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ABSTRACT

Low phenylalanine diet(0.05%) was given to the
Sprague Dawley pregnant rats at the 14 days of
gestation and continued until the pups were lactated
for 11 days. Body weight, plasma phenylalanine and
tyrosine, brain weight, and brain phenylalanine and
tyrosine were determined on pups randomly sacrificed
at several intervals. Body weight of pups on normal
diet (0, 36% phenylalanine) gained rapidly while the
pups on the phenylalanine deficient diet decreased
and did not survive during the period of 11 days.
Brain weight of the pups on the phenylalanine defi-
cient diet was significantly lower(p<0.05) than the
normal pups. Phenylalanine deficient diet did not
affect the level of plasma phenylalanine of pups, but
it seems that there was a positive correlation bet-
ween the level of phenylalanine in the diet and the
plasma tyrosine level. The plasma tyrosine level of
pups on the deficient diet was decreased significantly
during the period while the pups on the normal diet
increased steadily. Phenylalanine and tyrosine level
in the brain was lower in pups on the deficient diet
than the pups on normal diet but the plasma phen-
vlalanine level was not significantly different in both
diets. However, plasma tyrosine level was signifi-
cantly lower in the pups on the deficient diet than
the normal diet at the end of the pericd.

INTRODUCTION

Normal intake of protein during the pregnancy and
Jactation. is essential to the growth of fetus and the
offspring. During the pregnancy, if there is any one
of essential amino acid is lacking in the diet, there
will be weight reduction and brain. damage of the
fetus>®,

Phenylketonuria (PKU) is a hereditary form of
mental retardation due to a deficiency of the enzyme,

BEKYE & 4 gon, o159 endogenous phenylalanine o] A fH{EH A

phenylalanine hydroxylase, which normally converts
phenylalanine to tyrosine in the liver’>, A low phe-
nylalanine diet is established therapy for the treat-
ment of PKU which is considered to cause mental
retardation by accumulation of phenylalanine in the
tissues. Early treatment, within 1-3 months, is said
to prevent the brain damage and mental retardation
in man*~®, Ford and Berman” reported that there
is a positive correlaticn between the IQ and phenyl-
alanine hydroxylase activity in phenylketonuric sib-
lings. Additionally, Saugstad® has found intrauterine
growth retardation among children born to mothers
heterozygous to PKU. Bessman® proposed that phen-
ylalanine hydroxylase supplies tyrosine to the fetal
brain and if the mother is PKU heterozygote, there
will be limited supply of this tyrosine to the brain
and there would be a serious shortage of tyrosine
when a fetus is also a PKU heterozygote or when
pregnant mother’s protein intake is marginal. There
is an increased damage of non-specific mental retar-
dation when the pregnant mother cannot eat food
because of nausea, vomiting, and toxemia and very
limited or no protein intake due to the poor economic
situations®®, When both mother and the fetus are
PKU heterozygote, the risk of being mentally retar-
ded is greater than when either the mother or fetus
is heterozygote. A heterozygote mother provide an
intrauterine environment unfavorable to the fetus®,
Low phenylalanine diet to the preganant rat lowers
the activity of phenylalanine hydroxylase but there
was a growth retardation and increased production
of bedy lipid*®*®,

The purpose of this research was to investigate
the effect of low phenylalanine diet during the third
trimester of pregnancy and the lactation on growth
and development of offsprings.

MATERIALS and METHODS

1. Experimental animals
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Sprague Dawley female rats (supplied by Seoul
"National Univ. Experimental Animal Breeding Lab.)
“weighing 200~ 250g were mated and put each rat in
a separate cage. They were fed commercial rat diet
(Jeil Fodder Co.) until the 14th day of gestation.
Rats were divided into 2 groups of 5 rats each,
~control and experimental groups, and fed control and
-experimental diet ad libitum. Pups were weighed at
1,3,5,7,9,11 days of postnatal period and 5 pups
randomly selected were sacrificed, and brain weight,
plasma phenylalanine and tyrosine, and brain phen-

‘ylalanine and tyrosine were determined.

2. Experimental diet

The composition of the experimental diet is in
“Table 1. Experimental diet consists of 10 parts (wei-
ght of low phenylalanine casein hydrolysate with no
more than 0.1% L-phenylalanine (Lofenalac. Mead
Johnson Labs), 6 parts of non-nutritive cellulose and
1 part of sucrose. The diets were mixed well, made
into a dough, cut into small pieces and dried in the
50°C over for 24 hours. For the control diet, total
-of 0.36% L-phenylalanine'® was added to the expe-
rimental diet. The diet was continued until 11 days

.of postnatal period.

Table 1. Composition of the experimental
diet(g/100g)

288.3 Thiamin hydrochloride® .19

“Total calories

Protein 8.8 Riboflavin® 0.76
Fat 10. 6 Niacinamide? 1. 69
‘Carbohydrate 39,43 Vitamin E* 2.1
Minerals(ash)! 2.94 Vitamin B,,° 1.9
Calcium 0.38 Folic acid® 0.02
Phosphorus (.29 Biotin® 0.01
Iron 0.06 Choline chloride? 63.5
Vitamin A? 635,383 Pyridoxine hydrochloride® 0, 21
Vitamin D*  169.4 Calcium pantcthenate? 1.35

Ascorbic acid® 17. 65

1. Calcium gluconate, monchasic potassium phosphate,
dibasic potassium phosphate, calcium hydroxide,
potassium chloride, magnesium oxide and ferrous
sulfate

2. USP 3. mg/100g 4. 1U 5. pg

Table 2. Body weight in experimental and control

groups

Experimental

Age(days) Control group(g) eroup(g)

4,14+0.51 (54)

4.08F0.51 (45)* (L°
4,11%0.45 (340)**(6)
3.82+0.33 (20)* (10)
3.7410.47 ( 9*(8)
3.73%0.59 ( H**(2)

4.98+0. 73'(56)°
5.95+1.01 (51)
7.31+1.41 (46)
9.50+1.88 (41)
11.73+2. 60 (36)
11 13.90+3.23 (31)

NN S T R

1. Mean-+SEM.
2. Number of animals used
3, Number of animals died

* p<0.05; compared with the control group by
the Student’s t-test

¥k p<0,01; compared with the control group by
the Student’s t-test

3. Blocd phenylalanine and tyrosine
Blood phenylalanine was determined by the method
of McCaman and Robins'® and blood tyrosine'®> was

also determined.

4., Brain phenylalanine and tyrosine
Whole brain was used after weighing and it was
homogenized with 4 volumes of 0. 1M phosphate buff-
er (pH 7.4), After centrifugation of 10,000xg for
20 minutes at 4°C, supernatant was deproteinated
with the same volume of 0, 6N trichloroacetic acid.
Phenylalanine and tyrcsine were determined the same

way as in plasma.

RESULTS and DISCUSSION

1. Body weight

Normal and low phenylalanine diets were fed to
the pregnant rats at 14 days of gestation. Table 2
and Fig. 1 show the body weight of the control and
the experimental groups. There was no difference of
body weight between two groups when pups were
born but the significant difference showed at the third
day. Body weight of the pups in experimental group
actually decreased during 11 days of postnatal period
and most of pups did not survive beyond 11 days.

This decrease in body weight explains the excessive
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Fig. 1. Body weight in control and experimental
groups. )

Table 3. Brain weight in experimental and control

groups
Age(d Control group Experimental
ge(days) (& group(g)
1 0.193820.0101'(5)*  0.1572+0.0136(5)**
3 0. 2824 +0. 0433(5) 0. 1856 0. 0104 (5)**
5 0.397710.0522(5)  0.25720.0167(4)**
7 0.513840.0594(5) - 0.2956+0.0202(3) **
9 0.6999+0.0774(5)  0.31250.0142(3)**
11 0.869910.0634(5)  0.3359+0.0185(2)**
1. Mean+SEM.

2. Number of animals used
** p<0.01; Compared with the control group by
the Student’s t-test

degradation of endogenous protein and there - might
be biochemical changes in the cell when phenylalanine

is deficient, !> When the low phenylalanine diet was"

supplied to the pregnant rats, there was a growth
retardation and death within 2 weeks or cannibalized
by the mothers!®, \
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Fig. 2. Brain weight in control
grougs.

and experimental

2. Brain weight

Table 3 and Fig. 2 show the brain weight of the
control and the experimental groups. The experimen-
tal group had significantly smaller brain than the
control group at birth and the difference was getting
severe during the 11 days of postnatal period. When.
any one of the essential amino acids lacks or poor
nutrition during the pregnancy, the decreases in brain.
weight, brain protein, brain DNA, brain myelination
and learning ability result the impact on the enzymes
in the brain of the fetus (1,2, 10, 15, 16, 17).

3. Plasma phenylalanine and tyrosine
Teble 4 and Fig. 3
the plasma of the control and the experimental gr-

show phenylalanine content i

oups. Control grcup showed a little higher plasma
phenylalanine than the experimental group but the
difference was not significant. Low phenylalanine
diet does not seem to have any effect on the plasma.
phenylalanine level®*'>, Table 5 and Fig. ¢ show
tyrosine level of the control and the experimental
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Table 4. Blood phenylalanine level in experimental
and control groups.

Table 5. Blood tyrosine level in experimental and
control groups.

Control group Experimental group

Control group Experimental group

Age(days)  “po 1 o0ml) (mg/100ml) Ageldars)  (me/100mD) (mg/100mD)
1 1.50+0. 02'(5)* 1.5240.01(5) 1 2.56+0. 041(5)* 2.6610.02(5)
3 1.5740.05(5) 1. 670.01(5) 3 2.5940.17(5) 2.380.04(5)
5 1.35+0. 05(5) 1.07+0.03(4)* 5 2.8470.02(5) 2. 1010, 02(4)**
7 1.29+0.05(5) 1.06£0. 04(3) 7 2.800.02(5) 2.4430.02(8)
9 1. 16+0.03(5) 1.16+0. 02(3) 9 3.0920. 03(5) 1.75+0. 07(3)*
11 1.43+40.03(5) 1.36+0.06(2) 11 3.15%0. 05(5) 1.88+0. 24(2)*

1. Mean+SEM.

2. Number of animals used

* p<0.05; compared with the control group by
the Student’s t-test
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Fig. 3. Blood phenylalanine in control and
experimental groups.

groups. Pups on low phenylalanine diet showed a
steady decrease of plasma tyrosine level, while the
pups on normal diet showed a highly significant
steady increase during the 11 days of postnatal period.

This suggests a severe effect of the low phenylal-

1. Mean-+SEM.

2. Number of animals used

* p<0.05; compared with the control group by
the Student’s t-test

** p<(.01; compared with the control group by
the Student’s t-test
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Fig. 4. Blocd tyrcsine in control and experimental
groups.

anine diet on the level of tyrosine in the plasma.
Most of the tyrosine used in the cell processes is
converted from phenylalanine and in the low pheny-

lalanine diet, less tyrosine is available from phenyl-
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Table 6. Brain phenylalénine level in experimental
and control groups.

Control group Experimental group

Age(days) (aM/g) (@M/g)
1 175. 76 £ 3. 64'(5)* 132.1243. 03(5)*
3 258.7943.03(5) 172.73+4. 25(5) **
5 247.27+4.85(5) 181. 8213, 03(4)**
7 293.94+3.03(5) 393.94+9. 70(3)
9 303.03+7. 88(5) 284.95+3.03(2)

1

—

430. 30+9. 09(5)

1. Mean+SEM.

2. Number of animals used

* p<0.05; compared with the control group by
the Student’s t-test

** p<0.01; compared with the control group by
the Student’s t-test

351.50+8. 49(2)

Table 7. Brain tyrosine level in experimental and
control

Control group Experimental group

Age(days) (nM/g) (aM/g)
1 206. 60+4. 40'(5)* 240. 95+3, 85(5)
3 269. 24+4, 95(5) 170, 33+ 2. 75(5) **
5 222.5343.30(5) 239.01£2.75(4)
7 431.87+8.79(5) 456. 041 9. 89(3)
9 576. 92410, 99(5) 335.1726.60(2)**
11 436.81+9. 34(5) 297, 81+6. 05(2) **
1. Mean+SEM.

2. Number of animals used
*% p<0.01; compared with the control group by
the student’s t-test
alanine. It has been
synthesized from phenylalanine!®,

4. Brain phenylalanine and tyrosine

Table 6 shows the level of phenylalanine in the
brain., Experimental group showed a little lower brain
phenylalanine level than the control group but the
levels were increasing in both groups during the 11
days of postnatal period. This means that there is
no correlation between the low level of phenylalanine
in the diet and the level of phenylalanine in the
brain. Table 7 shows the level of tyrosine in the

brain. There was no significant difference between

estimated that 2/3 of tyrosine

the control and the experimental groups at the be-
ginning of the experiment but the significant differ-
ence was noticed at the end of the 11 experimental
days. Phenylalanine level of the brain was 3.2-3.5
times and tyrosine level was 2.3-2.5-times higher
than of the plasma levels in both groups. This sug-
gests that there is some correlation between the low
level of phenylalanine in the diet and the low level
of tyrosine in the brain. Low phenylanine diet re-
sulted in the low tyrosine in the plasma which in
return gives less tyrosine available to the brain'®,
Deficient tyrosine in the brain of the newborn pups
could have caused the small size of the brain and
the excessive breakdown of the endogenous protein
due to lack of phenylalanine might have resulted in
growth retardation. Normal phenylalanine intake by
the pregnant rats during the fetal development and
lactation appears to be essential for normal growth
and development. This cannot be compensated by the

maternal endogenous phenylalanine.
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