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ARTICLE INFO ABSTRACT

Received: 29 Dec 2024 Background: Formic acid is a corrosive chemical used in industry that may cause severe
chemical burns. Contact with this corrosive agent shows a distinct characteristic of thermal burn.
This pilot study aimed to investigate whether a short 20—second exposure to formic acid is
sufficient to induce skin damage.
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Methods: An experimental burn proceeded using porcine as a model. Skin damage following
exposure to formic acid for 20 seconds was compared to thermal burn. Histo-morphological
change, inflammatory pathway, and oxidative stress were the variables of interest.

Results: Heated metal exposure caused immediate coagulative necrosis with eschar formation,
whereas formic acid exposure led to progressive tissue discoloration and delayed necrosis.
Histopathological analysis revealed epidermal disorganization and inflammatory cell infiltration
in the formic acid group. NF-kB and HMGB1 expression were significantly increased after
formic acid exposure, indicating sustained inflammation. An immediate increase of 8—
isoprostane levels peaked 6 hours postburn (heated metal), whereas formic acid led to a gradual
but persistent increase of 8—isoprostane.

Conclusion: A short 20-second exposure to formic acid can induce oxidative stress and
inflammation in porcine skin, with a delayed but progressive injury pattern distinct from thermal
burns. These findings provide forensic and clinical insights into chemical burn pathophysiology,
warranting further investigation into long—term effects and therapeutic interventions.

Keywords: Formic acid burns, Oxidative stress, 8—Isoprostane, HMGB1, NF—«B

INTRODUCTION

Formic acid, a corrosive liquid supposed to be used to solidify the latex — the raw material — of the para rubber tree,
leads to chemical burn following contact, a progressive type to deeper skin layers and beneath, an also systemic
effect.li-3] Epidemiologically, the incident is highly infrequent, as all types of chemical burns ranged between 3—5%.4]
However, Indonesia is the world's largest producer of natural rubber, with vast plantations spread across the country.
Formic acid is widely spread, easily found in the market, and has a great potential for misuse. The misuse referred to
an emerging issue in forensic medicine regarding workplace accidents in the rubber industrial field and intentional
assaults.[1:2,5-8]

Unlike thermal burns with immediate and predictable injury patterns, formic acid burns continue to worsen over
time with a definite slow progression followed by chronic inflammatory response, delayed healing, and increased
morbidity.[910] The emerging problem underscores the need for a deep understanding of the patho-mechanism of
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formic acid—induced burns. However, despite the profound impact, studies and references remain limited. Most
studies focused on acid and chemical burns from a general perspective, but not each—acid specific.l''l To the author's
knowledge, formic acid has unique chemical properties that contribute to its aggressive tissue penetration and
prolonged inflammatory response.[91 A better understanding of the biological mechanisms, particularly oxidative
stress and inflammatory response in molecular pathways, is crucial for developing strategies and targeted treatment.
Thus, a study on skin—tissue damage, inflammatory pathways, and oxidative stress in animal models is needed.

METHOD

This experimental study proceeded using a healthy 20 week aged 50 kg weighted porcine (Sus scrofa domesticus)
model as their anatomical and physiological similarities to human skin, including comparable epidermal thickness,
dermal composition, and wound healing processes, making them widely accepted model for cutaneous burn
studies.[*213] The study conducted in Teaching Animal Hospital, Institut Pertanian Bogor.

Sample preparation

Prior to the intervention, a two—week acclimatization was applied.[14-16] The treatment proceeded in the porcine ‘s
back; the right side was designated for tissue sampling 30—, and 60—minutes following exposure, while the left was
designated for sampling 3— and 6—hours following exposure. Three conditions were investigated: control, heated
metal plate—induced burn, and formic acid burn (figure 1).

The treatments

The thermal burn was induced using a heated metal plate of a 2 cm diameter (100°C) and applied to the skin for 5
minutes. Formic acid burns were induced using a cotton pad soaked in 90% formic acid and were applied to the skin
for 20 seconds. After a designated period (30 minutes, 1 hour, 3 hours, and 6 hours following exposure), the skin in
the treatment area of a 5 cm diameter was excised as the specimen for further investigations. The treatment was
performed under general anesthesia.

The specimens

The specimen was divided into three parts: 1) for histopathology using hematoxylin and eosin (HE) staining; 2) for
investigating stress oxidative using 8—isoprostane as a marker; 3) for investigating inflammatory pathway using
nuclear factor kappa beta (NFK) and high mobility group box1 protein (HMGB1) as a marker.

Right side Left side

N Nomal {control) HM Heated metal FA  Formic acid

Figure 1 The diagram illustrates the distribution of treatment areas on both sides of the pig's body

Right side: specimens were collected at 30 minutes and 1 hour after exposure. Left side: specimens were collected at
3 hours and 6 hours after exposure. The treatments included normal skin (N, orange), heated metal (HI, light blue),
and formic acid (FA, light green). Each treatment was applied to specific regions, and samples were excised at
designated time points for further analysis.

Specimen preparation

1. HE stains for histomorphology study

Copyright © 2024 by Author/s and Licensed by J[ISEM. This is an open access article distributed under the Creative Commons Attribution License 1173
which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management
2025, 10(48s)

e-ISSN: 2468-4376

https://www.jisem-journal.com/ Research Article

The specimen was fixed in formalin and embedded in paraffin for histological analysis. Sections of 4 um were cut
using a dermatome and mounted on a glass object. The slides were deparaffinized, rehydrated, and stained with
hematoxylin for nuclear visualization, followed by eosin for cytoplasmic contrast. The stained sections were
dehydrated, cleared with xylene, and mounted with a coverslip. Histomorphology changes were observed under a
light microscope.

2. 8—isoprostane for the study of oxidative stress

The specimens were homogenized and processed to extract proteins for ELISA analysis. The concentration of 8—
isoprostane, a biomarker of oxidative stress, was measured using the General 8—isoprostane, 8—iso—PGF2A ELISA
KIT (BZ-08240300-EB, Bioenzy) following the manufacturer’s protocol. Absorbance readings were taken at 450
nm using a microplate reader. The results were expressed in pg./100 mg of tissue and statistically analyzed to
compare differences between groups and time points.

3. Immunohistochemistry (IHC) staining method

Paraffin—embedded tissue sections of 4 um were deparaffinized, rehydrated, and subjected to antigen retrieval.
Endogenous peroxidase activity was blocked using 3% hydrogen peroxide. The sections were then incubated with
HMGB1 antibody (GTX101277, Genetex) and anti—-RELA (NF—kappa B p65) antibody (MBS821459, MyBioSource)
at 1:100 dilutions. A secondary antibody conjugated with HRP (horseradish peroxidase) was applied, followed by
detection using DAB (3,3’—diaminobenzidine) chromogen. The sections were counterstained with hematoxylin,
dehydrated, and mounted for microscopic examination. Immunoreactivity was assessed semi—quantitatively.

These variables were subjected to statistical analysis. The Shapiro—Wilk test, ANOVA and Post—hoc Tukey HSD were
used.

RESULTS

The macroscopic evaluation of porcine skin following exposure to heated metal and formic acid reveals distinct
patterns of tissue alteration over time. In the normal control group, the skin maintains a consistent color and texture
without visible changes across all time points. In contrast, exposure to heated metal results in immediate and
pronounced tissue damage, characterized by forming a dark eschar with a surrounding erythematous border at 30
minutes. Over time, this necrotic area becomes more defined, with increased tissue hardening and darkening,
indicating progressive coagulative necrosis. Conversely, the formic acid—exposed skin exhibits subtle but progressive
changes. Initially, the affected area appears like normal skin, but by 3 to 6 hours, mild yellowish discoloration and
textural alterations become evident, suggesting ongoing tissue reaction and damage (figure 2).
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Figure 2. Macroscopic and cross—sectional appearance of porcine skin following exposure to heated metal and
formic acid at different time points (30 min, 1 h, 3 h, and 6 h). The normal (control) group shows no visible change.
Heated metal-induced burns showed immediate coagulative necrosis with eschar formation, which was darkened
and hardened over time. Formic acid exposure initially appears like normal skin then gradually changes to
yellowish discoloration and subtle textural changes.
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Cross—sectional analysis showed deep, well-demarcated necrosis in the heated metal group, while the formic acid
group showed diffuse, progressive tissue damage. Cross—sectional analysis further supports these findings,
demonstrating distinct injury patterns between thermal and chemical insults. The heated metal group showed deep
tissue penetration with a clear demarcation between necrotic and viable tissue, consistent with coagulative necrosis.
Over time, the eschar thickens and becomes more rigid, indicating extensive protein denaturation and cell death. In
contrast, formic acid exposure results in more diffuse and less sharply demarcated damage, with gradual softening
and loss of structural integrity in affected areas. These findings suggest that while thermal injury induces immediate,
localized, and well-defined necrosis, chemical injury progresses more gradually, affecting tissue viability over an
extended period (figure 2).

After formic acid exposure, hematoxylin—eosin (HE) staining revealed distinct histopathological alterations in the
epidermis and dermis. The stratum basale exhibited signs of cellular degeneration or structural disorganization,
likely indicative of direct chemical injury. Depending on the severity of the exposure, this damage led to apoptosis or
focal necrosis. Inflammatory responses were evident, as demonstrated by the increased infiltration of mononuclear
inflammatory cells in the dermis, suggesting a native immune response to chemical—-induced tissue injury (figure 3).

Moreover, the basal cells displayed increased mitotic activity, likely as a rapid adaptive response to cellular stress and
damage. This phenomenon does not represent pathological hyperplasia, as seen in malignancies or chronic processes,
but rather a transient reactive proliferation triggered by inflammatory and stress signals. The epidermal structural
integrity appeared compromised, with potential disruptions in cell adhesion and organization, further supporting the
notion of acute cellular response to chemical insult (figure 3).

Figure 3. Histopathological features of the skin following normal (A), heated metal (B) and formic acid (C)
exposure at 6 hours, stained with hematoxylin—eosin (HE). The stratum corneum (<) and entire epidermis of
heated metal (B) exhibited necrosis and detachment, accompanied by diffuse and dense protein denaturation in the
dermal collagen. Mononuclear inflammatory cell infiltration (*) was evident. Coagulative degeneration or necrosis
is observed in the stratum corneum («-) of formic acid epidermis (C), along with structural disorganization of the
stratum basale (#) in the epidermis. Increased infiltration of mononuclear inflammatory cells (*) is evident in the
dermis, indicating an active inflammatory response. Scale bar = 100 um.

The immunohistochemical staining of HMGB1 reveals distinct differences in expression between normal, heated
metal exposure, and formic acid—treated skin samples. In the normal sample (A), the epidermis and dermis remain
structurally intact and exhibit no detectable HMGB1 expression. Similarly, in the heated metal—treated sample (B),
despite extensive necrosis in the epidermis and degeneration in the dermis, HMGB1 staining remains negative,
indicating no significant translocation or activation of this damage—associated molecular pattern (DAMP) protein
following thermal injury (figure 4).

Conversely, in the formic acid—treated samples (C and D), a notable increase in HMGB—1 expression is observed,
particularly in the cytoplasm of epidermal epithelial cells. This suggests active cellular stress responses and potential
HMGB1 translocation, possibly contributing to inflammatory signaling following chemical exposure. Cytoplasmic
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HMGBA1 in formic acid—treated samples but not in thermal injury samples implies differential tissue damage and
immune activation mechanism, potentially highlighting the distinct inflammatory pathways triggered by chemical
versus thermal insults (figure 4).

Cc =3 D —_—

Figure 4. Immunohistochemical staining of HMGB1 in skin samples 6 hours after exposure. (A) Normal skin shows
intact epidermis (e) and dermis (d) with negative HMGB1 staining. (B) Heated metal exposure results in epidermal
necrosis and dermal degeneration, with no HMGB-1 expression. (C, D) Formic acid exposure shows positive
HMGB1 expression (—) in the cytoplasm of epidermal epithelial cells, indicating cellular stress response. Staining
method: indirect immunohistochemistry. Scale bar = 50 um.

The immunohistochemical staining for NFK3 expression in skin samples reveals distinct patterns across treatment
conditions. In the normal group (A), both the epidermis (e) and dermis (d) exhibit normal histological architecture
with no detectable NFKf expression. Similarly, in the heated metal exposure group (B), severe necrosis and
degenerative changes in the epidermis are observed in the dermis. However, despite this extensive tissue damage,
NFKp remains negative, indicating that thermal injury alone may not trigger a significant NFKB—mediated
inflammatory response within the observed timeframe (figure 5).

In contrast, formic acid exposure (C, D) results in weak positive NFKB expression, particularly in the cytoplasm of
epithelial cells in the epidermis (e) (indicated by arrows). This suggests that formic acid exposure elicits a mild
activation of NFKp potentially as part of an inflammatory or stress—induced response. The weak positivity indicates
a lower level of transcriptional activation compared to what might be expected in a more severe or prolonged
inflammatory setting. This finding suggests that while formic acid exposure initiates an inflammatory cascade, it does
so with limited NFKp activation within the six—hour observation period (figure 5).

o6 550 b —

Figure 5. Immunohistochemical staining of NFKf expression in skin samples after 6 hours exposure under
different conditions. (A) Normal group: epidermis (e) and dermis (d) appear normal with no NFKp expression. (B)
Heated metal exposure: necrosis is observed in the epidermis (e) with degeneration in the dermis (d), but no NFKf
expression identified (C, D) Formic acid exposure: weak positive NFKf expression (<) is observed in the cytoplasm

of epithelial cells in the epidermis (e), indicating mild activation. Scale bar = 50 um.
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The ELISA study for 8—isoprostane levels indicate significant differences among treatment groups over time. The
normal group exhibits a gradual increase in 8—isoprostane levels, reflecting baseline oxidative stress. In contrast, the
formic acid group shows a more pronounced rise, particularly at 3 and 6 hours, suggesting that chemical exposure
induces oxidative stress more rapidly than in the normal group. The heated metal group demonstrates the highest
levels of 8—isoprostane at all time points, with a marked increase at 6 hours, indicating that thermal injury results in
the most severe oxidative damage (figure 6).

Statistical analysis confirms these findings, with the Shapiro—Wilk test (p = 0.313) confirming normality and ANOVA
yielding a highly significant result (F = 42.02, p = 3.35 x 10717). Post—hoc Tukey HSD analysis identifies significant
differences, particularly between the normal control and heated metal groups at later time points. The heated metal
6—hour group exhibits the highest oxidative stress, significantly differing from both the normal and formic acid
groups. Additionally, the formic acid 30—minute group differs significantly from the normal 3o0—minute group,
suggesting that formic acid induces oxidative damage early.

These findings highlight the varying degrees of oxidative stress induced by different injury mechanisms, with thermal
exposure producing the most pronounced effects over time (figure 6).
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Figure 6. 8—isoprostane levels (ELISA) in different treatment groups (Normal, Heated Metal, and Formic Acid,) at
30 minutes, 1 hour, 3 hours, and 6 hours. The heated metal group shows the highest 8—isoprostane levels,
particularly at 6 hours, indicating severe oxidative stress. The formic acid group also shows a significant increase in
8—isoprostane levels compared to the normal group, suggesting notable oxidative damage, although not as severe
as the heated metal group. Statistical analysis confirms significant differences among groups (p <0.05).

DISCUSSION

This study highlights the differential effects of thermal and chemical injury on porcine skin, particularly regarding
macroscopic appearance, histopathological changes, inflammatory responses, and oxidative stress markers. The
findings demonstrate that while both heated metal and formic acid induce tissue damage, the mechanisms and
progression of injury differ significantly.

The macroscopic evaluation revealed that exposure to heated metal shows an immediate and severe tissue necrosis,
characterized by the formation of eschar with a well-demarcated boundary. This finding aligned with previous study
describing thermal burns as causing coagulative necrosis, where protein denaturation occurs rapidly due to direct
heat application.[*213,7] Over time, this necrotic tissue hardens, reinforcing the irreversible nature of thermal injury.

Conversely, formic acid exposure for 20 seconds led to a more insidious pattern of damage. Initially, the affected skin
appeared normal, but over time, a yellowish discoloration and progressive tissue breakdown became evident. This
delayed response suggests that formic acid induces a sustained chemical reaction rather than immediate protein
denaturation.[:8] Histopathologically, formic acid exposure resulted in structural disorganization of the epidermis
and increased mononuclear inflammatory cell infiltration in the dermis. The presence of inflammation at later time
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points suggests ongoing tissue injury, possibly due to prolonged penetration and interaction with cellular
components. These findings confirm that even a brief 20—second exposure to formic acid is sufficient to cause
significant skin damage, reinforcing its potential role as a hazardous chemical agent.[9:9]

Immunohistochemical analysis of HMGB1 expression provided further insight into the inflammatory response
triggered by each type of injury. In thermal injury, HMGB1 expression was negligible despite extensive tissue
necrosis, aligning with the concept that thermal burns cause rapid and irreversible cell death, minimizing active
inflammatory signaling from damaged cells.[20-25] In contrast, formic acid exposure led to significant HMGB1
translocation to the cytoplasm of epidermal cells, indicating stress—induced cellular response. As HMGB1 functions
as a damage—associated molecular pattern (DAMP) protein, its upregulation suggests active inflammation and
immune cell recruitment.[22:25.26]

Similarly, NFKp expression differed between treatment groups. While heated metal exposure did not activate NFKf,
formic acid exposure resulted in weak but detectable NFKf expression in the epidermis. NFKf is a key transcription
factor involved in inflammation and cell survival,[27] suggesting that formic acid may activate a delayed inflammatory
cascade, whereas thermal injury primarily causes direct coagulative necrosis without strong NFKB-mediated
responses.[27-30]

The ELISA analysis of 8—isoprostane, a biomarker of oxidative stress, further supported the distinct mechanisms of
injury.[31-341 The highest levels of 8—isoprostane were observed in the heated metal group, particularly at 6 hours
post—exposure, indicating severe oxidative stress and lipid peroxidation due to thermal damage. In the formic acid
group, oxidative stress markers also increased, but to a lesser extent and with a more gradual rise. This suggests that
while formic acid exposure induces oxidative damage, it does so progressively rather than instantaneously.
Importantly, these findings indicate that a 20—second exposure to formic acid is sufficient to trigger oxidative stress
responses, further supporting its potential for inducing significant chemical burns.[3°]

Statistical analysis confirmed significant differences in 8—isoprostane levels between treatment groups, reinforcing
the idea that thermal injury induces the most severe oxidative stress. In contrast, chemical injury follows a more
prolonged course. These findings align with previous studies suggesting that oxidative stress is crucial in tissue
damage progression following chemical burns.

From a clinical and forensic perspective of view, the differential effects of heated metal and formic acid exposure have
important implications. The distinct injury patterns observed can aid in forensic investigations of burn—-related
crimes, particularly in distinguishing between thermal and chemical burns. The delayed tissue damage seen in formic
acid exposure may explain why some victims initially underestimate the severity of the injury, leading to late medical
intervention. Additionally, the intense inflammatory response associated with formic acid exposure suggests that
therapeutic strategies targeting inflammation and oxidative stress may be beneficial in managing chemical burns.

This study's limitations include using a porcine model, which, although anatomically and physiologically like human
skin, may not fully replicate the complex biological responses observed in human burn injuries. Additionally, the
sample size was limited to two pigs, which may affect the generalizability of the findings. The study also focused on a
relatively short observation period (up to 6 hours), which may not capture the long—term inflammatory and oxidative
stress responses following exposure. Furthermore, while ELISA and immunohistochemistry provided valuable
insights into protein expression, additional molecular analyses, such as gene expression profiling, could have further
elucidated the underlying mechanisms of injury. Future studies with larger sample sizes, extended observation
periods, and more comprehensive molecular assessments are needed to validate and expand upon these findings.

CONCLUSION

This study demonstrates that heated metal and formic acid exposure induce significant oxidative stress and
inflammatory responses in porcine skin through distinct mechanisms. While heated metal caused immediate
coagulative necrosis with severe oxidative damage, formic acid exposure for just 20 seconds triggered a delayed but
progressive injury characterized by increased HMGB1 and NFKp expression and oxidative stress. These findings
highlight the potential of formic acid to cause chemical burns with ongoing tissue damage, emphasizing the need for
early medical intervention. From a forensic perspective, the distinct injury patterns observed can aid in
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differentiating between thermal and chemical burns. Further research with larger sample sizes and extended
observation periods is needed to understand the long—term effects better and optimize treatment strategies for such
injuries.
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