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Hemangiosarcoma is a mesenchymal neoplasm that originates in the endothelial cells of blood vessels. According

to the location of origin, they can be classified as non-visceral and visceral types. Hemangiosarcoma can be very

aggressive and metastasize to distant organs. 

endothelial  angiosarcoma  cutaneous

1. Canine Hemangiosarcoma and Its Different Forms

Hemangiosarcoma (HSA) is a mesenchymal neoplasm originating from the endothelial cells of the blood vessels. It

is also called a malignant hemangioendothelioma or angiosarcoma, or Visceral Vascular Tumor, which includes

hemangiomas and hemangiosarcomas. The benign counterpart of hemangiosarcoma is hemangioma .

Hemangiosarcomas are categorized into two types according to their location or origin: non-visceral

hemangiosarcomas and visceral hemangiosarcomas. Non-visceral hemangiosarcomas can affect the skin,

subcutaneous tissues, and muscle tissues (Figure 1). In contrast, visceral hemangiosarcomas can affect the

spleen, liver, heart, lungs, kidneys, oral cavity, bones, bladder, uterus, tongue, and retroperitoneum .
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Figure 1. Schematic representation of the division of canine hemangiosarcoma into visceral and non-visceral.

2. Etiology and Epidemiology

2.1. Actinic and Non-Actinic Cutaneous Hemangiosarcoma

Among domestic species, dogs are most affected by cutaneous HSA. Cutaneous HSA represents approximately

14% of all HSA diagnosed in this species and less than 5% of dermal tumors, according to North American studies

. However, Brazilian epidemiological data demonstrate a higher prevalence, which may represent 27 to 80%

of all canine HSAs  and 13.9% of all skin neoplasms diagnosed in this species . This difference is mainly

associated with the substantial incidence of solar radiation in countries with tropical climates . According to data

from the National Institute for Space Research , Brazil has a high level of ultraviolet radiation, exceeding a scale

of 6.0 during most of the year, a factor directly related to the etiology of cutaneous actinic HSA. It is important to

note, however, that these epidemiological studies did not differentiate between the actinic and non-actinic

subtypes.

Cutaneous HSA most commonly affects middle-aged to elderly dogs (between 8 and 15 years old), with no gender

predisposition for either the actinic or non-actinic forms . Dogs of breeds with lightly pigmented and

glabrous skin are at higher risk of developing cutaneous HSA, mainly in its actinic form. The most reported breeds

include Pitbull, Whippet, Greyhound, Boxer, Beagle, and Dalmatian .

The higher prevalence of cutaneous HSA in these animals is related to lower protection from solar radiation, as low

skin pigmentation and hair coverage lead to greater sun exposure. Actinic changes, such as solar dermatosis, are

frequent in these patients, confirming the influence of solar radiation on the development of this neoplasm 

. Such changes occur progressively, and often, affected dogs initially develop hemangiomas that can progress

to HSA upon undergoing malignant transformation .

Acute exposure to ultraviolet B (UVB) radiation causes skin inflammation and oxidative stress, and long-term

exposure to UVB radiation can lead to carcinogenesis. Evidence has demonstrated that reactive oxygen species

(ROS) constitute the link between chronic inflammation and neoplasia. Initial experiments on the role of ROS in
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tumor initiation indicated that oxidative stress directly damages DNA, promoting mutations that favor oncogenic

transformation .

Non-actinic cutaneous HSA, in turn, occurs more frequently in dogs of non-predisposed breeds that have

pigmented skin and thick coats, as well as in those without a history of chronic sun exposure. Therefore, in the

histopathological analysis of these tumors, actinic alterations are not identified . Although the origin of non-

actinic HSA remains unknown, solar radiation is unlikely to play a role in its development, and the etiopathogenesis

is likely similar to that of visceral HAS . Further studies are required to confirm this hypothesis.

Several studies have investigated the etiopathogenesis of this neoplasm by analyzing genomic profiles to identify

mutations in specific genes. Similar to visceral HSA, the most frequently mutated gene in canine cutaneous HSA is

TP53 . However, it is important to highlight that TP53 mutations are important and frequently found in several

cancer subtypes. García-Iglesias et al.  found a high expression of the mutated TP53 gene associated with high

Ki-67 proliferative activity in 25 dogs with cutaneous HSA, suggesting the association of this gene mutation with

neoplastic development. Both studies included patients with dermal and hypodermic HSAs. However, further

studies are necessary to elucidate the TP53 role in canine HAS development.

Dysregulation of the PI3K/AKT/mTOR pathway is also very important in canine tumors . Kim et al.  evaluated

the comparative genomic alteration in human and canine angiosarcomas and found TP53, PIK3CA, PIK3R1, and

NRAS in a specific set of canine hemangiosarcomas suggesting these genes dysregulation could be important for

tumor development .

Mutations in PTEN genes and overexpression of angiogenesis-related growth factors, such as vascular endothelial

growth factor (VEGF) and basic fibroblast growth factor (bFGF), have also been identified in cutaneous and

subcutaneous HSA , suggesting participation in the etiopathogenesis of the disease.

Subcutaneous and Muscular Hemangiosarcoma

Compared with dermal-confined cutaneous HSA, few studies have exclusively evaluated subcutaneous and

muscular HSAs. These subtypes account for approximately 6–47% of canine HSAs, affecting middle-aged to

elderly dogs (mean age 9 years), with no gender predisposition .

Due to the scarcity of data in the current literature, it is not yet possible to identify a significant breed predisposition.

However, studies have reported a higher incidence of subcutaneous and muscular HSA in golden retrievers,

labrador retrievers, and mixed-breed dogs . Furthermore, unlike actinic cutaneous HSA and similar to non-

actinic cutaneous HSA, the development of these subtypes does not seem to correlate with exposure to solar

radiation, and their etiopathogenesis may be related to the same factors involved in the development of visceral

HSA .

3. Clinical Manifestation and Biological Behavior
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Actinic and Non-Actinic Cutaneous Hemangiosarcoma

The clinical symptoms in dogs with non-visceral HSA vary according to the primary location of the neoplasm and

local infiltration. Actinic cutaneous HSA appears more frequently in the ventroabdominal (Figure 2), preputial, and

pelvic limb regions and in glabrous, short-haired dogs with a history of chronic sun exposure .

Figure 2. Multiple actinic lesions in a Pit Bull dog that had a history of chronic sun exposure.

Generally, dermal cutaneous HSA presents as solitary or multiple superficial nodules or papules with a reddish-to-

blackish color. Clinical manifestations are usually local and limited to slight intermittent bleeding in the tumor region

. Studies have identified a higher incidence (28–35%) of the development of multiple lesions of actinic

cutaneous HSA in dogs of predisposed breeds .
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Despite its exact histological origin, the biological behavior of actinic cutaneous HSA differs from that of non-actinic

HSA. In dogs that develop the actinic subtype, the disease tends to manifest in a less aggressive course with a

lower probability of metastatic development and longer survival. In contrast, non-actinic cutaneous HSA is

associated with a higher metastatic rate and lower survival rate, with a higher incidence in non-predisposed breeds

.

4. Subcutaneous and Muscular Hemangiosarcoma

Subcutaneous and muscular HSAs present as more significant, adherent, or mobile than actinic or cutaneous, with

a firm-to-soft consistency, and may be associated with ulcerations .

Unlike the actinic cutaneous subtype, subcutaneous and muscular HSAs do not have an anatomical predilection

for their development and may appear in different locations, including the limbs, flank, trunk, scapula, and cervical

regions . Affected animals may develop local pain, lameness, or functional impairment of other structures

depending on the anatomical location of the tumor .

Local hemorrhages in subcutaneous tissue and muscles can occur in dogs with advanced HSA . As in visceral

HSA, the blood vessels associated with the tumor are deformed and tortuous, leading to blood deprivation for

tumor cells and resulting in death. This event causes small foci of vascular rupture, culminating in blood leakage

into the subcutaneous or intramuscular space .

Subcutaneous and muscular HSAs are naturally more aggressive than the dermal subtype since these subtypes

have infiltrative growth involving deeper tissues and greater metastatic capacity . However, no studies have

compared the behavior of non-actinic cutaneous HSA with those of subcutaneous and muscular HSA.

5. Treatment

Local Therapies

Surgery is generally the treatment of choice for dogs with localized non-visceral HSA without evidence of

metastatic disease. Therefore, cutaneous, subcutaneous, and muscular subtypes are addressed in the same

subtopic .

For dogs with cutaneous HSA (stage I), surgical resection with lateral margins of 1–2 cm and deep margins in the

fascial plane is recommended. Patients can be cured when complete lesions are removed, particularly in cases of

cutaneous HSA with actinic components . Recent studies have evaluated the application of proportional or

“mirrored” lateral margins in mast cell tumors <2 cm, obtaining satisfactory results concerning local control .

This approach can also be considered for cutaneous HSA, particularly in cases where multiple small lesions are

present. However, further studies are required to better define this criterion for cutaneous HSA.
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When the tumors are more extensive and infiltrative, which occurs mainly in cases involving the subcutaneous and

muscular tissues, more extensive surgeries are necessary and recommend lateral surgical margins of at least 3

cm, similar to those adopted in sarcomas of soft tissues .

Widely used in human medicine, transoperative histological evaluation by freezing has gained popularity in

veterinary medicine and can be used to confirm the diagnosis of cutaneous HSA, as well as to identify neoplastic

cells in the lateral and deep surgical margins, helping to determine the extent of the procedure .

Given the scarcity of data in the literature about the rate of lymphatic metastases by HSA, there is limited

information about the real benefit of performing lymphadenectomy at the time of surgery. Therefore,

lymphadenectomy is recommended only in specific cases in which at least one of the following criteria are present:

(1) neoplastic infiltration in a lymph node, detected by previous FNAB; (2) changes in palpation examination

(volume, shape, consistency, and/or adherence); and (3) morphological alterations identified through imaging tests

(abdominal ultrasound or computed tomography).

Obtaining wide margins becomes difficult when developing multiple large tumors and/or in complex anatomical

sites, which may require more radical surgical procedures . Alternatively, for these cases, less extensive

surgical approaches can be associated with local and systemic therapies such as electrochemotherapy,

radiotherapy, or adjuvant chemotherapy .

The use of radiotherapy for the treatment of dogs with cutaneous HSA is uncommon, and only a few studies have

evaluated its clinical benefits. Studies published so far suggest the use of palliative radiotherapy in cases of

unresectable tumors, with the aim to reduce pain, possible bleeding, and tumor progression; post-surgical

radiotherapy is also used for the treatment of compromised margins .

Hillers et al. (2007)  evaluated the effect of palliative radiotherapy (6–24 Gy) in 20 dogs with unresectable

subcutaneous and intramuscular HSA with or without surgery and chemotherapy and found an overall response

rate of 70% (10 PR and 4 CR); however, there was no increase in overall survival time.

The efficacy of radiotherapy in the treatment of microscopic disease after incomplete surgical resection in dogs

with subcutaneous and intramuscular HSA remains controversial. Bulakowski et al. (2008)  administered post-

surgical radiotherapy to five dogs and found a short duration of response, and local recurrence occurred in three of

these five dogs. Shiu et al. (2011)  found that the three dogs treated with radiotherapy for the same purpose had

no local recurrence. Larger prospective studies are needed to determine the effectiveness of radiotherapy in the

local control of subcutaneous and intramuscular HSA.

Recently, electrochemotherapy (ECT) has emerged as an alternative therapy for the local ablative treatment of

different neoplastic types , and its application has already been standardized in Europe for cutaneous and

subcutaneous tumors of different histological types in humans, canines, and felines . ECT consists of a

chemotherapeutic drug, generally of a hydrophilic nature, whose penetration through the plasma membrane is
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limited, used with electrical pulses; the electrical pulses provide a temporary and reversible increase in the

permeability of the target cell membrane, maximizing the intracellular concentration of the previously applied

chemotherapy, and consequently, its cytotoxic effect . The main antineoplastic drugs used are bleomycin and

cisplatin, which can be administered intravenously, intratumorally, or intratumorally.

Bleomycin (BLM) is the most commonly used chemotherapeutic in ECT protocols because the internalization of its

molecules is enhanced by approximately 300 to 700 times in the intracellular environment . BLM has the

possibility of intravenous administration, allowing its homogeneous distribution in the area to be treated and

providing unique selectivity. This is attributed to its cell death mechanism, which provides selective destruction of

cells that are in high mitotic activity (tumor cells) and allows the treatment of margins, preserving healthy tissue and

eliminating possible microscopic neoplastic foci present there .

In addition to its cytotoxic antitumor effect, ECT exerts a hemostatic action on the tumor vasculature through local

vasoconstriction. This effect promotes a reduction in intraoperative bleeding when used as an adjunct to surgery

and as a monotherapy in multiple and hemorrhagic lesions .

Campana et al. (2019)  evaluated 20 human patients with 51 target lesions who underwent ECT in cutaneous

HSA in advanced stages, in which surgery became unfeasible due to local spread. CR was observed in 61%, PR in

22%, DE in 18%, and DP in 2% of injuries. CR was observed in 40% (8/20), PR in 40% (8/20), DE in 15% (3/20),

and DP in 5% (1/20) of patients. Patients who achieved CR had considerable local control with an average

progression-free time of 10.9 months. Regarding the antivascular effect, a reduction in bleeding was observed in

93% of the patients (13/14) who had an ulcerated tumor, providing significant palliative benefits and promoting

quality of life. However, 35% of patients (n = 7) had tumor recurrence after 3.4 months. Palliative ECT has been

used to improve quality of life and life expectancy.

Several studies have already evaluated the effectiveness of ECT in different types of canine sarcomas, mostly soft

tissue sarcomas (STMs), with promising results . However, owing to the small population of dogs

with cutaneous HSA in these studies, it is still impossible to comprehensively determine the effectiveness of ECT in

these tumors.

In most studies performed with ECT in cutaneous hemangiosarcomas, the therapy is used almost exclusively as an

adjuvant to surgical treatment and has a limited response to its use alone . However, despite the lack of a large

sample group, the clinical benefit of ECT therapy seems promising in terms of local control and decreased

recurrence when used together with surgery .

In a recent study of 30 dogs with soft tissue sarcoma, only 2 had a diagnosis of cutaneous HSA with a DFI of 1053

and 366 days, since the second dog died due to recurrence and metastasis at that time .

Spugnini et al.  observed 22 dogs with soft tissue sarcoma, and 3 were diagnosed with HSA in limited

anatomical regions regarding the practical surgical approach (limbs, pelvis, and thorax). All patients had local

[39][40]

[41]

[36][42]

[43]

[44]

[45][46][47][48][49]

[48]

[48]

[48]

[49]



Treatment of Canine Hemangiosarcoma | Encyclopedia.pub

https://encyclopedia.pub/entry/42842 8/17

control but a short survival time (30, 60, and 150 days) with recurrence, metastasis, and death from splenic HSA.

The distribution of intratumoral BLM is affected by the intrinsic vascularization of the tumor. Therefore, the results

of electroporation associated with chemotherapy combinations vary. In a study of human patients, it was observed

that patients diagnosed with cutaneous angiosarcoma had the highest concentrations of BLM (819 mg/g); however,

the tumor presented tumor progression and had no response to ECT , showing a difference in perfusion,

vascularization, and response in different tumor types.

As observed in human patients, cutaneous toxicity is also observed when using ECT alone, with varying degrees of

cutaneous ulceration  (personal communication) (Figure 3 and Figure 4).

Figure 3. Canine patient diagnosed with multiple cutaneous HSA nodules; ECT with systemic BLM was

administered. Multiple skin lesions are observed in the ventral abdomen and medial surface of the pelvic limb

(A,B). Crust and ulceration 7 days after ECT (C–E). Complete remission 30 days after ECT with areas of scar

tissue (F).

[50][51]

[44]
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Figure 4. Canine patient diagnosed with multiple cutaneous HSA who underwent ECT with systemic BLM. Multiple

skin lesions are observed in the region of the pelvic limb (A). Crust and ulceration 7 days after ECT (B,C). Necrosis

and tissue loss 15 days after ECT (D). Complete remission 30 days after ECT with areas of scar tissue (E).

Based on available evidence, ECT may be considered in specific cases of cutaneous HSA: (1) as monotherapy, in

multiple and disseminated lesions, common in actinic cutaneous HSA; (2) intraoperatively, in cases where it is

challenging to obtain margins due to extension, number of lesions, or tumor location; (3) alternatively, in the

treatment of compromised or narrow margins, in cases in which the surgical enlargement of margins is unfeasible

due to anatomical limitations; and (4) as a factor for reducing tumor extension prior to surgery in places where

primary excision with adequate margins would cause significant anatomical changes in the region. Larger studies

are required to better define its efficacy.

Cryosurgery has also been used to treat cutaneous HSA. Despite its everyday use in clinical practice, only a

limited number of previously published studies have evaluated the disease-free interval and overall survival of

patients with cutaneous HSA. Most relevant studies have evaluated the effect of cryosurgery on cutaneous tumors

and were not specific to HAS . This technique appears promising based on previous studies; however, future

clinical studies are needed to confirm its effectiveness.

6. Systemic Therapies

6.1. Actinic and Non-Actinic Cutaneous Hemangiosarcoma

Unlike in cases of visceral HSA, surgical treatment is considered curative for dogs with actinic cutaneous HSA,

confined to the dermis, and without metastatic evidence (stage I), with no indication of adjuvant chemotherapy for

these patients.

[52][53]
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However, for cases of non-actinic HSA, there is still no consensus regarding the indications for adjuvant

chemotherapy. Given the more aggressive and metastatic behavior of non-actinic HSA, studies must be conducted

to determine the clinical benefits of systemic therapy in these patients .

6.2. Hemangiosarcoma Subcutaneous and Muscular

There is greater consensus in the literature regarding the indications for adjuvant chemotherapy in subcutaneous

and muscular HSA . This recommendation is based on the more aggressive biological behavior inherent in these

subtypes, both because of their infiltrative nature, making surgical resection and local control more complex, and

because of their significant metastatic potential, resulting in shorter survival times and, consequently, worse

prognoses .

Similar to visceral HSA, doxorubicin is the most frequently used antineoplastic agent for subcutaneous and

muscular subtypes and can be administered alone or in combination with other drugs . Retrospective

studies that evaluated the use of chemotherapy in animals with subcutaneous and intramuscular HSAs found

median survival rates between 210 and 1189 days (Table 1).

Table 1. Chemotherapy protocols evaluated in canine subcutaneous and intramuscular HSA, type of surgery, and

median survival.

 Adequate local control achieved for all dogs.  Presence of statistically significant difference between groups (p =

0.002).  Absence of statistically significant difference between groups (p = 0.268).

Hammer et al. (1991)  treated four dogs with subcutaneous HSAs with incomplete surgical resection with the

VAC protocol, resulting in a median survival of 436 days. Sorenmo et al. (1993)  evaluated the AC protocol in 5

dogs with subcutaneous HSAs (complete resection in 2/5 dogs), which achieved a median survival of 240 days.

Bukowski et al. (2008)  evaluated chemotherapy in only dogs with subcutaneous and intramuscular HSA (n =

21) after adequate local surgical control, using doxorubicin with or without cyclophosphamide; 17 patients with

subcutaneous HSA had significantly higher median survival than those with intramuscular HSA (1189 vs. 272 days,

respectively).

[11]

[4]

[2][11][26][54]

[23][24][25][54][55]

Chemotherapy Protocol N HSA Type Surgery Mean Survival
Time (Days)

VAC Protocol
(Hammer et al., 1991) 4 Subcutaneous Incomplete resection (n = 4) 436

AC Protocol
(Sorenmo et al., 1993) 5 Subcutaneous

Complete resection (n = 2);
Incomplete resection (n = 3)

240

Doxorrubicin +/−
Cyclofosfamide

(Bulakowski et al., 2008)
21

Subcutaneous
(n = 17)

Intramuscular (n
= 4)

Complete resection (in the first
surgery—n = 11; in the second

surgery—n = 5);
Adjuvant radiotherapy after

incomplete resection (n = 5) 

1189
(subcutaneous)

272 (intramuscular)

Doxorrubicin +/−
ciclofosfamide, vincristine

or lomustine
(Shiu et al., 2011) 

36

Subcutaneous
(n = 55)

Intramuscular (n
= 16)

Complete resection (n = 18);
Incomplete resection (n = 18)

212
(subcutaneous)

136 (intramuscular)

[55]
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Shiu et al. (2011)  studied 55 dogs with subcutaneous HSAs; 17 received adjuvant chemotherapy (protocols

with doxorubicin combined with other drugs) after complete surgical resection and had a median survival of 246

days. The type of HSA and adjuvant treatment did not influence the clinical outcomes of patients. However, dogs

that underwent total surgical excision of the lesions had a significantly higher median survival and progression-free

time than those with incomplete resection.

Prospective studies in dogs with stage II and III HSA are needed to better determine the therapeutic benefit of

adjuvant chemotherapy. However, given the more advanced staging and more aggressive course, the authors of

this consensus recommend using adjuvant chemotherapy in these cases, with doxorubicin as the primary drug.

Aggressive and infiltrative subcutaneous and intramuscular HSAs can be unresectable, making surgical treatment

unfeasible in affected animals. For these cases, chemotherapy can be instituted in two different situations: (1)

neoadjuvant to surgery (pre-surgical) to reduce tumor dimensions to make surgical excision possible, either with

curative or palliative intent, or (2) purely palliatively, without association with surgery, to offer comfort to patients

with advanced and unresectable tumors.

In this context, Wiley et al. (2010)  evaluated the benefits of chemotherapy with or without doxorubicin in 18

canine patients with unresectable subcutaneous HSA. The dogs received surgical treatment after chemotherapy

(neoadjuvant scenario, n = 5) or chemotherapy alone (palliative scenario, n = 13). Doxorubicin was administered in

all protocols as a single drug (12/18) or in combination with other chemotherapeutics (6/18) every 2 or 3 weeks.

The overall response rate ranged from 38 to 44%, and tumor excision was achieved with wide margins in 80% of

the patients who underwent surgery after chemotherapy. Although the response was short-lived, neoadjuvant

chemotherapy provided clinical benefits for these patients, and surgical excision was associated with a longer

progression-free time.

6.3. Other Therapies

Considering the vascular nature of HSAs, antiangiogenic therapy is a potential therapeutic target for these tumors

in dogs, whether in their visceral or cutaneous form . Its use has been widely investigated, mainly in splenic

HSA, and studies are needed to assess its clinical benefit in canine cutaneous HSA .

In recent years, the search for molecular therapeutic targets in visceral and non-visceral HSAs has gained

prominence in veterinary medicine . Nóbrega et al. (2019)  identified high expression of COX-2 and VEGF in

60 dogs with cutaneous HSA, suggesting that these may represent potential therapeutic targets. Further clinical

studies are required to prove that their inhibition leads to antitumor effects.

Photodynamic therapy has also emerged, with limitations in surgical resection, either by extension or by several

lesions. Rocha et al. (2019)  evaluated the use of this therapy in eight dogs with cutaneous HSAs and achieved

complete remission in 90% of cases. As this is a new therapy, prospective studies with more animals are needed.
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The association between actinic dermatosis and cutaneous hemangiosarcoma can be explored therapeutically

using natural photoprotectors such as omega-3 fatty acids, vitamins, and polyphenols . Omega-3

polyunsaturated fatty acids (AGPs) primarily comprise α-linoleic acid (ALA), docoHSAexaenoic acid (DHA), and

eicosapentaenoic acid (EPA) and come directly from foods and/or dietary supplements enriched with omega-3 fish

oil. Omega-3 AGPs exert anti-inflammatory effects. Studies involving its metabolites, such as resolverins and

maresins, have revealed potent anti-inflammatory, analgesic, and antineoplastic activities, mainly by reducing the

production of cytokines/chemokines derived from neoplastic cells (TNF-α, IL-6, CXCL10, and MCP-1) and

CD11bþLy6G myeloid cells induced by tumor mediators and nociception. A decrease in ROS production and

improvement in the phagocytic activity of macrophages were also observed in one study . Treatment

with maresin 1, a lipid mediator derived from omega-3 AGP, was associated with protection against UVB radiation

in hairless mice. The results showed less inflammation and oxidative stress in the treated animals, which was

related to the inhibition of edema, keratinocyte apoptosis, and the presence of mast cells. Furthermore, the lower

production of metalloproteinases 9 (MMP9) and the consequent degradation of collagen fibers induced by radiation

were attributed to the administration of maresin 1 .

Vitamins B3 and C and natural polyphenols, including cannabis derivatives, have been associated with the

photoprotective activity of the skin . A study that exposed rats to UVA and UVB radiation demonstrated

the protective effect of phytocannabinoid-cannabidiol (CBD) on the lipid metabolism of keratinocytes, reducing 4-

HNE and 8-isoPGF2α lipid peroxidation products. This experiment also demonstrated that CBD increased the

transcriptional activity of Nrf2 and the expression of its inhibitor, Bach1, and prevented the UVA/UVB-induced

increase in the expression of Nrf2 activators p21, p62, p38, and KAP1, and pro-inflammatory factors, such as NF-

κB and TNF-α .
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