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Abstract 

Acne is a highly prevalent skin disease with a great psychological impact on patients as self‑perception, self‑confi‑
dence, and depression. This work aimed to develop an anti‑acne preparation from active anti‑bacterial medicinal 
plants to circumvent the severe side effects and drug resistance commonly reported with topical erythromycin 
anti‑acne preparations. Essential oils: Salvia officinalis L. (sage), Rosmarinus officinalis L. (rosemary), Commiphora myrrha 
Nees Engl. (myrrh), Origanum majorana L. (marjoram), Pelargonium zonale L. L’Hér. ex Aiton (geranium) and Chrysan-
themum morifolium Ramat. (chrysanthemum) were extracted by hydrodistillation and analyzed using gas chromatog‑
raphy/mass spectrometry (GC/MS). The anti‑acne activities of the oils against Cutibacterium acnes ATCC 6919 were 
evaluated by microdilution methods to determine the minimum inhibitory concentration (MIC) and minimum bac‑
tericidal concentration (MBC). The most active essential oils were loaded in a film‑forming nanogel prepared with chi‑
tosan, pluronic F127 and glycerol in the ratio of 3:1:1, prior to investigation in a murine acne in vivo model. Marjoram 
and chrysanthemum oils showed the highest antimicrobial activity against C. acnes (MIC = 0.156% v/v and 0.125% v/v, 
respectively). GC/MS of the actives showed that gamma‑terpinene (26.46%) and terpinen‑4‑ol (22.24%) were the pre‑
dominant constituents in marjoram, whereas chrysanthenone (32.79%) was the main component in chrysanthemum. 
The formulated essential oil‑loaded film‑forming nanogels of both oils exhibited significant anti‑acne activity in mice 
via reducing the bacterial loads, activating the antioxidant nuclear factor erythroid 2–related factor 2 (Nrf2) pathway 
and inhibiting the inflammatory tumor necrosis factor‑alpha (TNF‑α) pathway. Further studies should be designed 
to evaluate the clinical evidence for the use of marjoram and chrysanthemum oil products in acne treatment.
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Introduction
Acne vulgaris is a cutaneous chronic inflammatory con-
dition with multifaceted pathogenesis, affecting 80% of 
the teenage population [1]. It is believed that 100% of 
the population endures from a more or less severe form 
of acne [1]. Despite of not being a life-threatening disor-
der, acne leads to psychosocial consequences, affecting 
the quality of the patient’s life such as social isolation, 
low self-confidence and depression [2, 3]. Several factors 
play vital roles in acne pathophysiology including hyper-
seborrhea, follicular hyperkeratinization, inflammation 
and increased colonization of Cutibacterium acnes (C. 
acnes) (the primary pathogen involved in acne, previ-
ously known as Propionibacterium acnes) [3, 4].

Common anti-acne agents include antibiotics (such as 
tetracyclines; doxycycline & minocycline, macrolides; 
erythromycin, and clindamycin), benzoyl peroxide, reti-
noids, azelaic acid and hormonal agents (e.g. combi-
nation of oral contraceptive pills, spironolactone and 
flutamide) [5]. Clinical trials highlighted the uncertain 
safety profile of minocycline, isotretinoin’s teratogenicity 
and liver function abnormalities upon the use of systemic 
anti-acne agents in addition to various forms of cutane-
ous irritations (e.g., skin dryness, erythema and peel-
ing) with topical anti-acne treatments [6]. Despite the 

common use of antibiotics as topical and oral anti-acne 
agents, increasing bacterial resistance to acne-causing 
strains is a limitation rendering them less and less effec-
tive [5]. In this aspect, C. acnes resistance to several anti-
biotics has been clinically reported in the last decades 
with high ranking in Mediterranean countries predomi-
nantly due to antibiotic abuse. This would also lead to the 
spreading of antibiotic resistance to other skin commen-
sal bacterial species such as Staphylococcus epidermidis 
and Staphylococcus aureus via genetic transfer [7].

Thus, phytotherapeutic approaches have provoked 
global concerns nowadays, to minimize the side effects 
and higher costs of synthetic drugs. In this context, plant 
essential oils have attracted more attention due to their 
potential as antibacterial, antiseptic and anti-inflam-
matory agents [2, 8]. Tea tree oil is widely marketed 
over the counter as anti-acne treatment, being the most 
commonly used after benzoyl peroxide [9, 10]. Its clini-
cal anti-acne efficacy has been proved via anti-bacterial 
and anti-inflammatory actions [9], overcoming resistance 
development by bacterial species towards conventional 
drugs owing to its variety of constituents [11].

In the current study, six commonly known anti-bacte-
rial essential oils including sage, rosemary, myrrh, mar-
joram, geranium, and chrysanthemum were investigated 
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against C. acnes as possible anti-acne agents. These 
essential oils are composed of a mixture of constituents 
such as monoterpenes, sesquiterpenes and their alco-
hols which could contribute to their antimicrobial activi-
ties [2, 8, 11, 12]. To circumvent the skin irritation that 
usually accompanies the application of essential oils, 
a nano-sized hydrogel has been formulated for their 
delivery. Nanogels prepared from naturally occurring 
polysaccharides, such as chitosan seem appealing due to 
their biocompatibility and functionality as well as their 
low toxicity [13]. Recently, film-forming nanogels have 
become an attractive delivery system due to their high 
flexibility, resistance to wearing off and sustained drug 
permeation. The reason behind this is their ability to 
overcome the common drawbacks of conventional films 
such as brittleness, limited shape and size and skin irri-
tation [14]. Therefore, this study aimed to develop a safe 
phytopharmaceutical formulation with anti-acne activity. 
Based on the in vitro data of the six tested essential oils, 
marjoram and chrysanthemum oils were formulated as 
film-forming nanogels. Their anti-bacterial, antioxidant 
and anti-inflammatory activities were further investi-
gated in  vivo via an acne mice model, as potential new 
anti-acne agents.

Materials and methods
Plant material
Commiphora myrrha Nees Engl. gum-resin (Myrrh) was 
purchased from the local market of herbs and spices in 
Egypt (Ahmed Abdelrahman EL Harauz). Leaves dur-
ing the flowering stage of Salvia officinalis L (sage), Ros-
marinus officinalis L. (rosemary), Origanum majorana 
L. (marjoram), Pelargonium zonale (L.) L’Hér. ex Aiton 
(geranium) and Chrysanthemum morifolium Ramat. 
(chrysanthemum) were obtained from the Egyptian Ger-
man Co. for Agricultural Production. The plants were 
kindly authenticated by Dr. Mohamed El-Gebali, Sen-
ior Botanist at El- Orman Botanical Garden. Voucher 
specimens (No 25.02.2022, 23.02.2022 I, 23.02.2022 II, 
23.02.2022 III, 26.02.2022, 24.02.2022 II) were kept at the 
Herbarium of Pharmacognosy Department, Faculty of 
Pharmacy, Cairo University.

Materials for formulation
High molecular weight chitosan and pluronic F127 were 
procured from Sigma Aldrich Chemical Co. (St. Louis, 
USA). Glycerol was bought from El-Nasr Pharmaceutical 
Chemicals Co. (Cairo, Egypt).

Essential oils extraction
Different Samples (1 kg, each) were cut off and separately 
subjected to hydrodistillation for 2 h using a Clevenger-
type apparatus and myrrh for 4  h. Oil samples were 

collected and dried over anhydrous sodium sulphate. The 
percentage yields were then calculated, and the samples 
were finally stored at 4 ℃ in completely sealed vials until 
subjected to further analysis. The percentage yield was 
calculated on a fresh weight basis (v/w).

Gas chromatography/mass spectrometry (GC/MS) analysis
The analysis was performed at the Department of Medic-
inal and Aromatic Plants Research, National Research 
Center (Giza, Egypt) on gas chromatography–mass spec-
trometry instrument with the following specifications: 
a TRACE GC Ultra Gas Chromatographs (THERMO 
Scientific Corp., USA), coupled with a thermo mass 
spectrometer detector (ISQ Single Quadrupole Mass 
Spectrometer). GC–MS system was equipped with a Tr-
5MS column (30 m × 0.32 mm i.d., 0.25  μm film thick-
ness). Analyses were carried out using helium as a carrier 
gas at a flow rate of 1.0 mL/min and a split ratio of 1:10 
using the following temperature program: 60  ℃ for 
2 min; rising at 4.0 ℃/min to 240 ℃ and held for 5 min. 
The injector and detector were held at 210 ℃. Diluted 
samples (1:10 hexane, v/v) of 1 μL of the mixtures were 
always injected. Mass spectra were obtained by electron 
ionization (EI) at 70 eV, using a spectral range of m/z 
35–500.

Volatiles identification
Volatile components were identified by comparing their 
retention indices (RI) relative to a series of n-alkanes 
(C8-C28), mass spectrum matching to the National Insti-
tute of Standards and Technology (NIST) mass spectral 
library, Wiley Registry of Mass Spectral Data 8th edition 
and with standards whenever available and confirmed 
by reported literature data [15]. Peaks were first decon-
voluted using AMDIS software (www. amdis. net) prior 
to mass spectral matching. All reagents and controls 
used for GLC analysis were obtained from Sigma (Sigma 
Aldrich GmbH, Sternheim, Germany) [16]. Literature 
survey of the chemical compositions of the different ana-
lyzed plants were compared with our profiles.

Determination of minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration (MBC)
The antibacterial activity against Cutibacterium acnes 
ATCC 6919 was investigated. The minimum inhibi-
tory concentration (MIC) was determined by the broth 
microdilution method according to the guidelines of 
the Clinical and Laboratory Standards Institute [17, 
18]. 200  μL of double-strength reinforced clostridial 
medium (RCM) was pipetted into each well of a sterile 
96-well microplate and 200 μL of the tested oils (64% v/v 
in DMSO) were then added separately to the first well 
of each column. Two-fold serial dilutions (32–0.0625% 

http://www.amdis.net
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v/v) were done across the microplates, after that, each 
well was inoculated with 20  μL of bacterial suspension 
 (1X107  CFU/mL). One column was used as a sterility 
control (neither bacterial suspension nor tested oil was 
added) and another column was used as a growth control 
(inoculated with bacterial suspension along with DMSO 
only but without the tested oil). The microplates were 
incubated under anaerobic conditions at 37 ℃ for 48  h 
and then the MIC was recorded. The MIC was defined 
as the lowest concentration with no detectable bacterial 
growth (no turbidity). All wells were spotted onto RCM 
agar plates and then incubated anaerobically at 37 ℃ for 
48  h. The minimum bactericidal concentration (MBC) 
was defined as the lowest concentration of the tested oil 
with no detectable colonies of C. acnes. The experiment 
was repeated four independent times.

Preparation of film‑forming nanogel
Essential oil-loaded film-forming nanogel was formu-
lated as per the method stated by Xu et  al. (2019) [19]. 
In detail, chitosan was dissolved in 1% (v/v) acetic acid 
to form chitosan solution at 1.5% (w/v) and pluronic 
F127 was dissolved in cold distilled water at a concentra-
tion of 3% (w/v) through magnetic stirring. Chitosan and 
pluronic F127 solutions along with glycerol were mixed 
in a ratio of 3:1:1, respectively. The mixture was kept on 
a magnetic stirrer for 30  min. Essential oil-loaded film-
forming nanogel was prepared through the slow injec-
tion of either marjoram oil or chrysanthemum oil by a 
syringe in the film-forming nanogel solution, while kept 
on a magnetic stirrer for an additional 30 min, to reach a 
final concentration of 1.5% (v/v) in the preparation. The 
formulated film-forming nanogels were kept in tightly 
closed vials at 4 ℃ until use.

Characterization of film‑forming nanogels
Measurement of particle size (PS), polydispersity index 
(PDI) and zeta potential (ZP)
The formed nanogels were characterized by Zetasizer 
Nano ZS (Malvern Instruments, Malvern, UK) to deter-
mine the particle size (PS), particle size distribution 
(PDI) and zeta potential (ZP). All determinations were 
performed in triplicates and values were calculated as 
mean ± standard deviation (SD).

pH and viscosity measurements
The pH value of the formulated nanogels was determined 
via JENWAY model 350 (JENWAY Ltd., UK) at 30 ℃. The 
viscosity measurements of the formulated nanogels were 
carried out by a cone and plate rheometer (Brookfield 
DV3THB cone/plate rheometer, spindle CPE- 40, and 
RheocalcT software, v 1.1.13). A sample (1 g) of the for-
mulated nanogels was added to the plate of the apparatus 

and the temperature was maintained constant at 25 ± 2 ℃. 
The formulation was exposed to continuous change in 
the shear rate and the shear stress, and the values were 
documented. The measurements were conducted in trip-
licates and values were calculated as mean ± standard 
deviation (SD).

Transmission electron microscopy
Transmission electron microscopy (TEM; JEM-1230, 
Jeol, Tokyo, Japan) was applied to visualize the morphol-
ogy of the inspected formulations. A metallic grid was 
loaded with a drop of the tested oil samples and the sur-
plus was withdrawn by filter paper, then the grid was left 
in the air to dry. Finally, the grid was examined via TEM 
at 80 kV.

Film‑forming time
To determine the in vitro film-forming time, the formu-
lations were placed onto a microscope slide in a defined 
area (10 mg/cm2), with a thickness of 1 mm. The samples 
were kept at 25 ℃. The film formation was monitored vis-
ually, and the film-drying time was documented.

To determine the in  vivo film-forming time, the test 
was performed using rat skin, where skin samples of 1 
mm thick and 1 × 1   cm2 area were excised from decapi-
tated rats. The skin was wiped with absolute ethanol to 
allow the drying of the skin surface. The skin samples 
were then sited on a glass petri dish and incubated at 
37 ℃. Finally, the formulation (10  mg) was spread over 
1   cm2 of the skin sample, and the film-forming time on 
the skin was determined.

In vivo evaluation of the anti‑acne activity of the tested oils
All the animal care and procedures in this study were 
approved by the Research Ethics Committee of the Fac-
ulty of Pharmacy, Cairo University (Approval no. MP 
2790) following the “Guide for the Care and Use of Labo-
ratory Animals” published by the Institute of Laboratory 
Animal Research (Washington, DC, USA). The in  vivo 
acne murine model was done as described before with 
slight modifications [8, 20]. Thirty-five male BALB/C 
mice (7 weeks old) were obtained from the Modern Vet-
erinary Office for Laboratory Animals, Cairo, Egypt. 
Standard commercial food and tap water ad libitum were 
supplied to the mice and they were allowed to acclimate 
for 5  days (25 ± 2 ℃, 12:12  h light–dark regime) before 
starting the experiment. All the mice’s ears were ini-
tially examined and only animals without any signs of 
ear inflammation were included in the study. Infection 
with Cutibacterium acnes was induced by intradermal 
injection of the left ear of each mouse with 20 μL of the 
bacterial suspension (3 ×  108  CFU) in phosphate-buff-
ered saline (PBS). A 30-gauge needle was used in the 
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intradermal injection and a bulge containing the injected 
inoculum was formed post-injection. The right ear of 
each mouse was intradermally injected with 20  μL PBS 
and served as the healthy normal control (group 1) dur-
ing the experiment. The mice were observed for 48  h 
post-infection and the appearance of microcomedones, 
erythema and oedema was considered an indicator of 
acne induction. After the infection, the infected mice 
were randomly divided into five groups (seven mice per 
group, n = 7). Group 2 didn’t receive any treatment and 
served as the negative control, while group 3 received the 
plain formula. Group 4 was treated with a 2% erythromy-
cin solution and served as the positive control, whereas 
groups 5 and 6 were treated respectively with 1.5% (v/v) 
marjoram oil formula and 1.5% (v/v) chrysanthemum oil 
formula. Moreover, for the infected mice ears, treatments 
were applied epicutaneous for 3 days. At the end of the 
experiment, mice ears were excised, and each ear was 
homogenized in 0.5  mL PBS (homogenizer, DAIHAN-
scientific-pacificlab). Samples were 10 folds diluted and 
plated on RCM agar plates for an anaerobic viable count. 
After anaerobic incubation at 37 ℃ for 72 h, the colony-
forming units (CFU) were counted, and the results of the 
treated groups were compared to that of the plain for-
mula (vehicle control) and negative control groups.

Histopathology
Skin tissue samples from each experimental group were 
collected and kept in 10% neutral buffered formalin, fol-
lowed by processing protocol in alcohols, xylenes, and 
paraffin wax. Tissue sections were cut and stained with 
hematoxylin and eosin (H&E) for light microscopy [21]. 
Tissue slides were examined using Leica DM4 B light 
microscope (Leica, Germany) and images were captured 
using Leica DMC 4500 digital camera (Leica, Germany).

Immunohistochemistry
Tissue sections were cut on positively charged slides and 
subjected to heat retrieval step in microwave, followed 
by peroxidase blocking and incubated with primary 
anti-tumor necrosis factor-alpha (TNF-α) (Santa Cruz, 
Biotechnology, Inc.) and anti-nuclear factor erythroid 2–
related factor 2 (Nrf2) (Protein tech, Germany) for 1 h at 
a dilution of 1:100. After washing, universal HRP detec-
tion kit (Bio SB, USA) was used to develop the color. The 
escape of primary antibody was done to obtain negative 
control slides. The positive reaction was quantified as 
area percentage using LAS-X (Leica software, Germany).

Statistical analysis
All experiments were carried out in triplicate. Statistical 
evaluation was carried out in GraphPad Prism, version 
8. One-way ANOVA followed by multiple comparisons 

post-tests were used to determine significance. Spe-
cific tests used in comparisons were described in Figure 
legends.

Results and discussion
Acne is a chronic inflammatory disease, where its patho-
genesis is very complex and multifactorial [1]. Anti-acne 
agents include drugs with anti-bacterial, anti-inflamma-
tory, anti-seborrheic and anticomadogenic actions [2, 9]. 
Oxidative stress-initiated inflammation within the pilose-
baceous unit, evident in acne vulgaris suggests also the 
efficacy of antioxidants in acne treatment [22]. Subse-
quently, the most effective treatments should tackle sev-
eral pathogenetic mechanisms via combination therapy 
for agents with different pharmacological actions.

Due to the increasing antibiotic resistance of acne-
causing strains, complementary and alternative medi-
cines such as essential oils and their terpenes are the 
most popular choice with potent antimicrobial, anti-
inflammatory and antioxidant properties [2]. Tea tree, 
eucalyptus, lemon, cinnamon, rosemary, myrtle, oregano 
and clove oils are used due to their antiseptic effects as 
well as basil, bergamot, thyme and lavender oils which 
are used for their antibacterial and anti-inflammatory 
actions. Essential oil components, present in these plants, 
as terpinen-4-ol, limonene, thymol, α and β-pinene, lin-
alool, carvacrol and 1,8-cineole are responsible for those 
actions [2, 23]. In our study, we investigated the effective-
ness of six antibacterial essential oils against C. acnes, fol-
lowed by assessing the anti-acne efficacy of the potential 
candidates in vivo for their antibacterial, antioxidant and 
anti-inflammatory properties in relation to their chemi-
cal compositions.

Gas chromatography/mass spectrometry (GC/MS) analysis
The percentage yield of the investigated essential oils 
and identification of different components using GC/
MS analysis are presented in Table  1. The percentage 
yield of the oils were calculated as 8.5%, 9%, 5%, 11%, 
2%, and 4% (v/w) for sage, rosemary, myrrh, marjoram, 
geranium, and chrysanthemum, respectively. In regard to 
the chemical profiles of the investigated oils, the results 
revealed that the main components of sage oil were cam-
phor and α-thujone, representing about 50% of the total 
essential oil composition, in accordance with Jakovljević 
and coworkers [24]. Whereas, the bicyclic monoterpene; 
α-pinene and oxygenated monoterpenes; camphor and 
borneol constituted more than 53% of the total essential 
oil of rosemary, in accordance with previously published 
data [25]. Furthermore, myrrh was rich in curzerene, 
furanoeudesma-1,3-diene and β-elemene altogether rep-
resenting more than 60% of the total essential oil com-
position [26]. The volatile oil of marjoram was rich in 
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Table 1 Compounds identified in the six investigated essential oils by GC/MS

Compound No Compound Name Kovat’s index Sage Rosemary Myrrh Marjoram Geranium Chrysanthemum

KIr KIc

I‑Monoterpene hydrocarbons
Tricyclene 921 917 – 0.25 – – – –

α‑Thujene 924 921 0.44 – – 1.64 – –

α‑Pinene 932 927 4.60 21.65 – – 2.07 2.77

Camphene 946 944 5.35 7.06 – – 0.75 0.89

Sabinene 969 964 – – – 5.54 – –

β‑Pinene 974 973 3.42 3.35 – – 3.73 –

Myrcene 988 988 2.90 0.92 – 2.24 19.74 –

α‑Phellandrene 1002 1000 0.37 6.27 – 4.37 0.20 –

α‑Terpinene 1014 1015 0.74 0.94 – 16.62 – –

O‑Cymene 1022 1026 – – – – – 0.93

Limonene 1024 1026 0.24 – – – 42.63 –

β‑Phellandrene 1025 1030 – – – – – 0.45

(Z)‑ β‑Ocimene 1032 1034 – – – 6.18 – 0.78

(E)‑ β‑Ocimene 1044 1038 – – – 0.12 – –

γ‑Terpinene 1054 1054 1.79 2.75 – 26.46 – –

Terpinolene 1086 1080 1.17 1.65 – 6.43 – 0.34

II‑Oxygenated monoterpenes
1,8‑Cineole 1026 1031 8.02 8.88 – – – 0.8

cis‑ Sabinene hydrate 1065 1066 – – – 0.41 – –

Linalool 1095 1095 – 0.14 – – – –

trans‑Sabinene hydrate 1098 1098 – – – 2.44 – –

Filifolone 1101 1098 – – – – – 6.28

α‑Thujone 1103 1106 19.88 – – – – –

β‑Thujone 1112 1118 5.62 – – – – –

cis‑ρ‑Menth‑2‑en‑1‑ol 1118 1121 – – – 0.18 – –

Chrysanthenone 1124 1122 – – – – – 32.79
1‑Terpineol 1130 1139 – – – 0.11 – –

Camphor 1141 1148 30.52 16.80 – – 0.16 4.60

cis‑Chrysanthenol 1160 1157 – – – – – 0.76

Pinocarvone 1160 1160 – 0.09 – – – –

Borneol 1165 1163 2.24 14.84 – – – 15.11

Terpinen‑4‑ol 1174 1175 1.06 0.95 – 22.24 – 0.96

α‑Terpineol 1186 1192 0.44 1.83 – 2.80 – –

trans‑Dihydrocarvone 1200 1201 – – – 0.11 – –

Verbenone 1204 1203 – 2.77 – – – –

Pulegone 1233 1245 – – – – 0.41 –

Carvone 1239 1246 – – – – 1.85 –

(Z)‑Anethole 1249 1246 – – – – – 9.47

Piperitone 1249 1248 – 0.12 – – – –

Linalyl acetate 1254 1269 – – – 0.35 – –

cis‑Chrysanthenyl acetate 1261 1275 – – – – – 0.32

Bornyl acetate 1284 1279 3.86 7.78 – – 2.43

Sabinyl acetate 1289 1278 0.42 – – – – –

Methyl eugenol 1403 1409 – 0.25 – – – –

III‑Sesquiterpene hydrocarbons
δ‑Elemene 1335 1347 – – 6.43 – – –

α‑Copaene 1374 1362 – – – – 0.30 –
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Table 1 (continued)

Compound No Compound Name Kovat’s index Sage Rosemary Myrrh Marjoram Geranium Chrysanthemum

KIr KIc

β‑Bourbonene 1387 1388 – – 3.81 – – –

β‑Elemene 1389 1401 – – 7.90 – – –

cis‑α‑Bergamotene 1411 1403 – – – – 0.40 –

Caryophyllene 1417 1421 0.61 0.40 0.67 0.79 6.66 1.49

trans‑α‑Bergamotene 1432 1421 – – – – 0.27 –

γ‑Elemene 1434 1435 – – 2.61 – – –

α‑Humulene 1452 1455 3.38 0.25 0.87 0.15 12.02 0.87

γ‑Muurolene 1478 1470 – – 0.51 – –

γ‑Curcumene 1481 1469 0.80 –

Germacrene D 1484 1482 – – 1.27 – – 4.44

β‑Selinene 1489 1488 – – 0.57 – – –

Viridiflorene 1496 1490 0.58 – – 0.09 – –

Bicyclogermacrene 1500 1495 – – – 0.38 – –

β‑Bisabolene 1505 1501 – – 2.37 –

(E,E)‑α‑Farnesene 1505 1517 – – – – 0.51 –

δ‑Cadinene 1522 1534 – – 0.99 – – 1.59

α‑Cadinene 1537 1536 – – 0.55 – – –

Selina‑3,7(11)‑diene 1545 1539 – – 0.89 – – –

Germacrene B 1559 1555 – – 0.73 – – –

IV‑Oxygenated sesquiterpenes
Curzerene 1499 1490 0.37 – 36.36 – – –

trans‑Nerolidol 1561 1565 – – – – 0.74 –

Caryophyllene oxide 1582 1567 – – – – – 1.61

Furanoeudesma‑1,4‑diene 1587 1575 – – 4.26 – – –

Viridiflorol 1592 1589 0.35 – – – – –

Cedrol 1600 1610 – – – – 1.32 –

Guaiol 1600 1613 – – – – 0.79 –

Furanoeudesma‑1,3‑diene 1613 1615 17.48
tau‑Cadinol 1638 1625 – – – – – 0.66

tau‑Muurolol 1640 1626 – – – – – 1.23

Lindestrene 1649 1631 – – 6.55 – – –

α‑Cadinol 1652 1634 – – – – – 4.10

Furanodiene 1666 1652 – – 1.86 – – –

2‑Hydroxyfuranodiene 1725 1713 – – 1.14 – – –

V‑Aliphatic alcohols, aldehydes and esters
1‑Octen‑3‑ol 974 985 – – – – – 1.83

(E,Z)‑2,6‑Nonadienal 1150 1162 – – – – 0.34 –

n‑Octyl acetate 1211 1205 1.62 – – – – –

Monoterpene hydrocarbons 21.02 44.84 – 69.60 69.12 6.16

Sesquiterpene hydrocarbons 4.57 0.65 27.80 1.41 23.33 8.39

Total Hydrocarbons 25.59 45.49 27.80 71.01 92.45 14.55

Oxygenated monoterpenes 72.06 54.45 – 28.64 2.42 73.52

Oxygenated sesquiterpenes 0.72 – 67.65 – 2.85 7.6

Aliphatic alcohols, aldehyde and esters 1.62 – – – 0.34 1.83

Total Oxygenated Compounds 74.4 54.45 67.65 28.64 5.61 82.95

Total identified 99.99% 99.94% 95.45% 99.65% 98.06% 97.50%

Yield % (v/w fresh plant) 8.5 9 5 11 2 4

r Kovat’s index from literature (Adams, 2017) [33], National Institute of Standards and Technology (NIST) [34], and Chang et al.[35]
c Retention index relative to n-alkane on DB5 column
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monocyclic monoterpenes; γ-terpinene (26.46%) and 
α-terpinene (16.62%) and monoterpene alcohol; ter-
pinen-4-ol (22.24%) [27, 28]. For geranium oil, monoter-
pene hydrocarbons was the predominant class, detected 
as limonene [29] (42.63%) and myrcene (19.74%), fol-
lowed by the sesquiterpene hydrocarbons namely 
α-humulene (12.02%) and caryophyllene (6.66%). In 
contrast, a previous report on geranium leaves essential 
oil from Egypt stated β-caryophyllene and α-humulene 
as the major constituents [30]. Finally, chrysanthenone 
was the main constituent of chrysanthemum, repre-
senting about 32.79% of the total essential oil composi-
tion. In this context, previous researches on the essential 
oils of C. morifolium flowerheads showed that oxygen-
ated monoterpenes were the predominant components, 
namely as chrysanthenone [31, 32]. This is the first report 
on the chemical composition of the essential oil of Chry-
santhemum morifolium leaves from Egypt. Furthermore, 
GC–MS analysis of sage, rosemary, myrrh, marjoram, 
geranium, and chrysanthemum revealed the identifica-
tion of 81 compounds, representing 99.99%, 99.94%, 
95.45%, 99.65%, 98.06%, and 97.50%, respectively. Differ-
ent classes contributed to the composition of the tested 
oils, such as mono and sesquiterpene hydrocarbons, as 
well as oxygenated mono and sesquiterpenes and other 
aliphatic alcohols, aldehydes, and esters constituents. 
Monoterpene hydrocarbons are the predominant class 
in bioactive marjoram oil, with a percentage of 69.60%, 
while oxygenated monoterpenes (73.52%) represent the 
major class in chrysanthemum oil.

Determination of MIC & MBC
Essential oils under investigation were tested for their 
in  vitro antibacterial activity against C. acnes ATCC 
6919. Among tested oils, marjoram and chrysanthemum 
oils exhibited the highest anti-bacterial activity against C. 
acnes (MIC < 0.2% v/v) (Table 2).

Meanwhile, sage, rosemary and myrrh oils revealed an 
intermediate anti-bacterial effect (MIC > 0.2% v/v) against 
the tested bacteria, whereas geranium oil showed no 
anti-bacterial activity (Table 2). In accordance with MIC 
results, sage, rosemary, and myrrh oils showed the high-
est MBC values (16–20% v/v). On the other hand, MBC 
results further confirmed the efficacy of marjoram and 
chrysanthemum oils as bactericidal at concentrations of 

1.78 and 1.65% v/v, respectively (Table 2). No significant 
difference was found between the antibacterial activ-
ity (MIC / MBC) of marjoram and chrysanthemum oils 
(One way ANOVA, Tukey’s post-test, P < 0.05). Subse-
quently, these oils were selected for developing pharma-
ceutical formulations prior to further investigating their 
anti-acne activities in vivo.

Preparation and characterization of film‑forming nanogels
The essential oils of marjoram and chrysanthemum were 
incorporated into a stable topical formulation aiming to 
develop a naturally derived pharmaceutical product for 
the treatment of acne. Chitosan and  pluronic F127 are 
reliable gel forming polymers that act as highly applicable 
drug delivery carriers as per their nature, biocompatibil-
ity, biodegradability, and ability to encapsulate, carry and 
release the drug to the desired target flexibly. Figure 1 dis-
plays the charts of PS and ZP analysis of the plain nano-
gel, marjoram and chrysanthemum oils-loaded nanogels, 
where the measured PS were 550.5 ± 26.09, 632.5 ± 40.95, 
and 611.6 ± 32.67 nm, respectively.

The incorporation of oils led to a substantial rise in the 
PS (P < 0.05) due to their hydrophobic nature. PDI values 
of all formulations were less than 0.5 indicating homog-
enous PS distribution [36]. ZP indicates the overall sur-
face charges, and correlates directly with the stability of 
the formulation; where the formulation is considered 
stable if the ZP value is around ± 30 mV as per the repul-
sion forces in between the particles [37]. The acquired ZP 
values were 43.4 ± 3.26, 46.3 ± 0.98 and 44.00 ± 1.01  mV, 
respectively. The observed high positive ZP values are 
due to the presence of positively charged chitosan and 
these large values indicate higher stability of the formula-
tions. A highly acidic or highly basic pH value of formula-
tions could alter the skin environment, which in turn can 
cause skin irritation. The pH values of the plain nano-
gel, marjoram and chrysanthemum oil-loaded nanogels 
were found to be 4.86 ± 0.02, 4.89 ± 0.02 and 4.85 ± 0.03, 
respectively.

The pH value of all formulations was close to the nor-
mal pH of the skin, indicating the lack of potential skin 
irritation due to the difference in pH [38]. The measured 
viscosities of the plain nanogel, marjoram and chrysan-
themum oils-loaded nanogels were 2,069 ± 53, 2,045 ± 61 
and 1,997 ± 76  cp, respectively. These nanogels showed 

Table 2 Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the tested oils

Different superscripts letters for a given value are significantly different from each other (One way ANOVA, Tukey’s post-test, P < 0.05)
*  No antibacterial activity was detected against the tested organism

Sage Rosemary Myrrh Marjoram Geranium Chrysanthemum

MIC (% v/v) 0.25 ± 0.08b 0.218 ± 0.09b 0.218 ± 0.09b 0.156 ± 0.03a * 0.125 ± 0.00a

MBC (% v/v) 20 ± 4.00b 16 ± 0.00b 20 ± 4.00b 1.781 ± 0.80a * 1.65 ± 0.88a
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pseudoplastic flow (share thinning), which is optimum 
for the topical application of formulations. TEM micro-
graph revealed spherically shaped particles with a size 
smaller than that obtained from Zetasizer Nano ZS 
(Fig. 2).

The lesser size of the formulation from TEM micro-
photography could be accredited to the collapse of the 
nanogel during the processing of the TEM sample. The 
film-forming time of the plain nanogel, marjoram and 
chrysanthemum oils-loaded nanogels were 8.10 ± 0.80, 
7.20 ± 0.50 and 7.10 ± 0.40 min (in vitro), and 7.30 ± 0.50, 
6.40 ± 0.30 and 6.20 ± 0.20  min (ex vivo), respectively. 
In this situation, the formulation helps to overcome the 
undesirable effects related to skin irritation and aller-
gic reaction regarding the topical use of the oils and to 
reduce the volatility as well. Due to the hydrophobic-
ity of essential oils, the application of aqueous delivery 

systems is a patient-preferred alternative and also benefi-
cial for anti-acnes activity since this bacterium colonizes 
the pilosebaceous units [39]. Consequently, our prepared 
film-forming nanogel, containing chitosan and pluronic 
F127, is considered a suitable water-based formulation 
for the incorporation of oils. Both chitosan and pluronic 
F127 are hydrophilic, biocompatible and biodegradable 
gel-forming materials with bio-adhesive capacity to sup-
port the drug retaining in the skin [39], and thus appear 
to be a promising approach for topical acne treatment. 
The concentration of polymers is crucial as it controls 
the drying time, viscosity, and visual appearance of the 
formed films. Higher polymer concentrations form a 
denser matrix and prolong the film-forming time, while 
lower concentrations failed to form films. Optimum pol-
ymer concentration gives a suitable viscosity that allows 
suitable formation time. Moreover, glycerol as a plas-
ticizer led to the formation of a flexible dry film due to 
a lower glass transition temperature (Tg) and boosted 
mobility of polymer chains in the matrix [40]. The pres-
ence of essential oils resulted in a significantly (P < 0.05) 
shorter film-forming time, and this could be attributed to 
the hydrophobicity and volatility of essential oils, which 
allowed faster evaporation of the solvent and hence, 
faster film formation, in addition to the measured lower 
viscosities.

In vivo evaluation of the anti‑acne activity
To assess the anti-acne efficacies of marjoram and chry-
santhemum oils-loaded nanogels, their effect on bacterial 
load and histopathological analysis of skin tissues along 
with their antioxidant and anti-inflammatory properties 
were evaluated in a murine acne infection model.

Topical treatment with formulations containing either 
marjoram oil or chrysanthemum oil significantly reduced 
the bacterial load of C. acnes, compared to the negative 

Fig. 1 Particle size and zeta potential measurements of the plain nanogel, marjoram oil‑loaded nanogel, and chrysanthemum oil‑loaded nanogel

Fig. 2 TEM micrograph of film‑forming nanogel
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control group and the plain formula group (P < 0.0001) 
(Fig. 3).

No significant difference was observed between 
the bacterial load recovered from the vehicle control 
and the plain formula groups (P < 0.0001). The bacte-
rial count recovered from mice ears topically treated 
with marjoram or chrysanthemum oils- loaded nano-
gels were 1.817 and 2.566 logs lower than that of the 
plain formula group as well as 2.398 and 3.147 logs 
lower than that of the negative control group, respec-
tively. Interestingly, the tested nanogels revealed no 
significant difference from the positive control group 
(erythromycin) in reducing the bacterial load in acne-
infected mice ears. Chrysanthemum formulation exhib-
ited the most reduction in bacterial counts, followed by 
erythromycin and marjoram, respectively. The in  vivo 
anti-acne activity of both investigated oils against Cuti-
bacterium acnes ATCC 6919 was reported herein for 

the first time. Although testing the antimicrobial activ-
ity of the oils in  vitro is essential for screening their 
possible biological applications, it is not enough to 
predict the actual in vivo activity. The in vivo model is 
a dynamic and multifactorial process where many fac-
tors contribute to the net oil activity not just the phys-
icochemical properties of the applied formula. These 
biological factors include skin permeability, body tem-
perature, physiology, and biochemical skin structure. 
Hence conducting an in  vivo model and reporting the 
actual in  vivo activity of the tested oils is an essential 
and crucial step before adopting clinical applications.

Marjoram oil has a wide spectrum of antimicrobial 
activity, where terpinen-4-ol, γ-terpinene, α-terpinene 
and α-terpineol are the major constituents, and those 
mainly responsible for its antimicrobial and anti-acne 
activities [41, 42]. It is worth highlighting that our pro-
file of marjoram oil showed a certain similarity with the 

Fig. 3 Efficacy of the tested oils in in vivo murine acne infection model. Thirty‑five BALB/C mice divided into five groups (n = 7), four treated groups; 
groups 3–6 (plain formula, erythromycin, chrysanthemum oil formula and marjoram oil formula) and the fifth group; group 2 remained untreated 
as the negative control. A Photo image of the ears of the mice at the end of the experiment. B The box plot shows the bacterial load in murine acne 
infection model at the end of the experiment. **** Indicates that the difference is significant at P < 0.0001 (One Way ANOVA, Bonferroni’s post‑test)
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major constituents in tea tree oil, and this clarifies the 
promising activity of the oil as an anti-acne [39].

Regarding chrysanthemum, the essential oil of C. 
morifolium flowers exhibited potent antibacterial activ-
ity against Staphylococcus aureus, Escherichia coli, Pseu-
domonas aeruginosa, Salmonella enteritis and  Bacillus 
subtilis [43]. Moreover, a recent report documented the 
bacteriostatic effect of the essential oils from C. mori-
folium different parts (flower heads, stems-leaves and 
roots) against Propionibacterium acnes, evaluated by the 
microdilution method [44]. To note, α-pinene, camphor, 
terpinen-4-ol, borneol, caryophyllene, α-humulene and 
δ-cadinene, present in the currently investigated oil, were 
found to be active against P. acnes [23, 45, 46]. In addi-
tion, borneol, detected at high percentage (15%) in our 
sample, enhanced the healing of acne via its anti-inflam-
matory effects [47].

Histopathological examination of skin sections of 
normal control group revealed normal structure of epi-
dermis and dermis, appearing free from inflammation. 
Photographic pictures of the negative control group 
showed marked expansion of dermis with inflammatory 
edema. Numerous inflammatory cells occupied the der-
mis especially neutrophils together with many inflam-
matory cells invading both adnexa and the epidermis, 
whereas the skin surface was covered by sero-cellular 
crust. Similarly, many inflammatory cells infiltrated the 
dermis in infected mice receiving the plain formula. 

Erythromycin-treated mice exhibited moderate improve-
ment where inflammation was greatly reduced. A marked 
improvement was noticed in acne-infected mice treated 
with chrysanthemum and marjoram essential oils-loaded 
nanogels, where most of the examined sections were 
apparently normal with existence of few inflammatory 
cells’ infiltration in some instances (Fig. 4).

Being a multifactorial disease, several factors affect 
each other in the acne process. In this aspect, excessive 
sebum together with increased keratinization create a 
favorable media for P. acnes colonization, which in turn 
releases chemotactic substances that induce the genera-
tion of ROS, finally leading to inflammation marked by 
redness, swelling and pain [48]. The oxidative stress also 
creates a perfect environment for more colonization of 
such bacterium species [22]. As documented via sev-
eral studies, acne patients are under increased oxidative 
stress, compared to healthy individuals [22]. Addition-
ally P. acnes induces the production of pro-inflammatory 
cytokines such as TNF-α, IL-12 and IL-8 via triggering 
toll-like receptors; TLR2 and TLR4 on monocytes and 
keratinocytes, thus further contributing to the inflamma-
tory reactions [49, 50].

NRF2 is a basic leucine zipper (bZIP) protein, which 
is released in response to oxidative stress leading to 
increased expressions of antioxidant genes and other 
several target genes that control cell proliferation, differ-
entiation and inflammation [51]. Consequently, natural 

Fig. 4 Photomicrograph of skin (H&E). a Group 1 (Normal control) showing normal skin, b group 2 (Negative control): exhibiting marked 
inflammatory reaction (black arrows) and sero‑cellular crust (red arrow), c group 3 (Plain Formula): intense inflammation in the dermis (arrow), d 
group 4 (Erythromycin): apparently normal skin, e group 5 (Chrysanthemum oil formula): apparently normal skin, f group 6 (Marjoram oil formula): 
mild focal inflammatory cells aggregation (black star)



Page 12 of 15Kotb et al. Applied Biological Chemistry            (2024) 67:9 

compounds that induce Nrf2 could be excellent candi-
dates in reducing oxidative stress in patients with acne 
[22]. Following P. acnes stimulation (groups 2 and 3), 
Nrf2 expression was increased in response to oxidative 
stress, compared to normal mice group (Figs. 5 and 6).

These increments were significantly enhanced by the 
different used treatments, in agreement with previ-
ous report [52]. Thus, the formulated oils alleviated P. 
acnes-induced oxidative stress via Nrf2 pathway [52] and 
exhibited more significant effects than the positive con-
trol group (erythromycin). Moreover, marked increase in 
TNF-α expression was noticed in acne-infected group, 
compared to other experimental groups (Figs. 7 and 8).

All treated groups showed significant decline in TNF-α 
expression, compared to acne-infected mice, highlight-
ing their significant anti-inflammatory effect. The most 
reduction was observed in erythromycin group, followed 
by marjoram and chrysanthemum oil-loaded nano-
gels groups. These findings match with the previously 
reported anti-inflammatory effect of erythromycin [53].

In this context, the antimicrobial, anti-inflamma-
tory and antioxidant effects of α-terpineol [54–56], 
γ-terpinene [57, 58], α-terpinene [56, 59] and terpinen-
4-ol [56, 60], predominant constituents in marjoram oil, 
were previously reported explaining the effectiveness of 
marjoram oil application for acne treatment. Further-
more, chrysanthemum essential oil demonstrated anti-
inflammatory activity via reducing the pro-inflammatory 

cytokine; IL-1β in P. acnes-induced THP-1 cells [44], in 
addition to its potent antioxidant activity [32]. In our 
investigated sample, chrysanthenone was the predomi-
nant constituent, yet nothing was traced on its poten-
tial as antiacne agent, thus its exploration is worth our 
attention.

Fig. 5 Photomicrograph of skin (Immune staining‑ Nrf2) a group 1 (Normal control): mild expression, b group 2 (Negative control) and c group 3 
(Plain Formula) showing increased positive staining, d group 4 (Erythromycin)and e group 5 showing marked elevation in Nrf2, f group 6: intense 
positive expression. Group 1 (normal control), group 2 (negative control), group 3 (plain formula), group 4 (positive control, erythromycin), group 5 
(chrysanthemum oil formula) and group 6 (marjoram oil formula)

Fig. 6 Chart represents Nrf2 expression as area percentage; data 
are presented as mean ± SEM. Group 1 (normal control), group 2 
(negative control), group 3 (plain formula), group 4 (positive control, 
erythromycin), group 5 (chrysanthemum oil formula) and group 6 
(marjoram oil formula). (One way ANOVA, Tukey’s post‑test, P < 0.05)
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Collectively, the topical application of marjoram 
or chrysanthemum nanogels attenuated Cutibacte-
rium acnes via multiple pharmacological actions viz., 

antibacterial, antioxidant and anti-inflammatory, com-
pared to erythromycin. Therefore, these oils might be 
outstanding complementary treatments for acne after 
further clinical studies.
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