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Abstract

Phenvylketonuria (PKU)} is aﬁ inherited disorder of amino
gcid metabolism in which the conversion of L-phenylalanine
(Phe) to L-tyrosine (Tyr) is greatly diminiéhed. This
metabolic block results in high blood Phe levels with low
to normal Tyr levels and is usually accompanied by mental
retardation unless the disease is treated by dietary
restriction of Phe early in life. 1In recent years it has
become apﬁarent that many of the non-PKU offspring of PKU
women are damaged in utero by their mother's disease. Approxi-
mately 9G% of the non-PKU children of PKU mothers are mentally
retarded, over 50% are microcephalic and suffer intrauterine
growth retardation, while néﬁrly 40% have some congenital
malformation. The risk to the offspring of women with hyper-
phenylalaninemia (hyperphe) probably decreases as the maternal
Phe level decreases, althought the "safe" level of maternal
hyperphe is not yet well defined. It does appear however, that
the developing offspring of women with Phe levels of at least
15 mg/l00 ml face substantial risk of in utero damage. Attempts
to prevent offspring damage by treatment of pregnant hyverphe
women with dietary restriction of Phe have had only limited
success. There are still many unanswered questions regarding
the management of maternal hyperphe and these will become even

more pressing as increasing numbers of PKU women who were successw
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fully treated as children reach reproductive age. Since
clinical data are limited attempts have been made to establish
experimental animal models of maternal hyperphe,

Early animal studies produced maternal hyperphe by
administering large doses of Phe to pregnant animals. Although
some of these studies suggested associations between maternal
hyperphe and behavioral and biochémiéal abnorﬁalikies found
in the offspring, most were confounﬁed by maternal hypertyro-__.
sinemia, an abnormality never found in PKU. More recent Czr’”
approaches have utilized the Phe hydroxylase inhibitor p-chloro-
phenylalanine (pCPA)} in ordéer to prevent Tyr elevation follow-
ing Phe administration. Experiments using both Phe and pCPA
administration have more closely mimicked the biochemical
characteristics of PKU, however methodological problems have
limited the interpretation of many of these studies. 1In
addition, the work with combined Phe and pCPA treatment has
been restricted to the rat, a species in which significant
differences from human prenatal development exist. The pre-
natal development of the guinea pig is more similar to man,
especially with respect to the brain, and a study was there-
fore undertaken to determine the suitability of the guinea pig
as a possible model of maternal q?perphe. Initially guinea
pigs were injected with various regimens of Phe and pCPA.

Blood Phe was transiently elevated to levels comparable to
those found in PKU patients, however even following very high
doses of both Phe and pCPA, Phe fell to near-normal levels
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within 10 hours of the Phe injection. The blood Phe response

of the animals injécted with pCPA suggested that.;he Phe
hydroxylase inhibition induced by éCPA in guinea pigs is of a
much shorter duration than has been réported in rats. Since

Phe does not.fall to normal levels at any time in untreated

PKU, other methods of administering pCPA and Phe were evaluated.
Studies were undertaken in which both Phe and pCPA were incor=-
porated into test diets and then fed to guinea pigs. This ap-
proach resulted in hyperphe comparable to that assaciated with
éignificant/risk to the human fetus which could be maintained

for many weeks ir both pregnant and nonpregnant animals. Th%
6ptimum dietary pCPA supnlement was determined by maximizing
hepatic Phe hydroxylase inhibition and plasma Phe concentration.
The amount of pCPA required to maximally decrease Phe hydroxylase
activity in guinea pigs is considerably more than is needed in
the rat. Indirect evidence was obtained which Suggests that

this species difference may be due, at least in part, to rapid
excretion of pCPA as p-chlorophenylpyruvic acid by the guinea pig.
The aporopriate dietary Phe supplement was determined by moni-
toring plasma Phe agdiTyr levels as well as food intake and
weight gain in animals fed test diets suppiemented with oCPA

and various amounts of Phe. Additional work demonstrated

that plasma Phe levels remained elevated for at least a 12

hour period during a single day and that ascorbic acid is

needed for guinea pigs to efficiently metaholize Tyr.

¢

When stable maternal hyperphe was induced by feeding
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8 . ) .
pregnant-ggiﬁéa plgs appropriate test diets, abortion occurred

n :

and was found to ;;>related to pCPR, even in the absence of
substantial hyperphe. Further stpdy of the effects of pCPA
and hyperphe during early p gnaﬁc was undertaken by feeding

guinea pigs test diets fr

regnancy and collecting
embryos on gestation day 17. Only pCPA was aésociated with
embryonic death, however malformed embryos were significgﬁtly
associated with matermnal hyperphe, even in the absencé/of pCPA
administration. The relationship between maternal hyperphe
and malformed embryos had not \been previously demonstrated in
animals and it may have relevance to the’high frequency of
congenital defects found in offspring of PKU wo Evidence
of embryonic developmental retardation was also found and
hyperphe may be causally related to this aﬂ%brmality as well.
Both Phe and Tyr were found to be actively tfansported to the
early embryo and this transport of Phe migﬁt be related to its
teratogenicity. The embryo toxiciﬁy of pCPA limits the utility

of the current approach. Use of newer Phe hydroxylase inhibi-

tors in pregnant guinea pigs may prove informative.
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Introduction

-

The Clinical Problem .

Phenylketonuria (PKU) is an inherited disorder of
amino acid metabolisﬁ cﬁar&cterized by a diminished ability
to convert L-phenylalanine (Phe) to L-tyrosine (Tyr) result-
ing in abnormally high blood Phe levels. Normally the blood
Phe concentration is below 2 mg/100 ml whereas in classical
PKU it exceeds 20 mg/100 ml. Early detection and dietary
restriction of Phe is effective in preventing the mental
retardation usually found in untreated patients (Scriver and
Rosenberg 1973; Berry 1976). Once the developing brain has
passed the period of sensitivity to the toxic effects of

Phe, dietary treatment of children with PKU is termindted,

 usually during the early school years. Upon resumption of

a normal diet, Phe returns to the abnormally high levels
characteristic of PKU. Since 1963 however, a new aspect of
this disease has been revealed. In that yYear a number of

reports appeared which desecribed ment;j retardation and early

infant death in the non-PKU infants b3%h to PKU .women

(Denniston 1963; Mabry et al 1963). Subseguent cases were
promptly reported which expanded the humber of effects
attributed to maternal PKU to include not only mental
retardation but also microcephaly, prenatal and postnatal

growth retardation, congenital malformations and spontaneous

1
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.abortion (see references in Tables 1 through 5). Over 280
pregnancies in women with hyperphenylalaninemia (hyperphe)
have already begn reported. Mény successfully treated PKU
children are juét ;ow reaching reproductive age and the
number of PKU women becoming prggﬁa is thereforé expected
to increase dramatically in thefcoming.years. |

' .Since physicians are being faced with increasing
numbers of PKU women who are considering pregnancy or who
are already prégnant, it igrimportant to clearly define the
risks associated with maternal hyperphe. All available
reports of maternal hyperphe were therefore reviewed in
order to estimate the magnitude of these risks. Tables 1,
2, and 3 show the effects of classical PKU (defined as a
blood Phe level greater than or equal to 20 mg/100 ml) én
the pregnancies of over 50 women. Since many cases of
maternal PKU have been asceftained because of an affected
infant, hencé biasing the data, the cases reviewed have
been tabulated on the basis of the method of ascertainment.
Table 1 inciﬁaes the cases whiph_were discovered because of
an affected child, the criterion used for defining biased
ascertainment in this review. Tabie 2'includes the unbiased
data defined as those cases in which the family came to
medical attention for reasons other than the presence of
affected offspring. - Table 3 illustrates the data for which

~ the means of 9scertainment was not reportfd. In the past,

biased data may have exaggerated the estimated risk to the
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offspring 6f‘PKU women (Hanson 1370)}. Although the reporting -
ﬂ of cases is not’alwéys ccmpiete, it is evidént frdm Tables l,
‘%{‘and 3 that very few of the offspring of women with blocd |
Phe levels greatef than 20 mg/100 ml are completely free of
ﬁhe stigmata of maternal PKU. Over 90% of>the childéen of
women not ascertained iﬁ a biased fashion were aéversely
affected in some way. This figﬁre is.not substantiélly

lower than the corresponding rate in the families with biased
ascertainment igdicating that the high incidence of offspfing
morbidity associated with maternal PKU representé far more
than a reflection’of reporting bia§ (Table 6).

When all casés of materna£rPKU are considered (Table 6);
ﬁéarly 90% of the non-PRU offspring of PKU women are mentally
-retarded and over one haif are microcephalic and suffered
inﬁrauterine growth retardation. In addition, 36% of these
children had some_cquenital malformation, including many.
with serious forms of congenital heart disease. There can
be little doubé{that the presence of classical PKU in a
pregnant woman places the developing fetus at serious risk
of congenital malformation, growth retardation, and subsequent
mental retardation. :Unlike the situation with PKU children,
there is no effective postnatal treatment for infants
damaged in utero by their mother's hyperphe.

The level of maternal hyperphe ié thought tb be a
factor in determiﬂing the likelihood ‘that prenatal-damage

will occur (Hanson 1970; MacCready and Levy¥1972; Levy and



~

19

Shih 1974, Perry et al 1973; Trouche et al 1374}. The
significance of determining the safe ievéi if any, of maternal
h&perphe stems from two equally important factors. On the

one hand, variant forms of PKU- have now beén‘described in
which the Phe level is.elevated, but less than 20 mg/100 ml

(Berry 1976). In addition, the current approach to the

'treatment of the pregnant hyperphe patient is aimed at

reducing blood Phe levels by aietafy Phe restriction. In
both circumstances the relationship of the degree oﬁ-maternal
hyperphe and the attendant risk to the unborn child is hot
well defined.

Table 4 illustrates the pregnancy outcome, of women
with Phe levels greater than or equal to 15 but less than

20 mg/100 ml, while comparable data for women with levels

below 15 mg/lOO ml are shown in Table 5 When the maternal

Phe was between 15 and 19 mg/100 ml over 90% of the offspring
were later found to be mentaily retarded, approximately the
same frequency found in éhe children of women with classic
PKU (Table 63; In-addition, the frequency of_ﬁicrocephaly,
i@traﬁterine growth retardation, and congenital malformation
in the 15- to 19 mg/l00 ml group are comparable to tho%e of
the PKU group (Table 6). The number of women in the 15 to

“
19 mg/lOO ml group is too small to permit accurate assessment

.of the role of ascertainment bias. In contrast to maternal

hyperphe between 15 and é@ mg/100 ml, women with Phe levels

less than 15 'mg/100 ml have much lower rateé of damaged
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offspring (Tables 5 and 6). Again the number of cases is
smail, but it does avpear that the ;ﬁsk to the unborn infant
is considerably lower in women whose blood Phe level is less
than 15 mg/100 ml. More infqrmation is reqﬁiredAbefore it
can be concluded that women with hyperphe of less than

15 mg/100 ml are not at greater risk of bearing abnormal
children than women withvﬁormal Phe levels.

Based on available clinical data however, it would
be premature to accept iess than 15 mg/100 ml as the "safe"
level of maternal hyperphe. In the sﬁudies'feviewed, the
maternal PHe level was often not determined during pregnancy,
and in fact, was often measured years after the birth oﬁ
the affected child. A number of different techniques for
measuring Phe have been employed and, as Brown (1972} has
pointed out, these factors can lead to considerable variation
in the estimated Phe 1eve;, even for the same patient. The
Tables (1 thrbugh 5) indiéate the variation in maternal Phe
levels reported in some patients. In many women, only one
Phe measurement was made and this could add additional
inaccuracy to the estimation of the Phe level during pregnanéy.
Until more clinical data on the relationship of the maternal
Phe level and offspring risk are available, the question of
"safe™ levels of matérnal hyperphe must remain at best, only
tentatively resoclved.

A few attempts have been made to prevent in utero

damage by treating pregnant hyperphe women with low Phe or
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low protein diets. At least 12 cases of such treatment have
been reported and in only one }nstance did the baby escape
all the stigmata of maternal PKU (Table 7). Currently only
" three approaches to the management of maternal hyperphe are
available: 1) prevégééon of pregnancy, 2) theraputic.
'abortion,land‘3) dietary Phe restriction during pregnancy.
As the data in Table 7 suggeét, there remain, unfo;tunately,
a number of unresolved issues to be faced in the dietary
treatment of hyperphe dﬁring pregnangzl__The upper level at
whicﬁ maternal Phe should be maintained has been discussed,

and it is doubtful} fthat levels greater than 15 mg/100 ml

are safe. The minimum level of Phe must also be considered,

R

sincé relative Phe deficiencymay hea serious risk to the
fetus (Brown and Waisman 1971; Bessman et al 1969). In
addition, there is virtually no information available on
whether or not the "safe" range of maternal Phe changes
during pregnancy, thus allowing for the possibility of less

- stringent dietary restrictions at some times during pregnancy.
It is also not known if critical periods exist when the
developing infant is particularly vulnerable to maternal
hyperphe. It is very likely however, that treatment must
begin very early if congenital malformations are going to be
prevented, si%pe the Qulnerable period of organcgenesis occurs
before 10 weeks {(Moore 1974)., In one instance, Phe levels

were maintained between 3 and 15 mg/100 ml from 6 to 40 weeks

gestation, yet the infant was born with skeletal anomalies
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and severe congenital pgaft-disgase wpich proved fatal
(Bovier—Lapierre et al 1374):' b%itica; period;‘for such
effects-as mental retardation, seizﬁrés; and groﬁth retarda-
tion are eﬁen less well chqracterized than are those for
structural anomalies.

At another level, theraéutichadvances are hampered
by an.aimést complete lack of understanding of the pathogenetic
mechaniéms leading to the in -utero dahage in maternal.hyperphe.
A number of parameteré, in addition fo.the elevated‘Phe‘; .
levels, could be‘involved in ﬁhehpathqgenesis of the observed
defects. Plausable féctors include the effects of Phe
metabolites (Glazer and Weber 1971b), deficiency of branched
chain amino acids (Berry et al 1977).or Tyr deficiency
(Bessman et al 1978). Abnormalities of serotonin and
catecholamine metabolism have been repq:tedlin PKU (Scriver
and Rosenberg 1973) and these factoré might also play a role
in maternal hyperphe teratogenesis. Both clinical and
experimental stﬁdies of maternal hyperphe are needed to

examine these issues. The experimenijl approaches to the

study of maternal PKU will now be reviewed.

Experimental Studies

Clinical maternal PKU clearly still has many facets
in which current knowledge is incomplete. Experimental
‘approaches to this problem have been undertaken with the

hope that a fuller understanding of- the biological mechanisms
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leading to the'in ﬁtero damage might have éignificant clinical
impliéations. "As §ét no-non-human animal has been discovered
to have éenetic PKU, although ﬁhi; rémains a promising )
research avenue (Jones et al 1971). Animal studies have
therefbge been focused on attemﬁts to experimentally induce
therbiochémiéal, behavioral, and morvhological effects of
-maternal PERU.

All animal models of human disease obviously have
inherent limitations base& on gpecies differences. Neverthe-
less, Eriteria can often be generated to maximize the value
of a particular model. Experimental studies of maternal PKU
ideaiiy‘should nof only duplicate the maternal disease during
pregnancy, but also produce -some or all of the recognized
deleterious effects onloffspfing development.

Both classical PKU and atypical PKU are charéaterized
by-persistentlf high plasma Phe levels and normal or low Tyr
.levels. Sustained maternal hyperphe; greater than 15 mg/100 ml,
in the absence of significant elevation of Tyr is obviously
essential in any experimental study of maternal PKU. Con-
comitant suppression of maternal hepatic Phe hydroxylase
activity, the defective enzyme in PKU, is also important.
Excretion of the Phe metabolites found in the urine of PKU
_patients, particulariy phenylpyruvic acid (PPA), should also
be sought in the maternal animal,., These biochemical manifesta-

‘tions of PKU ideally should be induced in the pregnant animals

throughout the duration of pregnancy.
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Maternal hyperphe "has been found to adversely -
affect offspring development in a number of ways and all of
these need to be considereé‘in experimental models. Congenital
malformgtion and early pregnancy loss should be éarefully
looked for in experimental studies. Many malformations are
théught to arise during the first trimester and thérefore
studies in which the PKU-like condition is induced only in
the latter stages of pregnancy are unlikely to produce mal- .
f5rmations. Similarly the relationship between hyperphe and
spontaneous abortion, which is also an early.event, needs to
be studied in the experimental animals. In addition, the
newborn offspring should be assessed for intrauterine growth
retardation and microcephaly. Offspring should be allowed
to mature and then be tgsted on a battery of behavioral tests
in order to assess neurological function. Brains éf the
offspring should be examiﬁed mac;bscopically and microscopically
for evidence of disrupted myelination or other pathology.

In addition to the parameters just outlined, a number
of common procedural difficulties must be avoided. It is
essential that appropriate control groups be included in all
studies. Experimental induction of hyperphe may be accompanied
by compromised maternal nutrition. Improved palatability of
diets and/or the use of pai;-fed controls may be necessary
to overcome the poteﬁtially confounding effects of inadequate .
maternal nutrition. In maternal hyperphe the developing ~

offspring are exposed to abnormal Phe metabolism only while
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in utero, in contrast to the infant born with PKU who is
exposed to hyperphé only following birth. Since the biologic
interactioﬁ between thg abnormal maternal metabolism and the
feto-placental unit is unique, induction of experimental i
hyperphe therefore must be limited to the duration of geséa-
tion so that the prenatal apd postnatal developmental effects
- of hyperphe are not confounded. In addition, although the
infants of hyperphe women may consume excessive ?hg from
breast milk (Arthur and Hulme 1970; Fisch et al 1967, 1969;
Howell and Stevenson 1971; Yu and O'Halloran 1870; Vvaldivieso
et al 1973}, insufficient clinical data are. available to
" assess the significaﬁ;e gf this additional Phe intake. It
therefore does not seem appropriate to continue experimental
maternal hyperphe during lactation. unless the § dy 1is
specifically designed to allow prenatal and/po tnatal effects
of the maternal hyperphe to be clearly distinguished, 1In
addition, immediate neonatal cross—fostering of offspring
among the hyperphe and‘control groups is important to account
for variations in maternal rearing behavior which could
potentially influence development. These critefia will be
considered in the following review of the experimental maternal
PKU literature.

Early work in%olved‘treating Pregnant animals with
large doses of Phe thle more recent studies have often
included the adﬁinigtrationlof p~chloro-D, L-phenylalanine

(pCPA) an inhibitor of Phe hydroxylase.
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The first reports of experimental maternal hyperphe
.inv01ved a small uncontrolled study in which a group of
rabbits were injected daily with D, L-Phe throughout gestation -
as well as prior to pregnancy and during lactation (Ammon
1961; Wassmuth 1958; éited by Karrer and Cahilly 1965). These
animals did not excrete significant amounts of éPA. Only 14
offspring were produced, 5 of which‘died during the neonatal
- perdod, and the‘remainder were said to be "nervous" and "unruly”.
Further -data are awaited from these authors, preferably with-
out the confounding effects of both prepartum and postpartum
treatment, so that this model can be adequately evaluated
Walsman and his colleagues, in the first of a series
of reports on their efforts to induce hyperphe in pregnant
rats, found that feeding rats a diet containing both 5% D,
L-Phe and 5% Tyr resulted in neonatal death (Auerbach et al
1958). Reducing the supplements of each amino acid to 3.75%
apparently resulted in normal prenatal development. It is
difficult to determine the explanation for the mortality
because of the lack of data on maternal food intake, Phe and
Tyr levels, fetal weight, and the duration of treatment.
Plasma Phe and Tyr levels are reported, (apparantly only for
%?stnatally treated animals) for animals fed either a 5%
D, L-Phe or a 5% Tyr diet, but not for animals fed the com-
bined diet, ie the diet associated with offspring death.
In addition, the data presented in this report are contradicted

by a later publication from the same group (Kerr and Waisman
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1967) in which ratsfedxiS% D, L-Phe 5% Tyr diet both prior to
and during pregnancy carried normal fetuses to term. In

the later study, maternal Phe concentrations averaged 11.6 mg/
100 ml. Tyr levels were not feported. The conflicting
results from the same workers using the same dietary manipu-
lation are difficult to reconcile. The low maternal Phe
level, some of which must be composed of the nonphysiologic
D-isomer, renders this experimental regimen of quesﬁionable
potential as a model of maternal PKU,

Waisman's group followed this preliminary report
with more systematic study of the effects of feeding Phe
supplemented test diets to pregnant rats. Réts were given
either 5% Phe, 7% Phe, or 4% D, L-Phe 3% Phe test diets
throughout pregnancy and lactation (Bogés et al1l962; Boggs
and Waisman 1962). Although the lactating females were
unable to satisfactorally nurse their entire litters due to
decreased milk production no mention was made of abnormalities
in the offspring. Neither data on maternal Phe and Tyr
levels nor fetal weight were provided. 1In a suﬁsequent
publication these workers reported maternal and fetal plasma
Phe and Tyr levels obtained from pregnant rats fed either a
5% Phe or 7% Phe test diet during the last 10 days of gesta-
tion (Boggs and Waisman 1964). Maternal Phe averaged 8.7
and 14.5 mg/100 ml in the 5% Phe and 7% Phe diet groups
respectively, while Tyr was elevated to 3.4 and 6.2 mg/100 ml

in these animals. Fetal to maternal ratios of plasma Phe
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ranged between 2.2 and 2.4 and did not differ between control
and test die£ animals. Maternal body weight was_strikinglgf
decreased by the Phe diets, although fetal weight was not
affected. Fetal death or abnormality did not occur. Maternal
hepatic Phe hydroxylase activity was reduced to 50% of control
in the Phe test diet animals. Kerr and Waisman (1967) provided
additional data on the effects of 5% Phe and 7% Phe test

diets fed to rats from 12 weeks prior to conception and
throughout the subsequent pregnahcy. Maternal Phe levels

were elevated to only 5.5 mg/l00 ml in the S% Phe group and
8.7 mg/1l0C¢ ml in the 7% Phe group. Tyr levels were not
reported. There was no fetal mortality in these groups and
fetal abnormaliéies were not reported. It is not clear why
maternal plasma Phe concentration was lower in the second
study, although the duration of test diet treatment may have
beep a factor. Waisman et al (1964) have briefly reported
some follow—-up study of rats whose pregnant mothers were

fed a 5% Phe diet prior to and throughbut pregnancy. These
newborn rats were alsc fed a 2.5% Phe supplemented milk

diet from birth until 8 days of age when both light and
electron microscopic evidence of retarded myelination was
observed in the brains of these animals. The relationship,

if any, of these defécts to the maternal Phe levels {which

are not reported in this paper) however, is subject to
question both on the grounds of confounding prenatal and

postnatal Phe treatment and the basis of the well known
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observation that in the rat, brain myelination is primaril§
a postnatal event (Dobbing 1973; Ciba 1972). In addition
there were no behavioral measures to assess brain function
in similarly treated animals.

RKerr and Waisman (1967) reported-the effects of
feeding pregnant rats test diets. supplemented with varying
amount$ of Phe, D, L-Phe, or combinations of Phe, D, L-Phe
and other amino acids. The maternél Phe concentration of
21.0 mg/100 ml found in the 4% Phe 4% D, L-Phe groﬁp was the
only one to approach levels found clinically in pregnant
PRG women. These animals were able to carry normal fetuses
to term but were unable to nurse them effectively while being
fed the test diet., No data were provided on fetal weight
or maternal Tyr levels. It is probable that the maternal
animals consuming the 4% Phe 4% D, L-Phe diet also had
significant elevation of plasma Tyr. One must also guestion
how much of the 21 mg/l100 ml Phe was composed of the non-
physiclogic D-isomer,

Waisman has not provided any additional data on his
efforts to induce a PKU~like state using Phe supplemented
diets in pregnant rats. Further interpretation of his work
is hampered by the confounding effects of reduced maternal
nutrition, combined ﬁrenatal and postnatal treatment, and
the lack of appropriate offspring follow-up data.

Loo et al (1962) demonstrated transitory deficits in

avoidance learning in the offspring of rats fed a 1% D, L-Phe
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diet for an unspecified portion of pregnancy as well as during
lactation.\\The offspring were weaned onto the 1% D, L-Phe
test diet aﬂd, while eating this diet, were shown to have
learning deficits which were at least partly reversible when
the same animals were later fed the contiol-diet. This
rather loosely designed stuéy included only 6 offspring in
each group, no cross—fostering, and no data on maternal Phe
. or Tyr levels. It is of note that at iﬁ weeks qf age the
offspring rats did not have significantly elevated plasma
Phe levels while consuming the test diet, and it is therefore
doubtful that the maternal animals had significant hyperphe.
Leaf et al (1965) have also shown decreased learning
ability in the offspring of rats fed a 7% D, L—Phe.diet for
both the final two days of pregnancy and for the three weeks
prior to weaning. Using a cross-over design at the time of
weaning, half the offspring from the Phe fed and control
fed groups were given either the 7% D,L-Phe or control diets
until the time of behavioral testing. The performance of
the animals fed Phe during the preweaning period, whether
or not they subsequently ate the Phe or the control diets,
was significantly poorer than animals not fed Phe prior to
weaning, even if these animals had eaten’the Phe diet since
weaning. . This study-clearly demonstrates the existence of
a critical period for the effects of the 7% D,L-Phe on rat
learning behavior, although it is not possible to distinguish

the relative contributions of prenatal vs postnatal treatment.



No data were provided on plasma Phe or Tyr, urinary Phe
metabolites, or food intake and weight gain, so again it is
not possible to assess the relatibnship of hyperphe and
nutritional factbrs to the learning deficit.

Thompson and Kano (1965) found that the offspring
of rats fed a 3% D,L-Phe 3% Tyr diet throughout prégnancy-
leérned a maze more slowly than control rats whose pregnant
mothers ate an unsupplemented diet. The maternal diet'ﬁad
no éffect.on fetal weight, mortality or abnormality. Plasma
Phe and Tyr levels were not measured although PPA excretion
was significantly increased in the mothers given the test
diet. Since the D-isomer of Phe is known to be rapidly
metabolized to PPA by D-amino acid oxidase, the presence of
excess PPA in the urine of the maternal rats can not be
taken as evidence for hyperphe and subsegquent increased
activity of the alternate pathways of Phe metabolism (Scriver
and Rosenberg 1973). Although this was the first report of
of fspring follow—-up not to be confounded by postnatal treat-
ment, its relevance to maternal PKU is limited by a number
of problems. E&perphe was not demonstrated and the lack of
cross-fostering leaves the possibility that differences in
maternal behavior may have affected later 6ffspring behavior.
Most importantly, it.is not possible to ascribe the effects
to maternal Phe treatment alone, since no 3% Tyr diet control
was included.

Perry et al (1965) have also studied the learning
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ability of tﬁe offspring of rats fed a high fhe diet during
. pregnancy. When pregnant females-were fed a 7% Phe diet
.during the final 10 days of gestation (normal pregnancy in
tpe rat is about 22 days), the pups were born alive but died
within é few hours of birth. No indication of the cause of
death of these pups was provided. Reducing the duration of
treatment to the last 8 days of pregﬁanﬁy greatly reduced
" this neonéﬁal‘mortality. Maternal Phe levels ranged from 6
tqQ-61 mg/100 ml and maternal urine contained excessive
phenylketones. Maternal Tyr was not estimated, however
urinary Tyr was greatly elevated suggesting hypertyrosinemia.
Newborn body or brain weights were not reported. Although
the number of pups tested was small, there was no evidence
of decreased learning ability or decreased brain serotonin,
The newborn mortality in this study remains unexplained. The
relative importance of the maternal hyperphe needs to be
weighed against the probable maternal hypertyrosinemia and
the uncontrolled maternal nutritional status. There are no
other reports of Phe dependant neonatal mortality which
suggest there may be a critical period for this effect, and .
if confounding factors could be excluded, this deserves
ﬁurther study.
Polidora (19é7) has reported the most carefully
controlled study of the effects of maternal Phe administra-
tion on subsequent offspring behavior in rats. Rats were

weaned onto either a 5% Phe diet or an unsupplemented control
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diet and subsequently mated while eating theée diets. So
that the effects of maternal treatment during pregnancy and
lactation could be differentiated, all offspring were cross-
fostered, either to a Phe treated or control dam, All-pupé
were weaned onto the control diet and subsequently tested
in a water maze. During pfegnandf.the matetnal plasma Ehg
levels ranged from 4.1 to 17.9 mg/100 ml. The newborn ﬁhps
were not weighed, although at weaning offspring exposed to
Phe during both pregnancy and lactation weighed significgntly
les; than all other groups. The role of poor maternal food
intake cannot be assessed on the basis of the data provided.
- No fetal death or malformations were noted. Behavioral
testlng revealed the unexpected finding that animals exposed
to Phe during both pregnancy and lactatlon made 51gn1f1cantly
fewer errors in fhe maze than all other groups. Whether
behavioral testing on other types of learning tasks might
have revealed adverse effects of thé prenatal and/or postnatal
Phe treatment is not known. No Tyr data were presented,
however it is highly probaﬁle, based on the results of Boggs
and Waisman (1964) using the same test diet, that maternal
Tyr levels were at least moderately increased. Although
this study was elegantly designed, the results cast doubt
on the utility of feéding excess Phe -to rats in order to
mimic maternal PKU.

In spite of the inability of dietary ?he supple-

mentation in the rat?;o adequately reproduce either the bio-

chemical or the behavioral hallmarks of maternal PXKU, work
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utilizing this approach has continued. . Luse et al (1970)

were the next to repért such a study when they fed 3 rats a

7% Phe diet and injected the animals 5 times each.week with

1000 mg/kg.qf additional Phe. The §nimals were treafed in

this manner prior to conception aﬂd throughout a total of

4 pregnancies. ©No control animals were reported.- One

oregnant female died and another cannabilized her entire

litter before it could be examined, thus ieaving only 2
pregnanciés for study of the offspring. Of.these, one

female died during parturition after delivering B8 dead

fetuses and the remaining female was found to be carrying )
oniy dead fetuses when sacrificed on.gestation day 21. The
fetuses available for study were said to be small and a number
were found to have cataracts. The photographs of fetuses
noted to have cataracts suggest that these fetuses had been
dead in utero for some time prior to delivery, and in the
absence.of histological study, the significance of these lenti-
cular defects is uncertain. A larger adequatelf controlled
study is needed to confirm these data. The amount of hyperphe
the maternal raté experienced was not reported, alt@ough
significant urinary PPA was excreted. Whether fhe pregnaht
females had elevated\gxgélgge{s is not reported, nor is

the nutritional statﬁs of these animals, a notentially
significant paramet®r considering that 2 of 3 females died
during the study.

Pasquier et al (1972} fed one pregnant rat a 10% Phe
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diet for the last 4 days of.gestation and during laceation.
The pups were weaned onto the.Phe diet which was later
increased to'15% Phe. Animals were killed while still eating
the supplemented dlet and the:.r livers studied by both light
‘and electron mlcroscopy.- Another lltter was treated in a
SLmllafigashlon except that a 5% Phe diet was initially
used, beglnnlng on the final day of - -pregnancy. No gross
hepatic pathology was observed however decreased glycogen
and the absence of fat droplets were noted in the treated
rats when examined with the electron,microscope. No data on
the cohdition*of other osaan\systems, maternal Phe, TYr,
nutritional intake, or urinary Phe metabolites was given.
Liver oisease or pathology is eot a characteristic finding
in either PKU or the offspring of PKU women. The significance
of Pasquier et al's findings is difficult to evaluate,
especially in view of the small number of animals, the con—
foundingreffects of both prenatal and postnatal Phe treatment,
and the likelihood of uncontrolled nutritional deficits in
the treated animals.

Iijima et al (1975) have also reported on the effects
'of Phe supplemented diets fed to pregnant rats; The rats
were fed a 3.5% Phe diet for the final 10 days of gestation
as well as during lactation. No_fetel abnormalities or
increased mortality wereAreported. The newborn pups from
the Phe-fed females weighed less than control pups, but it

is not clear if the difference is statistically significant.

L}
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Controi sats were not pair-fed and no'data are presented on
maternal food inteke. In adﬂition, no data on_maternal Phe,A
Tyx, or Phe metabolites were provided. <The offspring wefe
fed a 7% Phe diet beyond weaning at which time both Phe
and Tyr were elevated. This repost dees not add any new
information concerning the effects of prenatal Phe treatment
in rats. ’ M “
Wapnir et- al (1977) have presented the most.recent
“data on tﬁe effects of feeding pregnant rats Phe supplemented
diets. The rats were fed a 7% Phe diet for the last week of
gestatlon and maternal plasma Phe. was found to be in the
range of 9.9 to 16.5 mg/100 ml. On the day prior te expected
delivery, an addltlonal oral dose of Phe (500 mg/kg) was
given 1 hour before the animals were killed. At th time of
sacrifice, materhal Phe and Tyr were 51.6 and 9.5 mg/100 ml,
respectively. Fetak in Phe was significantly elevated
ebove’eontrols/ggij:::s:::;T\biasma and brain tryptophan
were significah{ly decreased. Injection of the pregnant
females with radiocactive tryptophan ihdicated éecreased
tranﬂbort of this amino acid into both fetal blood .and brain.
In addition, fetal brain pyruvate kinase activity was found
to be significantly lower in the Phe group., It is important
that these biochemical dispurbances in fetal brain be
corselated with offspring brain function.and morphology. In -
addition it would be of value to determine if the dietary

treatment alone, ie. without the Phe bolus 1 hour before

ot
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sacrifice, is'also associated with these biochemical
' abnormalities. Tt is of note that Wong et al (1972) have
'demonstrated decreased fetal brain tryptophan concentratidn'
fplloéing a_single maternal Phe injection. Further work
must includé'measures to control for decreased maternal food
intake in the face ofrdiets supélemented with high levels
of Phe. Similar studies using pCPA treatment to prevent
elevated Tyr levels might also be.useful, as Copenhaver et
al (1973) and Berry et al cls'}s, 1977) have demonstrated.
‘decreased braih tryétophan levels in the fetuses of pregnant
rats injected with both Phe and pCPA.

| Carver et‘aL (1965) héve also studied brain amino
‘acids in the fetuses of rats treated with Phe during
.pregnancy. Rats were given daily Phe injections of 50 mg
throughout gestation. This regimen h;a no effect on maternal
plasma Phe levels when estimated 2 hours following the final
injection, although Tyr was increased. Fetal brain Phe and
Tyr levels Qere not affected by the maternal treatment although
threonine, serine, glutan_iner glycine, alanine, valine,
methionihe, leucine, isoleucine and arginine were significantly
decreased while glutamate was iﬁcreased; Unfortunate&y,
fetal brain tryptophan was not reported. These data are
significant bécause they sugéest that fetal brain amino acid
. imbalance can be produced by maternal Phe treatment, even
in- the absence of persistent maternal hyperphe. Thé relation-

ship of the elevated maternal Tyr to the fetal brain amino
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acids is not clear, but it does serve to emphasize the need
for developiné models which minimize Tyr elevations.

ﬁong and colleggues (Wong and Justice 1972; Wong et al
1972) examined the effect of maternal Phe treatment on fetal
brain polyribosomes. Pregnant rats were -injected with
1000 mg/kg of Phe on gestation day 20 énd killed one hour
later, at which time the maternal Phe level was elevated
over 200 times control. Maternal Tyr levels were not deter-
mined., Fetal brain Phe content was significantly iéc;eased
while tryptbphan was decreagéd. In addition, féta; brain
polyribosdmes were found to be disaggregated and in vitro : e
protein synthesis decreased in the Phe treated group. These
data, when considered with those of Wapnir et al (1977} and
Carfer et al (1965), indicate that maternal Phe treatment in
the rat can disrupt the fetal brain in a number of wayé. The
significance of these abnormalities with respect to clinical
maternal PKU remains unclear. It is still necessary to
demonstrate that these abnormalities have functidnél or
morphologic correlates as weli as a relation to maternal
hyperéhe which is indepéndant from elevated maternal Tyr.

In the studies in which pregnant rats were treated .
with Phe alone, maternal Tyr was elevated in all instances
©in which it has béen measured (Boggs and Waisman 1964;
Carver et al 1965; Waprir et al 1977; ﬁapnir and Dierks- -
Ventling 1971}. It is therefore probable that hypertyrosinemia

was present in all studies in which pregnant rats have been
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treated with Phe alone. As hypeftyrosinemia is never-found
in maternal PKU, its presence must be se;iously considered ’
when‘interpretiﬂg the significance of these experimental
studies. Although a number of abnormalities.aésociated with
maternal PKU have been demonstrated in the offspring of
rodents treated With'Phe, numerous procedﬁfal shortcomings
remain unresolved, and no such study has yet‘provided an
adequate experimental model of maternal PKU.

Waisman's group has also studied the effects of
feeding four rhesus moﬁkeys Phe supplemented milk diets
during a totdl of 9 pregnancies. ‘The pregnant females were
fed from 0.2 to 1.43 g/kg/day of Phe. During pregnancy
mean plasma éhe ranged from 14,7 t9.3 mg/100 ml and at
term maternal Phe and Tyr levels ranged from 7.0 to 56.5 mg/
100 ml and 2,1 to‘lo.O mg/100 ml, respectively (Kerr and
Waisman 1966; Kerr et al 1968). Whether or not the pregnant
females excreted excess amounts of Phe metabolites was not
reported. Umbilical cord plasma Phe and Tyr levels were
also incfeaéed in the Phe treated group. Half of the newborns
(excluding one which died during delivery secondary to a
malpresenéation) weighed less than 1 standard deviation below
the mean, although‘all had head circumferences within the
control range. Poor maternal weight gain was associated
with poor dietary intake ana this may be relevant to the

i

low newborn weight. No csngenital malformations were found.

-
—_

Seven offspring of the hyperphe monkeys were subsequently
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studied in a number of hehavioral tasks and found to respond
@ifferently’in a frustration situation and have learning
deficits (Kerr et al 1968; Chamove and Davenport 1970; Chamove
et al 1973). Although these studies meet many of the criteria
previousiy outlined, the presence of high maternal Tyr and
the confounding effects of poor maternal nutritiSn require
further work. The use of the rhesus monkey to study maternai
PKU clearly has great p;tential and it is hoped that additional
monkey data will be forthcomiﬁg. |
When Phe alone is administered to pregnant animals
hyperphe is accompanied by hypertyrosinemia. To more
closely mimic PKU, a numbei of workers have treated pregnant
rats with pCPA, an irreversible inhibitor of Phe hydroxylase
(Koe and Weismann 1966; Lipton et al 1967; Gal and Millard
1971; Guroff 1969), in order to produce hyperphe with only'
minimal Tyr elevation.
} FPoote and Tao (1968) were the first to report on
the effects of treating pregnant animals with pCPA., Two
rats were injected 3$th\300 mg/kg of both pCPA and Phe on
‘\gestation day 14 and then injected with 100 mé/kg of both
pCPA and Phe every three éays until postnatal day 8.
Beginning on postnatal day 6 the pups were also injected
" every 3 days with 106 mg/kg of both pCPA and Phe until
killed for analysis of brain fatty acids between 12 and 31
days of age. Controls consisted of one litter which was

injected with vehicle only and a second uninjected litter.
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No fetal déath or malformations were détected.‘ N;wborn body .
weight and brain weight were'not reported., Brains of the |
treated group were found to acbumul;te oleic acid les; N
rapidly, especially from 16 to 25 days of age. Althbugh
lipid abnormalities have been reported in the brain of a
retarded offspring of a PKU woman (Menkes and Aberhard,
1969), it is not possible to conclude that the data of Foote
and Tao.indicate that maternal hyperohe in the rat causes
abnormal brain lipid maturation. Further work requires the
use 6f both pCPA and Phe controls, data on maternal Phe and
Tyr levels, and restriction of treatment to pregnancy.

Glazer and Weber (197l1a) have studied the effects of
brief maternal hyperphe on.tﬁq incorporation of glucose into
macromolecules by fetal rat brain. Pregnant rats were given
a single injection g%,BOO mg/kg of oCPA on approximately gesta-
tion day 18 and on the following day two additional injections
2 hours apart of 1000 mg/kg of.Phe. One hour after the second
Phe injection the maternal plasma tqtal Phenylalaﬁfﬁes (PA,
which includes both Phe and pCPA) averaged 54.5 mg/100 ml
in the pCPA plus Phe treated animals compared to 12.1 mg/100 ml
and 5.9 mg/100 ml in the pCPA and saline controls, respectively.
Although Phe was not measured independantly from pCPA, it
does appear that maternal Phe during the three hours after

. Lo -
Phe ln]eCtjS: reached levels comparable to those found
clinically.™Neither maternal plasma Tyr or urinary Phe

metabolites were measured., Fetal brain slices from the animals
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treated with both Phe and pCPA were found to incorporate-
significantly less glucose into lipidé, proteins, DNA,-and
RNA. The decreased fetal brain synthesis of macromolecules
from glucose was prevented by.feeding the pCPA plus Phe-
treated females excéss glucose. The mechanism by which the
maternal Phe and pCPA administration affected the glucose
incorporafzgh is not entirely clear. The authors have also
showed that in vitro glucose incorporation into macromolecules
of normal fetal rat brain was inhibited by PPA, albeit at
concentrations greater than fifty times that seen in the
blood of PKU patients (Partington and Vickery 1974), and
that except for lipid synthesis, this inhibition could be -
reversed by the addition of glucose to the medium. The
authors did not measure maternal or fetal tissue PPA con-
centrations in the in vivo experiments and it is therefore
not possible to assess the role of PPA in macromolecular
synthesis in pCPA-Phe treated rats. PA content was elevated
in the fetal brains of the Phe and pCPA treated females and
the authors have also shown-that in vitro, glycolysis in
normal fetal rat and fetal human brain is inhibited by Phe
(Glazer and Weber 1971b; Weber 1969; Weber et al 1970). The
work of Glazer and Weber needs to be expanded to determine
whether increased dietary carpohydrate.might also protect
the rat fetus from the effects of sustained maternal hyperphe,
not only at‘the biosynthetic level, but also functionally

and morphologically. 1In addition, it would be useful to

e hdme——— "
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‘determine if fetal brain biosyntheﬁic function is altered
by matefnal hyperpﬁe of longer duration.

Andersen (1976] has also injected near-term pregnant
rats with Phe (333 mg/kg/déyi.and pCPA (60 mg/kg/day)}, begin-
ning on gestation day 18, 19, or 20 and continuing until de-
livery. Maternal PA levels reached nearly 40 mg/100 ml 3
hours following injection but fell to‘only about 5 mg/100 @l
wiﬁhi§§g4 hours. Andersen did not measure Phe independantly
from pCPA. He cites his earlier work with 5 day old rat pups
injécted with Phe and pCPA (Andersen et al 1973] as supporting
the suggestion that most of the PA assayed in the oregnant
females was com;osed of Phe and not pCPA. The PA levels of
the rat pups following Phe and/or pCPA injections however,
were considerably different from those of the pregnant
females in the current study, so it is uncertain what fraction
of the maternal PA measured is actually Phe. Inxaddition,
DelValle and Greengard (1976) have measured Phe and shown
that sustained hyperphe doés not occur when rat ﬁups are
injected with the schedule used by Andersen. Andersen (1976)
found that compared to saline treated controls, birthweight
was significantly decreased in the experimental group. A
number of studies have ‘shown that rats treated with oCPA have
decreased food intake -and poor weight gain (Copvenhaver et al
1970, 1973; Moore and Hampton 1972; Wapnir et al 1970}. In
the abéence of both pCPA and Phe treated control groups as

well as information on maternal food intake and weight gain,
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4
it is not possible to determine the reiationship of- the
decreased newborn,weight to maternal hyperphe:

Aﬁdersen (1976} also showed that PA entered fetal
brain much more readily than maternal brain and this could
mean that fetal bréin may.be relatively more sensitive to
hyperphe than is adﬁlt brain.tissue.

Copenhaver's group has reported-.a séries of experif
ments in which rats were injected with various doses of
pCPA and Phe during the final one third of ﬁregnancy. Copen-—
haver first showed that rats injected with 247.8 mg/kg/day
of Phe on gestation days 15 through 20 and 299.5 mg/kg/day of
pCPA on gestation days 15 and 17 had significanﬁly decreased
food intake accompanied by maternal weight loss (Copenhaver
et al 1970). <Control rats injected only with Phe ate and
- gained weight at the same rate as the vehicle injected
controls, The pCPA controls also had significantly reduced
food consumption and lost weight at an even greater rate
than the Phe plus pCPA group. In addition,.both the pCPA
plus Phe experimental group and the pCPA control group had
significantly decreased fetal brain and body weight when
compared to Phe and vehicle control groups. No fetal death
or malformations were detected in any group. The pCPA con-
trols, in contrast to the QCPA plus Phe experimental group,
wére given daily pCPA injections and therefore received 3
times more pCPA., Maternal blood PA or Phe levels were not

reported, but there can be little doubt that the group
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receiving both Phe and pCPA had higher Phe levels. Although
pCPA éppears to play & role in maternal and fetal weight

Y

reduction, bééause of the differences in the two pCPA
treatment regimens, it is not possible to adequaée;y assess.
the role of maternal hyperphe.

Copenhaver et al (1974) reported further data on
the effects of a number of Phe plus pCPA treatment regimens
on pregnant rats and their offspring. Injections of 495.6 mg/
kg/day of Phe dn days 15 throughVZl and 399.4 mg/kg/day of
pCPA 9n~qizs 15 through‘ls were found to elevate maternai.
plasma PA to a maximum of 34.1 mg/100 ml' 2 hours after the
?he‘injection; plasma PA fell'to only 6.5 mg/100 ml within
24 hogrso Treatment with lower dosages of Phe and pCPR
resulted-in -lower maternal plasma PA. Phe was not separated
from pCPA for these assays. Tyr was not determined in most
of these dose response studies, and it is therefore unknown
if Tyr levels rose at the times when PA peaked. The wide
swings in PA levels following injection of pregnant rats
with Phe and pCPA observed by Copenhaver and by Andersen (1976)
are probably of greater magnitude and fall to much lower
levels than those of pregnant women with PKU.

Treatment of pregnant rats with various doses of
Phe and pCPA on gestation days 18 to 21 and 18, respectively,
did not appear to adversely affect fetal body or brain weight,
although only a single litter was used for each regimen

(Copenhaver et al 1974). A longer treatment period however,
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injection of 330.4 mg/kg/dayfof Phe.and 199.7 mg/kg/day of
pCPA on days 15 thrdugh 21 and 15 and 18, respectively,
significantly reduced both fetal body and brain wéight.
Maternal PA levelslreached a maximum of only 14.4 mg/lop ml
in simiiarly treatedibregnant rats, and in the absence of
pCPA, Phe,,and pair-fed céntrols, it is not clear that this
reduction in fetal weight is related primgrily to maternal
hyperphe, Fetal death or malformation was not detected in
any group, although mothers treated with pCPA Qere found to
kill their pups within 24 hours of birth. This behavior
could be completely pfevented by giving the pregnant females
concomitant treatment with‘§—hydroxy—tryptophan, presumably
via replacement of depleted braiﬁ serqtonin stores (Ccpeﬂ-
haver et al 1978). These dramatic changes in maternal
behavior caused by prenatal treatment highlight the importance
of c¢ross-fostering in order to prevent the confounding of'prenaﬁal
and postnatal influences on subsequent offspring behavior.
Copenhaver has also demonstrated behavioral deficits‘
in the offspring of 3 pregnant rats injected with 165 mg/kg/
day of Phe on days 15 to 21 and 165 mg/kg/day of pCPA on
days 15 and 18 (Schalock and Copenhaver 1973) .Following the
injections maternal plasma PA levels reached only 12.6 mg/
100 ml and returned 'to nofmal levels within 24 hours of
injection. As in his other studies, Copenhaver 4id not
determine Phe separately from pCPA nor estimate maternal

- Tyr levels. The newborn of the pCPA plus Phe injected
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mothers weighed less than the controls. The offspring were
later found to be less active and less efficient in learninga
an appetitive task when compared to the offspring gf vehicle -
injecﬁed rats. Once agéin, interpretation of these results
is limited both by the absence of pCPA and Phe treated con-
trols,-and by the probable confounding effect of decreésed
maternal nutrition. 1In addition, none of the puﬁE—were
cross—fostered in this study. )
Copenhaver has also shown that ingection og\gregnant-
rats with 330.4 mg/kg/day of Phe on days 18 to 20 plus 399.2
mg/kg of pCPA on day 18 was associated with significant dis-
aggregation of fetal brain polyribosomes (Copenhaver et al
1973). This étudy included both pCfA and Phe control groups,
both of which resulted in moderate but significantly“less
polyribosome disaggregation than did combined pCPA-Phe
treatment. One hour after the final injection maternal PA
levels averaged-21.5 mg/100 ml, of which approximately oﬁe
half was estimated to be pCPA. Maternal Tyr levels were not
significantly elevated in any of the treatment groups. Fetal
brain PA were increased dramatically in the two pCPA groups
and moderately in the Phe treated group, whereas fetal brain
tryptophan content was decreased.in ail three groups but
most significantly in the two pCPA groups! Combined treatment
with pCPA and Phe resulted in the most marked‘deﬁiations

from the normal with respect to both fetal brain PA, tryptophan,

and polyribosome disaggregation. This study is the only
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feport from Copenhaver that cleérly_implicates maternél
hyperphe, albeit of a shart duration, in‘thé'pathogenesis of
a fetal abnormality. All of Copenhaver's work is liﬁited
however, by the use of aﬁ’injection schedule which resulted
in wide fluctuatlons of maternal PA levels; in some cases
PA returned to normal levels prior to the next scheduled,
injection. Butcher's group has come the closest to meeting
the criteria of an acceptable animal model of maternal PKU.
Butcher (1970) reported that the offspring of 3
ra£s fed a diet supplemented with 3% Phe and 0.12% pCPA on
gestation days.1l0 to 20 learned a maze significantlg more
poorly than contréls., Offspring from rats pair-fed either
a 0.12% pCPA or g regular chow diet d4id not learn as well as
offspring of rats fed chow ad libitum, however, they did
perform significantly getter than ﬁhe Phe plus pCPA group.
These data agéin emphasize the importance of both pCPA con-
trols and maternal nutrition in studies of experimental
maternal hyperphe. Maternal plasma Phe was said to be
increased with a Phe to Tyr ratio similar to that found in
PKU. In a later publication, pregnant rats fed the same
test diet had plasma Phe levels of 13.9 mg/100 ml while Tyr
was only 2.3 mg/100 ml (Berry gf al 1975). Although the
number of subjects is small and no cross-fosterlng or Phe
controls were employed, the data strongly suggest that

maternal hyperphecof approx1mately14 ng/100 ml during the

last half of pregnancy in the rat is assoc1ated with a
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learning defié&it in the offspring.

In a subsequent study (Berry et al 1975) it was shown
that when bregnant rats were fed the 3.0% Phe 0.12% pCPA test
diet, fetal plasma and amniotic fluid contained markedly
elevated Phe‘levels. pCPA, as well as Phe, was higher in
fetal than maternal plasma, suggesting active placental trans-
port of both amino acids. Fetal brain serotonin content was

. decreased in both the Phe pl;;>LCPA group and.the pCPA con-
"trol group, suggesting that dzgzgilon of fetal braln serotonin
cannot be the only factor 1n the offspring learnlng deficits,

Additional :Eudles demonstrated that leucine, iso;eucine,-
valine and tryptophan were lower in fetél brains collected
from rats fed the 3.0% Phe 0.12%‘pCPA diét during the

second half of pregnancy (Berry et al 1977). Fetal'brain
weight.was also reduced in the Phe plus pCPA group. When the
3.0% Phe 0.12% pCPA diet was supplemented Qith additional
valine, leucine and isoleucine and then fed to pregnant rats,
both fetal brain weight and subsequent macze léﬁrning no
longer differed .from controls. Supplementation of thé Phe-
pCPA‘diet with tryptophan howevef, did not improﬁe either
maze learning or fetal brain weight. The leucing, isoleucine,
valine supplementation tended to incréase the fetal brain
isoleucine and valine levels, and although it had no effect.
on fetal plasma-Phe,‘it significanély'lowered fetal brain

Phe c0ntent‘suggesting that amino acid transport into fetal

brain may be affected. These data also suggest that the
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amino acid imbalance in fetal brain involving isoleucine,
valine, and Phe could be directly related to both decreased

braln werght and lmpalred brain functlon in the offspring of —ff

" -

. .- hyperphe rats.' Whether "the protective effect of valine,
leucine‘and isoleuclne is related to changes in amino acid

transport in developing brain or perhaps alterations in.

macromolecule synthesis is not known. It would be informative
to determine if suéplementation with these branched chain
amino acids also affects otheribiochemical abnormalities found
in fetal brain following maternal Phe and EgPA administration
A{Glazer and Weber 197la; Wong et al 1972; Wong and Justice
'1972; Wapnir et al 1977; Carver et al 1965; Copenhaver et al

1973). -If further work can substantiate and clarify the role

L

of isoleucine, leucine and valine in preventing.offspring

damage ' in maternal hfperphe,'then use of these amino @Gtids -
. Q .
. may - 'have clinical appllcatlon. It is of interest that Berry

has repozted that two teenaqe patlents wrth PKU showed some

improvement in behavioral testing in prellmlnary studies of
Lo . . € ©or ’
- o dietary supplementa%;.on with iso‘leucine?; leucine, and valine

L -(Berry et al 1977).
I . .
T Butcher s dletary model of maternal PKU meets most
/ ~
of the crltérla prev1ously outllned ﬂThe model;however,

needs to be expanded S0 that the effects of hyperphe lnduced
through the duratlon of pregnancy can be assessed. »In

.a\\“\<\ -addrtlon, cross—fosterlng of the newborns would ensure that

<

o - any subsequent behavroral abnormalltles are not due to
' - s v Ry

.
»
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differences:in’ma£ernal rearing beha%ior, Excretion of
excess’ amounts of - Phe metabolites by pregnant hyp?rphe rats
also needs to be demonstrated, as Berry et_al (1975) have
done for young nonpregnant rats fed the 3.0% Phe 0.12% pCPA
" diet. | |
Two additional reports have appeared in which
'pregnant rats ‘were treated with PCPA for purposes other than
to simulate.matefnal PRUO. Moore and Hampton (1974), while \\
studying the effects of pCPA-mediated serotonin'depletion.on
“the length of géstation, found that rats treated orally with
316 mg/kg of bCPA on‘alterng§g days from gestation days 2
through 21 entirely resorbed many of their litters. Reduction
of the ngA‘dosage by one half during the first twelve days
‘of gestation greatly reducednghis fetal loss, as judged by
litter size at term. Severe maternal weight iosg occured in
both groups and without the use of pair-fed controls it is
not possible to assess the role of pCPA ip the fetal ioés.
" This is the only feport which has assdciated PCPA witﬂ-
pregnancy loss as well as the on;y report in which pCPA has
been administered during early pregnancy. No d;ta on Phe
or Tfr 1evels;were reported and the importance of hyperphe
_;herefofé‘is not known. No malformations were detected in
th$5fstudy. .

~ "Lauder and Krebs (1976) ‘have studied the effects:of
;préﬁatal'pCPA injecﬁions on the time of origin offneurons.

which receive serotonin innervation din. the.adult brain.
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Pregnant rats were'injected with 300 mg/kg of pCPA-methyl

ester on day 8, followed by daily injeCtion of 100 mg/kg/day

a.

until one of days 12 through 16. This reglmen was not
associated with an&_fetei loss but did result in a 1 to 2 day

delay in the time of origin of neurons in a number of brain

. nuclei. Whether such delays in the time of neurogenesis have

functional correlates and/or are related to hyperphe are

intrigquing gquestions which must await further study.

‘Aims of the Present Study

Although considerable progress hes been-made iﬁ
experimentai approaches to maternal PKU, no entirely satisfactory
model has yet appeare&. With the notable exception of the work
by Waisman's group with monkeys (WaiEman 1968; Ker:-andeWaisman
1966; Kerr et al 1968; Chamove & Davenport 1970; Chamove et al
1973), all other studies of experimentai maternal hyperphe
have been done with rat$ or rabbits. The guinea pig'has not
previously been used in studxes of maternal hyperphe, although

attempts to induce hyperphe with Phe diets in postnatal

‘animals have been repdrted_(Hsia et al 1963; Hsia et al 1964;

Inouye et al 1967}. This speciee however, has several
advantages over othei common laboratory animals for studies
of matexnal dlsekses affecting offspring development. The

guinea pig was therefore selected, on the ba51s of the

- was hopedﬁto avoid many of the shortcomings of previous work

v
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by szstematichlly deﬁg;ﬁining the conditions necessary to
produce hype?phe in thesé animals and then to determine the
,suitability of the guinea pig as a model for maternal hyperphe.
Defici;nt brain myelina£ion'has been reported in
three offspring of PKU women (Menkés and Aberhard 1969;:
Bush and Dukes 1975; Bovier;Lapierre et al 1974), and is a
common autopsy finding in Ehe brains' of PKU patients (Knox
1972; Scriver and Rosenberg 1973). In most common laboratory
rodents braiﬁ_myelination is almost exclusively a postnatal
evenﬁ, whereas in both the guinea pig and man myelination
begins in utero (Chase et al 1971; Dobbing and Sands 1970;
Dobbing 1973). The guinea pig is ;ggrefore an appropriate
animal for the study of prenatal insults in’ which myelination
may be disrupted. In additilon, s}née the brain growth spurt
in both man and the gquinea pig reaches a péak prior to birth
rather than postnatally, as it does in the rat, the guinea
pig is-also well suited to study the effects of maternal
disease on fetal brain growth (Chase et al 1971; Dobbing
1974). Since microcephaly is frequently found in the off-
_ spring of PKU women and defective myelination may also be
common, the gﬁknea pig was selected for a study of experimental
hyperphe. The guinea pig has a number of other advantagés
over the rat for £hié typerof study. Hepatic Phe hydroxylase
éctivity in the guinga.pig is intermediate bet;een the rat and
man (Voss and Waisman 1966; Berry et al 1972). Guinea pig “

Phe hydroxylase also has a developmental’qntogeny more similar

4
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to man than does the rat (Friedman and Kaufman 1371; Berry et
al 1972). In addition the quinea pig has a relatively long
gestation of 67 days in which the hormonal control shifts

from ovarian to placental, as it does in human pregnancy.

" This 1ong'pregnancy is well suited for studying the effects

‘of a maternal disease which is present for the duration of

human pregnancy. In addiﬁion, the unresolved question of
critical periods for the teratogenic effects of maternal
PKU could be tackled with the use of prégnant hyperphe guinea
pigs.- |

The objective of the present investigation was to
estéblish the experimental conditions necessary to induce
stable hyperphé‘in guinea pigs and to then assess the ug%lity
of this species in studies f maternal hyperphe. Studies
were designed to assess various regimens of Phe .and pCPA
administration in order to define the paraéigm.resulting in
persistent’ hyperphe while at the same' time, minimizing TQr
elevation.\ In'addition to Phe, pCPA was also administered

to inhibit Phe hydroxylase, the defective enzyme in PKU.

The appropriate pCPA treatment was determined by relating

the pCPA dosage to both the extent of Phe hydroxylase

inhibition and the plasma Phe and TyrT concentrations.

Since the guinea pig is dependant on exogenous
ascorbic acid, which in turn has béen—shOWn to affect Tyr
metabolism (LaDue and Zannoni 1961), studies were also under-~

taken to determine if dietary Phe and pCPA treatment affected

>
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tiésﬁe ascérbic acid 1evei§. Since pCPA treatment has been
shown‘to affect food intake'in rats, studies weré also
deéigned to maximize food intake by improving test diet
palatability. x ,
Christensen and Streicher (1948} have reported data
that suggests the fetal to maternal plasma ratio }or amino
acids is about 5:1 in the guiﬁea pig; éonsideraﬁly greater.
than the fatio of approximately 2:1 for Phe féund in man.
"and rats (Cockburn et al 1970; Ghadimi and Pecora 1964;
Lines and Waismén‘197l;'wapnir and Dierksébentling 1971).
The existence in the guinea pig of such a large gradient in

favor of the fetal piasma would influence the extent of
materﬁal hyperphe‘required toAduplicate the fetal -conditions
in maternal PKU., Studies were therefore undeﬁtaken to deter-
mine the fetal té maternal plasma ratios for both Phe and Tyr
at various stages of pregnancy in the guinea pig.

Congenital malformations and abortions occur with
an increased frequency in maternal PKU. There have been no
studies in which both Phe and pCPA have been administered
during the first half of pregnancy. Studies of the effects
of inducing stable hyperphe during the first part_of.ﬁregnancy
in the guinea pig were therefore performed. Embryonic tissue
was studied for evidegce of mortalityv, malformation, and

growth retardation. In addition embryonic yolk sac fluid

levels of)Phe and Tyr were estimated to determine whether
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the early embryo is directly exposed to high levels of Phe
in the-presence of ﬁaternal hyperphe and 1if such exposure

was related to abnormal embryonic development.



Materials and Methods: General

Chemicals: Phe, »nCPA, Tvr and NADH were ﬁurchased from

- T

Sigma Chemical Company (st. Louis, Missouri). Ascorbic acid
and sucrose were purchased from BDH Chemicalsl(Toronto,
Ontario). Aspartame was obtained from the G. D. searle
Company (Oakville, Ontario and Skokie, Illinois). Dimethyl-
tetrahydropteridine (DMPTH)‘;EE purchased from Calbiochem
(San Diego, California). |

Biochemical Metheods: Tissues and £fluid samplés were

stored at -25°C prior to_ assayv.

Fluorometric method f@r Phe: The method used to
estimate Phe was a modification of the techﬁiqﬁe of McCamen
and Robins (1962) as described by Hsia and Inouye (1966).
Briefly, serum, plasma, and yolk sac fluid were deprbteinized
in equal volumes ofJ0.6M TCA and centrifug?q_q;;SOGOG for 5
minutes. 20/»1 of supernatant was then ﬁixed with 300;; of
succinate buﬁfer-ninhydrin-leucylalénine solution (5 volumes
of 0.6M succinate buffer, pH 6.88, 2 volumes.-of 30 mM ninhydrin
and 1 volume of 5mM L-leucyl-L=~alanine pFepéred immediately
: Abefore each assay). Thg supernatant=-ninhydrin-peptide
miﬁturg was incubated at 60°C fér 2 hours, then cooled and
mixed with 2.0 ml of Eopper reggent-(B volumes of 0.25 M
sodium bicarbonate with 0.39 mM potassium sodium tartrate
and 2 voluﬂbs of 0.6 mM copper sulfate),' The relative

fluorescence of the Phe-ninhydrin-copper complex at’ 515 nm

67
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was then determined using.an Aminio-Bowman spectrophotof
fluorometer with an activating wave length of. 356 nm.
Four-sided quartz cuvettés were used. Standards contain-
ing from 1 to 40 mg/100 ml of Phe in 0.6M TCA were run
through every assay. This proceduré does not distinguish
between Phe and pCPA.

Fluorometric method for Tyr: The method used was
.a modification of the procedure described by Hsia and
Inouye (1966). The sample was aeproteinized with an equal
volume of 0.6M TCA and centrifuged for 5 minutes at SOOOG..
20 ml of élear superﬁatant was mixed with 50 4l of 12 mM
-<—nitrosé—ﬁ—naphthol in ethyl alcohol and ldO,ul of 0.07
mM sodium nitrite in dilute nitric acid (1 volume of HNO3
to 4 volumes water). The mixture was then incubated for
Zb minutes at 37°C. 1.5 ml of water and 4.0 ml of ethyl
acetate were then added and mixed. THe lower’ (aqueous)
phase was collected and allowed to stand at room temperature
for 1 hour. The relative fluoroscence at 570 nm was then
read using an excitation wavelength of 470 nm in the Aminio-
Bowman spectrophotofluorometer. Four-sided quartz cuvettes
were useq. Standard solutions containiné from 0.5 to 20
mg/100 ml Tyr in 0.6M TCA were foutineiy run through all
assays. _ ) ,1\\%
Spectrophotmetric determination of Tyr: She pro-
cedﬁre used (Zanncni 1976) is a modification of the method

of Udehfrienq and Cooper (1952)., Samples were deproteinized
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(plasma with an equal volume of G.GM TCA and in the Phe
- hydro#ylase assay with O.i.ml of 20% TCA) and centrifuged
at 5000G for 5 miﬁutes; 0.5 ml of acidified supernatant
was mixed with 0.25 ml 11.55 mM d—ni;roso—ﬂ—naphthol (50
mg/25 ml in 95% ethyl alcohol] . 0.25 ml of 14.49 mM sodium
nitrite (25 mg/zs ml in 20% nitric acid)-and 0.3 ml of water.
- The mixture.was incubated for 30 minutes at 55°C and then
\\\5.0 ml of ethylenedichloride was‘addéd. The absorbance at
450 nm of the tyrosinernitroso-naphthol complex in the
aqueous phase was determined in a Hitachi Perkin-Elmer
double beam sPeétrophotoﬁeter. Standard splutigns of Tyr
were always run with each assay. Ve : ‘\\
Phe'hydroxylase assay: The methoé?;as slight;y
modified from thét of Zannoni (1976). Fresh or frozen liver
was homogenizedl(103,w/v5, with a Brinkman Polytron in ice
.~cold 0.1M phbsphate buffer, éH 7.0, containing 0.01%
mercaptoethénol. The tissue homogenate was centriéuged at
15,000G for 15 miputes aﬁ 4 to 5°c. 0.1 ml of phos?hate
buffer was thén added to 0.4 ml of supernatant followed by
the addition of 0.1 ml of freshly prepared cofactor solution
(0.7 M of NADH and 0.35 uM DMPTH in pH 7.0 0.1M éhosphate
buffer). The reaction was started by the addition of 0.1
ml of 1.4 pM Phe iﬁ pH 7.0 0.1M phosphate buffer. The
rgactibn mixture was incubated in a 27°C shaker b&th (70-80
7 oscillations per minute). After 20 minutes of incubation
the reaction was stopped by  the ad?ition of 0.1 ml of
. R

o
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iceé-cold 20% TCA, centrifuged, and the clear supernatant
assayed for Tyr by either the spectrophotometric or .fluoro~
metric method. Activity of Phe hydroxylase was'calcuiated'

as the number of‘uMoies of Tyr produced per hour per g wet
weight of tissue. Assays were run in duplicate and additional
controls included samples-run without the cofactor solution;
Qithout Phe, or without the tissue homogenate; ﬁoldme deficits
" were replaced by.o.l M phosphate buffer in these control
samples. With the exception of the assays in Series C, Experi-
ment 1, all assays were performed by the author.

Ascorbic Acid Assay: The method used was as reported

by Zannoni et al (1974) except the volumes used were increased.

Frozen liver was homogenized in ice—coid 5% TCA using a
Brinkman Polytron and centrifuged at 15,000G for 15 minutes
Nat 4 to 5%c. 0.1 or 0.2 ml of clear supernatant was then run
through the proceddre. 20 @l of ortho-phosphoric acid (85%)
was added followed by addition of 0.32 ml of freshly prepared
aqueous u{d.-dipyridyl (0.5%) and 20 ml of aqueous ferric
chloride.(3%). The solutions'were mixed following each
addition and then allowed to stand at room temperature for

15 minutes before the absorbance at 525 nm was determlned
using a Hltachl Perkin-Elmer double beam spectroPhotmeter.
Occa51onally turbldlty developed following the addition of
ferrlc chloride and when this occured the mixture was centrl—
fuged for S5 minutes and the clear supernatant read in the -

spectrophotometer. Freshly prepared'standards contaiging
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fiom 1.5 to 9.0 mg of ascorbic acid in é% TCA wéré carried
"éhrough each assay.f '

Amino acid_aﬂalyzer: Sampies were run on the Beckmaﬂ
120 C Amino Acid Analyzer by the Amino Acid Anal&zer Service .
of McMaséer University Medical Centre. Plasma was deprotein-
ized with 10% sulfosalicylic acid, mixed, and éentrifuged for
10 minutes at 10,000 RPM. Samples were injected into the
“Analyzer and ruP with liéhium buffers, pH = 2.80 for the first
250 minutes followed by a pH 4.16 buffer for the remainder of
the ruﬁ. Thé temperature was changgd from 36°C to 50°C at
150 minutes and the complete run lasted 580 minutes. ‘Short
runs were found to éffeétively separate Phé;-Tyr and pCPA and
these runs were usually used. The short run consistéd only
of the.second buffer (pH 4.186), Fhe high températurg (SBOC),
and lasted for 256 minutes. Calibration runs‘using‘known
amounts of .amino acids, including pCPA, were also performed.

Paper chromatography:_ Samplesrwere chromatoéraphed
by the Biocﬁemical Genetics Laﬁoratory at McMaster University
'Medical Centre using the method of.Scyiver et al (1964).
_The samples (serum, plasma, or yolk sac fluid) were applied
h.diredtlY'to Whatman 3 MM filter paper in volumes oé 5, 10
rﬁr 15 1. The chromatograms were developed ove niéht in
n=butanecl, acetic acidf‘and wate; (12:3:5).‘ Th:;\xére then

dried for one hour, stained with ninhydrin-isatin [ﬁinhydrin.

-
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0.25% (w/v), isatin 0.1% (w/v), and lutidine 1% (v/v] in
acetone|, and heated at 75°C for 15 minutes. The amount of
;?he and Tyr was-estimated by comparison with known standards.,
all chromatogﬁamslwere read by people experienced with this
technique. When the routine sample of 16.pl'was used the
limits of detectioh for Phe and Tyr weréd G-mg/loo ml and.
4 mg/100 ml, respectively. . |
Ferric chloride test: Ferric chloriée (0.6M) was
mixed with an equal volume of urine. The test Was|considered
- positive for phenylketones when the mixture turned distinctly
green;'ogcassion ly thHe urine-FgCl3 mixture turned brownish-

green and such damples were considergd as&@uestiona@ly--
positive. ¥

Animals: All animals used were Hartley strain
guinea pigs uﬁleés.noted otherwige; A number of suppliers
were used End this is noted in the relevaﬂt experiment.
The guinea pigs were housed in wire bottomed caéés in an
‘air conditioned room with a 12 hbur light-12 hour dark cycle.
Upon arrival in the laboratory, animals were numbered by
marking the ears or by ear>-punching. Commercféiiy prepared.
pelleted guinea pig chow fPﬁ}ina, or Teklad Mills) and clean

tap water were available ad libitum, except as noted below.

Ascorbic acid sugpiementé: Ascorbic acid supplements -

were administered to the guinea pigs either by the oral or
intaperitoneal (IP) routes. All ascérbic acid sqluﬁiohs

were prepared immediately before administrgtion. For IP
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injection-ascquic acid was‘dissqlved in distilled water

(20 mg/ml) and neutralized to pE 7.0 with NaoOH. 'injection .
volumes were 1 m1/300 g (20 mg/300g) or 2 m1/300g (40 mg/300g).
For oral admlnlstratlon, ascorbic acid was dlssolved (50 mg/ml)
in a sterile sucrose solution (4 g/SO ml) and given via a
plastlc_syrlnge fitted with a l to 2 cm length of soft plastic
tubing on the barrel. The volume given was 1 ml/300-§ body
weight (50 mg/300q). '

Mating-procedure: Only virgin female guinea pigs

were nsed in pregnancy studies. Vaginal membranes wefe
examined daily and a record kept so that it was possible to
ant1c1pate estrus. The guinea pig vaginai menbrane} which

is a dellcate membrane covering the vaginal orlflce,'remalns
closed during mqst of the estruslcycle. Just prior to

estrus the nemb?ane begins to open and intromission does not
occur unless tﬁé membrane is wide open. When females were.
nearly due to be receptlve they were placed with potent

males and their vaginal membranes examined twice daily. When.
a wide open vaginal membrane was found in a female eaged

with a male, the vagina Qas flushed with 0.9% saline and. the
fluid examined-for'the presenceéof sperm with a phase con-
trast microscepe. The day sperm were deteeted was Qesignatedh
day‘l of pregnancy (k@iter %968) and the pregnant femaie‘wae

. . ~
ithen lsolated Vaglnal membranes of pregnant females were

examined dally o detect elther the openlng of pregnancy

: S A0
g L : . T

(abou® day 24) ‘or signg of abortlon.$7;f T " - o
. }: .

- -~ . .. . .

-
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Test diet preparation: Purina guinea pig chow was.:

used as the starting material for éll test diets produced in
thg laboratory. The Pwéifa chow was initiéllﬁ ground to a
powder using either a hand operated kitchen style meat
grinder or a Waring blender. Appropriate amounts (w/w) of
Phe and/or pCPA were then added and mixed well. Whén cabbage
or leﬁtuce was also used it was then.added.and the mixture
run through the meat grinder to crush the vegetable. The
appropriate weight of sWeetener, eithér sucrose or Aspartame,
was dissolved in distilled water (500 ml/kg diet) and the |
solution thoroughly mixed with the diet mixture. This
dampened mixture was then put through the meat grinder to
form pellets which were!dryed overnight at room temperature,
Test diets were usually consumed within one week of pre-
paration. The percentage of Phe in Phe supplemented diets
indicates the amount of supplement (w/w) and not the total
fhé content. The Purina chow base contains 0.91% (w/w) Phe
(Ralston~Purina Spgcifications).

Statistical Analysis: Analysis of variance (ANOVA)

with repeated measures was used to test for experimental
group or day effects in those studies in which the design
involved measuring a parameter on a number of days in the
same animals. ANOVA'of Phe and Tyr data for exaﬁple, was. done
using repeated measures in those experiments in whichyguinea
pigs were fed test diets for three to. four weeks and blood '

was collected from each animal for Phe and Tyr estimation

-
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on a ﬁu;;;;ﬁfest dieﬁ days. This analysis requires that data
be available for eaéh subject on all the days the. relevant |
pérametgr was measured. In some cases all the data were

not available, usually because sufficient plasma could not

be collected. When data were missing, either the missing
valueé were estimated by the methoa of Cochran:and Cox (1957}
or that subject or study day (for all subjects) was deleted
from the analysis. When estimates were madé for the missihg o
valﬁes the appropriate number of degrees of free@om were
subtracted from the error term in %gg ANOVA (Cochran-and

Cox 1957). '

One-way ANOVA without repeated measures was also
performed when appropriate.

Considerable variability in plasma PA, Phe, and Tyr
levels was observed when the guinea pigs were fed Phe and
pCPA supplemented diets and the variability tended to increase
as the absolute levels of PA, Phe, énd Tyr inpreased. In
order to stabilize the variance the plasma levels of PA, Phe,
and Tyr were routinely transformed to logarithms prior to
performing ANOVA. '

when significant effects were detected by ANOVA,,
differences betweén groups were assessed with the Student-

Newman-Keuls Multiplé range procedure (Winer 1962).
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Series B : a

Introduction

L 28

Although injection of pCPA has been found to maxi-
mally lnhlblt rat Phe hydroxylase act1v1ty for over 48 hours
(Liptpn et al 18%67; Guroff 19('19) ,/;( ea pigs J.njected with
pCéA_gvery 48 hours over d 10 day period did not have signi-
ficant hyperphe é hqprs-after‘regéiving Phe injections (Kpéé;-
dix A). Since a number of workers have attempted to produce
maternal-hyperphe by injécting rats with both pCPA andq?pe
(Andersen 1976 Copenhavereﬂ:al 1970, 1973, l974;*Schalock
and Copenhaver 1973 Foote. and Tao 1968; Glazer and Weber
1971a) further studies of. the effects on the guinea pig
of Phe and pCPA injections were undertaken. Guinea pigs
were injected with vaf?ing regimens of Phe and pCPA and -
their blood levels of Phe, PA, and Tyr determined during the
12 hours following the final injections. Thegé experiments
were designed to determine if injection dfvégzgéa pigs with
pCPA.and Phe could be used to produce sustained hyperphe

-

adequate f&r model PKU.

‘Methods a

Eight‘experimehts were performed over approxiﬁately
a 2 month interval using 8 of the guinea pigs included in

76
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Appendlx A. Five of the animals were 177 da of age at the

¢ 1n1t1atlon of Serles B (Experlmeﬁt 1L and 251 izys of age

when.the final experiment was done. An additiohnal three ‘

_animals were of an unknown age. ° 8 s

f

. Anlmais were injected lntraperltoneally w1th varylng
dosage schedules of Phe, or Phe plus pCPA, and blood was

sampled at intervals during the 12 hours follow1ng Phe

-injection. For injection Phe was dissolved in O. 85% saline

and pCPA was. suspended in 0.85% saline, PpCPA was glven at
a dose of 250 mg/kg/injection (1. 25 ml /100 g body weight) in
all‘experlments. Animals were brlefly stunned with CO2 to
facilitaté the injections.

In Experimeﬁts 1, 2, 3, 4, and 5 blood was collected
from either the éxternal-jugular or cephalic veinsiunder
methoxyflurane anesthesia (Appendix A). In Experiments 6,

7, and 8 blood was obtained from the ophthalmic venous plexus
by a modification of the methad of Riley (196Q). The

animals were iightly anesthetized with methoxyflurane
following CO2 ind%stion (Hoar, 1969) and a heparinized
capillary tube (75 mm by 1,1 t6 1.2 mm I.D., Red Tips, Fisher-
brand) was inserted between the eyeball and orbital wall

so as to disrupt the venous drainage of ,the eye. Blood

flowed freely through the capillary tube and was collected

‘in a tewt tube. After approximately 0.5 to 1.0 ml of blood

was obtained, bleeding was stopped by removal of the

capillary tube arid the application of pressure on the
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- closed eye. Necmyciﬂ-prednisone (Optisone, Evsco Parma-

ceuticals, Oceanside, New York) was usu&li& applied to the
eye to prevent infection. ' In Experiments 1 throuéh 6 serum
was collected and in Experiments 7 and 8 heparinized plasma

waS‘éSIlected.

~Blood Phe, PA, and Tyr levels were assayed fluoro~-
metrically. Urine was collected at various. lntervalg after
treatment in metal trays suspended below each animal's cage
and tested immediately with FeClB.

fable‘B summarizee the Phe and Phe plus pCPA injection

schedules used in Experiment”l through 8.

‘ Experiment 1: Eight (8) guinea pigs’were injected

at approximately 1000 hours with 200 mg/kg of Phe at ,a

volume of 1 ml1/100 g body weight. Each animal was bled once
following the Phe injection so that 2 animals were bled at .
each of l, 2, 4, and 8 hours after the Phe treatment.  Urine

was not collected in this experlment.

Experiment 2: Seven (7) guinea pigs were injected
at approximaeely 09040 hoursvwitﬁ 312.5 mg/kg of Phe at a
volume of 1.25 ml/100 g body weight. Each animal-was bled
one time following the-Phelinjection'solthat blood was.
collected from 2 animals at eech‘ef 1, 2, and 4 hours and
from one'animal 8 hours after the Phe injection., Urine

samples were not collected.

Experiment 3: In this experiment the animals

received one pCPA injection approéimately 23 hours prior to
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Table 8 Series B A 7 !

Experimental design summary

-

-INJECTION SCHEDULE

-

Number Dase and number of Eigﬁs pré or post

Experiment of * the first Phe injectioh.
Number Animals : pCPA " Phe
1 ' 8 T 200 mg/kg
2 7 . - 312.5 mg/kg.
3 "8 250 mg/kg 23 hours pre 312.5 mg/kg
) 4 8 250 mg/kg 48 hours pre 312.5 mg/kg
250 mg/kg 24 hours pre
5 8 . 250 mg/kg 24 hours pre 312.5 mg/kg
{ ‘ 250 mg/kg 12 hours pre -
6 8 250 mg/kg 24 hours pre 312.5 mg/kg.

250 mg/kg 12 hours pre 312.5 mg;kg 2
: hours post
7 .8 250 mg/kg 24 hours pre 437.5 mg/kg
‘ 250 mg/kg 12 hours pre 437.5 mg/kg 2
hours post

8 7 © 250 mg/kg 24 hours pre
: 250 mg/kg 12 hours pre 437.5 mg/kg
d 250 mg/kg (simultaneous 437.5 mg/kg 2
) with Phe) hours post

P
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to Phe admiﬁistration._ Eight (8] guinea pigs -were injected

with 250 mg/kg of pCPA at approximately 1030 hours; at

_about 0900 hours the following morning each animal received

an injection of 312.5 mg/kg of Phe (1.25 ml/100 g body weight).

Urine was collected for FeCl, tests 5 hours after the pCPA

" treatment, just prior to the Phe injections, and at intervals

foliowing‘the Phe injections. Each animal was bled once

© following the Phe injection so that blood was obtained at each

of 1 hour, 2 hours, 4 hours, and 8 hours after the Phe had-
been given.

Experiment 4: Animals in Experiment 4 were pre-

treated with pCPA about 48 hours and 24 hours before receiv-
ing Phe injections. Eight (8) pigs received 250 mg/kg of |
pCPA at Q094Q hours on the first day and at 1100 hours the
following day. At 1130 hours on the third day all animals
received injections of 312.5 mg/kg of Phe (1.25 ml/10Q g

body weight}. Each animal was bled once., Blood was col-
lected from 2 animals at each of 1 hour, 2 hours;‘4 houfs,
and 8 hours after the Phe treatment.. Urine was collected 6
hours ?fter the first pCPA injection and just prior to both

L
the second pCPA injection and the Phe injection.

Experiment 5: In this experiment the animals
received two pretreatments with pCPA during ‘the 24 hours
preceding Phe injection. Eight (8) gquinea pigs were injected
with 250 mg/kg of pC?A 24 hours and 12 hours before receiv-
ing a 312.5 mg/kg injectidh of Phe (1.25 ml/10Q g body
weight) at approximately 0900 hours. Each animal was bled

L

)
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one time. Blood was collected froﬁ‘two animals at 1, 2, and
4 hours after the Phe injection and from one animal at each
of 5 and 8 hours following the Phé. .ﬁrine samples'weré
obtained épproximate;yisland 12 hours after the first pCﬁH
injection and one-half-hour;-s hours,_and 24 hours folibwing
the Phe treatment. |

Experiment 6: Lowden's (Clarke and Lowden 1969; “

~

Lowden and LaRamee 1969) work indicatea th%t two Phe ihjéctions
given 2 héuré'apart'resulted in marked and sustained hypefphe

in the neonatal rat. In Experiﬁenﬁ §'a sim;#ar regimen was c 2
evaluated using B-guinéé pigé pretreated with pCPA. Thex. =
guinea pigs were given 250 mg(;g of pCPA 24 and 12 hours
prior to a Phe injection of 312.5 mg/kq (1.25 ml/lOO g body
weight) at approximately 0915 hours. Two—hours after this
Phe injection all the anlmals recelved a second Phe lh]ectlon
of 312.5 mg/kg. Six animals were bled tw1ce and two animals
were bled one time, all by the intraorbital méthbd{1 Blood
was obtained f;om two aniﬁals just pfior to the first Phe
injection and 1, 4, 6, 8, 10 and 12 hours following this
injection. Urine was collected approximately 8 and, 12 hours
éfter the first pCPA injection, just prior to the first Phe
injection, and at various times following the_second Phe
injection. ‘

" Experiment 7: The design of this experiment was

similar to Experiment ‘6 except that the dosage of Phe was:

increased. Eight animals were- given 250 mg/kg of pCPA 24
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and 12 hours before recgivin§.237;5 mg/ka“éf'ﬁﬁé‘ki;%é mi/
100 g body weight]) at approximately 0915 hours. Two hours
later the animals received a second Phe injectién of 437.5
mg/kg. Each animal was bled twice. Blood waé obtained from
2 guinea pigs prior to the first Phe lnjectlon and from 2
guinea pigs at 1, 3, 4, 6, 8, 10, and 12 hogrs after the

first Phe injection. Urine was collected 5 hours after the

first pCPA injection, immediately before the first Phe in-

l 4 .
jection, and at various intervals after the Phe injections.

.

Experiment 8: Experiment 8 was similar in design to

Exper t 7 except that an additional injection of pCPA'was

included at the time of the first Phe injection. Seven

”guinea pigs were injected with 250 mg/kg of pCPA 24 and 12

hours before receiving injections of-437.5 mg/kg of Phe
(1.75 m1/100 g body weight) and 250 mg/kg of pCPA at approxi-
mately 0900 hours, qu hours later these guinea pigs

received an additional injection of 437.5 gg/kg of Phe. An

additional animal received all three injections of pCPA but

no Phe treatments. This animal was bled 1 and 4 hoyrs after

.the final pCPA injection. The animals treated with) both pCPA -

and Phe were bled 1, 3, 4, 6, 8, 10, and 12 hours 1lowing

the first Phe injection, 2 afiimals per‘time intef;al. Ufiﬁe
was collected 6 hours‘after_the first pCPA injection, and 5

and 12 hours after the first Phe injection. |

Results

Blogd-levels of Phe and Tyr: .The nofmal levels of
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serum Phg and Tyr of the 8 animals used in Series B. were deter¥}ﬁ;-

. /
ml and Tyr 1.23%0.17 mg/100 ml). These baseline levels are
illustrated at time B. in Figures 1 throdgh 4,

Figure 1 summarizes the results of Experiments 1

through 4. Following intraperitoneal injection of 200 mg/kg

‘Phe (Experiment 1), serum Phe rose to a mean of 4.2 mg/106 ml

within one hour and returned to a normal level by 4 hours.

T?r levels were within the normal range throughout the period

monitored and were not affected by thié dose of Phe. Admini-

- stration of 312.5 mg/kg of Phe (Experiment 2) resulted in a

similar elngtion.of Phe (5.8 mg/100 ml) at 1 houf, however
foll&wing this dose, sé;um Tyr also rose, to a.peak of

5.6 mg/100 ml at 1 hour. The level of Phe returned to
normal by 4 hours, while the Tyr level fell more slowly. In
these experiments animals were not treated with pCPA, and
showed nod evidence of persistent hyperphe.

Experiments.B, 4, and 5 were designed to assess the
effect of pretreatment with pCPA during the 48 hours priof
to Phe administration on subsequent serum PA and Tyr levels.
When ‘the aniﬁals were pretreated with pCPA 24 hours before
receiving Phe, serum PA were markedly raised (mean of 15.5
mg/100 ml) and Tyr was also elevated (5.5 mg/100 ml) one
hour.aftqr Phe treatment (Experiment 3, Figﬁre'l). Both PA
and Tyr however, returned to normal levels within 4 hours

of the Phe injection. Pretreatment with pCPA 48 and 24 hours



Figure 1.

Figure 2.
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Series B, Experiments 1 to 4. Mean serum
phenylalanines (solid lines) and tyrosine
(dashed lines) as a function of the number of
hours following injection of phenylalanine,
Error bars indicate the high or low value when
2 samples were analyzed. Time B illustrates
the baseline concentrations determined prior
to the experiment.

Series B, Experiment 5. Mean serum phenyla-

lanines (solid)line and tyrosine (dashed line)
as a function of the number of hours following
phenylalanine injection. Error bars and Time B
as in Figure 1.
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before the Phe injection (Exﬁgrimen? 4) had a similar effect
on serum PA and Tyr (Figure 1), althoﬁéh PA reached a_peak'r
level of only 12.0 mg/100 ml and Tyr levels re£urned to
normal more sléwly thén in Experiment 3. The animals in
Experiment 5 (Figﬁre 2) were pretreated with pCPA 24 and 12
hours prior to Phe treatment,® This regimen produced a
greater and more .sustained hyperphe than did the previous.
experiments. PA peaked at 1 hour (24.8 mg/lod ml), declined
to 6.6 mg/100 ml at 4 hours, ané”readhed.a near normai level
of 3.2 mg/100 ml at 8 hours. Tyr was 6nly moderately
elevated by this regimen, reaching a maximum of 3.9 mg/l00

ml at ‘1 2nd falling to near normal levels by 2 hours.

Since two pCPA pretreatments during the 24 hours -~
before\ Phe injectién appeared‘te be more effgctive than

singlle gaily pCPA‘trea£ments, this orocedure was continued

-while the frequency and dssage of Phe adminﬁstration was in-
creased. Experiments 6 ﬁnd 7 were designed to examihe the
efficady:pf two Phe injections, 2 hours apart, following the

two pCPA injections. Figure 3 ;ummarizes the results of
Experiments 6§ and 7. In each of these expe;iments bleood was
also collected from 2 animals just prior to the first of the ?he‘
ihjections, i.e., approximately 12 hours following the last pCPA
injection. The mean PA levels at this time were 3.8 mg/floQ =
ml and 2.6 mg/100 ml in Expefiments 6 and 7, respectively

with a pooled mean of 3.20%1.54 mg/100 ml, Although the



Figure 3.

Figure 4.'

- 87

Series B, Experiment 6 (top panel) and 7
(lower panel). Mean phenylalanines (solid
lines) and tyrosine (dashed lines) as a
function of the hours f£ollowing the first
phenylalanine: injection.” Arrows indicate the -
time of phenylalanine injections. Error bars
and Time B as in Figure 1.

Series B, Experiment 8 Mean plasma phenyla-
lanines ({solid line) and tyrosine (dashed line}
as a function the time following the first
phenylalanine injection. Arrows indicate time.
of phenylalanine injections. Points not on the
curves illustrate the total phenylalanines
(closed circles) and tyrosine (open circles)
levels of .an animal which received only pCPA.
Error bars and time B as in Figure 1.
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fluorometric assay does not distinguish'Phe from oCPA, these
data in&icéte that most of the elevation of PA following Phe
injection in Series B ﬁust,be Phe ana not pCPA, since the
PA prior to Phe injection are of such a léw magnitude eqm- -
pared to the PA levéls immediately following the Phe
injection. | . o o

In Experiment 6 (Figure 3), PA rose to 8.& mg /100 ml

one hour after the first Phe injection and reached a peak of

15.3 mg/100 ml 2 hours after the second Phe injection. Insuf-

ficient blood was obtained between one and 4 houfs after the
first Phe injection to determiné sérum PA. PA fell to 5.2 mg/ -
100 ml1 at 6 hours and reached normal levels by 8 hours

(2.4 mg/100 ml). Tyr levels was not affected in Experiment
6. In Expériment 7, in which the animals received two Phe
injections of 437.5 mg/kg, there was a marked rise in PA one
hour after the first injection, mean of 26.6 mg/100 ml, and
an even greater peak, 44.6 mg/100 ml, one hour after the
second Phe injection. PA levels declined to 13.4 mg/100 ml
6 hours after the first injection and fell to normal levels
by 8 hours. Tyr levels rose following the Phe treatments
and reached a peak of 5.0 mg/l00 ml 4 hours after the first

injection. It is noteworthy that one of the 4-hour blocd

‘samples had a Tyr level of 9.1 mg/100 ml, an dnacceptable‘

Tyr elevation. Tyr levels also fell to normal within 8 hours.
Experiment 8, whi h was similar to Experiment 7

except that an additional treytment of pCPA was included,

¢
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was undettaken to determine ‘the effect of continuing pCPA.
treatment up to the time of thé first of two Phe injections.
This experiment is illustrated in Figure 4. One animal
recgived all three péPA injections but none of the Phe
injections. lood was obtained from tﬁis,animal one and
four hours after the last pCPA injection, and the PA and

Tyr levels are indicated in Figure 4 by the points not on

the PA and Tyr curves. It is clear that in this animal,
one and four hoﬁrs after the last of 3 pCPA injections
plasma PA and Tyr were near or within the normal range.
These data, when considered with the PA levels prior to
the Phe injections in Experiment 6 and 7 (Figure 3), indicaté
that the marked elevations of PA observed following Phe
inﬁection in Experiments 3 through 8 are primarily a
reflection of increased Phe.and not pCPA blood levels.
Plasma PA in animals receiving both Phe injections
reached 34.4 mg/100 ml at one hour and remained elevated
(29.2 mg/100 ml) until 6 hours after the first Phe injection
(Figure'4). By é hours however, the PA leygls had fal;én
to only 5.2 mg/100 ml and reached near normal levels (2.8
mg/100 ml) by 12 hours. Tyr levels rose moderately, to
3.4/mg/100 ml, 1 and 3 hours after the firét'Phe injegtion;‘
however at 4 hours (i hours after the second Phe injection)
the Tyr level was 10.6 mg/loﬁ ml. Tyr levels fell to normal

by 8 hours.
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Urine FeCl. Tests: In Experiments 3 through 8 urine

for FéCl3 tests was collected at various;intervals following
pCPA ahd Phe treatment.. The urinary FeCl3 data were analyzed -
in aﬁ-;géort to determine the relative roles of Phe and pCPA
injections in contributing to positive tests. These data
are_included ;n Table 9 and are presented as the number of
positive tests per total number of tests during the intervals
followiné either pCPA or Phe injeétioh. In the 6 hours
following an injection of pCPA, 93% of tests weré positiﬁe
while only 44%;were positive durlnq the 6 hours following
Phe injectlon; this difference is highly smgnlflcant (1?
15.53; df ; 1, p £ .0001). During the interval from 6 to

%2 hours after injection, 62% of tests following oCPA and
only 27% of tests following Phe were positive, also a
statistically a significant difference (1. = 5,50, df = 1,
p40.02). The data are limited, but at intervals beyond 12
hours, gaere does not appear to be a difference between
animals receiving pCPA and thaose rgceiving Phe (1? = 0,06,
df = 1). Direct addition of pCPA to frésh urine did not
lead to a positive FeCl3 test., Although there was a signi—
ficant association between pCPA treatment and positive urine-
tests, a number of positive'results were found in animals
given Phe. It should -be noted that the 3 animals with
positive tests within é hours of Phe treatment in Experimert
7 (rable 9}, had negative urine just prior to tﬁis Phe
injection. The green colour obtained in positive tests

faded within 2 to 3 minutes, in contrast to the persistance

of.positive_react%gns in the urine of PKU patients.
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Table 9

Series B

Number of positive

FeCl, tests/total number of
Relation to the time
interval since pCPA or Phe .
injection.

tests.

Hours Following Injection

Experiment

Following pCPA

Following Phe

Number 0~6 7=12  13-24 0-6 7-12 13-24 324

3 5/5 0/7 0/5 0/2 0/6

4 8/8 0/12

5 13/15 5/8 2/5 2/8

J

6 9/15 2/6 | 6/12  2/5

7  6/8  0/6 3/3*  2/8

8 5/5

3/3%%  4/6k*
Total 27/29 26/42 7/33 11/25 4/15 2/8 \1/9/6

Total | (/
Percentage 93.1% 21,.2% 44.0% 26.7% 25.0% 0%

Positive

61.9%

* these animals
Phe

** these samples
injection.

had negative tests just prior to receiving

taken following combined Phe + pCPA

.
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'Series C, Experiment 1

Introduction ' k\d.
Tﬁe experiments described in Series B were designed
to accurately characterize the guinea pig's blood Phe and-
Tyx response to injections of Phe and pCPA. Even in Experi-
ment 8, in which animals were treated with pCPA three times
during a 24 hour period, given Phe concurrently with the

final pCPA treatment, and Phe again 2 hours later, plasma

PA levels returned to. the normal range w1th1n 12 hours of

[S

-the first Phe injection. In addition to the transient

hyperphe, plasma Tyr was found to be‘elevated above 10 mg/
100 ml. Previous.experiments in Series B had demoestrated
that less freguent administration of pCPA‘resulted in a more
rapid fall in blood PA.

It is apparant that in order to produce stable hyperphe
in the guinea pig more frequent administration of pCPA and
Phe would be required. Because of the large dosesland
_injectien volumes alreadyctested in Series B, a more fre-
qJ;nt injection schedule was considered to be too traumatic
to be compatabie with the maintenance of pregnancy; in
addition it was also coqsidered.logistically impractical to

attempt to inject animals more frequently than every 12 hours

throughout the duration of a 67 day gestation. It therefore

93
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- seemed appropriate to evaluate the efficacy of dietary

‘administration of pCPA and Phe in guinea pigs.
]

A number of investigators have utilized diets-

supplemented with Phe and/or pCPA to prbduce stable hyperphe

in raﬁs (eg: Butcher 1970; Berryetal 1975; Berryetal -

1977, Wapnirfﬁ:31 1977; Yuwiller and Geller 1976). Hsia -
(Hsia et al 1963; Hsia et al 1964; Inouye et al 1967) has
reported studies in which Phe alone was added to the diet of
guinea pigs, hyperphe was produced, but Tyr levels were

alsé éubstantially elevated in the study in which they were
reported. Given these data, and the observation that guing;\
pigs eat approximately every 20 minutes throughoﬁt the day and
night with a maximum between-meal interval rarely exceeding 90

minutes (Hirsch 1973), the addition of Phe and the Phe

" hydroxylase inhibitor pCPA to guinea pig feed might be

expected to produce stable hyperphe with.only slight eleva-
tion of Tyr. |

Preliminary studies in this laboratory have suggested
that guinea pigs fed diets supplemented wiﬁh approximately ‘
1% pCPA and greater thgn 2% Phe have stable hyperphe and/
near. normal Tyr levels. |

The experiments in Series C' were undertaken to
further evaluate.dietary administration of Phe and pCPA and
to establish the dietary supplements of these amino acids
required to produce stable hyﬁerphe.in non-pregnant adult

female guinea pigs. In Experiment 1 the optimum dietary
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. pCPA supplemént was determined, by monitoring plasma‘PA, Tyr %

and hebatic Phe hydroxylase in animals fed diets supplemented

-

with‘varying amounts of pCPA.
Methods ‘

Twenty-tw6 (22} guinea pigs were assigned to the 6
test diet and Purina ehow control groups as summarized in
Table 10. Ali diets, with the exception of Purina chow, wefe
suPPQQTented with 7% sucrose (w/w) and 3%_fresh cabbage (w/w)
to improve palatability. The following 7 diet‘groups'were
included (Table 10):

Group (a): 3.5% Phe fest diet, 3 animals.

Group (b): 3.5% Phe 0.75% pCPA test diet, 2 animals.

Graup (c): K3\S% Phe 1.0% pCPA test diet, 5 animals.

Group .(d): 3.5% Phe 1.25% pCPA test diet, 5 animals.

Group (e): 3.§ Phe 1.50% pCPA test diet, 5 animals,

Group (f): 1.0% pCPA test diet, 1 animal.

Group (g): PurinalE ow control, 2 animals.

One animal originally a

igned to group (b).
gefused to eat this diet and was therefore fed Purina chow
until day 17 of the study when it was given 1.0% pCPA,
fbrming group (£) (Table 10}. In order to replace this
animal in group (b), one animal was switched from droup (a)
to group (b) 7 days after the experiment begaﬁ tTable 1Q0).
With the e%ception of these two animals, the guinea pigs

in the test diet groups (a) through (el éonsumgd the
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Table 10 Series C, Experiment .1l

'Summéry of diet groups and animals.

RUINEA PIGS

C e v o e

.,

(g)

DIET GROUP
NUMBER* AGE (NUMBER) SOURCE
3.5% Phe . 3 —>2 112 days Sunrise Mousery**
(m) f (day 7) ‘
3.5% Phe 1—> 2 112 days Sunrise Mdusery
0.75% pCPA (day 7) _
.. (b}
3.5% Phe 5 112 days (3) Sunrise Mousery
1.0% pCPA 75 days (2) ’
()
3.5% Phe 5 112 days Sunrise Mousery
1.25% pCPA -
(a} '
3.5% Phe 5 112 days Sunrise Mousery
1.50% pCPA
(e). .
1.,0% pCPA —>] . 112 days Sunrise Mousery
(£} (day 17} - )
Purina Control 2 * 96 days Canadian Breed-

ing Laboratories***

* —-3» indicates animal placed in or removed from group.

The

day of the experiment when this change was made is
shown in brackets.
*% White House Station, N.J.

% &k x

Montreal, P.Q.

-
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supplemented diets for 25 consecutive days. -
All animals except the Purina controls received
_l?~—1 daily oral.ascorbic acid (50 mg/300 g). 'Daily weight and
I food intake were recorded when tﬁe animals were fed suppie-
,ﬁented test diets.
Plasma was collected for fluorometric and paper
chrdmatographic estimatioﬁ qf:?he, PA,-and Tyr prior to
the test diet period, and 8, 11, 17, and 23.days after the
‘test diets were given. The blood_samples were obtained by
the intraorbital method.between 0925 and 1240 hours; The
" purina control animals were bled once on day 23 of the
study. | j
| Twenty-five (25)_days,after the study began, all
animals were killed by decapitation, the livers quickly
removed and frozen on solid CO2 The liver tissue was kept
frozen for 5 days and then packed on frozen cozand sent by air
express to Dr. V. G. Zannonl, Department of Pharmacology,

New York University, for assay of Phe hydroxylase activity.

All tissues remained frozen until assayed; and all samples *

were processed on the same day (Zannoni 1974, personal
communication). Hepatic protein content was measured by

the method of Lowry et al (1951).
| Results

" Phenyalanine HydroxylgSex The Phe hydroxylase

activity measured in liver tissue is shown in Table 1ll.

-
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In the presénce of synthetic cofactor, liver from animals

consuming diéts containing 1% pCPA (with or without Phe)

had the lowest detectabie enzyme activities. Thé Phe
hydroxylase activities in the 3.5% Phe i.O% pCPA diet

group and from thgmanimal fed the 1% pCPA test diet were 25%
and 30% of Purina éontrol activity, réspectively. The mean
activities of all other experimental groups, while showing
somq_inhibition, were greéter than in therl.O% pCPA animals,
indicatiﬁg that within the range of pCPA supplements studied,
inhibition was maximal at the l.d% pCPA level. The inhibi-
tion of hepatic Phe hydroxylase by diets containing 1%

pCPA has been confirmed in this laboratory and is discussed

below (Series C, Experiment 5}.

When synthetic cofactor was not added to the incuba-
tion, tissues from the 3.5% Phe 1,0% pCPA group had a mean
activity of only l.2§ control, the lowest among all groups.
Surprisingly, the animal fed the 1.0% pCPA diet had more
activity (42% control) in the absence than in the ﬁresedce
of the synthetic cofactor (305 control). In the absence of
synthetic cofactor, all other animals consuming diets
containing-at least 1.0% pCPA, showed considerably more
inhibition than in the presence of eiogeneous cofactor.

The protein content of-the liver homogehates were éimilar

in all groups (Tablé 11}).
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‘Plasma PA, Phe and Tyr: 'plasma levels of Phe, PA
and Tyr were measured fluorometrically';n test diet dags
8,-11, 17-and 23. Figu:e S illustrates the mean levels on
each of these days pius—the.mean during the entire test diet
perlbd for groups (a} through (e). In addition to theée
data, Table 12 also includes the data from the animals fed
the 1% pCPA, group (f), and Purina chow dlets, group (g),
as well as the Phe:Tyr and PA:Tyr (P/T) ratios for all
groups. o | _ o .

C;;pared to prediet levels (Figure 5), all diets
containing both 3.5% Phe and pCPA were associated“with
sustained elevation of plasma PA with only a moderate'rise
in Tyr levels throughout the tesé diet pefiod. Animals fed .

the .3.5% Phe diet, group (a), however, had comparable increases

of both Phe and Tyr, with mean levels during the test diet

_ period of 7.00 and 7.68 mg/100 ml, respectively (Figure 5,

Table 12). This concomitant elevation of both Phe and Tyr
v\_/\ -

is_reflected by the Phe:Tyr ratio in grouo {(a), which did
not rise significantly above unity, in contrast to the
P/T ratios in other test diet groups {(Table 12).

The plasma PA data from the test diet period in
groups (a) through (e). were analyzed by ANOVA with repeated '
measures. The data were transformed to logarithms in order

to stablllze the variance which was found to 1ncrease as



Figure 5.
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Series C, Experiment 1. Mean plasma phenylala—'
nines and tyrosine as measured fluorometrically.
Error bars indicate standard deviation.
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Table 12 ° Series C, Experiment 1 Mean (¥S.D.)
‘ pPlasma phenylalanine (Phe), total ,
phenylalanines (PA) and tyrosine (Tyr)
in mg/100 ml as measured £fluoro-
metrically. . i
DURATION OF ‘EXPERIMENT
DIET .
GROUP .8 DAYS .11 DAYS 17 DAYS 23 DAYS TOTAL
E.L“ . .
:353 N* 3 2 2 2 9
' Phe 8.80  3.00 8.40 6.90 7.00
3.5% Phe £1.24  +0.28 +7.07 £2.69 +3.64
Tyr 8.40 3.85 8.40 9.70 7.68
(a) +3.39  +3.18 +8.34 +8.63 +5,21
**P/.'T 1.05 0.78 1.00 007]-. 0.91
; N 1 2 27 2 7
PA 9.4 17.20 25.60 18.10  18.74
3.5% Phe £11.60  +8.48 +1.13 +8711
°'7i§)PCPA Tyr 3.1 6.30 5.80 5.30 5.4l
P/T 3.03 . 2.73 . 4,41  3.42 .  3.46 B
N 4 5 5 5 19
. PA 23.42 18.32 28.98 28.96 25.00
3.5% Phe +7.31  t7.16 £9.20 $6.92 +8.45
l'°?c§CPA Tyr 5.22  3.92 5.20° 524 4.88
+0.79  £0.52 $1.43 +2.13 $1.40
. P/T 4.49 4,67 5.57 5.53 5.12
N 2 5+ '5 5 17+
PA ~35.30 21.74  24.84 29.80 26.62
3.5% Phe. +1.84  £13.85  $10.35 £6.16 £10.27
1.28% PCPA qyr 5.45  3.23 3.92 6.00 4.68
_ +0.07  #0.21 +1.34 +1.11 $+1.50
P/T 6.48 6.73 ' 6.34 4.97 5.69
M
4
Continued...



ratio.

+ Tyrosine not measured in two samples.
++ Tyrosine not measured in one sample.

104 -
‘Table 12 Serieé C, Experiment 1 (Con't)
DURATION OF EXPERIMENT -
DIET - :
‘ G‘ROUP‘ .. 8 DAYS 11 DAYS 17 DAYS -23 DAYS TOTAL
N 2 4 S5++ 4 154+
: PA 33.75 33.98 38.78 33.63 35.45
3.5% Phe +4,31/ +14.65 8,37 +12.07 $10.22
1.50% BCPA  ayr 7,70 4,08 4.72 5.45 5.17
. £1.56 +1.64 +1.,11 - 1.82 +1.81
. P/T 4.38 8.33 8.22 6.17 6.86
N | ~1
1.0% pCPA PA 16.2
(:)‘ Tyr 1.8
) P/T '9.00,
N 2
PA 1.95
~ Purina - +0.49
Control Tyr 1.25
(9) ~ +0,07
P/T 1.56
* number of' samples analyzed ‘ .
** Phenylalanine: tyrosine or total phenylalanines: tyrosine
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g@a mean PA level lncreased. This ANOVA revealed a signi-
ficant effect for the number of days on the test diets
(F = 6,632, df = 2, 26 p'<.005). Ccmparisen of the data
for each day of blood eampling by the Stﬁdentfueuman-Keuls
multiple range procedure indiqeted this effect for days was
due primarily to the lower PA levels on day 11. The mean
PA level on day 1l was significantly (p € .05) less than the
PA levels on d?ys 17 and 23. Day 8 was excluded from this
-fepeated measd;es ANOVAIbecause of the number of missihg
samples (Table 12),‘although 2-way ANOVA without repeated
measures which included day 8 revealed similar results.
As the dietary supplement of pCPA increased from

0.75% to 1.50%, the mean PA levels also increased. ANOVA
also revealed that the composition of the test diet signifi-
cantly affected tpe plasma PA levels (F = 12.406, 4df = 4,
13 p<.001). Muleible compardsons usihg the Student-Neuman-
Keuls procedure indicated that plasma PA levels of the 3.5%
Phe diet group (a) were significantly (p< .05} lower than
all groups which in turn did not differ SLgnlflcantly from
'one another. The flabrometrlc assay. used for Phe and PA
measurement does not dlstlngulsh pCPA from Phe. Both PA
[Phe in group (a)| and Phe were measured in a number of
plasma samples by flﬁorometry and paper chromatography,
respectively. These ‘data are illustrated 'in Table 13, Due
to the li@ited number of saﬁples which could be run through

both procedures, the data from each-diet group have been

-
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Table 13 Series C, Experiment 1 Cémparison
" oF Fluorcmetric and paper chromato-
graphic measurement of plasma
phenylalanine, total phenylalanines,
and tyrosine, mean xS.D.
Phenylalanine (s) - Tyrosine
Number (mg/100 ml) (mg/100 ml)
Diet ' of Fluoro—- Paper + (% of Fluoro— Paver + (% of
Group . Samples metic fluorometric) metric f£luorometric)
3.5% Phe 3 7.07 6.33%2.89 8.53 5.83%5,39
- (&) £1.92 (89.5%) +6.43 (68.3%)
3.5% Phe 3 11.83 8.00%6.00 4,47 3.33%+2.08
0.75%pCPA +4.74 -\£E7.6%) +2.01 (74.5%)
{(b). . . 7
3,5% Phe  11* 25,35 16.00+7.84 a.68 Y B.50:2.48
1.0% pCPA +7.97 (63.1%) 1,53 (117.5%)
(c) e '
3.5% Phe 12*%% 28.83 13,54+6.75 5.12 4,38%1.45
1 .25%pCPA $9.33  (47.0%) $1.39  (85.5%)
{(d). . L
3.5% Phe  7** 32.79  17.93:10.93 5.24 4,79%2.12
. 1.50%pCPA +13.06 (54.7%) T x1,.50 (91.4%)
(e). s R A%

* Includes 2 samples taken on day 25 of experiment

** Tncludes 1 sample taken on day 25 of éxperiment

+ For purposes of calculation paper

Tyr below the level of detection,

4 mg/100 ml for Tyr, were assumed t

2 mgﬁ@&f ml respectively.

Y

chromatographic Phe and
6 mg/100 ml for Phe and
o be 3 mg/100 ml and
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pooled across the entire test diet period. Unliké the plasma

PA levels, the paper chromatograph;c'Phe estimations did

not rise as the dietary pCPA éuéplement increased above

1.0% (Table 13). This is suppofﬁed by the one-way ANéVA of
the pooled paper chfdmatogfaphic Phe data which did not _
reveal a significant effect for the test diet group (F = 1.855,
dﬁ\: 4, 14).

The samples from the 3.5% Phe 1.0% pCPA group aver-

.aged nearly 16 mg/100 ml of Phe, 62% of the fluorometric PA-

level; Phe constitﬁted a smaller fraction of the PA in the
éroups with dietary pCPA supplements greater than 1.0%
(Table 13). ' |

Fluorometric .and paper chromatographic estimates of
plasma Phe agreed well ih the 3.5% Phe groﬁp, asldid Tyxr
estimateé in all groups. (Table 13).

The animal consuming the 1.0% pCPA diet had a PA
level of 16.2 mg/100 ml and a normal Tyr level on day 23
(Table 12); paper chromatography of this sample indicated
that thenﬁhellevél was less then 3 mg/100 ml. The effects

of the 1.0% pCPA diet on plasma PA levels have been examined

in mokre detail and are included in Series C, Expériﬁent 2.
| a Tyr levels were moderately elevated above the

pretest diet levels in groups (a) through (e) (Figure 5,
Table 12). The fluorometric plasma Tyr data from the test
diet period were also transformed to logarithms and subjected

rd
to ANOVA with repeated measures. In contrast to the PA data .
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however, ANOVA of the Tyr daté did not reveal ‘significant
effects for either the test diet day (F = 0.423, af’ = 2, 24)
or the test diet group (F = 0.239, df = 4, 13), | |
The plasm; PA, Phe, and Tyr data indicate that-
feeding gquinea p%gs test diétS'supplemented-with bol e-*
and pCPA resulted in sustained elevations of plasma PA and
- Phe with only moderate elevation of Tyr. dver 50% of the
PA measured fluorometrically was foﬁnd to be Phe and in
groups (¢}, (d), and (e} the plasma Phe levels were 'in the
range associated with a high.riSk of fetal damage in

pregnant hyperphe women (Tables 6 and 13).

Body Weight: Figure 6 illuséggi;s the mean daily

body weight during the 25 déys of the experiment for the
animals in groups (a) through (e). Animals in the.3.5% Phe
group (a) continued to gain weight at a steady rate through-
out the experiment. Animals consuming diets containing both
3.5% Phe and pCPA lost weight during the first 3 to 5-days
of the experiment. The weight loss in the 3.5% Phe 0.75%
pCPA group can be accounted for by the loss of weight by

one animal which rgfused td eat this diet after the, first day
of the experiment; this guinea pig had to be removed from
the group on day.3.of the experiment. 'By the fifth day of
the experiment, the mean daily body weights no longer
declined in any-éroup, however animals in the 3.5% Phe 1.25%
PCPA and 3.5% Phe 1.50% pCPA groups did not regain their

initial weight losses. Animals in the 3.5% Phe 0.75% pCPA
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' Figure 6. Series C,.Experiment 1. Mean daily body weight
’ of each test diet group. :

(g)

(a)
(b)
(c}
(a)
(e)

3.5%
3.5%
3.5%
3.5%
3.5%

Phe
Phe
Phe
Phe
Phe

— .
0.75% PCPA om= ¢
1,08 pCPA w-- 4
1.25% pCPA pe—..-q
1.50% oCPA g—.—a

Figure 7. Series C, Experiment. 1. Mean daily food intake
(g/24 hour} of each test diet group. G):'oups_
(a) through (e) illustrated as in Figure 6.
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and 3.5% Phe 1.,0% pCPA groups gained weight at a steady rate,
although the latter group grew more slowly (Figure 6).

. Food Intake: The initial weight loss and poor sub-

sequent growth in the groups consuming Phe and pCPA diets
may be related, at least in part, to the food intake of
these anlmals (Flgure 7. During the first 2 days of the
test diet perlod the mean dally food intake of- all groups
fell to one half to one gquarter of pretest diet levels.
Food intake in the 3.5% Phe, 3:5% Phe 0.75% pCPA, and 3.5%
Phe 1.0% pCPA groups gradﬁally'returned to the normal range;
however after day 15 food intake of the apimals in the
.groups consuming 1.25% pCPA and 1.50% pCPA supplemeﬁted
diets stabilized at about two thirds of. prediet levels
(Figure 7). The focd intake data of groups (a) through (e)
during the last 10 days of the experlment‘were subjected to °
ANOVA with repeated measures. This ANOVA did not detect a
significant effect for the test diet day (F = 1.233, 4f =
6, 84); however a highly significant effect for the test diet
group was detected (F = 6.631, df = 4, 14, ;><.0051. Student;
Neuman-Keuls tests indicated that the food intake in groups
(d} aﬁd (e) was significantly lower (p ¢.03) than group (a).
Table 14 shows the mean food intake for groups (a) through;
(e)-over the final 10 days of the experiment as well as the
intake of Purina chow for each of these groups prior to the
test diet period; Paired t-tests (two-tailed) were used to

compare the mean food intake during the final 10 days of the
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test diet period with the pretest diet Purina chow intaée of

each grouﬁ. ‘Group (a) consumed significantly more £ood during
the test die£ period while group (d) ate significantly less .
(Table 14)}. When the test diet intake was compared to the
pooled pretest diet Purina chow consumption of ali groué;j\\\\
both groups (d] and (e} were.found to have significantly ' |

decreased test diet consumption (Table 14). o

Tﬁe food iritake data indicate that during the £inal

10 days of the test diet period, the intake of all groups

stabilizedgand'that groups (d) ‘and (e) ate significantly
less compared to both group (a) and to pretest diets Purina
chow consumption. In adéition the food intake dropped
sharpl& in all test diet groups when: the guinea pigs were
initially presented with the Phe and oCPA supplemented test

diets (Figure 7).
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Series C, Experiment 2

+

Introduction

Series C, Experiment 1 demonstrated that guinea piés
fed diets supplementéd with 3.5% Phe énd.varying amounts of
pCPA have elevate& plasma levels of PA and Phé which were
maintained for at least 23 days. Plasma Tyr was only
moderately elevated in theée animals,ralthoﬁgh the groups
fed 3.5§ Phe test diets which also contained pCPA had
lower mean Tyr levels than animgls fed a 3.5% Phe test diet
without pCPA.‘ These higher Tyr levels suggest that animals
fed pCPA test diets convertéd Phe to Tyr less efficiently‘p
than did the animals not given péPA, and inhibition of Phe
hydroxylase éctivity in the liveré‘of guineé pigs fed pCPA
test diet was in fact demonstrated. A dietary supplement
of 1.0% pCPA was associated with the lowest hepatic Phe
hydroxylase activity. In addition, supplemeﬁtation of the
test diets with greater than 1.0% pCPA did not increase
plasma Phe levels but was associated with significantly— ‘
lower food intake and poor weigh£ gain. Based on these
data 1.0% pCPA was selected as the optimum dietary pCPA
supplement. | .

In the following experiment the most effective

dietary Phe supplement was determined. Guinea pigs were
114
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fed test diets supplemented with 1.0% pCPA andivarying

‘amounts of Phe. Plasma levels of PA,.Phe, and Tyr as well

- Tle

as body weight and food intake were monitored in these

~ animals. T ’

~

Q

b
L

! All animals.used were nonpregnant adult female guinea

_pigs of the Hartley strain; All diets were prepared as

descrlbed ‘above and were supplemented with 1. 0% pCPA and
varylng amounts of Phe. Durlng ‘the experlments animals were
welghed gally and food intake was calculated in g per 24
hour. The animals were bled oetweeo 0900 and 1200 hours both
before the ﬁest diets were given and at intervals during the
test diet perlods. ﬁeparinized plasma was collected and
assayed fluorometrlcally for PA, Phe, and Tyr. When suf-
ficient plasma was avallable_Phe and Tyr were also estimated

by paper chromatography.

The anlmals were allocated to'9 test diet groups as

. summarized in Table 15.

broup (a), 2.5% Phe 1.0% pCPA diet: Seven guinea

pigs, 55 days of age, were given ‘a diet supplemented with
N _
2.5% Phe 1.0% pCPA, 5% sucrose and 5% lettuce. Initially

the animals were- not given daily ascorbic acid supplements;

' - . . iy . . .
.data from opis portion of the study are included in Series D,

Experiment 1. After 15 and 16 days without ascorbic acid

supplemehts, 4 animals and. 3 animals, respectively, were

~ | e
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- Table 15 Series C, Experiment 2. Experimental.
'  design summary.*

,
GROGP DTET* GUINEA PIGS ™ Number of Route of
_ A A Age Days on Ascorbic
0. Numbex . (days) Sﬁppligi. Test Diet . Acid
. - 2.5% Phe —- )
(ay L1-0% pCPA 4 55  Carworth 22 P
5% suc o
. 5% cab .
3.0% Phe .
.1.0% pCPA
- (®d) 5% sud 3 79 Carworth 24 IP
24 cab . o L ,
" 3.5% Phe |
1.0% pCPA - | :
(c) 5% suc 3 152 Carworth 21 1P

; 3.5% Phe

@} 1.0% pCPA 3 112  Sunrise 23 oral
: 7% suc 2 " 75 Mousery
3% cab , ...
| 3,5% Phe o o
(e) 1.0% pCPA 4 59 M&L 29 oral
. 8% suc A Farms .
3.75% Phe o -
(£} 1.0% pCPA 6 - 57 M &L 31. oral
. . .. 8% suc X .. Farms I '
4,0% Phe ‘ _
{g] 1.0% pCPA 6 - 57 M &L 31 oral
. 8s:suc . . .. .. .t Farms o o
'4.25% Phe - :
(h) 1.08 pCPA 6 - 57 M&L 31 oral
“'8g'suc . Famms .

Continued...
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Table 15 °~ Series C, Experiment 2

(Con't})
GROUP DIET* — GUINEA PIGS Number of Route of
. Age Days on Ascorbic
Number (days) Supplier Test Diet Acid
1.0% pCPA |
. : - 79 24
5% suc ' 79 24
5% cab 4 131 Carwogth 3 I?
L 155 ) 26
i)y .
4% suc
5% cab . 1 184 Carworth 22 - IP
7% suc Sunrise -
3% cab 1 . 129 Mousery 7 oral

* suc = sucrose
cab = cabbage

IP = intraperitoneal
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given daily Ip iﬁjectiens of fresﬁly prepared ascorbic acid
_(40 mg/300 g body weight, neutrallzed, 2 ml/300 g body weight)
and a diet supplemented with 2.5% Phe 1.0% pCPA 5% sucrose
and 5% cabbage. The animals were bled by the intraorbital
method 2, 7, 10, 14, 17, and 21 days after the ascorblc acid
supplements began. .Sufficient p}asma for duplicate fluoro=
metr;c anaiysis'was available only for the samples collected
on day 7. | | |

Group (b), 3.0% Phe 1.0% pCPA diet: Following the

conclusion of the study just described, three of these
animals were given Pdrina chow ad libitum for 3 days and
then given a diet supplemented with 3.0% Phe -1.0% pCPA

5% sucrose and 5% cabbage. The anlmals were 79 days of age
when given the 3.0% Phe 1.0% pCPA diet. Ascorblc acid was
administered daily (40 mg/300 g IP). ‘Animals were bled by
the intraorbital method 4, 7, 11, 14, 18, 21, and 24 days
after receiving the 3.0% Phe 1.0% pCPA test diet.

- Group (c), ¥.5% Phe 1,0% pCPA diet: Three animals

included in groups (a) and (b} were given a 3.5% Phe 1.0%
pCPA 5% sucrose 5% cabbage diet when 152 days of age. The
animals had been eating Purina cﬁow ad libitum for 6 days
prior to the initiation of this experiment. While con-.
suming the 3.5% Phe 1.0% pCPA diet all animals received
daily IP injections of ascorbic acid (40 mg/300 g).a Animals
were bled by the intraorbital method 3, 8,‘11, 15, 18, and

21 days after the experiment began.  On day 21 duplicate
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fluorometric analyses were done on most samples.

" Group (4), 3.5% Phe 1,0% pCPA diet:\, The data obtéined

from the five anlmals fed the 3.5% Phe 1,0% pCPA 7% sucrose
3% cabbage test dlet 1nl§g;1és C, Experlment 1 are included
here for purpose of comparison.

Group (e}, 3;5@ Phe 1.0% pCPA diet: This group was

includeﬁ to determine the effect of -dietary cabbage supple=-
ment and Ehe route of ascorbic acid supplement on plasma.QA,
Phe, and Tyr levels. Four guinea pigs, obtained from M. é
L. Farms*, Flemington, New Jersey, were given a 3.5% Ppe
1.0%‘pCPA 8% sucrose diet when 59 days of age. During the
first 5 days of the ekperiment‘the animals were given oral
ascorbic acid (50 mg/30Q¢ g body weight) freshly dissolved in
sucrose solution (4 g/50 ml}; after this time the supplement
was divided into a morning and a laté afternoon dose of

25 mg/300 g. As part of another study, (Series C, Experiment
3), blood was collected from a number of souréés, including
the eye (intraorbital) and the saphenous .vein. The latter
method, which avoids the use of anesthesia,‘involved
shaving of the posterior aspect of the hind limb to permit
visualization of the large subcutaneous saphenous vein. The
skin was c;eaned with "70% ethyl alcého; and a small incision
exposing the surfa;e'of the vein was made. The vein was

then carefully nicked, but not severed, and blood collected

-

* M, &.L. Farms had taken over the Carworth breeding stock,
so the animals used in this and most subsequent experiments
were from the same breeding population.
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with é hepgrinizéd fine-Fipped pipette. When approximatély
0.5 ml. had been obtgined, bieeding was s#opped by the appli=-
cation'of slight pressure, and the wound again washed witﬁ
70% ethyl aléohol. Infection foliowing this pfocedure was'
exceedinglyhuncommpn. Plasma was collected ffcm both the

eye and the leg vein 6, 12, 15, 19, 22, 26 and 29 days after

,the test diet was introduced. Only the data from blood

obtained from these two sources are included in .the preseﬁt
experiment. Samples were énalyzed in duplicate by fluoro-
metry, and when sufficient plasma was available, also by
paper chromatography.

Group (£f), 3.75% Phe 1.0% pCPA‘diet: Six guinea

pigs obtained froﬁ M. & .L. Farms were given a 3.75% Phe

lfQ% pCPA 8% sucrose test diet when 57 days of age. Durihg
the test diet period the animals received daily oral
ascorbic acid supplements (50 mg/300 g body weight). Except
on days 3, 4, and 5 of the'experiment, the daily dose was
divided into a morning and afternoon dose of 25 mg/300 g.
Eight (8) days after the test diet was introduced the
animals were bled from both the leg vein and the eye. Sub-
sequently the animals were bled from the leg vein on days 13, .
17, 21, 24, and 31 of the study; Samples were assayed
fluorometrically in duplicate and by paper chromatography
when sufficient plasma was available.

Group (g), 4.0% Phe 1.0% pCPA diet: When 57 days

of age six animals obtained from M.- & L. Farms were given a
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test diet supplemented with 4.0% Phe 1.0% pCPA and 8% sucrose,

The animals were handled"identically to those in group (f)

-except they were given a diet supplemented with 4.0%7Phe.

Group‘(h),‘4;25% Phe 1.0% pCPA diet:' The six

animals in this group'were identical to those in group (g)

except that they were given a diet supplemented with 4.25%

phe l‘£§ pCPA and 8% sucrose and the blood collected on

day 8 of the experlment was obtained only from the eye.
Groups (e), (f), (g}, and. (h) were run concurrently and

had been received in the laboratory in the same shipment

from M. & L. Farms,

Group (i), 1.0% pCPA diets: 8Six guinea pigs, rang-

ing in age from 79 days to 184 days, were included in this
group (Table 15). Five animals were purchased from Carworth

and one from Sunrise Mousery. Four animals were given diets

containing_l.ﬁ% pCPA, 5% sucrose and 5% cabbage for up to

26 days. One guinea pig was given a diet eupplemeﬁted.with
1.0% pCPA, 4% sucrose and 5% cabbage for a period of 22 days,
and the remaining guiqea pig ate a 1.0% pCPA 7% sucrose 3%
cabbage diet and was included in Series C, Experiment 1.

Except for the latter animal, the guinea pigs had consumed

. other experimental diets prior to the 1.0% pCPA diets and

in this experiment were given daiiy IP ascorbic acid (40 mg/
300 g/day)}. The animal included in Series C, Experiment 1
received oral ascorbic acid (50 mg/300 g/day). Plasma was

collected by the intraorbital methed at various times during
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the test-diet-period;

In groups (e), if), (g}, and (h) FeCl3 tests were
done when fresh urine was avallable, fresh urine was collected
when animals voided while belng bled or welghed.

In addition to the fluorometrlc and paper chromato=-
‘graphlc analyses, it was possible to measure plasma Phe, Tyr,
and pCPA levels by column chromatography us;ng a Beckman
120C Amino Acid Analyzer. Four plasma samples obtained from
anlmals consuming diets supplemented with 3.5% Phe and 1.0%
pCPA were run on the column. One sample was collected from
-the eye of an animal in group (d) after 25 days an the test
diet and one was taken from the leg vein ef an animal in
group (e) after 15 days on the diet. Two additional samples
were obtained from the leg veins of animals consuming 3.5%
Phe 1.0% pCPA test diets for 24 days as part of a subsequent
study (Series C, Experiment 4). One animal was bled at (943
and 1340 hours, and the plasma pooled for this analysis, -
and the second animal was bled at 1331 and 1727 hour
and the plasma pooled for analysis. Plasma was alsp col-
lected for column chromatography from two guinea pigs in
each‘of groups (£}, (g), and (h). Three additioual plasma
samples obtained from three animals fed only Purina chow

(1 male, 2 female) were also run on the column.
Results

- plasma PA, Phe, Tyr: The fluorometric determination
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of plééma PA and Tyr for all groups in the experiment,
except (d), are summarized in Téblés 16 through 23; the
‘PA and Tyr data for group (df are_incluéed in Table 12.
All groups were found to have a persisﬁént.elévation of
plasma PA during the test diet period. Mean plasmakTyr
1§vels werelsuﬁstantially elevaﬁed ?n group (h] but only “
moderately elevated in the other groups.' Figure 8 illustrates
the average PA and Tyr levels during the test diet
perioé for each diet group.
Animals consuming the 2.5% Phe 1.0% pCPA test diet.

(group a), had mean PA levels between 10.6 and 19 mg/100 ml
during the first 18 days of the exéerimenﬁ. PA levels fell
_to 7.2 mg/100 ml on the final day of the study (Table 16}.
The mean PA level during the entire study was 14.5 mg/100 ml.
Mean Tyr levels did not rise above 3;4'mg/100 ml and aver-
aged Z.S-mg/loo ml over the course of the experiment:

(Table 16).

An increase in the dietary supplement of Phe to .

3.0% (groﬁp b) did not substantially increase plasma PA
lévels above those observed in group (a) (Table 17, Figure
8); The mean PA level was 14 mg/100 ml for the duration of
the study in group (b) and daily levels ranged from 7.9 to
| 16.6 mg/100 ml. Plaéma.Tyr levels averaged 3.3 qg/loo ml,
slightly above the mean Tyr of animals consuming the 2.5%
Phe 1.0% pCPA diet (Figure 8). | -

Animals in groups {(c¢), (d), and (e) were fed test



mg/100 m)

124

S8k - ¥

ol -

ol .

381 :

36 |- il

Al i

2} 1 o

30} | -

" 1

26| | .

24 |- : L |

22- -

20,_‘

18| T

16| |

141 W

12t

10§

S R 5

s} S
: N

a b c e f g h i
Figure-B. . Series C, Experiment 2. Mean plésma total

phenylalanines (open bars) and tyrosine
(shaded bars) of each diet group over the

- duration of the experiment. Fluorometric

method. Error bars indicate standard
deviation.



BUTSO0IAL

4 ’ /sautuet
8L"S 60°% 00°9 Z8°9 £6° 0 19°¢S LT L Ev°Z ~eTAuayqg
L8°0F €p°0F €S°0F €L°0F OE°0F VE'IF  GE°OF TP 0F °a'S¥
\ aUTs0IAy,
08°¢ 9L°1 vs"2C 6L°C 91°¢ 6E°E pg°e £L9°0 ueay
- 61°97% €2°7F 0Z°FVF  69°ST 99°TF 68°9F €9°€F.  €1°0F °Q°S¥
™ ’ ; S ) - sautueTeTAUdYg
— 9b ¥ T 61°L AR £0°6T ¥9°0T _€0°6T 05°91 06°0 ueay
- Y L L L L~ L b 9 . serdueg
. \\\\:_ ) “ ‘ NHU : ) . JO xsgqumpy
Th— . Co : o :
. (391p 3893 wO) ° ¢ 8T ST 1T 8 ¢~ ~{eurang)
TYLOdD j91paid
: : : “ N\
o {(vdDd $0°T 2Ud %5°¢) LIIAd NO SAVA J0 dIIWAN ‘
' ‘.HE ccﬁ\mE.&momthﬁm Qﬂw%mﬁoudﬂam .....
‘ydod %0°t 2Ud $6°Z ‘3I°TpP UO
sfep JOo asqumu JO UOT3OoUNF ' S®
autsoxi3 pue sautueTefiusyd euseld

*(e) dnoiy ‘gz Juswraadxd D .S9TI8S .

C

9T o1del



. ". X ] .
4
LZ'y 1y’ 0e*s 13 A 3 16°¢ LTS 56°¢ 50°S S 1 G suysoaky
. . - . /saurueieriuayqd
8T ¥ M ‘NA.N F 12°0 % ETT0 6C°0 ¥ Zr°0 ¥ Loz ¥ 06°T ¥ IL°0F °*0°8%F
| : . auTsoxll
6Z°E €E0°F Lo't Lg*¢ - £0*Z L9°¢ 0E’S 01°¢ 00°T ueoK
61°6 ¥ ‘€E°S ¥ SSTE ¥ pI°T 5 bP°1 F £E°V ¥ 't ¥ 16°01% F1°0% “0°S¥
i . : - gougueTefAuayd
FO*¥I 65°91 L6°ST TR A €E6°L 0B ET £9°sT t9°s1 0870 uesy
Y . . T - ; ) . ’
: | £ A SR % £ 13 £ £ £ € Z ga1dueg JO Iaqunp
(397p 1803 U0)  ¥Z _ - L v (euyand)

NLOL

1z 8t | A8

. _ 391peId

{vaoxd s0°t °ud %0°€) 1310 HO SAVA 30 HAGHNN

-qu po1/bw ‘spgi1eue ayijaworonil Iyaod w01 o244 mc.m .

‘397p uo sdep jo rsqumu Y3

gauyueetAuoyd ewseld

o uoy3ounj e se suysoidl pue
*{q) dnoay "z JusUWX




127
_@}ets'suppéemented with 3.5% PHe and 1.0% pCPA. Duriﬁg the
first 18 days of the study, animals in group (g) had mean

PA levels ranginé from 12.8 mg/100 ml-t6 21.1 mg/lod ml. ©On
day 21 however, the mean PA level fell to 6.5 mg/100 ml (Table
18). ' This low PA level may reflect, at least in part, the'
fact that due to a mmscalculatlon, on the mornlng blood was
collected these animals’ had essentially run out of test dlet.

PA averaged 15.2 mg/lOO ml over the 21 test diet days, (FA

averaged 16.9 mg/100 ml when the day - 21 samples were

excluded). Mean daily Ty 1ls ranged from 2.4 mg/100 ml

to 4.2 mg/loo ml, and avefaged 3.5 mg/100 ml during the
‘entire study‘(T le 18, Figurg 8).
The data from group Cﬁ) were discussed ahé&e (Series
C, Experiment 1, T le 12}. O -the course of the entire
experiment PA and Tyr levels averaged 2! mg/100 ml and
4.9 mg/100 ml, respectively (Figure 8).
The plasﬁ%§@A and Tyr data from groupd’e) are
. summarized in Table 19. Mean PA levels ranged from 16.35 to
almost 43 mg/10Q ml while mean Tyr 1evels were between
2.3 mg/lOO ml and 6.3 mg/100 ml. The mean PA and Tyr
levels for the duration of the study were ahout 29 mg/lOO ml
and 4 mg/1Q0¢ ml, respective%y-crable 19).. On most Qccaslons'
_ blood wag obtained from 5oth'the ophthalnic venous plexus
and the saphenous, vein (rahle 19). Plasma was available.

for fluorometrlc analysxs from 12 pairs of blood samples

collected from both sources. ‘paired t—tests were us?d to

N



BE"¥ . IL°T  OP°E  60°S N ] ¥0'§ ¥s"9 08"¥ 00'e *suysoafL
! /asurueietiuayd
- N N k2
ov°1 % Zz°T F 98°1 F ZT0'Z F OL°T ¥ S2°T1 ¥ Lo s 0 ‘a‘gi .
. s . . suysoxl],
9y °¢ or't LLe LIV . LT°E 09°€ g8z S56°¢€ 06°0 uRoH
TL*8 ¥ ZI°Z ¥ E€6°C1F JT°E€TF¥  TI'S ¥ SP°T ¥ Yi'L ¥ 0 *a*s¥ @
. " : ) . - ) saujuetetAuayg
sT°ST ‘059 08°¢1 L0°12Z L9°€Y E1° 01 £°81 56°81 00°1 uway
T et ~ £ £ £ € £ 1 z z gajdueg 30 1aqumN
(39FP 3se3 uo) AN : | | ST 11 g 17 £ {eutang) . . '
TULOL . jaftpeld

(vapd 80°T @uyd %5°f) EdIa HO SAYd 40 yagWNN .

“qw ggl/bw ‘sesifeue oyIj2woIONIF tygod 80°T 9Yd $5°F
‘3a7p uo sAvp jo ioqunu Syjy Jo doyjouny ¢ se aujsolil pue .
mn:«cuﬂnﬁhcm;& ruwse{d °{o) dnoip ‘g Jusuyxedxz ‘D T EN BT order




-

. sauygoakl 103, paziieuw jou ga[dues OM} ys
; ) : *ouygoaky 103 pezdAteuw j0U orduws sUO

09°L c9'a  6z°b Z8°1T ©0S°L LT'S KE'6 6VTl 00°1 ‘sutsoakL .
. . o . - . / saujueieiiuayqd .
] , B . .
TR & 9z 1T - 6L°1F 1§°0% TI°'TF 9E°1%F B6°1¥  55°0F¥ 99°' 0¥ "a*si. :
’ R auyB0IAL
gt ] i A STV gL e [A S 4 Zt°9 0%y Le'e SL*T . uesH | w
. L . ok
LLTPTF C€8°L¥ 69°LF 6579F ‘GG LF TC'6F LE'6TF OL'LY LT 0% *Q°Ss¥
: . - o gauyueierAuayqd
) | E0°6Z gy°ol 08°LT 0£°Z€ E670C Ze'et G67EF  09°6Z GL°T uweH
el ¥ y. b ¥ v b E v setdueg jOo IoqunH .
~ ]
S€°L T T 6z*1T 11°L .60°S Ts°L  Sb°L 85°2 aus014L
) -0 1 ) / saujuereriuayd :
ZE'TF ' . ,‘, GL*0F ZL°0% 6L°0F Py 1F  66°0%F §8*0%. -a‘si¥ UTOA
. : outsoxi], bag
96°€ 6°1 zp*z. 81°¥ SE°S oy SE£°E 09°0 ueaH ’ o
nw.mﬁu. ] 8E°9F 6I1°67F ‘TE*LT 9p 52T VE6TLTF LO°0F "a°gs¥
. , ) gouyuegeTiUueyd
162 1*°21 Gg*1€ ¢L°6C TT'LT S0'9E 56Tk 55°1 ueay ' .
iz S y y v n’ v z saduws Jo 19qunH
{39Tp 3897 uo) - 6Z 9z . T 61 - ST (A4 9 (eutang) pooTd
M Lk 12/ . o 39Tpald Jo
N (vaod %0°T °ud 85°€) 1310 HO SAYG 40 MAGHON soInos
‘ . ’ : : . .equ go1/Pu *eesiyuue oyajswoIonyj tyand s0°1 9Ug .
‘. s6°¢ '397p wo akep jo zequnu 8Yyj o uojjoun u gr SUTB0IA] puw "

T aoujueyetiuayd muserd °(° 3 Bofdes 61 oldel i



130

 determine if plasma PA and’ Tyr levels \differed sagnlflcantly
in bloodgfrcm these two ‘sources on days 6 12, 15 19, and
22; ngga,of these.tests_reached statistical significance

at tﬁe 6,05 level. The mean éA la?éls of plasma from the
eye and the leg vein for these paired samples were 33.53
- +14.,97 mg/looaml an& 30.65%13.14 mg/100 ml, respectively,
The significance of this diffefenae in PA levels was
assessed usiné'a paired t-test and found to be of'only
marginal significance (t = 2.136, 4df = 18, 0.8257>p <6.05,
two-tailed). The mean Tyr levels during the study,3 84 ‘
+1.82 mg/lOO ml for the eye bloods and 3,95#1. 25 mg/100 ml
for the leg vein bloods, did not diffe; significantly (paired
t = 0.554, df = 18, two-tailed). ' |

' Table 20 summarizes the plasma PA and Tyr data of the
animals fed the 3.75% Pha:l.O%‘pCPA test diet, group (£f).
Mean PA,levels'ranged from 17.1 mg/100 ml to 35.45 mg/100 m]
and averaged about 23 mg/lOOIml during the whole experiment.
Mean Tyr levels ranged from 3.5 mg/100 ml to 5.7 mg/l00 ml
and averaged 4.7 mg/l00 ml; one sample obtained on day 21

had a Tyr concentration of 11.0 mg/iOO ml. ©On day 8 of

the experiment blood was collected from both the eye and

the leg vein (Table 20). Paired t-tests did not reveal
significant differences in PA and Tyr levels in plasma from
the two sources (PA: ¢ = 1,729, 4f = 5 two-tailed; Tyr-

.t = 0.468, df = 5, two-tailed).
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The animals in group (é)lconsumed a test diet supple-
mented with 4.0% Phe end-l.o%'pCPA; Mean PA levels ranged
from 14.3 mg/100 ml to 26.9 mg/100 ml. and averaged 21.2 mg/
100 ml over the whole study perlod (Table 21) Mean Tyr
levels ranged from 2.8 mg/100 ml to 5.5 mg/100 ml and
‘averaged 4.9 mg/100 ml for the whole experiment. Although
the overall mean Tyr level of the anlmals in group (g) is .
comparable to those of groups (c), (d), (e) and (f), -one
animal had 5 plasma samples during the test diet period which
ranged between 8,0 and lO.G mg/100 ml Tyr. ©On day B8 of the

study blood was collected ﬁrom botﬁ‘the ophthalmic plexus
and the saphenous vein (Table‘ZI). Comparisoo of PA end Tyx-
~ levels in plasma from the_two sources by paired t-tests did
not reveal statistically significent'differences (PA: t =
0.764, df = 4, two-tailed; Tyr: ¢t = 3,011, df = 4,’two-
tailed)..
“

Table 22 summarizes the mean plasma levels of PA and
Tyr of the animals consuming the 4.25% Phe 1.08 pCPAtdiet,
group (h).‘*Mean‘PA levels ranged from 25.4 mg/l00 ml to
over 50 mg/100 ml and avetaged 36.4 mg/100 ml during the
whole experiment. Except for test diet days 8 and 24, mean
Tyr levels were substantlally elevated relative to both
_predlet levels and those of anlmals consuming diets contaln—
ing less than 4.25% Phe. Mean Tyr levels were never less
than 5 mg/100 ml and exceedeo 13 mg/1l00 ml on two days

(Table 22). Plasma T?r averaged 9.8 mg/100 ml during the
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‘whole experiment. Eleven plasma samples, from 5 different
animals, were found to have Tyr conéentrations greater than
or equal to 8 mg/loo_ml} 8 of these exceeded 11 mg/100 ml
and 2 were over 30 mg/100 ml. The marked elevation of
plasma Tyr among the animals egting 4.25% Phe 1.0% pCPA is
reflected by the relatively low PA:TYr ratios when com=
pared to the other test diet groués (Tables 12 aﬁd 16 to
231.

Animals consuming diets supplemented with l.O%_pCPA
had a mean plasma PA level of 11,1 ng/100 ml and a mean Tyr
level of 2.0 mg/l00 ml (Table 23). The variation in plaéma
PA, as indicatéd by the standard deviation (S.D.}, is |
considerably less than that observed in each of the other
groups in this experiment (Tables 12, and 16 to 23). Plasma
Tyr levels were the lowest observed among the test diet
groups and on most occassions were within the normal- range
(Table 23).

. The.fluorometric plasma PA data from thHe test diet
period were transformed to logérithms and subjected to
ANOVA with repeated measures: For this analysis the PA
data from animals consuming 3.5% Phe 1.0% pCPA diets,
groups (c), (d) and (e), were pooled. In order to assess the
effect of the duration of test diet consumption on plasma
PA levels, the data from all groups were assembled into
4 time intervals, days 3-8, days 1ll-15, days 17-19%, and

days 21-26. This permitted comparison of the PA levels of
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the various groups after'similar periode of test diet g
intake. When more than one'Bloed sample was available from
an animel during one of these time intervals, fhe values
were averaged and the average taken as the PA level for
that animal during the'}elevant time interval. Table 24
summarizes the plasma PA data as regrouped for this ANOVA.
ANOVA revealed a significant interaction between the test
diet day and the test diet group (F =.2.652, df = 18, 104
p<.001). This interaction suggests that during the test
diet period the various groups had markedly different
'patternS'of change (ie.‘slope} in plasma PA levels. Eigure
8.1 illustrates these PA data and it is clear that the
slopes of the PA concentration vs test diet day curves
differ emong groups. In order to determine whether there
‘were significant differences in PA levels among the test
diet groups the data for each test diet interval were sub-
jected to one~way ANOVA. Oﬁ days 3 to 8 ANOVA revealed a -
significant group effect (F = 12.9834 df = 6, 36 p ¢ .0001)
and Studene-Newman-Keuls multiple compafisons indicated
that DPA was significantlf higher (p ¢.05) in gfoup (h)
compared to all other groups. The PA level of the 3.5%

Phe 1.0% pCPA groups was significantly greater than the
1.0% pCPA group (i) (p {:05). No other significant dif-
ferences were found on days 3 to 8. On day 1l to lS‘the
ANOVA also revealed a significant group effect (F = 3.234;h

df = 6, 36 p=.012) and the multiple comparison showed

~



139

obezase sTU3 pue pobeIoAR 9IoM SoNTRA Y4 2U3 ‘Teaasalur
aThuTs ® WOXJ pPIIOVTTOO Sem mﬁmsmm pooTqg SUC uBY3} JI0U UdDYM

TW- 0OT/Bu 44

*e3ep 859yl Ul peSpnIaur
STyl butanp Tewtue
{gfeuTue Jo IJIaqumu ,

Y

_ EL'OTP0"Z 9V 0FC6°T ESTOFOL'T VT IF0E'ZT S 6GT0¥zztT XL
€9°C¥TO°TIT B8L°TF80°2T PI'TF¥BI'OT TS°C¥0P°6 8V E¥8E°CT Vd vdod $0°T
¥ v 2 v ¥ N (1)
€9°8FZVF*6  TV°9F06°8  BG CTFCL ET LE*8T0E 6 VB TISL"S  IAL vdod %0°T
T9°6TFIE 0V GS9°9FBT°TE  PL 6¥BS 0E 90°SC¥B6°9E 09°CTFBY'CY Vd ayd %S¢ v
9 9 9 9 9 N ()
9P eFZ9Y  OV°TELOS . 98°TFOS'F . OTEFEP v 96°TFIBY ¥ FAL . vaod s0°'T
G9°8F9P°0Z T9'0TFLP*9Z 6I°8FC6°0C  h7°S¥BZ°PT LV 9F8S°BT ¥d 2ud %0°¥
‘ 9 ‘ 9 9. . 9 : 9 H (B)
L9°TIO0° ¥ T8°T¥CL™D €G°IF8T°S ° IT T¥8V°E ~ €1°2F9%'% IAL “yaod s0°T
80°83I0Z°TZ 09°9F20D°SZ 85 L¥88°Z¢ Th"GFYT LT BO TTF9L°6T ¥%d ayd %GL°¢
g G . -g S S N . (F)
9G*TFED Y E€6-TFO0°V ¥ TFICV .~ 8F TIGST 'V Ty i¥e9 e  I&L "waod %0°T
VO ITFZO"%C ,08°6F98°2Z 9V°'TI¥TZ°¥Z B6°VIFB6°EC GV'9FEL0°SZ Vd , ©8ud %6°¢g
Al A A Al Al N (’p’0)
L8°OFVT € LB OTES'E €z 0tL8°¢  zE°0ILE T Op 0F0L v . 2L w¥aod %0°T
90"€F98°E€T OT/TFLT 9T VI/TFOL°CT  TLTFEB'OT 2S'€F€9°ST vd ayd %0°¢
€ £ et £ . £ N ©{q)
8L°0FSY°Z E€¥'0F9L°T . ¥S°0FVS°Z €Y 0FLVP ¢ ~ VO TIFb0°€ IAL vaod $0°1
TS°GFTBET  €CTCF6ITL 0T PFPC ST PETEF98°FT 0£°SFTO°8T vd 2Ud %5°¢
L L L L L «N (e)
‘@°S¥ Ue9H ."Q°S¥ UESW . ‘d°S¥ UedW  °"d°SF UESH "d°ST ueey dnoy¥s
—— , e Id1d
TYIOL ~ 92-T¢ SAYA ~ 6T~LT SA¥d ~ ST-~TT SAYQ g8-¢ SAvd .
oo ..m.m....\q...ﬂ.m..mm& ﬂumummnmm.u.. .S.U..H.Z‘ .¢>OZ.4N. ..HO.M. .mu.m.mﬂ;.m..ﬁﬂﬁ. Um..@ﬂﬁ.. R
*ATTeorajawoxont3d psansesu se (IAL) 2UTIS0IA] pue (¥d)
sautueteTAuayd te3jol euwuseld vZ 3I9elL

¢ Justutxsadxmg ‘D sO91I98



Figure 8.1
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Series C, Experiment 2. Mean plasma total
phenylalanlnes on test diet days 3-8, 11-15,
17-19, and 21-26, illustrating the data used
for ANOVA with repeated measures.

Groups: (a) &o———=
(b). »—a
(¢}, (@), (e) @~
(f) o&— - —o
(9) w—:..—a
(h} &—a
(1) &b
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only that group (h) had significantly ﬁigher PA ‘levels than
 group (i)-(p:<.05). The ANOVA of- the day 17 to 19 PA data
d4id not detect a significant group effect (F = 1.938, df =
6, 36). The ANOVA‘wés again significant on days 21-26. -
(F = 8,510, 4f = é,36 p ¢ .001). Multiple comparisons indicated
" that ?A in group (h) was significantly greater than PA in
éroups (a)‘and (1) (.051. In addition the low PA in
group (a) on day 22 (Table 16, Fiéure 18.1) was significantly
lower thanlthe PA in all opher groups'except (1) (p £ .05).
In summafy'these analyses show that the PA levels of group (h);
4_7253Phe 1.0% pCPA test diet, were significantly greaté& than.
///’f_““"%ﬁose of the animals fed the 1.0% pCPA during three.of the °
time intervals. In addition, the only othefbgroup to have
significantly higher PA levels than thé 1.03% pCPA group was.
the pooled 3.5% Phe 1.0% pCPA group.

‘ Phe and Tyr were also estimated by paper chromato-
graphy. Table 25 inqludeé the paper chromatographic‘and
fluorometric data for the Qlasma samples analyzed by both )
methods.

Only 1 sample was chromatographea_in each of groups
tﬁ)'and (b). The Phe concentration was about 62% of the
PA level iq the plaéma from the 2.5% Pﬁe 1.0% pCPA animal
. and only 21% in the 3.0% Phe 1.0% pCPA éample (Table 25).
It %as not possible to. do paper.chromatography on other
plaéma samples from groups (a) and (b). 'f \
: Phe constituted about 62% ahd'Si%\ f the PA levels
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in the two 3.5% Phe 1.0% pCPA dlet groups, (a4} and (e) -
- (Table 25). Among the groups fed test diets supplemented
with more than 3.5% Phe, the,percentage of Phe in the PA

did not rise above that of group (d}, and only slightly
exceeded the percentage Phe in group (e). Plasma Phe was

in the range assoc1ated with significant risk to the human
fetus in groups (d), (f), and (h). The paper chromatographic
Phe data from groups @), (e), (£); (g) and (h) were sub-~
jected to one-way'ANOVA. . The mean Phe level of each

‘animal during the test diet period weérpsed for this analysis
and the data from groups (d) and (e) were pooled. This
ANOVA revealed a barely significant test diet effect (F =
3,097, &€ = 3, 21 p = .0488). student-Newman=-Keuls tests
ceuld not detect'significant differences between the groups,
indicating that all the.groups with at least 3.5% Phe added
to the test diet had comparable elevations of'plasma Phe.

Although the PA levels of the animals fed 1.0% pCPA

test diets were clearly elevated, Phe was not detected in
either plasma sample available for paper chromatography .
(Teble 25}. The éhe level of one pf these samples was

shown to be less than 3.0 mg/100 ml when twice the amount of
Dlasmanms run on paper and Phe still could not be detected.

in order to.more accurately determine the concentra-

tion of Phe and pCPA, plasma samples were also analyzed by
column chromatography. In addition to these data, Table

26 also includes the results of the fluorometric and paper

¢
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chroﬁatographic analyses of these samples.- Both the Phe&
ahd the pCPA concentrations as measured by paper and column
chromatography were highest in the samples frqh animals-in
the 3.5% Phe 1.0%quPA test diet groups. Pﬁe'averégéd.over
21 mg/ioo ml in these samples_and Phe there%ore comprised
about 60% of the PA levels measured fluorometrically
(Table 26}. The Phe levels dete:mined by éélumn chroma-
tography were the lowest among tﬁe test diet groups in the .
samples from the 4.0% Phe 1.0% pCPA animals. In the 3.5%
Phe 1.0% pCPA gnégg, Phe levels measured by paper chroma-
tography were higher than the levels determined by column
chromatography in 3 of 4 samples, although there was better
agreement betﬁeen these methods in samples from the other
test diet droups. Plasma pCPA levels tended to decline as
the dietary Phe supplement increased, although the data
are limited. Fluorometric and.column chromatographic Tyr
measurements compared welli, and with the ex@eption-of the
sample from the animal £ the 4.25% Phe 1.0% pCPA diet
(Tyr 22 mg/100 ml) were similar among the test diet groups.
The Tyr levels determined by paper and column chromatography
_were also simlar although one sample [ﬁable 26: 3.5% Phe
1.0% pCPA group (dil , was considerably higher when
estimated by paper chromatography.

The Tyr levels determined by fluorometry were also
gpbjecgéd to ANOVA with repeated measures. These Tyr

data, like the PA data, were regrouped into four time

=]
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intervals (Table 24)' and transformed to logaritoms_for this
‘analysis. A highly_significaht effect for the test diet
group was detected (F = 9.463 df = 6, 36 p <& .001). The
Student—Newman—Keuls procedure showed that the 4 25% Phe
I 1.0% pCPA group had Tyr levels which were SLgnlflcantly
greater than all other groups (p ¢ .05). In addition, Tyr
jevels in groups (i} and (a) were significantly lower than
all groups exoept group (bl (p <.05}. Mean plasma Tyr levels
over the whole test diet -period iﬂcreased as the'dietary )
Phe supplement was increased (Table 24). The Tyr levels
measured by paper chromatography in groups (d), (e), (f),
(g) and (h) were subjected to one-way ANOVA (Table 25]1. The
mean Tyr level for each animal during the test diet period
ﬁas used and theWlata from the 3.5% Phe 1.0% pCPA groups
were pooled. The ANOVA indicared a significaht effect for
the test diet (F = 4.669 d4f = 3, 21 p = .Q12}. Student-
Newman-Keuls tests showed phat group (hl‘wae again- the highest
and that Tyr levels in this group.were significantly greater
than tiose in group (f) (p ¢ .05). In summary rhese analyses
show that the test diet composition was a significant deter-
minant of plasma Tyr levels and that the 4.25% 1.0% pCPA
group had significantly higher’ Tyr levels (Tables 20, 241}.
In addition, the 1.0% pCPA and the 2.5% Phe 1.0Q% pCPA groups
‘had the lowest Tyr lefels’while the remaining groups had
moderately elevated Tyr levels which did not differ signi=-

ficantly from one another. :
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" The 3. 5% Phe 1.0% pCPA test diet was found to pro-
duce significant elevations of plasma PA and Phe. Approxl-
mately 60% of the PA levels in the 3. 5% Phe 1.0% pCPA groups °
was composed of Phe, Higher than any other test diet group.
The hyperphe,persisped for at least 29 days and was usually
near 15 mg/l00 ml. Only the 4.25% Phe 1.0% pCPA group had
higher PAxlevels, this group however also had signifidantly
higher Tyr levels. Tyr levels in the 3. 5% Phe 1.0% pCPA animals
were only moderately elevated. On the basis of the plasma

PA, Phe, and Tyr data, the 3.5% Phe 1.0% pCPA diet was found

FeCl, te { a pumber of fresh urine samples from

animals in groups ({e) tﬁrough (h) were tested with FeClB.

The following number of speécimens ;e;e tested from each group:
{e) 1, (fj G,i(g) 6, and‘(h) 1. All samples were positive
and tended to fade within a few minutes, indicating signi-

ficant phenylketone excretion in these guinea pigs.

Body weight and food intake: The mean daily body

weight and food intake of each group is summarized in
Tables 27 and 28 respectively. The animals in group (2}

" gained weight and consumed food at a near-normal rate
throughout the experiment. It is important to note that
when the experiment began, these animals had been eating’

" the 2.5% Phe 1.0% pCPA diet for 15 to 17 days (without
ascorbic acid suppleménts) as part of another study (Series

D, Experiment 1). These animals did in fact lose weight and
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decrease food intake when initially giveh the 2.5% Fhe 1.0%

pCPA . test diet in Series D (see below) .

Animals consuming the .3.0% Phe 1.0% pCPA dlet; group
(b}, lost about . 2% of the;r mean body weight during the
firet 2 days on thie diet (Table 27). After 9 days these
‘animals gained weight at an average rate of 3.3 é/day. The
early weight loss was paralleled by low, feod intake which
subsequently increased to over .30 g/24 hour by day 10
(Table 28).

The gulnea pigs in group (c) lost about 6% of their
prediet body weight during the first 5 days of the 3.5% Phe
1.0% pCPA test diet period (Table 27). These anlmals main-=
tained this weight until day 11 and then lost weight at a
rate of about 2 g/day (Table 27). Although these animals
were eating about 27 g/24 hours at the end of the etudy, they -
were also the oldest and heaviest in the experiment (Tables
15, 27), and were therefore consuming less diet than all
other groups in g/gg body weight per day (42 g/kg/day vs
a range of 61772 g/kg/day at the conclusion of the‘study).

The animals in group (d} lost about 8% of their
prediet body weight during the first 4 days on.the 3.5%

Phe 1.0% pCPA diet. -~ They began to gain weight on the flfth
day of the study at a rate of 2.7 g/day (Figure 6, Table 27).
Food intake in group (d) dropped dramatically during the
flrst day on the 3.5% Phe 1 0% pCPA diet and then began

to increase on the second day (Table 28, Figure 7). From
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From day 1l on,.the animals até at .a rate compérabi; to _
prediet levels. RPN . - .

‘ The animals im the third 3.5% Phe 1.0§ pCPA diet-
group, (e), lost nearly 10% of their prediet body weight
during the first 3 da&s'of.the test diet pgriod (Table 27).
By day 4 the animals began tq regain the 1ost.weight and con-
timuea to grow at a rate'of 2.6 g/day. The food consumption
of these animals dropped«verf sharply during the initial days

" on the test dietAand slowly increased to about 20 g/24 hour
by aay 8 (Table 28). Food‘intake continued to ihcrease to
nearly the prediet level. The lower food intake on- day 27
however, may be related to the surgery performed on the
animals on day 26 as Aart of another study (Series C, Expeéi—

‘ment 4). |

The animals in group (£f) lost abﬁut 4% 0of their pre-
diet body weight during the first 5 days of the 3.75% Phe

1.0% pCPA.test diet period (Table 27}. These guinea pigs
then galned weight ‘at a rate of 2.8 g/day until the end of
the study. Food intake dropped sharply on day 1 and rose to
abou£ 20 g/ 24 hour from days 2 through 11 (Table 28).

During the final days of the éxperiment,.daily food consumption
approached the prediet rate.

Animals given the 4,0% Phe 1.0% pCPA test diet,

group (g}, lost aBout 5% of their prediet body weight dur- -

ing the first day of thelétﬁdy {Table 27). Except for a

élight loss on day 6, this weight was -maintained until day
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7 when the aniﬁals ﬁegan\ﬁo géin weight. Daily weight gain
theﬁ“averaged 2.8-g/déy throughsﬁhe;ehd of the.experiment.
Food intake dropped dﬁring fhe first day on thé diet and
rose to about 20 g/24 hour which was malntalned through the
remalnder of the study. | | )

The animals fed the 4.25% Phe 1.0% pCPA test diet had
the mos£ severe and sustained weight loss, 16.2% of pfediet
body &eight‘during the‘fifsi‘lo aays of the experimentﬁ
(Table 27)}. After day 13 these animals géined weight at a

rate of 3.8:g/day until the study was inated. Food intake

\
dropped on the first'day of the study an nlike the other

groups, remained at this low (;bo 7 g/24 hour) until
‘day 8 (Table 28), Foéd intale then began to increase.and
reached about 21 g/24 hour f_day,2l. Food éoﬁéumption did -
not return to prediet lepels and fluctuated araﬁnd 24 g/24
hour until day 31. :

. Animals in group (i) did not decrease food intake or
lose weight when given the 1.6% pCPA'diet (Tables 27 and 28).
There was a slow but steady-incregée in mean body Qeight, ‘/
aespite the fact that one animal lost weight throughout ¥h;\
experiment. This animal subsequently continued to lose
weight when given Purina chow and‘finally had to be destroyed.

| In summary, all groups consumipg test diets suppié-
mented with Phe lost weight during the initial days on the

test diets and then with the exception of group (c), began

to steadily gain weight. This was associated with an initial
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'declrne in darly food lntake followed bv a gradual return

to normal or near normal food consumptlon. There appeared
to be a relatlonshlp between thebdletary Phe supplement ‘and
the daylwhen‘each group Stopped 1051ng weight. Anlmals in
the 1.0% pCPA aiet group déid-not 1ose ﬁeight-and the other
groups stopped 1051ng werght*on the follow1ng days- (e)
.2.5% Phe 1.0% pCPA 4% sucrose 4% lettuce, at 4 days (Series
D, Experiment 1); (b) 3.0% Phe 1.0% pCPA 5% sucrose 5%
eabbage, at 3 days; (c)} 3.5% Phe 1.0% pCPA 5% sucrose 5%
cahbege, atﬂg{days; (d) 3.5% Phe 1.0% pCPA 7% sucrose 3% ;;
cabbage,‘at 5 days; (e) 3;55 fhe-l.O% PCPA 8% sucrose, at 4
days: (f)'3,75%.§he 1.0% pCPA B%'sucrose, at 5 days; (g)

- 4.0% Phe 1. O%fnCPA é% sucrose, at 7 days; and (h) 4.25% Phe
1.0% pCPA 8% sucrose, at 11 days. As the magnitude of the
Phe sunplement 1ncrea§g% the duratlon of the welght loss

also tended to increase. In addltlon, higher dletary sucrose
'supplements among the 3.5% Phe 1.0% pCPA groups appeared

to shortaf the duratlon of weight loss as well as improve
‘daily food 1ntake durlng the later days of the experiment

(Table 28).

' . +

Dietary Cabbage: There-did-not appear tO'be differ- -

ences a%tﬁlbutaﬁﬂe to the presence pr absenoe of cabbagé in
the diet among the 3 groups eatlng diets supplemented with
3.5% Phe 1.0% pCPA €roup (e}, which did not have cabbage

added to the test diet, had elevatlons of plasma PA and Tyr

whlch Were between those of groups (c} and: (d), these\anlmals -

=, .
were fed diétﬁ supplemented with 5% -and 3%‘babBage respectlvely

. ._“‘.._..

Voo e T
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CFlgure 8). | =

Route of ascorblc ac1d admlnzstratlonf' Animals in

groups (a), (b), and () recelved IP ascorbic acid supplements :

whlle animals in groups (d) through (h) were glven ascorbié“/
1ac:Ld supplements" orally. Except for the pOSSlbllltY of lower
"PA levels and poor we::.ght ga.:l.n [group (c] in anmals given

' IP ascorbic ac1d (Flgure 8, Table 27), no effect could be
attrlbuted directly to the route\of ascorblc acid supplementa-
tion.

On the basis of the data collected in this experiment,

"3.5% Phe was concluded to be the optimum dietary Phe supple-
ment. When meore thaﬂ 3. S% Phe was added to test diets, PR

plasma Phe was not s;gnlflcantly lncreased except when Tyr

“was also substantlally elevated. In addition, food intake and

weight gain tended-to decline as the dietary Phe suvplement
increased. Subsequent experiments were undertaken in which
3.5% Phe 1.0% pCPA.dietslwete used to induce stable hyperphe

in pregnant and nonpregnant guinea pigs.



8w Series C, Experiment 3

" Introduction

In Series C, Experiment 2 plasma obtaiqea from the
sagh;::ﬁs vein and the ophthalﬁic venoué plexus was shown to
heve nearly'equal levels of PA and Tyr.- Wwhen blood was
collected from the severed neck of the'animals in Series C,
Experiment 1; the plasma levels of PA and Tyr were found te

be unexpectedly low in all the test diet grouﬁs-when compared

to the previous 23 days of that study. The markedly lower

" plasma levels in the-severed neck blood from these animals

(see below), led to a study in which PA, Phe, and Tyr levels
were compared in blood samples obtained from a number of
sites, lncludlng the severed neck, from the anlmals in

group (e) of Series C, Experiment 2.

"Methods

i

This experiment was performed on the animals in
groups (d) and (e) of Series C, Experiment 2 on the final

days of that study. All animals were consuming test diets

supplemented with 3. 5% Phe and 1,0% pCPA and were receiving

daily oral ascorbic acid at the time Experlment 3 was done.
(see Series C, Experiment 2. for details).

After 25 days oq‘ﬁhe test-aiet, 4 animals in group
(d)} were ki;led by decapitetion befﬁeen 1340 and71355 hours,

159
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and;glqod from the severed neck was colleéteduiﬁto heparinized
. centrifuge tubes ;. In éddition, 4 hours and 10 minuﬁés prior
to dééth; one of these animals was ble@ from the 6phthalmic
venous plexus.. ‘ | S ) h ‘_\
" The animals in.group {(e) were bled frdm_ﬁbth thé
' leg and eye on days 6§, 12, 15, 19, and 22. On day 26: these
animals'were anestheﬁizea with methofolurane (CO2 iﬁductioﬁ),
and blood was colieéteé-ffgﬁ the carotid artery, the external
or internal jugular vein, and the ophthaimic venous’ plexus |
of each animal. ' Briefly,. the surgical procedure was as
follows. The ventral aspéct of the neck was shaved and
cleaned with 70% alcoﬁél; A midline incision was madé and -
the skin reflected latgraiiy. The carotid artery was located
and a loop of suture thread placed around ﬁhe_véssel and
lifted to exXpose éhe artery. The artefy was entered with
a 26 gauge needle on a heparinized syringe and about 0.75 ml
of blocd withdfawn. The artery was then tied off with the
thread. Blood was then obtained in a similar manner from
either the ipsilateral external or internal'fugular vein.
The skin incision was sutured closed, cleaned, and additional
blood collected by the intraorbital method. The entire pro-
cedﬁre took between 135 and 25 minutes for eaéh animal and was
done between 1015 and 1225 hours. On day 2§, these-animéls
were bled from the leg vein, theri anesthetized and bled from
- .Lﬁhe ophthalmic plexus, the untied carotid artery, and jugular

vein,, in the. manner described above. Immediately following
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thefsurgiqal procedure, each animal was killed by decapita-.
tion and blood‘collected from tﬁe severed neck. The animals
were kllled between 1430 and 1645 hours,

All plasma samples were analyzed in duplzcate fluoro-
metrlcally for PA and Tyr and, when suffmcrent plasma was
avallable, also by paper chromatography for Phe and Tyr.

The day 25 sample obtalned from the eye in group_(d) was
also run on the amino acid anal&zer, as described above, and

is.included in'Table 26.

Results

Experiment 3 was undertaken to further investigate ]
the unexpectedly low plasma PA and Tyr levels observed 1n.

© the samples taken from theAAnlmals decapltated in group (d).
Animals 1n-thls group had mean plasma PA levels ranging from
lg;Brto 29 mg/100 mllin bloods obtained.fron the ophthalmic
yenous plexue on days 8, l%/ 17, and 23 (Tablelﬁ):,however
the mean PA level in the 4 samples collected from the severed
neck of these aninals on day 25 of the study was only

12.0 mg/100 ml {(Table 29). When this PA level was compared
to the lowest darly mean PA level (day 11) using a Raired
t~test, the difference was not found to be significant |

3

(t = 1.253, df = 3,‘two—tailed), although it differed signi-

ficantly from the day 23 PA level (paired t = 6, 049 atf = 3, .

p‘(o.Ol} tq?~tailed). The Single sample collected from the

eye 4 hou¥s prior to death had a PA level of 28.4 mg/100,

-
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-ih contrast to the level of 10.1 mg/loﬁ ml in thé neck

blood from the same animal; Tyr levels also showed a‘similar
diéparity, 7.4 Qsﬂz.oxmg/loo ml (Table 29). Fluorometric

Tyr levels-did'not éiffer significantly from the day 11
levels {paired t = 2.898, df = 3, two-tailea),wbﬁt did differ
marginally from tﬁé:day 23'1evels (paired t = 4.107,:df = 3,
El<-95: two-tailed). With both PA and Eff levels the trend
was ciearly towérd lower plasma concentrations in the neck
samples. This trend was alsohapparantAamong the other éroups
.iﬁ Series C, Experiment 1.

The paper chromatographic estimations of plasma Phe.
and Tyr in the bloods co1leqted from the neck of the animals
.ih group (d) wéré also lower than the. levels observed in
'blood obtained from the ophthglamic venous plexus (compare
Tables 13 and 29). 1In addiﬁioﬂ; the paper estimation of
Phe and Tyr in the day 25 eye sample (Table 29) is con-
siderably greater than the day 25 neék.sample from the same
animal (Phe &3, Tyi'(Z mg/100 ml).

Animals in group (e) were bled from a:number of
different sources while‘consuming a diet supplemented with
- 3.5% Phe and 1.0% pCPA. As discussed above (Serie; c,
Experiment.Z),.there were no statistica11¥ significant’

differences between plasma obtained from the ophthalmc

¢

venous plexus/ggd»&hé’ggghenous v#in with respect to either

PA or Tyr levels gn days 6, 12, 15, 19, of 22 of the study
(Table 19). N |
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 On day 26, the animals in group (e} were bled from

the oﬁhthalmic venous plexus,'the carotid artery, and the
jugular veie: the mean plasma PA, Phe, and Tyr levels are
ineluded in Table 29. The'fluorometric ard paper chromato- /
graphic measurements of PA, Phe, and Tyr in the arterial
“and venous eampies were compared etaristically’to the
-ophthalmic level by paired t—tests. None ef the levels -

- differed sxgnzflcantly at the 0.05 level on day 26. |

\:?‘ On day 29, these animals were again bled from the
eye, carotld artery, and the jugular vein, and in addition,
from the saphenous VELH and from the Severed neck following
decapitation (Table 29). The amino acid data from each -
source were compared to the eye blood levels by paired t-
tests. Fluorometric measures of PA and Tyr in the neck
bloods dlffered significantly from the eye blood levels
"(PA: t = 5.83, 4f = 3, p <.0l, two-tailed; Tyr: t = 6.040,
df = 3, pgg,Olrwtwo;tailed), although neither the paper
estimates of Phe or Tyr differed significantly between eye
and neck samples. The only other significant difference
among the day' 29 samples was between the .eye and arterial
fluorometric Tyr levels (t = 5.426, df ='3, p< .02, two-
eeiled). It was not possible to fluorometrically assay PA
in 3 of the 4 samples obtained from the leg vein on daf 29;

- .however the results of Series C, Experiment 2.demoﬁstrated
that PA and Tyr‘levels were indeed equal in samples from the

leg vein and the eye on days 6, 12, 15, 19 and 22 of the study.

-
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‘Tt was concluded fhat levelsrof Phe, PA, a Tyr in
'blood obtained from the saphenous vein are a_r%{ZZile ‘
indicator of these amino acids in the guinea pig. There was

-

a- definite trend_tqward lower levels in blood from tﬁe T
severed neck and this_methpd ofiblood collection-was theée—
fore not used in subsequént_étudies. No anesthesia is

required for blood collection’ by the leg method, a distinct

advantage over the ocular technique. The saphenous veln

was therefore used for blocd sampling in subsequent studies. '\\\



Series C, Experiment 4

Introduction '

The results of Series C, Experiments I and 2 indicated
that adult female gﬁiﬁea pigs fed diets suﬁplem%nted with
3.5% Phe and'l.O% pCPA are hyperphenylalaninemic and have
only moderate plasma T?r elevations.__The elevations of
~plasma Phe were often above 15 mé/lpo ml, the level associéted’
_with significant risk to the humag feﬁus (Table; 4; 6). This
hypérphe %as shown to be present for at least 30 days. In
these exﬁerlments blood generally was -collected between 0900
and 1230 hours*“ It was therefore of lmportance to determine
lf the plasma ;A, Phe, and Tyr concentratlons of blood taken
during the mornlng was representative of levels during the
remainder of the day. In Series C, Experlmgnt 4, animals
consuming a 3.5% Phe 1.0% pCPA diet were bled every 4 hours

during a 12 hour period an& pléSma amino acids determined.
Methods

At the conclusion of Series C, Experiment 2, the
5 animals (105 dayéaoﬁ age) in group (g) wefenswitched:frqm
the 4.0% Phe 1.0% pCPA diet to test diets supplemehted with
3.5% Phe 1.0% pCPAaaﬁz_B% sucrose. As a part of another

stud&, 3 of these animals also had 2% cébbaée added to diet. .=
166 '
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The an;mals recéived tﬁice daily 6ral ascorbic acid supple-
ments of 25 mg/300¢ g. Thé animals were bied from‘the saphenous
vein at approximately 1130 hours, 4,.9, 12 and 16'days after
being-given the 5;5% Phe 1ﬁn% pCPA‘diet.l_én day 25;;he

animals were bled 4'times during a 12 hour interval; blood

was taken from each animal at approximately 0930, 1330,

1725, and 2120 hours. At each of these times less then 20

minutes was required to bleed all 5 animals, Hepa;inized

. plasma was used for duplicate fluorometric PA and spectro-

photometric Tyr determinations. WhenlsufficiEnt plasma was
available, Phe and Tyr were alsp estimated by paper chromato-
‘graphy. | |

| Animals weie_examined and weighed daily and food
intake determined in g/24 hours. When fresh urine was

available, FeCl, tests for phenylketones were performed.

-

Results

Table 30 summarizes the plasma PA, Phe, and Tyr data
during the 25 days of this study: the prediet-valués were
obtained prior to Series C, Experiment 2. Mean daily plasma
PAleéelsrangéd from 19.7 to 29.6 mg/100 ml and are com-
barable to those of previous groups fed. 3.5% Phe 1.0% pCPA
diets (Cf Tables 12, 19, 20).‘ Paper chromatographic estima-
.Eipns of plasma Phe were donée on most of the samples and

showed that mean plasma P%QEwas elevated and 'in the raﬁge'of 15
to 20 mg/10Q ml (Table 30).>

These Phe levels are similar

» [ d
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to those of other groups cohsuming 3.5% Phe 1.0% pCPA diets
(cf Tablés 13, 24, 26}. Mean plasma'?yr levels_ranged'rrom
2.1 to 7.5 ﬁg/luo ml (spectrophotometric and paper estimations,
Table 30); the mean Tyr levels on days 12 and.is are slightly
higher than those observed in earlier studies (cf Tables 12,‘
13, 19, 20, 24, 26). One ahimal had Tyr concentraticns'of
between 12 and 18 mg/lOO ml on days 12 and 16, accounting
“for the higher mean levels on these days. Three (3) FeCl
tesrs were-done and alllwere positave,
Table 30 alsc includes the food intake in g/24 hours
" on each of the days the animals were bled. The animals'con-
sumed the test diet at a-rate comparable to thelr predlet
/<::;; (Purlna chow) intake. These anlmals had previous experience
with Phe supplemented diets and therefore did not exhibit
the initial decline in food intake characteristic of test
dlet-nalve animals. The near-ncrmal food consumptlon was
reflected in the welght gain of the anlmals. Every animal.
garhed weight durln% the 25 days of the study and the
average increase was 30.2 g.
Figure 2 illustrates the mean plasma PA and Tyr
(spectrophotcmetrici levels during. a 12 hour interval on’

~

) day 25 of ‘the study. It is clear that the moxning (0930

) hours) PA level was the -lowest during the periqd . studled
and that PA continued to rise until at least 2130 hours.

* Mean PA reached 50,7 mg/100 ml at 2120 hours. Flgure 10.

1nc1udes the paper chromatographlc estrmatac o¥ plasma

<



Figure 9.

Figure 14,

Figure 1ll.

- group of, animals fed a 3.75% Phe 1.0% pCPA
" test diet. Fluorcmetric method.

.

47170

Series C, Experiment 4.  Mean (tS.D.) plasma
total phenylalanines (fluorometric method)
and tyrosine (spectrophotometric method) dur-
ing a 12 hour period. Solid line illustrates -
phenylalanine data and dashed line the tyrosine .
data. ' . :

Series C, Experiment 4. Mean (i5.D.) plasma
phenylg@lanine (solid line) and tyrosine
(dashed lihe) during a.l2 hour interval as
determined by paper chromatography.

e

\\

‘Series C, Experiment 4. Mean (:S.D.) plasma

. phenylalanines (solid line) and tyrosine

(dashed line) during a 12 -hour ‘period in a

-
kS
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Phe and Tvr during the same interval and indicates that
plasma Phe also rose froﬁ 0930_to 212§ hours. Mean piasma
Phe was 23.8 mg/100 ml a£ 2120 hours. In sharp contfést
to PA and Phe, plasma Tyr levels remained quite stable and .
increa;ed only éligﬁtly ffom 1725 to 2120 hours (Figures
9 and 10). |

“ An identical study was also undertaken with 3
animals which had been consuming test diets supplemented with
3.75% Phe 1.0% pCPA and 8% sucrose for 31 days. Plasma PA
was found to increase from Q900.hours to 2100 hours-while °
Tyr levels changed very little (Figure 11). The péttern

was similar to that observed in the animals fed the 3.3% Phe

1.0% pCPA diet (cf Figure 10).




Series C, Experiment 5

./A

Introduction - T

Experiments 1l and 2 of Series C demonstratédﬁthat

" the daily food intake of guinea pigs was decreased when their

diéts were supplemented with Phe and pCPA., ThiS'poérifbod
intake was mést-seveﬁe_during the first few days after the
supplqmented_test diets were‘presented.to the animéls. Dietary
supplements of up to 8% sucrose did not entirely prevent this
poor food intéke. quk in this laboratory has shown that °
poor‘maternal nutrition is a factor contributing to pregnancy

loss in guinea pigs (Series E, Experiment 2}. Studies were

therefore undertaken to improve dietary intake ‘of Phe and

. pPCPA supplemented guinea'pig diets.

Aspartaffte [?—aspartylﬁL-pheﬁgiélanine methylester, (Aséﬂ

is a synthetic super sweetener which is 180 to 200 times

~sweeter than siucrose (American College of Nutritiqn 1974).

Ap important advantage of Asp, which is a cénsequence of

its intgn;g sweetness, is that ;elatively small quaﬁtitieé:
are needed to sweeté;.diets and thérefore significant diiution
of dietary nutriénts is not a problem. Aspartame Wwas
therefore added to 3.5% Phe 1.0% pCPA test diets at con-
centrations equivalent to the sweetness of about a 15 to 35%

BUCrose supplemeht (ie. 0.075 to 0,175% Asp). These Asp
| 173~
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sweetened dlets were fed tO guinea plgs and dally food lntake,: -

_body weight and plasma PA, Phe, and Tyr mOnltored ' In{'*
addition, hepatlc Phe hydroxylase act1v1ty was determlned 1n":

~

some of these anlmals. o _ ‘ o :
Metﬁods o : B .

All animals used in this experiment were Hartle?'stréin -
guinea.pigs_obtained from M..& L. Farms. There were si# o
experimental groups in.whiéh animals Qere giveﬁ‘test diets
supplemented with 3.5% Phé 1,6% pCPA and either 8% sucrose
or varying amounts of Aépartame. Baseline food iﬁtake G§/24-
hours) and plasma Phe and Tyr data were optaihed when the
animals consuméd either Purina chow or a laboratofy pre-
pared diet supplemented only with a iow level of Aspart&me
(0.025%}. All blood samples were taken between 0900 and
1350 hours by the leg méthod previously described. During
both the prediet and test diet time periods animals-were
examined and weighed daily and food intake was determined oﬁ
a g/24 hours basis. Except‘when corisuming Purina chow the
animals were given daﬂay oral ascorbic acid (50 mg/300 g
body weight). FeCl, tests for phenylketones were done on

3
fresh urine when animals voided while beiﬂg bled or weighed,

Plasma Phe, PA, and Tyr were determined in dwplicate by the

fluorometric methods. When sufficient plasma was available
Phe and Tyr wére also determined by paper chromatography.

|
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At the conclu31on of'the experlment a- number of

anlmals were bled kllled by decapxtatlon, and thelr 11versr"

: qulckly gznoved, welghed, and frozen on solld CO2 , Twenty
four (24) hours later the frozen 11ver samples were. homogenlzed ;

*Ltln 0. lM pho}phate huffer and assayed for Phe’ hydroxylase

"

e :
ack, bl

A total of 6 experlmental groups and-one control

AT

group were 1nc1uded 1n the experlment-

Group (a) (8% sucrose) Six (6) anlmals, 89 days

of age, were glven a dlet supplemented w1th 3 S% Phe 1. 0%

, pCPA 8% sucrose. Prlor to thlS experlment, these anlmals o

1

" had consumed only Purina chow. One animal refused to eat

the test dlet and was returned to Purlna chow and is 1ncluded '
ln Group (g) (below). The remalnlng anlmals were bled ap-'
ppoxlmately eq&gy 31334 days and contlnued on the test diet

for 33 days, at which time 2 -were killed for Phe hydroxylase

‘assay. -

Group (b) (0.075% Aspartame). Five (5) animals, 87

days of age, were given a diet supplemented with 3.5% Phe

"1.0% pCPA 0.075% Aspartame. For 3 days before receiving

this test diet tnevanimals consumed a 0.025% Aspartame diet;
previous td this tine, these animals comprlsed Group (e)

(see below). Blood was collected after 3 and 6 days on the
test diet and the animals were then killed for Phe hydroxylase

determination;

Group (c) (0.X0% Aspartame): Initially 5 animals

{



S

“'were lncluded Ln thls group but 2 were subsequently Eound

_to have abnormally elevated basellne Tyr levels{hnd were
therefore excluded (see Aopendlx B). The 3 anlmals, 76 days_
of age, were glven d test diet supplemented w1th 3. 5% Phe f'
1.0% pCPA 0.10% Aspartame for a\perlod of 8_days. Prlor

tc recelving the test diet these animals consumed only an-' .
0.025% Aspartame diet. During the test diet period the guinea
| plgs were bled after 5 and 8 days and were then returned to
the 0 025% Aspartame diet for 3 days to allow food intake

to return to normal levels. ' These anlmals were then used

in group (£} (see below).-

Group (d) (0.125% Aspartame). Six (6) animals were

originally'assigned to’ this group however, one was found to
have 'an elevated baseline plasma Tyr level and was therefore
excluded (see Appendix d). The five (5) repaining guinea

. pigs, When 89. days of age, were given the 3.5% Phe 1;0% pCPA
0.125% Aspartame test diet after prevlously eating only
Purina chow. These-animals were given this test diet for

up to 33 days and were bled "approximately every 3 to 4 days
during this period. One animal refused the test diet and

was returned to Purina chow and is included in group (g)

(see below).

Group (e) (0.150% Aspartame). Five (5) animals, 76

days of age, were given the 3.5% Phe 1.0% pCPA 0.150%

Aspartame test diet after'pregicusly consuming only a 0.025%
// ) .

Aspartame diet. Animals were bled after 5 and 8 days on the

test diet and were then returned to the 0.025% Asp diet
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- for three'da&s. @ These anlmals were then qlven the . 3 5% Phe :.

1.0% pCPA 0. 075% Aspartame dlet formlng Group (b} described

above. -

L]

Group (f) (0.175% Aspartame). After 3 days con-

s

sumlng a 0, 025% Asoartame dlet the 3 animals prev10usly
used in Group {(c) (above) -were glven a 3 5% Phe l 0% pCPA _
0.175% Aspartame test d16t. These anlmals we;e 87 days of
age at this 'time. The enihals Qere bled after 3 and 6 days
on the test diet and then killed for Phe hydroky ase deter-
mination, | | \

Group (g) (Purina control). Six (6) guinea pigs

were included in thié,group to provide normal tissue for
hepatic Phe hydfoxylaee aseay. All were consuming Purina'’
chow when killed and none had ever consumed more than 2g

of Phe or pCPA supplemented diets; only the an;mals removed
from groups {a) and (d) had access to such diets . At the
time of death, 3.animals were 166 days of age and 3 were 123
days of age. P;asma for Phe and Tyr assay was collected from

each animal in this group.
Results

Food Intake: The daily food intake of the animals

eating the 6 test diets was determined in g con®amed per
24 hours (g/24 hours). Figure 12 illustrates these data
for the first 6 days of the 3.5% Phe 1.0% pCPA test diet

. Id »
period and for the day immediately preceding the test diet

a
1
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L]

Figure 12. Series C, Experiment 5. Mean (%S.D.) daily
' food intake for the first six test diet days
and the day prior to the test diet period.
Test diet group is indicated in upper right
of each panel. ’
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perioa; It is clear that in all aiet groups food intake
'decfeése§ érama;iqgl;y during the first days on the supple-
mented diéts;_ One animal in each of groups- (a) and (dj_
continued to'éonsume,suéh léw quantities of test dief (less .
than lg per'day average) that both had ‘to bg returned to
Purina -chow on day 5 of the study. Ag;;ysis of variance of
the-daily food intake data indicated significant effects

for Both the number of‘days of thé*;tudy (F = 24,239, af =
6, 37 p.0001) and for type of diet (F = 3.952, d4f = 5,

37 p = :0023). Multipie comparisons using the Student—Newwan—
Keuls procedure indicated that only the prediet (day -1,
Figure 12)° food .intake_diffﬁ?\significéntl‘y (p ¢ .05) from
all.other days. Ih‘order ﬁo coﬁpare the effect of the
sweeteners on test diet intake ihdependently of the prediet-
intake, theqéata from the 6 test diet days were analyzed
separately (wifhout the prediet intake data) by ANOVA, This
analysis also revealed significant effects for both the
number of days on the test diets (F = 10.990, 4f = 5,~3‘

P £ .001) and for the composition of the diet (F = 3.152;

df = 5, 31 p = 0.,0109). Similar ANOVA using repeated -
measures was also performed, however this method required
that some of the éata be excluded. Test diet days 3 and 4
were excluded because some animals did not have food con-
sumption measured on these days. The two animals whiqh

were aropped from the study on day 5 because.of inadequate

food intake were also excluded from this ANOVA, This ANOVA

1)
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C 2

also reveaied a highly significaht.effect for the day ofl_
the ‘study both with and witﬂsut the prediet fgodfintake
(prediét included: F = 66,215, df = 4, 20 p <.0001; without.
prediet; F 5 52.621, df = 3, 19 p £.0001). The repeated
measures ANOVA however, failed'to detect a significant
effect for the test diét composition (F ='0.806, df = 5, 19).
When the mﬁen infakes for each of the first 6 days of the
test diet period (across all diets) were compared using the

' Studenthewman-Keuls multiple range test ltrwas found that
three significantly differént (p £.05) subéets §f days
existed: da&s 1l and 2, days 2, 3, and 4{ and days 4, 5 and

6 (in order of increasing intaké). These subset groupings
are consistent with, the observation that dietary intake
increased daily from days 1 to.GZ Multiple comparisons of
the mean food intdke data for each diet (pooled across days)
revealed two subgroups of diets which differed significantly
tp( .05} in overall food-intake. 'Only.two diet groups, (a)
8% sucrose and (f) G.iTS% Aspartame, were not included in
both subseté énd therefore differed signifiéantly_from one
another in overall foad infake.‘ Although this analysis
suggests a significant difference between groups (é] and
(£}, when ANOVA was pe;fo}med using‘the'meén'iﬁtake of each
animal during the test diet period, a'sign;ficant différencé.
between test diet groups'could be not detécted. The meaq'
intake for group (a) was 13.9 g/24 hour and for group (£)

the mean was 25,7 g/24 hour; all other groups had inter-
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mediate food consumption rates. Although the 0.175% Aspartame'

diet did not prevent a signific¢ant decline in .food intaké

. when the animals were initially presented with the test | .
diet (Figure 12), it:was associated with the highest avgrage‘

food intake among all the tést éiet groups. In addition, (;
it was only in the 0.175% Asp group that the difference in >
food }ntake compared to the 8% sucroéé animals aﬁproached‘
statistical significance. ‘

Body Wéight: The mean daily body weight of the

animals in each experimental group.is_illﬁstréted in Figure 13
for both the test diet period and the 3 days immediately
proceeding this period. There was considerable-fariation

in the g;gy welghts W1th1n each group, as lndlcated bg,the
standard deviations shown in Table 31. In this flgure(FLgure 13)
the ééshed line referg to the mean weight of all the animals
in groups (a) and (d), including the guinéa:pigs refusing
the diet which were deleted from the étudy‘qﬁter 4 days.
Gfoups (a),\tc), and (e) lost weight during the first 6

days of the study while grouﬁs (b), (d), and (f) maintained
their prédiet'hody weights more effectively, although when
all the animals in group (4]} were considered, this gfoup
also lost weight (?igure'l3f Table 31). Steady weight gain
during the first € dayé was not observed in any test diet
group. Animals in groups (a) and (d) however, remained on
the test diets for over 30 days and durlng thls perlod both

.slowly gained'weight, surpassing their pretest diet weights
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Series C, Experiment 5. Mean daily body weight
during the test diet period and the preceeding
three days of each group. Test diet group
indicated in upper right of panel. Dashed
curves include animals which - 'refused the test
diet and wexe subsequently deleted from the
study. J

’1

™
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by 10 g in- the 8% sucrose group and by 20 g in the Q.125%
@ - Tw
. .

Asp group.

¥

. “Plasma Phe, PA, and TXrQPlasﬁé phenylalanines weEF
measured both bf fiuorémetry and py paper chromatqgraphy.'
Table 32 éuﬁmgrizés these data for plasma collected prior

to and throqghpu this experiment; as noted -in the table,
levels of Phe not detectable by paper chromato;raphy-(‘<é mg/
100 ml} were éakén as 3 mg/100 ml for pﬁréoses of calculation
and-analysis. Table 32‘indicétes that the exteﬁt of plasma

fA and Phe elevation is comparable té that observéd in pre=-
vious experiments with 3.5%.Phe 1.0% pCPA suppleménted diets .
(cf Tables 2, 13, 18, 19, 24). In addition, groups (a), 8%
sucrose, and (d),9.125%_Aspartame,were continued on their
.respective diets for over 30 days and main£ained their
elevated PA and Phe levels throughout this period (Table 32y,
The fluorometric‘ and chromatographic data were aﬁélysed by \
ANOVA following logarithmic transformatién. For this analysis
these data were grouped into 3 time intervals corresponding
to prediet téay 0), days 2 - 5, and days 6 =~ 8,/go that all A
test diet groups were represented by their first twd test
diet plasma samples and their prediet baseline Phe levels,
ANOVA of the fluorometric PA data revealed a significant
effect for the day of the plasma sample (F = 154.935, 4f =
2, 18 p¢ .0001), but no significant effect for the type of
diet (F = 1.479, 4f = 6, 18). Similar analysis of the PA

data from only the test diet period, "ie. excluding pfediet

hY
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plasma levelst;§id not\réve;l significant effects for either
days (F = o.ool;\if = 1, 11) or diets (F = 1.443, df = 5;\
11). The highly significant effect for days in the first

. ANOVA was due to the difference betweeﬁ thé:prediet and
‘test diet plasma-PA levels, and not to differences in PA
levels during the test diet interval. The test diet PA‘ (:
d;ta were.also analyzed by ANOVA with repeated measures

and again there were no significant effects for either thex
number of days on the test diet (F = 0.584, df =1, 18) or
the diet composition {F = 1.324, df = 5, 19}.

The paper chromatographic plaéma Phe daté ware also
transformed and subjected to ANOVA. The results afe com-
parable to the analyses of the PA data, in that ANOVA
of data Phe from the three intervals revealed a‘significént
effect for days (F = 15;179, df = 2, 18 p< .00QLl); this
significance disappearea whén the prediet Phe levels were
excluded (F = 1.573, df = 1, 11). There were no significant
effects for the diet compositiqn in either'anglysis (all 3
intervals: F = 0.628, df = 6, 18; test diet only: F = 0.697,
df = 5, 11). ANOVA with repeated measures of the transformed
Phe data from the test diet period also did not reveal.
significant effects for the number of days or diet composition
(days: F 5 1.199, df-=-1, 17; diets: F = 0.5807 df = 5, 17).
It is clear that both PA and Phe were significantly elevated
during the 3.5% Phe 1.0% pCPA test diet period. In addition,

the elevated plasma PA and Phe levels did not differ signi-
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ficantly from days 2 through 8 nor among the various sweetener
diet groups. \

- The percenﬁage of PA accounted for by Phe during the
test diet period (see Table 32} varied from 24.6% to 113.1%
and was often less than the percenfagé in previous expéri—
‘ments. (gg‘Tables 13, 24, 30). -

Plasma Tyr levels were alsc measured fluorometrically
and chromatographically and are summarized in Table 33. This
table indicates that all test diet groups had moderate
elevations_of plasma Tyr as measured by both‘methﬁds. in
'most cases the levels were in thé‘range observed in previous
ekperiments with 3.5% Phe 1.0% pCPA diets (cf Tables 12, 13, 18,-
1%, 24), although on a number of occasiéné the mean level
was greater than 6 mg/l100 ml. As in prévious experiments,
fluorometric and chromatographic determinations of plasma

Tyr agreed well.

Ferric Chloride Tests: Fresh urine was tested for

the presence of phenylketones with FeCl3. All tests done
while animals were consuming the test: diets were positive
and the following number were performed in each group;

(a) 6, () 1, (¢} 6, (d) 0, (e} 2, and (f) 8. As observed
'previously, the positive green colour usually faded within

2=3 minutes,

Phenvlalenine Hydroxylase Activity: Phe hydroxylase

activity, expressed as mMoles of Tyr produced per hour per

g wet weight of liver tissue, was estimated in a number of
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anime}s and these data are summarized in Table 34. In

the presence of synthetic cofactor the activiﬁy in tissue 9
. obtained fron animals which had been consuming the,3.5% |
Phe 1.0% pCPA diets ranged from 25 to 32% of the Purina
control act1v1ty. When compared to Purlna control by unpalred
t-tests, the Phe hydroxylase activity of groups (b} end (£},
of (b) and (f] together, and of (a}, (b) and- (f) together
were all highly significantly leSS'tngn‘control activity

P <. 0001). These data confirm nhdﬁ hepatic Phe hydrexylase
is 51gn1f1cantly inhibited by feedlng guinea plgs ‘a 3. 5% Phe
1.0% pCPA diet. In addition the degree of enzyme lnhlbltlon
was similar’ whether the 3.5% Phe 1, D%‘pCQA-dlets wvere '
‘sweetengd with 8% sucrose or_ thh Asp | - (:

. 7 AR

In summary, thls experlment demonstrated that 3.5%

'Phe 1.0% pCPA test dlets sweetened w1th Asp were associated

a—

",with hyperphe when fed to adult female guinea pigs. In

'addltlon, these data suggest that a 0.175% Asp supplement

. .resulted in the highest daily food intake among the diets

evaluated.

ak
1



Table 34

Series C, ExPerimént 5. Medn (%S.D.)

. hepatic phenylalanine hydroxylase

activity in the.presence of synthetic
cofactor dimethyltetrahydropteridine.

0.175% Aspar-
tame

AE’I‘IVITY
o " Number - . , ’ 3
.. Group of ¢/ ' Purina
~ Diet . Animals MMoles Tyr/hr/g wet weight Control
(9) 6 : 38.16+7.94 " - 100%
Purina e .
Control
(a) 2 12.09+3.86 31.7%
3.5% Phe . ' N
1.0% pCPA
8% sucrose
- (b) 5 10.86%2.80 28, 4%
3.5% Phe .
1.0% pCPA
0.075% Aspar-
tame
(£) . 3 9.42+1.68 . 24.7%
*3.5% Phe . » .
1.0% pCPA )




_— -
‘e
Series D, Experiment 1 ! T
Introduction- .
S *

Guinea pigs require exogenous vitamin C in order to
normally_meaabolize Tyr loads (Zannoni and LaDue 1960; LaDue
-and Zannoni 1861). Preliminaly experiments in this labora-
tory indicated that guinea pigs fed diets supplemented w1th
.Phe and pCPA frequently had elevated plasma Tyr levels.

~ Since ascorbic acid is rapidly converted to biologically-

inactive compounds in the presence of air and water (Sebrell

and Harris 1967; Bender 1971; Lewin 1976), it seemed possible
that during laboratery preparation of test diets a signifi-
cant amount of the vitamin C may have been destroyed. These
test diets therefore may aot have provided sufficient
vitamin C to pe;mit'the animals to metabolize an abnofmally
high Tyr load Thehfqulvalent of a Tyr load was present
in the guinea pigs fed Phe plus pCPA diets because Phe
hydroxylase, which . .was 1nh1b1ted to approximately 25% of
normal act1v1ty, undoubtably was still able to convert con-
siderable Phe to Tyr, therefore leading to Tyr accumulation
and hypertyrosinemia.

In order to test this hypothesis the ascorbic acid

content of Purina chow and laboratory prepared test diets
- <

was determiged, and in addition, the éffec; of ascorbic

-

. . o ] .7
acid suppléments on the plasma PA and Tyr levels of animals

196
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fed ‘Phe and pCPA test diets was studied. The daily.ascorbic
acid dosage used was well above the minimum daily requirement
of guigea'pigs (ReidH;nd ﬁieri 1972) and in the range found
. to be maximally effective in experimentally stressed guinea

pigs (Veen-Baigent et'al 1975; Yew 1973).
Methods

Samples of Purina chow and labaratory prepared test
diéts were homogenized (10% w/v) with cold 5% TCA and éésayed
in quadrupiicateffor ascorbic acid content by the o« ,o =
dipyridyl method. |

Five (5) groups of ﬁartley guinea pigs were used in
this experiment. Plasma was collected by the ocular method
and Phe, PA, and Tyr assayed,fiuorometrically; plasma was
also chromatographéd on ﬁapér when sufficient volume was
available. Daily food intake and body weight was recorded
during the test diéﬁ“ﬁéf?bds. ‘

The experiment was done in two parts, the first of

which included two groups of guinea pigs.

Group (a-) (2.5% Phe 1.0% pCPA diet, no vitamin C).
Seven (7) animals were obtained from Carworth, bled for .
.baseline Phe and Tyr while consuming standard chow, and
given a diet supplemented with 2.5% Phe 1.0% pCPA 4% sucrose

and 4% lettuce when 40 days of age. After 16 days on this

diet the lettuce was replaced with 5% cabbage and the sucrose

supplemexs_izifeased to 5% to try to improve the test diet-
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palatébility._'Piasma was collectéd every two to four days.
During £he first 15 days on the. test diet no vitamin C was
given, except thaf provided by the test diet. During this
perlod tﬁe anlmals were bled on a number of days. On the
fifteenth day, after being bled, four of the animals were
injected with ascorbic acid (see group (a+) below) and the
rémaining th;ge'animals were injected with equivalent volumes ’
of waterl(day 15, 1 ml1/300 g; day 16 and 17, 2 mi1/300 g).
After blood was collected on day 17, these three animals
were also given ascorbic acid and therefore also entered
group (a+) tsee below)}.

_ Group (a+) (2.5% PhHe 1,0% DCPA diet, plus vitamin C).

' When the animals in group (a-) were given vitamin C
supplements they formed group {a+}. In this group ali
animals received dally ip ascorblc ac1d 1njectlons of

20 mg/300 g (1 m1/300 g) on day 15 and 40 mg/300 g

(2 m1/300 g} from day 16 on. This group was also included
in Series C, Experiment 2 as group (a)}, and is QéScriﬁed'
in detail thefe._ Briefly, the animals continueaﬁon the
2.5% Phe 1.0% pCPA diet used in grdup (a~} but were given
daily injections of freshly prepared neutraiized ascorbic
acid. All seven animals remained on this regimen for'22
days, making a total period of 36 days on the test diet.
Blood was ‘collected for PA, Phe and Tyr estimation on a

number of days. This design allowed comparisoﬂ of the same

animals consuming the 2.5% Phe 1.0%-pCPA test diet, first’
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without ascorbic acid and subsequently with ascorbic acid
supplementation.

The second part of this experiment compared the effects
of ascorbic acid supplementation on groups of animals eating

3.5% Phe 1.0% pCPA test diets.

Moup (b+)] (3.5% Phe 1.0% pCPA diet, plus vitamin C).
e five animals in‘Series C, Experiment 1, group (c) made
up this group and they areAdescribed in detail above.
Briefly, these guinea pigs were fed a diet supplemented with
3;5%\Phe 1.0% pCPA 7% suérose and 3% cabbage for 25 days.
During the experiment the anima}s'received daily oral admini-
- stra;ion of 50mg/300g of freshly prepared ascorbic acid in a

sucrose solution (4 g/50 ml). Plasma was collected ét various
intervals during the test diet pericd. .

Group (b-1) (3.5% Phe 1.0% pCPA diet, no vitamin C).

\\f\_/
The 4 guinea pigs used in this group were run simultaneously

with group (b+}, were purchased at the same time from the same

" supplier (Sunrise Mousery), and were the same age when giﬁen
the test diet (112¢ 3 days) as the animals in group (bt+}.

‘They were treated identically to the animals in group (5+)
‘except they did not receive ascorbic acid. From the third day
of the experimeﬁt the animals received orally an equivalent
lvolume a ml/300 g) of the sucrose vehicle solution (4 g/50 ml).
Animals in both groupé (b+) and (b-1) remained on the 3.5%

Phe 1.0% pCPA 7% sucrose 3% cabbage test diet for 23 con-
secutive days. Both groups (b+) and (b-1) were bled on

days 8, 11, 17, 23, and 25 of the experiment.
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Group (b—2) (3.5% Phe 1.0% pCPA dlet, naQ vltamln C).

A1l six animals in this group had been inéluded in’ Serles c,
Experiment 1 or in group (b-1} above; following these .

'experxments, whlch ran concurrently, the animals consumed
Purina chow for over one month prior to formlng group (b«2).
The animals used previously in Series C, Experlment 1
included one from each of groups (a}, (di and (e); three -
were included in group (b-1). All animals in group (b-2)
were obtained from Sunrise mousery and except for‘one

(124+ 2 days), were 162 t 3 days old when the experiment
began. The .animals were given a diet supplemented with 3.5%
Phe 1.0% pCPA 7% sucrose and 3% cabbage for 21 days. Each
animal received daily Sral administration of 1 ml/300 g of »
sucrose solution (4 g/50 ml). aAnimals were bled 7, 17,

and 21 days after the test diet was presented. "

Results

4

- Ascorbic acid content of diets. The manufacturer

claims that Purina chow contains at least 1 mg of ascorbic

acid per g of diet; measurements in this laboratory detected

a mean of 1.32 mg/g in Purina chow. 1In ccntraét té Purina

chow, test diets supplemente& with pCPA and/or Phe, con-=

tained only about 25% of this amount of ascorbic acid. The N’

3.5% Phe 1.0% pCPA diet contained 0.336 mg/g, while diets

supplemented with 3.5% Phe but no pCPA had a mean ascorbic

e
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" acid content of 0.318% mg/g. These data demonstrate that
approkimately 75% of the ascorbic acid in Purina guinea pig
chow is lost duiing the laboratory préparation of test diets.

" Plasma phenylalanines and tyrosine. The animals in

group (a-) initiallﬁ consumed a diet supplementéd;with

2.5% Phe and 1.0% pCPA without’ additional ascorbic acid
adminisﬁration. After 15 or 17 days on this test diet, the,
animals were given daily ascorbic acid iniéctions forming
-group (a+) . ;T@e effect of the vitamin C supplement on

plasma PA and Tyr levels in these an%pals is illustrated in
'Figure 14. In the absence of vitamin C administration the
animals had substantial and persistant hypertyrosinemia after 4
days on the test diet. Administration of 40 mg/300 g/day "

of vitamin C however,\Sramatically reduced the magnitude

and the variation in plasma Tyr levels. 1In order to test

the significance of khe change in Tyr levels following
vitamin C administration; paired t-tests were used to com-
pare the mean Tyr level of each animal prior to and during
the period of ascorbic™ acid treatment, The mean Tyr level

of all animals prior to ascorbic acid treatment was 8.37 mg/
100 ml and the level durlng the perlod of v1tam1n administra-
tion was 2.50 mg/100 ml; this difference is highly signifi-
cant (t = 6.020, df = 6, p <.Q0l, two-tailed). The ability
of ascorbic acid to reduce plasma Tyr levels was apparent

after only 2 days of supplement; the four animals given 20 mg/

+ 30Q g of vitamin C on day 15 and 40 mg/300 g on day 16 had
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mg/100 ml

t 1 Fet }.“'ﬁ ...... é ..... &..... 3

5 10 15 20 25 30 35
NUMBER OF DAYS ON TEST DIET

Figure 14.  Series D, Experiment 1. Mean (+S.D.) plasma
' phenylalanines (circles) and tyrosine (triangles)
"without ascorbic acid and during ascorbic acid
supplementation .(open circles and triangles)}.
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significantly lower Tyr levels on dﬁy 17 than those animals
not given the vitamin (unpaired t = 2.753, df = 5 p £.05,
two-tailed) (Figure 14). |
_Althoﬁgh only two samples from animals not receiﬁiné
the vitamin C treatment were avaiiable for paper chromato-
graphy, one of them had a Tyr 1evéI.of 27 mé/loo ml, The
//~/§inéle saﬁple chromatographed from an animal in group (a+)
~ receiving Qitamin C had an undetectable amount of Tyr (ie
less than 4 mg/100 ml). |
Compared to prediet Phe levels, the test Qiet clearly
elevated plasma PA levels (qu\;e 14] Plasma PA levels
however, did not appear to be affected as dramatld#ﬁly
by vitamin C treatment as were the Tyr levels. (Figure 14},
althoﬁgh a paired t-test of the means of each animal from
before and during vitamin C treatment‘was significantk
_{mean before = 19.44 mg/100 ml, mean during = 14,36 mg/
100 ml, t = 3.849, df = 6, p .01, two-tailed). The paper
chroﬁatographic Phe values were 6 and 10 mg/lOO‘ml ﬁefore,
and 16 mg/100 ml during vitamin C treatment.
The second part of this experiment included three
groups of animals fed test diets supplemented Qith:B.S%
Phe and 1.0% PA, One group (b+) received oral supplements
of 50 mg/300 g/day of vitamin C, while the remaining groups
(b-1), (b~=2) received only the vehicle without vitamin C.

Table 35 summarizes the plasma PA and Tyr levels (fluorometric)

in these three groups before and during the test diet period.
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All three grbups had clear elevations of plasma PA duriﬁg
the experiméntal period when compared to prediet Phe
'lévels. The plasma PA data from the test diet period was
pooled across the two non-vitamin groups (-1, b-2) using
the mean for each animal for each time interval, transformed
\ $0 logarithms, and subjected to ANCVA Qith repeated measures.
This analysis did not reveal significant effect for vitamin
C treqtment‘(F = 0,165, df = 1, 10) or for the number of
‘days on the test diet (F = 0.647, df = 3, 26). Plasma

Phe levels, as estimated by paver chromatography, were

lower in the nonsupplemented groupr (b-~l), mean of.lB samples,
9.7 mg/lOO ml than in the supplemented animals (b+), mean-

of 11 samples, 15.6 mg/l00 ml.

Plasma Tyr levels for groups (b+}, (b-1) and (b-2)
are also shown in Tablg 35. Inspection of these data suggest
that during the test diet period animals not treated with'
vitamin C had higher and more variable Tyr levels than
the group given vitamin C (b+). The plasma Tyr data
from the test diét_peribd were handled in the same manner
as the PA data; the Tyr data were pooled across groups
(b~1) and (b-2) and analysed by ANOVA with repeated mea-
éures. Analysis of the logarithm transformed data indi-
cated insignificant effects for the number of daysjof l(\
test diet consumption (F = 0.289, 4f =JB, 27) and vita-
min C treatment (F = 1.198, df =31, 10). It was found how-

ever, that the variances in Tyr levels between vitamin
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C treated and’ untreated groups over the whole test diet period-
differed significantly.- The variancé for group (b+) was
"'3.69 and fof (b=-1, b-=2) ig was 97.81; comparison of these -

variances using an/F-test revealed a highly significant

differencé‘(?

= 26.500 p ¢¢ .001). This difference in
Varianées, reflected in the high standard deviations of Tyr
in the vitamin C untreated groups (Table 35), could have
obscured the significance in the ANOVA of an effect of
vitamin C treatment on plasma Tyr.

Paper chromatography of plasma samples from groups
(b+)} and (b-1l) revealed a higher mean-Tyr in the untreated
group: 6.9 mg/100 ml compared to 5.4 mg/100 ml. Three of
the samples chromatographed from (b-1) haa Tyr levels of
12, 25, and 27 mg/100 ml. 1In ‘addition, one sample obtained
from the‘severed neck as part of another étudy of an animal
in éroup (b~2)} had a Tyr level of 27 mg/lOO‘ﬁl. Except for
one sample from an animal in the vitamin C group (paper Tyr
= 12 mg.100 ml), all Tyr levels from (b+) aniﬁals were less
than 8 mg/100 ml. |

In summary,'the first part of the experiment showed
that both PA and Tyr wére significantly lower when thé animals
received supplemental ascorbic acid. . The second part of
the study also suggested Tyr was lower in the vitamin C-treated
animals, although the significantly higher variability of
plasma Tyr in these animals may have made the difference in

Tyr levels impossible to detect by ANOVA.
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" Body weight and'fdéd‘ihtakeu When initially given

the test diets all groups, except (a+) which had already
been eaﬁing'the test diet for 15 days; displajéd the.iw_

J decrease in food intake characterisfiq of guinea pigs
presented'with Phe and pCPA supplement diets. By the end
of the study period all groups were eating the ﬁest diets
at comparable rates. The mean intakes in g/24 hours for
the final day of the study for each group were'as follows: -
(a-) 26.4, (a+) 27.6, (b+) 25.8, (b-1) 22.5, (b-2) 25.0.

In contrast to previous experiments, animals in groups not
sﬁpplemented with vitamin C failed to gain weight during the .
test diet period. Groups (a-}, (b-1) and (b-2) lost 3.1%,
4.2% and.13.9% of the prediet weight during the experiment.
The groups receiving vitaﬁin C however, each gained weight
during the éxperiment, 16.5% and 4.1% of their prediet

weights in groups (a+)} and (b+), respectively.



Series D, Experiment 2 - ~7 -

Introduction -

The data presented in Series D( Experiment 1
demonstrated that guinéa-pigs maintained‘On.1ab5ratory-
prepared test diets required daily ascorbic acid supplements
in order to minimize the magnitude and.variability of
hypertyroéinemia. The vitamin C supplement of 50 mg/300 g
was iniexcess of the published minimum daily requirement
for the guinea pig, even under conditions of sur§ical
stress CReid and Bieri 1972; Veen-Baigent et al 1975; Yew
1973}. - No signs of scurvy were observed in the animals not
provided with supplemental ascorbic acid, alt@ough these
animals did lose wéight. Further stﬁdies Qere undertaken
to determ}ne whether the daily oral ascorbic acid;;upple—
ments affected tissue ascorbic acid levels of animals fed
Phe and pCPA test diets, Hepatic ascorbic acid content was
compared among three groups of guinea pigé: Purina chow fed
controls and animals consuming a 3.5% Phe 1,0% PCPA test diet
which received either daily ascorbic acid supplements or admini-

-

stration of the sucrose vehicle but without ascorbic acid..

Methods

Animals were placed on the appropriate diets, with

208
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or without supplemental ascorbic acid, bled regularly for
PA, Phe‘and:Ty: deterﬁinations (fluorometric and paper
chrcmatographiq) and killed by éecapitation. Livers were
then quickly removed, weighed, and frozen on solid-Coz.
Four or 5 days after deathlsampies of frozen liver tissue
.were homogenized 5%'CW/V) in ice cold 5% TCA and assayed
in duplicate for ascorbic acid content by the «,®-dipyridyl
method.: - |
Tﬁe following 3 groups of guinea pigs were included

in this experiment:

Group (a): Purina chow control. 12 animals were

inéluded; 7 were obtained from M. & L. Férms, 4 from
Canadian Breeding Laboratories and ohe from  Carworth. At
the time of death the mean age was 151.5 days (range 121-
317 days). Prior to entering group (a) of this experiment, >
3 of the 12 guinea pigs participated in previous studies

as follows: six animals comprised the Purina-fed control
group of Series C, Experiment 5, and two served as the Purina
controls in Series C, Experiment l; An additional animal
was included in the following experiments: Series C,
_éxperiment 2, groups (b) and (i), and Series D, Experiment

1, groups (a~) and (a+}; this animal then consumed Purina
choﬁ for 114 consecutive days prior to-being killed as paft
of the current stﬁdy; The remaining 3 animals ate only
Purina chow while in the laboratory and were not included in

\

N )
any other 'studies. Purina chow provided the only source of
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%itamin C for the animals in group (a),
" Group- (b): 3.5% Phe 1.0% pCPA test diet * 50 mg/

. ™~ .

300 g/ day ascorbic acid. A total of 22 animals weré\\‘

included in this group, all of which were also included}in

previous experiments as indicated inxT?ble 36.\.Details
concerning previous handling of theéé:aﬁiméls are provided
under the relévant experiments aiready described (Table 36).
All.animals h#é consumed laboratory-prepared dists iwith or
- without addéd Phe and pCPA) and rgceived daily ascorbic acid
suppleménts for a minimum of 22 consecutive days at the time
of death; the final diet on all cases was suéplémented with
3.5% Phe 1.0% pCPA and adaitiopal flavourihgs, as shown in
Taﬁle 36. All animals received freshly.prepared oral ascorbic
acid in a total dose of 50 mg/300g/day. Nine (9) of the
animals were given ascorbic acid, 25 mg/300 g/dose, twice
per day and the remaining 13 received the‘SO‘mg/300 g
as a singie daily administration (Table 36}. Ascorbic
acid was delivered in a sucrose solu£ion (4 g/50 ml) at a
volume of 1 ml/300 g or 0.5 ml/300 g when two doses per
day were given.

On the final day of the experiiment the animals
received one half the total daily dose of vitamin C in the
morning and were then killed duling the afternoon.

" Group (c): ' 3.5% Phe 1,0% pCPA diet, no ascorbic .

acid supplement. Seven guinea pigs were used in this group.

Six (6) of them were included in Series D, Experiment 1 as
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group'(béz} and were killed at end of that study. The
addltlonal anlmal was the same age and was treated 1dent1ca11y
to the 5 older pigs in Series D, Experlment 1l group (b-2) but
was not 1nc1uded in the presentatlon of that experiment o ly
because no plasma samples were available for amino acid [Q '
analysis. At the conciﬁsion of that experiment, afEer 24
days on ;he‘testfaiet (3.5% Phe 1,0% pCPA 7% Sucrose 3%
cabbage), all animals were killed and hepatic ascorbic acid
content determined 5 days after death. During the course of
the experiment each animal received a single daily oral
admlnlstratlen of 1 m1/300 g of sucrose solutlon, 4 g/50 ml.
When kllled Flanlmals were 200 days old and one was 163
days of age. '

Daily food intake and body weight were monitored

in groups (b) and (c), as described in the relevant previous

experiments.

v

-Results-

" Hepatic Ascorbic Acid. 1In gtoupe (a} and (b) hepatic

ascorbic acid levels were determined on frozen. tlssue
samples 4 or 5 days after the animals were -killed. Compari-
son of liver ascorbic acid content within each of these
groups showed that no significant difference existed between
samples assayed 4:days or 5 Qays after death [?urina @), 4
days mean 53;2i mg/100 g Wet_ﬁeight; 5 days mean 54.10 mg/

100 g wet weight; unpaired t = 0.06184, df = 10, and (b)



213

3.5% Phe 1.0% pCPA + Vitamin C, 4 days mean 21.69 mg/100 g

‘wet weight, 5 days mean 21,91 mg/l00 g wet weight, unpaired

t = 0.05125, 4df = 26}. Since the day of assay did not
/

- significantly influence the levels of measured ascorbic

acid, the data from both days, within group (a) and within
group (b), were each pooled for further analyses.

Figure 15 illustrates the group mean and individual

levels of hepatic ascorblc acid found in-groups (a), (b)

and (¢). Daily admlnlstratlon of 50 mg/300 g of ascorblc
a&id, grbup (b), was associated with a significantly higher
hepatic ascorbic acid content (21.77  9.44 gm/100 g wet
weighf) when compared ﬁo that of animals also consuming
the 3.5% Phe 1.0% pCPA diet, but without supplementary
vitamin C, [:group (c), 7.08 + 2.82 mg/1l00 g wet weighﬁ,
unpaired t = 4.0178, df = 27, p << .005, two—talleé]
addition, Purina fed animals had a hepatic ascorbic acid
level (53.67 & 22.97 mg/100 g wet weight) significantly
gréiter than the animals fed 3.5% Phe 1.0% pCPA-diet and
given daily vitamin C (21,77 t 9.44 mg/100 g wet weight,
t = 5.7400, df = 32, p << .00S twO*tailed);

Within group (B), it was fTund that administration

~of the 50 mg/30Q g/day of ascorbic acid as a’ single daily

dose was associated with a significantly higher hepatic
ascorﬁic acid content (25.94-i 10.09 mg/100 g wet weight)
than when the same total daily dose of ascorbic acid was

»

given as two 25 mg/300 g doses (15.75 * 3.44 mg/100 g wet
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weight, t = 2.8981, 4f =-20Q, p <.Ql, twq-tailead.- The.
hepatic ascorbic acid content of the animalslwhich received
the single éaily dose of vitaﬁin C however, was still
significantly less than ﬁhe Purina-fed control levels (t =
3.9628, df = 23, p ¢.0l, two~tailed). Within groups (a) and
(®) , neither agge, nor presence or abseﬂce of cabbage or
Aspartame in thefdiéts, significantly affected hepatic
ascorbic acid levéls.w

Plasma PA, Phe, and Tyr. Plasma was collected and

analfzed throughout the course of the experiﬁents in groups
kb)tand (c) .- Results from samples taken within 2 days of
death are shown in Figure 16; earlier blood sampleé had PA,
Phe, -and Tyr levels in the range found in other studies with
the 3.5% Phé 1.0% éCPA diet and are included in previous experi-
ments (see Series D, Experiment 1 and Table 36 for reference).
Purina fed animals haé normal plasma Phe and Tyr levels and
all of tﬁese sémples had undetectable Phe and Tyr levels by
paper chromatography. Both groups fed 3.5% Phe 1.0% pCPA
test diets had markedly elevated PA levels during the final

2 days of the study. Plasma Phe, as measured by paper
chromatography was elevated in group (b); it was not possible
to measure Phe of Tyr chromatographically in gfoup (c)

because sufficient plésma was not available. Plasma.PA
levels during the final two days of the study were marginally
greater among-the animals not given vitamin C compared to

those given the vitamin (28.8 mg$% vs 19.3 mg%, t = 2.0908,
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df = 26, p £.05, two-tailed]. Tyr,‘as determined fluorometri- .
cally, did not differ significantly during this interval
between .these groups, although the trend was toward higher -
levels in the unsupplemented group- (7.73 mg% vs 4.56 m@%,'
£ = 1.6634, df = 26). | '

. Body and liver weight. Body weights during the course

of the study are included in previous experiments (see
§eries-D,-Experiment 1 and Table 36 for reference}. Both
groﬁpé lost weigh£ when initially preseﬁt d-with ﬁhe test
diets, énly<;roup {(c] however, contindggétq lose weight
throughout the test diet period unlike the ascorbic.acid-
treated animals which had a net gain of weight. Body

weig?t and liver we}ghts on the final déy of the study are
illugtrated in Figure 17. The Purina controlfanimals weré
both significantly heavier and had significantly greater
liver wePghts than either of the test diet groups (p << .005,
two~tailed), which in turn did not differ significantly from
one another. The animals in group (c) were both older and
heayier when the study began,howevef the animals receiving
ascorbic acid supplements exceeded their weight when the

experiment ended. _ , ,j

Food intake. Data on food intake were collected

for the animals in groups (bl and (c); these data are
included in previously described experiments (see Table 36
and Series D, Experiment 1}.. Both groups had comparable’

levels of food.consumptionf
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Series E, Experiment 1

Introduction

'%-' The normal concentrations of Phe and Tyr in human
fetal piasma near term are between 1.5 and 2 times higher
‘than corresponding maternal Pheland Tyr leyels (Ghadimi
1 and Pecora 1964; Matsuda et al 1977). . Although the absolute .
leve%g of Phe are greatly increased in both fetal and maternal
plasma in cases of maternal PKU, the fetal:maternal ratio
of plésma Phe is not appreciably different from that found
. in norma;_prégnanciés (Bovier-Lapierre et al 1974; Bush
and Dukes 19#5} Ccckbu;n et al 1972; Huntley and Stevenson
1969; Thomas et al 1971). Christensen and Streicher (1948)
-réported tﬁat-in the near term guinea pig the fetal:maternal
.raﬁié of amino acids (-<-aminofnitrogen) was abﬁut 5:1. 1In
order to produce fetal blood Phe levels similar to those
found clinically in maternal PKU, maternal Phe levels in
an experimental model would be considefably léwer than those
observed clinically if the fetal:maternal ratio were in
fact 5:1. That is, to repréduce the fetal plasﬁa levels -
expected in a woman with a Phe level of 15 mg/ldo‘ml, ie
about 21 to 30 mg/100 ml in fetal blood, maternal Phe levels
would need to be elevated to only aBdut'G mg/100 ml in an

animal with a 5:1 fetél to maternal ratio.t The purpose of

219
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thé”following experiment was to accuraﬁely determine the
fetal;maternal_;atios of Phe and Tyr at different stages of
pregnancy in norméi‘guinea pigs. ThlS information is
obv1ously of value in defining the approprlate maternal Phe

| level in a model of maternal PRU utlilizing the guinea pig.

Materials and Methods

The 11 females used in‘this st?dy were Hartiey
strain guinea pigs, 10 of whicﬁ were obtained from Carworth
and one f£sﬁ M. & L. Farms. All animals were ﬁated with
Hartley maleé; Females ranged from 61 to 104 days of age
on the flrst day - of pregnancy,

The matlng procedure is described above and the.day
séerm weré'detected was designaggdnqs day 1 of gestation, .
In one case the'mating was missed and the female déliéered
on déy 66 (by calculation). ‘

With one exception, éll'animals were fed only furina
chow. .One animal was given a 3,5% Phe 1.0%-pCPA'B% sucrose
dief on éestation day 2, bﬁt was returned to Purina chow on
day 12 because of 'poor food intake; this plg was then kllled
at 65 days gestation.: | ) ‘ |

Pregnantanimalé were killéd either by an overdbse of
ether (7] or by decapitation (4). Megternél blood was {:xfén
collected by heart puﬁcture (8 animals), from the severed

neck (2 animals} or from a leg vein (1 animal}. The

-abdomen was quickly opened and the fetuses weighed, examined

e e e L L



221

Aand blood collected from either the umbilical vessels Qi
by cardiac puncture.

N Maternalland fetal plasma samplés were asgayed in
dupllcate for Phe and Tyr by the fluorometric methods.

Anxmals were killed at various tlmes between gesta-~

tion day 38 and day 67, as indicated in Table 37.

Results

All pregnant females remained\ﬁealthy and gained
weight steadily throughout-pregnéhcy.,‘AIl fetuses were
alive and morphdlbgically normal. One resorption was
détected, in a female killed on day 45 of gestation, | " 

Table 37 gummariZes the fih&ings. Fetal-maternal
ratios of Phe were less than 2:1 from éb to 46 days gesta-
tion and rose to between 1.9 and 2.7 b& ﬁhe final week of
lgeétation.- Fetal plasma Phe was always found to be greater
“than the maternal level and the mean ratio over the ehﬁire
period under study was 1.76 (Table 37). Within 12 hours of
birth, newborn Phe levels had decreased to slightly leés
than maternal levels (Table 37).

Fetal-maternal ratios of Tyr were generally lower
than those of Phe, although absolute values of both maternal
and fetal Tyr tended to be slightly higher than those of
Phe. At 38-~39 days, the fetal Tyr levels were less than the

comparable maternal levels, rose to nearly equal maternal

Tyr at 45-46 days, and then ranged from 1.2 to l,S'times
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- -

maternal levels during the final week'of pregnancy. The

-

mean fetal:maternal ratio for Tyr throughout the study
interval was 1.13. 1In contré#t to Phe, the newborn animal's

Tyr. level remained gréater than the maternal level.



Series E, Experiment 2

Introduction

Studies of untreated pregnant guinea pigs demonstrated

that maternal hyperphe must be in the range of 15 mg/l00 ml to
=t ?

reproduce the degree of hyperphe found in the human fetus at- -
fisk of:in utero'damage—(series E, Experiment 1l). The primary
objective of thé work presented in Appendix A and Serieé B
through D was to define the condit;ons necessary to induce
stable hyperphe accompanieé by only minimal elevation of.

Tyr in adult female guinea pigs. Having achieved this
obﬁective, it became possible to study the effects of hypefghe
on-the pregnant guinea pig. There ;re no other reports of

the effects on early pregnancy of induced hyperphe without
concomitant hypertyrosinemia. Initial studies in thié‘labora—
tory.thereforerexamined the effects of such hypedghe on

early pregnancy in the™~guinea pig. It was found Ehat pregnant
guinea pigs fed Phe and pCPA supplemented diets aborted their
. pregnancies. There are a number of factgrs which mgy'have
contributed to thig pregnancy wastage and in the following
study the roles of dlet composition, hyperphe, maternal food
intake, and the vulnerablllty of embryonic 1mD1antatlon have

been considered.

Methods

All animals used were Hartley strain guinea pigs from the

224
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same original breeding stock; 6ne male'and one female were
obtained from Carworth and four males and 24 females from

M. & L.. Farms. - The aﬂimals were housed one pér cage as described
above and the pregnanciesrinclﬁded in this stihdy were-then.
fiist”for each guinea pig.

Timed pregnancies were obtained as previously described
and ﬁregnant females were isolated on the day pregnéncy waé
detected.  Pregnant females were given various test diets and
ascorbic acid supplements as described below. At-iﬁtervals
before and during preénancy hepafinized plasma was!dollebted
from the saphendus vein and assayed in duplicate for Phe, PA,
and Tyr by the fluorometric methods. Phe and Tyr were.also
estimated by paper chrométography when sufficient plasma was
available. FeCl3 tests for pheﬁylketones were performed when
fresh ﬁrine was available. Baily body weight and food intake
were monitoréd. Pregnant animals were divided into the
f&llowing six treatment groups which are summarized in
Table 38. |

Group (a): -Six (Gj guinea pigs ate Purina‘ch;w until
gestation day 10 or 11 when they weré given a 3.5%_Phe 1.0%
pCPA 8% sucrose supp}emented test diet. Dail& ascorbic acid -
treatment consisted ;f 50 mg/300 g body weight ofally. Plasma
was collected for determinatiog of baseline Phe and Tyr levels
while the animals cdnsumed Purina chow and PA and Tyr levels
were gstimated on a number of occasions : during the test

J

diet period.
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Grbug‘%bj was eomposed of those animal$s whieh were
given test diets supplemented with 1% pCPA 8% sucrose on
gestatien aays 6 to ll. -These animals consumed only Purina-
chow prior to pregnancy. 6ne aninal was started on the 1%
pCPA 8% sucrose test diet on gestation day 1l and was pair-
fed with an animal in group ﬁa). Two additfbnal guinea pigs
included in group (b) were initially given a 3.5% Phe 1.0%
pCPA 8% sucrose diet on day-i of gestation but continued poor
dietary intake lead to replacement of this'test diet with the
1% pCPA 8% sucrose diet on gestatiqn days 6 and 10. When
consuming test diets the animals‘in this group received oral
ascorbic acid supplements of 50 mg/300 g/day. Plasma for PA

and Tyr estimations was collected on a number of gestatlon

days ‘while the animals were eating the 1.0% pCPA ltestldiets.

on days 1 and 2 of pregnancy. Three (3)
given a 3 5% Phe 1.0% pCPA 0.125% Aspartame iet 31lto 42
'before mating occured and these animals were therefore con—
sumlng normal quantltles of test dlet during early pregnancy.
These guinea pigs had- previously been included in group (d)
of Series C, Experiment 5, and{were mated at the conclusion
of that study. An'adﬁitional guinea pig was given the 3.5%
Phe.1.0% pCPA 8% suéiogtbdiet on day one (1) of gestation

after previdusly eating only Purina chow. The remaining

animal in this group was placed on the 3.5% Phe 1.0% pCPA
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8% sucrose diet 6n day 2€of preghancy; this animal failed-to.
consume even minimally adequate quantities of this test,diet
ana was therefore given Purina chow on geétation day 12, ﬁhen .
cbnsuming éest diets all animals in this group received ascorbic
acid 50 ﬁg/300 g/day orally, and all were bled on a number of .

occasions. |

.' Grbug (d) was _ composed of 5 animals given .a 1.0% pCPA
0.175%_As§.test diet on day 1 of pregnancy. In ordef to
facilitate acceptance of Asp sweetened test diets these pigs
were fed a laboratory prepared diet supplemented only with

0.025% Asp until mating occured. Aécorbic acid (50 mg/300 g/

day) was given orally both during the 1.0% pCPA and 0.025%

'Asﬁ diet periods. Plasma was collected for PA, Phe, and Tyr

estimation on gestation days 1, 10, 15 and 19. .

Grouﬁ (é) was composed of & pregnant guinea pigs Vhose
day of mating was not detectgd (or which wefe inadvertently
shipped preénant by the supplier) and were therefore givéﬁ
test diets in midpregnancy. Two animals were given a 3.5%
Phe 1.0% PCPA 8% sucrose test diet and daily ascorbic acid
supplement (one, 40 m§/300'g.IP, and the other 50 mg/300 g
orally). Four (4) additional ahimals were given commércially
prepared diets (Teklad Mills, Madison, Wisconsin) coﬁtaining
3.5% Phe, 1.4 g/kg of ascorbic acid, and flavored with eiﬁher

8% sucrose or 0.75 g/kg of Sessalom (a sweet flavoring com-

‘pound suggested for guinea pigs); these animals were not given

" additional asScorbic acid supplements. All .animals in group (e)
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refused to eat their respective sf diets and therefore
illustrate the effects.of near starvation in midpregnancy.
Blood was not collected durlng the test diet period.

© Group (f) examined the éffect of low vitamin C lntake
in the absence of Phe and pCPA supplementatlon. ?wo (2)
animals.ere giveﬁ a low vitamin C diet on day one or two-of
pregnancy énd no additional ascorbic acid. This diet was
prepared in the labératory from Purina chow as described above
except that no Phe, pCPA, or flavoring waé‘added; diets
handled in this mannér were found to have approximately 25%
of the ascorbic acid content of Purina chow (see Series D,
'ﬁxpt. 1). Phe and Tyr were not estimated in these animals
during the léw vitamin C.diet perioé.

Results

All animals which continued to consume.amino acid
supplemented test.diets-abo:ted.or carfigd oﬂlf dead embryos
at autopsy. Abortion was detected by the presence of an
ope# véginal membfqpe and vaginal bleeding, usﬁélly accom-
panied. by passage of recognizable prbducts of conception.
Table 39 indicates the gestatlon days when abortion occured
in each group, [pne animal in group (c) refused to eat and
was therefore killed on gestation day 19 and found to have
dead embryos-which have been counted as an abortion for
| analysié]. The reéults of this étudy are presented by a con-

sideration of a number of factors which may have contributed
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to this pregnancy'wastage:_;' _
'QEEE; Animals whlch contlnued to’ eat dlets'supple—:
mented with both Phe and pCPA, groups (a) and (c), aborted
between gestatlon;days 16 and 41. The food intake of cme .~
animal in group. (c) became dangerously low and she_wasltherer
fore given Puﬁina chow on day lé; this animal then piogress;d
well and cariiéd macroscopically normal fetuses to term while
consuming the Purina dief. The two animéls in group (e) which
were ihitially given\the 3.5% Phe 1.0% pCPA diet ate negligible
amounts of food (less than 5 g total intake over 3 days), and
" therefore cannot justifiably be included when assessing the
effects of the 3.5% Phe 1.0% pCPA diet on pregnanéy (see below)."

Animals in group (b) coﬁsumed primarily a diet supple-
mented only with 1.0% pCPA-énd 8% sucrose; these‘animals
aborted between days 20 and 29 of pregnancy. Two of these guinea
pigs were initially given 3.5% Phe 1.0% pCPA 8% sucrose diets
but because of poor intake (one ate less than 3 g in 5
days) were switched to the 1.0% pCPA diets on gestation days
6 and 10. The animals in group (d) consumed only the 1.0%
pCPA diet during pregnancy and all of these pigs aborted on
gestation day 19.

Abortion occured in groﬁps (a), ), (c), and (d) in
guinea pigs maintained on diets containing 1.0% pCPA with or
without additional Phe supplement. The animals in group (e)
however, aborted within 2 to 5 daYs of exposure to test diets

in spite of negligible pCPA consumption. ‘The intake of pCPa
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among thé two animals in;group (e) given the 3.5%7Phe 1.0%
pPCPA test diet was minimal; the total food intake of these
two animals-was only 3 g over 4 days for one and 5 g over 3 ‘
days for the other (Table 40). The remaining 4 animals in
group (e) were not exposed to pCPA containing test diets
although they too aborted; their dietary ihtdke however, was
also minimal (see below) .

The two animals fed the unsupplemented laboratory pre-
pared-low‘ascorbic acid diet, group (f), carried their preg-
nancies to near term when ﬁhey were sacrificed and found‘to

have normal living fetuses (Table 39).

Dietary Intake: The daily food iﬁtake of each animal
in'g;ouf (a) is illustrated in Figure 18. It is clear‘that
all of the animals dramatically reduced dietary intake when
first presented with the test diet, The animal which maiﬁ—
tained the pregnancy to 41 days had.thé best intake of test
diet, at least until a few days pfior to abortion. The three
guinea pigs which aborted eérliest, days 16 to 18, were the
only animals in this group not to reach pre-test diet intake
levels on a single day prior to abortion, Although, the animals
aborting on days 21 and 31 generally had better intakes than
those aborting earlier, neither animal consistently maintained
a normal food conéumption.,

Two of the animals in group (b) maintained nearly . -
normal intakes of the 1.0% pCPA test diet, yet aborted on éays

25 and 29 (Figure 19). Both of these guinea pigs however, were
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Series E, Experiment 2, Grou CIN
‘Daily food intake ig?iﬁ hours)

for the 3 days prior to the test
diet period and for the test ‘diet

period to the day of abortlon.

Animal- Number

Days on Test Diet

Mean Test

=3 =2 -1 +1 +2 +3 +4 +5  Diet

26 -— == ~-= 2.0 1 0* - 0.75
64 -=- =-- - 5 9 0- 0 0* 1.0
123 33 3535 3 0 1.1 % 1.0
13a 35 30 32 3 0% -2 - o 1.5
182 36 32 33 2 0 8 16* -- 6;5
192 35 3 36 1 0 0 0% -- 0.25

* Day of abortion



Figure 18.

235.

Series E, Experiment 2. Group (a). Daily

food intake during pregnancy of each animal,
Closed circles: Purina chow; open triangles:.

3.5% Phe 1.0% pCPA 8% sucrose test diet.
indicates gestation day of abortion.
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Figure 18
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Figure 19.

Series E, Experiment 2. Group (b). Daily
food intake for each animal during pregnancy.
Closed circles: 3.5% Phe 1.0% pCPA 8% sucrose
test diet. Open squares: Purina chow. Open
triangles: 1% pCPA 8% sucrose test diet. @
indicates gestation day of abortion.

1
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Figure 19 .
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initially given the 3.5% Phe 1.0% pCPA test diet and had very
low dietéry intakes early in pregnancy. The third animal in
tﬁis group had a subnormal intake throughout the test diet
period and aborted on gestation day 20, -9 days aftef the
1.0%'pC§A diet was presented. Food intake -of this animal was

normal during the first 10 days of gestation, when pair-feeding

with an animal in group (a) began. The corresponding guinea

pig_in group (al.aborted on gestation day 16.

| In éohtrast to groups (a) and (b], three of the animals
in gfoup (c) were .accustomed to the 3.5% Phe 1.0% pCPA test v
diet prior to conception and were therefore consuming normal
quantiéies of test diet during éarly pregnancf. ﬁéily intake

of ‘these animals is illustrated in the lower 3 panels of

Figure 20. 'Two of these animals consumed normal quantities of
test diet‘initiallﬁ and then consumption declined prior to
abortion (sacrifice in one animal which was undoubtably about‘
to diel}. dne animal however, continued to eat normal quantities
of test diet throughout pregnancy yet aborted on day 38. This
normal food consumbtion was reflected by a steady incréase in |
body weight during pregnancy (gain of 88 g). Changes in body

weight among the guinea pigs in all groups were roughly

directly related to dietary intake. . The two remaining animals

in group (e} were given the test diets on days 1 or 2 of

' pregnancy (upper panels Figure 20) and both exhibited poor .

intake during the initial days on the test diet. One animal
subgequently refused to eat the 3.5% Phe 1.0% pCPA diet and

s
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Figure 20. Series %:, Experiment 2. Group (c). Daily:
' food intake of each animal during pregnahcy. .
Closed circles: 3.5% Phe 1.0% pCPA test diet. - -
indicates day of abortion. * Animal
sacrificed and dead embryos observed. -

A&.' o )
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- was therefore given Purina chow from gestatton day 12 untll
, term. In Splte of a very low food 1ntake early ln pregnancy‘
_‘thls anlmal carrled normal fetuses to term._ The remalnlng
anlmal glven test diet early in gestatlon consﬁmed ﬁeriattea
quantltles of the test diet and aborted. on day 25, |

With the exceotlon of the first day on the 1. 0% oCPA -
test diet, the ‘animals' in grouD (d) maintained approx1mately
normal dletary 1ntakes, yet all aborted on gestatlon day 19
(Figure 21). All of these animals galned weight during the
. 19 days of pregnancy (averege 26‘g). | | :

‘Animals in grqueJ(e) were éiven test {Ee¥s during
midgestation and their daily food intake was extremely éoof
(Table 40]. Only one guinea pig averaged over 2 g/24 hours
(6.5 g/24 hour) and even this is weil below a normal daily
intake (greater than 30 g/24 hour). By 5 days after the test
diets were presented to these animals all had aborted,
illustrating that near starvation in midgestation is not
compatible with the maintainance of pregnancy in the guinea
pig.

Both animals in group (f) consumed normal quantities of
the low vitamin C diet and had normal fetuses near term.

Critical Period: Implantation of the guinea pig embryo

occurs about day 6 to-7.0of pregnancy and it is a potentially
vulnerable event. Animals were given 3.5% Phe 1% pCPA test
diets both before implantation, group (c}, and after implanta-

tion was complete, group Lal. Females in both groups however,
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o

Figuxfe 21, Series E, Experiment 2. Group (d)}. Daily
food intake of each animal during pregnancy.
indicates day of abortion. -
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aborted at similar times during pregnancy (Table 39); Guiffea
pigs were also fed 1% pCPA supplemented test diets prior to
implantation, group (d), and after lmplantatlon, group- Cb).
All the animals in group (d] aborted on gestation day 19 Crablé
391.‘ The animals in group (b} aborted between 20 and 29 days.
One of these animals was given the 1.0% pCPA test diet on day
6 after refusing the 3.5% Phe 1.0% pCGPA diet; this pregnancy
was lost on gestatioh day 25 (Pigure 19). An additional
animal aborted on day 29 after being switched from the 3.5%
Phe 1.0% pCPA d;et to 1.0% pCPA on gestatiop day 10.

Animals in group (e) illustrate that the postimplanta-
tion period, calculated to be from days 20 to 45 in these parti-
cular guinea gigs,.was extremely sensitive to the combination

of very low dietary intak%hand Phe supplemented test diets.

PA, Phe, Tyr Concentration: Plasma for estimation of

PA, Phe, and Tyr was collected during pregnancy from animals

in groups (al, (b), (c), and (d) and the results are summarized
in Figure 22 and Table 41. One animal in group (a} which
aborted on day 2I, had baseline plasma Tyr levels betweeﬁ

14 ;nd 18 mg/100 ml and was therefore excluded from the PA,
Phe, and Tyr data presented in this exéeriment (see Appendix
B}. Animals consuming the 3.5% Phe 1.0% pCPA test diets,
groups (a] and (ec), had PQ)levels averaging about 21'mg/100 ml
and Phe levels averaging %rom 9 to 13 mg/l0Q ml. In contrast

to these data, animals fed the 1.0% pCPA test diets had ‘

average PA levels of 1l to 13 mg % and Phe levels which were



Figure 22,

-Series E, Experiment ™2,
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and tyrosine as measured f
Solid .circles: phenylalanines, ogen triangles: o

tyrosine. o

Group (a) ——— (lndldual values for 2. anrmals)

Group (b) = - ——~ (group means)
Group (¢} -...... (group.means)
Group {d} —.—~.~ (group means) -

uorometrically. L
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Figure 22
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generally undetectabie by the paper chromatographic method
[?rogps fb).;nd (4), Table 4i]. Plasma Phe as measured by
paper cﬁrcmatographﬁ, was significantly greater in groups (c)
than in groups (b) (t = 3.210, df = 20, p<&.01, two-tailed) and
(@) (t = 4.431, 4f = 24, p¥.001, two-tailed). .Plasma PA
ﬁeﬁded to be higher in the 3.5% Phe 1.0% pCPA groups and v
group (c) was significantly greater than group (d) (t = 3.428,
df = 26, p<.0l, two-tailed) ‘but only marginally greater than
group (b) (t = 2.301, df = 23, p<.05, two-tailed). Unpaired
t-tests did not reveal any additional statistically significant
differenées between groups with respect to plasma Phe and PA.,
Tyr levels were higher in the 3.5% Phe 1.0% pCPA groups. a
Plasma Tyr, as measured‘fluo;ometrically; was significanﬁly
~ greater in both groups (a) aﬁd (c) when compared‘to group (d}
L@ vs (a), t = 2.921, df = 12, pL.02, two-tailed; (d) vs
{e), t = 3.406, df = 26, p(.Ol: two-tailed Tﬂalthough a
significant difference was not found between group (b) and
(a) (t = 2.146, df = 9). Between the Fwo 3.5% Phe 1.0% pCPA
diet groups, Tyr was marginally greater in group (a) cémpared
€5 (c) (t = 2.276, Af = 22, p<.05, two-tailed). Other t-tests
of the plasma Tyr data were not statistically significant.

No blood was analyzed for amino acids during the test
diet ée;iod in groups (e) and (f), although it is unlikely
that eithér group had significant hyperphe or hypertyro-
”sinemia.

There were higher Phe, PA, and Tyr levels in the guinea

pigs fed the 3.5% Phe 1.0% pCPA diets, yet abortion often
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occured l;ter in these animals. From these data, it is not
. possible to determine the relative 1mportance of elevated
amino acid 1evels in the etlology of gulnea pig abortlon
except to note that abortlon in some cases occured in the
absence of both hyperphe and hypertyr051nem1a.

Comparison of the time when abortion occured (Table 39}
and the fA, Phe, and Tyr blood concehtretions during those v
periods (Table 41, Figure 22) does not reveal an§ obvious

relationship, although the data are limited.

Urine FeCl, Tests: Three urine samples from one animal

in grohp (a) re tested for phenylketones with FeCl. and

3
all were positive. An adaitional 3 samples from the animal

in group ka) with the pre-test diet elevated Tyr were collected
during the test diet period and also found to be positive. One
of two samples in groua,(b) and both samples in group (d) were
positive., WNo other urine samples were available for FeCl3
testing. These limited data indicate that pregnant guinea

plgS fed test diets supplemented with 1% pCPA with and without

Phe have 9051t1ve urinary FeCl3 tests, indicating excessive

'phenylketone excretion.

-



Series E, Experiment 3

Introduction

The results of Series E, Experiment 2 indic&ted that
pregnant guinea éigs fed test diets containing 1% pé?A‘with or
_ without 3.5% Phe aborted between gestation days 16 and 41.

The two factors which were found to most clearlf prediééosg
to pregnancy loés were the presence of pCPA in the diet and-
inadequate dietary intake. Nejther hyperphe nor vitamin C
deficiency appeared to be majo[ffactofs leéding to pregnancy
yasﬁage. The time period around'implantation of the embryo
was not found to be disrupted by the dietary treatmenfé, where=-
as midpregnancy was very sensitive to severe maﬁernal under-
nutrition. This-éxpgriment also demohstratéd that feeding
pregﬁ%nt guinea pigs the 3.5% Phe 1.0% pCPA diet produced
hyperphe similar ta that found in nonpregnant aniﬁals fed
this diet (cf Tables 12, 13, 18, 19, 24, 33, Figures 5, 8).

It is'iﬁportant to further delineate the effects of
hyperphe and pCPA on early guineé plig pregnancy since there
may be an.incfeased risk of congenital malformation and
abortion associated with maternal hyperphe in humans. In.
the following experiment guinea pigs were fed diets sup;le-

mented with Phe and pCPA from the first day of pregnancy.

To permit study of embryonic material the animals were killed

N : 252



283 &

on gestatlon day 17r Drlor to the tlme when abortlon had been
observed to occur._ The embryos were examlned both.macroscopacally
and mlcroscoplcally and in addltlon, yolk sao-amnlotlc fiuld |
was collected for estlmatlon of Phe, PA, and Tyr.‘ Maternal

7 plasna PA, Phe, and Tyr, as well as maternal hepatlo Phe
hydroxylase actzvmty and. ascorblc ac1d content, were ‘also mear=
sured. Flve groups were lncluded- - the 3.5% Phe 1.0% pCPA
exoerimental grouo and four control Qrouos.ﬂ A°0.175% Asp supple~
ment was added to Phe and oCPA supplemented test diets in order

to maximize maternal food 1ntake and nutrltlon (Series C,

Exper:.ment 5).

" Methods

-

All guinea pigs nere Hartley strain and_obtained:from
‘M. & L. Farms, Females ranged from_9l_to.113'deys of aée on
gestation day 1 and males between 150 and 446 days-of age
during the mating period ‘All females used in thlS experi-
ment were received in one shipment from the suooller, and
none of tnese females had been pregnant prior to the experi-
ment. Females were housed 2-3 per ogoe as described above
N tntil isolated when mating'was_detected.

l All Phe and PCPA supplemented test diets were sweetenw
ed with Aspeftame. In'order to minimize the.decline in food
intake associated with Phe and pCPA test diets, the animals
weére allowed to become accustomed to the sweetness of
Aspertame prior to pregnancy; All females were fed a labora-

tory prepared diet supplemented only with 0.025% Aspartame



G-

e

254

from the age of 74 days untll matlng was detected at’ Whlch N
tlme each animal was given the aonronr;ate test dlet. (see below)
AlY animals galned weight steadlly whlle consumlng the 0.025%

“Asp. diet. These animals also received da;ly oral ascorbic

- acid, 50 mg/300 g, as descrlbed above.

Females were placed with potent males and checked

 ——

tw1ce daily for Lndlcatlons of matlné. "The day a positive

‘'vaginal smear was-detected was deszgnatedAday 1 of gestation.
Within 18 hours of such a seear, each feﬁale'was‘bled, isolated
‘and glven the diet approprlate tc the assigned group. Thlrty
(30) females‘Were assggned to thlS study, but ‘some were sub-
sequently excluded {see below}. Nlneteen (19) females were

randomly assigned on the basis of mating sequence to one of

the five;ﬁSI'test diet Yroups. Three additional animals were

subsequeﬁtly assigned (non randgmly) to study ‘groupd in order
te iﬁcrease the numbers in grodps which had lost sobjects,
[enimals were excliided from the study if they were found to

have high “baseline;'plasma Tyr (3 animals, see Appendix B},
) 6 ‘ .

ghif they refused tofat “the test diet (3 aniﬁelsl, or if they

were not killed on geStation day 17 (5 animals, see belowil.

fThe follow1ng 5 diet groups were lncluded-

- Grawp (a) - 3 5% P%g 1. 0% pCPA 0 175% Asp test dzet,

4'fema1es. . 'ﬁ O

N . ; ) &

‘Group (b): ° 3.5% Phe 0.175% Asp test diet, 4 females.

* Group (c): ' 1.0% pCPR 0.175% Asp test diet, 4 females.

" Group (d): = 0.025% Asp ‘test diet, 4 females., ‘A

-
-

.
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larger sﬁpplement'of Asp was not used becauée the excessive
. =] o

sweetness in the absence of’Phe and péPAcsupplements may have

s
lead to inadequate food intake. . @ ¢

[+

r, o

Group (e): Purina chow, 3 females.

Animals in gfoupéiia), (b); (c), and‘(a), but not (e},

received daily oral ascorbic ac1d ~ 50 mg/300.g, from gesta-

L

Y

" tion day_liuntil sacrificed. Heoarinized plasma for Phe,

L

PA and Tyr measurement*waé'collectedﬂﬁtom the saphenous vein'
N ¢

from all animals between about 1000 afd 1400 hours on gesta~-

-~
~

tion days 1 (within 18 hours of pregnancy deteotionI, 10,

. - o - .-
15, and 17., The samples were assayed in duplicate, fluoro-

- e ’ i . 2 . _
'metricaiiy-and by paper chromatogranhy. Cn gestation day 17

1}

additional ‘plasma for analy515 on the Beckman Amiho Ac1d : fv

Analyzer was collected from 2 animals in groups (a), (@}

and (e) and from 3 animals in groups (b) and (c). . Body weigﬁtf

food 1ntake and signs of, abortion were monltored daily in all-
animals., FeCl3 tests for phenylketones were performed when

fresh. urine was available, ‘s

On gestation day 17 the fenales were killed- by decapi-

tation and the uteri 'quickly removed and nlaced'in a dish of ..-

0. 85% saline. The maternal liver was then promptly removed

blotted dry,.meighed, and frozen® in solid Cco The uteri

2 N
were carefullv examined under a dissecting microsoope and

the number and loqation of 1mplantation sxtes recorded. The
uterine wall was cut and the decidual maSses containing

),
the embryos shelled out. At ‘this point .it was usually

)

o

*

.

™
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possible to determine .if an embryo was living by the presence

: of an active'heart beat and/or blood in the vitelline and

- Hamilton microsyringe for later analyszs of PA, Phe, and Tyr...

embryonic vessels.\,gggn 90551b1e, prlor to rupture of the

) *yolk sac membrane, volk sac fluld was collected Wlth a“5a pl

-

Embryos were examlned, photographed and the number of somltes.
qounted.. The embryos were .f£ixed in Bouln s flu1dj embedded_
in paraffinﬂ our serialii'at lOfuﬁ;'and erained withrhema;
toxylin and eosin. Excepu-for grouo (e), which was used'ro‘

establiah a normal-baseline, the slides were coded by scme-.

one unfamlllar wlth the detalls of the experlment and sub-

--sequently examlned in a ‘blind fashlon. Hlstologlc abnormalltles

-

Ll

were also photographed

. Within 24 hours of collection, the maternal livers
were nomogenlzed in cold 0.1M phosphate ‘buffer (pH 7. 0) |
and assayed in dupllcate for Phe hydroxylase as descrlbed
above. Four days after death, maternal liver was homogenized

in cold;é% TCA and assayed in triplicate for ‘ascorbic acid

2

as described above'.

) o
”

. Reasults

'The original design of this study called for.sacrifice
on gestation day 25. ' The first 3 animals assigred to\fhe'i.d%l’
pCPA group however, aborted on day 19 and the decision was

therefore made to kill subsequent animals on day 17. These

3 animals have been reported in Se;ies E, Ekﬁeriment 2 as
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grogp'Gil. bnly those animals which were killed on éeéﬁa-
" tion ny 17 are iﬁc;uded in the present study making a total
of 19 distributed among the five gréués. Of the 19 animals
‘fncluded in the study one in group (a), 3.5% Phe 1.0%. pCPA diet,
aborted on day 17. . Embryos were collected from all other
femalég.on geétaﬁioq‘day 17.

) Embryose Whol; embrydé were examined under the
. dissecting microscope when the pregnant females were sécrij
ficed, and again following fixation. Each embrya was then
studiedihist;logicélly with all but those in group (e)
‘done so that the author was not aware of the group from
which éhg embfyb_came;' For purposes of statistical analysis
the fqiloﬂing definigions weie.used. If an embryo was.fouﬁd
to havé a beatiné‘ﬁgért it was deéignated-as liviﬁg regard-—
+ less of wﬂét was later diﬁdovere@ histologically._ If no
heart beat or flowing blooa was Qiéible in the unfixed embryo,
and'thefé'we;e areas of necrosis histolqgical}y, then the ’
embéyplwas classified as dead;‘however, if there Qas no necrbsis
then it was scored as living. When no récogninglg embryonic
tissue could be found either ﬁacrdscopicall& or microséopically,
then the "embryo" Was\deéiéyéteé as dead. Embfyds classified
as ébnormal included dead embryos, live embryos Qith h}étgf
logical evidence of tfssﬁefnecrosis; and’liJ}ng buxrmalformed
embryosl- ﬁmﬁryos with devq}opment%l deléy were designated

as retarded which was defined as follows. Embryos were con-

sidered to be retarded if at least two organ systems were
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developmentally behind the range obserVed .in the Purlna

control {group (ei] embryos* such retarded embryos could be

either dead or llvrng, as deflned above. When an embryo

could not be identified thae'implantation site was excluded

- £from the retarded/non retarded data. The som'te count was

not 1nc1uded as a crlterlon for retardation {since those

dara were analyzed lndependently.-
Table 42 summarizes the darahforﬁembryonic Iﬁortalityr

abnormality and retardation. Slnce each pregnant gulnea plgt;

rather than the 1nd1v1dual embryos, was the 1ndependant

sampllng unit, litter scores “were generated for each of

these varlables (Haseman and Hogan 1975, Weil . 1970}. Live,

normal, or unretarded embryos were scored as 2,00 while dead,

abnormal, or retarded embryes were\scored as 1.00; the mean

of these values for each variable in each litter equalled

the litter score for that variable (Table 42). Table 42

[al

also shows the number of implantations in each group. One-
way ANOVA indicated that there werefno significant differences

among thg{fiée groups with respect to the number of implanta-

tion sites (F = 1.009, df = 4, 14) confirming that implanfa-

. +tion was not affected by the maternal treatments (Series E,

Experlment 2). As noted above, . in a.number of implantations’

it was not possible‘to”identiffzrecognizable embrydnic_tissue

in-spite_of the presence of maternal and embryonic decidual K

(]

tissues of macroscopically normal size. Such implantations

-were.dbserVEd~oﬁI§ in groups (a) and (c} and are shown in
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. Tables 42 and 43 (see belowl. |

' Groups (al and (c) were also the* only-groups found
. to have -dead embryos CTable 421 Flgure 23 lllustrates the
-percentage ‘of embryos whlch were scored as llVlng, abnormal
or retarded ln each of the flve groups. ANOVA of the
_'embryonlc mortallty data,‘uSLng the 11tter scores, revealed
L a szgnlflcant effect for the test dlet group (F = 3 565 df
= 4, 14, =] =0. 0332), although a. Student-Newman-Keuls multlple

range comparlson could not detect the 1nd1v1dual dlfference
betieen the groups. It is clear however that Only the ,.
| groups consumlng diéts contalnlng pCPA had dead embryos,
30% in the 3.5% Phe 1. O%IPCPA group, and 69% in the l 0%
pCPA group (Flgure 23 Table 421.; 7
Abnormal embryos were found in all groups except (el,
"but only groups (a), (b} and (cl‘had relatlvelyjhlghfrates
of embryonic abuormality (Figure 23, Table 42} . ;AﬁOVA of
‘ the abnormality data approached, but did not reach statisti-
cal.signdficance‘(F = 2.953, df 4, 14, p = .0581}), and the
.1ess sensitive Studeut?Newman—Keulsrcomparison was also
1n81gn1f1cant at the 0.05 level. It ishof notelthat AﬁOVA
done on the abnormallty data usrng the 1nd1v1dual embryos, -
rather than the litter scores, showed a highly ss.gnn.flcant D '_
group effect (r = 6. 051/J2£~=~1”E§? p = 0-&0003). rTable 43
categorlzes the abnormallty data into a number of subgroups
including embryos found to be grossly malformed and malformed

but alive. All but 2 embryos classified as abnormal‘were’”
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pCPA 0.025% Asp, “Purina
d

LAbR LAbR LAbR LAbR-L'AbR'

T I I L

L o Y o

L i
S .,%,”m_o Q o Q Q O O o
S .

N @& b . MmN .

. .4 .. LIN3D¥3d .

- Figure 23.  Series E, Experiment 3. Percentage of -

implantations which were living (L), .
abnormal (Ab), and retarded (R) in

each test diet group. -
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b

indeed malformed, and in groups (a) and (bl many of these
malformed embryos were also alive. The types of malformatlons
observed included completely blzzare embryos in whlch only

the germ layers could be identified, overgrown open neural.
tubes, extra or aneent otic vesicles, enlarged pericardial

© cavities, and- abnormalities of the aortic arches (Figures 24 to
26). Many of'these-malformed embryos also had local areas

of necrotic tissue, often'in the neurcectoderm.

It is of note that the abnormality‘observed in the
single malformed embryo in group (4], 0.025% Asp diet, coh-
sisted of a posterior neural tube which had two independant
neural canals. A number of workers have reported this type'
of:neural nube cavitationfin both chick and man and have
suggested thaﬁ this is a normal phenomenon in tailless
vertebrates (Criley 1969; Hughes and Freeman 1974); The
‘guinea pig-ie,'of course, tailless. Such multiple cavitatinn
however, was not observed in any of the Purina connrol‘embryos,
(or in any'ether experimental‘gnonp), and was’ therefore :
counted as a malfornation. J

Nowretarded enbryos were found in groups {(a) and Lel,
whereas all embryos were retarded in the l 0% pCPA groun
. and all the malformed embryos in groups (b), 3.5% Phe test
dlet, were also retarded. Only.one retarded- embryo was
found in the Q0.025% Asp group. Twe*gltters in the 3 5% Phe
-1.0% pCPA group could not be assessed for the presence of
1retarded-embryos (Tahle 421 and it is therefore p0951

@



(a)

" (Bb)
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Figure 24
(a) (b)

A -

o

Control embryo illustrating completely closed neural
tube, optic vesicles and notocord in head region (30x].

Embryo from a female fed the 1.0% pCPA test diet with
an open neural tube in the head region. This photo-

. graph is slightly posterior to the one in (a). This

embryo was also judged to be retarded and the smaller
size is evident (30x). >
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Figure 25
(a) ) _ bl

i

(a) Embryo from a Purina control female demonstrating a
hormal pericardical cavity (arrow). The amnion *s_ -
still present in this specimen (30x). )

(b) Embryoc from a female fed the 3.5% Phe test diet with
an abnormally large pericardial cavity (arrow). This
embryo was living but judged to be developmentally
retarded (30x).

- ’ ) r .
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Figure 26 A -

(a)

PR L = 3 -

r

(a)« A bizzare rllamlnar embryo from a female fed the 3.5% -

S~ P e ‘diet. ' No normal embryonlc structures were evident
- *and there were no areas of tigsue -necrosis observed. (100x).
(b) A similar embryo from "the same female. The three:scell
layers may represent the three germ -layers (100x).
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1

that retarded embryos may have been present in group “(a}.

ANOVA of the litter scores for retarded embryos
revedled a_significaﬁt effect for the test diet group (F =
12,558, dfﬂz 4, 11, p = 0.6604) and multipie comparisons
indicated that the 1.0% pCPA group had significantly more
retarded embryos than all other groups.

The number of somites is another indication of
developmental progress during early pregnardcy. Table 42
indicates that groups (a), (b), and particularly (c), had .
lower mean somite counts compared to groups (d)  and (e).
ANOVA of the mean number of somites per litter revealed a

significant group effect (F ='3.911, df = 4, 13, p = 0.0268).

A Student-Newman-Keuls multiple range test showed that in

" group (c) the number of somites was . significantly less

{p ¢ .05) than iﬁ groups (d) and (e) but not significantly
less than in groups (a) and (b). Part of the decrease in
the meaélnumber of somites in groups {a}) and (c) is a con-
sequence of those implantations in which no distinct eﬁbryo
could be detected and which therefore were scored as having
zero somites,

~

Maternal Phe and PA: The mean plasma PA and Phe

levels'aé measured fluorometricall}y and by paper chromato-
graphy for the tregtment period and the pre-test diet day

(day 1) are illustrated in Fig&&e 27. Mean daily PA levels

in the 3.5% Phe 1,0% PCPA group, as measured fluorometrically,

were greater than all other groups and ranged from 15.5 to-

\
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.18.2 mg/100 ml. These daﬁa are comparable to previous results
in both pregnant and nonpregnant animals (Tables 12, 18, 19,
30, 32, 35, 41).. Group (c), the 1.0% pCPA group, had
moderately elevated ﬁ;;n PA levels, ranging from 10.4 to

12.0 mg/loolml while group (b}, the 3;5% Phe group/ had

mean fluorometric Phe levels ranging from 2.0 to 638 mg/100 ml.
Both gréups.(d),‘0.0ZS% Asp, and (e), Purina chow, had

similar mean fluorometric Phe levels which did not rise

aﬂbve 2.0 mg/100 mi. Two-way ANOVA, (with repeated measures
and covariate analysis), using logarithmic transformation

of the flnorometric. PA, Phe data, revealed a significant effect
only for the test diet group ﬁF = 31.722, df = 4, 12, p {4 0.001)
and an insignificant covariate indicating that there were

not significant group differences prior to the test diet

treatments. Two-way ANOVA of the log transformed fluorometric
PA, Phe data from the 3 test diet days (withoutgcovariaﬁe)

also indicated a significant effect for the treatment group

(F 82.224, 4f = 4, {j]'p <£ 0.001) but no effect for sthe
day of bloed Sampling (F = 2,576, df = 2, 28, p = 0.094).
Multiple comparisons of the fluorometric Phe, PA data by the
Student-Newwan-Keuls procedure showed that groups (a) and (c)
did not diffey significantly from one another but had signi—.
ficantly greater PA lévels during the tfeatment period than
groups (b}, (d) and (e}. In addition, group (b} had fluoro-
metric Phe levels significantly higher than both groups (4)

and (el. One-way ANOVA of the transformed pooled mean

b ta - —— e = st ———



Figure 27.

Figure 28.
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-

Series E, Experiment 3. Mean daily maternal
plasma phenylalanines as measured fluorometri-
cally (upper panel) and by paper chromatography
(lower panel). AlXk samples in groups (d) and
(e} had phenylalanine concentrations which
were undetectable by paper chromatography.

Group (a) '3.5% Phe 1% pCPA e——

Group (b) 3.5% Phe ——— =8

Group (c) 1.0% pCPA —-— —e ’ .
Group (d) 0.025% Asp e-.-..-.. - *
Group (e} Purina — — s

Series E, Experiment 3. Mean daily plasma

‘maternal tyrosine levels as measured by

fluorometry (upper panel) and by paper chroma-
tography (lower panel). All values were

below the level of detection in groups (c),

(d) and (e). Curves as in Figure 27.
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i fluorometrlc PA Phe levels durlng the test dlet perlod alse
‘revealed a 51gn1f1cant effect fo; the test diet group (F =
"174.682, df 4, 14- p <¢¢.0001) and the multlple range com—

 _ par:.son J.nd:.cated that group (a)y (c} » (b) > (d) and ' (e),

‘_.all at-the 0.05 level, Table 44 lllustrates these pooled j.
_;mean data for each treatment group. .

Paper chromatographlc estxmatlon of Dlasma Phe-ﬁ'
_‘1nd1cated that the 3.5% Phe 1 0% pCPA group also had the
'hlghest elevatlon of Phe; w1th dally means ranging from 8.0

to 10- 2 mg/100 ml (Flgure 27? In contrast-to the fluorometrica

' data, the 3.5%7g§oup, (b), had hlgher mean Phe levels than ‘
did the 1.0% pCPA éroup, (¢}, (Figure 27);‘ Both groums (d)
and‘(e)‘had’Phe 1evels'whicﬁ were not:detectable by the. |
paper chromatographic method. The eaper valees, ie Phe;
‘comprised from 59 to 67% of the mean fluorcmetric PA levels
in the 3.5% Phe 1.0% pCPA group, but only 25 to 31% in the
1.05 pCPA group. ANOVA (covariate with repeated measures)
of the logarithm transformed paper chromatbgtaphic Phe
.data.revealed only a significant effect for the test diet
group (F = 15.104, 4f = 4, 12, p £0.001) as did similar two-
way ANOVA (without covariate analysis) of the test diet ‘
period data, days 10, 15, and 17, (F = 18.%50, df = 4, 14
p £.001). 1In neither -ANOVA was there a siénificant effect
for the day of blood sampling. On days 10, 15, and 17,
Student-Newman-Keuls comparisons indicated that Phe levels

.in group (a) were significantly (p < .05) greater than all
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other groups whlch in turn did not differ SLganlcantly from
one another. One-way ANOVA of the pooled mean Daper chroma-
togrephic_Phe'levels (transformed) durlng the test diet
period also revealed a‘eigniFicant group efféct (F =l43 041
df = 4, 14, p{. 0001), and multiple range comparlsons further
indicated that Phe in groun (a) was 31gn1f1cantly greater than
group (b), which ln.turn was 51qn1f1canrly greater than the
remaining quUps,‘(c), (d) and (e) (Table 44),.

The mean vaiues for plasma Tyr on each day of blood
.samplihé are illustrated in Figure Zé. IThe only group which
had merked elevation of plasma Tyr was the 3.5% Phe group  (b),
while the 3.5% Phe i.O% pCPA animals had only slightly increased
Tyr. 'Tyr'was ;irtuaily unchanged durirq the course of the
studf in groups (c), (d) and (e}. Two-way ANOVA of the logarlthm
transformed fluorometric Tyr data reveaI/d ‘a 51gn1f1cant
covariate (p = 0.001) indicating that groups differed signi-
ficantly prior to treatment. In addition, there was a signi-
ficant treatment group effect (F = 5.059, df = 4, 12, p =
0.013) in this ANOVA, When the pre-test diet data were
excluded and ANCVA performed on the transformed data for
days 10, 15 and ‘17, a siénificant days effect was found
(F = 3.816, 4f =72, 2B, p = 0.034) but the group effect
just failed to reach significance (F = 3.085, df = 4, 14,

p = 0;051). Student-Newman-Keuls comparisons showed that

when all groups were considered, the fluorometric Tyr was

significantly (p,£.05) greater on day 10 than days 15 and
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17; which.iﬁ turn did not differ siggificantli. The fluofé—
metric_Tyr data were analyzed furthgr‘by dbing one4ﬁay .
AﬁOVA Cn-the pooled test diet ﬁeriqd ﬁeaﬁhTyr levéls for
each groupi- This ANOVAurevealeq.a significant'group-effect'

(F

3.585, df = 4, 14, p = 0.0326). Multiple comparisons
showed that over éhe'entire ;estAdiet intefval, T?r‘in ‘
groups (a) and (b) did,hqt5éiffer sighificaﬁtly, but only
group be,'B.S% Phe, was significantly greater thén'grbués
(c), (4) aﬁd (e) (Table 44). In summary, the analysis of
the fluorometric Tyr-data suggest that Tyr ténded to be
higher on day 10, independant of the group, énd-that the

.test diet was a significant factor in determining.diffen;
ences in plasma Tyr. Group (b)_was;the‘only group to have
Tyr levels significantly érééter than groups (c), (d) and
(e). | |

Maternal Tyr was also estimated by paper éhromatbgraphy;
The paper and fluorometric methods agreed reasonably well and.
the group meahs on each day of blood sampling are iliustrated'
in Figure 28, Two-way ANOVA of the log transformed chroma-
tographic data revealed a marginally significant effect
for the day of treatment (F = 3.391, df = 4, 12, p = 0.049)
and an insignificant covariate: When the day 1 data were
exLluded, a marginally significant interaction between the
treatment groups and the day of blood sampling was detected
(F = 2,312, 4f = 8, 28, p = 0.048), Because of this inter-

action, the data had to be reanalyzed by AN A after being

broken down by days (across groups) and by groups (across
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‘days). Within each dlet group, ANOVA did not reveal any
=5

SLgnlflcant dlfferences among the three days. ANOVA‘of

the data on each of the three days of blood sampling revealed

a sighificant group effect only on day 10 (F = 3.398, df =
4, 14; p 4.651. Within day 10, the.3.5% Phe group Cb) had
eignificaarly.greater Tyr levels (p £ .05} tha ‘all other

g‘tly from one "
another, These data are cons;stent w1th,the_fluorometr1c
* . Tyr data in euggesﬁiog that group (b)'ﬁad significantly
'.'higher Tyr levels and that the day of blood sampling was a
significant factor in determining Tyr levele. Gestation
day lp'appeared ro.sraod-out both.with respect to differences

r

between groups and in qoméarison.to days 15 and 17.

on gestatioh day l?-plasma-from a number of femaleé.
was alsojanalyzed by column chromatography. Table 45
includes the PA,.Phe, pCPAI_and'Tyr leveis as measured by

fluorometry, paper chromatography and the amino acid analyzer.

The two samples from animals in the 3.5% Phe l.&% pCPA group

had the highest Phe (or PA) concentration by all three methods,

although the analyzer values were less than one half.of the
paper Phe values. pCPA was undetectable in one of_these
samples and was only 2.89 mg/100 ml in the other. In con-
trast, the analyzer samples from group (c), 1,0% pCPA test
diet, averaged 7.90 mg/100 ml of pCPA but only 2.74 mg/

10Q ml Phe. 1In tﬁis group the paper phromatographic data

were also consistent with the conclusion that approximately
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75% oﬁ'the fluqrometric PA levels were ccmposeg.of pCPA. In
group (a), the fraction_of the'PA.levels'made up by:pCPA;is"
clearly less than in the 1;0%‘pCPA‘grpup and is probably

. about 5Q0%, or less. Among tEe three groups consuming diets
without pCPA the Phe values were comparable by the“three
methods. Plasma Tyr, as estlmated by the three methods, also
was similar within each group. - T

Urine FeCl Tests: When the animals. voided while

belng handled, fresh urine was collected and tested for

phenylketones with FeCl3.

are summarized in Table 46.- - Al urine samples from anlmals

The results of all FeCl3 tests

consuming pCPA diets were positive whereas none of the
semples from other groups were positive. There was only.a
single urine sample aGhilable from group (b}, so it was not
possible tp.adequately assess the relationships between
moderate hyperphe ih the absence of pCPA treetment and
urinary phenylketone excretion. |

Yolk Sac Fluid: It was possibie to collect small

amounts of yolk sac £1uid from most implantation sites,
Deéeﬁding on fhe voluﬁe of the sample, it was analyzed for-
PA,.Phe and Tyr by the f;uorometric and/or the paper chromato-
graphic methods. Fluid was analyzed by at least'one'methed_

in all but 2 litters, one of which had aborted. As was done

with other data from individual embryos, a mean was calculated .

for each ;itter and used for analysis. Fiqure 29 summarizes

the mean yolk sac fluid amino acid levels in each group as

/



280

Table 46 Series E, Exveriment 3. Urine
. - +FeCl, tests. Frequency of
posigive tests in each test
diet group. :
. Number ' : A
Group Females Tested Number positive/number samples
(a) 3 o 11/11
3.5% Phe. :
- 1.0% oCPA.-
) (b) 1 "0/1 i
3.5% Phe- '
(c] 3 . . 3/3
1.0% pCPA ~ '
(a) 2 A N ¢ P
0.025% Asp .
(el 1 S - 9/1
Purina N
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measured py both meﬁhods, as wéll as .the corresponding

- maternal day 17 plasma levels. The figure suggests that
volk sac Phe levels~ére elevated above the ndrmal range in
group (2] and possibly (b}, while Tyr levels wére}dramatical;y /H‘l'
increased in group (bl and only moderately iﬁ groups {a) and
(c}. These possibiiities wire examined by s?bjecting the
yolk sac flui@ amino acid data (with log transformation) t6

b4

ANOVA and Student-Newman-Keuls multiple’ comparisons.
ANOVA'of:the‘fluorométric PA/Phe data indicated a ..
significant effect for the test diet group (F = 12.396, af 4,
11, p = .Q005) and the multiple comparison showed that
group (a) had significantly (p £.05) highef PA levels than
all other groups. -In addition, group (e) was found to have
Phe levels significantly‘(p {.05) lower than all other
groups. ANOVA of: the paper Phe levels also revealed a

highly significant group effect (F = 42.368, df = 4, 12,
p £.0001}. The multiple comparisons again indicated that

group (a) had significantly greater Phe levels than all
other groups (p € .45} and, in additiod tﬁat_group (h) had *
significantly higﬁer Phe lev;ls than the remaining groups.
These da;a indié;te tha thé 3.5% Phe 1.0% pCPA group had
significantly greater PA and Phe in embryonic fluid than
did all otheri?roupst In addition, it appears fhat yolk:
sac fluid conLentrates Phe relative to maternal plasma as

Phe was greater in the yolk sac f£iuid in groups (a}, (®), -

. (@) and (el. This relationship was true in all the litters
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Series E, Experiment 3. Gestation day 17
mean maternal plasma (M} and volk sac¢ £luid
(E) phenylalanines and tyrosine of each
group as measured fluorometrically (Fl)

and by paper chromatography (P).
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in these groups; and in only one litter in group (¢), was
‘the Phe greater in plasma than yolk sac fluid (5 mg/100 ml

vs 3 mg/100 ml paper chromatographic value). "

Tyr was wniformly greater in yolk sac f£luid than in
maternal piasma ?gaéil litters, whethef estiméted fluorb—
metrically'or'chﬁomatographicélly. ~When the ﬁransformed
fluorometric Tyr data were subjected to ANOVA, a sié;ificant
effect f9r the diet group was found (F = 6.473, df = 4, 11,
p = .0063). Multiple'compa?isons of these 'data indicated
that group (b), 3.5% Phe diet, had signifibgntly greater Tyr
levels (p (.0§f than groups (d) apd (e). No other groups
differed significantly from one another. Similar ANOVA
of the paper chromaﬁographic Tyr data however, did not
reﬁeal a significant effect for the diet group (F = 1.555,
df = 4, 12, p = .249). ° | |

The degree of association betweén'gestation day 17
maternal plasma amino acids and yolk sac fluid amino acids
as measured by similar methods was estimated by use of é
2 cell by 2 éell frequency table. For each assay method
the mean yolk sac concentrﬁtion and the correspdnding maternal
plasma concentration were assigned to one of the four cells
on the basis of whether the concentration exceeded or fell
below a cut off point criterion falue (see sample table on
bottom of. Table 47). The degree of association between the

maternal and yolk sac levels was then assessed by using the

frequencies in each cell to compute the significance using

"
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Eisher}s Exactftést._.This apbroach indicated that the
maternal plasma anq.yolk sac fluid PA and Phe were signifi-
cantly associatediaswére thé Tyr levels as measured hy_'
fluoroﬁetry (Table 47). _Papef chromatographiC‘estimat;on
of Tyr in plasma and yolk sac.fluid7was,nqt siénificantly
) aséociated. These data suggest.thét'és maternal Phe and
‘Tyr increase, yolkisac'fluié Phe and Tyr also tend to
increase. The data were too few to permit valid regression

or correlation analyses. . -

Maternal Body Weight: The mean daily body weight for

each group is illustrated in Figure 30. The figure suggests
that although all groups gained weight during the study
intervél, groups (a) and (¢} did so less.rapidly. I; also
appears.éhat in séite of the random allocation of animals
into diet group;, thé groups had different mean weighﬁs on
gestation day 1. /;he'data were subjec£ed to ANOVA with
repeatéd measures following logarithmic trangﬁormation to |
stabilize the variance. This ANOVA revealed a highly signi-
ficant intéraction between géstation day and the test diet
group (F = 2.296, df = 64,‘224, p <.0001). The ratég of :
weight gain (slope) in groups (a) and (¢} were similar to
-one another but aifferent from the rates of groups (b), (d),
and (e}, which in tufn, appear to be approximately parallel
~to each other (Figure 30). Separate two-way ANOVA was

therefore performed on the transformed data from groups (a)

and (c} and on the data from groups (b), (d) and (e). Using
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Table 47 ° Series E, Experiment 3 ,
Assoclation between maternal plasma
(gestation day _L7) and yolk sac fluid
amino acids. robability refers fto\~
that calculated using Fisher's Exact—
test in a 2 x 2 table. Each amino
acid wvalue was allocated to a cell

in the 2 x 2 table by whether it fell
above or.below the criteria wvalues.
See sample 2 x 2 table below.

CUT OFF CRITERIA
(mg/100 ml)

Maternal Yolk Sac

Method Plasma Fluid Probability*
o Fluorometric 410, >10 £10, 210 p = 0.019
Phenylala- : '
" nines . Paper Chroma-
* tographic 43, »3 &3, »3 D = 0.017
Fluorometric £2, »2 &5, »5 p = 0.028
Tyrosine N
Paper Chroma- ,
i} tographic &4, »4 £4, >4 M.S.
* N.S. = not significant

Sample 2 X

2 Taﬁle: Phenylalanines fluorometric assay

Maternal plasma

mg/100 ml | £10¢  >10 | sum
410 9 0 .
Yolk =
Sac »10 3 4 7 p= 0.019
Fluid sum: 12 4 l6 samples

total
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_ the déy 1 body yeight as the cov;riatg (p'_'= .618), ANOVA of-_
| the data from groupsu(a) and (c)~reve%l¢§ a significant ?{fect‘
for gestation day (F = 2.654, df = 15, 90, p = .002) but
no effec£ for therdiét gr6u§ (fF = ,077y, &f 1, 5). Similar
'ANOVA on the dat; from groups (b),'(d) and (e} alsd revealed
é signiﬁicént covariate (p = .02%), a-significant days

effect (F = 25.561, df = 15,0120, p < .0001}, but no effect

" for the diet group (F = .544, &f = 2, 4). The éignificant
covariates indicate that the groups did indéed beéin:preg-
nancy with significantly different body weights. These
analyses also indicate that for all groﬁps the weight changed
signiﬁicantly during the 17 day test diet period. 1In
éddition,_the two groups consuming diet; containing pCPA,

(a) and (c]l, did not differ from one_énother but were clearly

different from the remaining groups, (b}, (d¥and (el.

Daily Food Intake: The mean daily food intake of

each group is illustrated in Figure 31. Alihough'there was
considerable day to day variation in tbe mean food intake,

it is apparant Eyat the groups fed Phe and/Q; pCPA test

diets tended to eat smaller -amounts when first presented with
the test diets. The data were transformed to logarithms ;§
stablize the variance and subjected to two-way ANOVA which
‘indicated 3§ sfgniﬁicdnt interaction between the gestation
day and the test diet group (F = 1.408, 4f = 60, 218, p =
.Q40)}." In order to permit analysis of the effects of the

test diets independantly from the efifects of the number of

Il
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Series E, Experiment 3. Mean daily maternal
food intake of each group. *Group (a)- .
significantly less than Groups (¢}, (d), (e},

p<.05. **Group (a) significantly less than

Groups (b}, {(c), (d}, and (e}, p< .05. Curves
as in Pigure 3Q.



g/24 hr

S RENBEBESBBERREAE

— =b b
o N & D

o b O

289

ha

1 ! | ]

. 9 1 1 I
2 34656

| |
7 8 91011 121314 15 16 17

GESTATION DAY

- -




290

days on the dlets, one-way ANOVAs were performsd across all
days for . each diet group and across all diet groups for

- each day. It was found that w1th‘n each test diet group

" there were SLgnlflcant effects for the day of gestatlon
only in groups (a) (F = 8,526, df = 15, 43, p = .001),

(c) (F = 5.864, df = 15, 44, p = .001),land'(d) (F = 2.2886,
af = 15, 43, p-= .017). When the food intake of the diet
groups waé compared by ANOVA on” each of the 17 gestation
days, 51gn1f1cant effects for the diet group were found on
days 2 through 6 and agaln on day.13 Student-Newman-Keuls
maltiple range tests were used on each of these days to
, determine whiéﬁ groups differed significantly {(p <.05). On
these days group (a), the 3.5% Phe 1.0% pCPA diet group,
had a significantly lower food intake than either groups (b},
(c), (d) and (e) or groups (c), (d) and (e) (see Figure 31).
No other diet groups were found to differ significantly.

When the transformed data from all groups for days 7-17 was

subjected to ANOVA no significant effects for days or diet
nificant iqféé;ction of

In summary, the number of days on the test diets

group were found, nor was there a

days with diet group.
was a significant determinant of the daily food intake and
,on days 2 through 6 and 13, group {(a) had a significantly
lower dietary intakéAthan other groups. After day 7, when
all groups were considered together,-néither‘the composition
of the diet nor the gestation day were significant factors

in daily food intake.
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. Maternal Liver Weight: Maternal livers were

weighed immediately following removal from the animal and
the ﬁean weight for each group is shown in Table 48. One-
way ANOVA of these data did not reveal any significaht effect

for the treatment group (F = 0. 880, df = 4, 13).

Hepatic Ascorblc Acid: The mean ascorblc acid con- .

‘tent of the maternal liver tissues is also shown in Table 48.

These data were subjected to one-way ANOVA and no significant

effect for the diet group was detected (F = 0,292, df =_4;

14). These data show that the daily ascorbic’ acid

supplement given to animals-in groups (a) thrcugh (d) was

sufficient to prevent qsccrbic acid deficiency. N
E;Phe

Hepatic Phe Hydroxylase Activity: The mea

_'hydroxylase act1v1ty in the presence of the synthetlc
cofactor DMPTH is shown for each group in Table 48 The
two groups consuming diets containing pCPA had enzyme
activities between 52 and 35% of the Purina control tissue.
These data were subjected to ANOVA end‘a significaﬂh effect
for the diet group was found (F = 17. 396 -df = 4, lé,

p <.0001). A Student—Newman—Keuls multiple-range test
indicated that the activity‘of groups (a) and (c) did nct
dlffer significantly from one another, cPt that both groups_
had significantly 1ess activity than groups (b), (d) and
(e} (p ¢.05). The latter groups, none of which recelved
any pCPA, did not differ significantly gfom eacc_other.
These data indicatefﬁhat.pCPh ighibits éhe hydroxylase

—
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-
“to a similar extent in both pregnant and nonpregnant guinea
pigs (cf Tables ll 34).

355001at10n Between Embryo Status and Amlno Acids

]

and Food Intake: The degree of assoc1at10n between the

frequency of llve, abnormal, or retarded embryos with N
maternal amino ac1ds, yolk sac amino acrds,'and maternal
food 1ntake was assessed using Fisher's Exacr test as

_ described above for -yolk sac amino acidelh For ‘these -
analyses a litter was classified oh the basis of the litter
- score for live; abnormal, and retarded embryos (see Table .
42), with the criterion for the‘2-by 2 tables being 2.0
veréds less ,than 2.0. (A score of ?.0 indicites that all
embryos in that 1itter were‘alive, normal, or not retarded).
Litter scores were paired with the appropriate .amino acid
level and assigned to a cell in the 2 by 2 table on the
basis of the cut-off criteria for that aminc acid. The
'embryonic data were tested with yolk sac PA, Phe, and Tyr,
gestation day 17 maternal PA, fhe and Tyr, and tﬁe mean .
of daya'io, 15 and 17 maternal plasma PA, Phe and Tyr, all
as measured by both fluorometry and paper chromatography.
In addition; the three embryonie parameters were teSted
for association with the‘mean daily food intake of the
corresponding female during 2 intervals, gestation days 2
through 6, and days 7 through i?. The cut off criterion
for food intake was 30 g/24 hours. Table 49 shows all the

Fisher's tests which indicated a significant association

N

L4
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: between the embryonlc varlables and the various amlno ac1d

Al

data as well as the cut—off criteria used ln each of these’
; SLgnlflcant‘tests. As 1nd1cated in the table, only maternal

PA and Phe was signlflcantly assoc1ated with either dead

or abnormal litters. No tests 1nvolvmng Tyr data or daily

food intake showed SLgnlflcant assoc1at10ns nor did any : r).'

tests 1nvolv1ng the frequency of retarded litters (all p

.valuesf> OQQS). There appears to be a relationship

.between maternal plasma Phe and embryqnic\mdrtality and

abnormality, but no relationship between maternal food intake

and defective embryos could be detected. The significant-.

association between maternal Phe concentration and abnormal o

embryos is particularly notéworthy in view of the high
frequency of abnofmal litters in the 3.5% Phe gﬁqup.' TheSe
data suggest that mild hyperphe, ven in the absenée of
pCPA treatment, may be related to the development of mal-

formed embryos. N
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Table 49 Series E, Experiment 3 .. Significant
" assoclations between Live or Abnormal
embryos and maternal plasma phenyla-~
lanines, using Pisher's Exact test
in a 2 x 2 table. There were no
significant associations between
. maternal plasma Tyr or food intake

and the embryonic variables.,

Amino Acid Parameter

Embryonic Amino Acid, Method, Source, Day.~
Variable = Cut—~off Criteria. .. Probability

PA/Phe, Fluorometric, Maternal

Day 17. - £8, >8 p = 0.0048
Live/Dead : .
PA/Phe, Fluorometric, Maternal :
Mean bays 10, 15, 17. 8, >»8 p = 0.0048
" . PA/Phe, Fluorométric, Maternal,
Day 17. £8, 28 . p = 0.035
PA/Phe, Fluorometric, Maternal
Normal/ Mean days 110G, 15, 17. £8,
Abnormal »8 p = 0.035

Phe, Paper, Maternal Mean days/ >
1o, 15, 17, 43, >3 N P

/,u(

0.014

I




Discussion

A number of ériteria fér experim;ntal models of
maternal PKU have already been outlined and these will be
considered in discussing the present study. The production
of stable maternal hyperphe is a basic requirement of any
model and the elevation of Phe should approach 15 mg/lOO ml,
the level associated with substantial risk to the human* fetus
(Table 6). Since the fetal to maternal ratio of plasma Phe
in the guinea pig in contrast to the data of Chrlstensen and
Streicher (1948), has been shown to be similar to that of humans,
(¢hadimi and Pecora 1964; Cockburn et al 1970:-Matsuda et al
1977) plasma Phe in pregnant guinea pigs must also be near B
15 mg /100 ml to reproduce the fetal Phe levels found in
man (Bovier-Lapiefre et _al 1974; Bush and Dukes 1975; Cock~.
burn et al 1972; Huntley and Stevenson 1969; Thomas et
al 1971). The fetal maternal ratios of Phe and Tyr
observed in the guinea pigs iﬂ the present study were
also similar to those reported in the rat and monkey (Lines
and Waisman 1971; Wapnir and Dlerks-Ventllng 1971; Kerr
and Waisman 1966; Kerr et al 1968; Kerx 1968) and probably -
differ from those in the guinea pig reported'by.Christensen

and‘Streicher because these workers estimated cL=-amino

nitrogen rather than Phe and Tyr individuall?. It was for

296 -
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this nonspecific measure of amino acids thaE'Chrisﬁensen ;
and Streicher observed a 5:1 fetal to maternal ratia. In
‘a.more recent study Young (197li has reported that both
Phe and Tyr in fetal guinea p%g‘plasma are approximately
_twice the level found in maternal plasma. Young aiso
measured other amino aci&s in fetal and maternal plasma,
and all but cystine were higher in fetal bloo@. Young
did not report the gestational age of the guinea pigs used
in her study. The.present work however, has clearly shown
that the fetal to maternal ratifz;for both Phe and Tyr in
-thé guinea pig do not approach 5:1 at any time during the
last trimester of pregnancy. e

Initial efforts to induce hyperphe in guinea pigs s
involved injection of Phe and the Phe hydroxylase inhibitor
pCPA (Lipton et al 1967 ; Koe and Weisman 1966). This
approach has been used by a number of other investigators
in efforté to prg&%ce hyperphe in both pregnant :.(Foote and
Tao 1968; Copenhaver et al 1970; 1973; l974; 1978; Schalock
and Copenhaver 1973; Glazer and Weber 197l1a; Andersen 1976)
and non pregnant réts (eg: Aﬁhersen and Avips 1976; |
Delvalle et al 1978; Gunter et al 1972; Schalock et al 1975;

Andersen et al,l1l974; Prohaska and Wells 1974; Butcher et al
N

1977; Loo and Scotto 1977). In most of the studies with -
pregnant rats maternal blood PA levels (Phe was not separated
from pCPA) were found to be in the range associated wiﬁh

significant risk to the human fetus (Copenhaver et al 1973;
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ﬂ1974; Schaléck and Copenhaver 1973; Glazer and Weber 1971&;i
Andersen 1976). The blood samples in which these high PA
levels wéreffound however, were all qg}lected'within 4 to
8 hours of Phe injection. In those iﬁstances when blood
was obtained at }onger intervals following the Phe injection,
plasma PA levels (of which a signifiéant fraction may in
fact be pCPA and not Phe) were uniformly less than 8 mg/l00 ml
{Copenhaver et al 1974; Schalock and Copenhaver 1973;

Andersen 1576). The present study has clearly demonstrated
that adult female guinea pigs do not maintain elevated Phe
levels for‘longer than 10 hours when injecteq{with large

gdoses of both Phe and.pCPA (Series B, Appendix A). These
guinea pigs received up to 750 mg/kg of pCPA during the 24
hours preceeding Phe injection, a dosage substantially larger
{in mg/kg) than has g;;n required in rat studies. In the
rat, a single injection of 360 mg/kg‘of éCPA has been shown
té maximally inhibit hepatic Phe hydroxylase {Delvalle and Green-
gard 1976). In addition, the enzyme activity has been shown to
remain maximally inhibitea for at least 48 hours following
the injection of pCPA (Guroff 1969; Delvalle and Greengard
1976; Koe and Weissman 1966; Cal and Millard 1971). Eﬁperi-
ments 2 through 8 of Series B however, provide indirect
evidence thatrin pCPh-injected guinéa pigs Phe hydroxylaée
probably remains maximally inhibited for less than 12 hours

(Figures 1 to 4). The shorter duration of pCPA-induced Phe

hydroxylase inhibition in guinea pigs is'suggested by the
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prog;esgivély higher plood:Phe levels observed as the fre-
quegéf/of the pCPA injectione‘cas increased. The possibility
| ' _ that rapid recovery of Phe hydroxylase activity occurs in
| pCPA treated guinea pigs is not inconsistent with the enzyme
< activity detected in the gdinea pigs given-similaf dosages
of pCPA via supplemented test diets (Series Cf Experiments -
1l and 5, Series E, Experlment 3}. In these studies Phe
. hydroxylase activity was found to be reduced to about 30%
| ) of no;mal in guinea plgs fed 1.0% pCPA diets. Since guinea
pigs hace been shown to eat at least every 90 minutes
i B (Hirsch 1973), .the dietary administration of pCPA can be
| | cohsidered appfoximately equivalant to administering pCPA
. at least every éO mdnutes. The magnitude of Phe:hydroxylase
inhibition observed in £ﬁese guinea pigs is comparable to
| ' that found in rats fed pCPA supplemented dlets, however,
| diets contalnlng only 0.12% pCPA are required to similarly -
lnhlblt Phe hydroxylase in rats (Berry et al 1975) It is
clear that to maximally inhibit hepatic Phe hydroxylase,
guinea pige, compared to rats, require not only more pCPA
(ahout"GSO—BQO mg/kg/dayn\Series C, Experiment l),,but’elso
more freguent admlnlstratlon of pCPA.

The mechanlsm of this apparant species difference in
the response to pCPA is not clear although a number of
possible explanations can be considered, It is unlikely
however, that poor absorption of pCPA by guinea pigs is

a major factor since the difference was evident even when IP

¢
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admlnlstratlon of pCPA was used (Serles B and Appendix A).

It may be that the gulnea pig rapldly excretes pCPA and/or

its metabolites. Strongly positive, but rapidly fading, uring
FeCl tests were conSLStently observed in guinea pigs given
pCPA even in thg absence of hyperphe (Series B, Series C
Series E, Appendlx A). Guinea pigs excreted FeClj—positive
urine within 6 hours of pCPA administration (Series B). The
identitj of the FeClj-positive subsaance(a) is not known

with certainty, however it may be p~chlorophenylpyruvic

acid. When pCPA is added di;ectly to guinea pig urine it

2

does not react positively with FeCiB.and p—hydroky§pgpylpyruvic
‘acid and homogentisic acid, both of which ma§ produce a -
tramrsiently positive FeC13 test (Hs;a and Inouye 1966), are
unlikely to be preséht in urine except when plasma Tyr is
-elavated. In Series B, positive FeCl3 tests were repeatedly
found following pCPA treatment in the presence of normal

plasma Tyr levels. Rats have been shown to convert pPCPA to
p-chlorophenylpyruvid acid and guinea pigs have also been
reported to transaminate pCPA (Koe 1971; Gal et al 1970;
Flatlow 1910 cited by Tong et al 1973)., In addition, rat liver
has been.shogavto transaminate pCPA in vitro (Fuller et al
1972; Tong et al 1973) and p- chlorophenylpyruv1c acid has

been recovered from human urine following pCPA admlnlstra-

tion (Koe 1971). The rapid elimination of pCPA as p-chloro-
phenylpyruvic acid, and possibly other pCPA catabolites,‘

remains an attractive but as yet unproved explanation of
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the guinea pig's diminished enzyme.résponsé £cllowing DCPA

treatment. ‘

It is also possible that the mechanism of enzyme

inhibition by pCPA differs in the rat and the guinea pig.,

pCPA is known to inhibit Phe hydroxyvlase irreversibly in

thg rat and new protein synthesis, presumably of Phé‘hydroxy4
lase, appears to be required to reverse_the pPCPA-induced
enzyme inhibition. (Guroff 1969; Gal-ané Millard 1971; Miller
et al 1976) . There.aré no data to indicate Whethér the
mechanism of PHe hydroxylase inhibition in the guinea pig
differs from that in the rat, and until such data become
available this'possibility can not be further evalﬁéted.

| In spité.of these differences in the response of
rats'%nd'guineé pigs to pCPA, stable hvpervhe in the range
associated with a high risk to the human fetus was produced
in guinea pigs by dietary administration of both pPCPA aﬁd
Phe (Series C, Experimenté 1, 2, 4, 5, Series E, Experiments
2 and 3). Plasma.PA levels were consistently elevated
above 20 mg/100.-ml and: separate estimation of Phe showed
that Phe was often above 15 mg/100 ml {(Figures 5, 8, 8.1,
9, 10, Table 12, 13, 18, 19, 26, 32). It was possible.to
produce hyperphe with only moderate elevations of plasma
Tyr. Significant eleVationé of maternal plasma Tyr is a
factor which has confounded studies which have not attempted
to inhibit Phe hydroxylase (eg: Auerbach et al 1958; Boggs
and Waisman 1962, 1964; Iijima et al 1975; Wapnir et al 1977).

The importance of Phe hydroxylase inhibition in the prevention
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of hypertyrosinemia was clearly demonstrated by the high
Tyr levels found in animals fed Phe but without concomiﬁanﬁr
pCPA‘administration (Series C, Experiment 1, Series E,
Experiment 3). Even though éne hydroxylase acnivity was

reduced to about 30% of normal, the remaining functional

enzyme was still able to convert 31gn1f1cant amounts of

the dletary Phe load to Tyr. Thls act1v1ty was 1llustrated '

by the clear trend toward higher plasma Tyr levels with
increasing dietary Phe supplementation (Series C, Experiment
2).  In the present study thg optimum dietary Phe supplement
was deterﬁimed,in part, on the basis oé minimiiing Tyr

elevation. In addition, plasma Tyr levels were minimized

by selecting the dietary PCPA supplement which maximally

inhibited hepatlc Phe hydroxylase. It is of note that some
workers have treéted pregnant rats with doses of pCPA well
below those,shown by Delvalle and Greengard (1976) to
maximally inhibit ratlliver Phe hydroxylase (Schalock and
Copenhaver 1973; Copenhaver et al 1978; Andersen 1976).

These workers did not assay Phe hydroxylase activity in
elther'preqnant.or 51m11arly treated nonpregnant animals and
it is likely these animals retained substantial Phe hydroxylase
activity. Even with the methods used in the present study,
plasma Tyr averaged 4 to 5 mg/100. ml in nonpregnant and 3\t0
4 mg/100 ml in pregnant animals fed the optimum test dlet'
Although these. Tyr levels are hlgher than those found in

women with PKU, they are lower than those reported in
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experimentfal studies of maternal PKU in which -adequate

' maternal hyperphe was"broduced but without the use of pCPA

(Boggs and Waisman 1964; Iijima et al 1975; Wapnir et al
1977; Kerr and Waisman 1966; Wéisman 1968; Kerr et al 1968;
Chamové and Davenport 1970; Chamove et al 1973). In studies

in which pregnant rats were treated with both Phe and @CPA,

Pplasma Tyr levels have been found to be less “than 3_mg/100 ml

(Berry et al 1975, 1977; Copenhaver et al 1973; 1974). As

has aiready been noted however, a number of other authors

did not report maternal Tyr levels and it is therefore not
X ‘

known if the animals used in these studies had significant

‘elevations of Tyr (Foote and Tao 1968; Copenhaver et al 1970,

1978; Schalock and Copenhaver 1973; Glazer and Weber 1971la;
Andersen 1976).

In PKU fasting blcclehe levels are always elevated
and although fluctuations in Phe concentration occur follow-
ing Phe ingestion, Phe does not fall below 15 to 20 mg/100 ml
{(Scriver and Rosenberg 197351 In the prese?t study plasma
Phe has been shown to remain eievated for at least 38 days
in pregnant guinea pigs and.for oéer 30 days in nonpregnant
animals fed the 3.5% %he 1.0% pCPA test diet (Series E,
Experiment 2, Series C, Experiment 2). Not only has hyperphe
been shown to persist from day to ‘day but it has also been
shown to persist for at least 12 hours within a siﬁgle day
(Series C, Experiment 4)}. The plasmé.Phe level in fact, |

was found to be lowest in the morning, the time when blood
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‘ was'routinely collected in most experiments, and tq'rigs to
levels exceeding 23 mg/100 ml during the subsequent' 12 hours
(Fiéure.IO). This rise in plasma Phe was not accompanied
bé a concomitant rise in plasma Tfr (Figures 9, 10). This
persistent hyperphe contraéts sﬁarpif with the transient ‘
hyperphe following injection ofAPhe and pCPA observed bﬁth
in the preseht stﬁdy (Series B) and in some published spudies
of experimental maternal hypérphe (Copenhaver .et al 1973, 1974;
Schalock and Copenhaver 1973; Andersen 1976; Wapnir and
Dierks-Ventling 1971). Tﬁe relévance of these latter studies,
and undoubtably also those in which the temporal changes in

'ma;ernal Phe were not reported tFobte and Tac 1968; Copenhaver
et al 19?0, 1978), is limited by the -wide fluctuations of
mate:nal Phe levels, In most casés Phg'returned to near-
ﬂormal levels prior to the next scheduled treatment, a
finding which would not be observed ip PKU patients. 1In
addition to the present w@rk, only one other group has
induced maternal hypefphe without hypértyrosinemia by dietary
administration of Phe and éCPA (Butcher 1970; Berry et al
1975, 1977}. These workeks.did not demonstrate that Phe
levels remain e}evated throughout a single day, although
based on the present data and the eating behavior of rats
(Collier et al 1972); there is no reason to suspect that.

Phe fell to normal levels in these rats. Although Phe was
nbégdetermined during the early morning hours in the present

work, it is doubtful that plasma Phe levels fell significantly




Eélow those observed at 0900 hours, especially when it is
recalled that the gulnea pig has been found to eat regularly.
'both at night and during the day (lesch 1973).

'~ ‘In addition to stabIe maternal hyperphe, experlmental
models of PKU should ‘alse include information on the urinary
excretion of Phe metabolites by pregnant hyéerphe-animals.

In the present work, treated guinea pigs had cohsistently
positive urine FeCl, tests indicating-significant excretion

of some phenylketoﬁe. It has already been‘suggested that at
least some of this phghylketone may be p-chlorophenylpy;uvic
acid, a probable pCPA metabolite, which of course is not

found in PKU. As.TabIelg‘indicatés howéve:,.somé animals
with negative FeCl, tests prior to Phe édministration
subsequently Qere found to have positive tests within 6 hours
of Phe injection. These data suggest that significant PPA
excretion might also occur in some of the chronically hyperphe
guinea pigs fed the 3.5% Phe 1.0% pCPA test diet. The_gieen
colour change indicating a positive FeCl3 test usually per-
sisted for only a few minutes in the urine of these guinea
pigs, unlike the more stable colour change found in the

urine of untreated PKU patients. This observatioﬁ couid

mean either that the_PPA—FeCl3 reaction product is less stable
in guinea pig urine or that PPA was not the FeCl, positive
material. Further study of the urine of hyperphe guinea

' pigs would be of value both to clarify the identity of the

FeCl, positive material(s) and to more accurately document
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the Phe and/or Tyr métabolites excreted by these animals,

Relatively few studies of experimental maternal hyperphe

“

have determined whether the pregnant animals excreted

ﬁetabﬁlites of Phe.  In some of these experiments D, L-Phe
administration was used. and since the D-isomer of Phe can
be converted to PPA by D-amino acid oxidase (Scriver and
Rosenberg 1973; Rarrer ané.Cahilly 1965) the presence of
PPA cannot be u§§§>as evidencé that significant amounts of
Phe have been metgbolized by pathways'other’than via
hydroxylation (&iérbach et al 1955; Thompson and Kano
1965); No other experimenfal étudies in which pregnant

animals were treated with both Phe and pCPA examined urine

for Phe or its metabolites, although Bérry et al (1975)

have shown that young nonpregnant rats fed the same test
diet used in their prenatal studies excreted significant
quantities of Phe, PPA, and o-hydroxyphenylacetic acid. .

The pfesent experimental model has satisfied the

criterion of stable maternal hyperphe in the range asgpciated

with high risk to the human fetus. In addition, this objective

was achieved with ohly moderate elevation of plasm§ Tyr as
well as evidence of the excretion 6f some phen&lketone.
Guinea pigs fed the optimum test diet remained heélthy,
gained weight as food intake approached normal, . and were
able to successfuily conceive (Series C, Series E, Experi-

ment 2). Having acheived this primary goal, it became
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"possible to study the.effects of hyvberphe on pregnancy in
guineakpigs.' -

' Since preénant PKU women have.e}evated Phe\}evels

throughout preénancy, it is important that experimental

-(f studies of maternal hyperphe include the early stages of
pregnancy. In addition, the importance of studying the'_
firsﬁlpart of pregnancy is highlighted by the éiaﬁming

" frequency of congeniﬁal malformations  found among thé off-
spfing of womén with Pherievels of 15 mg/100 ml or more
Crablé él. Most studies of experimental maternal hyperphé
have been limited to the latter half of pregnancy and in
the few ﬁeportS'in which maternal hyperphe was induced
durihg early pregnancy, the animals received only Phe
administration therefore leadiné to cohfounding hyper-
tyrosinemia (Boggs and Waisman 1962; Waisman et al 1964;
Kerr andfwaisman 1966;'1967; Waisman 1968; Carver et al
1965; Thompson and Kano 1965; Polidora 1967; Luse et al ‘
1970; Kerr et al 1968; Chamove and Davenport 1970; Chamove
et al 1973; Auekbach et al 1958; Ammon‘lssl; Wassmuth 1958).
As has already been discussed, all of these studies#have
procedural shortcomings which make objective evaluation and
interpretation diffiquit.r Thelprésent study is the first to
induce hyperphe with combined Phe and pCPA administratibn. )
during the first half of pregnahcy.- The initial experiments
in which maternal hyperphe was induced in guinea éigs

suggested that both pCPA administration. and very poor maternal
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fé:gfz;:;ke\?ay lead to abortion (Serles E,: Experlment 2} .
. Although many worke;s_haveead?igéstered pCPA to pregnant L
animals“the only deher eQidence to suggest that‘pCPA may
be toxic te_embryos was recently reported by Moore and
' Ha¢§£cn (1974) working with rats: In Moore and Hampton's
studies; unlike the present work, the pregnant animals
suffered severe weigﬁt loss during the entire pCPA treatment
period. .In-addition, some live embryos were carried to
tefm-in their experiments, whereas ‘all of the guinea pigs N
allowed to contlnue consuming pCPA test diets aborted |
(Series E; Experiment 2). Moore and Hampton did not detect
any'gross malformatiOne in the pCPA—treated fetuses nor dld
they measure maternal or fetal Phe levels. They were able
hewever, to reduce the incidence of embryo death by
Odecreasiné the pCPA dosage during the first 12 dafs of
gestation. The results of both Moore and Hampton's study

and the current work demonetrate the necessity of pCPA |
control groups in studies in which both pCPA and Phe are”

used to induce hyperphe in pregﬂant animals.

Since early pregnancy loss and congenital malforma;'

tions have been reported in maternal PKU and the understanding
. of the effects of pCPA on early development is llmlted a '
detailed study of maternal hyperphe and pCPA treatment dur-
ing early pregnancy in guinea pigs was undertaken (Series E,

Experiment 3). These studies, which included a 3.5% Phe 1.0%

pCPA hyperphe group as well as both 1.0% pCPA and 3.5% Phe
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control groups, confirmed that embryo death‘was associated
exclusively with maternal pCPA treatment. The mechanism of
this effect of pCPA %ﬁ unclear, although a number of
possible explanations can be considered. The significant

association between. maternaIPlasma PA levels, but not maternal:

. Phe levels as’ determlned by paper chromatography, and the

clearly dose related embryonlc mortallty reported by Moore
and Hampton (1974), suggest that embryo death in the guinea
pig may also be related to the dosage of pCPA, Both pCPA

and Phe appear to be actively transported to the guinea pig

. embryo by,at least gestation day 17 and this could facilitate

"a direct actié; of pCPA on the embryo (Figure 29). The role

of hyperphe, in the absence of pCPA, is unlikely to be large

since no embryonic mortality was observed among the Phe

centrols even though matefnal Phe levels were elevated in

the range;of 4 to 7 mg/100 ml. In addition, the highest

-ifrehuency of embryonic death was found in the 1.0% pCPA

group which had at most, very moderate hyperphe (significantly

less than the 3.5%-Phe controls).

In addition to inhibition of Phe hydroxylase, pCPA
has been found to have numerots behaviorai and physiological
effects ia nonpregnant animals (eé: _ﬁcGeer and McGeer 1973)
and is also a tetegt inhibitor of tryptophan hydroxylase
(Koe and Weisman iBGE; K?e 1971). The inhibition of trypto-
phan hydroxylase by pCPA results in the lowering of tissue

serotonin'levels. The role of serotonin depletion in early



el 310

embryenic deathﬁhoﬁever, is not known.. Moore and Hampton
(1974) have shownlthat‘at term, serotonLﬂ is 51gn1f1cantly
lowered in both fetal and maternal rat tissues followmng
maternal pPCPA: treatment durlng pregnancy, although these
workers dld'not present similar data from the stage of
preanancy associated with.fetal death when high doses of
pCPA were administered.l Recent studles have shown that
serotonin is present very early in embryonlc life and that
it may functlon as a growth latonx(eg: Ahmad and ‘
Zamenhof 1978). Embrfonic Qeath\eduld_certainly be caused
by altetations in the'levels anestnrnover of a fubstance
required for early embryonic gtthh. If pCPA could Qe shown
to cause embryo death by this type of mechanism, maternal
pCPA administration mignt nreve to be a valnable tgel for
further study of tne role of serotonin in early'aevelopment.
pCPA does not inhibit overall protein synthe51s,

although the synthesis of Phe hydroxylase Ln llver may be
decreased following pCPA administration (Mlller et al 1976).
There is alse evidence that pCPA may be incorporated into
the tryptophan and Phe hydroxylase proteins (Gal et al 1970;
Gal and Millard 1971).and if pCPA w re incorporated into
critical embryonic proteins and/or inhibited specific embryonic
protein synthesis, either of these ‘effects could irreparaﬁly
damage the develdping embryo. It is of note that many of

the dead embryos in the present study were found to be

grossly malformed and it is possible that malformation may
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precede embryonic death in many instances. Further studies

'in which embryos are studied at various developmental stages

and critical periods defined .could determine whether gross
malformation is the mechanism uhderlying pCPAfiﬁduced
embryonic death. | o . -

pCPA mlght also 1nterfere with the transport of other

amino acids in the embryo particularly Phe and tryptophan,
which in turn could affect protein synthesis and disrupt
normal development (Llnes and Waisman 1970; Koe 1971; Knapp
apd Mandell 1972)._ It is also possible that pCPA_ an&}or
its'metabolites have other noxious effects on embryonic
cells. Since pCPA will continue'to_be used as a tool to
study both hyperphe and serotonin eufing early development,
it is important that future work clarify the embryotoxic
effects of pgPA.

.Although abortion has been reported in pregnant
hyperphe women (Tables 1 through 6), the high frequency of
abortion in the guinea pigs in the preseet study is clearly
associated with pCPA and not maternel hyperphe. The
incidence of congenital malformation however, is also
increased among the children of hyperphe women (Tables 1

through Gf and early embryonic malformations were found in

the embryos of hyperbhe guinea pigs even in the absence of

pCPA administration (Series E, Experiment 3). A statistically

significant association between maternal plasma Phe levels

and the frequegky of abnormal embryos was found and in

o yf : . - . - . o . .
i e e ik s o RebE L e i e et
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addition, nearly one half of the embrydé in the 3,5% Ehé
control group were malformed. Yolk.sdc Phe-ievels were con-
sistentiy higher than maternal plasma Phe levéls suggesting
active tranéport of Phe to the early guinea pig embryo
(Figure 29), a phenomenén'which may be detrimental to £hé

early embryé in\the presence gf.maternal hyperphe. Although

. comparable data are.not available in man, the high‘incidence

of congenital malformations among the offspring of hyperphe

-

women might be related to active transport of excessive

amounts of Phe to the early embryo. The high frequency of

‘malformed émbryos in the 3.5% Phe group cannot be explained

on the basis of poor food intake, insufficient weight gain
or ascorbic acid deficiency, since this group did not
differ significantly from either the Asp or Purina controls
on any of tﬁese parameters. The possibility does remain
that the embryonic abnormalities observed in the 3.5% Phe
group may be due in part to high maternal or embryonic {
Tyr levels, although no statistical association between
maternal plasma or yolk sac Tyr and embryonic abnormality
was found. The possibility that the mild hyperphe (4 to

7 mg%l,obéerved in the 3.5% Phe does indeed play a role in
the.genesis of embryonic malfoémation may have implications
for maternal PKU. Céncern has been raised a?out the increaséd
frequency of congenital malformations among the children of

hyperphe women, and the finding of malformations in guinea

pigs with hyperphe does not allay that concern (Angeli et al
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_1574-'Fisch et 51'1969- Johnson'lQ?f-”MecCready and‘Lev&
1972- Pueschel et al 1977) In-this context 1t 1s important
that the relatlonshlp between hyperphe and‘malformatlon in
the guinea plg:be_clarlfled with respect to dose-response,
critical periods, and the‘nature of malformations evident
at term. The experimental llterature does not include other
reports of embryonic malformatlon attributable to maternal
hyperphe end this clearly deserves further stddy.

Iﬁ addition to offspring malformations, experimental

’ﬁodels of maternal PKU should also determine whether in -
utero growth retardation is associated with maternal hyperphe.

" In the present study embryos were classified as developmentally
retarded when at least two organ systems were found to heve
significantly delayed development. Evidence of developmental
retardatioﬁ was found among the embryos exposed to maternal
Phe or pCPA treatment (Series E, Experiment 3}, althougﬁ no
re;arded embryos were found'in the 3.5% Phe 1.0% pCPA group.
Two litters iﬁ this group could not be assessed for empryonic
retardation (Table 42) and it is therefope possible that
delayed development accurred but was not detected. Since
the number of somites, another indicator of the pregfess.of
early embryonic development, was decreased in the 3.5% Phe

1.0% pCPA group as well as the pCPA and %he control groups,
there does not appear to heve been a proteceive effect with
respect to developmental delay when Phe and QCPA administra—.'

+ion was combined. The pCPA group was found to_have both
< .
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the lowest somite ﬁumber and the highest frequency of
retarded embryos, suggesting that péPA is a significant
;ﬁactor leading to the delayed developﬁent of~early guinea
pig embryos. Siﬁce a.number of authors have presented
evxdence of intrauterine growth retardation in the offsprlng
-of rats glven both Phe and pCPA, but have not 1ncluded pCPA
controls, the association of growth retardation with maternal
" hyperphe cannot be established in these studies (Schalock
and Copenhaver 1973; Copenhaver et al 1974; Andersen 1976).
Berry et‘al (1977) have reported decreased fetal brain
weight in an appropriately controll;d'study of maternal
hyperphe inlrats. The reduced brain weight appears to be
related to hyperphe, no£ pCPA, and could be réve:sed by
feeding the pfegnant hyperphe females additional wvaline,
isoleucine and leucine. The protective effect of these.
branched chain amino acids, which also reversed the behavioral
effects of maternal. hyperphe, suggest that hyperphe may affect
rat brain development by interacting with other amino acids
in a critical but reversible mannef; In the guinea pig
however, both hyperphe and pCPA appear to play a role in
retarding early embryonic development. . Poor maternal food
intake, ascorbic acid deficiency, or inadequate maternal
weight gain did noﬁ éppear to be directly related to the
incidence of retarded embryos. Both the current study and
Berry's work (Berry 1977) examined the effects of maternal

treatment during part of the gestation period and koth
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approaches need to be extended to include the remainder of
ﬁfegnancy. It would be useful to determine how the embryonic
érowth retardation associated with Phe-tfeatment in the
present study is manifested at term, for if it could be
shown that maternal hyperphe during the firSt‘trimester
affects embryonic and fetal growth, this could have implica-
tions for the timing of dietary treatment in maternal PKU.
Poor maternal food intake‘is a factor which has
confounded many studieg of experimental>maternal hyperphe
(eg: Boggs and.Waisman 1962; Kerr and Waisman 1967; Kerr
et al 1968; Luse et al 1970;‘Copenhaver et al 1970, 1973,
1974; Schalock and Copenha%er 1973; Andersen 1976). In
Fhe present work, both Phe and pCPA were found to- be
associated with deéreasing food intake as their test diet
content was increaéed (Series C, Experiments 1 and 2)..
'Efforts to improve food intake by sweetening diets with
sucrose and Asp were only partially effective (Series C,
Eﬁperiment‘s). Supplementation of test diets with Asp more
effectiéély reduced poor food intake than did sucrose
supplementation, and no deleterious effects could ber
attributed to Asp in either pregnant or nonpregnant animals.
Poor maternal food intake however, was not found to be
associated with embryonic mortality, abnormality, or.retarda-
tion in Seriés E, Experiment 3. After gestation éay 7,
maternal food intake was nearly equal among the test diet P

groups so that it was primarly the relatively less vulnerable
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‘An intefesting observation ih Series E; Experiment 3
was that yolk sac fluid levels of PHe and Tyr exceeded |
maternal plasma levels even in the presénce of maternal
hyperphe and hypertyrosinemia. These data indicate that
amino acids are actively tranéported to the eﬁbryo at this
early stage of development“(equivalant to approximately 3
to 4 weeks post conception'in man). Although comparable
data are not available from human pregnancies, amniotic
fluid amino acids have been measured at-later stages. Cock-
burn et al (1970, 1972) have shown that in normal human
pregnancy amniotic fluid Phe and Tyr are less than correspond-
ing maternal plasma ievels between 15 and 18 weeks of
amenorrhea. Dallaire et al (1974) have shown that the Phe
and Tyr concentration of human amniotic fluid decfeases
from 10 weeks gestation to term whereas maternal plasma
levels do‘not decline during this period. It is not known
how early in gestation this pattern of change begins,
although it may be that very early in pregnancy amniotic fluid‘
.levels of Phe and Tyr might also exceed maternal plasma
levels in man. It has also been shown that in human amniotic
fluid Phe concentration is increased following maternal Phe
loads as well as in maternal PKU (Cockburn et al 1972;

Emery et al 1972). 1In these studies fetal plasma Phe Sﬁdl
Tyr were greater than amniotic fluid levels. It was not
possible to obtajn embryonic blood for amino‘acid study in

the present work to determine whether these levels may have
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also exceeded yolk sacfPhe And fyrr During the last tri-
mester of gestatioﬂ-hOWEVer, fetal plasma Phe and Tyﬁ were -
shown to exceed maternal levels in normal éﬁinea pig
pregnancy, indicating that active transport of amino acidé
to the conceptus 6ccuﬁs'throughout most, if not all, of
pregnancy in the guinea pig.

The experiments reported in Series D confirmed that-
in the presence of a Tyr load, in this situation via
excess dietary Phe, the guinea pig réquires asco%bic acid .
to efficiently catabolize Tyr (Zanﬁon& and LaDue,‘l960);
In Series E, Experiment 3 maternal liver was assayed for
~ascorbic acid content and found not to differ significahtly
bétween_groups. Under the conditions of that experiment,
the oral ascorbic acid suppléments were sufficient to pre-
vent both hypertyrosinemia and ascorbic acid deficiency.
It is of note that compared to similarly treated nonpregnant
animals, K the pregnant animals in Series E, Experiment 3 had
different hepatic ascorbic acid levels; the pregnant Purina
animals had lower levels and the pregnant 3.5% Phe 1.0% pCPA
test diet animals higher levels (gﬁ.Series D, Experiment 2).

Whether these differences are due to pregnancy itself, the

duration of treatment, or the number of animals tested, is

not known. It is clear however, that the deleterious

effects on embryonic development observed in Series E,

Experiment 3 cannot be attributed to ascorbic acid deficiency,

nor can the abortions observed in Series E, Experiment 2

o
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bhe related to inédequate matefhal ascorbic acid intakem It
is not clear whyktﬁe oral aécérbic acid supplement given to
the animals in'Series D, Experiment 2 was associated with
low hepatic ascorbic acid 1ev§l§, The ascorbic acid supple-
ment was considerably in excess of the reéuirements of both
normal and physically stressed guiqeé pigs (Yeﬁ 1973; Yeen-
Baigeﬁt'éﬁ al 1975) and.éxceeded the dailyrvitamin C intake
lof the ‘Purina centrol animals; It is unlikely thag rapid
excretion or lack of absorption of a large dose of‘the
vitamin is. responsible for Ehe low hepatic levels'qbséxvé;?hz’d
since aﬁimals given-the daily ddéégg in two diﬁideé doées had.
significantly lbwér hepatic ascorbic.acid levels than the
animals given the same amount of ascorbic acid in a single
administration. = Since the ascorbic acid solution was freshlf
prepared and administered within minutes of preparation, it
is extremely unlikely ‘the animals actually received less
than the 50 mg/300 g dose of the vitamin. it may be that
animals maintained'on the 3.5% Phe 1.0% pCPA diet in some
way handle ascorbic acid differently than do animals fed
Purizg'chow. Increased metabolic demand or different

paﬂ@}rns of distribution might be factors.

The observatién that approximately 10% of the female
guinea pigs obtained from one supplier had unusually high'
plasma Tyr levels, even when_consuming standard Puriﬁa chow,
was an intriguing but unexpected finding (Appendix B). It

igs possible that some or all of these apparantly healthy'
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'anlmals may-have an inherited ahnormallty of Tyr metahollsm.
‘Since dlsorders of Tyr metabollsm have been descrlbed 1n
man (Berry 1976; Scriver aad Rosenberg 1973)‘further
Eharacterizatioﬁ ef the defect in these guinea pigs ceuld
ﬁe vety informative. | .

In summary, the present study has demonstrated that_
stable maternal hyperphe can be induced in pregnant guinea
plgs Wlth only moderate elevations of Tyr.’ Evidence that
pCPA is toxic¢ to guinea pig embryos and that moderate maternal
hyperphe may be assoc1ated w1th both embry0n1c malformatlon
and developmental retardatlon ‘has also been presented The
toxicity of pCPA limited the application of the present
model, heweeer newet agents which inhibit Phe hydroxylase

may permit further use of "the potentially informative

guinea pig in studies of maternal hyperphe.



) ,HApDendix A .

Introduction

-Guroff hae shown-that rats hane maximally reduced Pne
hydroxylase aetivity for over 48. hours following'e einglen
injection of pCPA (Guroff 1969- Lipton et al 196751‘ Two A
experlments were therefore undertaken in whlch serum Phe, Pg

.and. Tyr levels were measured 1n guinea pigs lnjected every 48

_hours with PCPA and every 24 hours or every 12 hours with Phe.

Experiment 1

Eleven female'guinea pigs were usea Eight‘Hartley
':etraln guinea plgs, approx1mately 134 days of age, were obtalned
from A & E Farms. Three adult animals, of unknown age, were
obtalned from the stock of McMaster Unlver51ty Anlmal Fac1l§‘!es.'

Three animals received Phe every 24 hours and pCPA
‘every 48 hours. Three animals received nCPA every 48 hours
and saline every alternate 24 hours. Three animals received
Phe every 24 hodrs and an edditional 2 animals‘reéeived,

' saline‘every 24 hours.

Both Phe’and pCPA were injected IP at e‘dosege ef
20Q mg/kg. For.injection Phe was dissolved in 0,85% saline
and pCPA was.suspended in 0.85% saline. Equal tolumes of
Q.8 saline (I ml1/100 g) were used for control injéctions.

all animals were briefly stunned with CO, to facilitate the

- -

2
injections.
321
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Serum was collected for fluorometric assay of PA, Phe

and Tyr one week prior to the first injection and 3, 8, and 10
" days after the injectionltreatments began. Blood samples were

always collected just prior to the next scheduled injection.

"“Blood was collected under: methoxyflurane anestheSLa (CO

. induction, Hoar 1969) from the cephallc or jugular veln.‘

| Each day- urine was collected in metal trays placed
below the cages and tested with FeCl3 ‘for the presence of
phenylketoneg.‘ |

Daily food-coneumption and body weight were recorded.

Experiment 2

¥

Ten of the animals used in Experiment 1 were used in

.
[

this experlment.‘ The procedure was ldentlcal to Experlment 1
except as noted below. e |
-_Four animals received pCPA every 48 hours and Phe

every 12 hours. Three animals received pCPA every 48 hours
and 0.85% saline every 12'hours, except at the times when-pCPA
-was injected. Three animels were given Phe every 12 hours and
one anlmal received 0.85% saline every'lz hours.

| Serum was collected for fluorometric assays 2, 4, 6{
© -and ‘12 days after the inﬁections began. Blood samples were

obtained approximately mld-way'between the daily 12 hour

]
3

injections.

Results

/

Mean serum concentrations of Phe, PA, and Tyr are

Experiment 1

“
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7sum#arized in‘App%pdix A, Table 1. Animals treéted q§ily,with
Phe\éha eve;y:4é hoﬁrs with pCPA had verﬁ'small-elevafions of
(f“ . serum PA'aftéézi gﬁd 1o_a§y§ of treatment. Animals treated
with Phe, or pCéA,.df‘saline, had similar serum Phe (or PA
in the pCPA group] lévels, which were noqhelevated above ﬁhe
pretreatment baseline levels. Tyrosine levels were not
affected by anflof fhese treatments. '
: _ ' six (6) positi#e and one questionably pssitive ﬁr}ne
FeCl3 té%ts were found in the pCPA p}ﬁs Phe gréup. _Thrge ‘
qﬁestionably positive urines were found in anim&ig‘treated
only withipCPA. There-was one positive sample from the animals
injected with Phe dnlf.‘ All other urines had negative FeCl,
tests. | | |
v In -the 24 hours following blood collection, animals
often lost weight, thelaverage loss Being 16,3 g (2.7% of
first treatﬁent day me;n body weight); This weight loss was
accompanied by a mean decrease in daily food consumption of .
: 9.6 g (41.3%.of the mean food consumption on the day preceding
the first blood sample.). éoth weight - and food consumption

-~ usually returned to normal within 2 to 3 days following the

~.blood collaction.

-

- Experiiftent 2

N The mean serum Phe, PA and Tyr levels determined dur-
. . .

ing Experiment 2 are summarized in Appendix A, Table 2. Com-

parison of these values with pretreatment Phe and Tyr levels
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shows that the Phe and pCPA injection schedule did not produce
significaht hyperphe. In addition, ther¢~wére no ébparant
differences in serum Phe (PA) or Tyr among the treatmént groups.
A .“éositive'FeCI3 tests were observed in 8 urines in the
Phe plus pCPA group and in 5 urines in the pCPA group. No
other urine samples had positive FeCl, tests.

As in Experiment 1, the animals usually lost weight
and- reduced foodléonsuﬁption during the 24 hours following'
blood co;lectionv Both parameters returned to normal levels

about 48 hours after blood collection.

Discussion

.

Injection of guinea pigs every 48 hoursrwith pCPA and
évery 24 or every 12 hours with Phe did not produce sustained
hyperphe. A number of workers have injected rats with.similar
regimens of pCPA'and Phe and demonstrated significant hyperphe
(and/or elevations of PA) duringlthe 3 hours féllpwing Phe
injections (eg: Lipton et al 1967; Andersen et al 1973; Holé
1972; Copenhaver et al 1973; Glazer and Weber iQ?la; gndersen

1976). Most of these authors however, did not provide

adequate data to determine the duration of the induced hyperphe.
The present work suggests that although hyperphe may have

been produced by the combined pCPA and Phe injections, it must

-~

have been of a transient nature, lasting less than 6 hours
) L4

after the Phe injections.

" All but one of the urine samples containing Fe

positive material were from animals treated with pCPA,
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or without additional Phe treatment. None of these anlmals
had persistent hyperphe and the é;entlty of the FeCl3 p051t1ve |
'substance therefore may. not be PPA. Rats have been shown to
traneemlnate PCPA to pnchlorophenylpyruvic acid (Koe 197i;
Gal et al 1970}, and this compound might.aleo be~excreted by‘_
pCPA-tfeated guinea pigs (Flatlow 1910, cited by Tong, et al
1973). This possibility is considered further in the ekperi—
-ments reported in Series B. L . ' ’
Since weight loss ana diminished food intake followed-

both suceessful and dnsuécessful attempts to collect blood,.
these effects'must be primarily a result of surgical trauma
rather than blood loss.. Iﬁ later work, methods of collecting
blood were developed which were not associated with a weight:
loss or poor food intake.

| Since inadequate hypervhe was obtained in these experi-
meqts, a more detailed study of tee adult g&ineé pig's response
to injections of Phe and pCEA was undertakep; These experi-

ments are described in Series B.



 Appendix B

Introduction

The normal plasma Tyr concentration of guinea pigs is
usually less than 2.0 mg/100 ml. During the coursé of thé
Qresent studies a number of apparantly healthy adult guinea
pigs were unexpectedly found to have plasma Tyr levels which
were‘well above this normal range. Since it is possible'that
these animals may have an inherited abnormality of Tyr
metabolism, the plasmé‘Phe and Tyr 1e§els of tﬁese guinea

pigs are included in this appendix.

Methods

All animals were female Hartley strain guinea pigs
obtained from M, & L. Farﬁs. "Plasma was coilected from the‘
saphenoﬁs vein and assayed for Phe and Tyr in duplicate by
thé fluordmetric or spectrophotometric methods. When suffi-
cient plasma was available Phe and Tyr were also estimated

by paper chromatography.
- Results

Baseline plésma Phe and Tyr levels were routinely
determined on ani@als used in the studies of hyperphe just
described. The blood was collected while the animals were
consuming either Purina chow‘or a diet supplemented only

328
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with 0.025% Asp; those fed the Asp diet received oral‘aScorbié
acid supplements.' During the final year of this work over

160 guinea pigs were obtainéd from M. & L. Farms and 10 of
these were found to have plasma Tyr gregtef‘tﬁan or equal to
3.0 mg/100 ml (Table). The mean Tyr concentration of those
guinea pigs obtained during this period without.hypertyro—~
sinemia was 1.09 mg/100 ml and two standaid deviations above
the mean equalled 2.0l mg/l00 ml. Plasma TYr'of the 10
animéls with levels equal to or greater than 3.0 mg/100 ml
ranged up to 35 mg/100 ml, and there was considerable vari-
ability both between animals and from day to day for each‘
animal (Table). One animal (77A7) for examplé, had a Tyr

level of 5.0 mg/100 ml and a few days later the Tyr level

was then found to be within normal range (Table). Many of
these guinea pigs were also fed 3.5% Phe 1.0% pCPA test diets.
While consuming this test diet thése animals ffequently had
unusually high Tyr levels, occassionally exceeding 45 mg/100 ml.
As indicated previ?usly,ianimals with elevated baseline Tyr
lleﬁels have been excluded from the déta presented in the
previous studies.

The baseline Phe levels of these animals were usually
within two standard deviations of the me;n (ie 1less than
2.31 mg/100 ml) although two of the guinea pigs did exceed
ﬁhis level (Table).

'All of these animals appeared heélthy and gained

weight at appropriate rates. All were ascertained retro-



330

" Appendix B Table 1, Plasma phenylalanine and
tyrosine (mg/100 ml) in control
guinea pigs and those found to

. have elevated tyrosine levels.
"All blood samples collected when
animals were consuming either
Purina chow or Purina chow plus
0.025% Aspartame.

Fluorometric/ '
- spectrophotCmetric Paper Chromatographic
Animal 2 — '
‘ Phe : Tyx: Phe ' Tyr
6A* 1.8 5.7 26 &4
108 2.2 14.3 26 18
2.1 13.5 —_ -—
20A 2.4 4.8 ¢6 <4
2.5 4.4 <6 4
23A 2.2 4.8 46 7
55A‘ 1.2 3.8 <6 4
74A ' 1.9 12.0 46 12
1.5 5.0 46 L4
77a 1.3 5.0 <6 <4
1.3 102 ! (6 — 4-5
91A 1.7 4.2 L) 4
98A 2.2 3.0 {6 < g
6B 2.2 27.8 <6 25
3.2* 35.2 <6 > 36
3‘.1* 32-2 ( 6 24
Mean Mean )
Controls *S.Dh. 5.0,
N = 82) 1.42 1.09 all <6 all ¢4
10,44 +0.46

* pregnant at time blood sample collected.
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spectively on the basis of high plasma TyrlconCentration and
not on the baéis of any obvious difference from the other
. guinea pigs in the laboratory.

Thé preVelanée of hypertyrosinemia, defined as Tyr
levels greaﬁer thah or equal to 3.0 mg/l00 ml; among female
gyinea_ﬁigs from M. & L. Farﬁs is esﬁimateé to be approxi-
mately 10 éer 100 animals. This abnqrmality was not obsérved

in any of the 73 animals obtained from other suppliers.

Discussion

It may be that some of these guinea pigs with uﬁusually
high plasma Tyr levels have inherited abnormalities of Tyr
metabolism. The possibility that this characteristic may be
genetically controlled is supported by the observation that
ranimals from only one breediﬁg colony were found to have high -
Tyr. It is possible that the 3 animals with Tyr levels
exceeding 12 mg/100 ml may.have a more severe block in Tyr
metabolism than is present in the remaining 7 animals with
levels between 3 and 5.7 mg/100 ml. Alternatively, the
differences in Tyr elevation mé Be related to the recency
and ﬁagnitude of diétary Tyr ingestion prior ﬁo the time of
blood collection. Tyr intake was clearly related to plasma -
Tyr levels as shown by the‘very much higher Tyr levels these
animals had when‘consuming Phe éupplemented test diets.
Studies 6f both the enzymes and metabolites involved in Tyr
catabolism would be valuable to clarify thé underlying nature

- of this abnermality. In addition, breeding experiments could
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be unaertaien.to determine the modé of inheritance of this
int:iguing Eharacteristic.

A number of patients have been ae3cribedlﬁith presumed
disorders of Tyr metabolism éBerry 1976; Scriver and Rosen=
berg 1973). The possibility that some of these guinés éigs
might have similar disorders is clearly worﬁhy of further

investigation.



Appendix C. Abbreviations used in text.

ANOVA: analysis of variance ‘
Asp: Aséartame (L—aspartyl—L—phenylalaniné methylester)
DMPTH; dimethyltetrahydropteridine
FeCl3: ferric chloride
g: gram

jﬁ G: gravity
hyperphe: . hypgrphenylalaninemié
IP: intraperi%oneal .

NADH: réduded nicotinamide adenine dinucleotide

PA: total phenylélanines (phenylalanine + p-chlorophénylala-
nine, as measured by the fluorometric assay.)

pCPA: D, L-para-chlofopheny alanine
Pﬂe: L-phenylalanine

PKU: . phenylketonuria

PPA: phenylpyruvic acid

S.D.: standard deviation

suc: sucrose

TCA: trichloroacetic acid

Tyr: L-tyrosine

333 .
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