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Some serum and brain amino acid variations ocurring in animals with short term strep-
tozotocin-diabetes (24 h) are studied in this work. Diabetic animals showed an increase in
serum of the three branched-chain amino acids as well as an increase in free tryptophan, besides
a decrease in total serum tryptophan and in the tryptophan/competitor amino acids ratio. In
brain, the three branched-chain amino acids increased, but there were no variation in whole
brain tryptophan. Nevertheless, by studying levels of tryptophan in different brain regions,
an increase in medulla-pons was recorded. This circumstance could be explained by the in­
crease in free serum tryptophan levels, in agreement with several authors who assign this rea­
son for brain tryptophan.
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The availability of essential amino acids
in brain increasingly appears as an im­
portant mechanism by which many path­
ways of cerebral metabolism are regulat­
ed. Brain uptake of the large neutral ami­
no acids (tryptophan, tyrosine, phenyl­
alanine, leucine, isoleucine and valine) oc­
curs via a single saturable transport system
(23), located at the level of the blood-brain
barrier. Transport kinetics follow the
rules of competitive inhibition (24) and 

* To whom correspondence should be ad­
dressed.

** C. S. «Juan Canalejo®. 15080 La Coruna
(Spain).

therefore the transport of any of the above
mentioned amino acids depends both on
the serum levels of the single amino acid
and on the blood concentration of its
competitors for brain entry.

In experimental diabetes induced by
streptozotocin (STZ), an amino acid pat­
tern characterized by high levels of serum
and brain branched-chain amino acids
(BCAA), (valine, leucine and isoleucine)
appears, associated to a diminution of the
brain concentrations of aromatic amino
acids (tryptophan, tyrosine and phenyl­
alanine) (4, 7). Amino acid supply in
brain has been shown to influence the rate
of synthesis of several putative neuro­
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transmitters (11, 30, 31). Due to this, the
decrease in the brain levels of tryptophan
found in experimental diabetes (6, 17, 18)
is very important, so that it could be the
origin of serotonin metabolism altera­
tions. Nevertheless, the above mentioned
results originate from long term studies.
No work on short time variations has
been done as yet. The present work pre­
tends, therefore to study the amino acid,
serum and brain variations occurring in
the streptozotocin diabetes after twenty
four hours. A special attention to the
tryptophan, precursor of serotonin, was
given.

Materials and Methods

Male Wistar rats weighing 250-300 g
were housed in groups of 5 per cage under
a controlled temperature (22 ± 1 °C),
with a schedule of 12 h light and 12 h
darkness (light on at 08:00 h). Food
(standard laboratory, Purina chow) and
water were provided ad libitum. The ani­
mals were fasted overnight and diabetes
was induced by a single injection of Strep­
tozotocin (STZ) (Sigma) (75 mg/kg b.w.,
i.p.) dissolved in citrate buffer pH 4.5.
Control animals received injection of the
buffer only. This method for producing
diabetes is standard (25), by which strep­
tozotocin produces diabetes by destruc­
tion of the insulin-secreting P-cells of the
pancreas (1, 15).

Rats were killed by decapitation 24 h
after STZ injection. Blood was collected
from the cervical trunk and used for the
determination of different biochemical
parameters (glucose, osmolarity, urea,
fructosamine, sodium, potassium, triglyc­
erides, cholesterol and NEFA). Serum
fructosamine concentrations were deter­
mined with commercial reagents and
automated centrifugal analyzer (F.
Hoffmann-LaRoche, Basel). Serum os­
molarity was determined using a Knauer
osmometer and sodium and potassium by 

a selective electrode system (Electrolite,
Beckman). All other routine chemistr}'
tests were done on a model 704 Hitachi
autoanalyzer. For serum amino acids de­
termination, blood was immediately de­
proteinized with 2M ice-cold sulrosali-
cylic acid solution, and the precipitated
proteins were removed by centrifugation.
The supernatant was used for amino acids
determination on a Technicon TSM amino
acid analyzer by the method of Conejero
et al. (5). Free (ultrafiltrable serum) and
total (acid-soluble) serum tryptophan
concentrations were determined by a
modification (2) of the fluorometric meth­
od of Denckla and Dewey (10). Like
-wise liver tryptophan concentration was
determined by using the same technique
(2); to this end, a sample of liver was re­
moved at room temperature, weighed and
homogenized in 10 % trichloroacetic acid
(TCA).

After decapitation, the brain was quick­
ly removed from the skull, bisected mid-
sagitally and frozen immediately on dry
ice. One hemisphere was weighed and
homogenized in a solution of cold 0.12 M
sulfosalicylic acid, and amino acids deter­
mined as above. Another brain hemi­
sphere was dissected into the following re­
gions: medulla-pons, midbrain, hypothal­
amus, hippocampus, striatum and cortex,
using the method of McEwen and Pfaff
(21). After weighing, each region was ho­
mogenized into acidified butanol and em­
ployed for the tryptophan determination
according to the method of Bloxam and
Warren (2) with minor modifications.

Statistical analysis of results were per­
formed by using the Student’t Test.

Results

The animals treated with STZ present
an increase in the levels of glucose, urea,
triglycerides, cholesterol, potassium and
NEFA 24 h after induction. As well as a
decrease in sodium concentration without
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Table I. Levels of different biochemical parame­
ters in control and diabetic rats.

Values are means ± SD. Number of rats per group,
8. Significance levels of differences from controls:

* P < 0.050; * * P < 0.025; “ * P <0.001.

Parameters Control Diabetic

Urea (mg/dl) 36.7 ± 1.2 47.6 ±2.1* “
Glucose (mg/dl) 146 ±2.4 539 ± 17* “
Fructosamine

(mmol/l) 1.45 ±0.1 1.22 ±0.1
Triglycerides

(mg/dl) 157± 19 640 ±34* “
Sodium (mEq/l) 143 ±0.3 135±0.8“*
Potassium

(mEq/l) 7.63 ±0.1 8.54 ±0.3**
Osmolarity

(mOsm/l) 296 ±3.5 307 ±5.1
Cholesterol

(mg/dl) 64.9 ±4.1 78.9 ±4.8*
N.E.F.A. (mEq/l) 389 ± 20 2294 ± 110“*

osmolarity and fructosamine variations
(table I).

Important increases were observed (ta­
ble II) in serum concentrations of the
three branched-chain amino acids and
in tyrosine, whereas glutamine, glycine
and arginine decreased. Nevertheless,
branched-chain amino acids increased
while tyrosine and phenylalanine showed
an important fall in brain.

With regard to tryptophan concentra­
tions (table III), a decreased level of total
serum tryptophan has been found togeth­
er with a large decrease in albumin­
bound tryptophan. In addition, an in­
crease in free serum tryptophan with no
variations in liver tryptophan were noted.
Regarding brain, there were no significant
changes in tryptophan, taking the whole
brain into account, but there were varia­
tions if regions were taken into consider-

Table II. Serum and brain amino acid levels in control and diabetic rats.
Values are means ± SD. Number of rats per group, 8. Serum amino acids are expressed as pmol/l and
brain amino acids in nmol/g. ND, not detectable. Significance levels of differences from controls: *p  < 0.050;

**p< 0.025; *“p < 0.001.

Amino Acids

Serum Brain

Control Diabetic Control Diabetic

Aspartate 30.0 ± 2.4 25.0 ±1.5 2171 ±93 2170 ±94
Threonine 221 ± 14 239 ± 14 511 ± 18 493 ± 39
Serine 195± 17 190± 12 1127 ±62 1028 ±77
Glutamate 183± 11 192 ± 10 9089 ± 337 9362 ± 440
Glutamine 526 ± 30 255 ±32“* 5429 ± 383 3375 ±296“*
Glycine 280 ± 21 215± 10** 657 ± 46 545 ±27“
Alanine 356 ± 26 329 ± 23 417 ±32 343 ± 23*
Methionine 39.4 ± 3.5 38.7 ±3.3 30.8 ± 2.2 26.0 ± 2.0
Valine 111 ±5.2 298 ±27* “ 45.7 ±2.1 79.2 ±4.2***
Leucine 109 ±5.5 273 ±22“* 68.2 ± 5.3 111 ± 7.7***
Isoleucine 72.8 ±3.5 199± 17“* 30.5 ±1.6 52.4 ±3.9***
Tyrosine 65.5 ± 5.3 93.8 ±8.4** 56.6 ± 2.4 45.6 ±3.6“
Phenylalanine 60.1 ±4.1 63.2 ± 3.7 42.4 ±2.5 29.3 ± 3.0**
Lysine 244 ± 29 191 ±26 128 ±4.4 107±7.1“
Histidine 57.6 ±7.0 71.1 ±7.7 61.7 ±4.9 52.1 ±1.4*
Arginine 151 ± 13 111 ±8.7“ 130±14 137 ± 14
Asparagine 76.1 ±7.6 84.2 ±4.0 ND ND
Taurine 336 ± 22 376 ± 24 5399 ± 532 5350 ± 320
Cystine 21.5 ±2.6 22.8 ±3.4 ND ND
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Table III. Serum, liver and brain tryptophan con­
centrations in control and diabetic rats.

Values are means ± SD. In parentheses are num­
ber of rats. Serum concentrations are expressed as
pmol/l and liver and brain concentrations in nmol/g.
Tryptophan ratio: serum total tryptophan/S valine +
+ leucine + isoleucine + tyrosine + phenylalanine.
Significance levels of differences from controls:

*P< 0.025; “P< 0.001.

Control (8) Diabetic (12)

Serum Tryptophan

Free 11.2 ± 1.4 22.6 ± 1.8“
Total 232 ± 21 120± 19“
Bound 220 ± 22 96.9 ±20“
Tryptophan ratio 0.58 ±0.1 0.11 ±0.02“

Liver Tryptophan 73.2 ±6.6 60.4 ± 6.0

Brain Tryptophan

Whole brain 10.0 ±0.7 10.8 ±0.3
Medulla-pons 11.5 ±0.9 14.7 ±0.5*
Midbrain 15.5 ± 1.4 18.1 ±0.9
Hypothalamus 28.3 ±1.7 32.0 ± 2.4
Hippocampus 15.3 ±0.8 17.2 ±0.9
Striatum 17.4 ± 1.1 19.1 ±0.7
Cortex 4.6 ± 0.5 4.8 ± 0.3

ation since at medulla-pons tryptophan
increased.

Discussion

Different investigators have shown that
treatment of animals with STZ induced a
similar process to the type I (insulin-de­
pendent) diabetes mellitus (14, 16, 26), so
that this experimental model has been
widely used in the study of this illness.

Regarding the changes ocurred in some
biochemical parameters at twenty four
hours from the beginning of the experi­
mental diabetes, it may be stated that dia­
betes begins quickly, because there is a
great increase in values of glucose, urea,
triglycerides, cholesterol, potassium and
NEFA, as well as an important decline of
sodium. The absence of variation in the
osmolarity and fructosamine was expected 

as these parameters can only be changed
at long term.

Serum and brain levels of some large
neutral amino acids are disturbed in short
term STZ-diabetes, according to the pres­
ent results. Serum leucine, isoleucine and
valine levels are significantly increased.
This may be due to secretion and insulin
action absence, so that amino acid flow
from muscle to blood would be increased
(4). Although the present findings are ob­
tained 24 h after diabetes inception, they
agree with results from other authors who
found high levels of serum BCAA in long
term STZ-diabetes (4, 7, 32). A significant
increase in the three BCAA was also
found in brain, which agrees with the in­
creased brain uptake of these amino acids
due to their increased circulating levels.
These results are in agreement with those
of Crandall and Fernstrom (7) and
Brosnan et al. (4), but they do not agree
with those of Ziparo et al. (32), who did
not find any significant changes in BCAA.

With regard to the aromatic amino acids
tyrosine and phenylalanine, tyrosine lev­
els in diabetic rats serum is significant in­
creased but phenylalanine level is the
same. However, both tyrosine and phenyl­
alanine decreased in brain. Several au­
thors (4, 7, 32) did not find any significant
changes in serum concentrations of these
two amino acids in long term STZ-dia­
betes studies, while the few existing works
about brain, show contradictory results.
Curzon and Fernando (8), did not ap­
preciate any significant changes in any of
them; Ziparo et al. (32) only found de­
creased tyrosine, while Brosnan et al. (4)
and Crandall and Fernstrom (7) found
a decrease in the two amino acids, tyrosine
and phenylalanine.

With respect to tryptophan, the in­
crease in serum free concentration could
be explained by the great increase in the
NEFA levels. NEFA is known to com­
pete with tryptophan for binding to al­
bumin (22). Thus, an NEFA increase
would lead to a larger binding to albumin; 
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so that tryptophan would diminish in its
bound form, while increasing in its free
form. Otherwise, liver tryptophan shows
a decrease in its concentration which
could be related to an increase in liver
tryptophan pyrrolase activity, which in­
creases in STZ-diabetes (27).

It has been shown that in long term
STZ-diabetes there exists a decrease in
brain tryptophan concentration (4, 6, 7,
17, 18). Due to the fact that the half-life
of STZ in experimental animals is rela­
tively short (28, 29) and that there is no
evidence of the existence of binding sites
for STZ in brain, it is not likely that
changes in brain tryptophan could be
made directly by the same streptozotocin.
Some authors (11, 12) have indicated that
brain tvptophan concentrations depend
on totaf serum tryptophan or on the ratio
of total serum tryptophan to the sum of
neutral amino acids which compete with
tryptophan for entry into the brain. Tak­
ing this fact into account as well as the
diminution of total serum tryptophan and
the serum ratio found in this experiment,
a decrease in brain tryptophan levels
would be expected. Nevertheless, not
only were no changes found in this pa­
rameter, but a significant increase was
found in medulla-pons by analyzing it in
different brain regions. This circumstance
could be explained by the increase in free
serum tryptophan levels, in agreement
with other authors (3, 9, 13, 19, 20) who
think that this is the reason for brain tryp­
tophan levels.
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Resumen

Se estudian las variaciones aminoacidicas sericas y
ccrebrales que aparccen en ratas con diabetes experi­

mental a las 24 h de su induccion por cstreptozoto-
cina. Los animales diabeticos muestran importantes
altcraciones en la bioquimica sanguinea, ademas de
un incremento en las conccntraciones sericas de ami-
noacidos ramificados y del triptofano libre, junto a
un descenso en el triptofano serico total y en el co-
cicntc triptofano/aminoacidos competidores. En el
cerebro, se incrementan los tres aminoacidos rami­
ficados, sin aprcciarse ninguna variacion en la con-
centracion cerebral total de triptofano. Sin embargo,
al estudiar su concentracion cerebral en diferentes re-
giones, se halla incrementado en la medula puente.
Este hallazgo puede explicarse por el incremento de
los niveles del triptofano serico libre, apoyando la
hipotesis de diferentes autorcs de que este es el prin­
cipal factor en el control del triptofano cerebral.

Palabras clave: Diabetes, Estreptozotocina, Ami­
noacidos ramificados, Triptofano.
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