown to ophthalmologists and
pathologlsts until 1941. In February of that year,

Dr. Theodeore J. Terry, an ophthalmcloglist and pathologist
of the Harvard ledic¢al School, found and reported the
first known case of retrolental fibroplasia in mediecal
history. BScon after br. Terry's discovery, nupmerous
cases came to the attention of the ophthalmologlsts in
the Boston area and in adjacent areas. Dr. Terry alone
had 117 cases of retrolental fibroplasia 1n 1941.

The dlsease seemed to become relatively widespresad
within a short period of time. A very peculiar aspect
of the problem was the fact that infants born in the
larger and better-equipped medical centers of the country
were the ones mest frequently afflicted. lNot only were
the prematurely-born infants given the best of medical
care, but their mothers had received excellent prenatal

care.



Investigations to determine the cause of retrelental
fibroplasie were &t flrst directed tvowerd possible
nutritional deficiencies in the mother which could
cause blindness in her infant. Hone of the lnvestigators
were able to demonstrate that maternal nubritional
deficiencies were a causlitive fsctor.

In 1947 and 1948 several guiet investigatlons were
undertaken to determine whether or not high oxygen
concentrations aduinistered to prematurely-born infants
could be a factor ia causing this bllnding disease.
me results of these investigations seemed to show that
it was definitely a factor, but few ophthalmologlisits and
other ilnvestigators were ready to accept such £indings.
It was becoming evident that more controlled studies were
needed and the number of infants used should be greaily
increased.

In 1952, Dr. Everett Kinsey was instrumental in
forming the Co-Operative Btudy of Environmental Oxygen
and Retrolental Fibroplasia. This study was begun in
1953, with 18 hospitals participating in the study, amd
almost 800 infents being used in the investigation. The
hospitals were divided lanto two groups: one group was to
administer the routine high oxygen concentration to the
premature infants of low birth welght, while the seecond
group was to administer oxygen only when absolutely



necessary to save the life of the iafant, and then in
concentrations not to exceed 407,

&% the end of this study, 1% was determined that
approximately B5% of the infants recelving high oxygen
econcentrations had sufifered blindness as a result of
retrolental fibroplasia. Only 7% of the infants on
restricted oxygen therapy developed the disesase.

Ihe disease has been practically eliminated in
those hospitals which greatly curb the use of oxygen
for prematurely-born infants of low birth welght. Rare
cases have been reported in infants who received no
OZFEEel,.

Even though it hes been shown that oxygen is the
major cause of revrolenial fibroplasia, the mechanism of
its action in this malady is not understood. Furtherucre,
wmany of the investigetions concerning it have been
carried out from the stendpoint of maternsl factors,
other than factors which may exist oniy ian the newbern
infant.

It is the object of this investigation %o expose
newhorn experimentel anilmals te high oxygen concentrations
and observe the metabolic effeets. It is hoped that the
findings will give sone evidence as to the mode of action
of high oxygen concentrations on certain tissues and
actabolites, and the way in which this =sction may be a
cause of retrolental fibroplasia.



I1I. RINVIEG GF THE LITERATURE
Etiology and Pathogenesis of Retrolental Fibroplasia

Terry (1) in 1942 wirote the first deseriptions of
retrolen&al fibroplasia es an entity., He also gave the
disease 1ts napme and was the first to polnt out the
etiologic factor of prematurlty. However, it was Terry's
belief, alfter hils early observations of infants with the
disease, that the fibrous mass behind the lens of the
eye was the remains of the embryonic hysloid artery
which had become thickened and fibrous (2)., He was of
the opinion that this disease entity consisted of primery
and secondary changes related to 1) the persistence and
overgrowth of the hyalold artery system, £2) growth of
embryoni¢ conneetive tissue behind the lens of the eye,
3) persistence of overgrowth of fibrila structures of
vitreous {(3).

As late as 1946, it was considered that none of
the various classes of etiologles could be excluded.
These included heredity, couses operating before birth,
those arising from premature separétiun from maternal
hormones, the precoclous functioning of such systems es
the respiratory, digestive and cardio~vascular, the
"heat regulating center," and those arising thwough the

precocious exposure to light (4), (5).



Owens ard Cwens (8) first described the elinical
pathogenesis of the discase. They reported that in the
first stage of the disease the blood vessels of the
retina swell to three or four tines normal thickness and
twist into tortucus haoirpin curves. This is followed by
an abnormal proliferatlion of the capillarles, & swelling
and detachment of the retina, and finally & elecatricial
stage ch&racﬁerigeﬁ by the detached retina Lorming lnte
& disorganized mass behind the lens. This process aay be
very violent and rapid, or-1t may be slow and smoldering
'an& may stop et any stage.

Patz (7), Priedenwald (8), Krause (9) and Heath (10)
have all added to these observations as well as confirmed
then.

Huggert (11) conbtributed significantly to the under-
standing and knnﬁledge of the maturation of the vascular
| systen of ine human eye. He found that infants born
welghing less than £,000 gm. a8t birth had embryonal
vascular struetures and vitreous clouding waich disappeared
in two to three weeks. It 1s very significant to note
that he found infants born welghing less than 1,601 gun.
not only had these embryonsl vessels, but Irequently had
thread~like retinal vessels in the first weeks after birth.
These retinal vessels grew in size to normal within five

¢o seven weeks ln the swaller, and within two to three



weeks lu the larger infants. Hall of these infants
with early vitreous clowding and thread~-iike retinal
vessels later had dilated vessels, ususlly followed by
peripheral retinal clouding, edema, or la some instances,
detachnent and neoplasia. The other helf of this group
of premature infants showed normal ccular develepment.
iwo of the smaller infants developed eicatricial
retrolental flbroplasia, but the remeinder of the 130
infants seemed to have normel eyes. Huggert has shown,
then, that growth andé development of the retinal Dbiood
vesséls progresses according o an orderly preset pattiern,
wore closely related to welght than to aze after birta (11).

It becomes gpparent from this lavestigoetion that
retrolental Tlbroplasia arises during & definite stage
of ocular development. The typleal welight of a human
Infant at the onset of retrolentel Tibroplosiag is 1,800
to 2,200 gm. (12).

| Thus, investigatlons vere directed to finding factors

which disturb thils orxderly process of development of the
retinal vascular system and lead to retrolental fibroplasia
through abnormal capillawy prolilleratlen.

Kinsey and Zacharias (13) were one of the first groups
to call attention to the frequency of use and duration of

exposure to oxygen &s & possible causitive factor.



In 1948, Patz and Hoeck (14) undertock & quiet
investigation, based on an lsolated observation, to
pursue the possibility that oxygen might be related to
the disease. These workers obtained a striking
correlatlon between the number of days of oxygen therapy
and the Incidence of retrolental fibroplasia. However,
prolonged oxygen therapy could not be accepted as a
causal factor from their data since there was no
randomizatlion of cases and no controls were used (14).

These two workers initiated another study in 19851,
Instituting rigldly controlled randomization (7).
Premature Infants were placed in either a high oxygen
group or curtailed oxygen group. Those infants in high
oxygen recelved 60 to 70 per cent oxygen concentrations
for 28 days or longer; those in the restricted oxygen
recelved concentrations usually under 40 per cent and
only for specifiic elinical indications. Their findings
are illustrated in the chart shown below:
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Patz, et al (7), (14) were able to demonstrate the
characteristic micrescopic changes of human retrolental
fibroplasia in newborn rats, mice, kittens and puppies
vy exposing them to 6C-80 per cont oxygen concentrations
for four days or longer.

The characteristiec early changes of retrolental
fibroplasia occur in the vessels of the nerve fiber
dayer, thus the degree apnd extension of vaseculerization
of this layer is of central interest. In mice, this
vagscularization takes part entirely after birth, making
the animals appropriate for experimental use (17), In
the rat, the vascularizstion and development of the
retina at four days corresponds to that of a seven month
human fetus (14).

While Patz and Hoeck (7) were undertaking their
controlled studies, confirmation of the observation that
the Inecidence of retrolental fibroplasia increased with
duration of exposure to oxygen was reported from
Australia by Campbell (18 and from England by Crosse (19).

in 1952 the Hational Co-Operative Study on Retrolental
Fibroplasia was inltiated in an effort to eveluate on a
nationsl s¢ale any lesd for the solution of the problem
of retrolental fibroplasia (20)., Eighteen hospitals
Jjoined in this study and over 700 premaburely-born infants
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were entered into the Investigation. The infants were
divided into two groups; the first group to receive
oxygen in concentrations of over 50 per cent for 28 days,
while the second group was to recelve elther no oxygen or
limited amounts prescribed only on the basis of urgent
celinical need. The study involved only infents who
survived 48 hours ard those weighing less than 1,500 grams
or less at birth. AU the end of the first three months
of the investigation, it was found that 257 of the infants
given routine high oxygen concentrations had developed
retrolental fibreplasia, vhercas only &% of those on
curtalled oxygen therapy developed the disease. PePcentage
of mortality was mot significently higher in the curtailed
group. However, in summation, Kinsey did not imply that
oxygen itsell was the sole cause of the disease, but
rather that it is associated with the true cause (20).
Active and cleatriclal grades of retrolental

fivreplasia have been classified by Reese (21), King (22)
and Owens (23). It seems relevant to list these stages
in view of the material that follows. The stages now
recognized may be summarized as follows:

Stage I The vascular stage characterized

Py tortuosity and dilation of
retinol vessels. Vessels reach



a slze 3 or 4 times normal
dlameter. At the end of the
vessels fine, twig-like, delicate
vessels can be seen.

Stage 11 The vitreous becomes hazy and
neovascularization becomes more
profuse. There is eeccurence of
retinal hemorrhage.

Stage 1II1 Fine strands of newly formed vessels
with thelr supporting tissue can be
seen extending like vells into the
vitreous from logalized aress of
retinal elevation., Localized
Getachment of the retina occurs.

Stage IV With further progressien, more of
the retina becomes involved. AL
this stage at least half the retina
is involved.

Stage V This stage involves the entire
retina and often a massive hemorrhage
ogceurs £illing the entire vitreous.,
Varlcose eapillaries are found in
whorls and the vascular proliferation

bursts out of the retina.
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Vascular proliferation is normally most active
in the sixth aﬁd seventh nonths of fetal life, and
those infants who at premature birth stlll have their
retinel vascularization to be completed are those
susceptible to the disease (24).

Patz (14) has pointed out that the hemoglebin
saturation of oxygen of the fetus 1n utero is approxi-
mately 607, At birth, at ordinary room atmosphere,
this saturation suddenly reaches 907. He believes that
in cases of retrolental fibroplasia (RLF) where the
infant has been exposed %o no oxygen or in cases vhere
there is retrolental fibroplasia in a full-term infant,
this sudden increase in the henoglobln saturation of
oxygen could be & causitive factor.

Oxygen adnmilnistration apparently elevates the
chorolidal oxygen tenslon, resulting ia increased
diffusion aeross the retina to elimlnate the normal
anoxic growih stimulus. The retinal vessel growth is
then suppressed and the vessels becone attenmuated or
obliterated. When growth is ultinately activated, the
normal channels of vascularization probably no longer
exist and the vessels erupt into the vitreous (14).
This hypothesils evolved after experiments were conducted
to substantiate the toxic effeet of oxygen in RLF as
opposed to Szewczyk's bellef that retinal chaenges in the
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disease are the response of immature neural tissue to
slight anoxzia. Szoewesyk observed that when infants
acclimated to 509 oxygen over a period of several days
were abruptly withdrawa to ordinary levels (22%7) in room
air, the retinal vessels dilated and hemorrhage and edema
of the retina appeared within a few days. When the infants
were returned to high oxysgen eoncentratlons, prompt
regression of the condition was noted. These ehanges
were interpreted as resulting fren inadequate oxygenation
oi the blood induced by exposure of the premature infand
to an environment of higher oxygen concentration and withe
drawing him so rapidly that the physlologiecal changes of
ecclination could not take place before rapldly
differentiating areas such ag the retina of the eye had
been harpmed. Jefferson (26) confirmed Szeweczyk's
observations., However, Patz (7} et al were able to
demonstrate these chanzges by mere exposure of infants to
high oxygen coucentratlons and with no subsequentvsudaen
withdrawal from the condltions.

It is not yet settled vhether the etiologle
mechanism should be considered as & relatively simple
toxic effect of hyperoxia or to aomore complex one
involving body temperature fluctuatlons, electrolyte
shifvs, hemoglobin concentration, sudden changing of
atmosphere and, ultimately, hypoxia (87). There 1s



strong evidence, however, of a much more complex
mechanism and of a chain of circumstances leading to
retinal hypoxia (28), (25), (29), (26), (30), (31), (38),
(33).

Tissue anoxia (hypoxia) may coccur In an indirect
manner. Himwich (32) and others (34), (35), (36), (37)
have peinted out thait the carrying power of bloed for
carbon dioxide is diminished during exhalation of oxygen
at excessive pressures; this in turn brings on an geldosis
that may contrlibute to tigsue snoxia. Himwich has an
exceedingly interesting hypothesis concerning & mechanism
by which excessive oxygen night bring about histoxie
snoxia by changing the sulfhydryl-containing enzyme
involved in the oxildation of pyruvic acid (pyruvie
oxidase}, He believes the hydrogen nmay be oxidize away
from the 81 groups, incepascitating the enzyme, and thus
preventing further glucose oxidation. Uith glucose
oxidation ceasing at the pyruvic acidvlavel,‘he believes
a condition of celluler or histoxic anoxia may be
produced. |

Ingalls (27), (28) has pointed out that the importance
of defining vhether the ocular lesion is due Lo tissue
hyperoxia or tissue anoxis 1s two-~fold: because & primary
form of anoxia may be overlooked and because an improved

understanding of RLF wlll possibly contribute to the
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understanding of the genesis of coupenital aunomalies.

The nammelian newvborn shows an exbrsordinary
tolerance to anoxia as comp&r@aﬂﬁo the adult (38). The
inmature braln has the capacity to survive for relatively
long periods without oxygeﬂ by obtaining energy
anaerobically through glycolysis. Himwich (32) has
shoun that bgth anacrobie and aeroble types of metabolism
inegggge‘as growith proceeds but that oxygen consumption,
an indication of aerabic'metabolism, soon inereases above
the level of anaeroblc glycolysis. This shift from the
apnaerobic to the}aerabie source of cercbral energy is
found to be the resuwlt of enzymatic changes, owing to
the appearance of pew enzyme systems and also to increased
conceatrations of enzymes already present.

Ashton and Cook (39) have greatly coatributed to our
knowledge of the developing retine and the developing
retinal vessels. Undoubtedly thelr work wiil be
inveluable in the attemp¢ to ecorprelate the lncidence of
BLF in the undeveloped eye with eilologic factors. These
workers were able lo cause iantravitreal yrelifeéation in
kittens by Tirst detaching the reiinas. There was great
similarity between these proiiferations and those seen in
Stage I retrolental fibroplasia, Thus it appears that
retinal detachment may play a role in cases of RLF, and
especially those in whieh no supplemental oxygen has

been glven.
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Thus far in this review no consideratlion has been
glven %o investigatlons involving possible nutritional
factors indicated in retrolental fibroplasia, although
mach of the sarly work concerned with the disease
centered about possible naternsl nutritional deficiencies
which might induce such an anonaly ia the anewbora.

This part of the discussion has been reserved for the
latter part of the review so the reader nsy bLetter follow
the rationale behind the present iuvestigation, It
seems pertinent to have given Uhe pathogenesls of the
disease in the preceding pages,

Warkeny (40), in 1942, reported eongenital malformes
tions induced in rats by maternel nutritional deficlenciles.
In a later, more extensive lnvestigatlon in collaboratien
with Schraffenberger (41), Warkany underiook a study of
the possible role of wmaternal vitamian 4 deficiency in
RLP. Pemale yats were ralsed on & diet ol known small
capotene content, bred while on a2 highly purified diet
free of carotene and vitenin &, and were pated with
normal meles. The youmg born (o those femeles éapable of
reproducing 1iving offsarinngere born blind and with
deformed eves. In addltion ¢o these abnormalities of the
eyes there were defects of skeletal and soft tlssues.
Histologic sectlons of the eyes were studlied and a fibrous

retrolenticuler renbrane was found ln every specinen.
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However, Varkeny and Schraffenberger (41) coneluded,
#0cular Gefeets occur in the young rat only when the
paternel vitanin & deficiency is exiremely Severe « « .« .
to the extent that the physiologicel processes associated
with reproduction in the hupan being parallel those in the
rat, it may be inferred that vitenmin 4 deflciency is not
a probable cause of retrolental flbroplasia.®

It seems cxeeedingly peculiar that Warkany and
Senrafferberger should omit the probability thai vitanin
A destruction might occur ia the infaat even though
neternsl and infent levels and stores are optimal at
bixrth,

Rollet and E@eﬁéﬁgve reported vescularization of the
cornea as one éf the first sizns of avitamlinosis A.

Ixnerimentel evidence has been reporied Ilndlcating
that the sdministration of zlpha-tocopheral reduced the
incidence of retrolentel {ibroplasla, but subsequent work
has not shorn vitanin B to significandly effect the onset
of the dlscease (6).

Kinsey (20) recently reporiel, "¢ « « ¢ « o « « o
retrospoctive studles in relatiorn o inlents have shown
e pogliive assoclation between the incldence of
retrolentsl fibroplasia and the administration of any of
the following: wabter-miscible vltamlns, lron, Oxygen,

and bleod transfuslions . « . . .; other factors which at
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one time or another have boen thought to be assoclated
with retrolental Ilbroplagle iluclude virus infection,

lack of horuones in the infamt. premature exposure of

the infant's eyes to light, ané lack of vitamin 4 lin

the mother. All of the fuctors mentioned gbove, except
the administration of oxygen, have been largely elimlnated
as likely etlological agents elther through controlled
clinical tests or further restrespective emaminallion of
the records.”

Hepner {12} reports two studies lan whlch infants
weighing legs than 1500 gm., glven 20 mBg. or less of
sadiuﬁ.per liter in cow's milk formuise, shov a very
low incidence of RLF. ‘Vhere shniler forwulee contealning
56 niig. of sodium per llter werc fed &nfants weighing less

-

than 15C0 gm., over 437 became Vlind Lrom RLF,

It seens evident from reviewing the mass of
literature concerning studies on RIF that conperatlively
1little work has been done coﬁeernimg;%he possible effecets
of oxygen on the chemistiry of the tissues either directly
or indirectly involved in the disecuzse. One aspect that
appears to warrant furiher study is that of chemically
cxamining the tissues of newborn moumals after their
exposure to high oxygen concentrations in an effort to
fing what netabolites moy be depleted or reiderced
unavalleble and thelr pessible setion in the function of

normal tissue.
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A, Hethods and Materials:

white femele rats of the Holizman strain were
meintained from weaning on & stock ration, with all
dletary essentials being supplied at an optimel level.
The compositlon of the stock diet was casein 187,
wheat ©6%, meat meal 107, skim milk 8%, alfaifa 27,
salt 0.5%, Quadrex 0.87%, molasses §%, and Criseo 5%

e Quadrex contained vitemin A, 5000 USP units per gram:
vibamin Dy, 685 USP unlts per gram: not less than 5%
crude prosvein: not less than 87 crude fat, in addition
to & erude Liber and &) osh., These females were bred
with select males of the sane strain and were fed the
stock ration during the eatire gestatlon periocd. The
voung were weighed during their Lfirst day of life, the
2th and 7oh dsys, and ot weekly interveals therealfter.

At Pour deys the young and the mother rat were
placed in a gas-tight chamber and malatained in an
atmosphere of TG or 1007% oxygen. Uater and stock ration
were placed in the chember. When the experinental animals
were not mainteined in an atmosphere of 1005 oxygen, they

received a nlxture conslsting of 705 oxysein, 205 nitrogen
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and B% carbon dioxide. The pressure within the chamber
was kept constant and there was a continuous flow of

gas through the chamber. The temperature of the room in
which the chamber was placed was maintained between 75°F
and 80°F. lo means was avallable to check humidity within
the chanber.

The chamber was constructed of 4" plywood and treated
with acid-resistant paint. A window was placed on one side
of the chamber in order to observe the feeding habits of
the mother animal and her ecare of the young.

The young rats were kept in the chamber for intervals
of 7, 10, or 14 days. Nother animals were removed {rom
the chamber every 48 hours and exchanged with the mother
rat of the control group. In this manner it was possible
to check the lactation of the mother animal which had
been exposed to the oxygen and to observe the weight gain
of the young rats nursing such a mother. Thus, both
control and experimental young were fed by mother animalg
which hed been exposed to high Og concentrations. Only
rarely did cannabalism result from this interchanging.

It was necessary to replaece the exposed mother every
48 hours in order to prevent pulmonary edema, pneumonia
or other disorders which other investigators have
previously reported in adult animals (43). The young

suffer no such consequences from the exposure. The
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experimental young were exposed to room atmosphere
only during the period vhen the mothers were being
exchanged. This averaged about 10«15 minutes every 48
hours.

Control animals used were those born of mothers of
the same strain as the experimental group, maintained on
an identiecal diet, and in most instances wers those born
on the same day as the animels used in the experimental
group,

Experimentsl animals were sacrificed by decapltation
not more than one hour after being removed from the
chanber. There was little opportunity for an "acclima-
tion¥ period from time of removal to time of sacrifieing.
Brain and liver tissues were raopidly taken from the
pnimels, blotted with filter paper and placed in c¢lean,
covered wateh glasses away from light. then 1t was
impossible to immediately analyze the tissues, they were
kept frogzen at -10° to -15° C.

A short study was done to deternine the liver
storage level of ascorble acid of whlte rats at birth
and the rate of synthesis in the young, growing animal.
Results of the study are given in Table I.

The method used for the determination of vitamin 4
in both brain and liver tissue is the modified and
simplified Carr-Price reactlon of Ames, Risley and
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Horris (44). The modifications necessary in employing
this method involved the use of proportionally smaller
quantities of ethyl ether and sodium sulfate for smaller
quantities of tissue, The liver size in young rats of
11-18 days old prohibvited using tissue guantities of 3-8
grems as was used in the original method: All other
reagents and instruments used in the analyses were
identical with those designated in the method of Ames
et al (44).

iscorbie acid determination of liver and brain
tissue was by a modification of the Schaffert and Kingsley
(45) method of ascorbic scid determination of whole blood:
No satisfazctory method for ascorbic acid determination of
gissue, as such, could be found im the literature. It
was impossible to satisfacterily obtain enough blood
from the young rats for bleod analysis. lodifications
‘of the Schaffert-Kingsley method included merely the
use of 10 cc of 64 trichloracetic acid per gram of tissue
instead of 185 ce of & trichloracetic acid per 5 ml.
blood, & reduction in the quantity of Horit¢ used, and
in incubation period of 10 mimutes at 100°C. Samples
were read in an Gvelyn colorimeter using & 520 Im filter.
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B. Results:

The liver ascorbic acid level was affected only
in the group which received 100¢ oxygen for a period
of ten days. It can be noted from Table II that this
same oxygen concentration administered for a period
of seven Gays hod no effeet on the tissue level, Animals
which were exposed to a 707 Op concentratlon for perlods
of ten or fourteen days showed no loss of liver ascorbie
acid.

Braln ascorbic acid was sppreclably reduced by
exposure of the animsls to both 100 and 707 oxygen
coneentrations. It is significant to note from Table
1II that at fourteen days in 707 Op the animals showed
no loss, vwhereas ab Yen days there was a loss of 93,4
ug ascorbic per gram of tissue, It appears then, that
there is a critical period in which the brain tlssue
is markedly affected. The resulis of thls experiment
indicate that this eritical period terminates somctime
after the fourteenth day of life (four days plus ten
days' exzposure). Table III shows that the greatest
degree of depletlon in brain tissue ecours before the
lath day of age in the rat.

The brain ascorbic acid levels obtained on analysis
of tissuc from the control animals compare very favorably

with those obtained by other workers (46), (47).



In studies thus far underteken, no loss of vitamin
A has been detected in liver tissue of animals
identically exposed. lowever, thegse studies are yet in
the preliminary stege and the results oblalned thus far
should not be considered coaclusive in any respect.

In analyzing tissue of several of the control
groups such small quantities of tissue were available
that often the vitanin & content was below the level
which could be securately determined by the method used.
Thus, the results of the vitamin A study cannot be
emphasized, although it secms somewhat indicative that
the tissue levels of the experimental animals remained
relatively constant regardless of the exposure period.
The results of the vitamin 4 stndy are summarized in
Table VI.

it is unfortunate that the animals used were
necessarily so young &nd so smell. This made 1t difflcult
to obtain large enough quantities of tissue from each
animel for accurate analysis of both ascorbic acid and

vitamin A.
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&, Nethods and Materisals;

Since Experimeﬁﬁ I indicated & rather appreciable
loss of total ascorbie scid in brain tissue after
exposure of the animals to a 1007 oXygen concentration,
1t seemed pertinent to determine whether this loss was
from ascorbic acid destruction or from the possible
blocking of some synthetic pathway. The simplest pro=-
cedure fer such a determingtlion seemed to be the use of
an aninpal which cennot synthesize ascorbic acid. It was
thus reasoned that if such an experimental animal showed
& tissue loss of ascorbic acid after exposure to high
0p concentrations, the loss would necessarily indicate
destruction, Of the two animals that require a dietary
source of aseorbic acid (man, other primates and the
guinea pig), the gulnea pig was chosen as the experimental
animsl for Experiment 11, |

The gulnea pigs were of commerclal stock snd obtained
fronm the lanor Farms of Staatsburg, New York. The
average weights of the groups used in each experiment
appear in the tables on pages 31, 32, 33, 34, 35, and 36.

The experiment was conducted by dividing the guines

pigs into groups of the following order:
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Group I received 707 oxyszen for a period of seven
days and no dletary supplenment of ascorbic acid
was given elther the control or experimental
animals.

Group II received 707 oxygen for a perioed of 10 days
but head lettuce was added to the diet of both
control and cxperimentel aninmnls. Each animal was
given 50-55 grams head lettuece every other day.

Group III recelved 1004 oxygen for a period of seven
gays, with heod lettuce agein constituting the
dietary source of ascorbic aeid.

A1l of the lettuce glven the anlmals was consuped

and from this supplement they received & ninimun of 2 ng.
ascorblc acid per day. This estimate is based on data
from Peterson and Strong (1) which give the ascorbic
acid content of head lettuce ag 8 ng. per 100 grams of
the edible portion. The animols were given a diet of
‘Purina pellets and water, with or wilthout lettuce {(as
the experiment indicated). They were pair.weighed so
that eohtrnl and experimental groups would be comparable.
Experimental procedure concerning the administration
of oxygen was identical with that used with the white rats.
However, it must be pointed out that the gulnea plgs were
of weaning age and therefore comparatively older than the

young rats used. The animals were placed in the same



chember as deseribed in Experiment I, and the gas
mixtures were also identical with those used in that
experiment. The animals were removed from the chamber
for a few minutes every 48 hours for cleaning and feeding
purposes., The control greupé were also treated in this
naaner - food and water belng replenished every 48 hours.
At the end ol the ex@erimentai period, enimals were
removed fron the chanbers, weighed and immediately
sacrificed by enesthetizing with ether. Tissues were
removed, blotted and stored by freezing when immediate
enalyslis could not be made. Control animals were
sacrificea at the same tice and by the same method.

ascorble acid anslyslis of the tissues was by the
ldentlcal method used lan Experiment I with the same
modifications cmployed. VWhele hlood analyses were by the
Schaffert and Kingsley wethod (485), unmoiified.

During the course of the experiment, the experimental
aninais of Group IT developed what appeared to be an
abunormal eye condition. These eyes were examined by
Pr. W, B. Gross of the poultry pathology department, |
Virgluia Poliytechnic Institute, duriag the experinmenty,
and at the time the snimals were sacrificed the ¢yes were
reroved, placed in Bouint's soliution and luter prepared for
histologle «xiamination. Iyes from the control animals were

also removed and prepared. The rosults of the pathologile



and histologle studles appear in the following section.

B. Results:

Ascorbic acid in liver tissue of these young
guinea pigs was depleted 347 ~ 507 by exposure to high
oxygen concentraiions. It is @ifficult here to deternine
whether 704 or 100% oxygen caused the greatest depletion
since the verious groups tested were of somevhat
different ages and weights, end no attempt was made to
ascertain the loss on a per~cent~-body~veight basis.
However, it should be pointed out that in all ceses the
experinental group and control group in any particular
experiment were of cowparable weights. The imporbtant
faetor is, of course, the difference in level of
experimentel and control group in any single anelysis.

Although the gross loss of agcorbic acld in the
white rais nay seem appreclable, ii can be noted from
Table IV that the loss in the guinea pigs represents &
far greater loss, oa @ percentage basis.

Brain ascorbic acid levels of the gulnea pigs were
not as severely depleted as in the liver tissue, although
the depletion of brain ascorbic acid in experimental
animals ranged from 147 to 21 (Table V). This is somewhat
surprising as the brain tissue in the vhite rats showed a
more consistent depletion on exposure than did the liver

tissue.
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Pathologic and histologlc studies of the eyss of
these experimental animals showed degenerative changes
in the nerve fiber ilayer of the reting and there appeared
to be a reduction of the mumber of cells in the layer of
the ganglion cellis. There was alsc evidence of
Gogenerative changes in the layer of the rods and cones.

Ophthalmolegical examination of the animpls' eyes
just before they were sserificed showed a type of coronary

cataract invelving the surface layers of the lemns.
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TABLE I

Liver Ascorblc Acid Levels of Normal White Rats
at Varlous Ages

ug Ascorbie Acid Pér Gran

Age in Days Fresh Wt. Tissue
0- 1 180.8 (4)
191.3 (5)
216,0 (4)
£91.6 (5)
14 ; 325.0 (4)
18 373.0 (4)

Figures 1n parentheses denote number animals used in

5 'Budy .
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RABLE II

Liver Ascorbic Acid Levels of Young yhite Rats
Exposed to Hilgh Oxygen Concentrations

ug Ascorble Acid wug Ascorbic Acld Tissue
Per Gram Fresh  Per Gran Fresh  Loss
Age Wt. Tissue Wet. Tissue Per
o, Days in Experimental Coantrol Group Gram

% 02 Exposure Days Group (ﬂo. 0g)

100 7 il 288.0 (5) 283.6 (S5) 0.0
100 10 14 1650.4 (4) 325.0 (4) 174.6
70 10 -3 318.5 (6) 300.0 (4) 0.0
70

14 18 382.0 (5) 373.0 (4) 8.0

Experimental animals 4 days old on exposure.

Pigures in perentheses denote number aaimals used.



TABLE IXI1

Brain Ascorbie Acid Levels of Young yhite Rats
Exposed to High Oxygen Coacentrailons

-

ug Ascorbic Acid ug Ascorbic acld
Per Grem Fresh Per Gram Fresh Tissue
YA WH. Tissue Wt. Tissue Loss
Wo. Days in Experimentel ° Control Group Per

% Og Exposure Days Group (lo. 0g) Granm
100 7 11 564.6 () 61£2.5 (5) 57.9 mg
100 10 14
70 0 14 48L.6 (6) 575,0 {4) 93.4 nmg
70

14 8 434,00  (8) 486.6 (4 0.0

Experimental animals 4 days old on exposure.

Figures in pareniheses denoie number animals used.



TABLE IV

 Liver Ascorbic Aeid Levels of Young Guinea Plgs

Exposed to High Oxygen Concentrations

ug Ascorbic Acld ug Ascorbic Acid

. Per Gram Presh Per Gram Fresh  Tissue
W, Tlssue We. Tissue Loss
No., Days Experimontal, Control Group Per
£ 0, Ezposure group (llo. Op) Gran
#100 2T.5 (2) 41.9 (2) i4.4 ng
70 37.% (3) 66.8 (3) 28.3 mg
WO 35,0 {3 71.2  (3) 36.2 mg
#70 10 37.5 (3) 87.0  (3) 19.5 mg
5 @*50%
loss

Figures in parentheses denote
& Ascorbic acid Included in éiet.

#% NHo ascorbic acid included in diet.

nunber animalis used.



Brain Ascorbie Acid Levels of Young CGuinea Pigs

Lnposed to High Oxygen Concentrations

ug ésco?bic Aeld , Ascorbic aeld Tissue

Per Gram Fresh Per Gram Fresh Loss
Wi. Tissue Wi, Tissue Per
- Ho, Days Experinental Control Group Gram
% Oy EBxposure Group (¥o. Og)
#100 7 95,8 (B) 120.8 (2) £5.6 mg
#4970 7 112.5 (3) 131.8 (3) 19.3 ng
00 10 . 86,0 (3) 102.5 (3) 16.5 mg
e

#Ascorbie acld included in dist.
#xllo ascorbie acid included in diet.

Figures in parentheses denoie nunber animals used,
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TABLE VX

Vitanin & Levels of Young White BZBats
Exposed to High Oxygen Congentrations

Brorc v stamrevispio it e e s e i e - et S s ——
. U5 vitonmin L per gram

Age ® b mundd
Wo. Days in ~ Fresh Wt. Tissue

% Oy  Exposure Days Experimental Group Conbrol Group

100 7 il 176.6 (8) #130.0 (7)

100 10 14 174.3 (4 #132.0 (4)

K¢ 10 14 181.8 (4) 178.3  (3)

Experimental animals four days old on exposure.
Pigures in parentheses denote nupber animals used.
#Quantity of tissue used in aﬁ@lﬁses did not contain enough

3 .
vitonmin & for accurate determimation.
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VI. DISCUSSION AL CONCLUSIONS

It is sonevhat disconcersing that newborn white rats
showed a loss of brain ascorblc acid at both concentra-
tions until their fourteenth day of life. There was no
loss of liver ascorbic acid in the groups receiving 704
oxygen, but an appreciable loss peeured in the group
receiving 100% oxygen. If we can interpret the results
of Experiment II, in vhich the gulnet pigs showed &
consistent loss, as pointing to the destruction of
ascorbic acid asnd not the blocking of synthesis, then
it would appear that there is some factor present in
liver tissue of the rat vhich prevents this destruction
by oxygen until the concentration nears 1004. Brain tissue
of the rat must laek this factor.

It has been suggested by several authors (43), (25)
that exposure of saimals to high oxysgen concentrations
may lead to the inzectivation of sulfhydryl compounds,
particularly sulfhydryl engymes. Glutathione, the wide=
spread tissue sulfhydryl, is thought to be & "protector?
of ascorbic acld because of the ease with which it is
oxidized. Hassan and Lehninger (48) report that reduced
glutathione reduces the rate of destruction of ascorbate
but Goes not increase the rate of formatlon from

glucuronate in rat liver. I% is possible then, that liver



tissue may elther contain an additional factor which
protects ascorbic acid, as previously wentioned, or

there may be present appreeciable guantitlies of a
vprotector,® which is absent in braln tissue. It may

be more probable, however, thal the rate of synthesis in
the liver is much greater than that in the brain., It
should be pointed out that the results of these experiments
show brain tissve ascorbate to be approximately 0.1 to

0.4 mg. per gram higher than the liver ascorbate of the
rat,

From the presults of this experiment (Table III), there
is apparently some factor in braln tissue of the rat
which emerges after the fourteenth day of life and
prevents the destruction of ascorblc acid by exposure to
excessive oxygen. Table IIX also shows a reduced level
of brain ascorbate after this period. In view of the
problem of retrolental fibroplasia, and the fact that the
disease grossly affects the undeveloped eye, this early
high level of brain ascorbate which diminishes may
indicate its necessity for the normal development of the
retina and other structures which are not complete at
the birth of the young. It seems significent that the
brain level diminishes from time of birth and reaches a
plateau after the l4th day in the growing young.

The higher percent loss of tissue ascorbate in the



guinea pis as contrasted to ihe wat is, of course,
expected as the rat could at least partially overcome
the loss by resynthesis. The most outstanding result
as far as comparing the two animals 1s that which shows
the guinea pig iiver vissue to be depleted by both
concentrations of O, with a very high loss, wiereas the
liver tissue of the rat was the least affected of all
tissues analyzel, JAgain, this seecms probably due to a
high rate of synthesis in rat liver.

The histeloglc observations frem sectiong of the
experimental guinen pig eyes demonstrate agailn (14) the
ease with which those abnormanlitles can be laduced in
nammaels by cxpesure to high Oz concentrations, HNore
important to this experiment, though, is the possible
correlation between the appearmnce of the sbnormalities
and the depletion of tissue ascorbie acid, It is
unfortunate that laeck of facilities and personnel at the
time of the experiment prevented the hisiologic study

of the rat eyes also.
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Vii, sumaay

Newborn rats and young zulnea plgs have been
exposcd to hizh oxygon coneonitrations with subsequent
analyses of ascorbic zecid in liver and brain tissue.

Newborn rats show a depletion of liver ascorbdle
acid only after exposure %o 2007 oxygen. Ixtending the
exposure period in 707 oxysgen 4id not result ia any
depletion.

Broin ascorbic aecid levels in mewborn rats were
depleted by exposure to both 1004 and 704 oxygen untlil
the 1l4th day of life. After that age, exposure falled
to cause depletion.

Guinea plgs iGentically exposed showed ascorbic
zcild depletion in both broia and liver tissue with the
more morked depletion occuring in liver tissue.

Abnormolitiecs in the eyes of the experimental guinea
pizs were demonstrated.

Resulis of the tissue Vitamln A analyses are

lacomplete and inconclusive at this time.
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