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Abstract — Pyrrosia lingua which belongs to Polypodiaceae has been used as a traditional medicine for the treatment of urinary
system inflammation, urination disorder, and bronchitis. However, there are not enough phytochemical and pharmacological
studies of P. /ingua up to now. Here in this study, the protective effect of MeOH extract of whole plant of Pyrrosia lingua
(MPL) against 2% glucose-induced toxicity was investigated using Caenorhabditis elegans (C. elegans) model system. We
found that MPL significantly extended the lifespan of wild-type nematode under normal culture condition. MPL also effectively
recovered the decreased lifespan caused by 2% glucose-toxicity. In addition, MPL efficiently attenuated the increased glucose
concentration inside of nematode. Further studies evaluating diabetes-related factors revealed that MPL reduced both intra-
cellular ROS and lipid accumulation which were up-regulated under 2% glucose supplement condition. Our data also showed
that MPL improved the 2% glucose-induced shortened body movement of nematode. Lastly, we carried out genetic studies
using several single gene knockout mutants to establish the possible target of MPL. Our results demonstrated that genes such
as daf-2 and daf-16 were responsible for the protective activity of MPL against 2% glucose-induced toxicity. These results indi-
cate that MPL exerts protective action against 2% glucose via regulation of insulin/IGF-1 sinaling pathway and FOXO acti-

vation.
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Fig. 1. Effects of MPL on the lifespan of C. elegans. Lifespan
assay was performed using wild-type N2 worms. The number
of worms used per each lifespan assay experiment was 48-52
and three independent experiments were repeated (N=3).
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Table 1. Effects of MPL on the lifespan of C. elegans

o o FxHo] FHE C eleganss AHE-3t] 751
o} 1A A7 2% glucose] Hg0] FE AFe 9
o HRl= YIS Yolrr| S5t A9E FEH(0, 62.5,
125, 250 pg/mL)E *2|gF & glucose toxicity assays 53
SI3AT}. Table 119} Fig. 204 &1 = A%0] 2% glucose
o] Zgol| oJal] MZe] Wit o] 1922804 14.964=
oF 22.16% 7H2(Mp<0.001)3tAL AW FHe A9 T
oJo) oJ3)] FoEA o R I EHILE M9E 625, 125 &
250 pg/mLe] FxolA 242t B 82 17.062 (7 p<0.01),
18.579 (" p<0.001), 20.00(" p<0.001)U = Z7}A AT} A
FAFlM 2% glucose A2l el 2] 80| Fhas)
+ Z1& insulin/IGF-1 signaling pathway2] 413}E 53l
Uehtes o2 ByE vt 9lor o]= 2% glucosedl] <]
sk o] At skt ulg- AR e Aol e o]
ek whEba] g A 2004 29071 Ao ol
X FES dolr7] 18] lifespan assays T3 SHATE.
Aslo] Az}, A AR 20 9] Foldl e Ao
B FHol 625, 125 X 250 ug/mLe] F LA zkz}
10.25%, 12.80%, 24.87%% F=JEH 02 F7FIAS

Genotype Treatment Dose .Mean M?ximum Chgnge in mean Log-rank
(ug/mL) lifespan lifespan lifespan (%) test
Wild-type Vehicle - 19.22+0.73 32 - -
MPL 62.5 21.19+0.82 34 10.25 "p=0.049
MPL 125 21.68+0.87 35 12.80 p=0.016
MPL 250 24.00+0.73 36 24.87 "p<0.001

Mean lifespan presented as meantS.E.M. data. Change in mean lifespan (%) was compared with control group. Statistical
significance of the difference between survival curves was determined by rog-rank test using the Kaplan-Meier survival analysis.
Differences compared to the control were considered significant at ~ p<0.001
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Table II. Effects of MPL on the glucose toxicity of C. elegans

Treatment Dose 2% 'Mean M_aximum Ch'fmge in mean Log-rank
(ng/mL) Glucose lifespan lifespan lifespan (%) test
Vehicle - - 19.22+0.73 32 - -
Vehicle - + 14.96+0.18 27 -22.16 p<0.001"
MPL 62.5 + 17.06+0.60 26 -11.23 p=0.001"
MPL 125 + 18.57+0.35 28 -3.38 p<0.001""
MPL 250 + 20.00+0.38 28 4.05 p<0.001"

Mean lifespan presented as mean+S.E.M. data. Change in mean lifespan (%) was compared with control group. Statistical
signiﬁcance of the difference between survival curves was determined by log-rank test using the Kaplan-Meier survival analysis.
i <0.001 compared to vehicle. p<0.01 and p<0.001 compared to 2% glucose-MPL treated groups
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Fig. 2. Effects of MPL on the glucose toxicity of C. elegans. 2% glucose- - + + + +
Glucose toxicity assay was performed using wild-type N2 MPL (ug/mL) - ; 625 125 250

worms. The number of worms used per each glucose toxicity
assay experiment was 36-281 and three independent experi-
ments were repeated (N=3).

Fig. 3. Effects of MPL on the glucose concentration. For mea-
surement of glucose concentrations, about 100,000 worms
which was elapsed 5 days from glucose contained NGM plate

S}R13IAtH(Table I, Fig. 1). o]2{gF A= & of A]9]]] €]
F Az L] ) A2 2% glucose 2 2]l 23|
A TFHE IEATE A DT Ao S AL

e
S

jgm

i

O

5o® A7t AF WFol EAlse glucose &
P FA=A dotr 7] 9t HF #HHAEY
(homogenate)2 ©]-83}d glucose concentration assayS
SY3FATE. Fig. 304 SRIg = U%0] 2% glucoseE A&
sk S A 27e] Aol vl AW glucose®] FE=7}
39 pg/dLolA 72 pe/dLE <F 1.858)(*#p<0.001) Z7ts13.2
olggh 7k A9 Foell os) frelAo® 1Haslsl
TH-373% at 62.5 pg/mL, —50.0% at 125 pg/dL( p<0.001),
—54.5% at 250 pg/mL).
T FE FAakrF (reactive oxygen species; ROS)2] A
S S7MIA B-cellS 23 thgsk Al X Akl 2E
HEE frdshs A0 dulA St 53], 1gde R <
& A= F}sk ROSE advanced glycation end products
(AGEs)E A8t 1&de] 4] 2 A8 Adl st
38 MRtk A ok =

(¢}
gk ROSE & w3l #8S XA 717 ©]= methylglyoxal

=

3

were sampled. Data are expressed as the mean+S.E.M. of

three independent experiments (N=3). Differences between
groups were statistically analysed by one-way ANOVA. ###p<
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0.001 compared to 2% glucose-MPL treated groups.
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Fig. 4. Effects of MPL on the intracellular ROS levels. Intra-
cellular ROS level was quantified spectrophotometrically at
excitation 490 nm and emission 510-570 nm. The plate was
read at 60 min after treatment of H,DCF-DA. Data are
expressed as the meantS.E.M. of three independent experi-
ments (N=3). Differences between groups were statistically
analysed by one-way ANOVA ###p<0 001 compared to con-
trol-2% glucose group, while p<0.01 and p<0.001 com-

pared to 2% glucose-MPL treated groups.
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Fig. 5. Effects of MPL on the lipid storage. (A) Nile red staining of wild-type N2 which was grown at various concentration of
MPL. Fluorescent images of lipid of worms staining by nile red. (B) Fluorescence intensity of the nematodes was quantified using
Image J software by determining average pixel intensity. Mean fluorescence intensity of lipid was represented as mean+S.E.M. of
values from 24-48 animals. Differences between groups were statistically analysed by one-way ANOVA. ###p<0.001 compared to

control-2% glucose group, while = p<0.01,

***p<0.001 compared to 2% glucose-MPL treated groups.
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Fig. 6. Effects of MPL on the mobility. motility To check the
motility of C. elegans, the analysis was taken on 10" day of
adulthood. Motility of worms were counted under a dissecting
microscope for 1min. Each animal was analyzed by the
Nikon software (Nikon, Japan). All the tests were repeated at
least 3 times. Differences between groups were statistically
analysed by one-way ANOVA. **p<0.01 and Mp<0.001 com-
pared to control group, while ##p<0.01 and ###p<0.001 com-
pared to 2% glucose-MPL treated groups.
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Fig. 7. Mechanism of MPL-induced protective activities
against 2% glucose-induced toxicity. Glucose toxicity assay
was performed using DR1572 (e/368) and GR1307 (mgDf50).
The number of worms used per each glucose toxicity assay
experiment was 39-73 and three independent experiments were

repeated (N=3).
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Table III. Involvement of insulin receptor and FOXO in MPL-mediated protective activities

Genotype Treatment Dose 2% 'Mean 'Max. Chgnge in mean Log-rank
(png/mL) Glucose lifespan lifespan lifespan (%) test

daf-2(e1368) - - - 26.15+0.79 38 - -
- - + 15.93+0.57 23 —64.16 p<0.001"
MPL 250 + 15.82+0.69 24 —65.30 p=0.586

daf-16(mgDf50) - - - 14.98+0.41 21 - -
- - + 15.00+0.49 22 0.13 p=0.735
MPL 250 + 14.90+0.38 22 —-0.67 p=0.718

Mean lifespan presented as mean+S.E.M. data. Change in mean lifespan (%) was

compared

significance of the difference between survival curves was determined by rog-rank test using the

Differences compared to the control were considered significant at

" p<0.001

with control group. Statistical
Kaplan-Meier survival analysis.
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Fig. 8. Effects of MPL on the nuclear localization of DAF-16.
The translocation of DAF-16 was visualized under fluores-
cence microscope using TJ356 strain which carries daf~16::gfp
transgene. Worms were subjected to analyze GFP expression
after 5 days from transferred to NGM plate contained 2% glu-
cose at 20°C.
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