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ABSTRACT

Purpose: To assess the effect of the ethanolic extract of the leaves of three species of plants from the Piperacege family on
reducing necrosis and enhancing wound healing in an animal model of degloving injuries. Methods: The animals were divided into
six groups, each consisting of six animals: sham, negative control, EEPA (Piper amalago ethanolic extract), EEPG (Piper glabratum
ethanolic extract), EEPV (Piper vicosanum ethanolic extract), and positive control receiving hyperbaric oxygenation. The animals
underwent surgery to induce excision wounds, and the extent of cutaneous necrosis was evaluated using graphic software, while
wound healing was assessed through histopathology. Results: Skin necrosis percentage area was: sham group = 62.84% 6.38;
negative control group = 63.03% 4.11; P. vicosanum = 40.80% 4.76 p < 0.05; P. glabratum 32.97% 4.01 p < 0.01; P. amalago = 32.40%
4.61 p < 0.01; hyperbaric oxygenation = 33.21% 4.29 p < 0.01. All treated groups showed higher collagen deposition and less
intense, plus predominantly mononuclear inflammatory infiltrate, suggesting improved healing process. Conclusions: The three
tested extracts demonstrated efficacy in reducing the extent of cutaneous necrosis caused by degloving injuries and also showed
evidence of improvement in the wound healing process.
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Introduction

Degloving injuries are most often caused by high-impact trauma, such as running over'. One of the mechanisms most
frequently associated with degloving injuries is the gripping and rotation system, in which a body part is trapped between
the vehicle wheel and the ground. In this case, friction with the moving wheel causes the skin to detach from the deep planes,
leading to degloving, which can occur in the subcutaneous, subfascial, submuscular planes or even in multiple planes’.
For these reasons, the association of degloving with trauma of multiple tissues, such as bone fractures, nerve and muscle
injuries and crush syndrome are also common’. Thus, degloving injuries constitute a unique category of trauma because
they present multiple morbidity mechanisms: the wound itself, leading to the continuity solution, tissue trauma, loss of skin
coverage, devitalization of tissues, leading to increased likelihood of infection and reperfusion injury*.

Tissue necrosis can occur by different pathophysiological mechanisms, such as ischemia or venous congestion®. In the
case of ischemia, cell death occurs purely and simply due to the oxygenation deficit caused by the lack of arterial blood in
the affected tissue. However, necrosis occurs much more frequently due to local venous congestion®. As the arterial flow
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relies on the head of pressure, caused by ventricular systole, the arrival of arterial blood to tissues is normally easier even
in partially devascularized tissues. That is the case of degloving injuries or random skin flaps. Venous return, in turn,
does not rely on an active pumping by the heart, occurs passively and it is, therefore, more susceptible to total or partial
flow interruptions’.

The fact that the wall of venous vessels is devoid of a muscular layer provides it less structural rigidity when compared to
arteries, and this characteristic favors the occurrence of partial obstructions to venous drainage, due to torsion, traction or
compression, narrowing the lumen of affected vessels. This condition of venous hypoflow generates accumulation of venous
blood in the tissue, which generates a system of local venous hypertension, leading to vascular leakage into the interstice,
further increasing the perfusion pressure that can culminate in tissue hypoperfusion at the time in which the perfusion
pressure exceeds the intraluminal pressure of arteries and arterial capillaries, responsible for tissue nutrition. Similarly, any
situation that leads to increased edema tends to worsen the perfusion pressure ratio, facilitating the occurrence of necrotic
phenomena, a situation in which inflammation plays a relevant role. Usually, these mechanisms do not occur in isolation,
especially in cases of traumatic degloving injuries, but rather there is a combination of all these conditions (ischemia,
venous congestion, and inflammation/edema) reciprocally feeding each other, generating a vicious cycle in which venous
hypoflow generates tissue hypoperfusion, which worsens inflammation and edema, making venous return even more

difficult, culminating in the unfavorable outcome of tissue death®.

Reconstructive surgery often makes use of skin flaps with random vascularization, a situation in which there may be
ischemic involvement of tissues. Therefore, the search for compounds or treatments that can improve the viability of these
tissues becomes remarkably interesting, either by increasing blood circulation or by reducing inflammation resulting from
tissue trauma’. It is difficult to homogenize a study group with human patients with degloving injuries due to the diversity
of presentation of this type of injury. On the other hand, the low incidence of necrosis in surgically designed skin flaps
makes the sample universe required for this type of study to be quite large, making clinical research in this area difficult.

In the meantime, studies with animal models have emerged as a useful tool in the search for adjuvant solutions in cases
of ischemic flaps, whether surgical or traumatic. Thus, some animal models have been proposed with the aim of making
this type of research possible, with emphasis on the dorsal flap suggested by McFarlane et al."” and the paw degloving
model described by Milcheski et al.'. The implementation of measures that can reduce the possibility of necrosis in flaps
with questionable vascularization has several advantages in the field of reconstructive surgery, as it allows carrying out less
aggressive treatments in cases of traumatic degloving injuries, reducing the possibility of tissue necrosis in random or even
axial flaps, improving wound healing, and reducing the possibility of infections?.

Opver the years, plants of the genus piper have been used as alternative treatment for toothaches, diarrhea, burns, bronchitis,
infections and as wound dressing'®. The genus Piper, of the Piperaceae family, is found in tropical and subtropical regions and
comprises about 2,000 species. These plants are used worldwide for food and medicinal purposes'. Studies have shown that
the genus Piper has antioxidant and anti-inflammatory effects on oxidative damage in several diseases". The species of this
genus are erect or climbing herbs, shrubs or rarely trees and have great economic and medicinal importance's. The popular
use of Piperaceae for antibiotic, anti-inflammatory and healing purposes, as demonstrated by Durant et al."”, has encouraged
studies on the activity of these plants in the treatment of degloving injuries, a situation in which these three characteristics

can synergistically contribute to bring about beneficial results, as demonstrated by Myers'®.

Thus, this study aimed to evaluate the effect of three plant species of the Piperaceae family on the reduction of tissue

necrosis in an animal model of degloving injuries, based on its popular use as a healing agent in the treatment of injuries.

Methods

This is an experimental study using adult Wistar rats from the animal facility of the Universidade Federal da Grande
Dourados (UFGD), kept under a 12-hour light/dark cycle at constant temperature of 21°C with food and water ad libitum
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since the beginning of experiments until the day of euthanasia. The present study received approval from the ethics committee
for the use of animals, under protocol number 32/2019.

Plant materials

All species used in this study were collected in the municipality of Dourados, MS, Brazil, in the respective geographic
coordinates: P. vicosanum Yunck. (22°12°37.8”S; 54°55’02.6"W), P. amalago L. (22°12’42.9”S; 54°54°55.6”W) and P. glabratum
(Kunth) Steud. (22°12’37.7”S; 54°55°03.2”W). Identification was conducted by Elsie Franklin Guimarées, from the Research
Institute of the Botanical Garden of Rio de Janeiro, R], Brazil. Specimens of each species were produced and deposited at the
UFGD herbarium under the respective numbers: P. vicosanum (DDMS 4411), P. amalago (DDMS 4410) and P. glabratum
(DDMS 4412). All plant names have been checked with http://www.theplantlist.org on June 8th, 2023.

Extraction

Piper glabratum (1430 g), Piper amalago (816 g) and Piper vicosanum (1,100 g) leaves were dried at room temperature
and subsequently submitted to three extractions by maceration in 92% ethanol, and then the extract was submitted to
concentration in rotary evaporator. The extract was then dried in a hood, resulting in 203 g of Piper glabratum ethanolic
extract (EPG) (14.19% yield), 34.27 g of Piper amalago ethanolic extract (EEPA) (4.2% yield) and 52.8 g of Piper vicosanum
ethanolic extract (EEPV) (4.8% yield).

Surgical procedure

All animals underwent surgery to induce degloving injuries in the right hind limb, according to the model proposed
by Milcheski et al.!! under general anesthesia with protocol of 60 mg/kg ketamine associated with 10 mg/kg xylazine
intramuscularly applied to the left hind limb. After confirming the anesthetic plane by suppressing the corneal-palpebral
reflex, the injury was induced by circumcision of the skin at the base of the limb up to the fasciocutaneous plane and
subsequent traction of the flap with Allis-type gripping surgical clamps, resulting in ungloving of the limb to the level of
the ankle joint. The resulting flap was then repositioned in its site of origin and sutured with 5 mononylon, thus creating a
reverse and random blood flow flap (Fig. 1a).

fw fm g Fumpe e Fugm
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Source: Elaborated by the authors.

Figure 1 - Flaps obtained after surgical procedure. (a) Repositioned flap showing necrosis on the 7* postoperative day.
The red line represents the caudal limit of the degloving injury; (b) Example of flap obtained after euthanasia, showing
the presence of tissue necrosis. (c) Image exemplifying the measurement of the necrotic area using the Image] software,
with result in cm?.

Drug administration

Groups were randomly divided with six animals each: negative control group, sham group, positive control group, group
treated with daily sessions of hyperbaric oxygenation (HO) with 100% O, and 2 ATM pressure'?, and study groups, which

Acta Cir Bras. V38 . e387223.2023 3


http://www.theplantlist.org/

Effect of ethanolic extracts from Piperaceae leaves on the reduction of skin necrosis and wound healing in an animal model of
degloving injuries

respectively received: ethanolic extract from Piper vicosanum leaves (EEPV), ethanolic extract from Piper glabratum leaves
(EEPG) and ethanolic extract from Piper amalago leaves (EEPA). Animals, with average age of 30 days and average weight

of 280 g, received the respective treatments, as shown in Table 1.

Table 1 - Summary of treatments administered according to groups.

Group (n = 6) Treatment Dose/route of administration
Control 0.9% Saline solution 1 mL/day - gavage
Sham Only making the skin flap -
Positive control HO 30 minutes daily
Piper vicosanum EEPV 300 mg/kg - gavage
Piper amalago EEPA 100 mg/kg - gavage
Piper glabratum EEPG 300 mg/kg - gavage

EEPA: Piper amalago ethanolic extract; EEPG: Piper glabratum ethanolic extract. EEPV: Piper vicosanum ethanolic extract; HO: hyperbaric oxygenation.
Source: Elaborated by the authors.

Plant extracts were administered through gavage, diluted in 0.9% saline solution, totaling a volume of 1 mL. Animals from
the control group received 1 mL of saline solution also by gavage, and animals from the positive control group were submitted
to daily sessions of hyperbaric oxygenation with 100% oxygen at 2 ATM pressure in hyperbaric chamber specifically
designed for animals®. The doses of respective treatments were defined based on data from literature, and doses with the

best response and fewest side effects were chosen.

Animals were daily monitored with the administration of the respective treatments according to the study protocol until the
seventh postoperative day, when euthanasia was performed through overdose of 100 mg/kg ketamine and 50 mg/kg xylazine,

associated with exsanguination by cardiac puncture.

Skin necrosis measurement

After euthanasia, skin flaps were removed, flattened, and photographed against a blue background (Fig. 1b). The measurement
of the total area and macroscopic damaged tissue, assumed as skin necrosis area, was performed using the ImageJ software
(Wayne Rasband, National Institutes of Health, United States of America, 1997) (Fig. 1c). Figure 1 shows the process of

obtaining and measuring skin flaps.

Histopathological evaluation of wound repair

The skin flaps were fixed in 10% buffered formalin. After fixation, they were cleaved, dehydrated in increasing
concentrations of ethyl alcohol, cleared in xylene, and embedded in paraffin. Sections were cut at a thickness of 4 pm and
stained with hematoxylin and eosin (HE) and Masson’s trichrome for assessment under light microscopy. Statistical analysis
was performed using the mean + standard error (SE), and one-criterion analysis of variance (ANOVA) followed by Tukey’s
test. Results with p less than or equal to 0.05 were considered statistically significant.

Results
Skin necrosis reduction

After euthanasia and measurement of the necrotic area of each animal, the following results were found:
Sham group = 62.84% + 6.38;

Negative control group = 63.03% + 4.11;

P. vicosanum = 40.81% + 4.76 p < 0.05;
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« P glabratum 32.97% + 4.01 p < 0.01;
« P amalago = 32.40% + 4.61 p < 0.01;
+ OH=33.21%+4.29 p < 0.01 (Fig. 2).
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SE: standard error; EEPV: Piper vicosanum ethanolic extract; EEPG: Piper glabratum ethanolic extract; EEPA: Piper amalago ethanolic extract; *p < 0.05;
**p < 0.01. Source: Elaborated by the authors.

Figure 2 - Results of means + SE of the necrosis percentage.

Figure 3 shows examples of flaps obtained from each group. One of the animals from the sham group was excluded
from the study due to the occurrence of autophagy in the necrotic flap area, impairing its measurement. The comparison
of groups that used plant extracts with hyperbaric oxygenation did not show statistical difference, thus showing similarity
in their results.

Source: Elaborated by the authors.
Figure 3 - Flaps obtained after euthanasia showing different necrosis percentages: (a) sham group; (b) control group; (c)
hyperbaric oxygenation group; (d) P. vicosanum group; (e) P. glabratum group; (f) P. amalago group.

Table 2 shows the means = SE of weight, total flap area, necrotic flap area and flap necrosis percentage of rats in the
respective groups.
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Table 2 - Data on the weight of rats, total flap area, necrotic flap area and necrosis percentage in the respective groups.

Group (n = 6) Animal weight (g) Flap total area (cm?) Flap necrotic drea (cm*)  Necrosis percentage area (%)
Sham 267.83+11.20 5.07 £0.47 3.24+0.52 62.84% + 6.38
Control 296.16 +12.27 3.24+0.24 2.06+£0.24 63.03% +4.11
P, vicosanum 289.33 +14.03 347 +0.13 1.40+0.15 40.81% + 4.76*
P, glabratum 297.83+14.11 3.82+0.09 1.26 £0.16 32.97% + 4.01**
P amalago 268.66 + 19.70 3.77+0.11 1.22+0.18 32.40% +4.61%*
Hyperbaric oxygenation 264.33£9.01 3.51+0.14 1.17+0.13 33.21% £ 4.29**

*p<0.05 **p<0.01 Source: Elaborated by the authors.

Histopathological wound repair evaluation

The histopathological findings are summarized in the Table 3 and Fig. 4.

Table 3 - Histopathological findings summary.

Reepithelization Inflammatory infiltrate Extracellular matrix Angiogenesis
Sham - +++ + ++
Control - ++ ++ ++
EEPV - +++ - +
EEPG - ++ ++ ++
EEPA - +++ + ++
HO - +++ + ++

EEPV: Piper vicosanum ethanolic extract; EEPG: Piper glabratum ethanolic extract; EEPA: Piper amalago ethanolic extract; HO: hyperbaric oxygenation.
Source: Elaborated by the authors.

(b)

Source: Wlaborated by the authors.
Figure 4 - Histopathology of flaps: (a) control group; (b) sham group; (c) hyperbaric oxygenation group; (d) P. vicosanum
group; (e) P. glabratum group; (f) P. amalago group. Masson’s trichrome, 10X caption: Angiogenesis (arrows); mononuclear

inflammatory infiltrate (arrowheads); edema (asterisks).
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Discussion

The use of natural products in conventional medicine still faces some resistance, especially in surgical areas, in which
more aggressive and assertive treatments are traditionally used. However, the use of such substances for prophylactic
purposes or as adjuvant in the postoperative period could lead to a better acceptance by clinicians, surgeons, and other
health professionals®. Topical products of natural origin have already been used by surgeons to improve scar aspects, such as
onion extract®, or to reduce edema and ecchymosis, as in the case of Arnica?. The development of topical products derived

from Piper with a view to postsurgical use is a promising possibility, but still dependent on further studies.

The extracts used in this study were previously submitted to phytochemical analysis*, and the major secondary
metabolites found were: alkaloids in P. vicosanum and P. amalago and organic acids, tannins, steroids, and triterpenes in
P. glabratum. There are reports in literature of the anti-inflammatory, antioxidant, and antimicrobial activities of these
secondary metabolites**, whose synergic action may justify the positive findings of reduced necrosis in the model used
in this study. Previous studies have shown the presence of pyrrolidine amides, chalcones, flavonol® and piperidines® in
P. amalago. Silva et al.* demonstrated the antimicrobial activity of chalcone and flavonol has antioxidant, anti-inflammatory
and antimicrobial activities”. Pyrrolidines are known antioxidant agents, with proven beneficial effects in improving healing
in intestinal anastomoses in studies with ischemia and reperfusion models*%. An extensive review conducted by Mitra et al.*®
evaluated in details the antineoplastic action of piperidine associated with the inhibition of interleukin 6 (IL-6) production
by various metabolic pathways. IL-6 is a classic pathway of inflammation, and the study of inhibitory mechanisms has been
gaining prominence in the scientific community in search for anti-inflammatory therapies®. The anti-inflammatory activity

of piperidines associated with IL-6 inhibition may be related to the effects found in this study.

In the present study, all tested plants were effective in reducing the skin necrosis percentage. The histopathological
evaluation showed a slight difference in relation to the mononuclear inflammatory infiltrate present in the deep dermis,
with apparent advantage for EEPG compared to EEPV and EEPA, and, although specific inflammation tests were not
performed, there may be some correlation of the reduction of local inflammation with the lowest necrosis rates found in
animals treated with EEPG. Other evidence of improved wound healing was observed in the histopathological analysis,
particularly in the group treated with EEPG, which showed a less intense and predominantly mononuclear inflammatory
infiltrate, corresponding to a more advanced phase of the inflammatory process secondary to healing. Additionally, in the
treated groups, with a greater predominance in the EEPG group, there was a higher deposition of collagen fibers, supporting
the hypothesis of a more advanced healing process.

The histopathological analysis did not demonstrate complete reepithelialization in any of the studied groups. However, it
should be noted that this study only evaluated the first seven days, which is still a very early phase of the healing process to
observe this type of effect. Observing the animals for a longer period, such as 21 to 30 days, could provide better clarification
of this hypothesis. However, the main purpose of this study was to evaluate the ischemic tissue damage caused by cutaneous
detachment, and extending the observation period would compromise this analysis. Future studies examining the effect of
EEPG, EEPYV, and EEPA on reepithelialization using this or other wound models could be highly informative.

All tested extracts showed results equivalent to those of hyperbaric oxygenation, a therapy already consolidated in the
treatment of complex injuries. However, the implementation, maintenance and administration of hyperbaric therapy involves

high financial costs, restricting access to this type of treatment, especially in developing countries™.

The necrosis produced in skin degloving injuries and in ischemic flaps is of the coagulative type due to cellular hypoperfusion.
With low blood flow, the cell changes its metabolism to the anaerobic form, causing intracellular lactate accumulation and
leading to changes in transmembrane transport mechanisms. The consequences are increased intracellular pH, decreased
adenosine triphosphate (ATP) levels and finally coagulation of proteins, leading to cell death. Endothelial damage also leads
to platelet aggregation and neutrophil adherence to the vascular wall, increasing ischemia and triggering the coagulation

cascade, thus forming a vicious cycle that will culminate in cell death and tissue necrosis®. The anti-inflammatory activity
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of by-products from plants of the genus Piper can provide benefits in two different ways: reducing endothelial damage and
inhibiting platelet and lymphocyte aggregation®.
Although endothelial damage was not evaluated in this study, it was possible to observe induction of angiogenesis

and preservation of capillaries in the histopathological evaluation, suggesting the presence of this protective mechanism.

Further studies analyzing endothelial damage markers may better elucidate this hypothesis.

The presence of edema in injuries is detrimental to the healing process by causing the dilution and decrease in the
concentration of necessary proteins for the fibroplasia process, increasing tension at wound edges and decreasing local
perfusion®. Previous studies**** have demonstrated the action of Piperaceae in reducing inflammation and edema, thus

constituting another possible mechanism of action responsible for tissue protection.

Another important aspect is cell damage by reperfusion, which occurs when oxygen is reintroduced into the cell after
a period of anaerobic metabolism. Reperfusion leads to the formation of free oxygen radicals that lead to cell death and
tissue damage”. The antioxidant properties present in plants of the genus Piper, as described by Carsono*, may also exert
a protective function in the case of reperfusion injury. The anti-inflammatory and antioxidant actions of Piper extracts

possibly play a synergistic and multimodal role in tissue protection.

Regarding toxicity, previous studies have shown positive evidence of the low-risk potential with the use of these extracts.
Acute oral toxicity, genotoxicity, and mutagenicity tests of Piper vicosanum have demonstrated the safety of this plant’.
On the other hand, a study conducted by Stein et al.** demonstrated signs of subacute toxicity in tests with Piper amalago,
showing reduction in hematocrit, increase in platelet counts and serum levels of cholesterol and alkaline phosphatase,
although showing safety from the point of view of genotoxicity or mutagenicity during comet and micronucleus tests.
The authors suggested the possibility of toxicity with the extended use of this substance. Therefore, the use for short periods
of time, such as for the acute treatment of injuries, can still be considered after the conduction of these studies. Finally, tests

with Piper glabratum did not show signs of acute or subacute oral toxicity*.

The results obtained in this study in future clinical trials could offer efficient therapeutic alternatives at substantially
reduced costs, expanding access to treatment, especially in underdeveloped or developing regions, while the offer of expensive

treatments, such as hyperbaric oxygenation and vacuum therapy, is still low in many countries.

Conclusion

All plants under study showed beneficial potential in reducing necrosis in the present model. A comparison of plant
extracts with positive control, hyperbaric oxygenation'?, known to be effective in reducing tissue necrosis in situations
of circulatory compromise, showed statistically equivalent results, but from the economic point of view the adoption of
therapies derived from Piperaceae may be more advantageous. The low financial cost associated with these products is
a promising alternative for prophylactic or adjuvant therapies in surgical procedures or wound treatment, especially in
low-income countries.

The literature demonstrates safety from the point of view of mutagenicity and genotoxicity for all extracts under study, but
there may be subacute oral toxicity with the use of Piper amalago, and its use for extended periods must be carefully analyzed.

Thus, Piperaceae seems to be promising alternatives for the future development of therapies for compromised circulatory

conditions, as well as for the treatment of complex wounds, and further studies are still needed.
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