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ABSTRACT: We studied free amino acids in vitreous humor and cerebrospinal fluid from 58 cadavers in the course of routine medicolegal
autopsies in the city of Granada. The main objective was to establish whether free amino acids contents in these fluids were related with the cause
of death, postmortem interval, and severity of the classic signs of asphyxia. The amino acids (aspartic acid, glutamic acid, serine, glutamine, gly-
cine ⁄ threonine ⁄ histidine, citruline, arginine, alanine, taurine, GABA, tirosine, valine, methionine, isoleucine, phenylalanine ⁄ tryptophan, leucine, and
lysine) were quantified by high performance liquid chromatography. There were no statistically significant differences in amino acids concentrations
in vitreous humor when the different causes of death were considered. Our results did not show any statistically significant relationship when asphyx-
ial score was plotted against the vitreous content of each amino acid. A statistically significant increase with postmortem interval was observed in vit-
reous taurine (r = 0.3191, p = 0.01461), glutamate (r = 0.4323, p = 0.0007) and particularly in aspartate (r = 0.4508, p = 0.0003).
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Numerous methods have been used to estimate the time after
death, particularly for short postmortem intervals (PMI). These
methods involve most of the biochemical compounds in blood, vit-
reous humor, cerebrospinal fluid (CSF), and to a lesser extent in
pericardial fluid. Nonetheless, many of these methods show a broad
margin of error even under controlled conditions, and most of them
have considered only the first day after death (1).

One exception to these criticisms is potassium concentration in
the vitreous humor, which has been investigated in detail by differ-
ent groups (2–5). Despite its large margin of error within the first
24 h after death, it is generally accepted as the best biochemical
test available for longer PMI. In 1963, Sturner (2) was the first to
report a formula to calculate PMI from vitreous potassium concen-
tration; this approach was reformulated later using modern statisti-
cal methods (3–5), and improved by the use of potassium as the
independent variable, instead of the dependent variable (5,6).

In recent dates, new methods developed in radiology, like H
magnetic resonance spectroscopy (H-MRS), have been applied for
the identification of metabolites emerging during decomposition of
brain tissue, both in sheep brain models by Scheurer et al. (7) and
in porcine brain model by Banaschak et al. (8). Their results show
more precision in estimation of longer PMI.

Few publications deal with the possible role of amino acids in
postmortem chemistry. Purcher and Burd (9) and Schourup (10)
described a sharp rise in free amino acid nitrogen level both in
blood and in CSF, probably as a result of enzymatic hydrolysis of

proteins. Schleyer (11) investigated samples obtained up to 80 h
postmortem, and found results in accordance with those published
by Schourup. These findings suggested that the concentrations of
amino acids could be used to determine PMI during the first 20 h
after death: values of amino acid nitrogen not over 14 mg% proba-
bly correspond to PMI of <10 h. Vass et al. (12) studied aminoac-
ids, neurotransmitters, and other decompositional products in
various organs in relation to PMI, revealing distinct patterns useful
for determining PMI up to a range of c. 3 weeks. The most signifi-
cant biomarkers for the establishment of PMI in all tissues studied
were GABA, proline, methionine, and oxalic acid.

Erdei and Vass (13) and Durham et al. (14) reported the pres-
ence of free amino acids in the vitreous humor. Later, Patrick and
Logan (15) established, in sudden infant death syndrome (SIDS),
that the concentrations of all vitreous amino acids rose as PMI
increased. However, samples needed to be obtained within the first
24 h after death to give reliable results. These results showed no
indication of a specific aminoacidopathy as a factor in SIDS.

With the exception of the publication by Patrick and Logan (15)
and Vass et al. (12) most analysis of amino acid have been per-
formed with old methods, such as amino acid nitrogen analysis
with the Folin naphthoquinone method (11) or paper chromatogra-
phy (13). In the present study, we tried to correlate free amino acid
concentrations in CSF and vitreous humor with the PMI, and also
to investigate a possible relationship with the cause of death, by
the use of modern high performance liquid chromatography
(HPLC).

Materials and Methods

Material

Samples were taken from 58 cadavers (18 females and 40 males
aged 13–97 years) in the course of routine medicolegal autopsies at
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the city of Granada. Average PMI was 23.9 h (range 5–60 h),
although most autopsies (67.25%) were performed within the first
24 h after death. PMI was determined from witnessed death (in
most cases) or death certificate and corroborated at the time of
autopsy with the state of postmortem changes.

The different causes of death considered were determined after
autopsy: asphyxia (27.5%), poisoning (15.5%), cardiac (24.2%),
traumatic (17.3%), and miscellaneous deaths (15.5%).

Apart from ordinary autopsy reports, age, sex, estimated PMI,
organ weights, and data from the clinical history related to the
cause of death were recorded in every case. The ‘‘classic’’ signs
of asphyxia were scored for severity. A score was assigned only
by two of the authors in every case, on a four-point scale of 0
(absence), 1 (scarce), 2 (mild), or 3 (intense) for each of the five
‘‘classic’’ signs of asphyxia evaluated: petechial hemorrhages,
cyanosis, congestion, pulmonary edema, and fluidity of the blood.
For agreement among different observers, we reserved a score of
3 for petechial hemorrhages when there were multiple, spreading
on conjunctivae, some parts of the skin, and under the thoracic
serous membranes, while we reserved a score of 2 when they
were evident but not present in all these zones. In relation to
cyanosis, we assigned a score of 3 when this color was evident
in the whole face and neck, while assigned a score of 2 when it
was evident only in lips, fingers, and toes. In relation to pulmo-
nary edema, we assigned a score of 3 when it was quite evident
before lung dissection (froth exuding from mouth or nostrils or
in trachea and main bronchi and lungs very increased in weight
and size), while we assigned a score of 2 when edema was evi-
dent only after lung dissection (scarce froth in secondary bronchi,
or only evident after tissue squeezing).

A sample of the vitreous humor was taken in each cadaver from
both eyes, using a sterile syringe.

A sample of CSF was taken with a sterile syringe in each cada-
ver from the lateral ventricles after brain dissection according to
Virchows' method.

Methods

Samples of CSF were centrifuged after autopsy and the superna-
tant was used. To detect possible blood contamination, the benzi-
dine test was performed on each CSF. All samples were properly
labeled and frozen at )70�C until analysis. Vitreous humor samples
were frozen without additional handling. The time elapsed from
collection to storage of samples was 90–140 min.

The OPA derivatives of aspartic acid, glutamic acid, serine, glu-
tamine, glycine ⁄ threonine ⁄ histidine, citruline, arginine, alanine, tau-
rine, GABA, tyrosine, valine, methionine, isoleucine,
phenylalanine ⁄ tryptophan, leucine, and lysine were quantified by
HPLC coupled to fluorimetric detection, according to the method
previously described by Peinado et al. (16) with minor modifica-
tions. The samples were mixed with homo-serine as an internal
standard and deproteinized with Ultrafree-MC filters (Millipore,
Bedford, MA). A 40-lL sample was mixed with the OPA reagent
and automatically injected into a Waters Resolve C-18 column
(Waters, Milford, MA). The mobile phase consisted of sodium
phosphate buffer as solvent A, plus acetonitrile ⁄water (50:50) as
solvent B. The gradient was from 90:10 (A ⁄ B) to 100 (B) in
25 min. The chromatograms were recorded and quantified with the
Baseline program (Waters).

Group means were compared with one-way analysis of variance
(ANOVA). Linear regression analysis was used to determine the
correlations between amino acid concentrations and PMI or asphyx-
ial score in every case.

Results

The concentration of all amino acids in CSF was statistically
higher in benzidine positive than in benzidine negative samples.
The results for glutamate (Glu), glutamine (Gln), aspartate (Asp),
and GABA, the most representative amino acids within the central
nervous system (CNS) are shown in Fig. 1.

The concentrations of all amino acids in the vitreous humor were
lower than in the CSF.

There were no statistically significant differences in vitreous
amino acid concentrations when the different causes of death were
considered (Figs. 2 and 3). We found no statistically significant
relationship when we plotted asphyxial score against the vitreous
content of each amino acid.

As expected, the asphyxial score was higher in asphyxia
(mean = 7.7) and poisoning deaths, most of the latter due to pul-
monary failure from drug abuse (mean = 8.3), than in traumatic
(mean = 2.5) and miscellaneous deaths (mean = 3.4).

In relation to PMI, a statistically significant increase with time
was observed in vitreous concentrations of taurine (r = 0.3191,
p = 0.01461), glutamate (r = 0.4323, p = 0.0007), and particularly
in aspartate (r = 0.4508, p = 0.0003) (Fig. 4).

FIG. 1—Free amino acids in benzidine (+) and benzidine ()) samples of
cerebrospinal fluid.

FIG. 2—Vitreous glutamate and glutamine in different causes of death.
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Discussion

We analyzed the concentrations of amino acids in CSF and vitre-
ous humor from cadavers to establish the possible relationships
between these values and the cause of death, severity of signs of
asphyxia, and PMI.

There is some controversy about postmortem changes in amino
acids within the CNS. Perry et al. (17) found that glutamate, gluta-
mine, and taurine remained unchanged in rat and human brains
under simulated mortuary conditions. GABA increased very rapidly
during the first 3 h, while aspartate rose slowly after the first 4 h.
Vass et al. (12) found linear increases of GABA, methionine,
aspartate, isoleucine, phenylalanine, tyrosine, histidine, and proline,
useful for the establishment of PMI, particularly in early time
ranges. K�rkel� (18) found a linear increase after death in most
CSF amino acids during the first 24 h. Particularly, evident was the
increase in GABA and glutamate during the first 2 h postmortem,
suggesting that these amino acids were potentially useful in foren-
sic medicine for the determination of PMI.

In our hands, the levels of all the amino acids studied in CSF
from cadavers were higher than in CSF from live people (19); the
difference was particularly evident in benzidine positive samples.
This suggests that CSF samples were contaminated with blood and
therefore yielded highly variable amino acid contents. Because of
this possibility, the CSF data were not evaluated further. Thus, col-
lection of CSF from the lateral ventricles after Virchows' brain dis-
section does not seem a suitable technique, being probably a better
way to obtain CSF from suboccipital cisternal puncture.

Most amino acid concentrations in the vitrous humor tended to
increase with lengthening PMI. This relationship was statistically
significant for taurine, glutamate, and particularly aspartate, which
increased linearly after death.

Very few publications deal with amino acids in vitreous humor.
Patrick and Logan (15) found that all amino acid concentrations
were directly related to the PMI in a logarithmic linear regression,
although at different rates.

It is known that the lower levels of amino acids in the vitreous
humor, in comparison to plasma under steady state conditions, is
due to their constant removal from vitreous humor into blood by
an active transport mechanism located in the pigment epithelium of
the retina (20). Thus, the increase in amino acid concentrations in
the vitreous humor after death is probably caused by breakdown
of the blood-vitreous barrier as a result of increased permeability
of the pigment epithelium, as well as to a failure of the transport
mechanism. Proteolysis may also contribute to this increase; this
factor would account for the generalized rise in most amino acids.
We found a positive correlation between vitreous aspartate content
and PMI, suggesting that this amino acid may serve as additional
data, particularly in difficult cases, to establish the time since death.

We found no statistically significant differences in vitreous
amino acid content in relation to the different causes of death.
Moreover, there was no evidence that vitreous amino acid concen-
trations were related to asphyxial score.

One of the main objectives of this study was to assess whether
any of the amino acids, particularly glutamine, could be used as a
marker of asphyxial deaths. Glutamine is not only one of the most
abundant amino acids in the brain, where it is a precursor of trans-
mitters such as glutamate and GABA, but also plays an important
role in the ammonia-detoxifying mechanism. In fact, Coe (1) found
high concentrations of glutamine in CSF associated with hepatic
failure. Glutamine increases in the brain gradually as a result of
increasing CO2 pressure, whereas glutamate decreases (21,22), and
the same effect is observed in plasma (23). Because the ammonia
content is increased under hypercapnic conditions, stimulated syn-
thesis of glutamine from glutamate has been suggested to remove
excess amounts of ammonia in the brain (21). Nevertheless, we
found no significant differences in vitreous glutamine content
between the different causes of death considered here. Nor did we
find variations in vitreous amino acid concentrations in relation to
the asphyxial score.

In conclusion, these preliminary results show that vitreous aspar-
tate concentration may be a useful tool for additional data to estab-
lish PMI in difficult cases. Further studies are needed with larger
sample sizes, CSF obtained by suboccipital cisternal puncture, and
an improved classification of the cause of death and asphyxial
score system.
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