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Abstract: The extracts or compounds isolated from Pogostemon spp. (Lamiaceae) showed various
potential biological activities such as antimicrobial, analgesic, anti-inflammatory, antioxidant, as well as
cytotoxicity. In our previous studies, pogostemin A (new compound), isolated from the aerial of Pogostemon
auricularius, showed strong cytotoxic activities. Herein, our aim of the study was to investigate apoptosis
induction activity of pogostemin A on SK-LU-1 human lung cancer cells. Pogostemin A was isolated from the
aerial parts of P. auricularius growing in Vietnam. Apoptosis, as the type of cell death, was assessed
morphologically by Hoechst staining activity and evaluation of the cell surface phosphatidylserine (PS)
expression through annexin V/PI staining. Overall, the obtained data suggests that pogostemin A induced
apoptosis in lung cancer cells at a concentration of 20 pg/mL, with the percentages of both early and late
apoptotic cells found to be 14.9 % and 12.6 %, respectively, meanwhile, the negative control showed that only
9.8 % early apoptotic cells and 5.5 % late apoptotic cells. Pogostemin A, a new meroterpenoid with pyrone-
sesquiterpenoid hybrid skeletons induced apoptotic cell death in lung cancer cells by activation of caspase 3.

Key words: Pogostemon auricularius; Lamiaceae; caspase 3; Hoechst staining.

Introduction potential biological activities such as antimicro-

Pogostemon Desf., which is a large genus in
the Lamiaceae family, includes about 94 species
distributed mainly in tropical and subtropical re-
gions all over the world 2. A variety of species of
this genus has been used as traditional medicine
in many countries, mostly in Asian countries, for
the treatment of diarrhea, stomach ache, rheu-
matism, headache, fever and wounds 3. Recent
findings suggest that some extracts or compounds
isolated from Pogostemon Desf. have various

*Corresponding authors (Hoai Thi Nguyen; Ain Raal)
E-mail: <hoai77@gmail.com; ain.raal@ut.ee >

bial, analgesic, anti-inflammatory, antioxidant, and
cytotoxicity 3.

P. auricularius is an annual herb which is found
in many countries, particularly in tropical and sub-
tropical countries such as India, Sri Lanka,
Bangladesh, China and Southeast Asia 7. This
herb has a wide variety of uses, but primarily it is
used as an antiseptic, analgesic and anti-inflam-
matory agent. In the Tanchongya-Kongmain tribe
of Bangladesh, the leaf juice of P. auricularius
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is given orally to treat tetanus ®. In Indonesia, many
people use the leaves of this herb to treat stom-
ach ache and urinary problems in children. In
Malaysia, the whole of this plant has been used to
cure diarrhea and rheumatism *!°. According to
traditional Chinese medicine, P. auricularius is
used to treat high temperature in both children
and the elderly . In addition, many people in In-
dia use this herb to treat snakebites. The leaf juice
is, also, used to treat fever 3. The phytochemical
studies of this species have led to the isolation of
diterpenes -2,

Our previous papers showed that herbs known
as natural anti-cancer drugs in ethnomedicine can
really have biological activity against various can-
cer cells '*". For example, the essential oil of
Pinus sylvestris showed the stronger cytotoxic
effect to both negative and positive breast cancer
cell lines (both IC, = 29 pg/ml) than the Scots
pine extract (IC, | =42 and 80 pg/ml, respectively)
13, The anticancer activity of pine shoots was
known in Estonian ethnomedicine '8.

In the previous work ', the new triterpene
pogestem and the new phloroglucinol derivative
pogostemon D were isolated from the aerial parts
of P. auricularius. Also, we reported the isola-
tion, structural elucidation of three new
meroterpenoids, pogostemins A - C 6, and three
new phloroglucinols, pogostemonons A - C %, and
evaluated the cytotoxicity of the isolated com-
pounds against five human cancer cell lines, in-
cluding lung adenocarcinoma (LU-1), oral epider-
moid carcinoma (KB), liver hepatocellular carci-
noma (Hep-G2), colon adenocarcinoma (SW-480),
and gastric adenocarcinoma (AGS). Pogostemin

A (Figure 1) showed strong cytotoxic activities
against the tested cell lines with IC_ values rang-
ing from 7.21 + 1.09 to 12.76 + 0.88 pg/mL 'S.

In the present study, we report the apoptosis-
inducing activity of pogostemin A.

Materials and methods
General experimental procedures

The human lung cancer SK-LU-1 cell lines were
purchased from the American Type Culture Col-
lection (ATCC®CCL185™), The cell culture
medium, Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), Trypsin
EDTA were purchased from the Grand Island
Biological Company (GIBCO, Invitrogen). Dim-
ethyl sulfoxide (DMSO), hoechst 33342, and
propidium iodide (PI) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). The cell
culture flasks and 96-well plates were from Corn-
ing Inc. (Corning, USA). The ELISA Plate Reader
(Bio-Rad, California, USA) was used to measure
the absorbance of the color caused by the reagent
in cytotoxicity assay. Flow cytometry analysis
apoptosis was done with the NovoCyte flow cy-
tometer (Acea Bioscience Inc., San Diego, CA
92121, USA).

Biological material

Pogostemin A was isolated from the aerial parts
of Pogostemon auricularius. This plant was
collected from Quang Tri province, Vietnam
(N16°44°38.9" E107°14°51.1") in May 2017 and
was identified by Dr. Nguyen The Cuong, Insti-
tute of Ecology and Biological Resources, VAST,
Vietnam.

Figure 1. Structure of pogostemin A
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Cell culture

The human lung cancer cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 2 mM L-Glutamine, and 10 %
fetal bovine serum (FBS). Cells were maintained
at 37°C with 5 % CO, in a humidified chamber.
These cells were sub-cultured every 3-5 days with
the ratio of (1:3) and incubated at 37°C under
humidified 5 % carbon dioxide atmosphere ?'.

Hoechst staining

SK-LU-1 cells were seeded on the 35-mm plate
and incubated overnight before treatment with
different concentrations of pogostemin A, includ-
ing 5 mg/mL, 10 mg/mL, and 20 mg/mL.
Camptothecin and DMSO were used as positive
and negative controls, respectively. After 24 h of
incubation, cells were fixed with 4 % formalde-
hyde for 30 min, then washed with PBS, and fol-
lowed by staining with Hoechst 33342 (0.5 mg/
mL) for 10 min. The cells were observed under
the inverted fluorescence microscope (Zeiss) us-
ing the 350-nm excitation wavelength and 461-
nm emission wavelength. The cells with fraction-
ated or intensely fluorescent nuclei were deter-
mined in at least a total of 200 cells count for
each concentration 2%,

Caspase 3 activity

The caspase 3 activity was determined by
Caspase 3 colorimetric kit (Biovision, Chester
Springs, PA, USA). Briefly, after treatment with
different concentrations of pogostemin A, posi-
tive and negative controls for 24 h, cells were
harvested and washed twice with PBS. Then, cells
were lysed using lysis buffer for 10 min and de-
termined the caspase 3 activity by adding 50 uL.
of cell lysis which contained 50 pg of cell pro-
teins, 50 uL of 2X Reaction Buffer, and 5 uL of
200 uM DEVD-pNA to each well of 96-well plates
and incubated at 37°C for 1-2 h. The absorbance
density of samples was read by ELISA reader at
405 nm. Fold-increase of caspase 3 activity of
the compound was determined by comparing the
data with the level of the untreated control Data
is represented as fold-increases of caspase 3 ac-
tivity of the compound by comparing the data with
the level of the untreated control. 2%,

Flow cytometry analysis apoptosis

The Annexin V/PI Kit (Invitrogen) was used to
evaluate the capacity of the samples to induce
apoptotic cell death. Subsequent to treatment for
24 h, SK-LU-1 cells were harvested by trypsin-
EDTA and washed with PBS. Cells were then
suspended in 100 pl binding buffer and stained
with 5 ul fluorochrome-conjugated annexin V
(Invitrogen) and 1 pl PI (100 pg/ml). After that,
Cells were incubated for 15 min at 37°C, and then
supplemented 400 pl binding buffer. A minimum
of ten thousand cells were analyzed by using the
NovoCyte flow cytometry system (ACEC), in
which the x-axis was annexin-V intensity and Y-
axis was PI intensity 2?7,

Results and discussion

Based on IC,; value of pogostemin A, strong
cytotoxic activities against the human lung can-
cer cells LU-1 (IC,, = 12.76 + 0.88 pg/mL) has
been found in our earliar paper '¢. The three dif-
ferent concentrations of pogostemin A (5 pg/mL,
10 pg/mL, and 20 pg/mL) were selected for all
the experiments in this study.

Among the types of cell death, apoptosis and
necrosis is the most common. Necrosis is a deg-
radation process, meanwhile apoptosis is a con-
trolled physiological process 2%, At this time, the
apoptosis pathway is the target of many anti-can-
cer drug therapies ?. In the Hoechst staining ex-
periment, the number of cells with apoptotic mor-
phological features, such as cell shrinkage or
nuclear chromatin condensation and fragmenta-
tion, increased when cells were treated with
pogostemin A at each concentration for 24 h com-
pared to the negative control at 5.19 % apoptotic
cells. At a concentration of 20 ug/mL, pogostemin
A induced apoptotic cell death in 34.3 % of the
cells, while only 4.5 % of cells were found to be
apoptotic at 5 ug/mL (Table 1, Figure 2).

In order to clearly understand the mechanism
by which pogostemin A induced apoptosis, the ef-
fects of this compound on caspase 3 activity were
examined. Caspase 3 is the one activated by death
proteases, catalyzing the specific cleavage of
many key cellular proteins *°. Caspase 3 is also
required for some typical hallmarks of apoptosis,
such as chromatin condensation and DNA frag-
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Table 1. Effect of pogostemin A at different concentrations on nuclear
morphology after 24 h of treatment using Hoechst 33342 staining

Pogostemin A

(5 ug/ml) (10 pg/ml) (20 pg/ml)

Apoptotic cells (%)
Camptothecin (5 uM)

Negative control

4.50 6.54 34.30

28.57 5.19

-

Figure 2. Effect of pogostemin A at different concentrations on nuclear morphology after 24 h of
treatment using Hoechst 33342 staining. The SK-LU-1 cells that were treated with 0.5 % DMSO (A)
showed normal oval shape of nucleases. The reference compound (camptothecin S5uM) also induced
apoptosis significantly (B). Some cells treated with different concentrations of pogostemin A (5, 10,
and 20 pug/mL (C-E, respectively), showed condensed or fragmented chromatin

mentation in many cell types *'*2. Therefore, the
caspase 3 activity is one of the indicators of
apoptosis induction. As the results shown in Fig-
ure 3, the caspase 3 activities increased signifi-
cantly after pogostemin A treatment at 10 and 20
pg/mL (p < 0.05). Especially, the activity of 10
and 20 pg/mL concentrations were 1.49 and 1.22
times higher than negative control, respectively.
It seems to be interesting that the fold-increase
for caspase 3 is higher for the 10 pg/mL concen-
tration than the 20 pg/mL concentration of
pogostemin A treated cells. The hypothesis could
be that this might be to more of the cells dying at
20 pg/mL than 10 pg/mL, therefore there would
be less cells to express caspase 3. Besides, the 5
Lg/mL concentration of this compound slightly in-
duced caspase 3 activity compared with negative

control but there is no statistical significance.
Besides the change of cell morphology, one of
the early events of apoptosis is the loss of phos-
pholipid asymmetry that leads to phosphatidylserine
(PS) translocation from the internal of the plasma
membrane to the external of the membrane *.
On the other hand, PS has high affinity with
annexin V in the presence of calcium *. The
translocation of phosphatidylserine occurs before
the loss of cell membrane integrity that is induced
by the cell death in apoptosis or necrosis process.
Therefore, by using the fluorescent prober annexin
V-FITC and propidium iodide, the early and late
apoptosis can be detected. In flow-cytometry
analysis of annexin V-FITC and propidium iodide
double stain, four cell populations were distin-
guished: the live cell at the lower-left quadrant



Linh Thuy Thi Tran et al., / TBAP 9 (5) 2019 pp 320 - 327 324

(annexin V-/PI'); early apoptosis cells at the lower- and necrotic cells at the upper-left quadrant
right quadrant (annexin V'/PI’); late apoptosis (annexin V/PI'). As presented in Figure 4,
cells at the upper-right quadrant (annexin V*/PI");  pogostemin A at 20 pg/mL induced apoptosis af-
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Figure 3. Effect of pogostemin A at different concentrations on the activities of caspase 3 in SK-
LU-1 cells. Values represent mean + SD of three independent experiments (¥*P<0,05; **P<0,01).
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Figure 4. Effect of pogostemin A at different concentrations on induction of apoptosis in SK-
LU-1 cells using Annexin V and PI staining. The cells were treated with 0.5 % DMSO (A) or
camptothecin (B) or different concentrations of pogostemin A (5, 10, and 20 pg/mL (C-E, respectively).



Linh Thuy Thi Tran et al., / TBAP 9 (5) 2019 pp 320 - 327

325

ter 24 h of treatment; the ratio of both early and
late apoptotic cells increased at 14.9 % and 12.6
%, respectively. The negative control showed that
only 9.8 % early apoptotic cells and 5.5 % late
apoptotic cells. However, at the lower concen-
tration (5 and 10 pg/mL), the difference in both
early and late apoptotic cells are not clear when
compared with negative controls.

Previously, the content and chemical composi-
tion of the essential oil of P. auricularius has been
studied **. As much the essential oil of
Pogostemon cablis showed cytotoxic and anti-
fungal activities , it may be interest to study also
anticancer activity of essential oil from P. auri-
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cularius.

As aresult of the current study, pogostemin A,
anew meroterpenoid with pyrone-sesquiterpenoid
hybrid skeletons induced apoptotic cell death in
lung cancer cells by activation of caspase 3.

Acknowledgements

The authors received no direct funding for this
research. We are grateful to Mr. Le Tuan Anh
(Mientrung Inst. for Scientific Research, VAST,
Quang Tri, Vietnam) for collecting the plant ma-
terial, Mrs. Do Thi Thao Institute of Biotechnol-
ogy, VAST, Hanoi, Vietnam) for evaluating the
apoptosis-inducing activity.

1. Shinoj, K., Vimal, K.P. and Sunojkumar, P. (2016). A checklist of the genus Pogostemon
Desf. in Southern Western Ghats. South Indian Journal of Biological Scieneces. 2(1): 46-51.

2. The PlantList (2010). (hppt://www.theplantlist.org/browse/A/Lamiaceae/Pogostemon).

3. Quattrocchi, U. (2012). CRC World Dictionary of Medicinal and Poisonous Plants: Common
Names, Scientific Names, Eponyms, Synonyms, and Etymology. CRC Press. 3960 p.

4. Jeong, J.B., Choi, J., Lou, Z., Jiang, X. and Lee S.H. (2013). Patchouli alcohol, an essential
oil of Pogostemon cablin, exhibits anti-tumorigenic activity in human colorectal cancer cells.
International Immunopharmacology. 16(2): 184-190.

5. Swamy, M.K. and Sinniah. U.R. (2015). A comprehensive review on the phytochemical consti-
tuents and pharmacological activities of Pogostemon cablin Benth.: an aromatic medicinal plant
of industrial importance. Molecules. 20(5): 8521-8547.

6. Phuong, V.X. (2000). Flora of Vietnam, Section 2 - Lamiaceae [in Vietnamese]. Hanoi, Science

and Technics Publishing House.

7. Wau, Z.Y. and Raven, P.H. (1999). Flora of China. Beijing, Science Press.

8. Yusuf, M., Wahab, M.A., Yousuf, Md., Jasim, U.C., Begum, J. (2007). Some tribal medicinal
plants of Chittagong Hill Tracts. Bangladesh Journal of Plant Taxonomy. 14(2): 117-128.

9. Chi, V.V. (2000). Dictionary of Vietnamese medicinal plants, Section I [in Vietnamese]. Ho Chi

Minh City, Publishing House Medicine.

10. Valkenburg, J.L.C. and Bunyapraphatsara, N. (2001). Plant Resources of South-East Asia.
Medicinal and poisonous plants, 2. Leiden, Backhuys Publishers.

11. Prakash, O., Roy, R., Agarwal, S., Hussaini, F.A. and Shoeb, A. (1987). Stereostructure of
auricularic acid, a cleistanthane diterpenoid from Pogostemon auricularis Hassk. Tetrahedron

Letters. 28(6): 685-686.

12. Hussaini, F.A., Roy, R., Shoeb, A., Gajhede, P.M., Jacobsen, J.P. and Boll, P.M. (1993).
Structure and configuration of a new cleistanthane diterpenoid from Pogostemon auricularis.

Natural Product Letters. 3(1): 71-77.

13. Raal, A., Nguyen, T.H., Ho, V.D. and Do, T.T. (2015). Selective cytotoxic action of Scots
pine (Pinus sylvestris L.) needles extract in human cancer cell lines. Pharmacognosy Magazine,

11 (44, Supplement 2): S290-295.

14. Nguyen, T.H., Ho, V.D., Do, T.T., Bui, H.T., Phan, V.K., Sak, K. and Raal A. (2015). A
new lignan glycoside from the aerial parts and cytotoxic investigation of Uvaria rufa. Natural

Product Research. 29(3): 247-252.



Linh Thuy Thi Tran et al., / TBAP 9 (5) 2019 pp 320 - 327 326

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Nguyen, T.H., Ho, V.D., Nguyen, P.D.Q., Vo, H.Q., Do, T.T. and Raal, A. (2018). Cytotoxic
evaluation of compunds isolated from the aerial parts of Hedyotis pilulifera and methanol extract
of Inonotus obliquus. Natural Product Communications. 13: 939-941.

Nguyen, H.T., Tran, L.T.T., Ho, D.V., Le, D.V., Raal, A. and Morita, H. (2018). Pogostemins
A-C, three new cytotoxic meroterpenoids from Pogostemon auricularius. Fitoterapia. 130: 100-
104.

Ho, V.D., Hoang, T.N.H., Vo, H.Q., Nguyen, M.H., Raal, A. and Nguyen, T.H. (2018). A
new triterpene ester and other chemical constituents from the aerial parts of Anodendron
paniculatum and their cytotoxic activity. Journal of Asian Natural Products Research. 20: 188-
194.

Sak, K., Jiirisoo, K. and Raal, A. (2014). Estonian folk traditional experiences on natural
anticancer remedies: From past to the future. Pharmaceutical Biology. 52: 855-866.

Ho, D.V., Tran, L.T.T., Le, D.V., Tran, H.M., Nguyen, H.T. and Raal, A. (2019). A new
triterpene and a new phloroglucinol derivative from the aerial parts of Pogostemon auricularius.
Chemistry of Natural Compounds. 55(5): 890-894.

Tran, L.T.T., Ho, D.V., Le, D.V., Hung, T.M., Nguyen, H.T. and Raal, A. (2018). Three
new phloroglucinol derivatives from the aerial parts of Pogostemon auricularius and their cytotoxic
activity. Phytochemistry Letters. 28: 88-92.

Xie, T., Mo, L., Li, N., Mao, N., Li, D., Liu, D., Zuo, C., Huang, D., Pan, Q., Yang, L. and
Wang, S. (2018). Identification of side population cells in human lung adenocarcinoma A549 cell
line and elucidation of the underlying roles in lung cancer. Oncology Letters. 15(4): 4900-4906.
Allen, S., Sotos, J., Sylte, M.J. and Czuprynski, C.J. (2001). Use of Hoechst 33342 staining
to detect apoptotic changes in bovine mononuclear phagocytes infected with Mycobacterium
avium subsp. paratuberculosis. Clinical and Diagnostic Laboratory Immunology. 8(2): 460-464.
Durand, R.E. (1982). Use of Hoechst 33342 for cell selection from multicell systems. Journal
of Histochemistry and Cytochemistry. 30(2): 117-122.

Scott, C.W., Sobotka-Briner, C., Wilkins, D.E., Jacobs, R.T., Folmer, J.J., Frazee, W.J.,
Bhat, R.V., Ghanekar, S.V. and Aharony, D. (2003). Novel small molecule inhibitors of caspase-
3 block cellular and biochemical features of apoptosis. Journal of Pharmacololgy and Experimental
Therapeutics. 304(1): 433-440.

Mohamed, ML.F., Samir, N., Ali, A., Ahmed, N., Ali, Y., Aref, S., Hossam, O., Mohamed,
M.S., Abdelmoniem, A.M. and Abdelhamid, I.A. (2017). Apoptotic induction mediated p53
mechanism and Caspase-3 activity by novel promising cyanoacrylamide derivatives in breast
carcinoma. Bioorganic Chemistry. 73: 43-52.

Darzynkiewicz, Z., Bruno, S., Del Bino, G., Gorczyca, W., Hotz, M.A., Lassota, P. and
Traganos, F. (1992). Features of apoptotic cells measured by flow cytometry. Cytometry. 13(8):
795-808.

Sivakumaran, N., Samarakoon, S.R., Adhikari, A., Ediriweera, M.K., Tennekoon, K.H.,
Malavige, N., Thabrew, I. and Shrestha, R.L. (2018). Cytotoxic and apoptotic effects of
govaniadine isolated from Corydalis govaniana Wall. roots on human breast cancer (MCF-7)
Cells. BioMed Research International. Article ID 3171348, 1-11.

Fink, S.L. and Cookson, B.T. (2005). Apoptosis, pyroptosis, and necrosis: mechanistic descrip-
tion of dead and dying eukaryotic cells. Infection and Immunity. 73(4): 1907-1916.

Ghobrial, I.M., Witzig, T.E. and Adjei, A.A. (2005). Targeting apoptosis pathways in cancer
therapy. CA A Cancer Journal for Clinicians. 55(3): 178-194.

Porter, A.G.J. and Anicke, R.U. (1999). Emerging roles of caspase-3 in apoptosis. Cell Death
Differentation. 6(2): 99-104.

Shi, Y. (2002). Mechanisms of caspase activation and inhibition during apoptosis. Molecular



Linh Thuy Thi Tran et al., / TBAP 9 (5) 2019 pp 320 - 327 327

32.

33.

34.

35.

Cell. 9(3): 459-470.

Elmore, S. (2007). Apoptosis: a review of programmed cell death. Toxicologic Pathology. 35(4):
495-516.

Lizarbe, M.A., Barrasa, J.I., Olmo, N., Gavilanes, F. and Turnay, J. (2013). Annexin-
phospholipid interactions. Functional implications. International Journal of Molecular Sciences.
14(2): 2652-2683.

Satyal, P., Chuong, N.T.H., Pham, V.T., Hung, N.H., Hien, V.T. and Setzer, W.N. (2018).
Chemical composition of the essential oils of Pogostemon auricularius, a Vietnamese medicinal
plant. Natural Product Communications. 13: 617-620.

Powers, C.N., Osier, J.L., McFeeters, R.L., Brazell, C.B., Olsen, E.L., Moriarity, D.M.,
Satyal, P. and Setzer, W.N. (2018). Antifungal and cytotoxic activities of sixty commercially-
available essential oils. Molecules. 23: 1549.



