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Acne vulgaris is one of the most common chronic inflammatory skin diseases. Bergamot and sweet orange are rich in nutritional
and functional components, which exhibit antioxidant, anti-inflammatory, and antiapoptotic effect. The aim of this study was to
evaluate the potential effect of bergamot and sweet orange (juice and essential oil) on acne vulgaris caused by excessive secretion
of androgen. Eighty male golden hamsters were randomly divided into 10 groups and received low or high dose of bergamot
and sweet orange juice and essential oil, physiological saline, and positive drugs for four weeks, respectively. Results showed that
all interventions could improve acne vulgaris by reducing the growth rate of sebaceous gland spots, inhibiting TG accumulation,
decreasing the release of inflammatory cytokines (notably reducing IL-1α levels), promoting apoptosis in the sebaceous gland,
and decreasing the ratio of T/E2. Among them, bergamot and orange essential oil may have better effects (dose dependent) on
alleviating acne vulgaris than the corresponding juice. In view of the large population of acne patients and the widespread use of
sweet orange and bergamot, this study is likely to exert an extensive and far-reaching influence.

1. Introduction

Acne vulgaris is a prevalent dermatologic disease, mainly
distributed in the pilosebaceous units including the face, neck,
chest, back, and shoulders. The clinical manifestations of acne
vulgaris are mainly seborrheic, noninflammatory skin lesions,
inflammatory lesions, and varying degrees of scarring [1, 2].
More than 85% of young individuals are affected by acne
vulgaris worldwide and can suffer from the disease into adult-
hood [3]. Although acne vulgaris is not life-threatening, this
disease can have a huge impact on patients’ psychosocial and
physical health. Acne vulgaris results from the androgen-
induced sebum production, altered keratinization, inflamma-
tion, and colonization of Propionibacterium acnes (P. acnes)

on the pilosebaceous follicles [4]. Among them, inflamma-
tions are present in all acne vulgaris lesions—including
microcomedones, inflammatory lesions, hyperpigmentation,
and scarring [5, 6]. Also, acne vulgaris is associated with
diet, occupation, climate, and psychological and lifestyle
factors [7, 8]. Thus, more and more researchers are getting
interested in preventing acne vulgaris. According to recent
dermatologic guidelines, the current treatments for acne
vulgaris are divided into conventional pharmacological and
nonpharmacological therapies. The former therapies include
antibiotics, retinoids, hormonal agents, and benzoyl peroxide
while laser and light-based therapies, chemical peels, micro-
needling, (micro) dermabrasion, and (mechanical) lesion
removal are the latter therapies most commonly applied
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[9, 10]. Nevertheless, none of these therapies is free of side
effect [11]. Furthermore, more investigations are needed to
seek alternative and complementary medicine, including
medicinal plants.

Bergamot (Citrus medica L. var. sarcodactylis) has been
applied as a medicinal plant just because of its stomachic,
antifungal, and bacteriostatic properties [12]. Bergamot, also
called finger citron, is one of the species of Citrus [13]. The
carpels of finger citron split, causing a finger-like fruit shape
[14]. The flowers, leaves, and fruits of bergamot can be used
as medicine, which play roles in soothing the liver and
relieving depression [15]. Bergamot peel is mostly used to
distill bergamot essential oil (BEO) while bergamot juice
(BJ) is obtained by squeezing the endocarp of the fruits
[16]. Evidences indicated that BEO could show some proper-
ties like anti-inflammation, immunomodulatory, and wound
healing [17]. The flavonoid-rich fraction of BJ could also
exhibit anti-inflammatory and antioxidant activities [16].
Sweet orange (Citrus sinensis (L.) Osbeck) is another member
of the Citrus genus fruit which becomes more and more
popular in recent years. According to the previous research,
sweet orange was widely consumed as fresh fruit and juice,
while the peel was also rich in essential oils [18]. Sweet
orange juice is one of the natural sources of large amounts
of vitamin C, flavonoids, and other bioactive compounds
with potential effects on the inflammatory response [19].
Sweet orange essential oil is one of the important natural
plant essential oils, with an attractive orange flavor, which
was reported to have stress-relief, antifungal, anticarcinogenic,
and radical-scavenging properties [20–22]. Moreover, formu-
lations based on orange and sweet basil oils were effective in
treating acne vulgaris [23]. Based on the potential physiologi-
cal activities of bergamot and sweet orange, it is interesting to
figure out whether they could show effects on alleviating acne
vulgaris. Is it the juice or essential oil that plays roles in
improving acne vulgaris? What is the difference between
bergamot and sweet orange in ameliorating acne vulgaris?

Therefore, this study was aimed at investigating the
effects of different doses of bergamot essential oil, bergamot
juice, sweet orange essential oil, and sweet orange juice on
acne vulgaris caused by excessive androgen secretion. Since
acne vulgaris is associated with elevated levels of androgen,
the golden hamster animal model was used in our research,
which was frequently used to study acne vulgaris based on
the flank sebaceous gland [24–26].

2. Materials and Methods

2.1. Materials and Reagents. Commercial kits of triglyceride
(TG) and enzyme-linked immunosorbent assay (ELISA)
commercial kits of caspase-3 were obtained from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China), while
ELISA kits of testosterone (T), estrogen 2 (E2), interleukin-
1α (IL-1α), interleukin-6 (IL-6), tumor necrosis factor-α
(TNF-α), matrix metalloproteinase-2 (MMP-2), and matrix
metalloproteinase-9 (MMP-9) were purchased from
Keyingmei Biotechnology and Science Inc. (Beijing, China).
Other chemical reagents were purchased from Sinopharm
Chemical Reagent Co., Ltd. (Beijing, China). Compound

pearl acne capsules were produced by Shaanxi Dongtai
Pharmaceutical Co., Ltd. (Xianyang, China).

2.2. Preparation of Bergamot Juice. After fresh bergamot was
cleaned and peeled, peeled bergamot was cut into small
pieces of 1 cm × 1 cm × 1 cm to be crushed with the juice
extractor. Finally, the bergamot juice was obtained by filter-
ing after placing at 4°C overnight.

2.3. Preparation of Bergamot Essential Oil. The peel fractions
were diced into small pieces of 8mm × 8mm × 1mm, which
were mixed with distilled water at a ratio of 1 : 4 (m/v). After
subjecting small peel fractions to steam distillation for 2 h,
the obtained mixtures were dehydrated with anhydrous
sodium sulfate. Then, the remaining mixture was strained
to remove anhydrous sodium sulfate. Subsequently, the
bergamot essential oil was collected after filtration.

2.4. Preparation of Sweet Orange Juice. After fresh sweet
oranges were cleaned and peeled, peeled oranges were cut
into small pieces of 4 cm × 4 cm × 4 cm to be crushed with
the juice extractor. Finally, the sweet orange juice was
obtained by filtering after placing at 4°C overnight.

2.5. Preparation of Sweet Orange Essential Oil. The peel
fractions were diced into small pieces of 8mm × 8mm × 8
mm, which were mixed with distilled water at a ratio of 1 : 6
(m/v). After subjecting small peel fractions to steam distilla-
tion for 6 h, the obtained mixtures were dehydrated with
anhydrous sodium sulfate. Then, the remaining mixture
was strained to remove anhydrous sodium sulfate. Subse-
quently, the sweet orange essential oil was collected after
filtration.

2.6. Preparation of Solution for Gavage. The prepared essen-
tial oil was added to an aqueous solution with 0.2% Tween 80
in a ratio of 1 : 7 (m/v). Subsequently, the mixtures were
ultrasonicated for 30min to obtain uniform essential oil
emulsion. The compound pearl acne capsules were dissolved
with distilled water in a ratio of 1 : 6 (m/v) to prepare an
aqueous solution.

2.7. Animals and Treatments. Eighty male golden hamsters
(120 ± 10 g) were purchased from Beijing Vital River Labora-
tory Animal Technology Co., Ltd. (Beijing, China) (Certifi-
cate SCXK (Beijing) 2012-0001). The hamsters were
acclimatized with a daily 12 h light/12 h dark cycle at 23 ±
1°C room temperature and 50 ± 2% relative humidity. After
1 week of adaptation, eighty golden hamsters were randomly
divided into 10 groups: model group (MG), positive control
group (PG), low-dose group of sweet orange juice (LOJ),
high-dose group of sweet orange juice (HOJ), low-dose group
of sweet orange essential oil (LOO), high-dose group of sweet
orange essential oil (HOO), low-dose group of bergamot
juice (LBJ), high-dose group of bergamot juice (HBJ), low-
dose group of bergamot essential oil (LBO), and high-dose
group of bergamot essential oil (HBO). The entire experi-
ment lasted for four weeks. The MG was given physiological
saline by oral route. The PG was administered 0.375mg/kg
BW of compound pearl acne capsules. The LOJ and HOJ
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were, respectively, orally given 14 and 17.5mL/kg BW of sweet
orange juice. The LOO andHOO received 0.21 and 0.33mL/kg
BWof sweet orange essential oil, respectively. The LBJ andHBJ
were, respectively, treated with 14 and 17.5mL/kg BW of
bergamot juice. The LBO and HBO received 0.21 and
0.33mL/kg BW of sweet bergamot essential oil, respectively.
Juice and essential oil that contain a low dose and high dose,
respectively, were from fresh fruits in the same weight. The
gastric volume of each intervention was 10mL/kg BW.

At the end of the experiment, the golden hamster was
fasted for 12h (free drinking water) and then deeply coma-
tose with diethyl ether. After taking blood from the eyelids
with a capillary tube, hamsters were sacrificed. Blood was
stored at 4°C for 4 h and then centrifuged at 4000 g for
10min in a refrigerated centrifuge. Finally, the supernatant
was collected and stored at -80°C for further detection. At
the same time, the golden hamsters were dissected and the
spleen, testis, and sebaceous gland were taken to weigh them.
Part of the sebaceous gland was precooled in liquid nitrogen
and then stored in an ultra-low-temperature refrigerator for
later detection of related indicators. All experiment
procedures in our study involving animals were allowed by
the Ethics Committee of the Beijing Key Laboratory of
Functional Food from Plant Resources and carried out in
accordance with the guidelines for the use and care of labora-
tory animals of the National Institutes of Health.

2.8. Determination of the Growth Rate of Sebaceous Gland
Spots. Before the experiment started, the size of sebaceous
gland spots on the lateral abdomen of golden hamsters was
measured. And the sebaceous gland spots were measured
every 7 days. The sebaceous gland spots were calculated as
follows:

S = πab
4 : ð1Þ

The growth rate of sebaceous gland spots on both sides
was calculated as follows:

R = Sn+1 − Sn
Sn

× 100%, ð2Þ

where a, b, Sn, and Sn+1 refer to the maximum transverse
diameter of the sebaceous gland, the maximum longitudinal
diameter of the sebaceous gland, the sebaceous gland area
at the n-th week, and the sebaceous gland area at the n + 1
-th week, respectively.

2.9. Determination of the Organ Index. After the golden
hamsters were weighed and killed, the spleen and testicle
weights were measured. The organ index of golden hamsters
was calculated as follows:

organ index = organweight mgð Þ
body weight gð Þ : ð3Þ

2.10. TG Analysis. About 0.1 g of sebaceous gland was mixed
with physiological saline at a ratio of 1 : 9 (m/v) and then

ground with a homogenizer. The tissue homogenate was
prepared in a glass homogenizer and centrifuged at 3000 g
for 10min in a refrigerated centrifuge. The supernatant was
taken to detect TG levels following the manufacturer’s
protocol of the commercial kit.

2.11. ELISA Analysis. The serum T, E2, IL-1α, IL-6, TNF-α,
MMP-2, and MMP-9 levels and the activity of caspase-3 in
sebaceous gland tissue were detected on a SpectraMax M2e
enzyme microplate reader (Thermo Fisher Scientific, USA)
using the corresponding ELISA kits following the manufac-
turer’s instructions.

2.12. Statistical Analysis. All diagrams were generated using
GraphPad Prism 8.0 (GraphPad Software, San Diego, CA,
USA). Statistical data were analyzed by one-way analysis of
variance (ANOVA) followed by Tukey’s test using SPSS
25.0 software (IBM Corporation, Armonk, NY, USA).
Results were expressed as mean ± standard deviation (SD)
with significance accepted at P < 0:05.

3. Results

3.1. Effect of Different Treatments on the Growth Rate of
Sebaceous Gland Spots in the Golden Hamster. As shown in
Figure 1(a), all groups exhibited better inhibitory effect than
MG on the growth rate of sebaceous gland spots (P < 0:05).
The growth rate of the sebaceous gland spots in bergamot
essential oil groups was remarkably decreased compared with
the corresponding dose of juice groups. HBO, LBO, and
HOO could significantly inhibit the growth rate of the left-
side sebaceous gland spots of hamsters compared with the
PG group (P < 0:05). The HBO, LBO, and HBJ groups signif-
icantly decreased the growth rate of the right-side sebaceous
gland spots in golden hamsters to 2.21%, 1.13%, and 1.09%,
respectively (P < 0:05). The growth rate of the sebaceous
gland spots in bergamot essential oil groups was clearly
decreased in contrast with the corresponding dose of sweet
orange groups (P < 0:05). In Figure 1(b), each intervention
group clearly reduced the growth rate of the left-side
sebaceous gland spots compared with MG (P < 0:05). Only
the groups of bergamots, LOO, HOO, and HOJ, could signif-
icantly inhibit the growth rate of right-side sebaceous gland
spots in comparison with MG (P < 0:05). The growth rate
of sebaceous gland spots in essential oil groups was lower
than that in the corresponding dose of juice groups. Accord-
ing to Figure 1(c), the growth rate of the right-side sebaceous
gland of each intervention group was significantly different
from that of the MG (P < 0:05), while the growth rate of
the left-side sebaceous gland of LBO, HBO, HBJ, and sweet
orange groups was significantly lower than that of the MG
(P < 0:05). The growth rate of the sebaceous gland spots in
sweet orange essential oil groups was obviously decreased
in contrast with the corresponding dose of juice groups
(P < 0:05). In Figure 1(d), compared with the MG, each
intervention group significantly reduced the growth rate of
the left-side sebaceous gland spots of the golden hamster
(P < 0:05). In contrast, only the groups of LBO, HBO, and
HBJ could significantly decrease the growth rate of the
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right-side sebaceous gland spots in contrast with MG
(P < 0:05). Treatment with sweet orange essential oil could
significantly decrease the growth rate of the sebaceous gland
spots compared with the corresponding dose of juice groups
(P < 0:05). Both of bergamot and sweet orange groups exhib-
ited the effect of decreasing the growth rate of sebaceous
gland spots with a dose-effect relationship.

3.2. Effect of Different Treatments on the Organ Index in the
Golden Hamster. As listed in Table 1, there was no significant
difference in the testicular index and spleen index between
the intervention groups and MG. These results indicated that
the intervention substances did not have adverse effects on
the testicular and spleen indexes in golden hamsters.

3.3. Effect of Different Treatments on the Level of Serum T and
E2 in the Golden Hamster. The changes in T level of golden
hamsters are shown in Figure 2(a). Compared with the
MG, the content of T in each intervention group showed a
certain degree of reduction. However, only the bergamot
essential oil groups significantly reduced the T level in com-
parison with MG (P < 0:05). Besides, all intervention groups
increased the E2 content compared with MG (shown in
Figure 2(b)). But only HOO and HBJ could remarkably

increase the E2 content compared with MG (P < 0:05). These
results did not show a statistical difference between the sweet
orange groups. In Figure 2(c), data showed that each
intervention group lowered the ratio of T/E2 in comparison
with MG. Among them, the ratio of T/E2 in high-dose
intervention groups was significantly decreased in compari-
son with that in MG (P < 0:05). The ratio of T/E2 in essential
oil groups was lower than that in the corresponding dose of
juice groups. Both of bergamot and sweet orange groups
had shown a dosage-effect relationship.

3.4. Effect of Different Treatments on the Level of TG of
Sebaceous Gland Tissue in the Golden Hamster. The results
of TG level are shown in Figure 3. Compared with the MG,
each intervention group significantly reduced the content of
TG in the sebaceous gland of golden hamsters (P < 0:05).
As can be seen from Figure 3, the TG level in sweet orange
essential oil groups was obviously decreased in contrast with
the corresponding dose of juice groups (P < 0:05). The
content of TG in bergamot essential oil groups was lower
than that in the corresponding dose of juice groups. Both of
bergamot and sweet orange groups exhibited effects on atten-
uating TG level with a dose-effect relationship.
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Figure 1: Effect of different treatments on the growth rate of sebaceous gland spots: (a) the growth rate of sebaceous gland spots in the first
week, (b) the growth rate of sebaceous gland spots in the second week, (c) the growth rate of sebaceous gland spots in the third week, and (d)
the growth rate of sebaceous gland spots in the fourth week. Values are expressed as themean ± SD (n = 8). Data with different letters indicate
significant differences (P < 0:05).
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3.5. Effect of Different Treatments on Inflammatory Factors in
the Golden Hamster. In this part, we studied the effect of
different treatments in the golden hamster on the level of
the serum inflammatory factor (shown in Figure 4). In
Figure 4(a), data showed that each intervention group clearly
lowered the serum IL-1α content in comparison with MG
(P < 0:05). The HBO even lowered the IL-1α level to about
one-fifth of the MG (83pg/mL and 433pg/mL, respectively).
The IL-1α level in HOOwas obviously reduced relative to that
in HOJ. Meanwhile, bergamot groups showed similar results.
As shown in Figure 4(b), the content of IL-6 was clearly
decreased in HBO, LBO, and HOO groups in contrast with
MG (P < 0:05). Groups with essential oil could significantly
decrease IL-6 level compared with the corresponding dose of
juice groups (P < 0:05). As shown in Figure 4(c), in addition
to LOJ, all other intervention groups significantly reduced
TNF-α level (P < 0:05). Treatment with low-dose sweet
essential oil could significantly reduce TNF-α level relative to
that with LOJ (P < 0:05). The TNF-α level in essential oil
groups was lower than that in the corresponding dose of juice
groups. Both of bergamot and sweet orange groups had anti-
inflammation effect by a quantity-effect relationship.

3.6. Effect of Different Treatments on the Level of Serum
MMPs in the Golden Hamster. >We found that each interven-
tion group significantly reduced the MMP-2 content in com-
parison with the MG (P < 0:05). As shown in Figure 5(a), the
content of MMP-2 in HOO groups was obviously decreased
in contrast with that in HOJ (P < 0:05). Groups with bergamot
essential oil could significantly decrease MMP-2 level com-
pared with the corresponding dose of juice groups (P < 0:05).
In Figure 5(b), the content ofMMP-9 in the essential oil groups
could be reduced to about half of that in the MG. Groups with
essential oil could significantly reduce MMP-9 level in contrast
with the corresponding dose of juice groups (P < 0:05). Both of
bergamot and sweet orange groups had attenuating effects on
MMP level with a dose-effect relationship.

3.7. Effect of Different Treatments on the Activity of Caspase-3
of Sebaceous Gland Tissue in the Golden Hamster. Caspase-3
levels were determined to assess the effect of different treat-

ments on apoptosis of sebaceous gland cells. As shown in
Figure 6, we found that each intervention group significantly
increased the relative activity of caspase-3 in comparison
with the MG (P < 0:05). Groups with essential oil could
significantly increase the relative activity in comparison with
the corresponding dose of juice groups (P < 0:05). Bergamot
and sweet orange groups could increase the relative activity
of caspase-3 with a dosage-effect relationship.

4. Discussion

Golden hamsters could be used as a model of acne vulgaris
caused by the excessive secretion of androgen, which
appeared in two sebaceous glands in the lateral abdomen
[27]. Therefore, determining the area and thickness of the
sebaceous gland can reflect the severity of acne vulgaris in
golden hamsters, to a certain extent. It was reported that
Lactobacillus-fermented C. obtuse significantly decreased
sebum secretion and size of the sebaceous gland compared
with baseline (0:24 ± 0:09mm2 vs. 0:38 ± 0:11mm2, respec-
tively) [28]. In our study, the size of the sebaceous gland
was not reduced with the treatment with bergamot and sweet
orange, and the growth rate of sebaceous gland spots
decreased instead. It was reported that activating the expres-
sion of apoptotic proteins through a series of reactions could
ultimately lead to a reduction in the area or thickness of the
sebaceous gland [29]. Caspase-3 plays an executing role in
the process of apoptosis, and it is also the most important
downstream protease of the apoptotic effect and execution
process [30]. Inhibition of caspase-3 was reported to attenu-
ate sebaceous gland cell proliferation and organ size [31]. In
this study, the growth rate of sebaceous gland spots and
caspase-3 activity in golden hamsters with different doses of
intervention substances were analyzed. It was found that
after 4 weeks of intervention, the growth rate of sebaceous
gland spots in each intervention group was significantly
decreased compared with that in MG, and caspase-3 activity
was significantly increased in comparison with that in MG
(Figures 1 and 6). Moreover, the effect of each intervention
substance was positively correlated with the dose, and the
bergamot essential oil had the best improvement effect.
Therefore, it is suggested that bergamot essential oil, berga-
mot juice, sweet orange essential oil, and sweet orange juice
may alleviate acne vulgaris by promoting the apoptosis of
sebaceous gland cells in the golden hamster through enhanc-
ing the activity of caspase-3.

The secretion of androgen plays an important role in the
occurrence and development of acne lesions [11]. Excessive
androgen secretion or imbalance of androgen and estrogen
levels can lead to sebaceous gland hyperplasia, excessive
sebum secretion, and abnormal keratinization of the hair
follicle sebaceous gland, resulting in the development and
continuous occurrence of acne vulgaris [32]. High-dose
estrogen exerted a negative feedback on the gonadal axis,
which could result in the reduction of sebum formation
[33]. Evidence showed that higher content of free T with
lower level of E2 was significantly in favor of severe acne
vulgaris [34]. Thus, balancing the ratio between androgens
and estrogens could help alleviate or treat acne vulgaris. In

Table 1: Effect of different treatments on the organ index.

Group Testicular index (mg/g) Spleen index (mg/g)

MG 34:41 ± 2:09a 0:72 ± 0:05a

PG 32:54 ± 1:33a 0:78 ± 0:09a

LOJ 31:14 ± 2:63a 0:71 ± 0:17a

HOJ 31:87 ± 3:08a 0:78 ± 0:08a

LOO 33:09 ± 2:48a 0:71 ± 0:07a

HOO 34:16 ± 2:39a 0:74 ± 0:08a

LBJ 32:07 ± 2:20a 0:70 ± 0:08a

HBJ 33:57 ± 3:25a 0:71 ± 0:08a

LBO 33:66 ± 2:80a 0:71 ± 0:01a

HBO 34:14 ± 2:60a 0:70 ± 0:11a

Values are expressed as themean ± SD (n = 8). Data with different letters on
the same line indicate significant differences (P < 0:05).

5Mediators of Inflammation



our study, the bergamot essential oil significantly reduced the
serum T content in golden hamsters, while HOO and HOJ
groups markedly increased the serum E2 level (Figures 2(a)
and 2(b)). This indicated that sweet orange essential oil and
bergamot essential oil could improve acne lesions via directly
reducing the androgen level or decreasing the androgen/es-
trogen ratio (Figure 2(c)).

Sebum is synthesized and secreted by sebaceous gland
cells, consisting of TG, nonesterified fatty acid, wax ester,
squalene, and cholesterol ester [35]. Since sebum contains

approximately 30% TG, the amount of sebum synthesis and
secretion was reflected in the study by measuring the TG
content in the sebaceous gland tissue of golden hamsters.
The study found that bergamot essential oil, bergamot juice,
sweet orange essential oil, and sweet orange juice can signif-
icantly reduce the TG content of golden hamsters, indicating
that each intervention substance can improve acne vulgaris
via restraining TG level to a certain extent (Figure 3). Besides,
the bergamot essential oil, bergamot juice, sweet orange juice,
and sweet orange essential oil exhibited a dose-dependent
effect on inhibiting TG accumulation.

Inflammation is an initial host immune reaction which is
mediated by inflammatory factors [36]. The induction of
inflammation mediators is associated with P. acnes [37]. P.
acnes and associated cellular membrane lipopolysaccharides
could induce the expression of IL-8, TNF, and IL-1α in
cultured sebocytes [38]. The underlying mechanisms are that
sebocytes can be recognized and activated by P. acnes, which
further trigger the release of inflammatory cytokines [39].
TNF-α is an extensively studied cytokine associated with
many inflammatory diseases [40]. Evidences indicated that
IL-1α is one of the main inflammatory factors, which could
induce the proliferation of keratinocytes and sebaceous gland
cells and eventually promote the formation of acne vulgaris
[41]. Moreover, increased IL-1 contents could further pro-
mote the expression of MMPs and lipid synthesis [42, 43].
MMPs have been suggested to be involved in acne vulgaris,
and different levels of MMP expression could contribute to
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Figure 2: Effect of different treatments on serum sex hormone levels: (a) serum T level, (b) serum E2 level, and (c) the ratio of T/E2. Values are
expressed as the mean ± SD (n = 8). Significance was defined as P < 0:05.
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Figure 3: Effect of different treatments on the level of TG. Values
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indicate significant differences (P < 0:05).
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the development of different types of acne lesions [44–46].
Keratinocytes are an important source of MMPs in acne
vulgaris, and P. acnes can induce the expression of several
kinds of MMPs, including MMP-2 and MMP-9 [47]. Kim
et al. reported that Citrus obovoides and Citrus natsudaidai
essential oils could reduce P. acnes-induced secretion of IL-
8 and TNF-α [48]. In one study, a Lactobacillus-fermented
Chamaecyparis obtusa leaf extract was reported to have a
great effect on inflammatory markers, such as IL-8, IL-1,
and NF-κB [28]. Also, previous studies reported that essential
oil and juice could alleviate acne vulgaris based on their
antibacterial effect [49, 50]. In our study, results showed that
bergamot essential oil, bergamot juice, sweet orange essential
oil, and sweet orange juice could reduce the levels of IL-6,
TNF-α, MMP-2, MMP-9, and especially IL-1α, indicating
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Figure 4: Effect of different treatments on the level of serum inflammatory factors in the golden hamster: (a) IL-1α level, (b) IL-6 level, and (c)
TNF-α level. Values are expressed as the mean ± SD (n = 8). Data with different letters indicate significant differences (P < 0:05).
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that bergamot essential oil, bergamot juice, sweet orange
essential oil, and sweet orange juice could improve acne
vulgaris through alleviating inflammatory response and
suppressing P. acnes in golden hamsters (Figures 4 and 5).

5. Conclusions

In summary, bergamot essential oil, bergamot juice, sweet
orange essential oil, and sweet orange juice could improve
acne vulgaris caused by excessive secretion of androgen via
reducing the growth rate of the sebaceous gland, inhibiting
TG accumulation and inflammatory cytokines release in the
sebaceous gland, promoting apoptosis in the sebaceous
gland, and decreasing the ratio of T/E2. In general, bergamot
essential oil and sweet orange essential oil may have better
effects on alleviating acne vulgaris than the corresponding
juice. Among them, the levels of IL-1α in the sebaceous gland
could be best reduced in both bergamot and sweet orange.
This implies that bergamot and sweet orange may improve
acne lesions via alleviating inflammatory response and
suppressing P. acnes, but further studies of the mechanism
are needed.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Authors’ Contributions

Liebing Zhang and Baoping Ji designed the experiments.
Liang Zhao, Arshad Mehmood, and Peng Sun conducted
the research. Chengtao Wang and Nanhai Zhang analyzed
the data. Baoping Ji andWeiWu provided reagents/material-
s/analysis tools. Peng Sun and Liang Zhao wrote the paper.
Feng Zhou had primary responsibility for the final content.
All authors read and approved the final manuscript. Peng
Sun and Liang Zhao contributed equally to this work.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (grant number 31571831) and the fund
of China Postdoctoral Science Foundation (grant number
2019TQ0011).

References

[1] D. Meixner, S. Schneider, M. Krause, and W. Sterry, “Acne
inversa,” JDDG: Journal der Deutschen Dermatologischen
Gesellschaft, vol. 6, no. 3, pp. 189–196, 2008.

[2] A. R. Shalita, “Acne: clinical presentations,” Clinics in Derma-
tology, vol. 22, no. 5, pp. 385-386, 2004.

[3] F. M. C. de Vries, A. M. Meulendijks, R. J. B. Driessen, A. A.
van Dooren, E. P. M. Tjin, and P. C. M. van de Kerkhof,

“The efficacy and safety of non-pharmacological therapies for
the treatment of acne vulgaris: a systematic review and best-
evidence synthesis,” Journal of the European Academy of Der-
matology and Venereology, vol. 32, no. 7, pp. 1195–1203, 2018.

[4] H. C. Williams, R. P. Dellavalle, and S. Garner, “Acne vul-
garis,” The Lancet, vol. 379, no. 9813, pp. 361–372, 2012.

[5] J. K. L. Tan, L. F. Stein Gold, A. F. Alexis, and J. C. Harper,
“Current concepts in acne pathogenesis: pathways to inflam-
mation,” Seminars in Cutaneous Medicine and Surgery,
vol. 37, no. 3S, pp. S60–S62, 2018.

[6] B. Dreno, H. Gollnick, S. Kang et al., “Understanding innate
immunity and inflammation in acne: implications for manage-
ment,” Journal of the European Academy of Dermatology and
Venereology, vol. 29, pp. 3–11, 2015.

[7] M. Aghasi, M. Golzarand, S. Shab-Bidar, A. Aminianfar,
M. Omidian, and F. Taheri, “Dairy intake and acne develop-
ment: a meta-analysis of observational studies,” Clinical Nutri-
tion, vol. 38, no. 3, pp. 1067–1075, 2019.

[8] R. Smith, N. Mann, H. Mäkeläinen, J. Roper, A. Braue, and
G. Varigos, “A pilot study to determine the short-term effects
of a low glycemic load diet on hormonal markers of acne: a
nonrandomized, parallel, controlled feeding trial,” Molecular
Nutrition & Food Research, vol. 52, no. 6, pp. 718–726, 2008.

[9] A. L. Zaenglein, A. L. Pathy, B. J. Schlosser et al., “Guidelines of
care for the management of acne vulgaris,” Journal of the
American Academy of Dermatology, vol. 74, no. 5, pp. 945–
973.e33, 2016.

[10] D. Thiboutot, H. Gollnick, V. Bettoli et al., “New insights into
the management of acne: an update from the Global Alliance
to Improve Outcomes in Acne Group,” Journal of the Ameri-
can Academy of Dermatology, vol. 60, no. 5, pp. S1–S50, 2009.

[11] H. Nasri, M. Bahmani, N. Shahinfard, A. Moradi Nafchi,
S. Saberianpour, and M. Rafieian Kopaei, “Medicinal plants
for the treatment of acne vulgaris: a review of recent evi-
dences,” Jundishapur Journal of Microbiology, vol. 8, no. 11,
article e25580, 2015.

[12] D. Scuteri, M. Crudo, L. Rombolà et al., “Antinociceptive effect
of inhalation of the essential oil of bergamot in mice,” Fitoter-
apia, vol. 129, pp. 20–24, 2018.

[13] X.Wang, Y. Xu, S. Zhang et al., “Genomic analyses of primitive,
wild and cultivated citrus provide insights into asexual repro-
duction,” Nature Genetics, vol. 49, no. 5, pp. 765–772, 2017.

[14] F. Liao, Y. Wang, M. Chen et al., “Low transcription of
CmsIAA9 in the basal pistil is related to parthenocarpic fruit-
ing of fingered citron (Foshou),” Molecular Breeding, vol. 37,
no. 8, 2017.

[15] S. Song, Y. Tong, T. Feng, and J. Zhu, “Multi-analysis of odor-
ous compounds in finger citron (Citrus medica L. var.sarcodac-
tylis Swingle) and certification of key compounds,” Journal of
Essential Oil Bearing Plants, vol. 21, no. 3, pp. 600–613, 2018.

[16] D. Impellizzeri, M. Cordaro, M. Campolo et al., “Anti-inflam-
matory and antioxidant effects of flavonoid-rich fraction of
bergamot juice (BJe) in a mouse model of intestinal ische-
mia/reperfusion injury,” Frontiers in Pharmacology, vol. 7,
2016.

[17] X. Han, C. Beaumont, and N. Stevens, “Chemical composition
analysis and in vitro biological activities of ten essential oils in
human skin cells,” Biochimie Open, vol. 5, pp. 1–7, 2017.

[18] M. Shui, T. Feng, Y. Tong et al., “Characterization of key
aroma compounds and construction of flavor base module of
Chinese sweet oranges,” Molecules, vol. 24, no. 13, 2019.

8 Mediators of Inflammation



[19] H. Ghanim, C. L. Sia, S. Abuaysheh et al., “An antiinflamma-
tory and reactive oxygen species suppressive effects of an
extract of Polygonum cuspidatum containing resveratrol,”
The Journal of Clinical Endocrinology and Metabolism,
vol. 95, no. 9, pp. E1–E8, 2010.

[20] T. Hata, I. Sakaguchi, M. Mori et al., “Induction of apoptosis
by Citrus paradisi essential oil in human leukemic (HL-60)
cells,” In Vivo, vol. 17, no. 6, pp. 553–559, 2003.

[21] M. Viuda-Martos, Y. Ruiz-Navajas, J. Fernández-López, and
J. Pérez-Álvarez, “Antifungal activity of lemon (Citrus lemon
L.), mandarin (Citrus reticulata L.), grapefruit (Citrus paradisi
L.) and orange (Citrus sinensis L.) essential oils,” Food Control,
vol. 19, no. 12, pp. 1130–1138, 2008.

[22] H. Kawai, S. Tanaka, C. Nakamura, T. Ishibashi, and
A. Mitsumoto, “Effects of essential oil inhalation on objective
and subjective sleep quality in healthy university students,”
Sleep and Biological Rhythms, vol. 16, no. 1, pp. 37–44, 2018.

[23] G. Matiz, M. R. Osorio, F. Camacho, M. Atencia, and
J. Herazo, “Effectiveness of antimicrobial formulations for
acne based on orange (Citrus sinensis) and sweet basil (Oci-
mum basilicum L) essential oils,” Biomédica, vol. 32, no. 1,
pp. 125–133, 2012.

[24] P. A. Wuest and A. W. Lucky, “Differential effect of testoster-
one on pigmented spot, sebaceous glands and hair follicles in
the Syrian hamster flank organ,” Skin Pharmacology and Phys-
iology, vol. 2, no. 2, pp. 103–113, 1989.

[25] L. Zhao, J. Qiu, X. Yin et al., “Blossom and bee pollen from Rosa
rugosa as potential intervention for acne caused by excessive
androgen secretion in golden hamster acne model,” Food and
Agricultural Immunology, vol. 30, no. 1, pp. 1174–1188, 2019.

[26] L. Li, L. Tang, E. Baranov et al., “Selective induction of apopto-
sis in the hamster flank sebaceous gland organ by a topical
liposome 5-α-reductase inhibitor: a treatment strategy for
acne,” The Journal of Dermatology, vol. 37, no. 2, pp. 156–
162, 2010.

[27] I. Vega-Naredo, C. Tomas-Zapico, and A. Coto-Montes,
“Potential role of autophagy in behavioral changes of the flank
organ,” Autophagy, vol. 5, no. 2, pp. 265–267, 2009.

[28] H. H. Kwon, J. Y. Yoon, S. Y. Park, S. Min, and D. H. Suh,
“Comparison of clinical and histological effects between
Lactobacillus-fermented Chamaecyparis obtusa and tea tree
oil for the treatment of acne: an eight-week double-blind ran-
domized controlled split-face study,” Dermatology, vol. 229,
no. 2, pp. 102–109, 2014.

[29] E. C. Gomez, “Hamster flank organ: assessment of drugs mod-
ulating sebaceous gland function,” Karger Basle, vol. 2,
pp. 100–111, 1985.

[30] T. R. van deWater, F. Lallemend, A. Eshraghi et al., “Caspases,
the enemy within, and their role in oxidative stress-induced
apoptosis of inner ear sensory cells,” Otology & Neurotology,
vol. 25, no. 4, pp. 627–632, 2004.

[31] Y. Yosefzon, D. Soteriou, A. Feldman et al., “Caspase-3 regu-
lates YAP-dependent cell proliferation and organ size,”Molec-
ular Cell, vol. 70, no. 4, pp. 573–587.e4, 2018.

[32] E. Giltay and L. Gooren, “Effects of sex steroid deprivation/ad-
ministration on hair growth and skin sebum production in
transsexual males and females,” The Journal of Clinical Endo-
crinology and Metabolism, vol. 85, no. 8, pp. 2913–2921, 2000.

[33] M. L. Elsaie, “Hormonal treatment of acne vulgaris: an
update,” Clinical, Cosmetic and Investigational Dermatology,
vol. 9, pp. 241–248, 2016.

[34] B. Wei, L. Qu, H. Zhu et al., “Higher 17α-hydroxyprogesterone
levels aggravated the severity of male adolescent acne in
Northeast China,” The Journal of Dermatology, vol. 229,
no. 4, pp. 359–362, 2014.

[35] R. S. Greene, D. T. Downing, P. E. Pochi, and J. S. Strauss,
“Anatomical variation in the amount and composition of
human skin surface lipid,” The Journal of Investigative Derma-
tology, vol. 54, no. 3, pp. 240–247, 1970.

[36] K.-N. Kim, Y.-J. Ko, H.-M. Yang et al., “Anti-inflammatory
effect of essential oil and its constituents from fingered citron
(Citrus medica L. var. sarcodactylis) through blocking JNK,
ERK and NF-κB signaling pathways in LPS-activated RAW
264.7 cells,” Food and Chemical Toxicology, vol. 57, pp. 126–
131, 2013.

[37] S. M. Tuchayi, E. Makrantonaki, R. Ganceviciene,
C. Dessinioti, S. R. Feldman, and C. C. Zouboulis, “Acne vul-
garis,” Nature Reviews Disease Primers, vol. 1, no. 1, article
15029, pp. 1–20, 2015.

[38] I. Nagy, A. Pivarcsi, K. Kis et al., “Propionibacterium acnes and
lipopolysaccharide induce the expression of antimicrobial
peptides and proinflammatory cytokines/chemokines in
human sebocytes,” Microbes and Infection, vol. 8, no. 8,
pp. 2195–2205, 2006.

[39] J. L. Selway, T. Kurczab, T. Kealey, and K. Langlands, “Toll-
like receptor 2 activation and comedogenesis: implications
for the pathogenesis of acne,” BMC Dermatology, vol. 13,
no. 1, 2013.

[40] K.Wang, Z.Wan, A. Ou et al., “Monofloral honey from amed-
ical plant, Prunella vulgaris, protected against dextran sulfate
sodium-induced ulcerative colitis via modulating gut micro-
bial populations in rats,” Food & Function, vol. 10, no. 7,
pp. 3828–3838, 2019.

[41] M. D. Farrar and E. Ingham, “Acne: inflammation,” Clinics in
Dermatology, vol. 22, no. 5, pp. 380–384, 2004.

[42] A. Lomri, J. Lemonnier, P. Delannoy, and P. Marie, “Increased
expression of protein kinase Cα, interleukin-1α, and RhoA
guanosine 5′-triphosphatase in osteoblasts expressing the
Ser252Trp fibroblast growth factor 2 Apert mutation: identifi-
cation by analysis of complementary DNA microarray,” Jour-
nal of Bone and Mineral Research, vol. 16, no. 4, pp. 705–712,
2001.

[43] K. Wang, X. Jin, Q. Li et al., “Propolis from different geo-
graphic origins decreases intestinal inflammation andBacter-
oidesspp. Populations in a Model of DSS-Induced Colitis,”
Molecular Nutrition & Food Research, vol. 62, no. 17, article
1800080, 2018.

[44] W. Lee, H. Jung, H. Lim, Y. H. Jang, S. J. Lee, and D. W. Kim,
“Serial sections of atrophic acne scars help in the interpreta-
tion of microscopic findings and the selection of good thera-
peutic modalities,” Journal of the European Academy of
Dermatology and Venereology, vol. 27, no. 5, pp. 643–646,
2013.

[45] M. Saint-Jean, A. Khammari, F. Jasson, J.-M. Nguyen, and
B. Dréno, “Different cutaneous innate immunity profiles in
acne patients with and without atrophic scars,” European Jour-
nal of Dermatology, vol. 26, no. 1, pp. 68–74, 2016.

[46] S. Ozkanli, A. S. Karadag, E. Ozlu et al., “A comparative study
of MMP-1, MMP-2, and TNF-α expression in different acne
vulgaris lesions,” International Journal of Dermatology,
vol. 55, no. 12, pp. 1402–1407, 2016.

[47] S. E. Lee, J.-M. Kim, S. K. Jeong et al., “Protease-activated
receptor-2 mediates the expression of inflammatory cytokines,

9Mediators of Inflammation



antimicrobial peptides, and matrix metalloproteinases in kera-
tinocytes in response to Propionibacterium acnes,” Archives of
Dermatological Research, vol. 302, no. 10, pp. 745–756, 2010.

[48] S.-S. Kim, J. S. Baik, T.-H. Oh, W.-J. Yoon, N. H. Lee, and C.-
G. Hyun, “Biological activities of KoreanCitrus obovoidesand-
Citrus natsudaidaiEssential oils against acne-inducing bacte-
ria,” Bioscience, Biotechnology, and Biochemistry, vol. 72,
no. 10, pp. 2507–2513, 2008.

[49] M. E. Ahmed, “The study of bacteriocin of Pseudomonas
fluorescens and Citrus limon effects against Propionibacter-
ium acnes and Staphylococcus epidermidis in acne patients,”
Journal of Physics: Conference Series, vol. 1003, article
012004, 2018.

[50] S. Deyno, A. G.Mtewa, A. Abebe et al., “Essential oils as topical
anti-infective agents: a systematic review and meta-analysis,”
Complementary Therapies in Medicine, vol. 47, article
102224, 2019.

10 Mediators of Inflammation


	Essential Oil and Juice from Bergamot and Sweet Orange Improve Acne Vulgaris Caused by Excessive Androgen Secretion
	1. Introduction
	2. Materials and Methods
	2.1. Materials and Reagents
	2.2. Preparation of Bergamot Juice
	2.3. Preparation of Bergamot Essential Oil
	2.4. Preparation of Sweet Orange Juice
	2.5. Preparation of Sweet Orange Essential Oil
	2.6. Preparation of Solution for Gavage
	2.7. Animals and Treatments
	2.8. Determination of the Growth Rate of Sebaceous Gland Spots
	2.9. Determination of the Organ Index
	2.10. TG Analysis
	2.11. ELISA Analysis
	2.12. Statistical Analysis

	3. Results
	3.1. Effect of Different Treatments on the Growth Rate of Sebaceous Gland Spots in the Golden Hamster
	3.2. Effect of Different Treatments on the Organ Index in the Golden Hamster
	3.3. Effect of Different Treatments on the Level of Serum T and E2 in the Golden Hamster
	3.4. Effect of Different Treatments on the Level of TG of Sebaceous Gland Tissue in the Golden Hamster
	3.5. Effect of Different Treatments on Inflammatory Factors in the Golden Hamster
	3.6. Effect of Different Treatments on the Level of Serum MMPs in the Golden Hamster
	3.7. Effect of Different Treatments on the Activity of Caspase-3 of Sebaceous Gland Tissue in the Golden Hamster

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

