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ABSTRACT: Fatal diabetic metabolic derangement is difficult
to diagnose postmortem because of the paucity of characteristic
morphologic findings. Hyperglycemia is an indigator of diabetic
derangement. Conventional biochemical parameters for postmor-
tem diagnosis of antemortem hyperglycemic states are not suffi-
ciently resistant to antemortem and postmortem non-diabetic
influences or are suited only for long and medium-term assessment
of diabetes control. In the search for other, more reliable, indices
of immediately antemortem blood glucose levels, we investigated
the value of glycosylation levels of serum proteins with very brief
biologic half-lives: a) In vitro studies were performed on the glyco-
sylation course of the short-lived serum proteins «;-antitrypsin (o~
AT) and haptoglobin (HP). b) Glycosylation levels were measured
after purification of «,-AT and HP from sera of living and deceased
non-diabetics and diabetics. ¢) The resistance of «,-AT and HP
glycosylation levels to autolysis was investigated. Our studies
revealed the following: 1) «;-AT and HP glycosylate considerably
more rapidly than either albumin or hemoglobin. This rapid glyco-
sylation, combined with the rapid turnover of both proteins; facili-
tates detection of short-term changes in glycemia. 2) «;-AT and
HP glycosylation levels are autolysis-stable and can be assessed
even after advanced hemolysis. 3) «;-AT and HP glycosylation
levels appear to allow reliable ante- and postmortem discrimination
between normoglycemic and hyperglycemic metabolic states. As
a tool in the postmortem diagnosis of antemortem hyperglycemic
states, o,-AT and HP glycosylation levels combine the advantages
of a short-term parameter with resistance to non-diabetic influences.

KEYWORDS: forensic science, diabetes mellitus, postmortem
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Identification of diabetic derangement as the cause of death can
be of utmost importance in forensic practice, for example, if medi-
cal malpractice is suspected. Retrospective reconstruction of the
metabolic state immediately preceding death based on morphologic
findings obtained at autopsy is imprecise at best (1-10). Even
Armanni-Ebstein cells, purportedly diagnostic for hyperglycemic
diabetic derangement, are not found in every case; their demonstra-
tion, moreover, is problematic in cases of advanced autolysis (3,11-
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13). Biochemical studies on body fluids allow for a more specific
assessment (1,3-10,14-28).

Postmortem diagnosis of “fatal diabetic coma” has to consider
highly complex causal metabolic dysregulations: Diabetic coma
may be caused by ketoacidotic or hyperosmolar diabetic derange-
ment. A differentiation may be achieved even postmortem by
determination of ketones or acetone levels in body fluids
(3,7,8,16,19-21,24). In any event, one indicator of severe diabetic
dysregulation is hyperglycemia. In living patients, diagnosis of
hyperglycemia is a simple matter of blood glucose determination.
Blood glucose levels in cadaver blood, however, are unreliable
because of rapid postmortem glycolysis (15,19,20,29).

Consequently, other biochemical parameters are used in the
postmortem diagnosis of antemortem hyperglycemia, including
glucose (and lactate) levels in spinal fluid and vitreous humor,
glycated hemoglobin (HbA,), and glycosylation of total serum
protein or albumin® (1,3,4,7,9,14,17-22,24-26,28). The diagnostic
utility of these parameters varies. Glucose levels in spinal fluid
and vitreous humor may reflect antemortem blood glucose levels
(5,15,16,23,27). However, postmortem glycolysis also occurs in
spinal fluid and vitreous humor and is regarded as the cause of
the postmortem glucose decrease and lactate increase in these
mediums (6,9,15,19,21,24,26). Although spinal fluid and vitreous
humor are less subject to terminal and postmortem changes than
blood, postmortem glycolysis may be quite rapid in these body
fluids as well (9,15,19,21). Summary glucose and lactate values
in spinal fluid and vitreous humor were therefore introduced in
the postmortem diagnosis of antemortem hyperglycemia and have
been regarded as valuable diagnostic tools by a number of authors
(3,7,9,19-21,24,26). Nonetheless, as is the case with glucose levels,
summary values may also be subject to non-diabetic influences
(especially by hyperlactatemias of diverse genesis) (3,4,7,9,-
19,22,24,25). HbA, levels and glycosylation of total serum protein
or albumin, while being less susceptible to non-diabetic influences
and resistant to autolysis (4,14,17,18,21,22,33), only reflect inte-
grated blood glucose levels from the 6-8 weeks (HbA,) or 2-3
weeks (glycosylated total serum protein or albumin) before death
(4,17,22,28,30,31,34-41). What these parameters cannot ascertain
are the blood glucose levels during the crucial period immediately
prior to death.

An ideal parameter for evaluation of blood glucose levels
immediately preceding death would have to have the follow-
ing characteristics:

3Since glycosylation of albumin represents up to 90% of total glycosyla-
tion, total serum protein glycosylation levels have the same diagnostic
value as albumin glycosylation levels (30-32).
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a) It must be a short-term parameter that rapidly and specifi-
cally registers changes in blood glucose.

b) It must be stable under ante- and postmortem non-diabetic
influences, particularly autolysis.

The postmortem stability of HbA; and total serum protein or
albumin glycosylation is due to peculiarities in the adduction of
glucose to protein.* HbA,, levels and glycosylation of total serum
protein or albumin, however, are only suitable for long and
medium-term monitoring of diabetes mellitus because of the rela-
tively long biologic half-lives of hemoglobin (approx. 45 days)
and albumin (approx. 21 days). Serum proteins other than albumin
are also known to glycosylate in relation to the blood glucose
levels to which they are exposed during their life-spans
(30,31,37,4248). It is to be expected that the glucose bond in
these proteins is also highly stable. Glycosylation of proteins with
much shorter half-lives than albumin should reflect short-term
metabolic fluctuations better than glycosylation of albumin, total
serum protein or hemoglobin. In postmortem diagnosis of diabetic
hyperglycemic derangement, glycosylation levels of serum pro-
teins with very short half-lives would therefore combine the advan-
tage of postmortem stability with the capacity for retrospective
registration of short-term glucose fluctuations.

The aim of the present study was to purify selected serum
proteins with half-lives much shorter than albumin and to explore
the utility of their glycosylation levels in postmortem diagnosis
of antemortem hyperglycemic states. For reasons of practicability
(adequate serum levels, feasible technical conditions), the serum
proteins a;-antitrypsin and haptoglobin (o,-AT and HP, with half-
lives of 4 and 24 days (49,50), were investigated.

Materials and Methods

In Vitro Studies on the Course of a-Antitrypsin (o,-AT),
Haptoglobin (HP) and Albumin Glycosylation

The course of a;-AT, HP and albumin glycosylation was investi-
gated in vitro as follows: Three different protein solutions con-
taining either 1 g/ a;-AT, 1 g/L HP, or 50 g/L albumin in PBS
buffer (pH 7.2) were produced under sterile conditions. Each solu-
tion was fractionated and adjusted to one of two different glucose
levels: 1) 5 mmol/L glucose (corresponding to normoglycemia) or
2) 30 mmol/L glucose (corresponding to hyperglycemia). Glucose-
free solutions were used as controls. All solutions were incubated
at 37°C for a maximum of 7 days. Aliquots for determination of
glycosylation levels were removed every 24 h for a;-AT and
albumin, every 48 h for HP. Extent of glycosylation was determined
as the ratio of fructosamine (30,31,37,41) to protein. Fructosamine
levels were measured by a photometric test (Test-Combination
Fructosamine, Boehringer, Mannheim, FRG), protein levels by the
biuret method (Merckotest, Merck, Darmstadt, FRG).

o,-AT and HP Glycosylation Levels and Conventional
Parameters for Diagnosis of Hyperglycemic States in Living
Subjects and Cadavers

Samples—Analyses were performed on samples from the fol-
lowing subjects:

4In (non-enzymatic) glycosylation, glucose adducts to free amino groups
of the protein via an aldimine linkage (Schiff base), which then undergoes
Amadori rearrangement to produce a stable ketoamine product (fructosam-
ine) (30,31,37,41).
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FIG. 1—In vitro glycosylation of o.i-antitrypsin, haptoglobin and albu-
min during incubation at 37°C in 5 mmol/L and 30 mmol/L glucose
solutions for up to 7 days.

Living non-diabetics (n = 73; group “ND am” in Tables 1, 2A/
B and Fig. 2): Blood samples (venous blood) from 73 healthy
non-diabetic donors were analyzed.

Living diabetics (n = 26)—Residual blood (venous blood) from
samples taken for clinical reasons from 26 inpatients was investi-
gated. These living diabetics were divided into three groups
according to their medical records:

Diabetics with normoglycemia—(n = 7; group “Da am” in
Tables 1, 2A and Fig. 2):

Clinical diagnosis, “well-controlled diabetes mellitus”;

* al] fasting blood glucose levels (capillary blood) in the last 4
days before blood sampling <120 mg/dL;

Diabetics with hyperglycemia—(n = 17; group “Db am” in
Tables 1, 2A and Fig. 2):

* Clinical diagnosis, “poorly-controlled diabetes mellitus”;

* Fasting blood glucose levels (capillary blood) in the last 4
days before blood sampling frequently >120 mg/dL;

TABLE 1« -antitrypsin/haptoglobin glycosylation levels (yumol
fructosaminelg protein) in living and deceased non-diabetics and
diabetics (am = Living; pm = Postmortem; ND = Non-diabetics;
Da = Diabetics, normoglycemia; Db = Diabetics, hyperglycemia;
Dc = Diabetics, diagnosed or suspected fatal diabetic derangement:
Dc am = Clinically diagnosed diabetic coma, Dc pm = Suspected
faral diabetic derangement; MV * SD = Mean value *

standard deviation).

Test group Range MV %= SD
ND am (n = 73) 8.19-15.17 12.51 £ 1.98
Daam (n=7) 9.62-14.95 12.36 = 1.98
Db am (n = 17) 14.97-20.51 18.19 = 1.49
Dc am (n = 2) 24.14-25.62 24.88 = 0.74
ND pm (n = 17) 7.50-15.06 11.01 = 1.94
Da pm (n = 4) 11.89-15.05 13.52 = 1.35
Db pm (n = 4) 17.17-19.86 18.49 = 1.01
Dc pm (n = 16) 19.46-28.75 24.22 + 2.77
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TABLE 2A—Conventional parameters for diagnosis of hyperglycemic
states in living and deceased non-diabetics and diabetics (am =
Living; pm = Postmortem; ND = Non-diabetics; Da = Diabetics,
normoglycemia; Db = Diabetics, hyperglycemia; Dc = Diabetics,
diagnosed or suspected fatal diabetic derangement: Dc am = Clinically
diagnosed diabetic coma, Dc pm = Suspected fatal diabetic
derangement; MV * SD = mean value * standard deviation).

Parameter Test group Range MV = SD
Blood glucose ND am (n = 73) 69-123 91 + 12
concentration Daam (n = 6) 104138 121 £ 18
(venous blood) Db am (n = 15) 173-398 259 * 56
(mg/dL) Dcam (n = 2) 401-482 441 = 40
Glycosylation of ND am (n = 73) 2.354.91 3.44 * 0.57
total serum Daam (n = 3) 398-5.12 453 £ 0.51
protein (p.mol Dbam (n = 15) 4.13-6.24 542 = 0.71
fructosamine/g Dc am (n = 2) 592-6.04 598 * 0.06
protein)
HbA, (%) Daam (n =7) 7.3-12.1 10.1 £ 1.7
Db am (n = 15) 9.1-14.3 121 + 14
Dc am (n = 2) 13.7-14.6 14.1 = 04
ND pm (n = 13) 44- 9.5 76 = 1.7
Dapm (n = 3) 9.7-14.1 119 £ 1.8
Dbpm (n = 3) 11.9-154 138 x 14
Dc pm (n = 12) 9.3-174 134 = 24

TABLE 2B—Conventional parameters for diagnosis of hyperglycemic
states in deceased non-diabetics and diabetics (pm = Postmortem;
ND = Non-diabetics; Da = Diabetics, normoglycemia; Db =
Diabetics, hyperglycemia; Dc = Diabetics, suspected fatal diabetic
derangement; MV £ SD = Mean value * standard deviation).

Parameter Test group Range MV £ SD
Glucose levels in ND pm (n = 14) 32.2-94.8 68.4 + 18.2
spinal fluid Dapm (n = 4) 42.6-112.3 726 + 164
(mg/dL) Dbpm(n =4) 102.5-1664 138.8 = 279
Dcpm(n =9) 184.9-426.8 292.8 * 68.7
Glucose levels in ND pm (n = 14) 79.1-177.7  119.0 = 28.2
vitreous humor Dapm (n = 4) 94.9-170.6  128.7 + 27.1
(mg/dL) Dbpm(n =4) 158.3-242.7 205.7 = 310
Dcpm (n = 11) 151.6-509.7 342.1 *+ 95.7
Summary glucose  ND pm (n = 14) 227.4-365.0 305.7 * 35.8
and lactate Dapm(n =4) 29584270 3593 *+51.8
values in spinal  Dbpm (n =4) 398.1-448.6 415.7 = 19.5
fluid (mg/dL) Dcpm (n =9) 520.0-1026.0 696.2 + 1724
Summary glucose ND pm (n = 14) 208.7419.6 301.4 + 64.7
and lactate Dapm(n =4) 278.24010 343.1 = 444
values in vitreous Dbpm (n = 4) 387.7460.8 4203 * 26.5
humor (mg/dL) Dcpm (n =9) 421.3-902.8 6405 + 155.2

Diabetics with clinical diagnosis of “diabetic coma”—(n = 2;
group “Dc am” in Tables 1, 2A and Fig. 2):
Table 3 includes the relevant clinical data on these two cases.

Cadavers of individuals with non-diabetic or diabetic metabolic
antemortem state (n = 41)—Studies were performed on samples
of blood (cardiac blood), spinal fluid and vitreous humor collected
from 41 cadavers within 72 hours after death.

#In 25 cases, samples were obtained at autopsy on patients who
had died in hospital. A review of the medical records revealed that

* 17 of these patients were normoglycemic non-diabetics (group

“ND pm” in Tables 1, 2A/B and Fig. 2),

* 4 were diabetics with normoglycemia (criteria see above;
group “Da pm” in Tables 1, 2A/B and Fig. 2).
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FIG. 2—Distribution of o,-antitrypsin/haptoglobin glycosylation levels
in living and deceased non-diabetics and diabetics (am = Living; pm =
Postmortem; ND = Non-diabetics; Da = Diabetics, normoglycemia; Db
= Diabetics, hyperglycemia; Dc = Diabetics, diagnosed or suspected
Jfatal diabetic derangement: Dc am = Clinically diagnosed diabetic coma,
Dc pm = Suspected fatal diabetic derangement.

* and 4 were diabetics with hyperglycemia (criteria see above;
group “Db pm’” in Tables, 1, 2A/B and Fig. 2). None of these
cases exhibited clinical signs of diabetic coma, all individuals died
from other natural causes of death.

# Specimens from a further 16 cadavers of subjects with a
diagnosis of suspected fatal diabetic derangement (group “Dc pm”
in Tables 1, 2A/B and Fig. 2) were provided by 5 institutes of
forensic medicine.’ In these cases, the diagnosis “suspected fatal
diabetic derangement” was based on case history, autopsy findings
and conventional parameters for diagnosis of diabetic derange-
ments determined postmortem (cf. group “Dc pm” in Tables 2A/
B; data for acetone not shown). Specific antemortem data were
not available in these cases, since these individuals all died medi-
cally unattended.

Purification of o,-AT and HP from Serum and Assessment of
Glycosylation Levels—ao,-AT and HP were purified from sera of
all blood samples. Due to their similar physicochemical properties,
the two proteins were located after purification in the same frac-
tions, which were then characterized by radial immunodiffusion,
SDS-gel electrophoresis and nephelometric quantification of o-
AT and HP.

Purification of o,-AT and HP—Purification of o;-AT and HP
was done by affinity chromatography and subsequent preparative
isoelectric focusing (IEF). For affinity chromatography, columns
(5 mL bed volume) filled with Affi-Gel Blue (BioRad, Richmond,
USA) were used. After equilibration of the columns with 0.03M
monopotassium phosphate (KH,PQ,, pH 7.1), 0.75 mL serum
samples were applied. Stepwise elution was performed with 0.03
M KH,PO, (pH 7.1) and 1.4M NaCl in 0.03M KH,PO, (pH 7.1)
at a flow rate of 1 mL/min; protein detection was performed at 280
nm. Eluted fractions were characterized as described as follows.
Eluates containing o;-AT and HP were desalted by dialysis against

SWe thank the Institutes of Forensic Medicine of the Technical University
of Aachen and the Universities of Frankfurt am Main, Hamburg, Heidel-
berg, and Ulm for kindly providing us with samples.
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TABLE 3—Case history, clinical data (upor admission) and o,-AT/
HP glycosylation levels in two living individuals with the clinical
diagnosis “diabetic coma.”

Case 1
(female, 74 years)

Case 2
(male, 53 years)

Case history Diabetes mellitus,
‘type 2; weakness,
vomiting, poly-
dipsia, polyuria
for several days

Diabetes mellitus, type
2; polydipsia, poly-
uria, frequently
blood glucose levels
up to 800 mg/dL and
disturbances of
consciousness in the
7 days prior to
admission

Unconsciousness;
exsiccosis, hypo-
tension, tachycardia,
oliguria, hyperos-

Clinical picture Unconsciousness;
feeble reflexes;
exsiccosis, hypo-

tension, tachycardia,

hyperosmolarity; molarity; plasma
plasma ketones not ketones not elevated
elevated
Glucose level 922 1020
(mg/dL)
HbA1l (%) 13.7 14.6

Clinical diagnosis Hyperosmolar, non-
ketotic diabetic
coma

24.14

Hyperosmolar, nonke-
totic diabetic coma

o,-AT/HP glycosyla- 25.62

tion level (pmol

fructosamine/g

protein)

water and further purified by preparative IEF. After addition of
an ampholyte (Servalyt 3-6, Serva, Heidelberg, FRG) samples
were focused in a Bio-Rad Rotofor Cell (Bio-Rad, Richmond,
USA) and the pH of each fraction was determined. In accordance
with the isoelectric points of o;-AT and HP (4.0 and 4.1), fractions
from the 4.0-4.1 pH range were pooled. After lyophilization of
the pooled fractions, the samples were adjusted to the original
volume of 0.75 mL with water, characterized, and the glycosylation
levels of the purified serum proteins determined.

Characterization of the purified samples—Fractions derived
from the affinity chromatography and preparative IEF procedures
were characterized by radial immunodiffusion, SDS gel electropho-
resis, and nephelometric quantification of o;-AT and HP. Char-
acterization with radial immunodiffusion was done using
immunodiffusion plates (NOR-Partigen Albumin, o-AT and
HP, Behring Diagnostika, Marburg, FRG). One-dimensional
SDS gel electrophoresis for characterization of samples was
performed as described by Limmli (51) and protein detection
was carried out using the silver staining method according to
Merrill (52). In purified samples, a;-AT and HP concentrations
were assessed by means of nephelometry (Array 360-System,
Beckmann, Munich, FRG).

Determination of a-AT and HP glycosylation levels—Gly-
cosylation levels of «;-AT and HP were assessed as the ratio of
fructosamine (Test-Combination Fructosamine, Boehringer, Mann-
heim, FRG) to protein (Merckotest, Merck, Darmstadt, FRG) in
the purified samples.

Assessment of Conventional Parameters for Diagnosis of
Hyperglycemic States

Estimation of blood glucose levels was done enzymatically (hex-
okinase method; Gluc-Testpack, aca, Du Pont, Geneva, Switzer-
land). Glycosylation of total serum protein was calculated as the
ratio of fructosamine (Test-Combination Fructosamine, Boeh-
ringer, Mannheim, FRG) to total serum protein (Merckotest,
Merck, Darmstadt, FRG). HBA, values were measured using a
microcolumn method (Test-Combination Hemoglobin A;, Boeh-
ringer, Mannheim, FRG). In cadavers, glucose and lactate concen-
trations in spinal fluid and vitreous humor were determined
enzymatically (hexokinase method and lactate dehydrogenase
method; Gluc- and La-Testpack, aca, Du Pont, Geneva, Switzer-
land) and their summary values calculated.

Relation of o-AT and HP Glycosylation Levels to Conventional
Parameters for Diagnosis of Hyperglycemic States

Linear regression analysis was used to evaluate the relation of
a;-AT and HP glycosylation levels to conventional diagnostic
parameters for hyperglycemic states. Because of the low number
of cases in some of the groups studied, further statistical analysis
was not done.

Resistance of o-AT and HP Glycosylation Levels to Autolysis

Two fresh blood samples were stored at 25°C for a maximum
of 12 and 14 days respectively. Rapidly progressing macroscopic
hemolysis was detected within 3 days. An aliquot was taken from
each sample every 24 h, centrifugated, and the supernatant stored
at —20°C. After completion of the storage experiments, o;-AT
and HP were purified from the samples and their glycosylation
levels determined as described.

Results
Courses of a-AT, HP and Albumin Glycosylation In Vitro

The courses of a,-AT, HP and albumin glycosylation after incu-
bation in 5 mmol/L and 30 mmol/L glucose solutions are shown
in Fig. 1. Whereas albumin demonstrated no appreciable glycosyla-
tion, even after incubation in 30 mmol/L. glucose solution for up
to 7 days, both a;-AT and HP underwent gradual glycosylation at
roughly equal rates. Glycosylation of a;-AT and HP progressed
approximately twice as rapidly during incubation in 30 mmol/L
as in 5 mmol/L glucose.

o,-AT and HP Purification from Serum

Affinity chromatography enabled rapid removal of albumin from
the serum samples. Following subsequent IEF, o;-AT and HP
were demonstrated by radial immunodiffusion in the pH 4.04.1
fractions. Besides o;-AT and HP, SDS gel electrophoresis on these
fractions detected only traces of other proteins, which could not
be further characterized. Nephelometric quantification revealed
that «;-AT and HP were present in approximately equal concentra-
tions. The fractions thus characterized were used to assess o;-AT
and HP glycosylation levels.®

5Since these fractions contained both a,-AT and HP, they will be referred
to in the following as “a;-AT/HP”.
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o-AT/HP Glycosylation Levels in Living and Deceased Non-
Diabetics and Diabetics

Table 1 shows the ranges, mean values, and standard deviations
of the a-AT/HP glycosylation levels in the groups studied; Fig.
2 presents the distribution of values in the different groups. o-
AT/HP glycosylation levels in non-diabetics and in diabetics with
normoglycemia were all below 15.5 wmol/g (fructosamine/pro-
tein). Levels in diabetics with hyperglycemia were, by contrast,
appreciably higher. The highest glycosylation values (up to 29
pmol/g) were registered in cases of clinically diagnosed diabetic
coma or suspected fatal diabetic derangement. The area of overlap
was small as far as could be determined from the material studied.

Conventional Parameters for Diagnosis of Hyperglycemic
States in Living and Deceased Non-Diabetics and Diabetics

Tables 2A and 2B present the results for conventional clinical
and postmortem parameters for diagnosis of hyperglycemic states
(blood glucose concentrations, glycosylation of total serum protein,
HbA,, glucose levels and summary glucose and lactate levels in
spinal fluid and vitreous humor).”

oy-AT/HP Glycosylation Versus Conventional Parameters for
Diagnosis of Hyperglycemic States

o-AT/HP glycosylation levels correlated closely with all con-
ventional parameters for clinical and postmortem diagnosis of
hyperglycemic states (for blood glucose concentration: r = 0.89;
for glycosylation of total serum protein: r = 0.85; for HbA;: r =
0.75; for glucose levels in spinal fluid: » = 0.80, and in vitreous
humor: r = 0.82; for summary values in spinal fluid: r = 0.85,
and in vitreous humor: r = 0.84).

Table 3 presents the clinical data (including the conventional
parameters for diagnosis of hyperglycemic states) and a,-AT/HP
glycosylation levels of two living individuals with the clinical
diagnosis of diabetic coma.

Resistance of o-AT/HP Glycosylation to Autolysis

Daily monitoring of blood samples stored for 14 days at 25°C
revealed constant o;-AT/HP glycosylation levels over the entire
period. Even high-grade hemolysis did not disturb the determina-
tion of o;-AT/HP glycosylation. The hemoglobin released during
hemolysis was reliably separated from «;-AT and HP by IEF.

Discussion

Features of protein glycosylation led to the hypothesis that
assessment of glycosylation in short-lived serum proteins could
be of value in postmortem diagnosis of antemortem hyperglyce-
mic states.

Our findings in vitro experiments on the course of «;,-AT and
HP glycosylation and the resistance to autolysis of «;-AT and HP
glycosylation support this hypothesis:

a) o-AT/HP glycosylation proved to be highly resistant to
autolysis.

“Since blood glucose levels in cadaver blood are of little diagnostic value
due to the rapid postmortem onset of glycolysis, these were determined in
living subjects only. Total serum protein glycosylation was also assessed
in living subjects only, since analyses of cadaver blood may be disturbed
by postmortem hemolysis.

b) «;-AT and HP glycosylated in vitro (in glucose solutions formu-
lated to resemble physiologic and diabetic conditions in blood)
considerably more rapidly than albumin.

Once Amadori rearrangement has occurred, glycosylation of
serum proteins is irreversible (30,31,37). Hence, changes in blood
glucose concentrations are reflected in serum protein glycosylation
and registered for intervals the length of which depends on the
half-life of the protein. The relatively short half-lives of o-AT
and HP (4 and 2-4 days, respectively) preclude the registering of
“old” blood glucose levels. Considering the rapid in vitro glycosyl-
ation of o;-AT and HP, it can therefore be assumed that their
glycosylation levels represent a rapid and specific index of short-
term changes in blood glucose concentrations.

This was further investigated by analyzing blood samples from
living non-diabetic and diabetic subjects as well as from cadavers
of individuals with known metabolic states antemortem. a;-AT
and HP were purified from blood samples using affinity chromatog-
raphy and IEF. After purification, both proteins were located in
the same fractions, which contained only traces of other proteins.
The purity attained was regarded as adequate since «;-AT and HP
have almost identical half-lives and since both proteins glycosyl-
ated in vitro at almost equal rates (Fig. 1). The determination of
o-AT/HP glycosylation levels and conventional parameters for
diagnosis of hyperglycemic states in living and deceased non-
diabetics and diabetics revealed the following:

a) a;-AT/HP glycosylation levels correlated closely with the meta-
bolic state immediately preceding death or at the time of blood
sampling (in living patients):

A close correlation was found between «;-AT/HP glycosyla-
tion and blood glucose in the same blood sample. This accords
with the results of in vitro experiments showing that both
o;-AT and HP glycosylate rapidly when exposed to glucose
(Fig. 1).

Whereas non-diabetics and diabetics with normoglycemia
had mean glycosylation levels of approximately 12 pumol/g
(fructosamine/protein), corresponding levels in diabetics with
hyperglycemia approached 18 pmol/g. The mean value in cases
of clinically diagnosed or suspected fatal diabetic derangement
was 24 pmol/g, twice as high as in non-diabetics (Table 1).

Diabetic coma was diagnosed clinically in two living individ-
uals. The a1-AT/HP glycosylation levels in these cases (Table
1, group “Dc am,” and Table 3) were much higher than those
of diabetics with normoglycemia or hyperglycemia without
signs of diabetic coma (Table 1 and Fig. 2, groups “Da” and
“Db”). Comparably elevated values were seen in most of the
cases of suspected fatal diabetic derangement analyzed post-
mortem (Fig. 2, group “Dc pm”). Antemortem data was not
available in these cases. However, the conventional short-term
parameters for diagnosis of hyperglycemia determined post-
mortem suggested a severe antemortem hyperglycemia (3,5,7,
9,15,16,19-21,23,24,26,27) in all cases with similarly elevated
o,-AT/HP glycosylation levels.

b) Compared with conventional parameters for the postmortem
diagnosis of antemortem hyperglycemic states, o;-AT/HP gly-
cosylation determination may have valuable advantages:

This parameter showed less inter-group overlap than either
total serum protein glycosylation levels or HbA, values (Tables
1 and 2A). This was to be expected since a;-AT and HP
glycosylated considerably more rapidly in vitro than albumin
and since their biologic half-lives are substantially shorter (4
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and 2-4 days, respectively) than those of either albumin
(approx. 21 days) or hemoglobin (approx. 45 days) (49,50).
Changes in metabolism could therefore be reflected more rap-
idly and with greater reliability by a;-AT/HP glycosylation
than by either total serum protein glycosylation or HbA, values.

«,-AT/HP glycosylation levels in cadaver blood correlated
closely with glucose levels and summary glucose and lactate
values in spinal fluid and vitreous humor. This supports the
assumption that both o;-AT/HP glycosylation levels and glu-
cose levels, or summary values of glucose and lactate levels,
are short-term parameters that reflect the metabolic state imme-
diately preceding death. Glucose levels and summary values
may, however, be subject to artefact, especially due to postmor-
tem glycolysis, agonal hyperglycemia and hyperlactatemia of
non-diabetic origin (3,4,6,7.9,15,19,21,22,24-26). By contrast,
o-AT/HP glycosylation levels are unaffected by postmortem
glycolysis or antemortemn hyperlactatemia and are affected by
short-term agonal fluctuations in blood glucose levels to a lesser
extent than are glucose levels and summary values in spinal
fluid and vitreous humor, since measurable changes in glycosyl-
ation are only attained after the proteins have undergone a
sufficiently long incubation time.

Our findings allow the following conclusions regarding the
suitability of o,;-AT/HP glycosylation determination as a tool
in the postmortem diagnosis of fatal diabetic derangement:

1. o;,-AT/HP glycosylation levels closely reflect blood glucose
concentrations at the time of blood sampling or shortly before
death. They are therefore well suited as a short-term parameter
for the diagnosis of hyperglycemic states.

2. a,-AT/HP glycosylation levels are autolysis-resistant and can
be determined even in hemolyzed blood samples.

3. The risk of spurious results is slight. Theoretically, long-
lasting hyperglycemias of non-diabetic origin may falsify the
results; such hyperglycemias may, however, also complicate diag-
nosis based on conventional parameters. Individual diagnosis must
take into account possible underlying diseases. In cases of acute
onset of hyperglycemia and a short interval between onmset of
hyperglycemia and death, a;-AT/HP glycosylation levels may be
artefactually low, since glycosylation requires a definite incubation
period, and the half-lives of a;-AT and HP are 4 and 24 days
respectively. Cases of this type are, however, unusual. Fatal diabetic
derangement is generally preceded by a longer period of hyper-
glycemia.

4. a,-AT/HP glycosylation levels combine the advantages of a
short-term parameter with resistance to autolysis as well as to non-
diabetic influences.

On the basis of these attributes, a;-AT/HP glycosylation determi-
nation may be a useful diagnostic tool in the postmortem diagnosis
of hyperglycemic diabetic derangement. It may be of especial
value when blood is the only available specimen or when influence
of non-diabetic factors on conventional diagnostic parameters is
suspected (3,4,6,7,9,15,19,21,22,24-26).

It should be added that the data presented here are preliminary.
A sufficiently large number of cases of fatal diabetic coma with
confirmed antemortem diagnosis will have to be investigated to
determine definitively whether o,;-AT/HP glycosylation levels are
superior to conventional parameters in the postmortem diagnosis
of hyperglycemic diabetic derangement.
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