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1. List of chemicals and reagents

Chemical and Reagents
Cadmium chloride
Cadmium atomic spectroscopy standard 1000 mg/L

95% Ethyl alcohol

Hexane

Methanol

Nitric acid

Propanol

Silica gel 60 for CC (70-230 mesh)

Sodium Chloride

Thiopenthal sodium

TritonX-100

Sources

RANKEM, India
Sigma-Aldrich, Germany
Commercial grade,
Thailand

Commercial grade,
Thailand

Commercial grade,
Thailand

MERCK, Germany
MERCK, Germany
MERCK, Germany
RCI Labscan Limited,
Thailand

ABBOTT, Italy

Fisher Science, UK
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2. List of reagents preparation

1.0 mg/kg Cadmium chloride (CdCl,)
- CdCl,.2 1/2H,0
adjusted volume to 150 mL with 0.9% NacCl
5% Monobasic ammonium phosphate (NH4H,PO,)
- NH4H,PO,
adjusted volume to 100 mL with ultrapure water
5% Nitric acid (HNO3)
- Stock HNOj3 (65% Vv/v)
adjusted volume to 100 mL with ultrapure water
0.1% Nitric acid (HNO,)
- Stock HNOj3 (65% Vv/v)
adjusted volume to 1,000 mL with ultrapure water
Rinse solution
- Propanol
- TritonX-100

adjusted volume to 1,000 mL with ultrapure water

0.6227 g

254

7.7 mL

1.5mL

100 mL

100 pL
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10 ppb Cd standard
- Stock Cd standard (1,000 pg/L) in 0.1% HNO3
adjusted volume to 10 mL with 0.1% HNO3
- Prepared Cd standard above
adjusted volume to 10 mL with 0.1% HNO3
1 ppb Cd standard
- Cd standard (10 pg/L) in 0.1% HNO;

adjusted volume to 10 mL with 0.1% HNO3

100 pL

100 pL

1,000 pL
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1. List of tables of raw data in the study of effect of T. laurifolia Lindl. leaf crude

extract on cadmium induced hepatorenal toxicities

Table 13 Body weight (g) of the rats treated with CdCl, 1.0 mg/kg BW (group 1)

Day Ratl Rat2 Rat3 Rat4 Rat5 Rat6 Mean +SEM

1 228 242 212 228 164 224 216 £ 11
2 240 228 218 238 202 224 225+6
3 238 238 218 238 220 232 231+4
4 246 246 228 254 232 234 240+ 4
5 244 250 230 250 230 236 240+ 4
6 246 250 232 242 240 240 242 + 4
7 244 250 238 262 242 238 246+ 4
8 248 262 240 262 260 248 253 +4
9 256 256 238 268 256 250 254 + 4
10 250 264 242 262 262 252 255+ 4
11 256 260 246 262 264 254 257 +3
12 262 272 254 286 270 264 268 + 4
13 266 274 256 284 274 262 269+ 4
14 266 272 258 292 280 262 272 +5
15 272 278 258 288 284 268 275+ 4
16 268 278 262 302 288 268 278+ 6
17 280 280 270 316 298 276 2877
18 274 282 274 308 300 280 286 £ 6
19 280 282 272 312 296 274 286 £ 6

N
o

282 286 276 320 300 278 290+ 7




Table 13 (continued)
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Day Ratl Rat2 Rat3 Rat4 Rat5 Rat6 Mean £ SEM
21 264 266 256 298 282 258 271+ 7
22 278 278 278 312 296 274 286+ 6
23 284 282 278 314 282 278 286+ 6
24 298 276 262 322 300 276 289+ 9
25 298 272 260 328 304 268 288 + 11
26 302 268 248 340 300 258 286 + 14
27 304 270 240 352 302 252 287 + 17
28 310 272 226 344 294 246 282 + 18
29 310 278 228 362 298 242 286 + 20
30 314 268 238 356 302 242 287+ 19
31 316 272 238 368 296 244 289 + 20
32 320 270 228 370 290 240 286 + 22
33 320 258 210 342 282 230 274 + 21
34 314 262 206 328 272 230 269 + 19
35 320 276 202 310 264 238 268 + 18
36 316 288 216 308 260 240 271+ 16
37 316 274 226 Died 258 242 263 + 15
38 308 274 228 - 262 244 263+ 14
39 312 294 238 - 254 246 269 + 14
40 312 300 226 - 246 248 266 + 17

SEM = standard error of mean
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Table 14 Body weight (g) of the rats administrated with 0.1 mg/mL T. laurifolia leaf

extract in drinking water before and during Cd treatment (group 2)

Day Ratl Rat2 Rat3 Rat4 Rat5 Rat6 Mean +SEM

1 230 226 228 218 228 246 229+ 4
2 238 236 232 224 232 252 236 + 4
3 240 240 238 230 242 264 242 +5
4 242 244 240 234 238 264 244 + 4
5 242 242 240 236 246 266 245+ 4
6 250 248 248 240 248 264 250+ 3
7 252 250 250 242 250 276 253 %5
8 250 258 254 252 258 280 259+ 4
9 254 258 258 248 258 282 260+ 5
10 258 262 258 256 264 286 264 +5
11 270 270 266 254 266 296 270+ 6
12 268 272 270 260 266 296 272 %5
13 264 272 270 254 272 290 2705
14 270 274 274 262 270 294 274 + 4
15 272 272 272 262 272 298 275+5
16 280 284 282 266 278 312 284 +6
17 282 282 280 270 276 312 284 + 6
18 276 282 284 266 276 310 282+ 6
19 288 288 290 270 274 314 287 £ 6

N
o

286 296 296 278 282 318 293+6




Table 14 (continued)
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Day Ratl Rat2 Rat3 Rat4 Rat5 Rat6 Mean £ SEM
21 262 268 268 248 254 294 266+ 7
22 284 286 288 264 276 312 285+ 6
23 290 300 298 272 282 322 294 + 7
24 294 302 296 278 284 322 296 + 6
25 308 318 300 280 288 324 303+7
26 308 312 304 278 288 320 302+6
27 312 324 292 280 298 318 304 +7
28 316 320 310 282 298 314 307+6
29 320 328 310 284 310 320 312+6
30 328 330 318 280 306 330 315+8
31 328 324 310 282 312 330 314+ 7
32 324 314 306 264 292 328 305 + 10
33 316 302 312 280 296 340 308 +8
34 310 300 310 282 300 348 308+9
35 304 294 304 290 306 350 308+9
36 294 288 312 294 298 344 305+8
37 284 284 318 300 306 340 305+9
38 274 302 322 Died 304 330 306 + 10
39 270 294 322 : 302 338 305 +12
40 290 280 310 - 296 340 303 +10
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Table 15 Water consumption (mL) of the rat treated with CdCl, (group 1)

Day Ratl Rat2 Rat3 Rat4 Rat5 Rat6 Mean + SEM
1 24 5 20 29 60 23 278
2 26 24 25 35 45 31 31+3
3 38 27 35 62 46 25 39+6
4 46 26 33 87 S7 31 47+9
5 63 38 39 100 86 38 61+11
6 34 19 37 97 61 29 46 + 12
7 35 26 45 97 81 28 52+12
8 46 43 46 96 76 26 56+ 11
9 53 35 42 97 79 29 56+ 11
10 47 29 47 99 64 26 52+11
11 31 24 28 98 46 25 42 +12
12 36 35 36 80 61 31 47+8
13 36 48 34 97 69 26 52+11
14 39 39 34 98 65 28 51+11
15 29 35 29 98 43 26 43+ 11
16 35 28 40 69 45 27 41+6
17 40 37 41 99 73 28 53+11
18 54 40 40 97 66 35 55+ 10
19 35 32 33 70 50 27 41+7
20 55 58 40 85 115 36 65+ 13




Table 15 (continued)
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Day Ratl Rat2 Rat3 Rat4 Rat5 Rat6 Mean £ SEM
21 50 43 46 69 55 38 50+5
22 73 25 27 79 24 25 42 £ 11
23 71 22 11 91 23 20 40+ 14
24 68 22 17 96 24 23 42 + 14
25 70 26 13 98 10 22 40+ 15
26 47 17 8 98 39 14 37+14
27 74 26 10 99 7 13 38+ 16
28 52 25 14 100 14 14 37+14
29 o7 8 31 99 23 15 39+14
30 35 17 28 76 8 22 31+10
31 25 16 2 50 6 15 19+7
32 17 9 1 8 102 23 27 £ 16
33 19 22 31 1 3 58 22+9
34 22 27 18 2 6 32 18+5
35 19 26 24 10 7 30 19+4
36 23 11 24 3 10 26 16+4
37 18 9 20 Died 13 21 16 +2
38 29 51 29 - 6 27 287
39 18 25 3 - 4 18 14+4
40 45 24 6 - 14 13 207
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Table 16 Water consumption (mL) of the rats pretreated with T. laurifolia leaf extract

(group 2)

Day Ratl Rat2 Rat3 Rat4 Rat5 Rat6 Mean + SEM

1 29 35 31 36 27 35 32+2
2 26 36 36 45 34 29 34+3
3 33 33 47 63 34 28 40+5
4 42 40 63 81 60 29 53+8
5 32 37 30 53 31 28 35+4
6 37 39 38 67 34 31 415
7 100 41 79 99 56 45 70+11
8 76 42 62 90 63 35 61+9
9 50 49 60 75 55 37 54+5
10 32 33 36 61 28 29 375
11 43 38 68 80 58 29 53+8
12 45 43 91 98 65 48 65+ 10
13 48 50 87 100 65 31 64 +11
14 35 24 46 72 47 30 427
15 43 31 48 67 46 40 46 +5
16 48 25 66 97 46 37 53+11
17 44 29 77 92 47 35 54 +10
18 45 28 47 61 25 31 40+ 6
19 48 23 59 74 38 37 47+ 8

N
o

63 43 63 52 60 46 55+4




Table 16 (continued)
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Day Ratl Rat2 Rat3 Rat4 Rat5 Rat6 Mean £ SEM
21 45 o4 o4 84 47 42 54+ 6
22 35 50 38 85 33 32 46 + 9
23 33 41 37 85 28 22 41+9
24 53 48 66 93 52 35 58+ 8
25 92 51 72 92 52 23 64 +11
26 97 92 92 96 89 38 84+9
27 46 43 55 47 64 21 46+ 6
28 62 46 39 46 55 31 47+5
29 47 20 58 16 49 26 367
30 29 12 33 23 31 24 25+3
31 16 3 18 92 94 17 40+ 17
32 14 8 23 32 28 27 22+ 4
33 9 10 16 33 27 23 20+ 4
34 8 8 15 43 31 24 22+ 6
35 15 6 25 35 98 16 33+14
36 10 12 28 26 58 18 257
37 5 35 28 10 56 21 26+ 8
38 9 8 15 Died 52 29 23+8
39 32 6 8 - 40 22 227
40 10 55 9 - 45 32 309




Table 17 Urinary and blood Cd concentrations of rats in group 1 (CdCl,)

Cd _ _ Day Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Rat 6 Mean £ SEM
concentrations in
Urine 0 106.42 12.93 14.12 16.83 31.11 3.94 30.89 + 15.53
(Lg/g Cr) 20 38.91 5.05 13.13 16.00 45.33 20.80 23.20 + 6.38
40 162,208.33  20,729.41  103,765.90 Died 54,262.07 56,490.07 79,491.16 + 24,545.76
Blood (pg/L) 40 6,045.30 3,679.20 Died Died 6,502.80  5,372.10 5,399.85 + 618.77
Table 18 Urinary and blood Cd concentration of group 2 (TL + CdCl,)
Cd o Day Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Rat 6 Mean = SEM
concentrations in
Urine 0 82.11 5.65 25.00 45.26 42.36 8.97 34.90 £ 11.58
(ug/g Cr) 20 19.12 3.52 14.62 3.70 41.83 39.91 20.45 + 6.92
40 114,032.59 69,400.00 133,352.94 Died 16,566.37 24,041.18 71,478.62 + 23,355.14
Blood (pg/L) 40 5,387.70 5,481.00 5,229.00 Died 5,864.40 3,483.60 5,089.14 + 533.59

TL =T. laurifolia leaf crude extract

16



Table19 Organ’s weight (g) of rats in group 1 (CdCly,)

Organs Rat 1 Rat2 Rat3 Rat4 Rat5 Rat6 Mean+SEM
Right kidney 1.02 1.06 1.05 1.12 0.91 0.83 1.00 £ 0.04
Left kidney 0.97 0.95 0.93 1.07 0.83 0.76 0.92 +£0.05
Liver 12.88 1357 9.83 16.00 9.68 9.04 11.83+1.12

Table 20 Organ’s weight (g) of rats in group 2 (TL + CdCl,)

Organs Ratl Rat2 Rat 3 Rat 4 Rat5 Rat6 Mean £ SEM
Right kidney  0.76 0.89 0.99 1.30 0.91 1.18 1.00 £ 0.08
Left kidney  0.85 0.96 0.88 0.98 0.91 1.21 0.96 + 0.05
Liver 11.94 11.26 11.44 13.05 12.61 15.30 12.60 + 0.61

TL =T. laurifolia leaf crude extract

c6



93

2. List of tables of raw data of the study of effect of the selected fraction (PG
fraction) of T. laurifolia Lindl. leaf extract on cadmium induced hepatorenal

toxicities

Table 21 Body weight (g) of the control rats (group 1)

Day Rat Rat Rat Mean Day Rat Rat Rat Mean

. ° 3 + SEM . : K + SEM
1 248 214 176 213%21 21 280 304 274 286+ 9
2 226 206 156 19621 22 296 324 282 301+12
3 242 234 184 22018 23 298 330 292 307 £12
4 248 244 196 22917 24 300 334 292 309 +13
5 258 250 198 235%19 25 298 330 294 307 £ 11
6 258 258 210 242+16 26 302 338 300 313+12
7 272 270 218 253 +18 27 306 332 296 311+ 11
8 272 270 228 25714 28 310 340 300 317 +£12
9 270 276 234 260+13 29 304 334 304 314+ 10
10 278 286 244 269+13 30 304 346 306 319+ 14
11 282 290 250 274+12 31 314 340 304 319+11
12 274 290 250 271+12 32 302 342 298 314+ 14
13 282 306 262 283+13 33 308 334 300 314+ 10
14 282 306 260 283+13 34 306 342 304 317 +12
15 286 312 268 289+13 35 318 354 318 330+ 12
16 288 314 272 29112 36 314 346 310 323+11
17 290 312 276 293 %10 37 316 350 314 327 +12
18 294 320 286 30010 38 316 352 318 329+ 12
19 300 332 288 307+13 39 312 350 320 327 +12

N
o

300 328 290 306*11 40 312 354 318 328 +13
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Table 22 Body weight (g) of the rats treated with 1.0 mg/kg BW CdCl; (group 2)

Day Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Mean = SEM

1 290 270 298 286 252 279+8
2 266 252 268 256 232 255+ 6
3 282 272 288 292 260 279+6
4 296 284 292 286 268 285+5
5 294 274 292 280 266 281+5
6 304 292 304 296 284 296 + 4
7 300 280 310 284 2178 290+ 6
8 302 300 318 312 284 303+6
9 304 308 326 320 290 310+ 6
10 308 308 324 318 282 3087
11 306 318 330 340 294 318 +8
12 316 328 326 338 300 322+6
13 310 326 332 338 300 321+7
14 310 330 336 342 308 3257
15 316 332 340 342 306 3277
16 318 336 348 356 306 333+ 9
17 320 346 344 356 312 336+ 8
18 324 342 342 352 308 334+8
19 322 342 352 354 318 338+ 7
20 322 350 352 362 322 342+ 8
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Table 22 (continued)

Day Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Mean £ SEM
21 302 336 334 346 304 324+9
22 308 338 344 346 304 328+9
23 300 328 342 340 304 323+9
24 300 312 350 334 304 320 + 10
25 286 302 350 320 312 314 +11
26 280 288 352 312 316 310 + 13
27 274 280 352 302 326 307 +15
28 266 272 350 292 320 300 + 16
29 264 266 352 280 324 297 + 17
30 242 252 350 262 320 285+ 21
31 242 258 342 254 298 279+ 18
32 240 Died 326 258 302 282 + 20
33 254 - 334 Died 302 297 + 23
34 240 - 314 - 296 283 + 22
35 250 - 312 - 302 288+ 19
36 250 - 324 - 306 293+ 22
37 248 - 324 - 294 289 + 22
38 270 - 338 - 304 304 + 20
39 280 - 332 - 302 305 + 15

40 296 - 326 - 304 309+9
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Table 23 Body weight (g) of the rats treated with the PG fraction of T. laurifolia leaf

extract

Day Rat Rat Rat Mean Day Rat Rat Rat Mean

! ° > + SEM . : > + SEM
1 264 214 236 23814 21 300 248 280 276 £ 15
2 238 198 218 21812 22 320 250 300 290+ 21
3 264 212 240 239%x15 23 322 250 300 291+21
4 266 212 246 241+16 24 320 250 302 291+21
5 268 222 250 247+13 25 326 258 308 297 + 20
6 2718 228 246 25115 26 328 258 302 296 + 20
7 286 240 248 25814 27 332 274 294 300 £ 17
8 282 240 252 258+13 28 334 276 294 301 +17
9 290 250 256 265+12 29 332 280 296 303+ 15
10 296 250 260 269+14 30 332 282 290 301 +16
11 296 256 264 272+12 31 336 282 306 308 + 16
12 300 252 264 272+14 32 342 288 318 316 + 16
13 310 260 280 283+15 33 336 290 314 313+13
14 312 266 280 286+14 34 336 290 322 316 + 14
15 310 270 280 287+12 35 338 298 318 318 £12
16 312 270 294 292+12 36 340 290 330 320+ 15
17 310 272 296 293+11 37 342 296 326 321 +13
18 300 276 298 2918 38 332 292 324 316 + 12
19 322 264 302 296+17 39 338 296 324 319+12

N
o

314 258 304 292+17 40 342 294 332 323+ 15
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Table 24 Body weight (g) of the rats pretreated with the PG fraction of T. laurifolia

leaf before and during treated with CdCl; (group 4)

Day Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Mean + SEM

1 264 258 218 250 290 256 + 12
2 242 240 194 234 266 235+ 12
3 262 260 204 256 298 256 + 15
4 256 262 228 262 302 262 +12
5 254 270 236 270 288 264 +9
6 250 268 236 268 280 260+ 8
7 248 276 242 268 276 2627
8 248 280 244 282 282 267 +9
9 242 282 256 282 288 270+ 9
10 246 288 252 290 282 272 +9
11 246 288 256 300 286 275+10
12 244 302 270 302 278 27911
13 246 300 268 306 274 279+11
14 274 308 256 290 310 288 + 10
15 288 314 282 310 322 303 +8
16 290 310 284 316 320 304 +7
17 284 316 292 314 326 306 +8
18 280 320 296 312 328 3079
19 290 320 292 310 314 305+6
20 294 320 300 314 338 313+8
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Table 24 (continued)

Day Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Mean £ SEM

21 274 300 280 292 312 292 +7
22 288 306 292 318 326 306 +7
23 280 300 296 316 332 305+9
24 278 300 300 320 342 308 +£11
25 292 306 308 324 352 316 £ 10
26 296 306 312 320 358 318+ 11
27 292 304 312 316 360 317 +12
28 304 306 312 314 358 319+ 10
29 308 308 320 330 340 321+6
30 310 310 310 330 348 322+8
31 320 318 300 328 340 3217
32 320 324 290 330 332 319+8
33 312 330 290 318 328 3167
34 314 320 296 316 322 3145
35 322 314 294 314 314 312+5
36 304 308 290 300 320 304+5
37 304 318 290 310 330 310+ 7
38 308 318 284 306 336 310+ 8
39 314 322 288 316 344 3179

40 306 324 290 312 340 314+8




Table 25 Water consumption (mL) of the control rats (group 1)
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Day Rat Rat Rat Mean Day Rat Rat Rat Mean

! 2 + SEM ! : 3 + SEM
1 33 40 41 38+3 21 40 41 43 41+1
2 31 39 44 38+4 22 17 33 26 25+5
3 28 31 48 36+6 23 28 29 44 34+5
4 27 28 50 35+8 24 27 28 43 335
5 25 30 40 32+4 25 31 31 40 34+3
6 28 25 42 325 26 28 24 30 272
7 26 31 39 32+4 27 30 33 39 34+3
8 27 28 42 325 28 29 29 41 3314
9 28 34 41 34 +4 29 30 26 37 31+3
10 28 32 35 32+2 30 26 31 35 31+3
11 29 35 33 32+2 31 25 24 42 306
12 27 38 43 36+5 32 30 32 41 34+3
13 30 35 34 33+2 33 24 28 44 32+6
14 31 29 40 33+3 34 24 26 41 30+5
15 30 30 41 34+4 35 27 41 29 32+4
16 27 27 44 336 36 29 29 40 33+4
17 30 29 42 34+4 37 28 28 39 3214
18 34 29 38 34+3 38 23 26 37 29+4
19 29 25 40 31+4 39 26 32 41 33+4
20 30 29 43 34+5 40 38 22 32 31+£5
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Table 26 Water consumption (mL) of the rats treated with 1.0 mg/kg BW CdCl,

(group 2)

Day Rat 1 Rat 2 Rat 3 Rat 4 Rat5 Mean + SEM

1 17 46 66 46 90 53 +12
2 32 48 39 49 51 44 + 4
3 26 42 35 40 40 37+3
4 22 43 33 44 48 38+5
5 25 48 41 55 44 43+5
6 23 34 33 41 39 34+3
7 21 47 36 46 30 36+5
8 33 38 31 44 34 36+2
9 23 35 29 41 31 32+3
10 24 36 32 37 30 32+2
11 24 35 26 33 31 30+2
12 22 23 33 28 32 28 +2
13 31 29 29 30 32 30+1
14 28 28 34 33 30 31+1
15 21 24 32 26 28 26+ 2
16 26 29 31 33 28 29+1
17 21 26 33 27 30 27 +2
18 26 23 35 27 35 29+ 2
19 20 27 39 27 31 29+ 3
20 8 46 36 36 61 37+9
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Table 26 (continued)

Day Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Mean £ SEM

21 17 22 35 26 33 27+3
22 10 14 25 30 24 21+4
23 11 9 31 19 20 18+ 4
24 4 8 26 10 28 15+5
25 5 7 30 18 26 17+5
26 7 6 31 9 26 16 +5
27 2 4 22 8 22 12+ 4
28 4 3 19 7 21 11+4
29 6 8 24 8 16 12+3
30 3 5 19 7 6 8+3
31 23 11 26 9 30 20+4
32 31 Died 33 3 19 22+6
33 17 - 20 Died 15 17+1
34 33 - 17 - 18 234
35 59 - 39 - 25 41 +38
36 47 - 22 - 18 29+7
37 42 . 42 = 22 35+5
38 38 - 29 - 22 30+4
39 45 - 32 - 24 34+5

40 16 - 9 - 16 14+2
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Table 27 Water consumption (mL) of the rats treated with PG fraction of T. laurifolia

leaf extract (group 3)

Day Rat Rat Rat Mean Day Rat Rat Rat Mean

! ° > + SEM : ’ > + SEM
1 31 23 27 27 +2 21 43 16 46 35+10
2 39 29 39 36 +3 22 28 17 38 28+ 6
3 13 16 28 19+5 23 22 15 41 268
4 20 18 25 21+2 24 28 18 34 275
5 21 29 18 23+3 25 21 20 27 23 +2
6 22 31 17 23 +4 26 26 44 12 27 +9
7 19 25 20 21 +2 27 23 29 14 22+ 4
8 22 30 14 22+5 28 23 28 16 22 +3
9 26 33 23 27 +3 29 24 28 15 22+ 4
10 21 27 20 23+2 30 21 25 15 20+3
11 22 30 16 23+4 31 27 29 63 40+ 12
12 25 25 22 24+1 32 17 23 42 27+8
13 20 27 23 23 +2 33 23 28 42 31+6
14 23 28 25 25+1 34 21 25 39 28+5
15 24 26 32 27 +2 35 18 23 35 25+5
16 18 23 31 24 +4 36 21 26 36 284
17 10 28 28 22+6 37 16 25 42 28+8
18 39 11 34 28+9 38 23 24 41 29+6
19 23 16 33 24 +5 39 23 21 44 29+ 7

N
o

38 39 45 41+ 2 40 36 36 33 35+1
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Table 28 Water consumption (mL) of the rats pretreated with the PG fraction of

T. laurifolia leaf extract before and during treated with CdCl, (group 4)

Day Rat 1 Rat 2 Rat 3 Rat 4 Rat5 Mean +SEM

1 37 25 39 39 55 39+5
2 31 31 12 31 43 30+5
3 6 33 48 6 33 25+8
4 9 27 34 43 8 24 +7
5 5 24 31 29 9 205
6 9 29 30 34 10 225
7 14 33 39 34 25 29+4
8 6 31 40 30 13 24 +6
9 8 30 39 28 11 23+6
10 8 42 51 38 9 30+9
11 10 34 49 32 30 31+6
12 9 32 55 40 16 30+8
13 55 24 5 6 34 25+9
14 32 26 56 47 41 405
15 27 20 34 44 38 33+4
16 13 38 35 28 45 32+5
17 8 36 34 24 46 30+6
18 20 32 33 13 46 29+6
19 24 33 32 35 53 35+5
20 40 28 39 42 29 36 +3
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Table 28 (continued)

Day Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Mean £ SEM

21 28 21 36 42 50 35+5
22 6 25 25 18 36 22+5
23 12 31 29 26 28 25+ 3
24 42 22 28 28 35 31+ 3
25 20 18 26 17 32 23+3
26 26 20 27 15 39 25+4
27 31 20 22 15 25 23 +3
28 26 19 25 37 13 24 + 4
29 28 23 13 30 18 22+3
30 29 24 10 31 15 22+ 4
31 29 27 7 34 7 21+6
32 23 27 13 26 6 19+4
33 26 15 21 21 21 21+ 2
34 23 9 15 18 10 15+3
35 16 20 24 12 17 18+2
36 27 20 18 23 55 29+7
37 28 20 18 26 32 25+ 3
38 27 17 15 25 35 24 +4
39 24 21 21 21 39 25+3

40 19 36 27 17 28 25+3




Table 29 Urinary and blood concentrations of the control rats (group 1)

Cd concentrations Day Rat 1 Rat 2 Rat 3 Mean £ SEM
Urinary Cd 0 4.88 13.35 30.16 16.13+7.44
(ug/g Cr) 20 0.58 1.12 0.31 0.67 + 0.24
40 2.03 0.48 0.77 1.09+0.48
Blood Cd (pg/L) 40 2.21 1.91 2.19 2.10£0.10
Table 30 Urinary and blood concentration of Cd exposure rats (group 2)
Cd concentrations  Day Rat 1 Rat 2 Rat 3 Rat 4 Rat 5 Mean + SEM
Urinary Cd 0 1.46 3.89 141 3.35 7.29 3.48 +1.07
(Mg/g Cr) 20 0.40 0.84 2.00 1.72 2.72 1.54 +0.41
40 122,899.63 Died 52,616.08 Died 104,053.37  93,189.69 *+ 21,028.54
Blood Cd (ug/L) 40 2,238.90 Died 3,286.80 Died 3,160.20 2,895.30 + 330.62

G0T



Table 31 Urinary and blood concentrations of rats treated with the PG fraction of T. laurifolia leaf extract for 40 days (group 3)

Cd concentrations Day Rat 1 Rat 2 Rat 3 Mean £ SEM
Urinary Cd 0 2.97 5.63 2.68 3.76 £0.94
(ug/g Cr) 20 1.82 1.62 9.32 4.25 + 254
40 0.32 1.80 0.39 0.84 +0.48
Blood Cd (pg/L) 40 1.99 2.45 2.69 2.37+0.21

Table 32 Urinary and blood Cd concentrations of rats pretreated with the PG fraction of T. laurifolia leaf extract before

and during treated with CdCl, (group 4)

Cd concentrations  Day Rat 1 Rat 2 Rat 3 Rat 4 Rat5 Mean + SEM
Urinary Cd 0 1.02 2.92 7.58 4.11 2.63 3.65+1.10
(Lg/g Cr) 20 2.37 1.87 0.56 2.86 1.24 178 +0.41

40 74,867.50 51,790.12 82,238.68  85,000.00 231,965.81 105,172.42 +32,175.01

Blood Cd (pg/L) 40 4,305.00 2,814.90 3,527.40 2,575.80 3,049.50 3,254.52 + 305.56

90T



Table 33 Organ’s weight (g) of the control rats (group 1)

Organs Rat 1 Rat 2 Rat 3 Mean + SEM
Right kidney 0.92 1.35 1.11 1.13+0.13
Left kidney 0.98 1.33 1.21 1.17+£0.10
Liver 9.73 10.83 9.64 10.07 £ 0.39
Table 34 Organ’s weight (g) of the Cd treated rats (group 2)
Organs Ratl Rat2 Rat3 Rat4 Rat5 MeantSEM
Right kidney 1.36 1.22  1.46 1.15 1.44 1.33 £0.06
Left kidney 1.38 1.25 1.32 1.06 1.48 1.30 £ 0.07
Liver 15.51 10.03 14.94 9.19 14.90 12.92 +1.36

L0T



Table 35 Organ’s weight (g) of rats treated with the PG fraction of T. laurifolia leaf extract (group 3)

Organs Rat 1 Rat 2 Rat 3 Mean £ SEM
Right kidney 1.30 1.18 0.96 1.14+0.10
Left Kidney 0.97 1.10 0.98 1.02 £ 0.04
Liver 10.14 10.20 10.85 10.40 + 0.23

Table 36 Organ’s weight (g) of rats pretreated with the PG fraction of T. laurifolia leaf extract

before and during treated with CdCl, (group 4)

Organs Rat 1 Rat2 Rat3

Rat 4 Rat 5 Mean + SEM

Right Kidney 1.55 1.40 1.24
Left kidney 1.44 1.37 1.24
Liver 14.78 1426 14.34

1.35 1.34 1.37 +0.05
1.30 1.51 1.37£0.05
14.46 16.43 14.85 +0.40

80T
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Drinking Thunbergia laurifolia Lindl. Leaf Extract Helps Prevent Renal Toxicity
Induced by Cadmium in Rats

Chattaviriya P', Morkmek N, Lertprasertsuke N?, Ruangyuttikarn W'
'Division of Toxicology, Department of Forensic Medicine, Faculty of Medicine, Chiang Mai University, Thailand.
’Department of Pathology, Faculty of Medicine, Chiang Mai University, Thailand

ABSTRACT

Thunbergia laurifolia Lindl. (TL) or “Rang Jerd” is a Thai herbal medicine used as an antidote for several
poisonous agents. Cadmium (Cd) is an environmental pollutant in Mae Sot district, Tak province, Thailand.
Chronic exposure to Cd causes renal and bone dysfunction in exposed human populations. In order to
investigate whether TL leaf extract could prevent Cd induced renal toxicity, two groups of male Wistar
rats, six rats each were injected with cadmium chloride solution (CdCl,) at the concentration of 1.0 mg/kg
BW for 20 days. Group 1 was serving as control and fed distilled water for 20 days before Cd
administration while group 2 was administered TL leaf extract at 0.1 mg/ml in drinking water for 20 days
before and during injection of CdCl, at the same concentration as in group 1. The body weight of rats
pretreated with TL leaf extract before Cd exposure in group 2 was significantly (p<0.05) greater than that
of rats given with Cd alone. However, TL leaf extract did not reduce the levels of Cd in blood and urine of
the Cd exposed rats. The rats in group 2 did not show histopathological changes in the kidney that were
observed in the control group which given Cd alone. Therefore, this study demonstrated that TL leaf extract
can protect against Cd induced structural damage in rat kidney and also reduce other systemic toxicity. TL
leaf extract may be useful for reducing Cd toxicity in human populations exposed to Cd in food and

drinking water.
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INTRODUCTION

Thunbergia laurifolia Lindl. (TL) is a
herbal medicine used as an antidote for several
poisonous agents in Thai traditional medicine.
The Thai name for this plant is “Rang Jerd”
and its English name is “Babbler’s Bill”." It is
a shrub with small oblong or ovate leaves and
bluish-purple flowers. It can be divided into
three types designated by flower color: white,
yellow, or purple. Purple varieties are believed
to possess compounds that deliver health
benefits particularly from materials of the
stem, root and leaves.” It is commonly
consumed as herbal tea. Various parts of the
plant have been used for various medicine
purposes e.g. aqueous extracts of fresh leaves,
dried leaves, dried root and bark were used as
antidote for insecticide®”, ethyl alcohol,
arsenic and strychnine poisoning.” The dried
root was also used as an anti-inflammatory’
and antipyretic agent.® The aqueous extract
from leaves is reported to be harmless to rats
with no behavioral effects.” Moreover, the
crude extract is reported to have no
cytotoxicity and high antioxidant activity."’

Cadmium (Cd) is a naturally occurring
minor element, one of the metallic components
in the earth’s crust and oceans, and present
everywhere in our environment. It is an
important  industrial and  environmental
pollutant that can affect multiple organ systems
and has a blologlcal half-life of about 30 years
in humans.'" Human Cd exposure is mostly
from food and water as well as cigarette smoke
and contaminated air. Human and animal
studies have shown that pulmonary absorption
is higher than gastrointestinal absorption;
approximately 50% of inhaled Cd is absorbed
in the blood circulation, but gastrointestinal
absorption of Cd is reported to be only 3-8% of
the ingested load."”” The absorption of Cd in
humans depends on physiological status (age,
dietary intake, iron storage, gender and
smoking habits). High ingestion of Cd causes
acute gastroenteritis."” Long-term occupational
exposure to Cd causes severe chronic effects,

predominantly in the lung and kidney. Cd
mainly accumulates in the kidney, where it
causes generalized dysfunction of the proximal
tubules, characterized by polyuria and increase
in urinary excretion of low-molecular-weight
proteins, electrolytes, amino acids and
glucose'* as well as histopathological changes
including proximal tubular cell degeneration,
interstitial  inflammation  and  fibrosis,
glomerular swelling, atrophic and pyknotic
nuclei, vacuoles, apoptosis and necrosis.'>'®

Recently in Thailand, environmental
pollution of Cd has been discovered in Mae
Sot district, Tak province.'” Cd, presumably
released from zinc mining in Mae Sot area, has
contaminated water and soil and has entered
the human food chain by uptake into rice
grown in the district. A lar e-scale health
impact survey in the district'® reported that
residents had high level of Cd exposure with
9.2% of subjects having urinary Cd between 5-
10 pg/gCr and 2.5% with urinary Cd >10
pg/gCr, compared to the maximum
recommended level of the urinary Cd of 2
png/gCr."”

Other studies of the health of Mae Sot
residents have found high levels of renal
dysfunction, particularly in farmers who ate
their own, locally grown rice, each day*® and
accelerated bone resorption due to impaired
calcium reabsorption in the renal tubules.”’

However, there are no specific
treatments for minimizing Cd toxicity in this
exposed population. There is also no report of
the use of TL leaf extract to treat Cd induced
renal toxicity. Therefore, our study tested the
hypothesis that TL leaf extract supplied in
drinking water to rats, may reduce renal
toxicity induced by high exposure to Cd.
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MATERIALS AND METHODS

Obtaining of Thunbergia laurifolia Lindl.
leaves

Fresh, mature leaves of Thunbergia
laurifolia Lindl. were collected from Ob Khan
National Park, Hangdong district, Chiang Mai
province, Thailand and identified at the Queen
Sirikit Botanic Garden, Mae Rim district,
Chiang Mai province.”> The leaves were
washed with tap water, dried and ground to
powder, then stored in amber glass bottles at
room temperature before extraction.

Extraction of TL leaves

T. laurifolia leaf powder was soaked in
boiled distilled water (1:10 w/v) for 1 hr then
filtered through three layers of gauze followed
by Whatman No.4 filter paper. The filtrate was
lyophilized and stored in a desiccator at 4°C.
The extract was redissolved in distilled water
to desired concentrations just prior to use.

TL leaf extract dosage preparation

The dosage of the 7L leaf extract for
rats was calculated to approximate a human
dosage from drinking 3 cups of TL tea per day.
This was estimated as 0.1 mg/ml of TL leaf
extract supplied in distilled water 120 ml,
which was the rat daily drinking water ration.

Animal treatment

Twelve adult male Wistar rats (200-250
g) were used in this study. The study protocol
was approved by the Animal Ethics
Committee, Faculty of Medicine, Chiang Mai
University. The rats were acclimatized under
controlled experimental conditions of room
temperature of 25+2°C with 12 hr light and 12
hr dark cycle and humidity of 50+10% for one
week before experiments. They had free access
to drinking water and standard rodent pellets
throughout the experiment.

The rats were divided into two groups
of six. The positive control group (group 1)

were provided distilled water without TL leaf
extract for 20 days, then treated with daily
subcutaneously injection of CdCl, solution (1.0
mg/kg) in isotonic saline for 20 more days.
The treatment group (group 2) was provided
TL leaf extract (0.1lmg/ml) in drinking water
for 20 days prior to the commencement of the
CdCl, treatment (1.0 mg/kg) for 20 more days
and the TL leaf extract supply in drinking
water was continued throughout the
experiment.

The body weight and  water
consumption of each rat was measured daily.
Twenty four hour urine samples were collected
using metabolic cages from each rat on three
occasions; Day 0 or 1; Day 20; and Day 40. At
the end of experiment (Day 40), all rats were
anesthetized with sodium phenobarbital and
blood was taken via cardiac puncture. The
kidneys were removed, washed with normal
saline, weighed and kept in neutral-buffered
formalin  solution for histopathological
examination.

Quantification of wurinary creatinine and
cadmium

The creatinine level in rat urine was
measured using Jaffe reaction”  with
spectrophotometer at 500 nm. Urinary Cd
concentrations were measured by graphite
furnace atomic absorption spectrometer
(GFAAS) with Zeeman-GFAAS background
correction (Varian SpectraA800Z). The Cd
standard curve was established using standard
Cd solution. The standard solution was mixed
with a modifier and diluted to 1, 3 and 5 pg/l.
The modifier was used as a blank. The urine
sample was mixed with modifier before
analysis and put into an autosampler under the
previous described of the GFAAS standardized
condition.”*

Quantification of blood cadmium

Blood Cd concentrations were also
measured by GFAAS with Zeeman-GFAAS
background correction but the sample
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preparation was different from the process
prepared for urinary Cd measurement. Five
hundred microliters of whole blood was mixed
with 1 ml of 5% nitric acid in the micro-test
tube, then vigorously mixed for 30 seconds and
held at room temperature for 1 hr. The micro-
test tube was centrifuged at 12,000 rpm for 5
min at 20°C, before removing the supernatant
to a new micro-test tube and centrifuged again
at 12,000 rpm for 5 min. The supernatant was
injected onto the GFAAS with the developed
temperature program.”'

Histopathological examination

The kidneys were perfused, taken out
and washed with normal saline for removing
excessive blood. They were dissected and
fixed in 10% neutral-buffered formalin.
Representative sections were selected for
histopathological processing. The tissues were
embedded in paraffin blocks and cut as five
micron sections, stained with hematoxylin-
eosin and examined under light microscope.”

Statistical analysis

Data were expressed as mean =+
standard error of mean (SEM) and compared
between groups using Student’s t-test.
Differences at p < 0.05 were considered
significant.

RESULTS

Rat body weight

Body weight of Cd treated rats in both
groups of the experiments, without (group 1)
and with (group 2) pretreatment with TL leaf
extract in drinking water as TL tea, were
significantly different (p<0.05) from day 21 to
day 40 as shown in Figure 1. The results
showed that pretreatment with TL leaf extract
in drinking water can help reduce weight loss
due to cadmium toxicity.

Water consumption

During days 1-20, both groups
consumed similar volumes of water per day.
After Cd treatment commenced on day 20,
both group consumed less water. However, the
group provided with TL leaf extract consumed
significantly more water than rats without the
TL leaf extract (p<0.05, Fig. 2).

Urinary and blood cadmium concentrations

Both groups of rats had extremely high
urine Cd levels so the TL leaf extract had no
effect on urinary Cd concentration (Table 1).

Blood cadmium concentration

The similar blood Cd concentrations in
both groups of rats after 20 days exposure to
Cd, indicated that 7. lawrifolia Lindl. leaf
extract did not affect the concentrations of Cd
in blood (Table 2).

Histopathological examination

Light microscopic examination of
histopathology of the rat kidneys indicated that
T. laurifolia Lindl.leaf extract could protect
kidney from damage by Cd. The kidney cortex
of rats exposed to Cd without TL leaf extract
(Fig. 3B) showed abnormalities including
glomeruli widening, cloudy swelling of
tubules, lumen widening, irregular shaped
epithelial cells, blurred structure of tubular
epithelium, abnormal defined nuclei and pale
cytoplasm. In contrast, the histology of
glomeruli in rat kidneys exposed to Cd and TL
leaf extract (Fig. 3C) was no different from
glomeruli of the normal rats (no any treatment)
in Figure 3A (the result shown in Figure 3A
was from our previous study with normal rat
without any treatment). These plates clearly
demonstrate that the kidney tubule and
glomeruli structure was preserved in rats
exposed to both Cd and TL leaf extract.
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Figure 1. Rats exposed to Cd after day
20 (group 1) suffered weight loss but the loss
was much more limited in rats which
consumed drinking water containing TL leaf
extract (group 2). All values are mean =+ SEM
of 6 rats. An * indicate statistically significant
differences among the two groups (p<0.05).
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Day 21-40

Figure 2. Water consumption of male
Wistar rats in Cd treated (group 1) and
pretreatment with TL leaf extract in drinking
water (group 2) before (Day 1-20) and after Cd
treatment (Day 21-40).

DISCUSSION

Teeyakasem et al.”’ reported high
urinary Cd concentrations in Mae Sot residents
and found they were at high risk of renal
dysfunction due to chronic exposure to Cd in
food and water. Our results showed rats
exposed to Cd by daily subcutaneous injection
for 20 days had high levels of Cd in the blood,
but exposure to TL extract before and during
the Cd exposure did not affect the blood or
urinary Cd concentrations. Therefore, the
potential use of TL tea as a medicinal herb to
reduce the affect of Cd exposure in people like
those living at Mae Sot district appears limited.

~+— Group 1
« - Group 2

However, the evidence from
histopathology was that TL tea may protect
kidney tissue from damage caused by Cd
exposure. These results are similar to previous
investigations on rats dosed with Cd by oral
ingestion in water for 6 weeks at 50 mg/l,
which reported proximal tubular damage and
glomerular swelling."” Prozialeck et al."* also
observed proximal tubular epithelial cell with
irregular shape and gaps between the cells in
rats administration of Cd 0.6 mgkg for 6
weeks. The concentrations of CdCl, and TL
leaf extract used in this study works well to see
the protective of the TL tea from Cd toxicity.

The protective effect of the TL leaf
extract on kidney tissues may be due to
antioxidant properties of the phenolic
compounds or other anti-oxidants or anti-
inflammatory constituents in the leaves.'****’

We conclude that TL leaf extract can
prevent or reduce Cd induced structural
damage in the kidney of rats. The major
chemical constituents of the TL leaf extract
will be isolated and identified then tested for
Cd protective properties in rats to elucidate
whether they can also help prevent or reduce
toxicity from high Cd exposure. The results
will  be very applicable advantage to
unavoidable of Cd exposure population in the
polluted area such as Mae Sot district.
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Figure 3. Histopathology (H&E, x400) of tubule (T) and glomeruli (G) in the kidney cortex of a normal, untreated
rat (A); a rat exposed to cadmium chloride at 1.0 mg/kg for 20 days (B); and a rat exposed to both 7. laurifolia leaf

extract and CdCl, (C).

Table 1. Urinary Cd concentration in rats exposed to Cd with (group 2) and without (group 1) exposure to T
laurifolia leaf extract.

Rats U-Cd
Day 0 (ng/gCr) Day 20 (ng/gCr) Day 40 (ng/gCr)
Group 1 09+155 23.2+6.4 79,491.2 +£24,545.8
Group 2 349+ 11.6 20.4+6.9 71,478.6 + 23,355.1

Table 2. Comparison of blood concentrations of rats treated with Cd only (group 1) and the concentrations of rats
pretreatment with 7. laurifolia Lindl. leaf extract in drinking water (group 2)

Rats Blood Cd (ng/l)

Group 1 (CdCl, treatment only) 5,399.9+ 618.8

Group 2 (pretreatment with TL) 5,089.1 + 533.6
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