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Subjects: Biology

Contributor: Federica Li Pomi, Vincenzo Papa, Francesco Borgia, Mario Vaccaro, Alessandro Allegra, Nicola Cicero, Sebastiano Gangemi

The rosemary plant, Rosmarinus officinalis L., one of the main members of the Lamiaceae family, is currently one of the
most promising herbal medicines due to its pharmaceutical properties. Rosmarinic acid, beyond its anti-infectious,
antioxidant, anti-inflammatory and immunomodulatory properties, has been extensively investigated for its anti-cancer
activity on various apparently functionally disconnected molecular targets leading to various types of cancer.
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| 1. Rosmarinus Officinalis and Antioxidant Action

Oxidative stress is the pathogenic primum movens of most cutaneous disorders, as the skin is the organ most widely and
severely exposed to oxidative stress, despite the extensive endogenous and exogenous antioxidant system at its disposal
. For descriptive purposes, the causative agents of skin oxidative stress can be divided into exogenous and
endogenous, including intracellular metabolic processes. The main exogenous pro-oxidant agents include ultraviolet (UV)
light, environmental pollution and chronic psychological stress. The synergistic action of these factors accelerates the
processes of pigmentation and skin aging 2. The latter recognizes oxidative stress secondary to UV irradiation as the
primary causal agent; hence, the need to coin the term photoaging. A greater contribution is made by UVA, since UVB,
while participating in the damage, has limited penetration capacity into the epidermis and its cells, including keratinocytes
and melanocytes above all Bl The UV-induced oxidative damage of assorted intracellular structures can be direct or
indirect. UVB, for the most part absorbed in the stratum corneum, is essentially accountable for the direct damage that
sees DNA as its biologically most crucial molecular target 4. Over the last two decades, the antioxidant potential of
Rosmarinus officinalis and its bioactive constituents has been extensively investigated in both in vitro and in vivo studies,
especially for its promising therapeutic effects on UV-induced photoaging, atopic dermatitis (AD) and pollution-induced
skin aging. Relative to the aforementioned time frame, one of the first in vitro studies on this topic highlighted the
interesting proportionality between protein glycation-inhibiting activity and antioxidant activity 2. This functional synergy is
said to be largely attributable to the polyphenolic compounds of various plant extracts, including Rosmarinus officinalis,
paving the way for their prospective therapeutic use in diabetic complications and aging. Further confirmation of the
antioxidant potential of this plant came from Ezzat et al., who emphasized the anti-wrinkle action of the defatted rosemary
extract (DER), an effect attributable largely to rosmarinic acid, the main phenolic compound, but also to the diterpenes
carnosic acid, carnosol and rosmanol €. Furthermore, the encapsulation of this extract in transferomes improves its skin
penetrability. The most recent and relevant confirmation of the antioxidant action of rosemary’'s phenolic compounds
comes from an in vitro study evaluating the radical-scavenging and anti-aging activity of aqueous and ethanoic extracts of
five phenolic-rich selected herbs, including Rosmarinus officinalis, which showed both the highest antioxidant activity and
the most pronounced anti-elastase, anti-tyrosinase and anti-collagenase activity (4.

The recent literature is teeming with works confirming the photoprotective role of various plant extracts, of which
rosemary, with its bioactive elements, is an increasingly consistent member. Hyuck Auh et al. pioneered the investigation
of the anti-photoaging potential of combined extracts of marigold and rosemary, finding in a mouse model that the oral
supplementation of these extracts suppressed UV-induced dermal—epidermal thickening in a dose-dependent manner;
this histological finding was supported by reductions in various photoaging-related biomarkers observed in the lab & A
new molecular photoprotection mechanism was recently highlighted by Calniquer et al., who studied the phytotherapeutic
efficacy of a combination of tomato and rosemary extracts. They found an interesting functional synergy of polyphenols
(mainly represented by carnosic acid and carnosol in the rosemary extract) and carotenoids (mainly represented by
lycopene, phytoene and phytofluene in the tomato extract) in activating the antioxidant response element/Nrf2 (ARE/Nrf2)
transcription system, the main cellular antioxidant defense mechanism, in parallel with the inhibition of the UVB-induced
pro-inflammatory nuclear factor kappa B (NFkB) pathway in keratinocytes and dermal fibroblasts, resulting in a decreased
release of IL-6 and TNF-a and consequently a lowered activation of MMPs . Additionally, for photoprotective purposes,
the most recent strand of cosmetic research is working on the development of topical gel formulations containing



Rosmarinus officinalis extract. The antioxidant, antiaging and healing potential of rosemary hexane extract was evaluated
both in vitro and in a UVB-irradiated mouse model. Ibrahim et al. demonstrated the photoprotective potential of rosemary
extract, the permeability and bioavailability of which improved when topically conveyed into lipid nanocapsule-based gel
(101 |n the wake of the aforementioned work, Takayama et al. evaluated the in vitro antioxidant potential of rosemary
hydroethanolic extract together with an evaluation, in vivo, of its anti-UVB photoprotective role if topically conveyed by an
emulgel formulation 4. The main findings regarding the role of Rosmarinus officinalis and its antioxidant functions are
summarized in Table 1. The main antioxidant properties of Rosmarinus officinalis against UV-induced and pollution-
induced skin aging and against cutaneous inflammation are shown in Figure 1.
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Figure 1. Schematic representation of the relevant molecular patterns involved in the promising antioxidant effects of
Rosmarinus officinalis and its main bioactive compounds on three dermatological conditions: atopic dermatitis, UV-
induced photoaging and pollution-induced skin aging. In atopic dermatitis, beyond the synergic action of carnosol and
carnosic acid in downregulating inflammation-related genes, and therefore pro-inflammatory cytokines, leucocyte
migration and NGF inhibition promotion, the specific action of carnosol on the STAT3 pathway is emphasized, for which
the LPS-induced phosphorylation lock results in anti-inflammatory effects, together with carnosol’'s direct inhibition of
iINOS, NO and COX-2 activation. In UV-induced photoaging, the action of Rosmarinus officinalis in downregulating basal
and transcriptional levels of MMP-1, as well as the inflammatory cytokines IL-6 and IL-1q, is highlighted. Also portrayed is
the specific action of carnosol in downregulating TNF-a, IL-13 and serum levels of UV-induced IgE, and the inhibitory
action of rosmarinic acid both on the MEK/ERK/AP-1 pathway and on MMP-1, MMP-3 and MMP-9. In pollution-induced
skin aging, the downregulatory action of the two main phenolic diterpenes of Rosmarinus officinalis is mainly
demonstrated on MMP-9, protein adduct formation and the loss of filaggrin. Created with BioRender.com.

Table 1. The role of Rosmarinus officinalis against oxidative stress.
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| 2. Rosmarinus Officinalis and Antimicrobial Action

In recent times, the scientific literature has provided ever-increasing knowledge on the antimicrobial activities of essential
oils, which are finding use in both medical and cosmetic fields. Secondary plant metabolites have a pharmacological effect
on the treatment of skin disorders, for which they are used within topical formulations. In this regard, rosemary extract has



shown antimicrobial activity in several cases [22123124125] - gtarting from the assumption that EOs possess antimicrobial
activity, De Macedo et al. reported the first attempt to produce an oil-in-water emulsion containing only natural excipients
and rosemary extract, demonstrating that higher quantities of extracted phenolic compounds, flavonoids and tannins
corresponded to greater antioxidant and antimicrobial activity, especially against Staphylococcus aureus, Streptococcus
oralis and Pseudomonas aeruginosa. De Macedo et al. concluded by asserting that this topical formulation based on
Rosmarinus officinalis could be a natural therapeutic novelty against microorganisms, which are becoming increasingly
resistant to conventional drugs (28, Another field of research is the treatment of Candida species, which are developing
increasing resistance to traditional drugs 2428 including azoles and polyenes 2289 thys representing a great challenge
for the medical field in the treatment of such common skin infections. Furthermore, conventional antifungal drugs often
exhibit toxic side effects for human cells, including hepatotoxic effects. Hence, there is growing scientific interest in EOs,
natural compounds that are proving to be promising for their various antibacterial, antifungal and antiviral properties 21
(321 Their action against a wide variety of microorganisms is believed to be due to their ability to alter the membrane and
the microorganisms’ cell wall, resulting in the extracellular loss of cytoplasmic material B3], The pharmacological properties
of EOs, mainly related to their complex chemical makeup and high levels of phenols, make these compounds a promising
tool for the treatment and prevention of candidiasis 24, However, the low solubility in water, high volatility and high
instability of EOs represent the main limitations of their use in the pharmaceutical and cosmetic fields. To overcome this
problem, the encapsulation of EOs has proven to be a useful solution. Starting from the knowledge that Rosmarinus
officinalis can be successfully used as a matrix component and active ingredient of nanostructured lipid carriers (NLCs), it
was subsequently demonstrated that the nanoparticles ensured a prolonged in vitro release of clotrimazole, thus
increasing the antifungal activity. This confirmed that NLCs containing Mediterranean EOs represent a promising strategy
to improve efficacy against topical candidiasis 24!, Specifically, an in vitro test highlighted that leaves from Rosmarinus
officinalis and Tetradenia riparia contain antifungal bioactive compounds. Hydro-alcoholic extracts from these leaves seem
to be effective against dermatophytes, including Trichophyton rubrum, Trichophyton mentagrophytes and Microsporum
gypseum, with fungal growth inhibition and morphological alterations in the hyphae 3. Moreover, it has been proven that
the aryl hydrocarbon receptor (AhR), when activated by microbial metabolites, is implicated in a number of skin diseases.
Starting from this assumption, Kallimanis et al. attempted to identify natural compounds potentially capable of inhibiting
AhR activation by microbial ligands. In this regard, five different dry extracts of Rosmarinus officinalis were analyzed to
evaluate its ability to inhibit AhR, confirming its dose-dependent antimicrobial activity against Malassezia furfur 28,
Another study conducted by Weckesser et al. evaluated the antimicrobial capacity of six extracts, including Rosmarinus
officinalis, and plant extracts, including carnosol and carnosic acid, showing that Rosmarinus officinalis extract inhibited
the growth of both aerobic and anaerobic bacteria and yeasts. Furthermore, the Rosmarinus extract was able to inhibit
both Candida strains, further showing its antifungal action 4. Sporotrichosis is a subcutaneous fungal infection caused
by fungi of the genus Sporothrix, increasingly affecting humans and cats [28l. Despite the limited experimental data on the
effects of rosemary essential oil on the treatment of sporotrichosis, studies in the current literature confirm its antifungal
activity against Sporothrix schenckii 32 and itraconazole-resistant Sporothrix brasiliensis B249 The first attempt to
assess the effectiveness of rosemary essential oil against cutaneous sporotrichosis in vivo was conducted by Waller et al.
Itraconazole-resistant Sporothrix brasiliensis was inoculated into 30 Wistar mice, which were randomly treated with
itraconazole, rosemary oil or saline as the control population. In mice treated with rosemary oil, the remission of skin
lesions was noted, with mild to absent yeast cells. Furthermore, rosemary oil has also shown a protective effect on
systemic organs, such as the liver and spleen, delaying the spread of infection 44. Finally, rosemary has been evaluated
for its antibacterial functions. It is known that bacterial pathogens have numerous virulent mechanisms allowing them to
enter, replicate and persist at host sites, but with only a few common mechanisms. Among the possible alternatives to
overcoming the issue of the constant increase in antibiotic resistance, inhibiting the virulence factors, which are
responsible for the damage caused to the host tissue, is increasingly gaining ground as a new line of research 2. By
specifically inhibiting bacterial virulence mechanisms, the pathogenicity of bacteria could be controlled, thus avoiding the
increasing ability of bacteria to develop antimicrobial resistance. Furthermore, selectively inhibiting virulence mechanisms
reduces the risk of altering the composition of commensal microorganisms, which also play a beneficial role within and on
the host. Quorum sensing, as a virulence mechanism, is a cell-density-dependent transcriptional regulatory system, used
by bacteria to communicate and to adapt to the environment 431, Staphylococcus aureus, a common cause of skin and
soft tissue infection (SSTI), has generated increasing concern due to drug resistance. Staphylococcus aureus is an
opportunistic Gram-positive bacterium, whose virulence mechanisms involve the activation of the quorum-sensing
accessor gene regulator (agr) operon. The diterpene carnosic acid and carnosol, found in Rosmarinus officinalis L.
leaves, have been demonstrated to have a specific inhibitory effect on Staphylococcus aureus agr expression, thus
suppressing the cell-cell communication system and, consequently, its pathogenicity 23, Finally, the activity of basil and
rosemary essential oils has also been demonstrated against multi-resistant clinical strains of Escherichia coli. The results
show that both essential oils tested were active against all clinical strains of Escherichia coli, including broad-spectrum -
lactamase-positive bacteria [44. All of this evidence supports the idea that Rosmarinus officinalis can be used both as an



important therapeutic tool and as an adjuvant within cosmetological formulations for its broad-spectrum antioxidant and

antimicrobial capacities. Table 2 summarizes the main findings about the antimicrobial activity of Rosmarinus officinalis.
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Table 2. The antimicrobial activity of R. officinalis.
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effectiveness against candidiasis.

| 3. Rosmarinus Officinalis and Wound Healing

In the past decade, a new and interesting strand of phytotherapeutic research has become increasingly popular, which
aims to evaluate the curative potential of Rosmarinus officinalis in wound healing, as well as in promoting the survival of
skin flaps. Concerning the wound-healing process, beyond some in vivo evidence of the regenerative potential of
Rosmarinus officinalis in the treatment of acute wounds, especially burn wounds, much of the scientific evidence instead
concerns the therapeutic potential of rosemary in chronic wounds, primarily diabetic wounds 2211461,

First, Abu-Al-Basal, in an in vivo study conducted on BALB/c mice, demonstrated the efficacy of both aqueous extract and
essential oil of Rosmarinus officinalis in healing diabetic wounds by pointing out the greater healing efficacy of the
essential oil over the aqueous extract 4. In the wake of this phytotherapeutic interest, Sivamani et al. evaluated the
wound-healing role of EO components from various plants, identifying as a potential molecular therapeutic mechanism
their ability to inhibit elastases produced by skin, neutrophils and germs, including Pseudomonas aeruginosa [48l,
Additionally, Pérez-Recalde et al. confirmed the therapeutic potential of EOs of various plants, including rosemary,
especially in chronic wounds. In rodent wounds, improved collagen deposition associated with increased fibroblastic
proliferation and a faster wound closure rate has been observed, even highlighting the promising role in wound healing of
the incorporation of EOs into resorbable polymeric scaffolds “2. Similarly, Labib et al. highlighted in vivo the wound-
healing potential of a combination of rosemary and tea tree essential oils incorporated into chitosan-based preparations.
In the excision wound model in rats, their topical application resulted histologically in complete re-epithelialization
associated with follicular activation, together with a significant increase in the rate of wound contraction. In addition, a
marked reduction in oxidative stress in the wound area was highlighted, probably attributable to the antioxidant capacity of



oxygenated monoterpenes, well-represented in both essential oils examined B, The most recent in vivo evidence on the
wound-healing potential of rosemary highlights the anti-fungal role that bioactive compounds in its EO such as a-pinene
might play, thereby speeding up the healing process 211,

Regarding the potential use of Rosmarinus officinalis in improving skin flap survival in relatively recent times, Ince et al.
topically tested this ability in vivo with encouraging results [22. These last were soon confirmed by the same author in
another in vivo study that highlighted the vasodilatory effect of orally administered Rosmarinus officinalis oil. The resulting
increased blood flow to the flap averted the dreaded necrotic complication, suggesting a systemic use of rosemary,
especially in patients with circulatory disorders such as chronic obliterative artery disease 31, In line with the future goals
of the aforementioned work, in their latest in vivo study, Ince et al. identified two bioactive compounds from the essential
oil of Rosmarinus officinalis, alpha-pinene and cineole, as the main systemic contributors to the increased flap survival
(B4l Table 3 summarizes the main findings regarding the role of Rosmarinus officinalis in wound healing and skin flap

survival.
Table 3. The role of R. officinalis in wound healing and skin flap survival.
. Extraction .
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preparations was highlighted.
Abu-Al-Basal ) In Steam An. in vivo study conducted on BALBIc mlce. den.wnstrated the
[47] Wound healing . P efficacy of both aqueous extract and essential oil of
et al. 124, 2010 vivo distillation . A K - .
Rosmarinus officinalis in healing diabetic wounds.
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| 4. Rosmarinus Officinalis and Cutaneous Diseases

Rosemary has been shown to have not only antioxidant and antimicrobial properties, but also a beneficial role in the
treatment of various skin diseases.

In the treatment of alopecia aerate, an autoimmune disease affecting the follicles with subsequent hair loss, the essential
oil of Rosmarinus officinalis managed to improve microcirculation surrounding the hair follicle 531, Moreover, a clinical
study compared the efficacy of rosemary essential oil to minoxidil 2% solution for the treatment of androgenetic alopecia.
Patients used either minoxidil 2% solution or rosemary essential oil, with a dramatic increase in hair count reported for
both treatments and without significant differences between the two study groups, which confirmed the therapeutic
effectiveness of Rosmarinus officinalis. Moreover, scalp irritation was more frequent in the minoxidil 2% solution group,
confirming the relatively few side effects of natural compound therapies 8. Among the possible therapeutical
approaches, increasing attention has been paid to platelet-rich plasma (PRP) to increase hair density and regrowth. The
effect of PRP in combination with herbal extracts has been evaluated to identify the factors stimulating hair growth B2,
Combined herbal extracts and PRP promoted the proliferation of human dermal papilla cells via the regulation of
extracellular signal-regulated kinase (ERK) and protein kinase B (Akt) proteins, shedding light on the possible future
development of herbal extracts and PRP combination therapies in order to enhance hair growth. The role of Rosmarinus



officinalis has also been evaluated in systemic sclerosis-related Raynaud’s. Additionally, in this connective tissue disorder,
the high levels of ROS contribute to the development of fibrotic processes and closely correlate with the severity of skin
fibrosis B89 |n an open-label pilot study, Vagedes et al. enrolled twelve patients, each of whom received an application
of olive oil on both hands as a control and three hours later an application of 10% essential oil of Rosmarinus officinalis L.,
highlighting that warmth perception in patients with Raynaud’s phenomenon was ameliorated by topical rosemary EO
application 9. The potential role of rosemary has also been evaluated from an aesthetic perspective, specifically in the
treatment of cellulite, a condition characterized by localized adiposity and inflammation, with subsequent alteration of the
microcirculation, mostly affecting women. On this topic, in 3T3-L1 cells (a mouse cell line with an adipocyte-like
phenotype), a composition of extracts, including those from Rosmarinus officinalis, was shown to reduce lipid
accumulation, platelet aggregation and inflammation, thus ameliorating microcirculation through a dose-dependent
inhibition of free radical formation. This evidence suggests the potential topical use of rosemary, combined with other
extracts, and also in the aesthetic field, taking advantage of its anti-inflammatory and antioxidant properties €1, As
already discussed, overexposure to UVB rays causes oxidative stress and DNA damage, resulting in an increased
likelihood of developing different types of cutaneous cancer, including non-melanoma skin cancer and malignant
melanoma (62631, ROS plays a pivotal role in oncogenesis and mutagenesis, especially in tumor promotion. ROS induces
lipid peroxidation and DNA strand breaks by modulating different biochemical pathways and gene expression 4. In
recent years, increased scientific attention has been paid to identifying and characterizing natural compounds with
chemopreventive properties against the formation of UVB-induced skin cancer 621,

A growing body of evidence indicates that specific compounds of rosemary, including carnosol, carnosic acid and
rosmarinic acid, exert antiproliferative activity in several cancer cell lines [E8II6768I69] | colorectal cancer cells, rosmarinic
acid causes apoptosis 9, downregulating the mitogen-activated protein kinase (MAPK)/ERK pathway, while in
hepatocellular carcinoma cells, rosemary essential oil reduced bcl-2 gene expression and upregulated bax gene
expression 4, In vivo, the anticancer properties of rosemary were proven in mice with acute myeloid leukemia, in which
the increase in the administration of crude extracts of rosemary or carnosol, in combination with 10-25 dihydroxy vitamin
D3, led to an intense cytoprotective effect (22, Thus, in vitro and in vivo data also indicated that crude extracts or purified
components of rosemary exerted chemoprotective effects, inhibiting the early stages of tumor development [Z2I[74],
probably through the inhibition of enzymes of stage | carcinogenesis. Among the tumors with a rapidly increasing
incidence rate, melanoma is a malignant tumor induced by the transformation of melanocytes (2. When metastatic, the
prognosis of melanoma becomes very bad, especially due to the poor response to the currently approved therapies.
Hence, the growing interest in EOs is justified. On this topic, Huang et al. demonstrated in vitro that carnosol inhibited the
migration of metastatic B16/F10 mouse melanoma cells through the suppression of MMP-9 expression. Furthermore,
carnosol was shown to inhibit ERK1/2, AKT, p38 and c-Jun N-terminal kinases (JNK), and led to the activation of the
transcription factors NFkB and c-Jun. From this assumption, the authors concluded that the invasive capacity of B16/F10
mouse melanoma cells could be limited by carnosol, through the downregulation of the above-mentioned pathways 81,
Finally, Cattaneo et al. highlighted that the proliferation of human melanoma cell line A375 was reduced by the
hydroalcoholic extract of Rosmarinus officinalis, in a dose- and time-proportional way through cytotoxic and cytostatic
effects on the cell cycle. Through the compositional characterization, the individual pure components of the extract were
tested. The observations led researchers to hypothesize that the antiproliferative activity was a property of the entire
extract, most likely deriving from multifactorial effects involving the majority of its elements [Z. All of these data agree in
stating the potential role of rosemary in the therapy of various skin pathologies, first of all among skin cancer. From the
analyzed studies, it emerges that the anti-cancer action derives in the first instance from its antioxidant action, which in its
turn inhibits the genesis and progression of the tumor. Table 4 summarizes the main findings regarding the role of R.
officinalis in cutaneous diseases.

Table 4. The main findings regarding the role of Rosmarinus officinalis in cutaneous diseases.
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etal, 51 Alopecia Ir? passec! through 80-mesh stainless- and PRP had a pcv_smve effecF on h_alr
2013 vitro steel sieves and water was used as a  regrowth, promoting the proliferation of

base. human dermal papilla.



Author and

Year Topic Model Extraction Procedure Study Characteristics
In an open-label pilot study, warmth
Vagedes et , perception in patients with systemic

[601 Raynaud’s In . . ,
al. B8, henomenon vivo Not specified. sclerosis-related Raynaud’s phenomenon
2022 P was increased by the application of topical

rosemary essential oil.
A composition of extracts, including those
Yimam et In Dried rosemary leaf was extracted from Rosmarinus officinalis, reduced lipid
al. [&1], Cellulite vitro with an approximately 10-fold accumulation, platelet aggregation and
2017 volume of 95% ethyl alcohol at 40 °C. inflammation, thus ameliorating
microcirculation through antioxidant activity
Carnosol inhibits the UVB-induced
Tong et al. Non-Melanoma In . . .
[z8] . . Not specified. activation of NF-kB, thus reducing
, 2018 skin cancer vitro . . Lo
keratinocyte carcinogenesis in vitro
Sancheti et In Extraction in a Soxhlet apparatus A mouse model demonstrated the protective
al. (221, Skin cancer vivo with double-distilled water by role of Rosmarinus officinalis against skin
2006 refluxing for 36 h at 50-60 °C. tumorigenesis
Extractlo_n W'th hexa_n & solver_1t Carnosol inhibited the migration of
Huang et evaporation, dissolving the dried .

[z6] In . . metastatic B16/F10 mouse melanoma cells
al. L8l Melanoma vivo material with methanol, and then in Vitro by subbressing the expression of
2005 filtrating and evaporating the solvent MMP-9 y supp 9 p

again.
Grmdlng_mto fine pOW(_ier and . In vitro, extract of Rosmarinus officinalis L.
Cattaneo suspension at 330 g/L in a solution S .
7 In inhibited human melanoma A375 cell line
et al. L4, Melanoma vitro of 65% (wiw) ethanol/water for 21 roliferation in a dose- and time-
2015 days. The extract was then filtered p

. ti |
and stored at —20 °C until use. proportional way

| 5. Rosmarinus Officinalis and Cutaneous Lymphoma

Other skin disorders, including lymphomas, may benefit from the antioxidant properties of rosemary. A rare and frequently
severe T-cell lymphoma, which can develop in the blood, lymph nodes or skin, is known as adult T-cell
leukemia/lymphoma (ATLL). Human T-cell lymphotropic virus type 1 (HTLV-1) infection has been related to ATLL onset;
however, less than 5% of HTLV-1 infected-patients develop ATLL. The Caribbean, some regions of South and Central
America, and some portions of Africa are the areas where the HTLV-1 virus is most prevalent. Through their crucial
functions in accelerating cell proliferation and preventing cell death, the viral genes tax and HTLV-1 bZIP factor (HBZ)
supports the growth of infected cells. An ATL clone emerged as a result of the persistence of infected clones in vivo and
the accumulation of genetic mutations and abnormal epigenetic alterations in host genes Y. According to a study, the
viral oncoproteins Tax and HBZ generate oxidative stress, mitochondrial damage and cytotoxicity, which are countered by
the TP53-induced glycolysis and apoptosis regulator (TIGAR), which in turn is induced by the HTLV-1 latency-
maintenance factor p30Il. In colony transformation and foci formation assays, the p30Il protein works in concert with Tax
and HBZ to increase their oncogenic potential B, Additionally, in an in vivo xenograft model of HTLV-1-induced T-cell
lymphoma, the authors demonstrated that TIGAR is substantially expressed in HTLV-1-induced tumors linked to oncogene
deregulation and enhanced angiogenesis. These results show that the key oncoproteins Tax and HBZ likely work together
as cofactors during retroviral carcinogenesis 82, Therefore, reducing oxidative stress could alter the proliferative
dynamics in ATLL patients. An experimental study revealed that carnosol caused ATL cell apoptosis through the inhibition
of cell proliferation. The authors then used mass spectrometry and proteome analysis with fluorescent two-dimensional
differential gel electrophoresis to look into the apoptosis-inducing mechanism of carnosol. According to the proteome
study, carnosol-treated cells expressed more reductases, glycolytic pathway enzymes and enzymes in the pentose
phosphate pathway than untreated cells did. These findings suggest that carnosol had an impact on the cell redox state.
Additionally, the quantitative examination of glutathione, which is crucial for maintaining the intracellular redox state,
revealed that carnosol was the reason for the decreased glutathione levels in cells. Furthermore, N-acetyl-L-cysteine,
which is the precursor of glutathione, reduced carnosol efficiency. From these findings, it was suggested that the
apoptosis-inducing activity of carnosol in ATL cells was provoked by the depletion of glutathione 3. Although the results
in the literature on the relationship between Rosmarinus officinalis and cutaneous lymphomas are rather limited, in vitro
studies would seem to confirm the antineoplastic activity of this substance. Visanji et al. studied the antiproliferative effects
of carnosol and carnosic acid on Caco-2 cells, demonstrating that after incubation with these components, the cells
increased their doubling time, i.e., the time required to double their population. This was estimated to be due to G2/M
phase cell cycle arrest. Furthermore, carnosic acid and carnosol were observed to arrest the cell cycle at different times.



While carnosic acid arrested cells before prometaphase by reducing cyclin A levels, carnosol exerted its major impact on

the cell cycle after prometaphase 841 All of these data could provide the basis not only for an investigation of the potential

chemopreventive role of Rosmarinus through cell cycle arrest, but also for an evaluation of the existence of the possible

synergistic action of rosemary with traditional chemotherapeutic drugs, to assess the possibility that it can reduce the

evolution of viral infection to neoplastic disease.
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