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Abstract

Background: Chronological age estimation is an important process for corpse identification. Advanced
glycation end products (AGEs) are accumulated during lifetime and have been used for forensic identification.
The AGEs in vitreous humor still lack of information for age estimation. Objective: To investigate correlation
between the AGEs level contained in vitreous humor and chronological age in postmortem cases. Methods:
The vitreous humor samples were collected from the postmortem cases (n=142). The AGEs levels were
determined by spectrofluorometer and presented in microgram of quinidine hemisulfate equivalent (ug QE/
mL) and nanogram of pentosidine equivalent (ng PE/mL). Stepwise linear regression was used to generate
the equation. Results: The QE and PE showed mild positive correlation (r = 0.350 and 0.195; p <0.001,
respectively) while the PE/QE ratio showed moderate negative correlation with age (r = -0.561, p <0.001).
The predicted equation showed error value 12 years and gave accurate prediction in range 40-59 years old.
Conclusion: The AGEs contained in the vitreous humor correlated with chronological age in postmortem
cases. The other fluorescence molecules might be interfere during the AGEs measurement then the specific

methods should be developed for measuring the AGEs level to decrease the error value.
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Introduction

The formation of advanced glycation end products
(AGEsS) is a part of normal process in human body. The
AGEs ,group of heterogeneous compounds, occurred
from reducing sugars that reacted with free amino
groups of proteins, lipids, or nucleic acids'. The AGEs
,normally pentosidine, eN-carboxymethyllysine, &N-
carboxyethyl-lysine and methylglyoxal derivatives are
found in the human body?. The AGEs play an important
role in normal aging process and age-related diseases.
Accumulation of the AGEs in tissues including serum,
teeth, cartilage and skin are progressive during the
lifetime®. The AGEs levels have been associated with
aging process and correlated with age in volunteers, but
AGEs levels in postmortem case is limited® 3.
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Vitreous humor is a gelatinous substance and filled
in the eyeball where is a close space and is undisturbed
by external environments, decomposition process
and bacterial contamination®. Water, minerals and
collagen are major components in the vitreous” 3. The
AGEs are found in the vitreous and associated with
age in living person® '°. Moreover, the vitreous humor
is an alternative material for forensic identification.
It was applied in postmortem diagnosis for example
postmortem identification, death from hypothermia,
sudden infant death, brain damage assessment and
intoxication by bleach, but no apply in age estimation'!.
In addition, the process of vitreous humor collection is
simple and rapid method.

High performance liquid chromatography (HPLC)
coupled with fluorescence detector and enzyme-
linked immunosorbent assay (ELISA) are suitable
methods for the AGEs level analysis'?. The HPLC
is an expensive instrument and cannot provided in
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laboratory. Spectrofluorometer is a basic instrument
for determination of fluorescence substances level. An
emission and excitation wavelengths are more specific
to each substance properties and the pentosidine level
was applied by fluorescence spectrometer!?.

In forensic medicine, age estimation is an essential
process for person identification both living individuals
and postmortem. There are many methods for the
age estimation including radiological examination of
skeleton and dentine, anthropological method, telomere
shortening and chemical substances especially aspartic
acid and AGE which are popular chemical substance
The AGEs level contained
in teeth were highly correlated with chronological

for age estimation'®.

age’. However, the teeth samples were difficult for
sample preparation. Using of the AGEs level contained
vitreous humor might be simple and rapid method for
age estimation. The aim of the study were to investigate
correlation between the AGEs level contained in vitreous
humor and chronological age in postmortem cases by
spectrofluorometer.

Materials and Methods

One hundred and fourth two male who died within
24 hours were included in this study. All participants
aged between 12 to 88 years old. The vitreous humor
samples were collected during autopsy at Department of
Forensics Medicines, Faculty of Medicine, Chiang Mai
University during September 2019 to January 2020. The
subjects who had decomposition and not known about
gender, age, and race were excluded. The study was
approved by the Research Ethics Committee Faculty of
Medicine, Chiang Mai University (FOR 2562 06508).

Approximately, three milliliter of vitreous fluid was
collected at eyeball position and the sample was added
in sodium fluoride tube. The samples were stored at -80
°C before experimentation. The 0.5 milliliter of vitreous
fluid sample was hydrolyzed with one milliliter of 6M
hydrochloric acid at 110 °C for 20 hours. The hydrolyzed
sample was centrifuged at 12,000 RPM for 10 minutes.
Then, ten microliter of the hydrolyzed sample was
diluted with 190 microliter of double distilled water.

The AGEs concentration was measured with

spectrofluorometer'>.  Quinidine  hemisulfate and

pentosidine were used as standard substance. The

excitation and emission wavelengths was 350/440 nm for
quinidine hemisulfate and 328/378 nm for pentosidine,
respectively. The results were expressed in microgram
of quinidine hemisulfate equivalent per milliliter (ug
QE/mL) and nanogram of pentosidine equivalent (ng
PE/mL).

The efficiency of the age prediction models were
assessed by self-consistency test and bias and inaccuracy
value were calculated following equiation:

*Bias = X (predicting age — chronological age)/n

elnaccuracy = Z[predicting age — chronological

age|/n

Data were expressed as mean + standard deviation
(S.D). The correlation between the AGEs levels
and chronological age were analyzed by Pearson’s
correlation. The age prediction models were generated
by multiple linear regression. The estimated age and
actual age were compared with paired 7-Test analysis.
Independent t-Test was used to compare AGEs levels
in cardiovascular disease group and non-cardiovascular
diseases group. A p-value less than 0.05 (p<0.05) was
considered significant.

Reults

In this study 142 males who age ranged from 12 to
88 years old were included. We classified the participants
into seven groups and the results are showed in Table 1.
Cause of death composed of trauma 84 cases (59.2%),
sudden unexpected death 41 cases (28.9%), hanging 11
cases (7.7%), and miscellaneous 6 cases (4.2%). The
underlying diseases of the participants were obtained
from medical record. Hypertension, diabetic mellitus
and renal disease found 18 (12.7%), 7 (4.9%), and 4
(2.8%) cases, respectively. The scatter plots between age
and the QE, PE, and PE/QE ratio are shown in Figure 1.
The value of QE, PE, and PE/QE ratio in these diseases
showed similarly levels with the healthy participants or
other diseases.

Correlation between the quinidine hemisulfate,
pentosidine equivalent and chronological age

The Pearson’s correlation was used for determining
a correlation between the AGEs concentrations and
chronological ages. The correlation between the QE and
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PE showed mild positive correlation (r=0.35 and 0.195,
respectively). While the PE/QE ratio showed negative
correlation (r=-0.561). The correlation of chronological
age and the AGEs levels are shown in Figure 1.

Age estimation model

The age estimation equation was generated by linear
regression following stepwise method. The formula for
age estimation is shown as follow:

Estimated age = 143.404 — (1040.781* PE/QE) +
(24.277*PE) — (1.927*QE) (1

When PE is pentosidine equivalent, QE is quinidine
hemisulfate equivalent, and PE/QE is the ratio of
pentosidine and quinidine hemisulfate equivalent. The
R value of the linear regression equation was 0.607 (R?
=0.368, p <0.001). The beta coefficients of QE, PE, and
PE/QE ratio in the equation presented -0.975, 1.076, and
-0.889 respectively. The standard error of the estimation
(SE) showed 15.89.

The self-consistency test was used for testing
the efficacy and accuracy of the estimated equation.
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Bias value of the equation showed 0.028 years and
inaccuracy demonstrated 12 years. The estimated age
were compared with chronological age in each age range
and the results are shown in Table 1. A different value
(AA) between estimated age and chronological age was
plotted with the chronological age. The AA in age range
40-59 years old revealed lower inaccuracy value than the
other ranges and the graph is shown in Figure 2. The
estimated ages were similar with the chronological ages
in range 40-59 year old but others ranges were different.

Effect of cardiovascular diseases on the AGEs
levels

The cause of death was diagnosed by a forensic

pathologist. Coronary artery disease, myocardial
infarction, and intracerebral hemorrhage were grouped
in cardiovascular disease. For, pneumonia, sepsis,
pulmonary embolism, and others were grouped in
non- cardiovascular disease. The AGEs level in the
cardiovascular disease group was similar level when
compared with the level of non- cardiovascular diseases

and the results are demonstrated in Table 2.
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Figure 1. Distribution of the AGEs values in each chronological ages and diseases when p = hypertension,
u = Diabetic mellitus q=, renal disease, n = hypertension + diabetic mellitus +renal disease and ~ = healthy
participants. Correlation of the QE, the PE and PE/QE ratio with chronological age are shown in Figure A,
B and C, respectively.
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Figure 2. Relative of bias (the difference value of estimated age and chronological age (rA)) and
chronological age.

Table 1. Comparison between estimated age and chronological age

191

Actual age Number (n) Mean (()}t:é:rt)ual age Predicted age range p-value
12-19 19 16.5 24-48 <0.001
20-29 23 24.8 21-49 <0.001
30-39 19 34.8 26-61 <0.001
40-48 23 432 24-64 0.270
50-59 22 54.6 33-66 0.091
60-69 18 64.5 32-75 <0.001
70-88 18 76.3 43-76 <0.001

p<0.05 significant different between actual age and predicted age
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Table 2. Comparison of the AGEs levels in cardiovascular diseases and non-cardiovascular diseases

Factors Cardiovascular diseases Non- cardiovascular value
(N=24) diseases (N=17) P
Age 59.6+12.7 57.4+19.1 0.672
Quinidine hemisulfate 23.3£13.5
23.1£11.7 0.948
(ug QE/mL)
Pentosidi
crrosidine 2241.0 22413 0.888
(ng PE/mL)
PE/QE ratio (*10-2) 9.942.0 9.5+1.9 0.627

p <0.05 significant different the AGEs level between the cardiovascular disease group and non- cardiovascular

diseases group.

Discussion

The AGE formation is a normal process and
develops in tissue during aging. The AGEs levels were
determined in postmortem for age estimation. Estrogen,

female hormone, reduce the AGEs level!®

and gender
might effect on pentosidine accumulation in vitreous
humor!®. Then only male participants were included in

this study to decrease gender effect.

The QE and PE level presented mild positive
correlation with chronological age. Both the AGEs and
pentosidine in vitreous significant increased depending
on age!”. The PE/QE ratio showed moderate negative
correlation with the chronological age. The correlation
of the QE and PE level in vitreous were lower than
teeth, cartilage, and bone samples>!®. The turnover rate
of protein might be effect to the AGEs and pentosidine
level in tissues. High turnover rate tissue including blood
and vitreous humor has a shorter half-life of the AGEs

than the low turnover rate tissue'®.

In age ranged 40-59 year old were highly accurate
than the others range. The contaminated AGEs in
food can absorb through circulation leading to high
AGEs levels in blood or accumulate in other tissue®’.
Teenager’s lifestyle like to consume about coffee, cocoa,
cake, bread and grilled meat leading to highly the AGEs
level in blood and might be disposed to the vitreous?!> 22,
Aging is the progressive accumulation of the AGEs from
dietary, lifestyle, drug and unknown underlying disease

%23 The AGEs damage to an organism overtime leading

to disturbed function on the cellular, tissue and organs.
In elderly age, the AGEs level normally higher level
than the teenager leading to highly error estimated age.

High level of the AGEs presents in diabetes mellitus
and cardiovascular diseases'> ?*. The cardiovascular
disease was only observed with forensic pathologist,
but diabetes mellitus could not diagnostic with routine
laboratory. The AGEs level in cardiovascular diseases
did not different compared with the healthy participants.
As same as, the QE, PE and PE/QE ratio in cardiovascular
diseases group did not different compared with non-
cardiovascular diseases which was discordance with the
previous study?’. In this study showed that cardiovascular
diseases did not effect to the QE, PE and PE/QE ratio
and might be effect on the age estimation process.
However, the fluorescence spectrometry method might
be affected by others fluorescence molecules. Then, the
specific methods for the AGEs determination should be
developed to give the highly predict equation for age
estimation.

Conclusion

The PE/QE ratio of vitreous humor in postmortem
cases showed moderately correlation with chronological
age and suitable for age estimation. The predicted
equation presented error value about 12 years and gave
accurate range in 40-59 year old. The protein turnover
rate and external factors including dietary intake, drugs,
and unknown underlying disease might disturb on the
AGEs. In the future, teeth, bone, and cartilage samples
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should be determined the AGEs for more accuracy in
postmortem age estimation. The specific methods should
be developed for measuring the AGEs level to decrease
the error value.
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