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Abstract

Urinary Hippuric Acid (HA) is one of the biomarkers for toluene
abuse. However, HA can be an endogenous compound excreted in
normal urine. Background urinary HA concentrations were available
for Thai living people but there is still no data for Thai postmortem
cases. Thus, this study aims to determine urinary HA concentrations
in Thai postmortem cases and related factors that have an effect
on urinary HA concentrations. Postmortem urine samples were col-
lected from Thai cadavers aged 18-60 years old who were sent for
medico-legal autopsies at the Department of Forensic Medicine,
Siriraj Hospital, Mahidol University between 18th June 2020 and
31st December 2020. Case profiles including sex, age, Postmor-
tem Interval (PMI) and liver pathology were recorded. Urinary HA
concentrations were analyzed using High Performance Liquid Chro-
matography (HPLC) coupled with Photodiode Array (PDA) detector.
Descriptive statistics, Mann-Whitney U test and Kruskal-Wallis H test
were analyzed where they were appropriate. There were 150 Thai
postmortem cases recruited in this study. Urinary HA concentrations
ranged from 15.31 to 692.91ug/mL and the mean and median con-
centrations were 162.17 and 122.51ug/mL, respectively. There was
no statistical difference in urinary HA concentrations between female
and male subjects (p-value=0.724). Age produced highly statistical
difference across the four age groups (p-value=0.008). The first low-
er age group (18-30 years old) showed significantly lower urinary HA
concentrations than the other three age groups (31-40, 41-50 and
51-60 years old) (p-value=0.013, 0.005 and 0.003). PMI and liver
pathology did not generate any statistical significance among their
groups (p-value = 0.076 and 0.511). This study showed that age was
the significant factor that had an impact on urinary HA concentra-
tions in Thai postmortem cases.
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Introduction

Hippuric Acid (HA) is an organic acid compound which is pro-
duced from the conjugation of benzoic acid with glycine in liver and
is excreted into urine. HA is an endogenous metabolite that is present
in normal human urine and can be used as a biomarker for several
purposes like dietary intake and nephrolithiasis [1-3]. Dietary sources
containing polyphenolic compounds especially flavonoid compounds
in fruits and vegetables, tea and food preservatives are main sources
for HA production [1-4]. HA is also an important urinary biomarker
for toluene exposure. In forensic cases, the diagnosis of toluene abuse
is performed using the determination of blood toluene and urinary tol-
uene metabolites like HA and o-cresol [5,6]. However, factory work-
ers who are exposed to toluene can have elevated urinary HA profiles
[6,7]. Thus, the interpretation of urinary HA concentrations should be
carefully performed and case history should be also considered.

Background urinary HA concentrations are essential for interpre-
tation. According to previous studies, average urinary HA concen-
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trations in non-exposed living people ranged from 222 to 790pg/mL
[7-13]. When urinary HA concentrations were normalized with uri-
nary creatinine concentrations, average urinary HA concentrations in
non-exposed living people were reported between 90 and 700mg/g
creatinine [4,5,14]. Decharat S studied about urinary HA levels in
Thai living people and found that median urinary HA concentration in
the non-exposure (control) people was 200mg/g creatinine (range=50-
580mg/g creatinine) [15]. Nevertheless, there is still no information
of urinary HA levels in Thai postmortem people. Postmortem change
is the important factor affecting body fluid after death. Creatinine in
body fluid could be altered after death because creatinine could be re-
leased from muscle breakdown after death which was related to Post-
mortem Interval (PMI) and cause of death [16]. Therefore, normaliza-
tion with urine creatinine may be problematic in postmortem cases.
As urinary HA concentrations could be directly expressed in pg/mL
[7-13] and there was a study reporting urinary HA concentration of a
postmortem toluene abuser without normalization [17], this study will
determine urinary HA concentrations in non-exposed Thai postmor-
tem cases in ug/mL to avoid the potential effect of postmortem urine
creatinine on urinary HA concentrations. Then, related factors which
may have an effect on urinary HA concentrations will be assessed.
This information will be useful for the interpretation of urinary HA
concentrations in Thai postmortem cases.

Materials and methods
Subject recruitment

All subjects in this study were recruited from medico-legal cases
who were sent to Department of Forensic Medicine, Siriraj Hospi-
tal, Mahidol University, Thailand for autopsy between 18" June 2020
and 31**December 2020. The inclusion criteria were Thai people who
were between 18 and 60 years old and had PMI until sample collec-
tion not greater than 24 hours. In addition, urine specific gravity (sp.
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gr.) should be in the reference range of 1.003-1.040 [18]. The exclu-
sion criteria were Thai people who had histories of any underlying
diseases regarding to relatives’ histories or had histories of any drug
use. Furthermore, Thai people who had their occupations related to
working in factories were excluded from this study. In addition, the
analyses for drugs of abuse, volatile organic compounds and common
medications were performed for all samples submitted for toxicolog-
ical analysis. When their toxicological results were positive for any
drugs, samples were also excluded from this study.

This research project was approved by the Institute Review Board
of Faculty of Medicine, Siriraj Hospital, Mahidol University (COA
No. Si 450/2020).

Sample collection and data recording

Urine samples approximately 30mL were collected from postmor-
tem cases by drawing from urinary bladder during the autopsy pro-
cedure and were transferred into plastic bottles without preservatives
following the forensic guideline [19]. Then, urine samples were trans-
ferred for storage in the refrigerator at 4°C in the laboratory. Urine
samples were analyzed for HA concentrations using High Perfor-
mance Liquid Chromatography (HPLC)-Photodiode Array Detector
(PDA) in the next day. The analysis was performed in duplicate for
each sample and the mean value was determined as the final result for
that sample.

Subject data including sex, age, urine sp.gr., PMI, and liver pa-
thology were recorded for each urine sample for statistical analysis.
The age in this study was categorized into four groups: 18-30, 31-
40, 41-50 and 51-60 years old. PMI was classified into three groups:
0-8, 8-16 and 16-24 hours. Liver pathology could be defined based
on gross and microscopic findings and then divided into two groups:
liver with fatty change less than 50% and liver with fatty change more
than 50% (as shown in figure 1).

Figure 1: Gross and microscopic findings for liver pathology (1A: fatty change < 50%
(1A-1: gross findings, 1A-2: microscopic findings), 1B: fatty change > 50% (1B-1: gross
findings, 1B-2: microscopic findings)).

Chemicals and reagents

Hippuric acid 99.8% was sourced from Toronto Research Chem-
icals (TRC), Canada and 3-hydroxybenzoic acid (Internal standard,
IS) 99% was obtained from Sigma-Aldrich, USA. Both of them were
supplied by S.M. Chemical Supplies (Thailand) Co.Ltd. 37% Hydro-
chloric Acid (HCI), glacial acetic acid,sodium chloride (NaCl) AR
grade, ethyl acetate AR grade, acetonitirle HPLC grade, methanol

HPLC grade and synthetic urine(Surine®) were purchased from U&V
Holding (Thailand) Co., Ltd. Deionized water (dH,0) was generated
from Merck Millipore Direct-Q® 3 UV-R Water Purification System.

Instrumentation

The analysis of urinary HA was performed using a Waters Alliance
2695 High Performance Liquid Chromatography (HPLC) coupled
with a Waters 2998 Photodiode Array (PDA) detector. Chromato-
graphic separation was performed on Waters X Bridge C18 column
(25 x 2.0mm, Sum) using 78%:22% of 0.025% acetic acid in dH,O:
acetonitrile in isocratic elution with flow rate 0.6mL/min held at
30°C. The injection volume was 20uL and total run time was 12 min-
utes. PDA detector was performed at 254 nm.

Sample preparation

Sample preparation was performed using liquid-liquid extraction
[20]. Briefly, 1 mL of urine was pipetted into a conical tube and 20uL
of 25mg/mL 3-hydroxybenzoic acid (IS) was spiked to obtain IS con-
centration 500pg/mL. Then, 80uL of 6 N HCl was added and vor-
texed. Next, 0.3 g NaCl was added. Extraction was performed using
4mL of ethyl acetate and the tube was shaken using a rotating mix-
er. Then, the tube was centrifuged at 3000 rpm for 5 minutes. After
centrifugation, organic layer was transferred for drying with nitrogen
stream at 30°C. Then, the sample was re-constituted with 80%:20%
dH,O: acetonitrile 200uL and 20pL was injected into HPLC-DAD
for the analysis.

Calibrators and Quality Control (QC) preparation

Stock HA and 3-hydroxybenzoic acid solutions were prepared in
methanol at 100mg/mL. HA calibrator working solutions were pre-
pared in methanol at 10 and 1mg/mL. 3-hydroxybenzoic acid work-
ing solution was prepared in methanol at 25mg/mL. Quality Control
(QC) working solutions were also prepared in methanol at 10 and
Img/mL. Calibration curves were prepared by spiking HA working
solution into synthetic urine 1mL to achieve calibrator concentrations
at 10, 20, 50, 100, 200, 500 and 1000png/mL. Three QCs were pre-
pared in the similar way at 30, 150, 750pg/mL, respectively.

Method validation

Method validation was performed in accordance with US Food
and Drug Administration (FDA) guidelines [21]. Method validation
was performed using synthetic urine because HA was endogenous
compound that could be found in normal urine. Validation parameters
tested in this study were described below.

Selectivity and interference study was performed using synthet-
ic urine. Firstly, Blank synthetic urine, blank synthetic urine spiked
with IS and blank synthetic urine spiked with HA, o-methylhippuric
acid, m-methylhippuric acid, p-methylhippuric acid and IS were ex-
tracted and chromatographic separation was observed between HA/
IS and three isomers of methylhippuric acid. Then, common drugs
of abuse and prescribed drugs at 100pug/mL were extracted and then
selectivity and interferences were assessed at specific HA retention
time. Common drugs of abuse and prescribed drugs used to assess
this parameter were: Amphetamine, methamphetamine, 3,4-meth-
ylenedioxy-methamphetamine,  3,4-methylenedioxy-amphetamine,
6-monoacetylmorphine, morphine, codeine, methadone, cocaine,
benzoylecgonine, ketamine, delta-9-tetrahydrocannabinol, 11-nor-9-
carboxy- delta-9-tetrahydrocannabinol, diazepam, alprazolam, ami-
triptyline, and nortriptyline.
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Limit of Detection (LOD) and Lower Limit of Quantitation
(LLOQ) were tested by spiking gradually decreasing concentrations
of HA working solution into blank synthetic urine. LOD and LLOQ
were considered at the lowest concentration which produced a Signal-
to-Noise Ratio (S/N) greater than 3 times and 10 times, respectively.

Linearity was evaluated using seven HA calibrators ranging from
10 to 1000ug/mL prepared in three replicates and run on five sepa-
rate days. Calibration curves were generated using Waters Quick Start
Empower 2 Software®Version 6.20 from back-calculated concentra-
tions for each calibrator. Curve weighting factors were adjusted to ob-
tain the best linear regression fit that achieved > > 0.99 and accuracy
of each calibrator within +15% (for LLOQ within + 20%).

Accuracy and precision were assessed by injection of five repli-
cates of blank synthetic urine spiked with LLOQ (10pg/mL), low,
medium and high concentrations of QC samples (30, 150 and 750png/
mL) on five separate days. Acceptance criteria included accuracy for
each QC within + 15% and intra-day and inter-day precision for each
QC < 15% coefficient of variation (%CV).

Carryover was determined by injection of blank synthetic urine
samples following spiked synthetic urine samples with HA at 1000,
2000 and 5000pg/mL and HA peak at specific retention time was
observed. There should be no HA peak detected in blank synthetic
urine samples. Extract stability of three QC samples was assessed for
auto-sampler stability and stability in the fridge (4°C). Auto-sampler
stability was evaluated by re-analysis of three replicates of three QC
samples placed in auto-sampler for 72 hours. Stability in the fridge
(4°C) was assessed by re-analysis of three QC samples stored in the
fridge for 7 days. The analyte was considered stable if the accuracy
was within + 15% of the original concentration.

Statistical analysis

Statistical analysis was performed using SPSS for Window ver-
sion 22. Descriptive statistics were analyzed for mean, median, range
and standard deviation. Data were tested with Kolmogorov-Smirnov
test and Levene’s test for equality of variance. As data were not nor-
mally distributed, Mann-Whitney U test and Kruskal-Wallis H test
were employed for data comparison where they were appropriate. The
statistical significance was set at p-value <0.05.

Results
Method validation

Linearity was assessed for HA over 10 to 1000pg/mL using
back-calculated calibrator concentrations. A suitable weighting factor
was selected for the linear regression curve based on method accura-
cy. After curve weighting 1/x? was applied, accuracy of all calibra-
tors was acceptable and r? was still > 0.99. Linear regression with a
weighting 1/x> was the best fit resulting in acceptable linearity and
accuracy for this method.

According to this study, LOD and LLOQ were determined as Sug/
mL and 10pg/mL, respectively. The chromatograms of HA at LOD
and LLOQ were shown in figure 2.

The results of accuracy and intra-day and inter-day precision of
HA are shown in table 1. All values passed the acceptance criteria for
accuracy and precision.

Figure 2: (A) LOD at 5ug/mL and (B) LLOQ at 10ug/mL.

Precision (n=5)

QC concentrations (ug/mL) | Accuracy (%) (n=5)

Intra-day (%) | Inter-day (%)

30 89.88-113.47 <8.67 <9.75
150 85.89-108.32 <9.05 <891
750 89.08-107.62 <5.67 <7.00

Table 1: Accuracy and precision of three QC concentrations.

No interference peaks from blank synthetic urine matrix, IS, and
common drugs of abuse and prescribed drugs were observed at the
RT of interest, approximately 7.3 minutes. HA and IS peaks were not
interfered by three isomers of methylhippuric acids because they were
achieved complete chromatographic separation from those peaks as
shown in figure 3.

Figure 3: Chromatographic separation between HA (red circle), IS (black circle), and
o-methylhippuric acid (blue peak), m-methylhippuric acid/p-methylhippuric acid
(green peak).

No carryover was detected in blank synthetic urine samples fol-
lowing injection of HA concentrations up to 5000pg/mL. Overall
auto-sampler stability for spiked synthetic urine at three QC concen-
trations was acceptable because the stability ranged from 90.90% to
93.87% of the original concentrations at 72 hours. These three QC
concentrations were also stable in the fridge (4°C) for 7 days because
all QC values at 7 days were 92.14-95.67% compared with the origi-
nal concentrations.

This method was applied to authentic urine samples from Thai
dead bodies recruited in this study to analyze urinary HA concen-
trations. Selected chromatograms of 50.79pg/mL and 187.73pug/mL
were demonstrated at figure 4. It was shown that HA peak was not
interfered by interference peaks because it was completely separated
from adjacent interference peaks.

Results for HA analysis in urine samples from Thai post-
mortem cases

There were 150 urine samples recruited for HA analysis in this
study. There were39 females (26%) and 111 males (74%) and the
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Figure 4: Selected Chromatograms from authentic urine samples from Thai cadavers
at (A) 50.79pug/mL and (B) 187.73pug/mL.

mean age was 40.9 years old. The range of urinary HA concentrations
was15.31-692.91pg/mL. The mean and median urinary HA concen-
trations were 162.17 and 122.51pg/mL, respectively. Urinary HA
concentrations in Thai postmortem cases were not normally distribut-
ed as shown in figure 5.

Figure 5: Data distribution of urinary HA concentrations in Thai postmortem cases.

The comparison of urinary HA concentrations between Thai male
and female cases was shown in table 2 and figure 6. It was found that
urinary HA concentrations in Thai female subjects were not signifi-
cantly different from those in Thai male subjects (p-value = 0.724).

Sex N Range(pg/mL) | Mean + SD (ug/mL) Median(pg/mL)
Female 39 21.96-507.49 152.21+135.89 102.09
Male 111 15.31-692.91 165.67+152.40 126.75
Total 150 15.31-692.91 162.17+147.96 122.51

Table 2: Urinary HA concentrations between Thai male and female cases.

When age was considered, detailed information for each age group
was shown in table 3. It was found that urinary HA concentrations
demonstrated statistical significance across four age groups as shown
in figure 7 (p-value=0.008). When pair wise comparisons were an-
alyzed, urinary HA concentrations in the first lower age group (18-
30 years old) were significantly lower than the other three older age
groups as shown in figure 7 (p-value=0.013, 0.005 and 0.003, respec-
tively). However, the comparison within the other three age groups
did not show any statistical significance.

When three PMI groups were compared, urinary HA concen-
trations in each PMI group were shown in table 4. The statistical

Figure 6: The comparison of urinary HA concentrations between Thai male and fe-
male cases.

Age (years old) N Range (ug/mL) | Mean%SD (ug/mL) | Median (ug/mL)
18-30 38 15.31-252.80 93.17+69.16 72.13
31-40 33 22.10-647.78 172.61£148.70 123.22
41-50 38 21.96-692.91 191.35+176.98 142.66
51-60 41 23.53-568.06 190.67+155.57 149.02
Total 150 15.31-692.91 162.17+147.96 122.51

Table 3: Urinary HA concentrations between different four age groups.

Figure 7: The comparison of urinary HA concentrations between different four age
groups.

analysis did not show any statistical significance among these three
PMI groups as shown in figure 8 (p-value=0.076).

Lastly, liver pathology was considered for statistical analysis. Uri-
nary HA concentrations from two groups of different liver pathologies
were shown in table 5. It was found that there was no significant dif-
ference between two different degrees of fatty change in liver in this
study (p-value=0.511) as shown in figure 9.
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PMI (hours) N Range (ug/mL) | Mean + SD (ug/mL) | Median (ug/mL)
0-8 35 16.16-647.78 166.82+150.71 134.14
8-16 43 15.31-568.06 134.78+142.31 82.98
16-24 72 22.53-692.91 176.27+149.72 146.14
Total 150 15.31-692.91 162.17+147.96 122.51

Table 4: Urinary HA concentrations among three PMI groups.

Figure 8: The comparison of urinary HA concentrations among three PMI groups.

Liver pathology N | Range (ug/mL) | Mean = SD (ug/mL) | Median (ug/mL)
Fatty change < 50% | 108 15.31-692.91 158.15+148.71 117.29
Fatty change > 50% | 42 23.53-568.06 172.51+17.27 142.16

Total 150 15.31-692.91 162.17+147.96 122.51

Table 5: Urinary HA concentrations between two liver pathology groups with differ-
ent degrees of fatty change (fatty change < 50% and > 50%).

Figure 9: The comparison of urinary HA concentrations between two liver pathology
groups with different degrees of fatty change (fatty change < 50% and > 50%).

Discussion

This study demonstrated that the range of urinary HA concentra-
tions in Thai postmortem cases was 15.31-692.91ug/mL and the mean
and median urinary HA concentrations were 162.17 and 122.51ng/
mL. The average urinary HA concentration in Thai postmortem cases
was lower than previous studies which presented mean values ranging
from 222 to 790pg/mL [7-13]. It could be postulated that ethnicity
and characteristics of food intake might have an effect on urinary HA
concentrations. The further study should be conducted to verify the
normal urinary HA range in larger Thai postmortem cases. However,
there was a report of the toluene abuser who was dead in fire present-
ing with urinary HA level of 1760pg/mL [17]. This level was higher
than urinary HA range in this study. This range, therefore, would be a
useful guidance for the interpretation of Thai postmortem cases.

Urinary HA concentrations in Thai male and female subjects did
not show significant difference in this study. This finding was con-
sistent with the previous study in Thai living people that reported no
statistical significance between male and female populations [15].
However, this finding was different from previous studies. Siqueira
ME and Paiva MJ conducted the study in Brazilian populations and
reported that urinary HA concentrations in female people were sig-
nificantly higher than those in male people [22]. Guerra A et.al also
reported that although there was no significant difference in urinary
HA concentrations between female and male people in Italy, female
people were likely to have higher urinary HA concentrations than
male people particularly in female people who were 36-45 years old
[3]. As this study had small proportion of Thai female subjects and
this may have an effect on this result. Further study should be con-
ducted with larger proportion of Thai female populations to ensure
the study outcome.

Age was the main factor affecting urinary HA concentrations in
this study. The first lower age group (18-30 years old) was the only
group presenting significant difference from the other three age
groups whereas the other three age groups did not have any statis-
tical significance among these three groups. In contrast to this study,
Decharat S reported that there was no significant difference in uri-
nary HA concentrations among different ages in Thai population [15].
However, this study outcome was partially consistent with several
previous studies. The previous study showed that people who were
18-35 years old presented significantly lower urinary HA concentra-
tions than those who were 36-60 years old [22]. In addition, it was
found that urinary HA concentrations were positively correlated with
increasing age until the age of 55 years old [3]. Furthermore, the pos-
itive association was found between urinary HA concentrations and
increased intake of flavonoid compounds from fruits and vegetables
[1-3,23] It was also found that consumption of fruits and vegetables
was positively associated increasing age [1-3]. Thus, previous studies
implied that urinary HA concentrations were correlated with metab-
olism of polyphenol compounds obtained from food intake and this
could partially explain the positive correlation between urinary HA
concentrations and increasing age [1-3,23]. In addition, the previous
study showed that old age groups showed higher urinary HA concen-
trations than younger age groups despite similar high polyphenol diet
[24]. Thus, this study showed that urinary HA concentrations in Thai
postmortem cases were also age-related.

PMI and fatty change in liver were the other two factors studied
in this research and it was found that both factors did not have signif-
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