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A B S T R A C T

Background many studies have been conducted on wound age estimation, but to date no marker has been 
validated to use in routine forensic practice. To explore novel markers for vitality of wounds, we investigated the 
expression of the inflammatory-related marker nuclear factor kappa B (NF-κB) and analyzed its correlation with 
the silent information regulator sirtuin 1 (SIRT1) protein in skin wounds. Methods: on 8 amputated human limbs 
we collected human skin tissue samples from the amputation site, as antemortem samples, and from wounds 
produced on the stored corresponding limbs, as postmortem samples. Samples were processed for western blot 
and immunohistochemistry analysis to evaluate the ex-pression of NF-κB and SIRT1 proteins. Results: cyto
plasmic and nuclear staining of NF-κB in epidermal cells of antemortem wounds was higher than in postmortem 
wounds, where the NF-κB signal was mainly localized in the nuclei of keratinocytes. Quantitative analysis 
demonstrated a 2-fold increase in NF-κB protein in antemortem wounds. On the contrary, SIRT-1 levels were 
almost absent in antemortem wounds, while high nuclear staining was detected in keratinocytes in postmortem 
wounds. Quantitative analysis of the stained area demonstrated a 3-fold increase in SIRT1 protein in postmortem 
wounds. Conclusions: analysis of NF-κB and SIRT1 showed a different qualitative and quantitative pattern of 
expression in antemortem and postmortem wounds. They represent good candidates as biomarkers in wound 
vitality estimation in forensic pathology eventually to include them in a panel of biomarkers.

1. Introduction

Demonstrating whether a wound was produced antemortem or 
postmortem is crucial in forensic pathology, especially for skin wounds, 
as it can influence the judicial reconstruction of events. However, 
determining wound vitality poses a complex challenge for forensic pa
thologists, as it requires analysing multiple data, including circum
stantial data, and both macroscopic and microscopic findings, to assess 
the biochemical and cell- mediated events that occur in altered tissues to 
restore functional and structural integrity [1]. To evaluate wound vi
tality, morphological, cytological, biochemical, histological, and 
immunohistochemical techniques can be used, each capable of 
capturing and highlighting some of the typical aspects of this succession 

of events (such as haemorrhage, acute inflammation, proliferation, and 
tissue remodelling) [2,3]. The main histological findings for wound vi
tality evaluation are red blood cells infiltration, inflammatory reactions, 
presence of fibroblasts, macrophages, and immigrating granulocytes, as 
well as tissue alterations [2,4]. However, these features may not be 
present at all or may occur even after death, so standard histological 
examination alone may not always determine whether the wound was 
inflicted antemortem or postmortem [4,5]. Recent studies have focused 
on identifying relevant markers of vital origin using immunohisto
chemical techniques, but to date, no single marker has proven efficient 
and reliable, although some appear promising [4]. The most common 
immunostainings highlight the presence of molecules linked to tissue 
damage in the injured tissues, exploiting the interaction between an 
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antibody and a specific antigen of interest.
The inflammatory-related marker nuclear factor kappa B (NF-κB) 

and the silent information regulator sirtuin 1 (SIRT1) are transcription 
factors that act within the cell nucleus in damaged tissues. Specifically, 
SIRT1 has been observed to inhibit the expression of factors involved in 
different pro-inflammatory pathways, such as HIF1α and activating 
protein 1 (AP-1) [6]. In contrast, NF-κB plays an opposite role during the 
inflammatory response, stimulating the expression of many pro- 
inflammatory cytokines, such as IL-1β, IL-6, TNF-α, and CCL2 [7].

Given the pivotal role of these markers in modulating the inflam
matory response in tissue damage, the objective of this study is to assess 
the expression of SIRT1 and NF-κB in vital and non-vital skin wounds on 
amputated limbs using western blotting and immunohistochemical 
techniques.

2. Materials and methods

2.1. Sample collection

Antemortem injuries were considered fragments of skin tissues 
(1–1.5 cm2) were collected at the site of amputation from 8 lower limbs 
of patients (n = 8) that underwent surgery for traumatic or natural 
conditions. The limbs belonged to 5 men and 3 women with age ranging 
from 54 to 79 years (Table 1). The limbs were stored at 4 ◦C and post- 
mortem skin wounds (1–1.5 cm2) were collected with a scalpel in the 
corresponding limb of the ante-mortem wound, far from the site of 
amputation.

Skin samples were taken between 12 and 24 h after surgery. The 
study was carried according to the guidelines of the Bioethics Committee 
of the University of Bologna, which approved the research project ac
cording to protocol n◦75975 of 26/03/2021.

2.2. Protein extraction and western blot

After collection skin samples were stored at − 80 ◦C until protein 
extraction. RIPA modified lysis buffer (Pierce, Thermo Fisher Scientific, 
Monza, Italy) supplemented with 25 μmol/L protease inhibitor cocktail 
(Pierce, Thermo Fisher Scientific, Monza, Italy) and 1 μL of β-mercap
toethanol (Sigma-Aldrich, St. Louis, Missouri, USA) was used for total 
protein extraction. Bradford assay (Sigma-Aldrich, St. Louis, Missouri, 
USA) was performed to quantify the amount of total protein obtained 
from each sample. 4–12 % sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) was utilized to separate 15 μg of total pro
tein which were subsequently transferred onto a nitrocellulose mem
brane (GE Healthcare, Amersham, UK) using a transfer wet system. 
Then, the membranes were incubated with 5 % bovine serum albumin 
(BSA) (blocking reagent) to reduce the non-specific binding background, 
followed by incubation with the primary antibodies against rabbit anti- 
NF-κB antibody (Cell Signaling Technologies, Euroclone, Milan, Italy), 

rabbit anti-SIRT1 antibody (Cell Signaling Technologies, Euroclone, 
Milan, Italy) and anti-tubulin antibody (Millipore Merck, Darmstadt, 
Germany). All the primary antibodies were diluted 1:1000 in blocking 
reagent at 4 ◦C, overnight. Three washes with TBS-tween buffer were 
performed to eliminate the unreacted primary antibodies. Then, the 
membranes were incubated with HRP-linked anti-rabbit or anti-mouse 
IgG secondary anti-bodies, diluted 1:2000 in TBS-tween buffer (Sigma 
Aldrich, St Louis, Missouri, USA). The enhancement chemiluminescence 
system (Pierce, Thermo Fisher Scientific, Monza, Italy) was used to 
detect the antibody signal. Images were obtained by using IBright 
Western Blot Imaging System (Thermo Fisher Scientific, Monza, Italy). 
Image J software (National Institutes of Health, USA) was utilized for the 
densitometric analysis. The intensities of the specific protein bands were 
corrected for equal tubulin loading and they were expressed as relative 
value compared to the intensity of the respective control sample. Data 
showed the average of triplicates ± SD.

2.3. Sample processing for light microscopy analysis

4 % formaldehyde (Sigma Aldrich, St Louis, MO, USA) in phosphate- 
buffered saline (PBS) was used to fix skin tissues samples immediately 
after collection. All the samples were fixed for 24 h, at 4 ◦C. After three 
washes in PBS and distilled water, the samples were dehydrated in a 
graded series of ethanol solutions and embedded in paraffin wax (Fluka, 
Sigma-Aldrich). An automated rotary microtome (Leica Microsystems 
Srl, Cambridge, UK) was utilized to obtain paraffin sections of 5 μm 
which were collected on Superfrost glass slides (Carl Roth, Karlshure, 
Germany) and let them dried until staining proce-dures.

2.4. Goldner’s Masson trichrome staining

Paraffin embedded skin sections were dewaxed and then washed 
three times in distilled water. Then, samples were stained by Goldner’s 
Masson trichrome staining procedure according to manufacturer in
structions (Bio-optica, Milan, Italy). Samples were subsequently ethanol 
dehydrated, mounted with resinous mounting medium and observed 
under a light microscope using an Eclipse E800 Nikon (Nikon, Tokyo, 
Japan).

2.5. Immunohistochemistry

Paraffin tissue sections were dewaxed and rehydrated in graded se
ries of ethanol solutions. At the end of the hydration process, the sections 
were washed three times for 5 min with PBS at pH 7.4. 10 mM sodium 
citrate in PBS was utilized for the antigen retrieval procedure. Samples 
were left in the sodium citrate solution for 30 min at 60 ◦C. Endogenous 
peroxidase activity was blocked with 3 % H2O2 (diluted in distilled 
water) at room temperature (RT) for 15 min. Protein block milk (Invi
trogen, Thermo Fischer Scientific, Monza, Italy) was used to block the 
non-specific antibody binding. Samples were left for 30 min at RT. Then, 
the sections were incubated with the primary antibody anti-human NF- 
κB p65 (Cell signaling, Massachusetts, USA), diluted 1:400 or anti- 
human SIRT1 (Cell signaling, Massachusetts, USA) diluted 1:200 in 
blocking solution at 4 ◦C overnight. At the end of the incubation, sam
ples were washed three times in PBS and incubated with the secondary 
anti-rabbit antibody for 30 min at RT followed by diaminobenzidine 
tetrahydrochloride (DAB) as substrate staining solution (Histofine 
Immunohistochemical staining kit, Nichirei Biosciences, Tokyo, Japan). 
Negative controls consisted in samples in which the primary antibodies 
and/or the secondary antibody was omitted followed by DAB staining. 
All samples were observed under a light microscope using an Eclipse 
E800 Nikon (Nikon, Tokyo, Japan). Representative images are shown. 
The quantitative analysis of antibody-stained areas was assessed by area 
counting of five fields for each of three slides per sample at 60 ×
magnification by the Leica Qwin 3.0 software (Leica Microsystems Srl, 
Cambridge, UK).

Table 1 

Sample Age Gender Comorbidities Cause leading to 
amputation

1 54 F None Lower limb trauma
2 76 M Hypertension and 

diabetes
Lower limb ulcers

3 75 F Hypertension and 
diabetes

Lower limb ulcers

4 79 M Hypertension and 
diabetes

Lower limb ulcers

5 72 M Hypertension and 
diabetes

Lower limb ulcers

6 75 F Hypertension and 
diabetes

Lower limb ulcers

7 76 M Hypertension and 
diabetes

Lower limb ulcers

8 62 M None Lower limb trauma
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2.6. Transmission electron microscopy (TEM)

A solution of 2.5 % (v/v) glutaraldehyde in 0.1 M cacodylate buffer 
was used to fix skin samples just after their collection. The fixation step 
was performed for 2 h at 4 ◦C followed by a post fixation step consisting 
in letting samples in a solution of 1 % (w/v) osmium tetroxide in 0.1 M 
cacodylate buffer for 30 min at RT. After some washes in 0.15 M caco
dylate buffer, samples were dehydrated by a graded series of acetone 
solutions and finally embedded in epoxy resin (Fluka, Sigma-Aldrich). 
The embedded samples were cut into ultrathin slices (100 nm thick
ness), stained by uranyl acetate solution and lead citrate, and then 
observed by transmission electron microscope CM10 Philips (FEI Com
pany, Eindhoven, The Netherlands) at an accelerating voltage of 80 kV. 
Images were recorded by Megaview III digital camera (FEI Company, 
Eindhoven, The Netherlands).

2.7. Statistical analysis

Prism 6 (GraphPad San Diego, CA, USA) was used to perform all 
statistics. Student’s t-test was applied between each antemortem injury 
and the respective control sample for each patient. The differences were 
considered significant at p < 0.05.

3. Results

3.1. Morphological analysis by Goldner’s Masson trichrome staining

Light microscopy analysis by Goldner’s Masson trichrome staining of 

skin tissues showed a preserved morphology in all the skin compart
ments, in both antemortem and postmortem samples (Fig. 1A and 1C). 
No significant morphological changes in epidermis and dermis and no 
aggregation of inflammatory cells were detected in antemortem (Fig. 1A 
and 1B) and postmortem injuries (Fig. 1C and 1D) connected to a vital 
reaction in antemortem wounds.

3.2. NF-κB and SIRT1 protein expression by western blot analysis

No significant difference in the expression of NF-κB protein was 
observed in antemortem wounds compared to the postmortem control 
samples (Fig. 2A and 2B). On the contrary, a significant difference in the 
expression of SIRT1 protein was evaluated in all antemortem samples 
compared postmortem samples of the same limb (Fig. 2C). Densito
metric analysis of protein bands demonstrated a light down-regulation 
of the SIRT1 protein at almost all antemortem samples tested in the 
study (Fig. 2D).

3.3. Immunohistochemical detection of NF-κB protein in skin wounds 
sections

Immunohistochemical sections of ante-mortem skin tissues showed a 
weak signal of NF-κB protein, mainly localized in epidermis (Fig. 3A). A 
low level of protein expression was also detected in dermis, endothelial 
cells of blood vessel and ductal cells of sweat glands. At higher magni
fication, almost all the keratinocytes of the different layers of the 
epidermis showed a weak but widespread signal of the NF-κB protein in 
both cytoplasm and nucleus (Fig. 3B).

Fig. 1. Goldner’s Masson trichrome staining of representative images of antemortem (AM) and postmortem (PM) wound sections. (A) antemortem wounds in which 
epidermis (e) and dermis (d) are well detected. In the dermis blood vessel (bv) sweat glands (sg) are observed (magnification 10X; bar: 150 mm). (B) high 
magnification image of antemortem wounds. The different layers of the epidermis (e) are well detected. The green color observed in the dermis (d) indicates a wide 
distribution of collagen fibers. Several nuclei of dermal cells are detected (arrow). No aggregation of inflammatory cells is identified in the dermis (magnification 
60X; bar: 20 mm). (C) postmortem wounds in which epidermis (e) and dermis (d) are well observed. In the dermis, blood vessels (bv) and sweat glands (sg) are easily 
identified (magnification 10X; bar: 150 mm). (D) high magnification image of postmortem wounds. The different layers of the epidermis (e) and the collagen 
components of the dermis are well detected. Several nuclei of dermal cells are detected (arrow) (magnification 60X; bar: 20 mm). Sample n. 1. (For interpretation of 
the references to color in this figure legend, the reader is referred to the web version of this article.)
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Immunohistochemical postmortem skin sections, showed a stronger 
NF-κB protein signal compared to antemortem sections, mainly localized 
in the epidermis (Fig. 3D). In dermis, endothelial cells of blood vessels 
and ductal cells of sweat glands also demonstrated an intense sign of the 
protein. At higher magnification, a specific localization of the NF-κB 
protein is observed in several nuclei of the epidermal keratinocytes 
(Fig. 3E). Quantitative analysis showed an increase of almost 1.5-fold of 
NF-κB stained areas in antemortem specimens compared to postmortem 
skin sections (Fig. 3G).

3.4. Immunohistochemical detection of SIRT1 protein in skin wounds 
sections

Immunohistochemical skin sections of antemortem injuries showed a 
weak signal of SIRT1 protein, in both epidermis and dermis (Fig. 4A). At 
higher magnification a low level of the protein is detected in few nuclei 
of the epidermis (Fig. 4B), while no sign of the protein is observed in any 
cellular components of the dermis.

On the contrary, postmortem sections of skin wounds showed a dark 
signal of the SIRT1 protein, mainly localized in the epidermis (Fig. 4 D). 
High magnification images showed several nuclei of the different layers 
of the epidermis characterized by a deep brown color corresponding to 
the SIRT1 protein (Fig. 4E). A 0.5 fold decrease of SIRT1 stained areas in 
antemortem skin sections was observed compared to postmortem sec
tions (Fig. 4G).

3.5. Ultrastructural analysis of antemortem and postmortem skin wounds

In order to better detect any ultrastructural morphological change 
correlated to vital wounds, TEM analysis was carried out on antemortem 
and postmortem skin wounds. Results showed well preserved 
morphology in epidermis and dermis of antemortem skin tissues 
(Fig. 5A). At higher magnification, keratinocytes characterized by the 

presence of several melanin granules are easily detectable (Fig. 5B and 
5C). Nuclei are well preserved while a few mitochondria with collapsed 
internal cristae are observed (Fig. 5C).

TEM analysis of postmortem skin sections showed well preserved 
morphology in both epidermis and dermis (Fig. 5D). Images at higher 
magnification showed keratinocytes characterized by several mito
chondria, fibrillar keratin proteins and a reduced number of melanin 
granules (Fig. 5E). The cytoplasm is almost entirely filled by several 
mitochondria with internal cristae well detected (Fig. 5F).

4. Discussion

Many studies have been conducted concerning wound age estima
tion, but to date no marker has been validated to use in routine forensic 
practice [2–5]. Based on their roles in processes involved in peri-mortem 
cell signalling, NF-κB and SIRT1 were evaluated to formulate a differ
ential diagnosis between antemortem and postmortem skin wounds.

NF-κB and SIRT1 are produced within the cell at the cytoplasmic 
level. Subsequently, they translocate inside the nucleus to express their 
function as transcription factors, modulating the inflammatory response 
and many other cellular biological pro-cesses. SIRT1 acts as a repressor 
of the inflammatory response, suppressing the expression of numerous 
molecules involved in inflammation and wound healing processes, in- 
cluding IL1 [6]. It also mediates the cellular response to ischemic in
sults and is active during autolytic and autophagic processes [8,9]. NF- 
κB acts as a trigger of the activation of the inflammatory cascade, 
directly stimulating the production of numerous pro-inflammatory cy
tokines [10].

In the proposed model, the amputation margin represents the ante
mortem wound, while the postmortem wound was produced experi
mentally on the skin of the limb, far from the amputation point a few 
hours after the amputation, when circulation had ceased, and the vital 
reaction was absent or extremely weak. When death occurs, the 

Fig. 2. (A) representative western blot images showing the expression of the protein NF-κB in antemortem (AM) and postmortem (PM) skin injuries (n = 4). (B) 
Relative amount of NF-κB protein expression normalized to the intensity of tubulin protein and represented as fold changes relative to each respective PM. Western 
blot was performed in duplicate, and the relative quantification is expressed as mean value ± SD. (C) representative western blot images showing the expression of 
the protein SIRT1 in antemortem (AM) and postmortem (PM) skin injuries (n = 4). (D) Relative amount of SIRT1 protein expression normalized to the intensity of 
tubulin protein and represented as fold changes relative to each respective PM. Western blot was performed in duplicate, and the relative quantification is expressed 
as mean value ± SD. * p < 0.05; ** p < 0.001.
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molecular and enzymatic patterns within the cell are delayed and not 
altered by postmortem phenomena if autolysis is kept at bay by refrig
eration. The detection of specific immunohistochemical patterns in the 
tissue should therefore be an expression of the molecular and enzymatic 
phenomena that occur in vital wounds [11]. Protein analysis was per
formed by western blot, densitometric, and immunohistochemical 
methods to evaluate the different protein expression in antemortem and 
postmortem wound samples both quantitatively and qualitatively.

No statistically significant differences in quantitative protein 
expression of NF-κB were found between antemortem and postmortem 
wound specimens, as determined by western blot and densitometric 
analysis. However, immunohistochemical investigation revealed that 
NF-κB was widely distributed, both at the nuclear and cytoplasmic 
levels, in vital wounds. In contrast, in postmortem wounds, NF-κB was 
more concentrated in the nuclear territory, with less cytosolic positivity. 
The production of NF-κB is increased in response to inflammatory 
stimuli, particularly in the cytoplasm [12]. This, combined with the 
process of cellular post-mortal autolysis, could explain the differences in 

marker distribution between antemortem and postmortem wound 
samples. Indeed, immunohistochemical analysis indicated that the 
cytoplasm of cells from vital wounds had a significantly higher level of 
NF-κB due to increased cytosolic production in response to inflamma
tory stimuli. Conversely, the cytoplasm of cells near non-vital wounds 
showed lower levels of NF-κB, possibly due to the absence of cytosolic 
inflammatory production along with the activity of lytic enzymes that 
can degrade proteic molecules, including NF-κB, before they perform 
their function. These findings suggest that vital wounds may exhibit 
more intense NF-κB activity than non-vital wounds, since an intense 
inflammatory response triggered by NF-κB activation is established in 
vital wounds.

About SIRT1, a slight but statistically significant decrease in 
expression was observed in antemortem wounds compared to post
mortem wounds, as determined by Western blot and densitometric 
analysis. Immunohistochemical analysis of all samples yielded similar 
results. Samples taken postmortem from non-vital wounds are charac
terized by strong ischemic suffering, oxidative stress, and intense 

Fig. 3. Representative images of antemortem and postmortem skin wound sections immunostained to detect NF-κB protein. (A) low magnification images of 
antemortem skin wounds. A weak signal of the protein is mainly detectable in the epidermis (bar: 150 mm). (B) Detail of the epidermis in which the different layers of 
keratinocytes are easily detected. A weak signal of the NF-κB protein is widespread in almost all the cells of the epidermis (bar: 20 mm); (C) negative control images 
in which the primary anti-NF-κB antibody was omitted (bar: 20 mm); (D) postmortem skin wounds sections showing a strong signal of the NF-κB protein mainly 
localized in the epidermis. In the dermis, endothelial and sweat cells showed a positive signal (insert) (bar: 150 mm); (E) A weak signal of the protein is easily 
detected in all the keratinocytes of the epidermis. Several nuclei spread in the different layers of the epidermis, showed a deep signal (bar: 20 mm); (F) negative 
control images in which the primary anti-NF-κB antibody was omitted (bar: 20 mm). Sample n. 1.
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autolytic activity, in the absence of NF-κB-mediated inflammatory 
activation [13,14]. The greater activation of SIRT1 in non-vital wounds 
is partly justified, considering its role as a mediator of cellular response 
to ischemic suffering, activation of autolytic and autophagic processes, 
and response to the production of free radicals [8,15–17]. The bidirec
tional regulatory interaction between SIRT1 and NF-κB may instead 
explain the reduced presence of SIRT1 in vital wounds. On one hand, 
SIRT1 inhibits the binding of NF-κB to DNA, while on the other hand, the 
promoter of SIRT1 possesses binding sites for NF-κB, suggesting that NF- 
κB may itself be able to inhibit the expression of SIRT1 [18–21]. Since 
NF-κB is a proinflammatory factor, its activation is greater than that of 
SIRT1 in the context of vital wounds, thus it is possible to hypothesize 
that the low presence of SIRT1 in vital skin wounds is also related to a 
regulatory imbalance between SIRT1 and NF-κB, in favour of the latter. 
These considerations explain the lower expression of SIRT1 in ante
mortem wounds compared to postmortem ones.

In order to demonstrate the presence of autolytic processes in skin 
samples, an ultrastructural analysis by TEM was carried out with the aim 

to observe morphological changes and/or cellular organelles correlated 
with the autolytic reactions. The results clearly showed a light chro
matin condensation in nuclear keratinocytes while no cell shrinking, 
intracytoplasmic vacuolization and the occurrence of lysosomes, in
dicators for autolysis [22] were observed. On the contrary, a great 
number of swelling and collapsed mitochondria were detected although 
they are considered by the scientific literature as unreliable markers of 
autolysis [22]. Keratinocytes are responsible of a high balanced process 
of differentiation until cornification to support the function of protective 
barrier of the skin. To this aim programmed cell death in the form of 
apoptosis is essential for maintaining and restoring skin homeostasis. 
Apoptosis is a not lytic cell death and typically it is not a inflammatory 
process [23]. The body of evidence supports the idea that reduced 
expression of NF-κB pathway allows spontaneous keratinocytes 
apoptosis to occur (i.e. postmortem samples). On the other hand, acute 
inflammation is a healthy response to danger signal such as trauma (i.e. 
antemortem samples) which activate inflammatory transcription via NF- 
κB [23].

Fig. 4. Representative images of antemortem and postmortem skin wound sections immunostained to detect SIRT1 protein. (A) low magnification images of 
antemortem skin wounds. Almost no sign of the protein is detected in epidermis and dermis (bar: 150 mm). (B) Detail of the epidermis in which the different layers of 
keratinocytes are easily detected. A weak signal of the SIRT1 protein is observed in a few nuclei (bar: 20 mm); (C) negative control images in which the primary anti- 
SIRT1 antibody is omitted (bar: 20 mm); (D) postmortem skin wounds sections showing a strong signal of the SIRT1 protein mainly localized in the epidermis. (E) 
Several nuclei of the epidermis show a deep brown signal corresponding to SIRT1 protein (bar: 20 mm); (F) negative control images in which the primary anti-SIRT1 
antibody is omitted (bar: 20 mm). Sample n. 4.
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A limitation of this study is the small number of cases considered. 
Moreover, although SIRT1 and NF-κB have never been analyzed in fo
rensics, they are multifunctional molecules that act on numerous 
signaling pathways, making it complex to interpret their behavioral and 
activation patterns. The potential influence of factors such pathologies 
affecting limb, age and gender and on the expression of SIRT1 and NF-κB 
was not investigated in this study. Finally, the study does not include a 
time-course analysis to track the degradation or persistence of SIRT1 
and NF-κB expression postmortem.

Even if more studies are needed, our results showed that NF-кB and 
SIRT1 could be potential valuable biomarkers for wound vitality esti
mation in forensic practice. Future studies should focus on the validation 
and their inclusion in a panel of markers usefull to the development of 
more reliable and objective methods for determining wound vitality in 
forensic investigations.
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