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The purpose of this study was to investigate the effect of Brunfelsia grandiflora ethanol extract (BGEE)
on the induction of autophagy via regulation of SIRT1 expression and p53 activation in a human lung
fibroblast cell line, IMR 90. BGEE at a concentration of 5 pg/ml or more exhibited a cytotoxic effect
on IMR 90 cells. For the first time, this study showed that BGEE induces autophagy in normal human
lung fibroblasts. BGEE also increased the expression level of beclin-1 at 2.5 ng/ml or less and Atg7
at 5 ug/ml, both of which are known to be involved in the induction of autophagy. In addition, BGEE
modulated the expression of other proteins related to autophagy in normal human lung fibroblasts.
The expression levels of p53 and pp53, an active form of p53, were decreased in the presence of
BGEE at a noncytotoxic concentration. In contrast, the expression level of SIRT1 was increased in hu-
man lung fibroblasts treated with BGEE at a noncytotoxic concentration. Moreover, SA-$3-Gal staining,
an aging marker, was reduced in the normal human lung fibroblasts treated with BGEE. These find-
ings suggest that BGEE promotes the induction of autophagy and antiaging through the modulation

of p53 and SIRT1 in human lung fibroblasts.
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FE 1Z T AZ 2EG2 FFAA A7 Y gE gl
gu 27182 FA5 AEA Y F3EE FAse HeE
A2 A B oMo ® v FLF FFOE RIHY
A2l Aol =3P 25 3 2L £50|
Bud AE F dr 719d JHARe R #Ed &ée=
Brunfelsia grand}ﬂorai—‘?‘ﬂ Y 8H3E o] screening ¥ T
[4]. =X FEHY] =& AFAH UFE brunfelsiagh oL,
109 E 9] o] s} 89 E 9 Lmi Agts BEo 7 A
TH10L. dFA o= Hots v) Aol WidE 47 12904

dolol ool BRI 9lu A md F72% £E ¥ 5v
P A 9E A1), o] A= AFHA QFXHE a4,
HE S, i 181 #dYe A5 gad
Hof ko] o123 oA Ad o 1
FHo AA ok AAAd dFE Tl 3o #EH &
S dotraz g AR O E Al ARFAH £
Zoll ¢ F8% w3t #d A3 A Brunflsia grandiflora
FoAol & 4 YA Fo}, o] 5 ulg oz L 3stA
TAT V- BE A7 28 Ao R AYEY.
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1l %< & Dulbecco’s Modified Eagle’s Medium
(DMEM), Trypsin-EDTA, penicillin / streptomycin / am-
photericin (Z+7} 10,000 U/ml, 10,000 ng/ml % 2,500 pg/ml),
fetal bovine serum (FBS) Al ¢ Gibco BRL, Life Technolo-
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gies (USA)EFE T34 th IMR 90 cell line (human lung
fibroblast)® ATCC (American Type Culture Collection,
USA)E 5B T3t %t MTT reagent, gelatin, agarose$t 7]
E}A ¢k Sigma Chemical Co. (St. Louis, MO, USA)E -]
TS B ABl AEH Brunfelsia grandiflora N &=
TAE 3 ATLY AYH LA BAE A LS T
of 73t Hth 95%<] ethyl alcohol el FEH ooz
BGEE®H WHat AL, AdEER 450 & A7 485
At

MIZH ¥

IMR 90 Al ¥+ 5% CO, @ 37ColA 95% ©]4e §&&
FA & w7l oA 5% fetal bovine serum, 2 mM glutamine
3 100 pg/ml penicillin-streptomycins % 33+ DMEM Hj

Aol A Hf oFet Tt

MTT assay

Hansen [8]¢] W ol IMR 90 Al o thg BGEEY A X5
A& MIT (3-(4,5-dimethyl-2-yl)-2,5-diphenyl tetrazolium
bromide)& ©] &3t ZA3sAT.

SA-B-Gal staining assay

24 welldl IMR 90 A ZE w43t BGEEE 1.25, 2.5, 5,
10, 20 pg/mle] FEZ A2 ste] 2447 A2 Fo| 35% HO,
= °f 100M B = 343 100 mMg A skgitt. PBSE 21
A A $o, PBSA &3 A7 A 2% formaldehydeg}
0.2% glutaldehyde® ¥ i 1% /\]5‘“‘13} A EE PBS buffer=
29 washing $ staining solution©. 2 37°Col A 2~4A| 7t &-&
12~16M 3t &< A8k A Tk €4 5 PBS buffer® 2¥ Al %
o] ##3}3 countingdt $Th. SA-B-gal staining®] FF
A E MEE dimethyl sulfoxideZ £3] & 620 nmol 4] UV
spectrophotometer 2743t & 3¢ o).

Autophagy assay

Autophagy &4
cytotoxicity dual staning kit (Item No. 600140) &
th. Autophagy S Al 2AY Ao mat 3 =3l
96 well plate®] IMR 90 M EE 37Tl A w43 & chemical
S APsta YA dE2TOEE 20 M 9 tamoxifen & A
sttt 2442 & M EE propidium iodide (PI)%} mono-
densyl chloride (MDC) A& A|2AHe] Aol upe} HA 3t
Ao, A7tAs Az FAY BT microplate reader
(Tecan Austria GmbH, Austria) 335 nm¢] excitation %7l
A 2538k 512 nm®| emission 339 A fluorescences &
Attt & A E= propidium iodide (PNl <3 & A
1, 540 nm¥] excitation B A 2531 570 nm?| emis-

Z 4% Cayman Chemical ¢ autophagy/
A8t

sion FA& o)A fluorescences =455 t}.

Western blot analysis

IMR 90 Al 294584 (50 mM Tris-HCl, pH 7.5,
0.4% Nonidet P-40, 120 mM NaCl, 1.5 mM MgCl, 2 mM
phenyl methyl sulfonyl fluoride, 80 ug/ml leupeptin, 3 mM
NaF # 1 mM DTT)< #7hste] 4Tl A 302 &< A 2letdl
o AlE @S FE317] fsto] Al 2o BGEES 2 d 6t
A2l d 10 gl MEYf &24S 247 10% Tris-HCI gel ol A
AN9E F 9WAE A7]H 2 nitrocellulose membrane
o2 HoAAT I & 10% skim milkE nitrocellulose
membraned| A2 31 XA A o 13 A (anti-
Atg7, anti-Beclin-1, anti-p53, anti-pp53, anti-SIRT1, anti-be-
ta-actin)® A2 o 23 A& el F, chemiluminescent
ECL kit (Amersham Pharmacia Biotech)& A}-&3to] 52t
4 %39t Western blote] Z3H= LAS 3000” image
analyzer (Fujifilm Life Science, Tokyo, Japan)& ©] &-3}o] %
Ast it

EAHAzZ|
7 A3 33 o) MHEAYS Bt 1 AHE Aol 44
I NE5=d gl BF+EFAIFEZ et 4 A& &
T2 U 944 2T vty Student’s £ test
3 B *p<0.05, #p<0.01, *p<0.001 < FAHOE F4
e A#g Fego
2 1

NEZ=40]| 0= BGEES Y&

BGEEZF Al 2540l vlA= 9%<& A7) §1sted MTIT
assaya 33t IMR90 Al Zo] U] & BGEEY M Z %4

2% 23, Fig. 1914 E vk9h 2ol IMR-90 Al o A
BGEE 25 pg/ml ©|3t9] = A tlz3 olu 35S o
o EHAAE gt AR Yebyth 21y 5 pg/ml
oo e FE7} 2713 mel AEEA0] Z74et YT

=3l X|EQl SA-B-gal staining®l CHEt BGEES| =1t

BGEE7} IMR-90 Al £ 9] =315 Adt=A] 9 o5& &2l
37] fleto] wstmAR & dH I SA-Lgal staining assay S
T35t Fig. 2A9F Zo] 1 uM ¢ HO, & A8 & control
2 blank ol M3+6] SALgal staining ¢ Z7F5ko] HO.H
AEx3E 402 F 35S &kt BGEE| A9 &
< blanks 3 controlw ol HI3t SA4-F-gal staining©] 74
< geIst ATt Fig. 2Bol A & SA-G-gal staining S A Fto
atol A A<l
£ 072 IMR

blank< & SA-f-gal staining F&& 100% =
#& 29 =2 Jehyledl, BGEEE 5% ¢
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Fig. 1. Viability of IMR 90 cells treated with BGEE. The cells
were treated with BGEE at 1.25, 2.5, 5, 10 and 20 ug/ml.
Cell viability was determined by MTT assay after 24 hr.
Data are given as means of values + S.D. from three
independent experiments (*p<0.05, ***p<0.001).
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. Effect of BGEE on SA-B-Gal staining in IMR 90 cells.
IMR 90 cells were treated with BGEE at 1.25, 2.5, 5, 10
and 20 pg/ml. After that, SA-B-gal staining assay was
carried out (A). The level of SA-B-gal staining was quan-
tified at 620 nm of wavelength with UV spectropho-
tometer after solubilization with dimethyl sulfoxide (B).
Data are given as means of values + S.D. from three
independent experiments. Level of significance was
identified statistically using Student’s t test (*, p<0.05,
*, p<0.01, ***, p<0.001).
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BGEE7} autophagy s A1 7]=A & 2AL7] flete] &
MY L o] st #FG T Fig. 3914 HE vhe} 2ol
tamoxifen (TMF) 20 ng/ml< A 2|3t positive control< ol 4]
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Fig. 3. Effect of BGEE on induction of autophagy in IMR 90
cell line. Autophagy activity was detected using a com-
mercially available autophagy/cytotoxicity dual stain-
ing kit according to the manufacturer’s protocol. After
cells were exposed to BGEE at 1.25, 2.5, 5, 10 and 20
ug/ml, autophagic vacuole staining intensity was de-
tected at excitation wavelength of 335 nm and an emis-
sion wavelength of 512 nm. Tamoxifen was used as a
positive control. Data represent the mean *S.E. of three
independent experiments. Results were statistically sig-
nificant using Student’s t test (* p<0.05, ** p<0.01).

T autophagy’} blankw 3} ¥l sto] @A A F7HE AT
BGEE # 2] Aol & 5 pg/ml ©] ¢ 5=l A autophagy’t
THE Qe YA Fig. 4l M= FFHN e T au-

tophagy®] FE&%}E Lo} BT, autophagys YR =
autophagosome %43 3ES  monodansylcadaverine

MDQ)ll 9J3] AZE 391, -2 propidium iodideZ 334
At A% 02, tamoxifen 9 o}t BGEEZ} au-
tophagys FEAZ F Ate As FAHo R Fsgle
B, 2% £ A ZE9XE autophagosome©] 44 o] ¥

H At

Autophagy® ZHAE CHMZIO| BH0| CHSt BGEES| &1t
BGEE®] 33} &3 ¥ autophagyel #ofste Thild wh
ZAret7] 18kl Atg7, Beclin-1, p53, pp533% SIRT1 &
HE S AT Fig. 59141 B vhél 2o] BGEEE
A A oA E IMR0 A A2 @ A3} au-
tophagye YWEMHE Beclin-12 W2 F=< 25 pg/mlelatol
A EE o] blankT ol Wt F7hetal Atg7e] REFEL 1L
FEQ 5 ug/ml o]4e FEAAM F7H3A T Tumor sup-
pressor gene && w3 ¥ FAAZ 9 LA FHAY
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Fig. 4. Induction of autophagy by BGEE in IMR 90 cells. Panel
A-G: MDC staining of IMR 90 cells. There is basal level
of autophagy, indicated by blue dot staining of autopha-
gic vacuoles (A). Panel H-N: propidium iodide staining
of IMR 90 cells. There are few dead cells with only back-
ground staining of propidium iodide (E). Panel O-U: the
merged image of panel A and panel B. Panel BFH :
cell images of IMR 90 cells treated with 20 ug/ml of
tamoxifen as a positive control. The image of cells was
observed at 100 X of magnification using fluorescence

microscope.
O 3 o) 2=
< 89 &+ AU

LI~

M 318} (cellular senescence)®t A wj 9FA] o g 509 &
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Fig. 5. Effects of BGEE on protein expressions of Atg7, Beclin-1,
P53, pp53 and SIRT1 in IMR 90 cells. The cells were
treated with BGEE at 1.25, 2.5, 5, 10 and 20 pg/ml
Western blot analyses of cell lysates were performed us-
ing antibodies as indicated. The expression level of B-ac-
tin was used as a control for normalization of target
proteins.

SoH1] =3t AR &40 SHH BE GO
A 4 9o FAFRY RS FASE 2o =5y
AL a1 £9S AA4stE b F23tH14]. BGEES IMR
90 M 2o FEHEE A ste] =3to] ARE ZH57] A8
Bgalactosidase®] 93l X-gal®] 37} dol} o4& g A
5 (6] SA-B-gal assays T 23, w7 S e E

SA-f-gal BH o] Zat< % T YAH. °] & ¥l BGEE7}
Frst a3s AL 4 =

Autophagy® M=+ 39 /‘ﬂJﬁ— AL
Z A AH(Apoptosis), Z AH(Necrosis) 5 ©] AlE A A 9] AHE
e e A 2], At vEZEYoL, §H1
& % (endoplasmic reticulum) & A Z W 47]#(organelle)9]
At B AT Bl IT[16]. Al E W A7 HAAA Ol
£ fFASTL A4 oy, HZo AT
oet FAANE Yol Fx AHE ABE AL UF
of B ATHI3]. o] HHE Tl H HPA HsE AL A
Z U 2718 2EH A2 AE W &718S A

2

N

o 2o I Fudol A15] A7FEA S o] T A EY
27139 AE 2 AAE 53 AE AAE AEAA BEs)
= S ME A AEE FEVIE dTH17]. T 5%
ApEA el o AE W 27189 BYUUE A2 A Y
AEd 715 L AdH gurt g oy, 2 #d d
T7F AP EHEA A7 220 4% AW e w5k #u Ao

Xﬂ Alﬂ B °}EH19]. BGEEE A |3 M EZ A autophagys

m
o] autophagosomeol 34
BGEEY| & =3} &3 9 autophagyol #ojste ©9d wd
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o] A79 EAL& Ag # AfoMES IMR 90 ANA Brunfilsia grandifiora | &-& 5% & (BGEE)©] SIRT1 %
p53 2435 F3l autophagyd frizol tid a3E A Aot BGEEE 5 ug/ml 0|49 F=4 IMR 90
AZAgA MEHH S JERR AT £ AF A4 252 BGEEZ} autophagy s % 3t 20 B4 T,
BGEE« 25 ng/ml®]stell A Beclin-1 3 5 nug/ml o]/l A Atg7 ¢ 74317} autopha o =9 BHFEE F
3+t B %o] BGEEE autophagy¢t ## ¥ 9l d DS 23 =tl ps3 ¥ pps3 Gl d T o] Ax=
of it §x9 BGEEEA A ZaHAT. &tdth wdd, SIRT1Y RAFES AEZAHo] e 5%
BGEEZ A 2]® IMR 90 Al 2|4 S7h5 3tk T 50 BGEEZ A2 & At 3 A frotAlZ el A 8t vi7) e A
)l SA-B- gal staning®] ZHaEe 2ol FZHUG. o4 LA ESL BGEET AHg ¥ AFobAZoA p533
SIRT19] A& 3kl autophagy 3 #=3t S £7 A7l AL A Ao



