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Introduction: Inflammation generally refers to the body’s defensive response to stimuli, and skin inflammation is still one of the 
major problems that affect human physical and mental health. While current pharmacological treatments are reported to have 
cytotoxicity and various side effects, herbal medicines with few side effects and low cytotoxicity are considered as alternative 
therapeutic approaches.
Methods: In order to investigate anti-inflammatory effects and mechanisms of ALOE, the potential cytotoxicity of A. vera extracts 
(ALOE) was determined in vitro at first. The production of the pro-inflammatory proteins (ie, IL-6, TNF-α) in lipopolysaccharides 
(LPS) and ultraviolet A (UVA)-stimulated HaCaT and RAW264.7 cells were then treated with ALOE to test its inhibitory effects using 
enzyme-linked immunosorbent assay (ELISA). To further explore the anti-inflammatory mechanisms of ALOE, quantitative 
Polymerase Chain Reaction (qPCR) was used to analyze the mRNA expression of inflammatory genes iNOS, COX-2 and NO 
production. For NF-κB and MAPK signaling pathways analysis, Western blotting and nuclear fluorescence staining were used to 
evaluate the expression of key factors.
Results: ALOE did not exhibit obvious cytotoxicity (0–3 mg/mL) in vitro. ALOE was able to inhibit the expression of pro-inflammatory 
cytokines IL-6, TNF-α and functioned more prominently in LPS-induced model. ALOE could also suppress the mRNA expression of LPS- 
induced iNOS and COX-2 and further down-regulate NO level. Furthermore, ALOE reduced the protein expression of P65 in NF-κB 
signaling pathway and suppressed LPS-induced activation of ERK and JNK, instead of p38 MAPK pathway.
Conclusion: Taken together, these results demonstrated that ALOE is a potential treatment in suppressing LPS-stimulated inflamma-
tion reactions targeting NF-κB, JNK and ERK signaling pathways. The anti-inflammatory effects of ALOE indicated that it has the 
potential to become an effective cosmetic ingredient.
Keywords: Aloe vera extracts, anti-inflammation, LPS, iNOS, COX-2, NO, P65, MAPK, NF-κB

Introduction
Inflammation generally refers to the body’s defensive response to stimuli. Cutaneous inflammation is currently obstruct-
ing more than 20% of the population and is induced by several potent cytokines. Topical treatments such as corticoster-
oids are sometimes not feasible because of the side effects.1 The application of steroids also has the potential to cause 
disease rebounds in an even more serious situation. Therefore, developing more effective strategies to regulate 
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inflammatory responses with fewer side effects and identifying new therapeutic targets are crucial for improving patient 
outcomes. Macrophages play a major role in inflammation response and the activation of multiple inflammatory 
pathways.2 Bacterial lipopolysaccharide (LPS) is a key potent macrophage activator.3 UV radiation, a major environ-
mental hazard, can stimulate the secretion of ROS, induce DNA damage, and result in inflammation development.4–7 

LPS and UV stimulation are two factors used to study the mechanism of inflammation widely. Once stimulated with LPS 
or UV, macrophage activities are initiated via secreting a series of pro-inflammatory cytokines, eg, interleukin-6 (IL-6)8 

and tumor necrosis factor-α (TNF-α),9,10 inflammatory mediators, eg, nitric oxide (NO),3 and pro-inflammatory media-
tors, eg, inducible NO synthase (iNOS), cyclooxygenase-2(COX-2).11–13 The inducible form of nitric oxide synthases is 
induced in response to cytokines and LPS, and expressed in macrophages. Overexpressed inflammatory cytokines and 
mediators can recruit more immune cells to infected or injury sites, which links with many autoimmune disorders and 
inflammatory diseases.11,14,15

Typically, LPS can be recognized by toll-like receptor 4 (TLR4),16 a pattern recognition receptor on the cell 
membrane.17 TLR418 recruits MyD88 through intracellular toll interleukin 1 receptor domain-containing adaptor protein 
(TIRAP), and further activates downstream stress-sensitive pathways such as mitogen-activated protein kinase (MAPK) 
and nuclear transcription factor kappa B (NF-κB).19 The activation of cellular pathways, including MAPK and NF-κB 
pathways, is an important modulator in the pathophysiological mechanism of skin inflammation. However, the ther-
apeutic options to treat skin inflammation are limited to immunosuppressive agents such as glucocorticosteroids,20 which 
have been reported to have various side effects.21

Due to the unstable safety of synthetic raw materials used in cosmetics or medicines today, consumers are increas-
ingly favoring those rich in natural ingredients, such as plant extracts. Recently, natural plant extracts rich in poly-
saccharide are widely explored due to their antitumorigenic, antioxidant, antiviral activities. In the 21st century, the 
pharmacological effects of medicinal plants have been regarded as a promising future cosmetic or medicine for health- 
quality improvement. Aloe barbadensis Miller (commonly referred to as A. vera) is a valuable medical plant, as it shows 
wound healing,22 antimicrobial,23 anti-inflammatory,24 anti-oxidant,25 anti-tumor,26 and anti-viral properties.27 A. vera 
extracts contain complex active compounds, which are not necessarily the final cosmetic products, but rather can serve as 
sources of new structures. It is economically beneficial to study natural A. vera extracts currently, because the 
enhancement of bioactive natural A. vera extracts is a potential strategy in cosmetics development, but reports on 
A. vera extracts (the proportion of molecular weight ≥ 1000kD accounts for 75.83%) to treat skin inflammation are still 
inadequate, and its anti-inflammatory activities involved with molecular mechanisms still need to be demonstrated.

To address these limitations, we established LPS- and UVA- induced inflammatory models to test effect of ALOE to 
regulate relevant inflammatory cytokines (ie, IL-6, TNF-α) in HaCaT and RAW264.7 cells using enzyme-linked 
immunosorbent assay (ELISA), with cytotoxicity pre-evaluated. We then confirmed effect of ALOE on the production 
of NO, the expression of iNOS and COX-2 in LPS-stimulated RAW264.7 cells using Quantitative Polymerase Chain 
Reaction (qPCR). To investigate how ALOE is involved in cellular signaling pathways, we performed Western blotting 
and fluorescence staining to identify the expression levels of NF-κB P65, and further tested the expression of main 
factors in MAPK signaling pathway using the same methods. Based on these results, we verified that the proportion of 
macromolecular content in A. vera extracts has an impact on anti-inflammatory activity.

Materials and Methods
Preparation of ALOE Extracts
The fresh Aloe plant was planted in Yuanjiang County, Yuxi City, Yunnan Province, and purchased from Yunnan 
Evergreen Biological Corporation legally without any other access. The Aloe plant purchased is a cultivated species 
grown by Yunnan Evergreen Biological Corporation rather than a wild species. The plant was identified as Aloe 
barbadensis Miller (A. vera) by (YUKU) Herbarium of Yunnan University, which is affiliated with the School of Life 
Sciences, Yunnan University. The voucher specimens (both dried extracts and plants) are deposited at Yunnan Baiyao 
Group Health Products Co., Ltd. The dried Aloe extracts (ALOE) were prepared by firstly removing the outer skin from 
the fresh Aloe vera leaves to take the gel; the extract was then filtered and concentrated after reflux extraction for 1 h with 
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a 1 round repeat by adding 2 times amount of pure water into the gel. The concentrate was then extracted by mass of 1:1 
ethyl acetate, and the aqueous layer was collected after another concentration process to remove ethyl acetate. The 
aqueous layer was dried under reduced pressure and crushed to obtain Aloe extract.

Reagents
The Escherichia coli (O111:B4) LPS was obtained from Sigma-Aldrich (St. Louis, MO, USA). DMEM medium, 
L-glutamine, penicillin, streptomycin, and fetal bovine serum (FPS) were purchased from Gibco. All antibodies in 
Western blot were purchased from Abcam. All other chemicals otherwise indicated were from Servicebio.

Cell Culture
The murine RAW264.7 cell was purchased from American Type Culture Collection. RAW264.7 cells were then cultured 
in Dulbecco’s modified Eagle’s medium (DMEM) with 1% penicillin/streptomycin and 10% FBS. Cells were incubated 
at 37°C with 5% CO2. For assays, the RAW264.7 macrophages were plated in a 6-well plate (2 × 106 cells) for 12 h, or in 
a 96-well plate (1.2 × 105 cells), or a 75 cm2 cell culture flask (2 × 106 cells) before being treated with LPS (final 
concentration: 10 μg/mL). After cell plate treatment, the cells were treated with different concentrations of ALOE (0.75– 
3.00 mg/mL) and dexamethasone (DEX, 0.05 mg/mL, positive control drug) for 24 h.

In addition, the inflammatory model based on UVA stimulation was established. RAW264.7 macrophages were plated 
in a 6-well plate (2 × 106 cells) for 12 h and phosphate buffered saline (PBS) was used to wash away the non-adherent 
cells; 1mL PBS per well for UV irradiation (UVA, 7 J/cm2) was then added; and finally the remaining cells were treated 
as follows: DMEM medium alone, LPS, the combination of LPS and ALOE, the combination of LPS and DEX 
(0.05 mg/mL).

Cell Viability by Sulforhodamine B Assay (SRB)
For SRB assay, cells were treated with increasing concentrations of ALOE (0.15–3.00 mg/mL) and 10 μg/mL of LPS for 
24 h. 100 µL 0.4% SRB solution was added to each well, and incubated for 10 min. The unbound SRB was removed by 
washing with 150 µL 10 mM Tris base (pH = 10.5) five times. Then the OD (570 nm) of solution was measured with 
microplate reader.

Enzyme-Linked Immunosorbent Assay (ELISA)
After UVA and LPS stimulation treatment, cells were rinsed twice with PBS and lysed in Radio Immunoprecipitation 
Assay Lysis buffer with 1 mM phenylmethanesulfonyl fluoride. Supernatants of cell lysate were used for cytokine assays. 
The total protein concentration was measured by BCA protein assay kit according to the manufacturer’s protocol. 
Expressions of IL-6 and TNF-α were detected by ELISA, according to the manufacturer’s instructions. Absorbance 
measurements were performed at 450 nm for two cytokines. The background wavelength (OD) was used to deduct from 
the main OD (450 nm). All measurements were performed in triplicate.

Nitric Oxide (NO) Measurement
The NO production in the cell culture medium was estimated using Griess Reagent kit. The level of nitrite (NO2–) (a 
stable end-product of NO metabolism) was detected for the accumulation of NO. After incubation, 50 µL cell 
suspensions were taken from each well to new 96-well plates. Then 50 µL Griess Reagent I and Griess Reagent II 
were added, respectively. The absorbance was measured at 540 nm. The data from each concentration was measured 
using five technical replicates. Ibuprofen (1 mM) was used as positive control group.

RNA Isolation and Quantitative Polymerase Chain Reaction (qPCR)
Cells were seeded in 75 cm2 cell culture flask, treated with or without ALOE (3 mg/mL) while stimulating with LPS (10 
μg/mL) for 24 h. Total RNA was extracted using Trizol reagent, according to the manufacturer’s instructions. The RNA 
samples were treated with DNase I to remove genomic DNA and then reverse transcribed using oligo-dT primers. The 
first-strand cDNA served as a template for the real-time PCR reaction. qPCR was performed using SYBR Green qPCR 
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kit reagent, following the instructions of the manufacturer. The primers for detecting the expression of iNOS, COX-2 and 
GAPDH were designed using the Primer Premier 5.0 software program, as follows:

iNOS-Forward-5′-AGCAACTACTGCT GGTGGTG-3′,
iNOS-Reverse-5′-TCTTCAGAGTCTGCCCATTG-3′;
COX-2-Forward-5′-CTGGAACATGGACTCACTCAGTTTG −3′,
COX-2-Reverse-5′- AGGCCTTTGCCACTGCTTGT-3′;
GAPDH-Forward-5′-GGCCTTCCGTGTTCCTACC-3′,
GAPDH-Reverse-5′-TGCCTGCTTCACCACCTTC-3′.
GAPDH was used as an internal control. The relative quantity of target mRNA was determined using the comparative 

threshold (Ct) method by normalizing target mRNA Ct values to those for GAPDH (ΔCt).

Western Blotting
For Western blotting, proteins were separated by 10% sodium dodecyl sulfate gel electrophoresis and electro-transferred 
to polyvinylidene difluoride membranes. The membrane was blocked with 5% nonfat milk in Tris-buffered saline and 
Tween 20 buffer for 2 h. Membranes were probed with specific primary antibodies against p65, H3, p-JNK, JNK, p-ERK, 
ERK, p-p38, p38 and β-actin, respectively, (1:1000 diluted in blocking solution) at 4°C overnight, followed by incubation 
with appropriate HRP-conjugated secondary antibodies (1:5000 diluted in blocking solution) for 2 h; the intensities of the 
bands were quantified using a chemiluminescence detection system. Grayscale analysis of bands was performed using 
Image J.

P65 Nuclear Fluorescence Staining
A confocal microscopic analysis was performed to identify and evaluate the translocation of NF-κB/p65 in RAW264.7 
cells. Cells were seeded on cover slides in the 6-well culture plate and incubated overnight. RAW264.7 cells were treated 
according to the design of experiment, then fixed with 4% paraformaldehyde for 15 min and permeabilized with 0.5% 
Triton X-100 for 15 min. Next, the fixed cells were incubated with 3% BSA for 30 min. Then, the preparation was 
incubated with a primary Ab (JAK1 antibody) at 4°C overnight. Afterwards, cells were washed three times with PBS and 
incubated with the secondary Ab (Cy3 Conjugated Goat Anti-Rabbit IgG) for 50 min. The primary (SELO) and 
secondary (Goat Anti-Rabbit IgG - H&L (Alexa Fluor® 488)) antibodies were incubated in the same procedure. Cells 
were then washed three times with PBS and counter-stained with Antifade Reagent with 4′, 6-diamidino-2-phenylindole 
(DAPI) for 10 min, protected from light. The cellular localization of NF-κB/p65 was detected by fluorescence micro-
scope at the excitation and emission wavelengths of 495 and 517 nm for FITC (Green), 550 and 590 nm for Cy3 (Red), 
and 358 and 420 nm for DAPI (Blue) nuclear staining, respectively.

Statistical Analysis
All experimental data are presented as mean ± standard deviation (SD) and accompanied by the number of experiments. 
Statistically significant differences between two groups were determined by Student’s t-test. All analyses were performed 
using R (v 4.1.0).

Results
ALOE Exhibited No Cytotoxic Effects in a Range of Working Concentrations
The cytotoxicity of either medicine or cosmetic agent is of chief importance when used. To evaluate whether ALOE has 
toxicity on human skin, the cell viability of ALOE at various concentrations on the LPS-stimulated HaCaT cells 
(Figure 1A) and RAW264.7 macrophages (Figure 1B) was assessed. These results showed that ALOE treatment did 
not exhibit obvious cytotoxicity between 0.30–3.00 mg/mL in both LPS-stimulated HaCaT and RAW264.7 cells, which 
was within acceptable limits and indicated that ALOE treatment had no significant side effects on HaCaT or RAW264.7 
cell viability.
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ALOE Suppressed Inflammatory Cytokine Expression Effectively in an LPS-Induced 
Inflammatory Model
To evaluate the effect of ALOE against inflammatory cytokines, both LPS and UVA stimulation were selected to 
determine the expression of IL-6 and TNF-α by ELISA in HaCaT cell model (Figure 2). Compared with the blank 
groups, IL-6 (Figure 2A, p < 0.001) and TNF-α (Figure 2B, p < 0.001) productions were significantly increased in LPS 
groups.

Similarly, the expressions of IL-6 (Supplementary Figure 1A, p < 0.001) and TNF-α (Supplementary Figure 1B, p < 
0.001) were significantly upregulated in the UVA groups in comparison to the blank groups (Supplementary Figure 1A 
and B). These results indicated that LPS- and UVA-stimulated inflammatory models were both established successfully.

Figure 1 Effect of aloe extract (ALOE) on cell viability of LPS-stimulated HaCaT (A) and RAW264.7 (B) cells (n = 5). Cells were treated with different concentrations of 
ALOE and 10 μg/mL LPS for 24 hours, respectively. **p < 0.01, *p < 0.05 compared to blank group. These data were presented as the means ± standard deviation (SD).

Figure 2 ALOE suppressed inflammatory cytokine expression. Effect of ALOE on the production of IL-6 (A) and TNF-α (B) in lipopolysaccharides (LPS)-induced HaCaT 
model. Effect of ALOE (0.3, 1.5, 3 mg/mL) on the production of IL-6 (C) and TNF-α (D) in lipopolysaccharides (LPS)-induced RAW264.7 model. Blank, no treatment as 
control groups; LPS, treatment with LPS (final concentration was 10μg/mL) as model groups; ***p < 0.001, **p < 0.01 compared to the model (LPS) group. These data were 
presented as means ± SD.
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DEX, as a positive control agent, has a great effect on downregulating the expression levels of pro-inflammatory 
cytokines.28–30 Similar to DEX treated group, the expression levels of IL-6 and TNF-α were reduced significantly under 
ALOE treatments compared with the LPS or UVA groups. The levels of IL-6 (p < 0.001) and TNF-α (p < 0.01) in LPS 
groups with ALOE treatments (0.3 mg/mL, 1.5mg/mL, 3mg/mL) reduced nearly 3-fold (Figure 2B, p < 0.001) in 
comparison to the LPS-only groups, while they reduced nearly 2-fold in comparison to UVA group (Supplementary 
Figure 1A and B).

In the RAW264.7 cell model, LPS could stimulate the production of IL-6 (Figure 2C, p < 0.001) and TNF-α 
(Figure 2D, p < 0.001). Compared with LPS group, ALOE and DEX were able to significantly inhibit IL-6 and TNF-α 
production, and the difference was not statistically significant. Being consistent with the HaCaT cell model, the effect of 
ALOE on UVA-stimulated RAW264.7 model was also examined (Supplementary Figure 2). It showed that DEX could 
inhibit the increases of IL-6 (p < 0.01) and TNF-α (p<0.001) caused by UVA significantly, while ALOE had no obvious 
inhibitory effect on IL-6 and TNF-α caused by UVA (Supplementary Figure 2A and B).

Together, these results indicated that ALOE functions more prominently in inhibiting LPS-induced inflammation than 
UVA-induced inflammation.

ALOE Inhibited Pro-Inflammatory Mediators
As stated previously, LPS stimulation can produce NO and modulate the expression of inflammatory genes at the mRNA 
level, directly or indirectly. NO synthesis is greatly amplified by LPS, and NO level is closely correlated with 
inflammation.31 Therefore, LPS-stimulated NO production in RAW264.7 macrophages were determined in this study. 
Figure 3A showed that LPS stimulation induced a 5-fold increase in NO concentration compared to the control group, 
which indicated that LPS markedly stimulates the secretion of NO in RAW264.7 cells. On the other hand, treatment with 
ALOE lead to NO inhibition in LPS-stimulated RAW264.7 cells. Above all, ALOE is an effective inhibitor for NO 
release in this cell model.

The iNOS enzyme can continuously promote NO synthesis, and expression of iNOS is up-regulated in LPS-induced 
macrophages.32,33 COX-2 is a key enzyme during the conversion of arachidonic acid to prostaglandins; it also plays 
a critical role in the inflammatory process.34 Therefore, iNOS and COX-2 are barely detectable in control condition and 
highly inducible in acute inflammatory response. Based on that, we then employed qPCR analysis to compare the mRNA 
expression encoding iNOS and COX-2. The stimulation of LPS significantly increased the expression of iNOS 
(Figure 3B, p < 0.01) and COX-2 (Figure 3C, p < 0.001). ALOE treatment significantly inhibited the expression of LPS- 
induced iNOS (p < 0.01) and COX-2 (p < 0.05). To conclude, it was possible that ALOE might suppress the expression of 
iNOS and COX-2, thereby possessing beneficial effects against cell inflammations.

Figure 3 ALOE inhibited pro-inflammatory mediators. Effect of ALOE on the production of nitric oxide (NO) (A), the expression of inducible nitric oxide synthase (iNOS) (B), 
and Cyclooxygenase (COX-2) (C) in LPS-stimulated RAW264.7 cells (n = 5). GADPH was used as an internal control. Blank, no treatment as control groups; LPS, treatment 
with LPS (final concentration was 10 μg/mL) as model groups; ALOE, treatment with LPS and ALOE (3 mg/mL) as experimental groups. ###p < 0.001, ##p < 0.01 compared 
to the blank group; ***p < 0.001, **p < 0.01, *p < 0.05 compared to the LPS group. These data were presented as means ± SD.
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ALOE Suppressed NF-κB Signaling Pathway by Targeting p65
To investigate the anti-inflammation mechanism of ALOE, NF-κB signaling pathway was explored further. NF-κB plays 
pivotal role in controlling cellular responses to cytokines and stresses, and is known to be important for inflammatory 
inhibition.35,36 To further confirm the regulation of the NF-κB signaling pathway by ALOE, the expression and 
translocation of P65 study were performed by Western blotting and P65 nuclear fluorescence staining, respectively. As 
shown in Figure 4A and B, LPS lead to an increase of P65 protein, while treatment with DEX and ALOE attenuated the 
expression of nuclear P65 protein levels that were pre-stimulated with LPS (Figure 4B). Figure 4C showed that P65 was 
present at the highest level in cell plasma of RAW264.7 in the blank group and redder fluorescent P65 protein expression 
in the LPS stimulation group and co-localization with blue fluorescent nuclei were found by cell staining, indicating that 
LPS activated P65 protein expression and entered the nucleus. From Figure 4D of enlarged nuclear translocation, 
following the ALOE treatment, the expression and nuclear translocation of P65 reduced, which was similar to DEX.

ALOE Inhibited MAPK Signaling Pathways by Targeting JNK and ERK
MAPK signaling pathways are known to function as transcriptional factors to regulate pro-inflammatory cytokines in 
activated macrophages and play critical roles in inflammatory diseases.37,38 Therefore, the effects of ALOE on MAPK 
signaling pathways were investigated in LPS-induced model. As shown in Figure 5 and Supplementary Figure 3, 
following LPS treatments, the expression levels of p38 (Figure 5D) and phosphorylation levels of p38 were inhibited 
and p-p38/p-38 ratios were decreased. On the other hand, phosphorylation levels of JNK (Figure 5B) and ERK 
(Figure 5C) were increased; p-JNK/JNK (Supplementary Figure 3A) and p-ERK/ERK (Supplementary Figure 3B) ratios 

Figure 4 ALOE suppressed NF-κB signaling pathway by targeting p65. The expression levels of NF-κB P65 in RAW264.7 cells. Western blotting analysis (A) and grayscale 
analysis (B) of the protein expression of nuclear transcription factor kappa B (NF-κB) P65 in LPS-induced RAW264.7 cells. (C) Representative immunofluorescence images 
treated with ALOE and DEX in LPS-induced RAW264.7 cells, showing DAPI nuclear (blue) and P65 staining (red). (D) Fluorescent image magnified in the white box of (C). 
***p < 0.001 compared to the blank group, **p < 0.01 compared to the LPS group.
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were also increased and decreased when treating ALOE, indicating that ALOE suppressed the LPS-stimulated activation 
of ERK (Figure 5C) and JNK (Figure 5B), instead of p38 (Figure 5D) MAPK pathway. Protein expression and activation 
were inhibited by ALOE treatments at different concentrations, and there was no significant difference in inhibition rate 
among different concentrations.

Discussion
A. vera has been reported to have biological effects including antimicrobial, anti-oxidant, anti-tumor and anti-viral 
properties, and isolated compounds of A. vera, such as aloe-emodin, aloin, aloesin, emodin, and acemannan, have been 
pointed out to relieve symptoms related to chronic inflammation.5 However, the anti-inflammatory mechanism of ALOE, 
a natural plant extract of A. vera, is still not clear. In this research, we confirmed that ALOE exhibits anti-inflammatory 
activities in vitro via inhibiting the production of pro-inflammatory cytokines (eg, IL-6 and TNF-α), mediators (eg, NO, 
iNOS and COX-2) and through downregulating NF-κB and MAPK signaling pathways.

Inflammation is inevitable during physiological responses to the injury or infection, and activated macrophages 
mainly participate in cellular inflammatory responses by releasing pro-inflammatory cytokines.39 Previous research 
investigated whether LPS and UV can both activate macrophages directly to start inflammatory processes5,11 through 
induction of iNOS, COX-2 and TNF-α expressions, and these processes are key events in the progression of skin 
inflammation. However, few investigations studied the differences between anti-inflammatory properties of ALOE in 
relation to both LPS and UV stimulations. In our study, we found that ALOE can attenuate LPS-induced inflammation 
through inhibiting pro-inflammatory cytokines IL-6 and TNF-α (Figure 2), which is consistent with previous research.40 

TNF-α plays critical roles during inflammation induction that is activated by immune responses from macrophages and 
other cytokines. Similarly, IL-6 is a kind of pro-inflammatory cytokine that is regulated by an NF-κB signaling pathway 
and therefore affects immune responses. Treatments of ALOE in LPS-induced models lead to the down-regulation of IL- 

Figure 5 ALOE inhibited MAPK signaling pathways by targeting JNK, ERK. Western blotting analysis of the expression of main factors in mitogen-activated protein kinase 
(MAPK) signaling pathway in LPS-induced RAW264.7 cells (A) Grayscale analysis of MAPK-related proteins in LPS-induced RAW264.7 cells (B–D). (B) Standard quantitative 
analysis of JNK and p-JNK, respectively. (C) Standard quantitative analysis of ERK and p-ERK, respectively. (D) Standard quantitative analysis of p38 and p-p38, respectively; 
p-p38, phosphorylated-p38. ACTIN was used as an internal control. **p < 0.01 compared to the LPS group, *p < 0.05 compared to the blank group. These data were 
presented as means ± SD. 
Abbreviations: JNK, Jun N-terminal Kinase; p-JNK, phosphorylated-JNK; ERK, Extracellular signal-regulated protein kinases; p-ERK, phosphorylated-ERK.
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6 and TNF-α, a reminder of a potential anti-inflammatory property for ALOE. DEX has been found to reduce 
inflammatory response effectively in the past decade,28 and, surprisingly, we found that ALOE and DEX have similar 
anti-inflammatory effects in LPS-stimulated macrophages (Figure 2). With advantages shown before, another advantage 
of ALOE is that it has no cytotoxic effect (Figure 1).

NO is a free radical and acts as a pro-inflammatory mediator in many cell types, including macrophages.41 High 
levels of NO in macrophages could further result in inflammation and autoimmune disorders.42 Therefore, suppression of 
NO production may provide a potential strategy for the development of anti-inflammatory products. Many studies have 
already demonstrated that NO and PGE2 would be up-regulated massively by induction of the pro-inflammatory proteins 
iNOS and COX-2, respectively.43 In our study, the results showed that NO production (Figure 3A) at the site of 
inflammation was significantly inhibited by ALOE, and decreased NO level is accompanied by both iNOS (Figure 3B) 
and COX-2 (Figure 3C) mRNA expressions. Several studies have suggested an interaction between NO and COX-2, 
which may provide an explanation for why NO production is generated by COX-2.44 Moreover, iNOS can induce massive 
NO production in inflammatory sites, hence up-regulating COX-2 expression.45 By reasons of the foregoing, we 
confirmed that ALOE inhibits LPS-induced iNOS and COX-2 gene expressions, and further decreases NO production.

To probe the cellular mechanism of anti-inflammatory properties provided by ALOE, NF-κB signaling pathway is 
further investigated, because it is essential for modulating several pro-inflammatory molecules (eg, iNOS, IL-6 and TNF- 
α),46 and is composed of P65 and P50 subunit proteins. In resting cells, NF-κB presents as an inactive form, while in 
LPS-stimulated cells, activated IκB kinase complexes lead to the phosphorylation and degradation of IκB-α, which 
further activates NF-κB P65 nuclear translocation.47 In this study, our results showed that ALOE treatment reduced the 
expression of cellular P65 protein in LPS-induced RAW264.7 cells (Figure 4). These results indicated that ALOE could 
suppress the activation of NF-κB by inhibiting LPS-induced phosphorylation of P65 protein. Additionally, ALOE 
exhibited similar property in inhibiting the expression level of NF-κB P65 compared to DEX, which suggests that 
ALOE may be an alternative treatment with less cytotoxicity when treating LPS-induced inflammation. Taken together, it 
is demonstrated that ALOE suppressed LPS-induced NF-κB signaling pathway by down-regulating the expression levels 
of NF-κB P65 in RAW264.7 cells.

MAPKs, including JNK, ERK and p38, are known to play critical roles in controlling inflammation and immune 
responses through regulation of pro-inflammatory molecules (eg, iNOS, IL-6 and TNF-α) and NF-κB pathways.37,48 

MAPKs family has also been shown to be crucial in LPS-stimulated up-regulation of iNOS and COX-2.49 In the present 
study, ALOE inhibited the LPS-induced ERK and JNK phosphorylation, instead of p38 phosphorylation in RAW264.7 
cells (Figure 5), suggesting that ALOE could have inhibitory effects on ERK and JNK signaling pathways involved in the 
suppression of pro-inflammatory molecules. Based on our experiments in vitro, ALOE prompted effective anti- 
inflammatory activity in LPS-induced conditions by down-regulating inflammatory iNOS and COX-2 gene expressions, 
further decreasing the production of NO, and inhibiting the activation of NF-κB signaling pathway via interfering with 
JNK and ERK MARK instead of P38 (Figure 6). In the future, in vivo verifications might be performed to provide more 
confirmed results to guide the development of a new anti-inflammatory agent.

Conclusion
In summary, our study demonstrated that ALOE has an effective anti-inflammatory activity in LPS-stimulated 
RAW264.7 cells through inhibiting the production of pro-inflammatory molecules (eg, IL-6, TNF-α and NO) and the 
expression of inflammation-associated genes (eg, iNOS, COX-2), with no marked effects on viability of both HaCaT and 
RAW264.7 cells (0–3.00 mg/mL). Specifically, ALOE suppresses the activation of MAPK signaling pathways involved, 
JNK and ERK, and is able to inhibit NF-κB P65 expression, which in turn regulates the production of pro-inflammatory 
molecules. Taken together, these results provide a better understanding of the anti-inflammatory mechanism of Aloe vera 
extract in macrophages, in which lies the foundation for the development of novel therapeutic agents in skin inflamma-
tion treatment.
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Permission to Collect Aloe Extracts
The Aloe plant is a cultivated species grown by Yunnan Evergreen Biological Corporation, rather than wild species, and 
was purchased from Yunnan Evergreen Biological Corporation legally through mutual communication and with any 
other access. The Aloe plant purchased is not a rare and endangered wild plant in China, so the acquisition of it is legal 
and compliant. The plant was identified as Aloe barbadensis Miller (A. vera) by Dr. Wang Huanchong, associate 
professor from Herbarium of Yunnan University (YUKU), which is affiliated with the School of Life Sciences, 
Yunnan University. The voucher specimens (both dried extracts and plant) are deposited at Yunnan Baiyao Group 
Health Products Co., Ltd. The voucher ID is Aloe vera (L.) Burm.f. 0102.

Study complied with relevant institutional, national, and international guidelines and legislation.

Data Sharing Statement
All data generated or analyzed during this study are included in this published article and its Supplementary Information.

Ethics Approval and Consent to Participate
Ethics approval and consent to participate is not applicable in this study, as no clinical test was involved.

Consent for Publication
Not applicable to this section as no human data involved in the study.
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Figure 6 The schematic diagram illustrates the roles of ALOE in LPS-induced RAW264.7 cells. ALOE could suppress the phosphorylation of ERK and JNK, which 
subsequently inhibit the activation of NF-κB. In addition, ALOE could act as an indirect regulator of iNOS and COX-2 transcription levels. As a result, ALOE decreased the 
secretion of the pro-inflammatory cytokines IL-6 and TNF-α induced by LPS and resulted in reduced inflammation responses. 
Abbreviations: TLR, Toll-like receptor; TIRAP, Toll interleukin 1 receptor containing domain-containing adaptor protein.
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