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Abstract: Postmortem biochemistry is a valuable tool in forensic investigations, providing insights
into the tissue damage and organ dysfunction associated with death. This study aimed to identify
biochemical markers that distinguish primary and secondary hypothermia. Twenty-one Wistar rats
were allocated into three groups: the Control group (n = 7), which was exposed only to hypothermic
conditions, the Alcohol + Hypothermia group (n = 7), and the Benzodiazepines + Hypothermia
group (n = 7). The temperature metrics assessed included the normal core temperature, the post-
ketamine (0.3 ml injection) core temperature, the immersion temperature, temperature at the onset of
hypothermia, and temperature at death. Blood samples were collected from the thoracic aorta in EDTA
vacuum tubes for biochemical analysis. The key biochemical parameters measured included the Total
Protein (g/L), Albumin (g/L), Globulin (g/L), Albumin to Globulin Ratio, Alanine Aminotransferase
(U/L), Alkaline Phosphatase (U/L), Cholesterol (mmol/L), Amylase (U/L), and Lipase (U/L), using
an automated IDEXX (Netherlands) cell counter. Significant between-group differences were found
for the total protein and globulin levels (p < 0.001 and p = 0.002, respectively), with post-hoc tests
confirming differences between the alcohol and control, and benzodiazepine and control groups.
The cholesterol levels were found to be significantly different through an omnibus test (p = 0.03),
but post hoc tests did not confirm these differences on a statistically significant level. The amylase
levels varied significantly across all groups (p < 0.001), with post hoc tests confirming significant
differences among all pairs: alcohol vs. benzodiazepine (p = 0.002), alcohol vs. control (p = 0.003),
and benzodiazepine vs. control (p < 0.001). The lipase levels showed significant differences in the
omnibus test (p = 0.030), but there was no significance in the post hoc tests. Amylase emerged as
the most significant parameter in our study, with reduced levels strongly associated with secondary
hypothermia. These findings highlight the potential use of total protein, globulin, and amylase levels
as biomarkers to differentiate between primary and secondary hypothermia in forensic contexts.
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1. Introduction

Hypothermia, defined as a core body temperature of 35 °C or lower, results from a
critical imbalance between heat production and heat loss, disrupting normal physiological
function [1-5]. It is categorized by severity: mild hypothermia ranges from 35 °C to 32 °C,
moderate from 32 °C to 28 °C, and severe hypothermia occurs when the core tempera-
ture drops below 28 °C [6-9]. Hypothermia can be classified into two main types based
on its cause: primary hypothermia, which results from direct exposure to cold environ-
ments, and secondary hypothermia, which arises due to systemic conditions impairing
thermoregulation, such as alcohol intoxication, trauma, or metabolic diseases [9].

In primary hypothermia, the core body temperature drops primarily due to environ-
mental exposure, and metabolic changes may not be pronounced or specific. Conversely,
secondary hypothermia often involves additional physiological stressors, leading to more
complex biochemical alterations. For instance, secondary hypothermia is frequently as-
sociated with underlying conditions that can disrupt normal protein synthesis, immune
function, and enzyme activity [10-13]. These factors may manifest as altered total protein
(TP), globulins, and amylase (AMY) levels, which are influenced by the body’s metabolic
state rather than hypothermia itself. Low TP levels could suggest malnutrition or hepatic in-
sufficiency, while changes in globulin levels may indicate chronic inflammatory or immune
responses. Elevated AMY might be associated with pancreatic injury or other systemic
conditions contributing to secondary hypothermia [2,3,14,15]. However, it is important to
recognize that these biomarkers alone are non-specific and can be influenced by a range of
factors unrelated to hypothermia.

Postmortem biochemical analysis, while valuable, has limitations in distinguishing
primary from secondary hypothermia. Total protein, globulins, and AMY levels can re-
main within normal ranges or show only minor deviations depending on the underlying
condition and time elapsed since death [16-18]. Forensic investigations must therefore rely
on an integrated approach, combining clinical history, environmental factors, autopsy find-
ings, and toxicology reports to accurately determine the cause of death [19]. In particular,
autopsy findings, such as the presence of cold-induced tissue damage, frostbite, or specific
organ injuries, should be considered alongside biochemical data to form a complete picture
of the hypothermic process [20-22].

In forensic and clinical contexts, postmortem serum markers like amylase and gamma-
glutamyl transferase (GGT) have garnered attention for their potential to indicate specific
causes of death. Elevated AMY and lipase levels, typically associated with pancreatic
and hepatobiliary conditions, may also signal broader systemic failure in cases of trauma
or intoxication [23,24]. GGT has been proposed as a marker for chronic alcohol abuse,
which could contribute to secondary hypothermia through impaired thermoregulation and
systemic compromise, though its utility in postmortem settings remains debated [25]. How-
ever, the postmortem persistence of these markers and their reliability in distinguishing
between different causes of death, including hypothermia, requires further investigation.

The objective of this study was to identify biochemical markers that may assist in
distinguishing between primary and secondary hypothermia, particularly in cases compli-
cated by acute alcohol and benzodiazepine ingestion. This study seeks to explore the utility
of total protein, globulins, and amylase, among other markers, in creating an accurate
classification of hypothermia-related deaths.

2. Materials and Methods
2.1. Experimental Design

This study was conducted as a prospective, randomized experimental study using
an albino Wistar rat model of hypothermia. The effects of alcohol and benzodiazepines
on hypothermia were investigated. Twenty-one male Wistar rats (3 months old, weighing
200-220 g) were used. Rats were randomly assigned to one of three groups using a
computer-generated random order:
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1. Control Group: Exposed to hypothermic conditions without any drug administration,
serving as a model for primary hypothermia.

2. Alcohol Group: Administered alcohol (red wine, Vranac, 14.0% alc., 10 mL/kg body
weight) daily, in the morning, for two weeks prior to hypothermia exposure, modeling
secondary hypothermia induced by alcohol ingestion.

3.  Benzodiazepines Group: Administered diazepam (5 mg/kg body weight) daily, in
the morning, for two weeks prior to hypothermia exposure, modeling secondary
hypothermia induced by benzodiazepines use.

The sample size per group was determined based on the power to detect significant
differences in effect size (Cohen’s d) of 2 between groups with an o of 0.05 and 80% power,
and increased by 15% to account for loss to attrition. Further, as this is a pilot experiment,
we opted to detect only large effect sizes, in line with 3R principles.

2.2. Ethical Approval and Animal Welfare

The experiment was carried out at the Veterinary Faculty, University of Sarajevo,
under ethical approval from the institutional ethics committee (registration number 07-
03-161-2/23). All procedures complied with the principles for the care of laboratory
animals, as outlined by the Federation of European Laboratory Animal Science Associations
(FELASA) [26-28]. The animals were housed in a controlled environment of standard
ventilated cages with a sawdust bedding (12 h light/dark cycle, room temperature 20-22 °C,
humidity 40-60%) and were acclimatized for 7 days before the experiment. During this
period, they had access to standard commercial feed (Pellet, Mixed Nutrition for Laboratory
Animals) and water ad libitum. Animal welfare was continuously monitored throughout
the study.

2.3. Induction of Hypothermia

After two weeks of treatment with alcohol or diazepam, the rats were intoxicated at
the time of hypothermia induction. To induce hypothermia, each rat was anesthetized
with intramuscular ketamine (10%, 100 mg/mL, 1.2 mL/kg, Ketaminol®, MSD Animal
Health, Unterschleiffheim, Germany), and an esophageal temperature probe was inserted
5 cm into the esophagus for continuous core temperature monitoring. The Physitemp
Thermalert TH-8 thermometer (Physitemp Instruments, Clifton, NJ, USA) with a precision
of £0.1 °C was used to record internal temperatures at predetermined time points: prior to
submersion, after anesthesia, at the onset of hypothermia, and at the time of death.

Rats were secured on wooden boards with their heads above water and immersed
in pre-cooled water at 7 °C, verified by a submerged temperature probe to ensure a
stable environment. The experiment ended when death occurred, and the survival time
was recorded.

2.4. Blood Sample Collection

Blood samples were collected from the thoracic aorta one hour post-mortem in EDTA
vacuum tubes. The following biochemical parameters were measured using an IDEXX
automated analyzer (Hoofddorp, The Netherlands): Total Protein (g/L), Albumin (g/L),
Globulin (g/L), Albumin/Globulin Ratio, Alanine Aminotransferase (U/L), Alkaline Phos-
phatase (U/L), Cholesterol (mmol/L), Amylase (U/L), and Lipase (U/L). The blood sam-
pling time of 1 h post-mortem was chosen based on previous evidence that this timeframe
allows optimal biochemical analysis in post-mortem studies.

2.5. Statistical Analysis

Statistical analysis was performed using R version 4.4.1 (R Foundation for Statistical
Computing, Vienna, Austria). Descriptive data are presented as means with standard
deviations (SDs) for quantitative variables. Shapiro-Wilk’s test and visual assessments
(Q-Q plots and histograms) were used to evaluate normality. Levene’s test was employed
to assess the homogeneity of variances.
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Differences in means between groups were assessed using Welch’s ANOVA for vari-
ables with unequal variances, followed by the Games—Howell post hoc test to explore
pairwise differences. Type I error was controlled using the Benjamini-Hochberg correction
to adjust for false discovery rates (FDRs). Differences between groups in the post hoc
comparisons were shown with standardized mean differences (SMDs).

A significance level of a = 0.05 was used for all statistical tests.

3. Results

Our study comprised twenty-one albino Wistar rats, weighing between 200 and 220 g.
Core temperature comparisons across the Alcohol, Benzodiazepine, and Control groups
revealed significant differences at multiple time points (Table 1). Baseline temperatures
varied notably, with the alcohol-treated group displaying the highest baseline mean temper-
ature (38.8 °C =+ 0.24), significantly higher than both the benzodiazepine (37.9 °C £ 0.29)
and control groups (37.6 °C £ 0.39; p < 0.001 for both comparisons). Immediately post-
submersion, temperatures remained significantly different among groups (p = 0.015), with
the alcohol group (37.8 °C £ 0.46) maintaining higher values than the control group
(36.9 °C = 0.52; p = 0.040); however, differences between the alcohol and benzodiazepine
groups (37.2 °C £ 0.37; p = 0.073) and the benzodiazepine and control groups (p = 0.5) were
not statistically significant. At the onset of hypothermia, the mean temperatures showed
no significant differences across groups (p = 0.074), suggesting comparable responses to
hypothermic conditions. Similarly, terminal temperatures at the time of death did not differ
significantly, converging around 28-29 °C across all groups (p = 0.7)

Table 1. Comparison of temperature measurements across different time points among groups.

Group Pairwise Comparisons (p-Value)

. Control Alcohol Benzodiazepines 2 Control vs. Control vs. Alcohol vs.
Variable m=71 n=7"1 n=7)"1 p-Value Alcohol 3 Benzodiazepines 3 Benzodiazepines
Baseline

temperature (°C) 37.6 (+£0.39)  38.8 (+0.24) 37.9 (£0.29) <0.001 <0.001 0.2 <0.001

Temperature,

immediately after  36.9 (£0.52)  37.8 (£0.46) 37.2(£0.37) 0.015 0.040 0.5 0.073
submersion (°C)

Temperature, at

the start of 35.7 (+0.44)  36.3 (+0.38) 36.2 (+0.40) 0.074 0.2 0.3 0.7

hypothermia (°C)

Temperature, at
time of death (°C) 28.7 (+0.88)  29.0 (+0.67) 28.4 (+1.84) 0.7 >0.9 >0.9 >0.9

1 Mean (+ SD). 2 One-way analysis of means (not assuming equal variances). > Games-Howell post-hoc test,
corrected for FDR by Benjamini-Hochberg.

Biochemical analyses were conducted on samples from all three groups, with the
results shown in Table 2. This analysis revealed notable differences in protein levels among
the groups. The control group exhibited significantly higher total protein and globulin levels
compared to the Alcohol and Benzodiazepines groups (p < 0.001 and p = 0.002, respectively).
Albumin levels were also higher in the control group, though the differences were less
pronounced (p = 0.024). Interestingly, while both treatment groups showed reductions
in these markers, the differences between the Alcohol and Benzodiazepines groups were
not statistically significant, particularly for total protein and globulin (p = 0.3 and p = 0.6,
respectively). The albumin-to-globulin ratio, while slightly elevated in the Alcohol and
Benzodiazepines groups, did not differ significantly across the groups (p = 0.076).

Liver enzyme markers exhibited minimal variation between groups. Alanine amino-
transferase (ALT) levels were similar across the control, Alcohol, and Benzodiazepines
groups, with no significant differences observed (p = 0.6). Alkaline phosphatase (ALP)
levels showed a trend towards lower values in the Alcohol and Benzodiazepines groups
compared to the control group, although this difference did not reach statistical significance
(p =0.077).
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Table 2. Comparison of biochemical parameters between groups.

Group Pairwise Comparisons (p-Value)

Benzo

Control 95% Alcohol 95% Control vs. Control vs. Alcohol vs.

Variable m=7)"1 CI? n=7)"1 CI? D(izz:};;r:es 95%CL*  p-Value® Alcohol * Benzodiazepines?  Benzodiazepines *
T"ta}gll’{‘)"“'i“ (171'_%) 76,78 (113%) 68,75  67.9(£50) 63,73 <0.001 0.016 0.016 03
Albumin (g/L) (igl‘%) 29,30 i%%) 28,20 269(+22) 25,29 0.024 0.12 0.12 02
Globulin (g/L) fl'%) 46,49 122-_76) 40,45 409 (+45) 37,45 0.002 0.018 0.025 0.6

A(I;ligﬁl?rto ( f(fo) 05y ( fé?()) 06k 07(x01) 059,073 0.076 02 0.7 509
?555%;3 ey 28 Ly s B 45,123 0.6 09 509 09
Plﬁ):sl%a/lgtl:se e R -y R S G50 99,193 0.077 02 02 07
Amylase (U/L) (17192%})) 1082 (115‘712;3) bt (fl4342f46) 12 <0.001 0.003 <0.001 0.002
Lipase (UL) ﬁ%lg) 205 (1:‘[999.'8) T (igzlo'%) 173,211 0.030 0.064 0.064 07
1 Mean (£SD). 2 CI = Confidence Interval. 3 One-way analysis of means (not assuming equal variances). 4
Games-Howell post-hoc test, corrected for FDR by Benjamini-Hochberg.

Markers of pancreatic function, however, showed more striking differences. The
amylase levels were significantly lower in both the Alcohol and Benzodiazepines groups
compared to the Control group (p < 0.001), and there was also a significant difference
between the Alcohol and Benzodiazepines groups themselves (p = 0.002). Similarly, lipase
levels were lower in the treatment groups compared to the Control group (p = 0.030),
though no significant difference was found between the Alcohol and Benzodiazepines
groups (p = 0.7).

The post hoc comparisons of biochemical parameters revealed several significant
differences between the groups (Table 3). Total protein showed large standardized mean
differences (SMD) between the control and both treatment groups, with SMDs of 2.3
(p = 0.016) for Control vs. Alcohol and 2.6 (p = 0.016) for Control vs. Benzodiazepines.
However, the difference between the Alcohol and Benzodiazepines groups was smaller
and not statistically significant (SMD = 0.85, p = 0.3). Similarly, globulin levels exhibited
significant differences between the control and treatment groups (SMD = 2.4, p = 0.018
for Control vs. Alcohol and SMD = 2.1, p = 0.025 for Control vs. Benzodiazepines), but
no significant difference was observed between the Alcohol and Benzodiazepines groups
(SMD = 0.55, p = 0.6).

Table 3. Post hoc comparisons of mean differences in biochemical parameters between groups.
Control vs. Alcohol Control vs. Benzodiazepines Alcohol vs. Benzodiazepines

Variable SMD ! 95% CI 2 p-Value®  SMD! 95% CI2  p-Value? SMD'! 95% CI2  p-Value
Total Protein (g/L) 2.3 0.92-3.6 0.016 2.6 1.2-4.1 0.016 0.85 —0.24-1.9 0.3

Albumin (g/L) 14 0.22-2.6 0.12 1.7 0.50-3.0 0.12 1.0 —0.08-2.1 0.2

Globulin (g/L) 2.4 1.0-3.7 0.018 2.1 0.82-3.4 0.025 0.55 —0.52-1.6 0.6
Albumin to Globulin 15 27 030 0.2 073 —18-035 07 0.05 ~1.0-1.1 >09

Alanine
Aminotransferase —0.03 -1.1-1.0 >0.9 -0.57 —1.6-0.50 >0.9 —0.58 —1.6-0.49 >0.9
(U/L)
Phosphaiame (U/L) 13 0.12-2.4 02 14 026-2.6 02 048 ~058-15 07
Amylase (U/L) 2.6 1.2-4.0 0.003 4.6 2.6-6.7 <0.001 3.1 1.5-4.6 0.002
Lipase (U/L) 1.6 0.43-2.9 0.064 1.6 0.43-2.8 0.064 0.48 —0.58-1.5 0.7

1 SMD = Standardised Mean Difference. 2 CI = Confidence Interval. > Games-Howell post hoc test, corrected for
FDR by Benjamini-Hochberg.

For albumin, no statistically significant differences were found between the control
and treatment groups (p = 0.12 for both comparisons), though the SMDs suggested some
degree of variation (Figure 1). The albumin-to-globulin ratio did not show significant
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differences across the comparisons, with the largest effect size noted in Control vs. Alcohol
(SMD = —1.5, p = 0.2). Similarly, the alanine aminotransferase (ALT) levels did not exhibit
any significant differences between groups (p > 0.9 for all comparisons).

Total Protein (g/L)
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Figure 1. Boxplot of biochemical parameters across groups. Statistically significant values in post hoc tests

evaluated with Games-Howell post hoc test, corrected for FDR with Benjamini-Hochberg procedure.

In contrast, pancreatic enzymes showed marked differences (Figure 1). Amylase levels
were significantly lower in the Alcohol and Benzodiazepines groups compared to the
Control group, with large SMDs of 2.6 (p = 0.003) and 4.6 (p < 0.001), respectively. Addition-
ally, a significant difference was found between the Alcohol and Benzodiazepines groups
(SMD =3.1, p = 0.002). Lipase levels followed a similar pattern, though the differences
between the control and treatment groups were not statistically significant (SMD = 1.6,
p = 0.064 for both comparisons). No significant difference in lipase was observed between
Alcohol and Benzodiazepines (SMD = 0.48, p = 0.7).
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4. Discussion

Postmortem biochemistry has emerged as an essential supplementary technique in
forensic investigations, aiding in the identification of the particular tissue injury and overall
organ dysfunction that occur during the death process [20,21]. The total protein and
globulin levels varied significantly among the groups (p < 0.001 vs. p = 0.002, respectively).
Post hoc tests confirmed these differences for the alcohol vs. control and benzodiazepine vs.
control comparisons, but not among the alcohol and benzodiazepine groups. The albumin
levels (p = 0.024) and cholesterol levels (p = 0.030) were initially significantly different, but
post hoc tests did not confirm these differences to be highly significant. The lipase levels
initially showed significant differences (p = 0.030), but post hoc tests did not confirm the
significance of these differences in means.

Conditions like cirrhosis or hepatitis can lead to decreased albumin production. In
hypothermic patients with liver disease, the combination can exacerbate the effects of
low albumin, leading to complications such as edema and impaired drug metabolism.
Nephrotic syndrome results in significant protein loss through urine, leading to low serum
albumin levels. Hypothermia in these patients can complicate their clinical management,
as low albumin further contributes to fluid imbalances and potential cardiovascular issues.
In cases of malnutrition, albumin levels may be low due to inadequate protein intake.
Hypothermia can worsen the situation as the body’s metabolic demands increase, fur-
ther depleting available proteins. Abnormal albumin levels caused by disease can make
differentiation between primary and secondary hypothermia complicated [29].

The clinical importance of determining primary and secondary hypothermia through
biochemical analyses is related to power [30].

Biochemical tests help differentiate between primary hypothermia (due to environ-
mental factors) and secondary hypothermia (resulting from medical conditions). This
distinction is crucial for appropriate management. Identifying the underlying causes
through biochemical markers can inform treatment strategies. For instance, if secondary
hypothermia is due to toxication (alcohol consumption or drug), targeted therapy can be
initiated promptly [31].

Regular biochemical assessments allow the patient’s metabolic state to be monitored,
helping clinicians evaluate the effectiveness of interventions and track recovery. Biochem-
ical analyses can reveal complications such as electrolyte imbalances or coagulopathy;,
enabling early intervention to prevent further morbidity [32].

Understanding biochemical changes can provide insights into prognosis. Specific
markers may correlate with outcomes, aiding in risk stratification and decision-making.
This shows what is important in clinical medicine, as well as in forensic-legal cases too.
In summary, biochemical analyses are vital for diagnosing, managing, and predicting
outcomes in patients with hypothermia, leading to improved clinical care and patient
safety [30].

The results of tests measuring total proteins, globulins, and amylase can provide
valuable insights in distinguishing between primary and secondary hypothermia as causes
of death, though they are not definitive on their own [23,33]. Total protein levels can
provide an indication of overall nutritional status and systemic health [33]. In cases of
severe hypothermia, total protein levels might be affected by underlying acute stress re-
sponses. However, significant deviations from normal levels are not exclusively diagnostic
for hypothermia but can suggest broader issues. Globulins are a group of proteins in the
blood that play roles in immune response and inflammation [34]. Elevated or decreased
levels of globulins might indicate chronic disease or an inflammatory response. In hy-
pothermia cases, changes in globulin levels can reflect the body’s response to the cold stress
and possible secondary infections or complications. Our findings suggest that, despite
reductions in protein levels, liver function as assessed by ALT and ALP may not have been
significantly impacted by either alcohol or benzodiazepine exposure in this model.

A challenge when investigating the globulin concentration in hypothermia is also
represented by certain conditions that can affect protein values, such as trauma. Trauma
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in combination with hypothermia can cause co-agulopathies that can affect the globulin
concentration. Traumatic injuries, especially those involving significant blood loss, envi-
ronmental exposure, or severe pain, can precipitate hypothermia by disrupting thermoreg-
ulation and increasing metabolic demands. Trauma triggers an inflammatory response,
which can lead to the increased production of globulins, particularly immuno-globulins.
This response is aimed at combating potential infections and facilitating healing. In cases
of significant blood loss due to trauma, the concentration of globulins can be affected by
hemodilution if fluid resuscitation is employed. This may lead to falsely low measure-
ments of globulin levels despite ongoing inflammatory responses. In traumatic cases, the
combination of injury and hypothermia can significantly impact globulin levels. Elevated
globulins may indicate an inflammatory response to trauma. Such conditions make it
difficult to determine whether it is primary hypothermia that has resulted in a change in
the globulin concentration or secondary hypothermia after trauma, which also affects the
globulin concentration [35].

In our study, the protein levels varied significantly among the groups (p < 0.001 for
total protein and p = 0.002 for globulin, respectively). Post hoc tests confirmed these
differences for the comparisons of alcohol vs. control and benzodiazepine vs. control
comparisons, but not between the alcohol and benzodiazepine groups. This indicates the
potential of globulin to be used as a parameter for distinguishing primary from secondary
hypothermia.

The amylase levels were significantly different among the groups (p < 0.001), with
post hoc tests confirming significant differences between all pairs: alcohol vs. benzo-
diazepine (p = 0.002), alcohol vs. control (p = 0.003), and benzodiazepine vs. control
(p < 0.001). Elevated amylase levels can indicate pancreatic stress or damage. In the context
of hypothermia, elevated amylase might be associated with secondary complications like
pancreatitis or stress from severe cold exposure [36,37].

Hypothermia can reduce the metabolic rate and slow down enzymatic reactions. As
temperatures drop, the activity of amylase may decrease, potentially leading to lower
serum amylase concentrations. In conditions leading to secondary hypothermia, such
as pancreatitis or sepsis, elevated amylase levels may occur due to tissue damage or
inflammation. In these cases, hypothermia may coexist with elevated amylase, complicating
the clinical picture; for example, acute pancreatitis occur as an underlying disease or be
caused by some chemical agent [38].

The context in which hypothermia occurs is crucial, and while this study did not in-
vestigate the possible interaction of alcohol and benzodiazepines, this is worth exploring in
future research using animal models, as CNS depressants are shown to have multiplicative
effects on the thermoregulatory response when taken in combination [39].

5. Conclusions

The assessment of total proteins, globulins, and amylase levels can provide valuable
insights into differentiating between primary and secondary hypothermia as causes of
death in the studied rat model. Notably, amylase emerged as the most significant indicator,
with reduced values strongly correlating with secondary hypothermia. These biochemical
markers can enhance our understanding of the physiological changes associated with
different types of hypothermia and may serve as crucial tools in the clinical evaluation and
management of hypothermic conditions. A further investigation of these parameters could
improve diagnostic accuracy in both experimental and forensic clinical settings.

Postmortem laboratory analysis presents several complexities due to the limitations of
studies in forensic and clinical biochemistry, especially when interpreting the results. Some
of the limitations are the small sample, the range of biochemical markers, the number of
groups, which should be larger, and the number of measurements in which each animal
would be a control itself, not only in relation to the control group. Considering that this
was a pilot study, we will try to correct these limitations in the continuation of the research.
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