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KEY POINTS

• This article reviews potential causes of acne 

and describes a hexylresorcinol and ethyl 

linoleate anti-acne treatment to target them.
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A
cne a�ects about 80% 

of teenagers and young 

adults ages 12 to 24 

years, although it can 

occur at all ages. It 

typically appears in the 

oil-producing areas of the body; namely the face, 

chest and back. Although acne lacks the urgency 

of a life-threatening condition, it produces 

long-term rami�cations that can be signi�cant, 

including cutaneous and emotional scars that 

can last a lifetime. It hampers an individual’s 

con�dence, reducing self-esteem and causing 

deep emotional distress that can even lead to 

perceived dis�gurement and Body Dysmorphic 

Disorder (BDD).1
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P. acnes: The Main Culprit
Propionibacterium acnes (P. acnes) is a Gram-

positive, normal commensal bacterium present 

in all individuals. While other bacteria, e.g. 

Staphylococcus and Corynebacterium, may reside 

in follicles and on skin, studies have speci�cally 

associated P. acnes with acne. �is connection 

has been well-established, although the exact 

mechanisms leading to the development of 

microcomedones and transforming into in�amed 

lesions is unclear. �e e�ectiveness of antibiotics 

to treat acne further supports a microbial con-

nection to the disease’s pathogenesis. 

P. acnes has been shown to induce the 

expression of pro-in�ammatory cytokines in 

cells involved in cutaneous innate immunity.2, 3 

Clinically relevant in�ammation in acne may 

be initiated by a disruption of the follicular 

epithelium followed by the spreading of bacteria, 

including P. acnes, to the dermis.4 �is can lead 

to the development of papules, pustules and 

nodulocystic lesions.5 

 

When 
Acne 
Attacks

Hexylresorcinol and 

Ethyl Linoleate Fight 

Back on Multiple Fronts

Reproduction in English or any other language of all or part of this article is strictly prohibited. © 2016 Allured Business Media.



�e in�ammatory acne linked to P. acnes is 

characterized by massive neutrophilic in�ltra-

tion, and IL-8 plays an important role in the 

pathophysiology of P. acnes. One recent study 

con�rmed that NF-κB activation is involved in the 

IL-8 production of monocytic cells stimulated by 

P. acnes.6 Kang et al. reported transcription factors 

NF-κB and activator protein-1 are activated in 

acne lesions with consequent elevated expres-

sion of their target gene products, in�ammatory 

cytokines and matrix-degrading metalloprotein-

ases, respectively.7 �ese elevated gene products 

are molecular mediators of in�ammation and 

collagen degradation in acne lesions in vivo.7 

�is knowledge enables a rational strategy 

for the development of agents that can target 

in�ammation and matrix remodeling that occurs 

in severe acne. Interestingly, Johnson & Johnson 

scientists have shown that inhibition of NF-κB 

activity triggers the synthesis of collagen and 

elastin, two key anti-aging biomarkers.8

So, although P. acnes is a commensal bacte-

rium of normal skin, together with the sebaceous 

gland, it clearly is implicated in acne development.

Pigmentation Complications 
and Scarring

In skin of color, perhaps the most disturbing 

feature of acne is not the active lesion itself but 

the resulting post-in�ammatory hyperpigmenta-

tion (PIH).9 PIH manifests as hyperpigmented 

macules. Evidence suggests that higher skin pho-

totypes experience more intense pigmentation, 

although this observation has not been con�rmed. 

�e exact mechanism of PIH is unknown but 

the rise in melanocyte activity has been shown to 

be stimulated by in�ammatory mediators as well 

as reactive oxygen species released during the 

in�ammatory process.10 PIH within the dermis 

results from in�ammation-induced damage to 

basal keratinocytes, which releases large amounts 

of melanin. �e free pigment is then phagocy-

tosed by melanophages in the upper dermis, 

which produces a blue-gray appearance to the 

skin at the site of injury.10 

Common causes of PIH in skin of color include 

acne, atopic dermatitis and impetigo. In fact, one 

study in 2002 evaluating acne in skin of color 

found that 65.3% of African-American (n = 239), 

52.7% of Hispanic (n = 55) and 47.4% of Asian (n 

= 19) patients developed acne-induced PIH.11

PIH can persist for months to years a�er the 

initial lesion has cleared.12 �erefore, design-

ing an acne treatment regimen for skin of color 

should also focus on PIH; however, a delicate 

balance exists, as cutaneous irritation from the 

treatment itself can cause or exacerbate PIH in 

these patients.12 Dual-acting depigmenting and 

anti-acne agents are desired to treat PIH as is 

photoprotection, for the prevention of PIH. 

Furthermore, it is a well-established clinical 

fact that inadequate control of acne in�amma-

tion can later lead to scarring. Scars are the most 

unfortunate and undesirable sequela of acne 

While the exact process and causes of acne 
may not yet be known, remarkable progress 

has been made in the past 15 years to 
understand mechanisms involved

According to recent figures from the American 

Academy of Dermatology, the U.S. represents 

the largest market for acne products globally, 

accounting for more than 37% of overall value.
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because once they form, they are not amenable to 

topical treatment and require invasive procedures 

such as chemical peels, dermabrasion or laser 

resurfacing to improve their appearance.13 �ese 

procedures are not only costly, but they them-

selves are associated with further risks of scarring 

and pigmentary abnormalities. �us, the current 

recommendation is for acne treatments to target 

as many pathogenic factors as possible.

Dermocosmetics 
Enter the Scene

�e role of dermocosmetics in dermatology, 

and particularly in acne, is also becoming more 

important as research elucidates the mechanisms 

of products in the pathogenesis of acne.14 Der-

mocosmetics have the potential to be used as 

monotherapy or in combination with medical 

treatments. It therefore has become important for 

dermatologists to understand these products, to 

e�ectively and appropriately advise patients on 

their use. 

�e types of products typically used are agents 

having sebostatic e�ects including topical antioxi-

dants, e.g., bakuchiol15 and niacinamide; agents 

targeting abnormal keratinization, such as sali-

cylic acid, lipo-hydroxy acid, alpha-hydroxy acids, 

retinol-based products or retinol alternatives15, 16 

and linoleic acid; agents targeting P. acnes, e.g., 

lauric acid and bakuchiol;15 and anti-in�amma-

tory agents such as nicotinamide, alpha-linolenic 

acid, zinc salts and, again, bakuchiol.15 

Acne Targets
No single factor causes acne. It is a complex, 

chronic and common skin disorder of piloseba-

ceous units. �e main factors involved include 

hyperkeratinization of keratinocytes,17, 18 increased 

sebum excretion from sebocytes through andro-

gen stimulation, bacterial over-population and 

in�ammatory cytokines. If the in�ammation is 

near the surface, a pustule forms. If it is deeper, 

a papule or pimple forms—still deeper, and it 

becomes cyst. If oil breaks through to the surface, 

Figure 1. Developmental stages of acne
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the result is a “whitehead” and if the oil oxidizes, 

changing from white to black, especially squalene, 

it results in a “blackhead.” Figure 1 shows the 

developmental stages of acne.

While the exact process and causes of acne 

may not yet be known, remarkable progress has 

been made in the past 15 years to understand 

mechanisms involved. �is is thanks, in part, to 

the use of cell culture models and new molecular 

techniques. For example, mammal sebocytes and 

sebocyte-like cells, i.e., human, mouse, hamster 

and rat; and human sebaceous gland cell lines19, 20 

including SZ95, SEB-1 and Seb-E6E7, which have 

been used in monolayer cultures as models to study 

speci�c functions involved in development, growth 

and di�erentiation of sebaceous gland cells. 

Acne research continues to deliver new pieces 

to the puzzle. It suggests a multi-tasking strategy is 

needed to improve the conditions of acne-a�ected 

skin, including the following �ve considerations.

1. Bacterial overpopulation

2. In�ammation

3. Sebum production and integrity

4. Follicular hyper-keratinization and

5. Post-in�ammatory hyperpigmentation.

Taking these targets into consideration, a blend 

was designed combining hexylresorcinol (HR, see 

Figure 2) and ethyl linoleate (EL, see Figure 3) 

in skin-friendly caprylic/capric triglycerides; this 

blend will be referred to herea�er as HREL. 

Why Hexylresorcinol?
HR has a long history of safe and e�ective 

human use.21 In fact, Leonard et al. found it to 

possess more than 50 times the germ-killing 

power of pure carbolic acid—and although P. 

acnes may be the primary target for acne, broad 

antibacterial/antifungal activities are desired 

since a�ected skin also presents higher levels of 

Staphylococcus and candidas.22 HR also exhibits 

anesthetic, antiseptic and anthelminitic proper-

ties23 and can be used topically on small infections 

or as an ingredient in consumable carriers, e.g., 

throat lozenges.24 

Furthermore, alkylresorcinols (ARs) are 

found in nature; alkyl chains ranging from 

C17:0-C25:0 attached to position 5 are abundant 

in whole-grain wheat and rye.25 However, the 

hexylresorcinol used in this study has a hexyl 

group at the 4 position; alternate names include: 

4-hexylresorcinol; 4-hexylbenzene-1,3-diol; 

1,3-dihydroxy-4-hexyl benzene and 

4-hexyl-1,3-phenylenediol. ARs as a 

group are also reported to have anti-

tumor, antibacterial, antifungal and 

anti-parasitic activities. �ese e�ects 

can be attributed to membrane-

modulating e�ects due to interactions 

of their alkyl tails with phospholipids 

and/or proteins, and to antioxidant 

e�ects of the phenolic hydrogen.26 

Additionally, as Chaudhuri 

recently reported,27 HR can control 

skin pigmentation via tyrosinase and 

peroxidase inhibition, glutathione 

and E-cadherin stimulation, and 

reduced DNA fragmentation. It also 

imparts anti-aging e�ects through 

collagen and elastin stimulation, 

NF-κB inhibition and in�ammation 

control. Finally, HR’s broad-spectrum 

antimicrobial bene�ts were demon-

strated, possible due to its inhibitory 

e�ect on the DNA topoisomerase 

(topo) class of enzymes.

 

Figure 2. Hexylresorcinol (HR)

Figure 3. Ethyl linoleate (EL)
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Why Ethyl Linoleate?
Ethyl linoleate is a neutral, lipid-soluble form 

of linoleic acid (LA), which is an essential fatty 

acid (EFA) necessary for skin nourishment. 

Interestingly, EL has been reported to hydrolyze 

to LA in vivo,28 suggesting it may hold numerous 

potential LA-like bene�ts. 

For one, de�ciencies in LA are linked to 

defective wound healing, growth retardation and 

dermatitis.29, 30 In fact, it has been shown that 10% 

LA, when applied topically to EFA-de�cient mice 

for two weeks, can correct gross and histological 

skin abnormalities and reduce epidermal DNA 

synthesis to normal values.31 Furthermore, scaling 

and thickening of the skin can be reversed by topical 

application of LA-rich sun�ower oil.32, 33 And LA has 

been shown to reverse detergent-induced barrier 

No single factor causes acne. It is a complex, 
chronic and common skin disorder of 

pilosebaceous units

damage34—although it requires other free acids to 

restore barrier function and normal skin appearance.35 

Another role of LA is to maintain the stratum 

corneum (SC) acid mantle, which is important 

for both impermeability and cutaneous microbial 

defenses.36 An acidic environment is necessary to 

activate pH-sensitive lipid hydrolases, converting 

phospholipids to free fatty acids in a sequence 

required for normal barrier function.36 

Additionally, low levels of LA have been 

observed in the skin surface lipids of acne-a�icted 

patients. �e biological functions of sebocytes are 

regulated by several factors, LA being one of them.37 

Such functions include producing and secreting 

sebum to lubricate the skin, protecting it against 

friction and making it more impervious  

to moisture. 
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Lastly, a recent study showed that LA and 

other unsaturated fatty acids have anti-in�am-

matory activity.38 Cells pre-incubated with LA 

for 2 hr then stimulated with lipopolysaccharide 

for 24 hr in the presence of fatty acids showed 

signi�cantly (p < 0.01) decreased secretions of 

interleukin (IL)-6, IL-1beta and tumor necrosis 

factor-alpha (TNFα). In addition, LA decreased 

IL-6, IL-1beta and TNFα gene expression (p < 

0.05) and nuclear factor (NF)-κB DNA-binding 

activity, whereas peroxisome proliferator-acti-

vated receptor-gamma (PPARγ) DNA-binding 

activity was increased. �ese results indicate the 

anti-in�ammatory e�ects of LA may be, in part, 

due to the inhibition of NF-κB activation via the 

activation of PPARγ.

On top of it all, LA lightens UV-induced skin 

pigmentation39 by accelerating the post-transla-

tional degradation of tyrosinase.40 

Now, EL is more stable to oxidation than LA, 

as was shown by decreased amounts of it on the 

skin surface lipids of subjects treated for acne.41 In 

addition, EL was recently isolated42 from Oxalis 

triangularis (purple shamrock or clover), an 

edible perennial plant that can easily be cultivated. 

Taken together, these facts suggest EL could 

provide bene�ts similar to LA with the advantage 

of improved stability and ease of cultivation. One 

recent anti-acne clinical study using EL with 

triethyl citrate showed its potential e�cacy;43 the 

author’s own studies are described here.

Materials and Methods
Materials: As noted, a blend HR and EL 

(HREL) a  was developed for the described studies. 

�e HR used for this blend has a purity of at least 

99% and is practically devoid of free resorcinol (< 

0.05%)b. �e EL used has a linoleic acid content of 

at least 70%c. 

Antimicrobial e�cacy of HR and HREL: 

Broad anti-bacterial and antifungal activities are 

Formula 1. Test acne control lotion with HREL

A. Water  (aqua)  qs to 100.00%

 Disodium EDTA   0.10

 Glycerin  3.00

 Butylene Glycol  2.00

B. Xanthan Gum (Vanzan NF, Vanderbilt)  0.15

 Acrylates/C10-30 Alkyl Acrylate Copolymer (Carbopol Ultrez 21, Lubrizol) 0.25

C. Triethanolamine 99% (to pH 5)  0.20

D. Dicaprylyl Ether (Cetiol OE, BASF)  4.00

 Cetyl Alcohol (Crodacol C-70, Croda)  1.00

 Tocopheryl Acetate (Vitamin E Acetate, DSM)  0.20

 Glyceryl Stearate (and) PEG-100 Stearate (Arlacel 165, Croda)  2.50

 Dimethicone (DC 200/100 CST, Dow Corning)  1.00

 Cyclomethicone (and) Polysilicone-11 (Gransil GCM-5, Grant Industries)  5.00

 Beeswax (Natural Beeswax, Rita Corp.)  0.75

E. Polyacrylamide (and) C13-14 Isoparaffin (and) Laureth-4 (Sepigel 305, Seppic)  1.00

F. Caprylic/Capric Triglyceride (and) Ethyl Linoleate (and) Hexylresorcinol  (Synactin AC, Sytheon)  3.00

G. Phenoxyethanol (and) Ethylhexylglycerin (Euxyl PE 9010, schülke inc.)  1.00

Procedure: Combine A; disperse B into A while stirring and heat to 75°C. Separately combine C and heat to 75°C. Add C to AB with 

good mixing. Homogenize with mixture at high speed, while adding D and E, in order. Cool batch to 40°C, add F then G and stir gently 

until mixture is homogeneous; pH ~ 5; viscosity = 40,000-50,000 cps (Brookfield RVT, spindle C, Helipath) at 25°C.

a Synactin AC (INCI: Caprylic/Capric Triglycerides (and) 

Ethyl Linoleate (and) Hexylresorcinol), b Synovea HR (INCI: 

Hexylresorcinol) and
c Synovea EL (INCI: Ethyl Linoleate) are products of Sytheon.
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also desired for anti-acne treatments since, as 

noted, a�ected skin has much higher levels of 

Staphylococcus and candida.22 An antimicrobial test 

for this study was carried out as per the Category 

2, USP Pharmacopeia’s Compendia Products.44 

Transcription regulatory activity of NF-κB: 

�is assay followed the method described by 

Yang et al.45 HREL was �rst dissolved in dimethyl 

sulfoxide (DMSO) and further diluted into 

various concentrations with cell media, for a total 

1% DMSO in each sample; media containing 

1% DMSO only served as vehicle controls. �e 

murine myoblast C2C12 cells, transfected with 

an NFκB luciferase reporter gene, were treated 

with the above cell media with di�erent 

concentrations of product and �xed 

quantity of TNFα. �e transcription 

regulatory activity of NFκB was quanti-

�ed by adding luciferase assay reagent 

to each well and the luminance reading 

was then recorded. 

Quanti�cation of NF-κB protein: 

In a separate assay,46 human 293T cells 

were cultured in DMEM medium 

supplemented with 10% fetal bovine 

serum, L-glutamine and penicillin-

streptomycin. Cells were seeded (1 × 

105/mL) to a 24-well plate and cultured 

overnight. �e culture medium was 

replaced by serum-free medium for 4 

hr to “starve o� ” the serum. TNFα (100 

ng/mL) and testing sample extracts 

were then added at a concentration of 

1 mg/mL into each well, and cells were 

cultured at 37°C with CO
2
 for 1 hr.

Whole cell proteins were extracted 

and levels of NF-κB were measured 

using an ELISA kit. �e levels of NF-κB 

protein of each sample were calculated against a 

standard curve, constructed using recombinant 

NF-κB standard. 

E�ects on PIH: Chaudhuri previously 

reported27 that HR is also e�ective in reducing 

hyper-pigmented spots without a�ecting the sur-

rounding areas. Eighteen volunteers between the 

ages of 42 and 60 applied a 1% HR lotion twice 

daily in an amount su�cient to cover their upper 

arm, speci�cally targeting hyper-pigmented spots. 

�e treated skin of each volunteer was evaluated 

and the percent reduction in pigmentation was 

determined using ITA0. 

Table 3. Inhibition of transcription regulatory activity of NF-κB by HR, HREL, Curcumin 

and Resveratrol

Product 25 µg/mL 12.5 µg/mL 6.25 µg/mL 3.125 µg/mL

Curcumin 58 34 18 3

Resveratrol 85 34 8 0

HR X X X 94 11

HREL 100 0 0 0

X indicates cytotoxic; 0 indicates no activity

Table 2. P. acnes inhibition by HREL

Product P. acnes (MIC in µg/mL)

HREL (only ~25% HR) 37.5

Hexylresorcinol (HR) 37.5

Ethyl linoleate (EL) > 100.0

Table 1. Antibacterial and antifungal inhibitory activity 

of HR

Microorganisms MIC in µg/mL

P. acnes 37.5

Staphyloccocus aureus 2.2

Staphylococcus epidermidis 2.2

Candida albicans 1.7

Streptococcus 0.7

Aspergillus 0.1
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Anti-acne clinical study: 

A six-week clinical study of 

10 subjects, ages 21.30 ± 4.54, 

was conducted including: �ve 

male and �ve female Cau-

casian (nine) and Hispanic 

(one) participants. Fitzpatrick 

Types included: II (two), 

III (six) and IV (two); all 

subjects presented with mild 

acne according to an expert 

grader—speci�cally: ≥ 5 and 

≤ 20 total in�ammatory and 

non-in�ammatory lesions, 

and ≥ 3 in�ammatory lesions. 

�e subjects applied a 3% 

HREL lotion (see Formula 1) 

twice daily for the duration of 

the study.

Objective assessments 

of skin tolerance including 

dryness, erythema and edema, 

and subjective assessments 

of stinging, itching, tingling 

and burning all indicated the 

formula was well-tolerated. 

Photographs were taken of 

acne lesions, PIH and pores 

for image analyses. In addi-

tion, subjects completed a 

questionnaire and experts 

graded subjects regarding the 

e�ects of treatment compared 

with baseline for: 1) total acne 

lesions, 2) in�ammatory acne 

lesions (whiteheads), 3) non-

in�ammatory acne lesions 

(blackheads), 4) PIH and 5) 

Figure 4. Curcumin structure Figure 5. Resveratrol structure

Figure 6. Reduction in NF-κB protein formation by  

HR vs. HREL

Figure 7. Percent improvement in ITA0 after four and eight 

weeks of treatment 
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the overall texture/appear-

ance of skin.

Results and 
Discussion

Antibacterial/anti-

fungal e�cacy of HR 

and HREL: HR indeed 

was found to be a broad-

spectrum antibacterial/

antifungal agent (see Table 

1). In addition, it showed 

synergy when blended 

with EL, which has no 

antibacterial or antifungal 

activity at the dose tested 

(see Table 2).27

Transcription regula-

tory activity of NF-κB and 

quanti�cation of NF-κB 

protein: Using two di�erent 

methods, HR was shown 

to be a potent inhibitor 

of NF-κB, and as Table 3 

shows, was even superior to 

the well-known inhibitors 

curcumin (see Figure 4) 

and resveratrol (see Figure 

5). �is inhibitory e�ect 

of the HR remained intact 

in the HREL blend (see 

Figure 6 and Table 3).

E�ects on PIH: Previous 

studies showed that HR is 

an e�ective compound in 

reducing hyper-pigmented 

spots without a�ecting 

the surrounding areas.27 

Furthermore, it stimulated 

endogenous antioxidant 

defenses, speci�cally 

glutathione, glutathione 

peroxidase and glutathione 

reductase.27 When compared with coloration on 

day zero (pre-application), the treated hyper-

pigmented spots showed a statistically signi�cant 

(p < 0.05) reduction of 39% and 60% in pigmenta-

tion at four and eight weeks, respectively (see 

Figure 7). On the other hand, the treated area 

of the skin surrounding the hyper-pigmented 

spots showed only marginal changes with no 

Figure 8. Improvement in subjective parameters 

(self-assessment)

Figure 9. Percent of subjects responding favorably to 3% 

HREL lotion (subjective) 

statistical signi�cance when compared to day zero 

(pre-application).  

Clinical study, subjective parameters: Subjec-

tive questionnaires were completed by panelists 

(and experts) based on three subjective param-

eters: pigmented spots, skin tone and roughness/

dryness using a scale of 0 = no improvement; 1 = 

minimal; 2 = moderate; 3 = good and 4 = excel-
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Figure 10. Improvement in subjective parameters 

(expert assessment) 

Figure 11. Percent of subjects showing improvement 

from baseline after using 3% HREL lotion (via imaging) 

lent improvement. Results indicated subjects had 

an overall positive response to the test product 

(see Figures 8 and 9), i.e., 3% HREL lotion 

(Formula 1), as far as e�ectiveness in reducing 

the appearance of in�ammatory and non-

in�ammatory lesions and PIH, and improving the 

overall texture/appearance of skin. A�er six weeks 

of treatment, all subjects saw a signi�cant reduc-

tion in erythema (p = 0.015), with no incidence of 

worsening in any tolerance parameters, compared 

with baseline. 

Clinical study, objec-

tive parameters: Clinical 

grading �ndings indicating 

a statistically signi�cant 

reduction (p < 0.05) in 

acne lesions a�er three 

and six weeks of product 

use (3% HREL lotion; see 

Figure 10). Addition-

ally, image analysis (see 

Figure 11) revealed a 

signi�cant improvement in 

PIH as well as a reduction 

in average diameter (size) 

of pores and pore count 

a�er six weeks of product 

use. Note that the three-

week data for PIH, average 

pore and pore counts was 

statistically not signi�cant; 

six-week results for all 

four parameters, however, 

was signi�cant at p < 

0.05. Figures 12-14 show 

subjects’ skin before (a) and 

a�er (b) treatment with 3% 

HREL lotion treatment for 

six weeks.

Formulation 
Considerations

HREL represents a 

new blend of well-known 

ingredients that combines 

several mechanisms of 

action to clear away acne. 

Furthermore, it is theorized 

that by combining it with 

other anti-acne ingredients, 

described next, additional improvements in anti-

acne properties can be achieved.

Salicylic acid, 2%: Salicylic acid helps to 

correct the abnormal shedding of skin cells and 

unclogs pores to resolve and prevent lesions.

Bakuchiol, 0.25%: �is ingredient can 

inhibit the formation of squalene peroxide, 

which promotes acne and roughens and 

wrinkles skin.47 Bakuchiol is an excellent lipid 

peroxidation inhibitor (IC
50

 = 0.61; IC
100

 = 1.46 

µg/mL; squalene as a substrate) that is signi�-
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Figure 12. Subject 09TAD before (a) and after treatment (b) 

Figure 13. Subject 01AMR before (a) and after treatment (b) 

cantly more e�ective than natural tocopherol 

(IC
50

 = 30 µg/mL)48 and also has broad-spec-

trum anti-aging bene�ts.16

Niacinamide, 2%: �is ingredient provides 

potent anti-in�ammatory activity without the risk 

of inducing bacterial resistance.49

Conclusion
By extensively analyzing the various mecha-

nistic pathways of acne, these authors describe 

the development of an ingredient blend based on 

hexylresorcinol (HR) and ethyl linoleate (EL) to 

treat acne. A�er six weeks of treatment with an 
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HREL-containing product, 10 subjects experi-

enced signi�cantly reduced in�ammatory and 

non-in�ammatory acne lesions, PIH, and average 

pore diameters and pore counts, as well as overall 

improvements to the texture and appearance of 

their skin. 

Signi�cant reductions in erythema also were 

observed, with no evidence of worsening in any 

tolerance attributes, compared with the base-

line. Interestingly, HREL was found to be more 

e�ective in inhibiting transcription regulatory 

activity of NFκ-B, compared with known inhibi-

tors curcumin and resveratrol. While e�ective 

anti-acne products could be developed based on 

HREL alone, the authors note the appropriate 

selection of co-actives could theoretically prove 

even more e�ective.
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