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Abstract 

Purpose: To evaluate the effect of patchouli alcohol (PA) on periodontitis and reveal its possible 
mechanism. 
Methods: Primary human periodontal membrane cells (PDLC) were isolated and treated with 
lipopolysaccharide (LPS) to establish a periodontitis model. The MTT, flow cytometry and 
immunofluorescence assay were used to determine the effect of PA on cell viability and apoptosis in 
PDLC exposed to LPS. The inflammation status and osteoclast formation were measured using 
enzyme-linked immunosorbent assay (ELISA) and TRAP staining. Immunoblot assays were performed 
to analyze the effect of LPS on ERK and NF-κB pathways. 
Results: Patchouli alcohol (PA) improved LPS-induced PDLC growth arrest (p < 0.001). In addition, PA 
relieved LPS - induced autophagy of PDLCs (p < 0.001). Further data confirmed that PA inhibited lPS-
induced inflammation of PDLCs. In addition, PA reduced osteoclast formation, and suppressed 
inflammation and autophagy, and also reduced osteoclast formation by regulating ERK and NF-κB 
pathways.  
Conclusion: Patchouli alcohol inhibits inflammation and autophagy, and decreases osteoclast 
formation in periodontitis via the regulation of ERK and NF-κB signaling pathways. Thus, this compound 
has potentials for development for the treatment of periodontitis; however, in vivo studies should first be 
undertaken. 
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INTRODUCTION 
 

Periodontitis is a chronic inflammatory disease 
characterized by swollen gums, bleeding, 
absorption of alveolar bone, and loosening of the 
teeth [1]. It is also the leading cause of tooth loss 
in adults. Microbial infection is the main cause of 

periodontitis, and excessive inflammation can 
destroy periodontal tissue [2]. The formation of 
osteoclasts leads to bone loss and stimulates the 
reabsorption of the alveolar bone, which 
ultimately leads to tooth loss [3]. Therefore, the 
inhibition of osteoclast differentiation is the way 
to treat periodontitis. Secondly, the inhibition of 
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autophagy relieves symptoms of periodontitis. In 
the present study, primary human periodontal 
membrane cells (PDLC) were isolated and 
treated with Porphyromonas gingivalis 
lipopolysaccharide (LPS) to establish an in vitro 
model of periodontitis. 
 
Chinese medicine has shown promising effect in 
the treatment of periodontitis [4]. Tanshinone II, 
A alleviates periodontitis symptoms by inducing 
osteogenesis of hPDLSC [5]. Extracts of 
pogostemon cablin have strong antibacterial 
activity against the periodontitis bacteria. 
Patchouli alcohol (PA), a tricyclic sesquiterpene 
extracted from Patchouli, has anti-inflammatory 
activity in gastrointestinal cell models [6], and the 
anti-inflammatory effects of PA in a variety of 
diseases have been widely revealed. 
 
Patchouli alcohol improves the inflammatory 
response induced by sodium glucan sulfate 
(DSS) by activating PXR signal and inhibiting 
NF-κB signal, which is a novel idea for the 
treatment of colitis [7]. 
 
Patchouli alcohol hinders the effects of 
chemotherapeutic agents on the colon by 
reducing inflammation, protecting the mucosal 
barrier, and regulating the gut microbiome [8]. In 
orthopedics, Patchouli alcohol inhibits the 
expression of transcription factors NFATc1 and 
C-FOS, reduces the formation of osteoclasts, 
and improves the symptoms of postmenopausal 
osteoporosis [9]. Patchouli alcohol also inhibits 
excessive autophagy by activating the mTOR 
signaling pathway, thereby preventing chronic, 
unpredictable and mild stress-induced 
depression-like behavior [10]. In addition, PA 
inhibits influenza A virus by targeting the 
ERK/MAPK signaling pathway [11]. However, the 
study of PA in the treatment of periodontitis has 
rarely been reported, and its mechanism of 
action is not clear.  
 
This study, therefore, aimed to evaluate the 
effect of PA on periodontitis and elucidate its 
probable mechanism of action. 
 

METHODS 
 
Cell culture  
 
The PDLCs were purchased from the BeNa 
Culture Collection (Beijing, China), and cultured 
in DMEM/F12 medium with 10 % fetal bovine 
serum, 100 μg/mL streptomycin and 100 U/mL 
penicillin at 37 °C with 5 % CO 2. The PDLCs 
were stimulated with PA at concentration of 5, 
10, 20, 40, 80 and 160 μM. For LPS treatment, 
cells were cultured with 10 μg/mL LPS. 

Cell viability 
 
Primary human periodontal membrane cells 
(PDLCs) were plated into 96-well plates at the 
density of 1 × 103 cells/well. Cell viability was 
measured with 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) assay. After 
treatment with PA or LPS, 10 % MTT was added 
to the cells after incubation for 4 h and washing 
with PBS. Then the absorbance value in each 
well was quantified with a microplate reader at 
490 nm. The absorbance in experimental group 
were normalized to that of the control group. 
 
Cell apoptosis 
 
For the analysis of apoptotic cell number, cell 
apoptosis was conducted with the Annexin V/PI 
apoptosis detection kit after the previous study 
[12]. The cells were then briefly digested into 
single cells and re-suspended in reaction buffer 
containing Annexin V and PI, and incubated for 5 
min at room temperature in the dark.  
 
The cell proportion of each fraction of intact cells 
(Annexin V−/PI−), early apoptotic cells (Annexin 
V+/PI−) and late apoptotic cells (Annexin V+/PI+) 
were analyzed by a flow cytometer (BD 
Biosciences). 
 
Immunoblot assay 
 
Proteins were extracted with RIPA buffer 
(Beyotime), and protein concentration was 
measured using the BCA kit. Then, the proteins 
were separated using 9 % SDS-PAGE, and 
transferred onto PVDF membranes, followed by 
blocking with 5 % BSA in TBST buffer. 
Subsequently, the membranes were incubated 
with primary antibodies targeting LC-2I/II 
(1:1000, Abcam, Cambridge, UK), p62 (1:1000, 
Abcam), Beclin1 (1:1000, Abcam), RANKL 
(1:1000, Abcam), RAcP (1:1000, Abcam), CTSK 
(1:1000, Abcam), NFATc1 (1:1000, Abcam), c-
fos (1:1000, Abcam), p-ERK (1:1000, Abcam), 
ERK (1:1000, Abcam), p- NF-κB (1:1000, 
Abcam), NF-κB (1:1000, Abcam), and B-actin 
(1:10000, Abcam) 4 oC overnight. Subsequently, 
the membranes were incubated with specific 
secondary antibodies at room temperature for 1 
h. The blots were analyzed with ECL kit. 
 
Immunofluorescence 
 
The cells were fixed with formaldehyde, washed 
with PBS, followed by permeabilization with PBS 
containing 0.5 % Triton X-100 and staining with 
primary antibody targeting LC3 (Abcam, 
Cambridge, UK). Then after rinsing in PBS, the 
cells were incubated with fluorescent secondary 
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antibody, further stained with DAPI, mounted 
with mounting media and photographed with 
fluorescence microscopy. 
 
Quantitative real-time polymerase chain 
reaction (qRT-PCR) 
 
The total cellular RNA was extracted with TRIzol 
reagent (Invitrogen) in accordance with the 
manufacturer’s instructions, and reverse-
transcribed into cDNA using M-MLV reverse 
transcriptase (Promega Corporation). The cDNA 
was amplified using the primer listed in Table 1. 
 
Table 1: Primer sequence 
 

Gene Primer sequence 

TNF-α GGTGCCTATGTCTCAGCCTCTT 

 GCCATAGAACTGATGAGAGGGAG 

IL-8 ACTGAGAGTGAT TGAGAGTGGAC 

 AACCCTCTGCACCCAGTTTTC 

IL-6 AGACAGCCACTCACC 

 TTCTGCCAGTGCCTCTT 

GAPDH AGAAGGCTGGGGCTCATTTG 

 AGGGGCCATCCACAGTCTTC 

 
Enzyme-linked immunosorbent assay (ELISA) 
 
Cell supernatants were added to the respective 
ELISA plate, in order to determine the level of 
TNF-α, IL-6, and IL-8, in accordance with the 
manufacturer’s guidelines.  
 
The ELISA kits were obtained from Shanghai 
Xitang Biotechnology Co., Ltd. (Shanghai, 
China). 
 
Tartrate-resistant acid phosphatase (TRAP) 
staining for osteoclasts  
 
Cells were fixed in 4 % formalin for 10 min, 
permeabilized with PBS containing 0.1 % Triton 
X-100 for 10 min, and incubated for 10 min with a 
TRAP-staining solution (Sigma-Aldrich, St. Louis, 
MO, USA).  
 
Tartrate-Resistant Acid Phosphatase positive-
multinucleated cells containing more than 3 
nuclei were counted as mature osteoclasts. 
 
Statistical analysis 
 
The GraphPad 6.0 was used for statistical 
analysis. Data are presented as mean ± SEM. 
Triplicate determinations were performed for 
each experiment. One-way ANOVA followed by 
post-hoc Tukey’s test were used for statistical 
comparisons. P < 0.05 was considered 
statistically significant. 

RESULTS 
 
PA promotes cell viability in PDLCs  
 
To evaluate the cell viability exposed to PA in 
PDLCs, MTT assay was performed. PDLCs were 
incubated with increasing dose of PA. Cell 
viability was minimally affected by a low dose of 
PA, while a high dose of PA (80 and 160 µM) 
significantly impaired cell viability. The cells 
exposed to LPS and PA were subjected to MTT 
assay, and Lipopolysaccharide treatment led to 
reduced cell viability of PDLCs. Patchouli alcohol 
improved cell viability in a dose-dependent 
manner (Figure 1 A and B). Afterwards, cell 
apoptosis in PA mediated PDLCs were evaluated 
using flow cytometry. Lipopolysaccharide 
treatment induced increased apoptotic cells, 
while PA treatment improved cell apoptosis 
(Figure 1 C). Collectively, PA improved cell 
viability in PDLCs stimulated by LPS. 
 

 
 
Figure 1: PA promoted cell viability in PDLCs 
stimulated with LPS, (A) The cell viability of PDLCs in 
response to increasing dose of PA, (B) The viability of 
PDLCs in response to LPS and elevated level of PA, 
(C, and D) PDLCs apoptosis in response to LPS and 
the elevated level of PA were measured by Flow 
cytometry. ***P < 0.001 vs control, ^p < 0.05, ^^p < 
0.01, ^^^p < 0.001 vs LPS 

 
PA relieves cell apoptosis in PDLCs after LPS 
induction 
 
The effect of PA on cell apoptosis was further 
confirmed by Immunoblot and Immunofluo-
rescence. Lipopolysaccharides significantly 
induced the expression of LC3-II, and Beclin1 
and downregulated p62. The addition of PA 
ameliorated the alterations of these proteins 
(Figure 2 A). Moreover, LPS enhanced the 
number of LC3 positive cells, but PA decreased 
LC3 positive cell percentage (Figure 2 B). These 
data further confirmed the PA reversal of cell 
apoptosis induced by LPS. 
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Figure 2: PA relieved cell apoptosis in PDLCs treated 
with LPS, (A) The expression of LC3I/II, Beclin1 and 
p62 in response to LPS and elevated level of PA, (B) 
Immunofluorescence staining of LC3 in response to 
LPS and the elevated level of PA. ***P < 0.001 vs 
control, ^p < 0.05, ^^p < 0.01, ^^^p < 0.001 vs LPS 

 
PA inhibited pro-inflammatory cytokines 
levels in PDLCs 
 
The inflammatory response in PDLCs cells were 
measured by mRNA and ELISA assay. 
Lipopolysaccharide stimulation enhanced 
inflammation as revealed by the increased levels 
of TNF-a, IL-8 and IL-6 (Figure 3 A and B). 
Patchouli alcohol treatment reduced the levels of 
TNF-a, IL-8 and IL-6 in PDLCs. Therefore, PA 
reduced LPS-induced increase in pro-
inflammatory cytokine levels in PDLCs. 
 

 
 
Figure 3: PA down-regulation pro-inflammatory 
cytokines levels in PDLCs PA decreases pro-
inflammatory cytokines levels in HT-22, (A, B) mRNA 
and levels of TNF-a, IL-8 and IL-6 in each group were 
determined. ***p < 0.001 vs control, ^p < 0.05, ^^p < 
0.01, ^^^p < 0.001 vs LPS 

 

PA Inhibited the differentiation of 
macrophage into osteoclasts 
 
To evaluate the effects of PA on the LPS-
induced osteoclast differentiation, RAW 264.7 
were stimulated with PA or vehicle. As shown in 
Figure 4 A, LPS significantly induced TRAP+-
osteoclast differentiation. However, PA 
significantly inhibited the formation of TRAP+-
osteoclasts. Consistent with these results, LPS 
enhanced the levels of RANKL, TRAP, NFATc1, 
and c-Fos. PA reversed the alterations of these 
proteins (Figure 4 B). Therefore, PA reduced 
osteoclast formation in periodontitis. 
 

 
 
Figure 4: PA Inhibited the Differentiation of 
macrophage into Osteoclasts, (A) TRAP staining of 
PDLCs in response to LPS and the elevated level of 
PA, (B) The expressions of RANKL,TRAP, NFATc1, c-
Fos in response to LPS and elevated level of PA. ***P 
< 0.001 vs control, ^p < 0.05, ^^p < 0.01, ^^^p < 0.001 
vs LPS 

 
PA inhibited autophagy and inflammation of 
PDLC 
 
To depict the involved mechanisms underlying 
the role of PA in autophagy, inflammation and 
osteoclast formation in periodontitis, the ERK 
and NF-κB signaling pathways was analyzed. 
The enhanced level of p-ERK and p-NF-κB was 
found in LPS-induced PDLCs (Figure 5) and PA 
inhibited the elevation of these proteins. The 
results indicated that PA inhibits autophagy and 
inflammation of PDLC by regulating ERK and 
NF-κB signaling pathways. 
 

DISCUSSION 
 
Periodontitis is a chronic inflammation of 
periodontal supporting tissue caused mainly by 
local factors [13]. If gingivitis is not treated in 
time, the inflammation may spread from the 
gingiva deep into the periodontal membrane, 
alveolar bone and cementum, and develop into 
periodontitis [14]. 
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Figure 5: PA inhibited autophagy and inflammation of 
PDLC by regulating ERK and NF-κB signaling 
pathways. Immunoblot assays depicting the 
expressions of p-ERK and p- NF-κB in LPS and PA-
induced PDLCs. ***P < 0.001 vs control, ^p < 0.05, ^^p 
< 0.01, ^^^p < 0.001 vs LPS 
 

When there are symptoms, it is more serious and 
the teeth is more at risk of damage [15]. 
Therefore, early therapy and timely treatment are 
necessary. Patchouli alcohol suppressed 
inflammation and autophagy, and reduced 
osteoclast formation in periodontitis. The data 
showed that Patchouli alcohol could serve as a 
promising drug for periodontitis treatment. 
 
The inflammatory response in periodontitis is a 
protective response to pathogen infection. 
Autophagy inhibits the aggregation of 
inflammasome by degrading DNA, reactive 
oxygen species and other endogenous stimuli, 
and also inhibiting the secretion of IL-1 β and 
other pro-inflammatory factors by degrading IL-1 
β precursors [16]. The virulent factors of 
periodontal pathogens are involved in the 
destruction of periodontal tissue, and through the 
interaction of lipopolysaccharide, peptidoglycan 
and bacterial DNA carried or released by 
periodontal pathogens with toll-like receptor 
(TLR) of host cells, they induce local 
inflammatory cell infiltration and the release of 
inflammatory factors, leading to periodontitis [17]. 
In local periodontal tissues, autophagy also 
affects inflammatory responses by negatively 
regulating TLR signals [18]. In this study, PA 
suppressed inflammation and autophagy, and 
reduced osteoclast formation in periodontitis, 
further confirming the importance of autophagy in 
the progression of periodontitis. 
 
Chinese medicine has shown great effect in the 
treatment of periodontitis, and PA is a promising 
anti-inflammatory drug. Through MTT, western 
blot, ELISA, and IF assays, the data revealed 
that PA inhibited lPS-induced PDLCs growth and 
autophagy. Furthermore, through qPCR and 
TRAP assays, the data revealed that PA 
suppressed LPS-induced PDLCs osteoclast 

formation. Therefore, these findings suggest that 
PA could serve as a promising drug for 
periodontitis. The effects of PA on the cell 
autophagy and inflammation in different diseases 
have been widely reported. Patchouli alcohol 
also ameliorated the inflammatory response 
induced by sodium dextran sulfate (DSS) by 
activating PXR signal and inhibiting NF-κB 
signal. Similarly, the effects of PA on 
periodontitis through this pathway was also 
revealed. Patchouli alcohol inhibited the 
expression of NFATc1 and c-FOS, therefore 
reducing the formation of osteoclasts [19]. In this 
study, Patchouli alcohol suppressed LPS-
induced PDLCs osteoclast formation. However, 
the mechanism needs further study. Patchouli 
alcohol could also inhibit excessive autophagy by 
activating the mTOR signaling pathway, which 
was consistent with the study. 
 
Patchouli alcohol inhibited ERK and NF-κB 
pathways in LPS-induced PDLCs. The ERK and 
NF-κB pathways are widely involved in the 
regulation of autophagy and inflammation. Both 
ERK and NF-κB played a key role in regulating 
the immune response to infection. Improper 
regulation of ERK as well as NF-κB have been 
associated with inflammation [20]. Several 
studies confirmed that multiple proteins and 
drugs suppressed the inflammation by targeting 
ERK and NF-κB pathway [20]. The ERK and NF-
κB pathways could serve as promising targets for 
the treatment of inflammatory diseases, such as 
periodontitis. 
 

CONCLUSION 
 
Patchouli alcohol inhibits autophagy and 
inflammation of PDLC, and reduces osteoclast 
formation in periodontitis by regulating ERK and 
NF-κB signaling pathways. Therefore, patchouli 
alcohol is a promising drug for the management 
of periodontitis. However, there is a need for in 
vivo and clinical studies on it. 
 

DECLARATIONS 

 

Acknowledgements 

None provided. 

Funding 

None provided.  

Ethical approval 

None provided. 
 



Ye & Zhang 

Trop J Pharm Res, August 2022; 21(8): 1612 

 

Availability of data and materials 
 
The datasets used and/or analyzed during the 
current study are available from the 
corresponding author on reasonable request. 
 

Conflict of Interest 

 

No conflict of interest associated with this work. 

 

Contribution of Authors 

 

We declare that this work was done by the 

authors named in this article and all liabilities 

pertaining to claims relating to the content of this 

article will be borne by the authors. Fei Ye and 

Changqing Zhang designed the study and 

carried them out, supervised the data collection, 

analyzed the data, interpreted the data, prepared 

the manuscript for publication and reviewed the 

draft of the manuscript. All authors have read 

and approved the manuscript. 

 

Open Access  
 

This is an Open Access article that uses a 

funding model which does not charge readers or 

their institutions for access and distributed under 

the terms of the Creative Commons Attribution 

License (http://creativecommons.org/licenses/by/ 

4.0) and the Budapest Open Access Initiative 

(http://www.budapestopenaccessinitiative.org/rea

d), which permit unrestricted use, distribution, 

and reproduction in any medium, provided the 

original work is properly credited. 

 

REFERENCES 
 

1. Plotino G, Sans FA, Bastos JV, Nagendrababu V. 

Effectiveness of intentional replantation in managing 

teeth with apical periodontitis: a systematic review. Int 

Endod J 2022; Doi: 10.1111/iej.13727. 

2. Zhu X, Huang H, Zhao L. PAMPs and DAMPs as the 

bridge between periodontitis and atherosclerosis: The 

potential therapeutic targets. Front Cell Dev Biol 2022; 

10: 856118. 

3. Lopes MES, Marcantonio CC, de Molon RS, Cerri PS, 

Salmon CR, Mofatto LS, Junior FHN, Deschner J, Cirelli 

JA, Nogueira AVB. Obesity influences the proteome of 

periodontal ligament tissues following periodontitis 

induction in rats. J Periodontal Res 2022; Doi: 

10.1111/jre.12983. 

4. Liao JB, Liang YZ, Chen YL, Xie JH, Liu WH, Chen JN, 

Lai XP, Su ZR. Novel patchouli alcohol ternary solid 

dispersion pellets prepared by poloxamers. Iran J 

Pharm Res 2015; 14(1): 15-26.  

5. Xu YF, Lian DW, Chen YQ, Cai YF, Zheng YF, Fan PL, 

Ren WK, Fu LJ, Li YC, Xie JH, et al. In vitro and in vivo 

antibacterial activities of patchouli alcohol, a naturally 

occurring tricyclic sesquiterpene, against Helicobacter 

pylori infection. Antimicrob Agents Chemother 2017; 

61(6): Doi: 10.1128/AAC.00122-17. 

6. Wu X, Xu N, Li M, Huang Q, Wu J, Gan Y, Chen L, Luo 

H, Li Y, Huang X, et al. Protective effect of patchouli 

alcohol against high-fat diet induced hepatic steatosis by 

alleviating endoplasmic reticulum stress and regulating 

VLDL metabolism in rats. Front Pharmacol 2019; 10: 

1134. 

7. Wang HT, Wang ZZ, Wang ZC, Wang SM, Cai XJ, Su 

GH, Yuan ZY. Patchouli alcohol attenuates experimental 

atherosclerosis via inhibiting macrophage infiltration and 

its inflammatory responses. Biomed Pharmacother 

2016; 83: 930-935. 

8. Xie J, Lin Z, Xian Y, Kong S, Lai Z, Ip S, Chen H, Guo H, 

Su Z, Yang X, et al. (-)-Patchouli alcohol protects 

against Helicobacter pylori urease-induced apoptosis, 

oxidative stress and inflammatory response in human 

gastric epithelial cells. Int Immunopharmacol 2016; 35: 

43-52. 

9. Wu J, Gan Y, Li M, Chen L, Liang J, Zhuo J, Luo H, Xu 

N, Wu X, Wu Q, et al. Patchouli alcohol attenuates 5-

fluorouracil-induced intestinal mucositis via 

TLR2/MyD88/NF-kB pathway and regulation of 

microbiota. Biomed Pharmacother 2020; 124: 109883. 

DOI: 10.1016/j.biopha.2020.109883 

10. Liu Y, Liang J, Wu J, Chen H, Zhang Z, Yang H, Chen L, 

Chen H, Su Z, Li Y. Transformation of patchouli alcohol 

to beta-patchoulene by gastric juice: beta-patchoulene is 

more effective in preventing ethanol-induced gastric 

injury. Sci Rep 2017; 7(1): 5591. 

doi.org/10.1038/s41598-017-05996-5 

11. Lin XM, Wu ZX, Lai JQ, Tao HL, Wei WH, Zhuang HL, 

Chen Y, Lian DW. Mechanism of lysosome-mediated 

eradication activity of macrophages on specific anti-

Helicobacter pylori of patchouli alcohol. Zhongguo 

Zhong Yao Za Zhi 2018; 43(15): 3171-3175. doi: 

10.19540/j.cnki.cjcmm.20180608.001. 

12. Alhasan L, Addai Z. Allicin-induced modulation of 

angiogenesis in lung cancer cells (A549). Trop J Pharm 

Res 2018; 17: 2129-2134. 

13. Damante CA, Junior GAF, Cunha PO, Negrato CA, 

Sales-Peres SHC, Zangrando MSR, Sant'Ana APC. 

Association among gestational diabetes mellitus, 

periodontitis and prematurity: a cross-sectional study. 

Arch Endocrinol Metab 2022; 66(1): 58-67. doi: 

10.20945/2359-3997000000435. 

14. Chen X, Wan Z, Yang L, Song S, Fu Z, Tang K, Chen L, 

Song Y. Exosomes derived from reparative M2-like 

macrophages prevent bone loss in murine periodontitis 

models via IL-10 mRNA. J Nanobiotechnol 2022; 20(1): 

110. doi: 10.1186/s12951-022-01314-y 

15. Wilharm A, Binz C, Sandrock I, Rampoldi F, Lienenklaus 

S, Blank E, Winkel A, Demera A, Hovav AH, Stiesch M, 

et al. Interleukin-17 is disease promoting in early stages 

and protective in late stages of experimental 



Ye & Zhang 

Trop J Pharm Res, August 2022; 21(8): 1613 

 

periodontitis. PLoS One 2022; 17(3): e0265486. doi: 

10.1371/journal.pone.0265486 

16. Lian DW, Xu YF, Deng QH, Lin XM, Huang B, Xian SX, 

Huang P. Effect of patchouli alcohol on macrophage 

mediated Helicobacter pylori digestion based on 

intracellular urease inhibition. Phytomed 2019; 65: 

153097. doi: 10.1016/j.phymed.2019.153097 

17. Hu GY, Peng C, Xie XF, Xiong L, Zhang SY, Cao XY. 

Patchouli alcohol isolated from Pogostemon cablin 

mediates endothelium-independent vasorelaxation by 

blockade of Ca(2+) channels in rat isolated thoracic 

aorta. J Ethnopharmacol 2018; 220: 188-196. doi: 

10.1016/j.jep.2017.09.036 

18. Zrieq R, Ahmad i, Snoussi M, Noumi E, Iriti M, Algahtani 

FD, Patel H, Saeed M, Tasleem M, Sulaiman S, et al. 

Tomatidine and patchouli alcohol as inhibitors of SARS-

CoV-2 enzymes (3CLpro, PLpro and NSP15) by 

molecular docking and molecular dynamics simulations. 

Int J Mol Sci 2021; 22(19): doi: 10.3390/ijms221910693. 

19. Yan W, Ye Z, Cao S, Yao G, Yu J, Yang D, Chen P, 

Zhang J, Wu Y. Transcriptome analysis of two 

Pogostemon cablin chemotypes reveals genes related 

to patchouli alcohol biosynthesis. PeerJ 2021. 9: p. 

e12025. doi: 10.7717/peerj.12025 

20. Yu Y, Zhang Y, Wang S, Liu W, Hao C, Wang W. 

Inhibition effects of patchouli alcohol against influenza a 

virus through targeting cellular PI3K/Akt and ERK/MAPK 

signaling pathways. Virol J 2019; 16(1): 163. doi: 

10.1186/s12985-019-1266-x 

 


