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Synopsis 

Skin functions as a neuro-immuno-endocrine tissue with well-defi ned neuronal networks and functions. The 
endocannabinoid system has been proven to be an important, homeostatic regulator for homeostatic and 
infl ammatory events. The system comprises endogenous or exogenous ligands and receptors (CB1 and CB2). 
In the present study, we evaluated the soothing properties of a Pogostemon cablin (patchouli) extract. Agonist 
AM1241 and antagonist AM630 were used for CB2 receptor activation/inhibition. Expression of CB2 
receptor and β-endorphin was monitored by immunohistochemistry. Skin infl ammation was induced with 
ultraviolet B (UVB) or lipopolysaccharide (LPS), and the following markers were used to highlight the anti-
infl ammatory properties of the extract: transient receptor potential vanilloid 1 (TRPV1), interleukin receptors 
1 (IL1R1), and the interleukin 6 signal transducer (IL6ST). Our results demonstrated the implication of the 
CB2 receptor in the skin infl ammation process. The expression of CB2 receptor and β-endorphin was 
increased 48 hours after application of the extract. Furthermore, patchouli extract application helped to 
reduce IL1R1, IL6ST, and TRPV1 expression, in skin exposed to UVB or LPS. In conclusion, the application 
of the patchouli extract helps maintain skin integrity and reduce skin discomfort via modulation of CB2 
receptor stimulation and the subsequent β-endorphin release.

IN T RODUCTION

Sk in serves as the fi rst protective barrier between the body and the environment, with 
both passive and active roles against chemical, physical, and microbial insults (1). Human 
skin produces numerous neuropeptides that play a role in various cutaneous functions and 
diseases, acting as neuromodulators, neurotransmitters, and hormones. Many different 
biologic actions of neuropeptides in skin have been demonstrated, such as infl ammatory, 
proliferative, and reparative processes after injury (2). Cannabinoids represent a broad 
class of chemical compounds derived from the cannabis plant. Cannabinoids are chemical 
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compounds that are related to the main psychoactive ingredient in marijuana: Δ9-
tetrahydrocannabinol (3). Phytocannabinoids are present in a large variety of plants and 
can interact with cannabinoid receptors or share chemical structure with cannabinoids, or 
both (4). The endocannabinoid system comprises endogenous ligands such as the anan-
damide, enzymes, transporter apparatus, and two known receptors (CB1 and CB2). The 
various downstream effects of the cannabinoids are mediated through these two G protein–
coupled receptors. The selective activation of cannabinoid receptor 2 is devoid of psycho-
active side effects associated with cannabinoid receptor 1 stimulation. Skin infl ammatory 
reaction is characterized by redness, swelling, heat, and pain. Even if this is an important 
host defense mechanism against invading pathogens, persistent or over-infl ammation can 
result in skin damage. Distribution of CB1 and CB2 in human skin is described in many 
cell types and structures, and many studies have reported the promising role of canna-
binoids in the treatment of dermatologic conditions, among them skin infl ammation 
(5–10). A downstream signaling mechanism of cannabinoid receptor 2 activation is the 
β-endorphin release, contributing to the peripheral analgesic effect (11). β-endorphin is 
a proopiomelanocortin (POMC)-derived opioid neuropeptide, and on a molar basis, 
β-endorphin is 18–33 times more potent than morphine (12). CB2 receptor activation 
alone is enough for attenuation of the neuropathic pain, by attenuating infl ammation, 
and changes in the interleukin signal (13). A large body of evidence now exists to sub-
stantiate that certain endocannabinoids activate transient receptor potential vanilloid 1 
(TRPV1). TRPV1 is a key receptor of various sensory phenomena (pain, heat, and itch). 
It is found in nonneuronal cell types, including human skin epidermal keratinocytes 
(14–17). TRPV1 also acts as a nociceptive sensor and can potentiate the infl ammatory 
process. Indeed, elevated TRPV1 expression was identifi ed in UV-irradiated photo-aged 
and intrinsically aged skin (18,19). Cannabinoids also exert potent anti-infl ammatory 
effect; however, the mechanism by which cannabinoid receptor type 2 reduces infl amma-
tion and promotes tissue repair in the course of human skin wound healing is still not 
completely clear. Several plants produce molecules with cannabinoid activity (20), such 
as β-caryophyllene (BCP), a phytocannabinoid with a strong affi nity to cannabinoid re-
ceptor 2 (21), but not to cannabinoid receptor type 1 (22). BCP is one of the major active 
components of essential oils derived from a large number of spice and food plants. Patchouli 
oil has a variety of pharmacological activities, including anti-infl ammatory (23,24). BCP 
as a plant volatile compound is commonly found in patchouli leaves, with other sesqui-
terpenes (25,26). Activity of BCP can be partially described as a cannabinoid receptor 2 
agonist, suggesting its role as an anti-infl ammatory agent (27).

In this  study, we investigated the key functions of cannabinoid signaling to control local 
infl ammation responses in the skin, with CB2 receptor agonist AM1241, antagonist 
AM630, and a patchouli extract. Our fi ndings suggest that our patchouli extract possesses 
a soothing effect via the modulation of the CB2 receptor pathway.

MATERIAL S AND METHODS

PLANT MA TERIALS AND EXTRACTION

The aeri al parts comprising the stem and leaves were collected in the fi eld from sustain-
able farming in Colombia, dried, and ground by cryogenic grinding. Pure plant extract was 
obtained using a supercritical CO2 extraction technique, including ethanol as a cosolvent. 
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This process allowed us to obtain a nonpolar fraction (containing essential oil), and a 
polar fraction containing molecules such as phytosterols, fl avonoids, and fatty esters. Pure 
extract was diluted in octyldodecanol, and was used at 1% on ex vivo skin and at 0.001% 
on cultured keratinocytes.

ANTIBODI ES

Primary  antibodies used were anti-CNR2 (Thermo Scientifi c, Waltham, MA), anti–β-
endorphin (LSBio, Seattle, WA), anti–interleukin receptor 1 (IL1R1) (Rockland, Limerick, 
PA), anti–interleukin 6 signal transducer (IL6ST) (Santa Cruz Biotechnology, Heidelberg, 
Germany), and anti-TRPV1 (Thermo Scientifi c). Alexa Fluor® coupled secondary anti-
bodies were used (Molecular Probes, Eugene, OR).

REAGENTS

Sel ective an d competitive antagonists of cannabinoid receptor 2: AM630 and selective 
agonist of cannabinoid receptor 2: AM1241 were purchased from Sigma Chemical Co. 
(St. Louis, MO). AM630 and AM1241 were applied on skin biopsies at 1 mM, 3 h (topical 
and culture medium application) before UVB irradiation with 200 mJ/cm2 (Bio-Link 
Irradiator 254 nm, Fisher Scientifi c, Illkirch, France). Lipopolysaccharide (LPS) (Sigma-
Aldrich, St. Louis, MO) was used at 0.5 mg/mL overnight.

CELL CULTURE 

Normal human  epithelial keratinocytes were isolated from skin obtained from plastic 
surgery of healthy females who had given written informed consent. Keratinocytes were 
cultured in keratinocyte serum–free medium, with provided human recombinant epider-
mal growth factor and bovine pituitary extract (Gibco, Auckland, New Zealand), and 
0.1 mg/mL Primocin™ (Invivogen, San Diego, CA).

β-ENDORPHIN S YNTHESIS IN CULTURED KERATINOCYTES

Human keratino cytes were grown in tissue culture dishes (100 mm). After the addition 
of the patchouli extract, plates were incubated for 24 h with the patchouli extract at 
0.001% [diluted in 0.001% dimethyl sulfoxide (DMSO)]. Cells were harvested, and 
β-endorphin was measured by enzyme-linked immunosorbent assay (Elabscience, 
Houston, TX).

HEMOTOXYLIN AND  EOSIN STAINING

Slides containi ng 4 µm skin paraffi n sections were deparaffi nized and rehydrated in the 
following baths: 2 × 2 min in xylene, 2 × 2 min in 100% ethanol, 1 × 2 min in 95% 
ethanol, 1 × 2 min in 80% ethanol, and 1 × 5 min in H2O. Hematoxylin staining: 1 × 
3 min hematoxylin and rinsed in water for 1 × 5 min. Eosin staining and dehydration: 
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1 × 2 min in eosin, 1 × 2 min in 95% ethanol, 2 × 2 min in 100% ethanol, and 2 × 2 min 
in xylene. Coverslips were mounted on glass slides using Eukitt® (xylene based) as mount-
ing media (O. Kindler, Germany) and dried overnight.

IMMUNOHISTOLOGICAL FLUORESCENCE

Human sk in samples were obtained from pl astic surgery of healthy females who had 
given written informed consent. After removal of subcutaneous fat, the tissue was used to 
obtain 6 mm punch biopsies that were incubated with the patchouli extract (or its pla-
cebo) at 1% for 48 h. Biopsies were then fi xed in formaldehyde and processed in an auto-
mated Shandon Hypercenter XP (Shandon Ltd., Runcor, United Kingdom) for paraffi n 
embedding. Sections of 4 µm thickness were cut with a microtome (Shandon) and col-
lected on polylysine-coated glass slides (Menzel Gläser, Braunschweig, Germany) for im-
munohistochemistry. Heat and pepsin enzymatic antigen retrieval was performed before 
incubation with CB2 receptor and β-endorphin antibodies. Heat antigen retrieval was 
performed before incubation with IL1R1 primary antibody. Pepsin enzymatic antigen 
retrieval was performed before incubation with TRPV1 primary antibody. No antigen 
retrieval was performed before incubation with IL6ST primary antibody. After incubation with 
the secondary antibody, cell nuclei were stained with 4′,6-diamidino-2-phenylindole (DAPI). 
Skin sections were viewed under a microscope (Axiovert 200M, Carl Zeiss, Oberkochen, 
Germany) and photographed with a CCD camera (EXI blue, Qimaging, Surrey, BC).

SUBJECT

To demonstrate the potential effect  of patch ouli extract on sensitive skin, a stinging test was 
performed as the reference test for sensitive skin. However, other parameters known to be 
altered on sensitive skin, like skin barrier function, were evaluated on these 26 volunteers 
on the forearm at the same time as the stinging test (data not shown). One month before 
the beginning of the clinical test, panels of subjects who are sensitive to 0.01% of capsa-
icin diluted in 10% ethanol (which cause sensory irritation) and not to 10% ethanol, 
applying on nasolabial fold during 10 s, were preselected by a trained expert. Just after 
the exposure, the subject recorded the sensations of stinging each minute during 10 min 
on a 0- to 4-interval scales (0 = no sensation, 1 = slight stinging, 2 = moderate stinging, 
3 = intense stinging, and 4 = very intense stinging). At the end of the 10 min, the 11 
values recorded by the subject were summed up to a fi nal score. If this score was superior 
to 10, the volunteer was declared like having sensitive skin. Only volunteers having a 
score superior to 10 were identifi ed as having sensitive skin and were enrolled in the 
study. At the beginning, 26 volunteers were enrolled in the study and were divided in 
two groups of 12 volunteers homogenous in age and gender to be sure that these two 
parameters did not infl uence the results. However, during the test period, six volunteers 
had to be excluded of the stinging test results, because of big variation in their stinging 
sensation compared to other trials done at the same period. For fi ve of these volunteers, 
the variation was explained by a bad cold, and for the last one, no explanation was found. 
Thus, the stinging result was performed on 20 volunteers, divided in two groups of 10 
volunteers homogenous in age and gender.
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FACE CAPSAICIN–INDUCED STINGING TEST

For thi s clinical study, 20 volunteers were  enrolled after having read the information re-
lated to the study and signed the informed consent form. All volunteers had sensitive 
skin and were divided in two groups of 10, homogeneous in age and gender. For 28 d, on 
all the faces, one group applied a placebo cream and one group applied a cream containing 
the patchouli extract at 1%. The study was performed in double blind. The stinging test 
was carried out on the fi rst day of the study (D0), before cream application and 28 d after 
cream applications (D28). The test consisted in applying 0.01% of capsaicin diluted in 
10% ethanol to one nasolabial fold and 10% ethanol to the other during 30 s. Just after 
the exposure, the subjects recorded the sensations of stinging each minute during 10 min 
on a 0- to 4-interval scales (0 = no sensation, 1 = slight stinging, 2 = moderate stinging, 
3 = intense stinging, and 4 = very intense stinging). At the end, the 11 scores were 
summed to give a score of skin sensitivity.

STATISTICAL ANALYSIS

All experiments have be en repeated at least  twice with cells and skin coming from differ-
ent plastic surgery, and the quantifi cation of the fl uorescence was performed by measuring 
the fl uorescent intensity of the staining, which was normalized by the epidermis or cell area. 
Statistical analyses were performed using Excel 365 (Microsoft, Redmond, WA). Difference 
between two means was performed with Student’s t-test. A p-value  0.05 was considered 
statistically signifi cant (*), p-value  0.01 as very signifi cant (**), and p-value  0.005 as 
highly signifi cant (***). For the clinical test, statistical analysis was performed using 
JMP® 14 (SAS Inc, Cary, NC) software. The homogeneity of the gender between the two 
groups was performed using the χ2 test, and the homogeneity of the age was confi rmed 
using the Mann–Whitney test. Concerning the statistical analysis of stinging values, 
the scores, which were used as a basis, concerned the difference (D28–D0) for the patchouli 
extract and placebo group using Wilcoxon test (after verifying the data followed a normal 
distribution or not with the Shapiro–Wilk test).

RESULTS

THE CB2 RECEPTOR ACTIVATION SHOWS RESISTANC E TO UV- INDUCED SKIN INFLAMMATION

Because of the potential role of cannabinoids in hu man skin infl ammation, we investigated 
whether the antagonist AM630 would exhibit an amplifi ed susceptibility to UVB-
induced infl ammation in human skin biopsies. Histologic analysis indicated that UVB-
treated human skin showed a pronounced infl ammation with the emergence of structural 
damages and sunburn cells (Figure 1A). Exposure to AM630 (3 h) before UVB irradiation 
showed a very damaged structure with an important epidermal erosion, whereas the epi-
dermis exposed to AM1241 (3 h) was far more resistant to UVB-induced infl ammation 
(Figure 1A). In a second time, skin was treated with the patchouli extract during 48 h 
after UVB irradiation. The biopsies were treated or not during 3 h with AM630 prior 
UVB irradiation. The patchouli extract preserved the skin from UVB, compared with the 
placebo condition (Figure 1B). The antagonist AM630 was able to partially block the 
protective effect of the patchouli extract on skin preservation.
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PATCHOULI EXTRACT INCREASES CANNABINOID RECEPTOR 2  AND THE β-ENDORPHIN OPOID

Several lines of evidence demonstrate that phytocann abinoids can exert various biological 
effects in the skin. Immunohistochemistry for cannabinoid receptor 2 on human skin sections 
(Figure 2A) showed primary localization of the receptor in the epidermis, although some 

Figure 1. Stimulation or inhibition of cannabinoid receptor 2 in UVB-irradiated human skin. (A) Hematoxylin–
eosin staining of h u man skin sections of skin treated with PBS buffer, AM630, AM1241, 3 h before UVB 
irradiation. Biopsies were maintained in culture 48 h after UVB irradiation, and then formalin-fi xed and 
paraffi n-embedded. (B) Hematoxylin–eosin staining of human skin sections treated or not with AM630, 3 h 
before UVB irradiation. Topic application of placebo and patchouli extract was performed after the irradia-
tion. Biopsies were maintained in culture 48 h after UVB irradiation, and then formalin-fi xed and paraffi n-
embedded (objective ×20).
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cells of the dermis were also positive. Basal layers of the epidermis showed the strongest 
fl uorescent intensity (Figure 2A). The patchouli extract increased the expression level of 
the receptor (Figure 2C; +22% *p < 0.05). A downstream signal of the CB2 receptor is 
the release of the β-endorphin opioid. The patchouli extract signifi cantly increased the 
protein level of β-endorphin in skin (Figure 2B and C). Moreover, the β-endorphin re-
lease could be observed in the cell interspaces (Figure 2B close-ups) compared with the 

Figure 2. Expression of cannabinoid receptor 2 and β-endorphin in normal skin. (A) Immunohistochemistry 
of cannabinoid  r eceptor 2 (green) and DNA stained with DAPI (blue), 48 h after topic application of placebo 
or patchouli extract (×40 objective lens, scale bar = 16 µm). (B) Immunohistochemistry of β-endorphin 
(green) and DNA stained with DAPI (blue), 48 h after topical application of placebo or patchouli 
extract (×20 objective lens, scale bar = 31 µm). (C) Quantifi cation of the cannabinoid receptor 2 and 
β-endorphin immunohistochemistry. (D) Detection of β-endorphin expression in keratinocytes by ELISA, 
24 h after patchouli extract addition in the culture media. (n = 3 mean ± Standard Error of the Mean; 
***p  0.005; **p  0.01; *p  0.05).
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placebo condition. Synthesis of β-endorphin by keratinocytes was confi rmed by ELISA 
(Figure 2D); keratinocytes expressed more β-endorphin when treated with the patchouli 
extract (+17% *p < 0.05). The DMSO (DMSO used at 0.001%) showed a little variation 
in β-endorphin levels compared with control condition.

PATCHOULI EXTRACT MODULATES EXPRESSION OF TRPV1, INTERLEUK IN RECEPTOR 1, AND IL6ST

The skin expresses an abundance of Transient Receptor Potential (TRP) channels m odu-
lating its development, integrity, and function. TRPV1 receives substantial attention as 
a candidate target for pain control, and itching sensation in skin. Cannabinoids have been 
used to treat pain for millennia; we tested the hypothesis that the patchouli extract could 
decrease the expression of TRPV1 and exerted a peripheral soothing effect. UVB and LPS 
induced TRPV1 immunohistochemistry in human skin (Figure 3A). The treatment with 
patchouli extract reduced the expression of TRPV1 in skin in response to UVB- or LPS-
induced infl ammation (Figure 3A). IL-1 is a highly active and pleiotropic pro-infl ammatory 
cytokine. The receptor that mediates all known biologic activities of IL-1 is the IL-1 
receptor type 1 (IL1R1). We investigated the capacity of the patchouli extract to reduce 
the expression of IL1R1. Immunohistochemistry results showed that the patchouli extract 
reduced IL1R1 expression, in skin infl ammation models induced either by UVB (Figure 3A) 
or LPS (Figure 3B). Interleukin-6 (IL-6) is a pleiotropic cytokine, with diverse roles in 
driving chronic infl ammation. IL-6 activities are predominantly exerted through a pro-
cess known as trans-signaling that uses a protein called IL6ST for initiating the IL6 signal 
transmission. The effect of the patchouli extract on the local concentrations of IL6ST in 
skin was investigated. Results showed the capacity of the extract to reduce IL6 signaling 
through IL6ST diminution in the epidermis irradiated with UVB (Figure 3A and C).

CALMING EFFECTS OF PATCHOULI EXTRACT ON CAPSAICIN-INDUCED  FACIAL STINGING IN 
VOLUNTEERS WITH SENSITIVE SKIN.

All 20 subjects reported a stinging/burning sensation afte r application of capsaicin. 
Twenty-eight d of cream applications, with patchouli extract, resulted in signifi cant lower 
values for burning/stinging sensations in comparison to the values obtained for the placebo 
group (Figure 4). On the patchouli extract–treated sides, a signifi cant decrease in the TEWL 
was observed after 28 d of application compared with the placebo sides, demonstrating 
that the patchouli extract can improve the skin barrier function (data not shown).

DISCUSSION

In this study, we highlight the key function of  cannabinoi d signaling, to control local 
immune responses in the human skin. Anti-infl ammatory effects of cannabinoid CB2 
receptor activation was observed with the agonist AM1241. Recent data with AM630 
were available on rodent skin model (28). Our results add comprehension to the human 
skin physiology, by providing direct evidence supporting the tight control of the cutane-
ous endocannabinoid system, in the cellular response to UVB. Several previous studies 
showed endocannabinoid system have been involved in major roles in nociception or in-
fl ammatory reactions by receptor activation (29,30). We hypothesized that the extract 
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could counter the infl ammation induced by UVB or LPS, by stimulating CB2 receptor 
activity on epidermal cells and decreasing the release of infl ammatory cytokines. The selec-
tive AM1241 activator, and the patchouli extract helped prevent an acute infl ammation 
in skin without producing observable adverse effects. CB2 receptor antagonist AM630 
clearly reversed the anti-infl ammatory effect of patchouli in ex vivo skin. The patchouli 
extract contains many anti-infl ammatory molecules such as sesquiterpenes and polyphenols, 
which could involve other anti-infl ammatory signaling pathways independent of CB2.

Activation of peripheral CB2 receptor was shown to produce  a particularly potent analge-
sic effect on infl ammatory pain (31,32). The opioid peptide β-endorphin is derived from the 
precursor POMC. Patchouli application associated with CB2 receptor stimulation has 
effect on the opioid expression. The β-endorphin was detected in the skin biopsies, in the 

Figure 3. Anti-infl ammatory effect of the patchouli extract. (A) Expression level of TRPV1, IL1R1, and 
IL6ST in human skin exposed to 200 mJ/cm2 and   treated with placebo or patchouli extract for 48 h. The 
expressions of the proteins were measured by immunohistochemistry. (B) Expression level of TRPV1, and 
IL1R1 in human skin exposed to 0.5 mg/mL Escherichia coli LPS for 1 night and treated with placebo or 
patchouli extract for 48 h. The expressions of the proteins were measured by immunohistochemistry. (C) 
Immunohistochemistry staining of IL6ST (green) and DNA stained with DAPI (blue), on human skin biop-
sies irradiated with 200 mJ/cm2 UVB and treated with placebo or patchouli extract for 48 h (×40 objective 
lens, scale bar = 16 µm) (n = 3 mean ± SEM; ***p  0.005; **p  0.01; *p  0.05).
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epidermis and some cells of the dermis. Application of the patchouli extract signifi -
cantly increased the protein level of β-endorphin and the release by keratinocytes. 
Our results suggest that β-endorphin release contributes to the soothing effects 
of the patchouli extract. Our results are consistent with those of a previous study, 
where AM1241 stimulated β-endorphin release from immortalized human keratino-
cyte HaCaT cell line (33). It is also possible that other mediators, in addition to 
β-endorphin, might be released after the activation of CB2 receptors, contributing to 
the soothing effect.

TRPV1 acts as a key peripheral integrator of pain, itch, and heat sensation in skin. TRPV1 
was found in human skin and might be associated with infl ammation. Pharmacological 
blockade of TRPV1 has recently emerged as a potential novel therapeutic possibility 
in managing infl ammatory diseases (34). In our experimental model, using UVB- 
and LPS-induced infl ammation, skin treated with the patchouli extract showed less-
ened production of TRPV1 and pro-infl ammatory cytokine receptors, including 
IL6ST and IL1R1. These results demonstrate that the activation of the CB2 receptor, 
at least in part, might participate in keratinocyte protection through the inhibition 
of cytokine receptors. The patchouli extract helped prevent the activation of TRPV1 
and interleukin infl ammasome pathway, and, in parallel, limited the formation of sun 
burn cells, as demonstrated by the suppression of tissue damage (Figure 1A and B). 
Likewise, the patchouli extract formulated at 1% helped to improve skin sensitivity by 
reducing stinging sensation induced by the activation of TRPV1 via capsaicin (Figure 4). 
The use of the patchouli extract associated with protective action although CB2 receptor 
activation could be a promising strategy for the treatment of sensitive skin. 

CONCLUSIONS 

In summary, our results confi rm that CB2 agonist has strong anti-infl ammatory activity 
in the human skin exposed to UVB or LPS. This effect, at least in part, is associated with 
the reduction in TRPV1, IL1R1, and IL6ST levels and the release of the β-endorphin 
opioid. A Pogostemon cablin extract (patchouli) containing the phytocannabinoid BCP, and 
other anti-infl ammatory molecules present in the patchouli extract such as the polyphenols, 
was associated with a reduction in the level of infl ammatory markers, via cannabinoid 

Figure 4. Evaluation of skin sensitivity by stinging test with capsaicin after 28 of cream applications. Decrease 
in capsaicin-induced stinging sensation after   face application of a cream containing patchouli extract at 1% 
(n = 10 mean ± SEM; p  0.05).
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receptor 2 modulation. This extract could be used to lessen skin discomfort, especially in 
case of fragile skin and itching sensation.
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