Plasma, Erythrocyte and Human Milk Levels of
Free Amino Acids in Lactating Women
Administered Asportarne or Lactose1'2

ABSTRACT
Aspartame is a dipeptide (L-aspartyl-L-phenylalanyl methyl
ester) with a sweetening potential of 180 to 200 times that of sucrose.
Questions have been raised about the potential toxic effects of its constitu
ent amino acids when the compound is ingested in large amounts by lactating women. Plasma, erythrocyte and milk levels of free amino acids were
measured in six normal female subjects with established lactation after
oral administration of either aspartame or lactose at 50 mg/kg body weight
in a cross-over design. No significant change in plasma or erythrocyte
aspartate levels was noted following aspartame or lactose administration.
Plasma phenylalanine levels increased approximately fourfold over fasting
values 45 minutes after aspartame loading ( P < 0.001 ), and returned to
baseline by 4 hours. Erythrocyte phenylalanine levels showed similar
changes. No statistically significant difference in milk aspartate or phenyl
alanine levels between aspartame and lactose loading were noted using the
paired i-test. When milk data were subjected to curve analysis using
orthogonal polynomials ( mean, linear, cubic, quadratic ), small, but statisti
cally significant differences in overall milk aspartate (P â€”0.04,linear only)
and phenylalanine ( P = 0.034, mean only ) levels were noted during the
immediate 4 hour post-loading period. However, these small increases
would not meaningfully affect aspartate or phenylalanine intake of an in
fant.
J. Nutr. 109: 2173-2181, 1979.
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In the United States, approximately 50%
of women breast feed their newborn infants
at the time of hospital discharge ( 1). Cur
rent data indicate that this practice will
continue or increase slightly. About 40% of
breast feeding mothers, in this country,
continue to breast feed their infants to 6
months of age (1). Thus, it is important
to determine the effect of food additives
on human milk.
Although plasma free glutamate and as
partate levels are low in humans, concen
trations of these amino acids in milk and
tissues are high (2). We have previously

tested the effect of oral glutamate adminis
tration on the concentration of glutamate
in human milk. Six gram loads of monosodium glutamate (MSG) administered
orally to lactating women elevated mean
plasma glutamate levels from 4.4 /Â¿moles/
100 ml to levels of 31 Mmoles/100 ml. De-

Received for publication January 10, 1979.
1Supported in part by a Grant-in-Aid from Searle
Laboratories. Chicago, Illinois.
2These data were presented In preliminary form at
the joint meeting of the American Institute of Nutri
tion, the American Society of Clinical Nutrition and
the Nutrition Society of Canada, July, 1976 in East
Lansing, Michigan. J. Nutr. 106, xxxiil, July, 1976
(Abstr.).
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MATERIALS

AND METHODS

Six healthy women with well established
lactation were studied. The proposed study
was fully explained to each subject, and
informed, written consent was obtained.
The protocol for the study was reviewed
and approved by the Committee on Re
search Involving Human Subjects of the
University of Iowa. The women ranged in
age from 20 to 29 years, with a mean Â±so
of 26 Â±3 years. Their weights ranged from
45 to 63.6 kg, with a mean Â±so of 55.2 Â±
6.42 kg. All women had established lacta
tion patterns, with the length of lactation
ranging from 42 to 159 days, with a mean
Â±so of 98 Â±39 days.
The women were studied after oral ad
ministration of aspartame3 or lactose *
(50 mg/kg body weight) in a randomized
cross-over design. An interval of at least 2
weeks separated each segment of the cross
over studies. Aspartame or lactose was dis
solved in 300 ml cold orange juice and
administered to the subjects at 0800 hours
following an overnight fast. The subjects
were fasted for an additional 4 hours fol
lowing administration of the test dose,
however they were allowed a normal diet

after this time. Blood samples (3 ml) for
amino acid analyses were obtained at 0,
0.25, 0.5, 0.75, 1, 1.5, 2, 3 and 4 hours after
administration of each test load through an
indwelling catheter with a heparin lock,
placed in an arm vein. Breast milk samples
were collected at 0, 1, 2, 3, 4, 8, 12 and 24
hours after loading. Each woman collected
milk by manual expression. Samples were
obtained from each breast, with a total of
10 to 15 ml collected. The women were
allowed to suckle their infants at will. All
women suckled their infant one time dur
ing the 4-hour blood study period.
Blood samples for amino acid analyses
were centrifuged immediately to separate
Slasma and erythrocytes. The plasma was
eproteinized with sulfosalicylic acid (7)
and either analyzed immediately, or stored
at â€”70Â°
to prevent loss of glutamine and
cystine (8, 9). Erythrocyte and milk sam
ples were prepared as previously described
(3, 7). Amino acid analyses were carried
out on automated amino acid analyzers.5
Initial statistical analysis consisted of the
paired i-test for data at each time point
(10). The data were also tested by analysis of variance using orthogonal polynormals. The plasma, milk and erythro
cyte amino acid data for each woman were
curve-fitted by orthogonal polynomials into
the mean, linear, quadratic and cubic timeeffect scores for each treatment (11). A
randomized block design was used to test
if the mean, linear, quadratic and cubic
time-effect scores differed. The randomized
block analysis is equivalent to performing
a paired i-test on the curves, where two
treatments were given.
RESULTS

Figure 1 shows the response of plasma
aspartate, asparagine, glutamate and glu
tamine levels to both aspartame and lac
tose loading. No significant difference be
tween aspartame administration and lac
tose administration was noted in mean
plasma aspartate, asparagine, glutamate or
glutamine levels.
Figure 2 shows plasma phenylalanine
and tyrosine levels in these subjects. As
expected, plasma phenylalanine levels in3G. D. Searle, Skokie, Illinois.
1 Malllnckrodt Chemical Co., St. Louis, Missouri.
"Becknmn 121 M (Beckman Instruments, Palo Alto,
California) amino acid analyzers were used.
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spite this sevenfold increase in plasma
levels, milk glutamate levels were not sig
nificantly increased (3, 4). Recently, aspartame ( L-aspartyl-L-phenylalanyl methyl
ester), a new dipeptide sweetener, was
proposed as a food additive. Because of
concerns about the potential toxic effects
of its component amino acids, questions
were raised about the safety of aspartame
(5,6).
The present study was designed to de
termine if aspartame ingestion would have
a significant effect on blood and milk
amino acid levels in lactating women. We
have previously reported that aspartame
administration to normal adult subjects at
34 mg/kg body weight (the projected
99.9th percentile of daily ingestion) in
creased plasma and erythrocyte phenylalanine levels to those seen in the post
prandial state. This dose had no effect
upon plasma and erythrocyte aspartate
levels (7). Because of the lack of effect
of 34 mg/kg body weight, a higher dose
(50 mg/kg body weight) was chosen for
these studies.
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Fig. 2 Mean (Â±SD) plasma phenylalanine
and tyrosine levels in six lactating women ad
ministered
aspartame
(O
O ) or lactose
( â€¢
â€¢) at 50 mg/kg body weight.
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baseline levels ( leucine, P = 0.001; isoleucine, P - 0.01; and valine, P = 0.002)
50OS
after loading in both groups (fig. 4).
Plasma levels returned to fasting values at
4 hours. This decrease presumably reflects
40Lu_l2
insulin release secondary to the carbohy
drate content of the orange juice (13). No
differences were noted between the two
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treatments for all other amino acids.
It has been suggested that under some
circumstances, certain amino acids are
transported in the erythrocyte to a greater
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were unchanged after either aspartame or
lactose administration. Erythrocyte phenyl
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creased significantly after lactose loading
Fig. 1 Mean (Â±SD) plasma glutamina (GLN),
as compared to baseline levels ( P = 0.01 ).
glutamate (GLU), asparagine (ASN) and aspar
tate (ASP) levels in six lactating women admin
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creased significantly over baseline levels
(P < 0.001), reaching peak values of 16.2
Â±4.9 /Â¿moles/100ml after aspartame inges
tion, but were not affected by lactose load
ing. Peak plasma phenylalanine levels ob
served at this dose were higher than
values noted after aspartame ingestion at
34 mg/kg (7). Plasma tyrosine levels also
increased significantly ( P = 0.001 ) after
aspartame loading, reflecting conversion of
phenylalanine to tyrosine. Tyrosine levels
decreased slightly ( P â€”0.01 ) after lactose
loading compared to zero time levels, fol
lowing the pattern reported previously
after aspartate loading (7).
Plasma levels of alanine and proline in
creased significantly over zero time levels
( P < 0.02 ) after both aspartame and lac
tose loads (fig. 3). This most likely is due
to either the orange juice vehicle, or the
stress of blood sampling ( 12). Similar ef
fects were seen after both aspartame (34
mg/kg) and aspartate (13 mg/kg body
weight) loading in previous studies (7).
Plasma levels of the branched chain
amino acids decreased significantly from
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Fig. 3 Mean (Â±SD) plasma alanine and proline levels in six lactating women administered
aspartame (O
O) or lactose (â€¢
â€¢) at
50 mg/kg body weight.

0.001) after aspartame loading. The in
crease in phenylalanine levels was ex
pected in view of the increased plasma
levels noted.
Human milk aspartate and glutamate
levels in these subjects are shown in figure
7. During the 4 hour fasting period after
aspartame loading, milk glutamate levels
increased from 109 to 120 ^moles/100 ml,
while milk aspartate levels increased from
2.3 to 4.8 /Â¿moles/100ml. Differences in
levels of these amino acids were not sta
tistically significant using the paired f-test.
However, when the data were subjected to
curve analysis using orthogonal polyno
mials, a small, but statistically significant,
difference in milk aspartate time-effect
scores ( P = 0.04, linear only ) was noted
over the immediate 4 hour post-absorptive
period. The mean, cubic and quadratic
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Fig. 4 Mean (Â±SD) plasma valine, leucine
and isoleucine values in six lactating women ad
ministered
aspartame
(O
O)
or lactose
( â€¢
â€¢) at 50 mg/kg body weight.
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time-effect scores using orthogonal poly
nomials did not differ significantly. When
milk data for the entire 24 hour study
post-dosing period were analyzed by anal
ysis of variance using orthogonal poly
nomials, no statistically significant differ
ences were noted. No differences in milk
glutamate levels were noted with any sta
tistical analysis.
Milk phenylalanine and tyrosine levels
are shown in figure 8. The differences in
milk phenylalanine and tyrosine levels be
tween test substances were not significant
using paired i-test analysis. However,
when the data were subjected to curve
analysis using orthogonal polynomials,
milk phenylalanine levels were significantly
higher during both the immediate 4 hour
post-absorptive period ( P = 0.034, mean
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Fig. 5 Mean (Â±SD) erythrocyte
glutamine
(GLN), glutamate (GLU), asparagine (ASN)
and aspartate (ASP) levels in six lactating women
administered
aspartame
(O
O) or lactose
( â€¢
â€¢) at 50 mg/kg body weight.
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Fig. 7 Mean (Â±SD) milk free glutamate and
aspartate levels in six lactating women adminis
tered aspartame (O
O or lactose (â€¢
â€¢)
at 50 mg/kg body weight.
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only) and during the overall 24 hour pe
riod ( P = 0.02, mean only ). However,
linear, quadratic and cubic time-effect
scores showed no significant effects. Milk
tyrosine levels increased significantly ( P =
0.018) in the immediate 4 hour post-ab
sorptive period after aspartame loading
compared to lactose (orthogonal poly
nomials, linear only), but did not differ
significantly when data for the entire 24
hour period were analyzed.
However, glutamate, aspartate, phenylalanine and tyrosine levels in milk samples
collected postprandially (8 and 12 hours)
were similar to those noted 4 hours after
aspartame loading. The 8 hour milk sam
ples were obtained approximately 3 hours
after the subjects luncheon meal, while the
12 hour samples were obtained approxi-

2177

FILE4x-sÃ‹
2178

STEGINK,

used in the present study is approximately
1.5 times this level.
The results of the present study demon
3O92d)
strate rapid metabolism of the aspartate
portion of aspartame. Neither plasma nor
1i*
erythrocyte aspartate levels increased after
>
_
ii
:â€”ti
'
aspartame loading. Similarly, there was no
i'L_i/.
i
evidence for the accumulation of amino
1Ã¶E3-0CO-i
acids that might be derived from aspartate
(asparagine, glutamine, glutamate).
....M
Plasma phenylalanine and tyrosine levels
Tyrosine-M1,:rfU--'fi--"-_--,,^n~
increased after aspartame administration.
In contrast, levels of these amino acids re
3UJLiJ
mained constant or decreased slightly after
lactose loading. Mean peak plasma phenyl
2_j*
alanine values for subjects given aspartame
at 50 mg/kg were higher, and the area
under the plasma phenylalanine concen
11
tration-time curve greater than noted in
subjects given 34 mg/kg (fig. 9) (7).
0 1 2 3 4 " 8
12
However, these plasma phenylalanine
24
levels were only slightly above those found
HOURS
postprandially ( 12 Â±2 /Â¿moles/100ml) in
Fig. 8 Mean (Â±SD) milk free phenylalanine
young infants or adults (23, 24). The
and tyrosine levels in six lactating women admin
phenylalanine levels observed are far be
istered aspartame (O
O) or lactose (â€¢
â€¢)
low peak levels routinely noted (78 Â±45
at 50 mg/kg body weight.
/Â¿moles/100ml) in subjects tested for the
mately 2 hours after the evening meal.
No free aspartame or aspartyl-phenylalanine were detected in the plasma, milk
or erythrocytes of the subjects at any time.
The limit of detection was 0.5 /Â¿moles/100 0
ml. These data are consistent with animal O
Phenylalanine
studies indicating hydrolysis of aspartame
Â£20
either in the intestinal lumen (20, 21), or
in intestinal mucosal cells after uptake
(22) with subsequent release of aspartame
components (aspartate, phenylalanine and
methanol) to the portal blood.
|-
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DISCUSSION
The dose of aspartame given in this
study is considerably beyond the total
daily projected intake of this compound
under any but abuse conditions. We have
previously pointed out (7) that daily in
take of aspartame would approximate 7.5
to 8.5 mg/kg/day if all usual sucrose in
take (17^ of energy) were replaced by
aspartame. Similar calculations indicate
that an aspartame intake of 34 mg/kg/day
represents the 99.9th percentile of pro
jected daily intake. The aspartame load

ro 5

I o

01234
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Fig. 9 Mean (Â±SEM) plasma phenylalanine
levels in adult subjects administered lactose at
50 mg/kg (â€¢
â€¢), aspartame at 34 mg/kg
body weight (3 â€¢â€¢â€¢â€¢3),
or aspartame at 50
mg/kg body weight (O
O).

Downloaded from jn.nutrition.org at HOSPITAL GRAL UNIVERSITARIO ALICANTE BIBLIOTECA on December 13, 2013

ifH(||i-J,.-Â«-1

PLASMA, ERYTHROCYTE AND HUMAN MILK LEVELS
TABLE 1

Free and total asparate, glutamate, phenylalanine and
tyrosine levels ingested by a normal 3.6 kg
breast-fed infant
of human
day1mg/kg0.87
per
acidsFree2AspartateGlutamatePhenylalanineTyrosineProtein
Amino
milkmg/100
ml0.5320.70.210.26631394861Intake
0.1334.0
Â±
5.00.34
Â±
0.050.43Â±
Â±
0.06103

freeAspartate3Glutamate3Phenylalanine4Tyrosine4Content
bound +
15.1228Â±
33.379
Â±
11.5100
Â±
Â±14.6
1Assuming a mean intake of 164Â±24 ml/kg
(meanÂ±SD), with human milk having an energy
density of 67 Kcal/100 ml. Data shown as meanÂ±so.
2 Data from Stegink (2).
3 Levels for glutamate
and aspartate shown were obtained from correcting
the data of Macy et al. (30) for free glutamine and
asparagine as well as for approximate glutamine and
asparagine content of the milk protein using the
factors published for typical proteins by Jukes et al.
(31).
4 Data from Macy et al. (30).

tent have been reported by Macy et al.
(30). However, the total glutamate values
(230 mg/100 ml) reported by Macy et al.
(30) include both glutamine and gluta
mate while total aspartate values (116
mg 100 ml) include both aspartate and
asparagine, since the values were obtained
after acid hydrolysis. When the data of
Macy et al. (30) are corrected for the
quantities of free glutamate (20.7 mg/100
ml), glutamine (6.5 mg/100 ml), aspara
gine (1.5 mg/100 ml) and aspartate (0.5
mg/100 ml) in human milk (2), the total
protein-bound glutamate plus glutamine
content of human milk is 203 mg/100 ml,
while the total protein-bound aspartate
plus asparagine content is 114 mg/100 ml.
The approximate quantities of glutamine
and
which
contributeandto"total
the
"total asparagine
protein bound
glutamate"
protein bound aspartate" can be calculated
using the data of Jukes et al. (31 ). These
data indicate that 55% of the total aspar
tate released from a typical protein upon
acid hydrolysis arises from aspartate, while
45% arises from asparagine. Similarly, 58%
of the total glutamate resulting from acid
hydrolysis of a protein arises from gluta-
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heterozygous condition of phenylketonuria
(25). In children with classical phenyl
ketonuria, elevated plasma phenylalanine
levels are associated with mental retarda
tion. However, plasma phenylalanine levels
are much higher, and vary between 120 to
300 /xmoles/100 ml (20 to 50 mg/100 ml)
continually (26-28).
The data in figure 7 indicate that aspartame administration at 50 mg/kg body
weight has only a very small effect upon
milk aspartate levels when compared to
values noted after lactose loading. Al
though a small, statistically significant in
crease in aspartate time-effect scores was
noted by the linear orthogonal polynomial
method for the immediate 4 hour postabsorptive period, no significant difference
was noted over the entire 24 hour period
by any method of analysis. Aspartame
loading also had a small but significant
effect upon milk phenylalanine and tyrosine levels when the data were analyzed
by the orthogonal polynomial method.
However, the biological importance of
these small differences is minimal. In these
studies, the subjects fasted until after the
4 hour milk sample was obtained. After
that time they were allowed their usual
meal pattern. The levels of phenylalanine
and tyrosine after aspartame loading were
no greater than the values noted in the
postprandial milk samples (8 and 12 hours)
following ingestion of meals. Furthermore,
the phenylalanine and tyrosine levels noted
in the milk samples obtained after aspar
tame loading were similar to those ob
served, but not published in a previous
study of lactating women (3).
The slightly increased quantities of
phenylalanine and tyrosine present in hu
man milk after aspartame loading would
have little impact upon the total levels of
these amino acids ingested by the infant.
This can be demonstrated by calculating
the daily intake of selected amino acids by
the 3.5 kg breast-fed infant ( table 1). Such
infants, fed ad libitum, have a mean milk
intake of 164 ml/kg/day (29). This level
provides approximately 110 kcal/kg body
weight/day. The levels of various free
amino acids in pooled human milk have
been reported by Stegink (2), while the
total (free plus protein-bound) glutamate,
aspartate, phenylalanine and tyrosine con-
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These calculations can also be made for
aspartate intake. The small increase in
aspartate levels noted in human milk after
aspartame loading, although not statisti
cally significant, would result in the inges
tion of an additional 4.6 /Â¿molesof aspartate/kg/day
(0.77 mg/kg/day).
This is
only a trace quantity compared to the
approximately 105 mg of aspartate ingested
per kg/day from human milk.
Similar calculations for tyrosine and
glutamate indicate that tyrosine intake
might increase by 1.71 /Â¿moles/kg/day
(0.31 mg) and glutamate by 11.0 AmÃ³les/
kg/day (1.6 mg). Neither increase would
meaningfully affect total daily intake.
In conclusion, aspartate loading of lac
tating women at a level of 50 mg/kg body
weight resulted in: (a) no change in blood
aspartate levels; (b) increased plasma
Ehenylalanine levels to high postprandial
rvels; and (c) a small but statistically sig
nificant increase in breast milk aspartate,
phenylalanine and tyrosine levels, increas
ing their values from the fasting range into
the postprandial range.
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mate, while 42% comes from glutamina.
Using these correction factors, we can cal
culate the protein-bound glutamate con
tent of human milk as 118 mg/100 ml and
protein-bound
aspartate content as 63
mg/100 ml.
From these data we can calculate the
quantity of free and protein-bound amino
acids ingested daily by the breast-fed in
fant (table 1). These calculations in turn
allow us to evaluate the potential effect of
the small changes noted in milk composi
tion after aspartame loading at these levels.
If we assume the lactating mother ingests
sufficient aspartame to increase her milk
phenylalanine level during the entire 24
hour period, to the extent reported here for
the 4-hour sampling period, milk phenyl
alanine levels would increase by about 1.8
/xmoles/100 ml. This increase would pro
vide the breast-fed infant with an addi
tional 3.1 /Â¿molesof phenylalanine/kg/day
(0.51 mg/kg/day).
This must be com
pared to the infants normal intake of this
essential amino acid of 79 mg/kg/day
(table 1). Thus, even high doses of aspar
tame would
not meaningfully
affect the
infant's
phenylalanine
intake.
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