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Fig.1 B&C  ROS  intensity and ATP ( HDF & AsPC-1)
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Figure 1. C) Cellular ATP production AsPC-1 and HDF cells

AsPC-1 ATP
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Fig. 2A. Nuclear Transport: Immunofluorescence  HDF-1 



Fig. 2A. Nuclear Transport: Immunofluorescence  HDF-2 



Fig. 2A. Nuclear Transport: Immunofluorescence  HDF-3 



Fig. 2A. Nuclear Transport: Immunofluorescence  ASPC-1 -1 



Fig. 2A. Nuclear Transport: Immunofluorescence    ASPC-1 -2 



Fig. 2A. Nuclear Transport: Immunofluorescence   ASPC-1 -3 



Fig. 2A. Nuclear Transport: Immunofluorescence  HDF-1 



Fig. 2B  western blot analysis (HDF) 
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Fig. 2B  western blot analysis (HDF) 
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Fig. 3A. si-FOXO3a and wt-FOXO3a transfection by ROS analysis
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Fig.4B  Cell cycle analysis ( HDF)
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Fig.4 C ROS analysis ( AsPC-1)
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Fig.4 D Membrane potential analysis ( AsPC-1)
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Figure 4 (A) HDF MTT assay
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31.567 32.009 31.567 5mM Met+1uM  Apigenin64.018 61.810 60.265

1uM  Apigenin0.409 0.408 0.407 5mM Met+20uM Apigenin99.558 98.675 99.117

18.764 18.985 19.205

20uM Apigenin0.370 0.373 0.364

27.373 26.711 28.698

5mM Met+1uM  Apigenin0.204 0.214 0.221

64.018 61.810 60.265

5mM Met+20uM Apigenin0.043 0.047 0.045

99.558 98.675 99.117



Figure 4. D) Mitochondrial membrane potentia AsPC-1 and HDF cells

ASPC-1 Membrane potential

Control 0.5mM Metfromin 5mM Metformin 20uM Apigenin 0.5mM Metformin+20uM Apigenin 5mM Metformin+20uM Apigenin

0.9 0.89 0.89 0.78 0.153 0.041

0. 991 0.87 0.867 0.962 0.155 0.049

0.995 0.877 0.827 0.879 0.157 0.043

HDF Membrane potential

Control 0.5mM Metfromin 5mM Metformin 20uM Apigenin 0.5mM Metformin+20uM Apigenin 5mM Metformin+20uM Apigenin

0.272 0.181 0.175 0.162 0.112 0.064

0.285 0.188 0.174 0.14 0.122 0.069

0.275 0.175 0.148 0.169 0.109 0.061



Figure 4 (F) DU145 MTT assay

DU145 24 hrs Avg

Control 0.266 0.251 0.254 0.257 Control 103.502 97.665 98.833 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

103.502 97.665 98.833 5mM Met+0.01uM Apigenin68.872 73.541 72.374 103.502 68.872 46.304

5mM Met+1uM Apigenin0.177 0.189 0.186 5mM Met+20uM Apigenin46.304 50.973 49.805 97.665 73.541 50.973

68.872 73.541 72.374 98.833 72.374 49.805

5mM Met+20uM Apigenin0.119 0.131 0.128

46.304 50.973 49.805

DU145 48 hrs Avg Control 97.800 101.222 100.978 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

Control 0.400 0.414 0.413 0.409 5mM Met+0.01uM Apigenin59.413 63.081 62.347 97.800 59.413 36.919

97.800 101.222 100.978 5mM Met+20uM Apigenin36.919 38.142 38.142 101.222 63.081 38.142

5mM Met+1uM Apigenin0.243 0.258 0.255 100.978 62.347 38.142

59.413 63.081 62.347

5mM Met+20uM Apigenin0.151 0.156 0.156

36.919 38.142 38.142

DU145 72hr Avg Control 98.253 100.218 101.528 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

Control 0.450 0.459 0.465 0.458 5mM Met+0.01uM Apigenin46.070 44.323 48.472 98.253 46.070 20.742

98.253 100.218 101.528 5mM Met+20uM Apigenin20.742 22.926 24.454 100.218 44.323 22.926

5mM Met+1uM Apigenin0.211 0.203 0.222 101.528 48.472 24.454

46.070 44.323 48.472

5mM Met+20uM Apigenin0.095 0.105 0.112

20.742 22.926 24.454

DU145 96hr Avg

Control 0.487 0.516 0.518 0.507 Control 96.055 101.775 102.170 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

96.055 101.775 102.170 5mM Met+0.01uM Apigenin25.838 28.994 28.600 96.055 25.838 6.114

5mM Met+1uM Apigenin0.131 0.147 0.145 5mM Met+20uM Apigenin6.114 6.706 14.398 101.775 28.994 6.706

25.838 28.994 28.600 102.170 28.600 14.398

5mM Met+20uM Apigenin0.031 0.034 0.073

6.114 6.706 14.398



Figure 4 (F) HCCC1195 MTT assay

HCC119524 hrs Avg

Control 0.264 0.276 0.273 0.271 Control 97.417 101.845 100.738 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

97.417 101.845 100.738 5mM Met+0.01uM Apigenin72.694 67.159 68.266 97.417 72.694 49.077

5mM Met+1uM Apigenin0.197 0.182 0.185 5mM Met+20uM Apigenin49.077 48.339 47.601 101.845 67.159 48.339

72.694 67.159 68.266 100.738 68.266 47.601

5mM Met+20uM Apigenin0.133 0.131 0.129

49.077 48.339 47.601

HCC119548 hrs Avg Control 97.789 101.229 100.983 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

Control 0.398 0.412 0.411 0.407 5mM Met+0.01uM Apigenin59.459 63.145 62.408 97.789 59.459 36.118

97.789 101.229 100.983 5mM Met+20uM Apigenin36.118 36.609 37.101 101.229 63.145 36.609

5mM Met+1uM Apigenin0.242 0.257 0.254 100.983 62.408 37.101

59.459 63.145 62.408

5mM Met+20uM Apigenin0.147 0.149 0.151

36.118 36.609 37.101

HCC119572hr Avg Control 98.265 100.217 101.518 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

Control 0.453 0.462 0.468 0.461 5mM Met+0.01uM Apigenin48.807 47.072 51.193 98.265 48.807 22.560

98.265 100.217 101.518 5mM Met+20uM Apigenin22.560 24.729 26.247 100.217 47.072 24.729

5mM Met+1uM Apigenin0.225 0.217 0.236 101.518 51.193 26.247

48.807 47.072 51.193

5mM Met+20uM Apigenin0.104 0.114 0.121

22.560 24.729 26.247

HCC119596hr Avg

Control 0.479 0.508 0.510 0.499 Control 95.992 101.804 102.204 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

95.992 101.804 102.204 5mM Met+0.01uM Apigenin31.463 34.669 34.269 95.992 31.463 9.619

5mM Met+1uM Apigenin0.157 0.173 0.171 5mM Met+20uM Apigenin9.619 10.220 18.036 101.804 34.669 10.220

31.463 34.669 34.269 102.204 34.269 18.036

5mM Met+20uM Apigenin0.048 0.051 0.090

9.619 10.220 18.036



Figure 4 (F) LNCaP MTT assay

LNCaP 24 hrs Avg

Control 0.254 0.239 0.242 0.245 Control 103.673 97.551 98.776 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

103.673 97.551 98.776 5mM Met+0.01uM Apigenin64.490 66.531 66.122 103.673 64.490 52.245

5mM Met+1uM Apigenin0.158 0.163 0.162 5mM Met+20uM Apigenin52.245 48.163 50.204 97.551 66.531 48.163

64.490 66.531 66.122 98.776 66.122 50.204

5mM Met+20uM Apigenin0.128 0.118 0.123

52.245 48.163 50.204

LNCaP 48 hrs Avg Control 101.376 98.538 100.086 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

Control 0.393 0.382 0.388 0.388 5mM Met+0.01uM Apigenin47.721 51.591 50.817 101.376 47.721 26.053

101.376 98.538 100.086 5mM Met+20uM Apigenin26.053 27.859 28.375 98.538 51.591 27.859

5mM Met+1uM Apigenin0.185 0.200 0.197 100.086 50.817 28.375

47.721 51.591 50.817

5mM Met+20uM Apigenin0.101 0.108 0.110

26.053 27.859 28.375

LNCaP 72hr Avg Control 98.313 101.687 100.000 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

Control 0.408 0.422 0.415 0.415 5mM Met+0.01uM Apigenin34.458 32.530 37.108 98.313 34.458 9.157

98.313 101.687 100.000 5mM Met+20uM Apigenin9.157 12.530 11.566 101.687 32.530 12.530

5mM Met+1uM Apigenin0.143 0.135 0.154 100.000 37.108 11.566

34.458 32.530 37.108

5mM Met+20uM Apigenin0.038 0.052 0.048

9.157 12.530 11.566

LNCaP 96hr Avg

Control 0.403 0.406 0.445 0.418 Control 96.411 97.129 106.459 Control 96.411 97.129 106.459

96.411 97.129 106.459 5mM Met+0.01uM Apigenin32.057 35.885 35.407 5mM Met+0.01uM Apigenin32.057 35.885 35.407

5mM Met+1uM Apigenin0.134 0.150 0.148 5mM Met+20uM Apigenin8.852 11.244 12.919 5mM Met+20uM Apigenin8.852 11.244 12.919

32.057 35.885 35.407

5mM Met+20uM Apigenin0.037 0.047 0.054

8.852 11.244 12.919



Figure 4 (F) MIA PaCa-2 MTT assay

MIA PaCa-224 hrs Avg

Control 0.264 0.276 0.273 0.271 Control 97.417 101.845 100.738 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

97.417 101.845 100.738 5mM Met+0.01uM Apigenin66.052 62.362 64.207 97.417 66.052 50.185

5mM Met+1uM Apigenin0.179 0.169 0.174 5mM Met+20uM Apigenin50.185 54.613 53.506 101.845 62.362 54.613

66.052 62.362 64.207 100.738 64.207 53.506

5mM Met+20uM Apigenin0.136 0.148 0.145

50.185 54.613 53.506

MIA PaCa-248 hrs Avg Control 99.190 100.405 100.405 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

Control 0.408 0.413 0.413 0.411 5mM Met+0.01uM Apigenin54.700 55.429 58.347 99.190 54.700 38.169

99.190 100.405 100.405 5mM Met+20uM Apigenin38.169 37.925 35.737 100.405 55.429 37.925

5mM Met+1uM Apigenin0.225 0.228 0.240 100.405 58.347 35.737

54.700 55.429 58.347

5mM Met+20uM Apigenin0.157 0.156 0.147

38.169 37.925 35.737

MIA PaCa-272hr Avg Control 99.784 98.060 102.155 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

Control 0.463 0.455 0.474 0.464 5mM Met+0.01uM Apigenin46.983 47.845 47.414 99.784 46.983 23.922

99.784 98.060 102.155 5mM Met+20uM Apigenin23.922 26.078 27.586 98.060 47.845 26.078

5mM Met+1uM Apigenin0.218 0.222 0.220 102.155 47.414 27.586

46.983 47.845 47.414

5mM Met+20uM Apigenin0.111 0.121 0.128

23.922 26.078 27.586

MIA PaCa-296hr Avg

Control 0.486 0.489 0.528 0.501 Control 97.006 97.605 105.389 Control 5mM Met+0.01uM Apigenin5mM Met+20uM Apigenin

97.006 97.605 105.389 5mM Met+0.01uM Apigenin29.541 32.735 32.335 97.006 29.541 13.174

5mM Met+1uM Apigenin0.148 0.164 0.162 5mM Met+20uM Apigenin13.174 17.166 16.966 97.605 32.735 17.166

29.541 32.735 32.335 105.389 32.335 16.966

5mM Met+20uM Apigenin0.066 0.086 0.085

13.174 17.166 16.966
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Fig.5 A  western blot analysis ( AsPC-1)
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Fig.5 B  western blot analysis (HDF)

Cleaved PARP 

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Caspase 3

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot: other sample

Caspase 8

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot

Ot

Ot

Ot

Ot

(B)

cleaved 

PARP

Caspase 9

Cyto C

Caspase 8

Actin

Bim

Caspase 3

Con      

HDF

0.1 1 10 20    (M)

Metformin 5mM

+ api



Fig.5 B  western blot analysis (HDF)
Caspase 9

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Cyto C

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Bim

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Actin

Ot: other sample

Ot

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot

Ot

Ot

Ot

Ot
Ot

Ot

Ot

Ot

Ot

Ot

(B)

cleaved 

PARP

Caspase 9

Cyto C

Caspase 8

Actin

Bim

Caspase 3

Con      

HDF

0.1 1 10 20    (M)

Metformin 5mM

+ api



Cleaved PARP 

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Caspase 3

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Caspase 8

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Fig.5 B  western blot analysis (AsPC-1)

Caspase 9

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot: other sample 

Ot

Ot

Ot

Ot

Ot

Ot

Ot

Ot

Ot

cleaved 

PARP

Cyto C

Actin

Bim

Con      

AsPC-1

0.1 1 10 20    (M)

Metformin 5mM

+ api

Caspase 9

Caspase 8

Caspase 3



Cyto C

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Actin

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Fig.5 B  western blot analysis (AsPC-1)

Bim

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot: other sample 

Ot
Ot

Ot

Ot

Ot

cleaved 

PARP

Caspase 9

Cyto C

Caspase 8

Actin

Bim

Caspase 3

Con      

AsPC-1

0.1 1 10 20    (M)

Metformin 5mM

+ api



AIF1

LC3B

Actin

P62

Con      

HDF

0.1 1 10 20     (M)

Metformin 5mM

+ api

Fig.6 A western blot analysis (HDF)

AIF1

P62

Con

Metformin 5mM + api

0.1 1 10 20     (M)

LC3B

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Actin

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot: other sample

Ot

Ot

Ot

Ot

Ot

Ot



AIF1

LC3B

Actin

P62

AsPC-1

Con      0.1 1 10 20     (M)

Metformin 5mM

+ api

Fig.6 A western blot analysis (AsPC-1) 

Con

Metformin 5mM + api

0.1 1 10 20     (M)
Con

Metformin 5mM + api

0.1 1 10 20     (M)

Con

Metformin 5mM + api

0.1 1 10 20     (M)
Con

Metformin 5mM + api

0.1 1 10 20     (M)

AIF1 P62

LC3B Actin

Ot

Ot: other sample

Ot Ot

Ot Ot



p-MLKL

RIP3

Fig.6 B western blot analysis (HDF)

MLKL

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot

Ot: other sample 

RIP3

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot

Ot

Ot

MLKL

RIP3

Actin

p-RIP3

p-MLKL

Con      0.1 1 10 20     (M)

Metformin 5mM

+ api

HDF



Actin 

Fig.6 B western blot analysis (HDF)

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot: other sample 

p-RIP3

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot
Ot

Ot

MLKL

RIP3

Actin

p-RIP3

p-MLKL

Con      0.1 1 10 20     (M)

Metformin 5mM

+ api

HDF



Fig.6 B  western blot analysis (AsPC-1)
p-MLKL

RIP3

MLKL

Con

Metformin 5mM + api

0.1 1 10 20     (M)
Con

Metformin 5mM + api

0.1 1 10 20     (M)

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot:  other sample 

Ot

Ot

Ot

Ot

Ot

Ot

Ot

MLKL

RIP3

Actin

p-RIP3

p-MLKL

Con      0.1 1 10 20     (M)

Metformin 5mM

+ api

AsPC-1



Fig.6 B  western blot analysis (AsPC-1)

p-RIP3

Actin 

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot:  other sample 

Ot

Actin 

Con

Metformin 5mM + api

0.1 1 10 20     (M)

Ot

Ot

Ot

MLKL

RIP3

Actin

p-RIP3

p-MLKL

Con      0.1 1 10 20     (M)

Metformin 5mM

+ api

AsPC-1



GROUP NO. DAY 0 DAY 7 DAY 14 DAY 21 DAY 28

1 80 90 405 850 1258

2 68 150 430 950 1200

3 70 190 195 248 750

4 69 145 150 290 658

5 90 170 250 756 1400

6 93 176 350 570 880

7 85 125 175 425 950

8 95 150 180 670 750

AVERAGE 81.25 149.50 266.88 594.88 980.75

SE 3.94 11.12 39.57 91.18 96.59

1 95 130 350 750 1450

2 85 80 240 350 780

3 84 130 50 75 126

4 70 80 48 280 370

5 85 120 420 680 1250

6 75 90 120 400 980

7 78 99 240 680 850

AVERAGE 81.71 104.14 209.71 459.29 829.43

SE 3.08 8.42 54.65 94.77 175.49

1 85 95 150 650 960

2 82 65 180 530 840

3 80 120 250 450 760

4 91 150 196 340 890

5 83 96 138 490 780

6 75 120 240 570 975

7 73 115 225 670 800

AVERAGE 81.29 108.71 197.00 528.57 857.86

SE 2.30 10.07 16.49 43.56 32.55

1 80 62.5 85 120 170

2 90 87 110 160 200

3 82 76 130 140 310

4 78 102 180 240 300

5 83 90 175 268 520

6 80 85 115 380 850

7 75 95 200 420 920

AVERAGE 81.14 85.36 142.14 246.86 467.14

SE 1.78 4.89 16.21 44.52 116.16

Control

Metformin

75 mg/kg

Apigenin

5 mg/kg

Met+Api

(75+5

mg/kg)

Figure 7A Animal study low dose raw data 
(tumor volume)



Control Metformin 75 mg/kg Apigenin 5 mg/kg Met 75 + Api 5 mg/kg

1 450 420 432 305

2 412 445 298 270

3 421 382 420 273

4 320 371 430 281

5 505 320 330 332

6 480 280 342 255

7 432 452 428 250

8 412

AVERAGE 429.00 381.43 382.86 280.86

SE 19.53 24.24 21.67 10.91

Figure 7B Animal study low dose raw data
(tumor weight)



GROUP NO. DAY 1 DAY 8 DAY 15 DAY 22 DAY 28

1 80 75 600 1267.5 1436.5

2 67.5 126 445.5 650 1568

3 67.5 75 171.5 220.5 864

4 67.5 108 108 288 405

5 92.5 144 320 786.5 1912.5

6 92.5 126 364.5 352 700

7 80 126 196 320 786.5

8 92.5 144 108 288 600

AVERAGE 80.00 115.50 289.19 521.56 1034.06

SE 4.09 9.72 62.08 127.63 189.20

1 113 144 405 665.5 1912.5

2 80 75 171.5 144 320

3 80 126 32 62.5 126

4 67.5 75 18 0 0

5 80 108 600 786.5 1152

6 67.5 87.5 32 0 32

7 80 75 32 0 0

8 80 87.5 13.5 0 0

AVERAGE 81.00 97.25 163.00 207.31 442.81

SE 4.99 9.26 78.43 115.13 251.26

1 80 48 0 32 62.5

2 80 48 18 0 0

3 82.5 56 22.5 0 4

4 92.5 62.5 22.5 0 0

5 80 48 22.5 320 550

6 80 87.5 75 245 550

7 80 87.5 112.5 0 0

8 80 48 18 0 0

AVERAGE 81.88 60.69 36.38 74.63 145.81
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Figure 7D Animal study high dose raw data 
(tumor volume)



Figure 7E Animal study high dose raw data 
(tumor weight)

Control Metformin 125 mg/kg Apigenin 40 mg/kg Met 125 + Api 40 mg/kg

1 712 799 78 98

2 480 476 0 0

3 363 232 7 11

4 315 0 0 0

5 665 576 408 138

6 318 116 402 30

7 355 0 0 0

8 218 0 0 0

AVERAGE 428.25 274.88 111.88 34.63

SE 62.40 108.53 64.65 18.93
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Cellular ROS level in L132 cells (normal human epithelial cells , human lung origin)
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HDF and AsPC-1 cells were treated with different concentrations of metformin (0.2, 1 and 5 mM) for 24 hr

and mRNA was isolated. 0.5 µg of mRNA was used for real time RT-qPCR.

Analysis of mRNA levels(OCT1,2,3, OCTN 1 and 2 and MATE1) by Real time RT-qPCR
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