CHAPTER 1V

RESULTS

4.1 Reverse mutation assay (The Ames Salmonella/microsome assay)

4.1.1 Survival Test

The preliminary screening for toxicity dependence dose of plants extracts on

Chiang Rai (83.06 = 8. ravince. wer sen to test for cytotoxicity
dependence dose. The toxigi as da pendent on all plant extracts but
‘ : LCso of, P. mirifica, B.

\ g/plate or 3,209, 1,137, 153
pg/ml on the growth of i A : \\ ad 17.50, 6.71, 2.44 mg/plate

the most potency w

superba and M. collettii

or 5,469, 2,096, 763 n : otowth "of 1- Typhimurium strain TA100,

respectively. Therefore, in aighest concentration 2.5 mg/plate of

each kind of Kwao Krua extract :der to maintain the best survival of S.

A i s o

Typhimurium TA 98 apd re,sthe concentration of 0.625,

1.25 and 2.50 mg/pl 1; 5 t : ef¢ Ichosen to perform as for

screening mutagenic a:@nu utag ay bﬁAmes Test.
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Table 4.1 Survival test of the plant extracts on S. Typhimurium TA98 and TA100

Concentration Percentage survival (Mean + S.E.M.)

(mg/plate) TA98 TA100

Plant extracts

P. mirifica 2.5 7441 + 522° 78.28 + 2.69°
5.0 41.81 + 2.17° 51.04 + 1.73
10.0 36.67 + 3.57° 5423 + 3.03
20.0 a , 3536 £ 1.94° 4854 + 3.04°

41.74 + 147°
32.03 + 1.58°
2943 + 1.12°
13.83 + 3.39°

B. superba

M. collettii 77.93 + 3.59¢
75.63 + 3.16°
2942 + 0.65°

16.17 + 0.46

Means not sharing a commo.

e column of each plant extracts are

significantly different (P < can’s multiple range test.

4.1.2 Mutagenic activﬁ of the plan wardﬁ. Typhimurium TA98 and
TA 100 in the absence.and presence of metabolic activation

Allp 1a:ﬂ XHCE} @W@Wﬁ}’pﬂeﬂlx . Table5.2,5.3,5.4

and 5.5) except BJ superba from Rat?mburi province. Since the highest concentration
o
1

" RN T )T

v/
aT'rgjiﬁl E?her amount of
revertant golonies than those from the negative control and other plant extracts(Figure

4.1).
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00 at the concentration of

and TA 100 in'{}e a

The potential antButag s-efl he pla e)ﬁacts at the concentration at
0.625, 1.25 and 2.50 mg/qlatée as compared \&i}h the control, set as 100% mutagenicity

were tested. Tlﬂc%rﬂof&xﬂqr&iﬂﬂ ﬁsﬂs&lj &il ﬂ vious report that: the

potential of antifilitagenic effect was considered strong when the inhibitory effect was

¢

T A A
| :

40-60%.qI bitory " effect” less ‘40% ‘were “Cons d 'weak,;=and it was not

recognized as a positive result (Ikken, Camberol and Marrrin ef al., 1998)

4.1.3.1 Antimutagenic activity of P. mirifica extracts
P. mirifica extracts collected from 28 provinces of Thailand were screened for
antimutagenic activity.  Certain extract significantly decreased the number of

revertants induced by AF-2 and B(a)P with dose-dependently (Table 4.2, Appendix A;
Table 5.2).
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At the concentration of 0.625 mg/plate

Using AF-2 (0.1 pg/plate) on S. Typhimurium TA98, the extracts of P. mirifica
from Uttradith exhibited weak inhibition. None of them showed moderate or strong
antimutagenic activity. When tested of AF-2 (0.01 pg/plate) on S. Typhimurium
TA100, the samples from Nakhon Sawan, Lampang, Lop Buri, Nong Bua Lam Phu,
Kamphaeng Phet and Sukhothai exhibited weak inhibition. Also, no moderate or
strong antimutagenic activity was found i

Using B(a)P (10 pg/plat
Phetchabun and Chiang Maj éx . No sample with moderate or
strong inhibition was found. , ted; with B(@)P’ (5 pg/plate) on S. Typhimurium
TA100, the samples frog chothai, Phrachin. Buri, Nakhon Ratchasima

exhibited weak inhibitio \Q‘ from Chiang Rai showed

any sample.

imurium TA98, the samples from

moderate inhibition wherea$ ple wifh s rong inhibition was detected (Figure
42,45).

. Bl :
At the concentration of 1.2 lat?tﬁ 121y,

A98, the extracts of P. mirifica

ik inhibition. None of them showed

: Aith AF-2 (0.01 pg/plate) on

)0, *-\“! Mae Hong Son,

s Phetchaburi, Sarabun, Sukhothm Lop Buri, Payao, Prachuap

Kiri Khun, Luﬁﬁndm exhibited welK inhibition and only the samples from
h

S Wik i) AL o strong antimutagenic

activity was foun}lln any sample.

R P AT DA I o L

Buri and Uthai Thani exhibited weak inhibition. There was no sample with moderate

moderate or strong

S. Typhimurium TAS
Phitsanulok, Chiang Rai

Nong Bua Lu

or strong inhibition. When tested with B(a)P (5 pg/plate) on S. Typhimurium TA100,
the weak antimutagenic activities were detected in the samples from Chiang Mai, Tak,
Payao, Chiang Rai, Prachin Buri and Saraburi and the samples from Sukhothai,
Ratchaburi, Phetchabun exhibited moderate inhibition whereas no sample with strong

inhibition was detected (Figure 4.3, 4.6).
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At the concentration of 2.50 mg/plate
Using AF-2 (0.1 pg/plate) on S. Typhimurium TA98, the extracts of P. mirifica
from Payao exhibited weak inhibition. None of them showed moderate or strong
antimutagenic activity. When tested with AF-2 (0.01 pg/plate) on S. Typhimurium
TA100, the weak antimutagenic activities were found in the samples from
, Mae Hong Son, Sukhuthai, Uthai Thani
A \“ / gadith exhibited moderate inhibition.
vty was fouldef any sample.
Using B (@)P (10 pg/plate)oaS. T yphimucium T A98, the samples from U thai
Thani, Phetchaburi, ChiangesMaig*Nan, Nakhon 3 awan, Uttraradith and Phetchabun

Phitsanulok, Saraburi, Nong Bua Lum_ Ph

and Kanchanaburi and the samp

Also, no strong antimutagenic'z

exhibited weak inhibition4¥one of fliem Showed moderate or strong  antimutagenic
activity. When tested of Bla - imurium TA100, the weak
Chiang Mai, Phetchabun,
Phitsanulok, Prachuap Kiri/l 77" 3 , g, Nong Bua Lum Phu,
Chaiyaphum, Lopburi, Kah

Sukhothai, Phrachinburi,

antimutagenic activitie

chasima. The samples from
nd Tak exhibited moderate
«intimutagenic activities inhibiti r",f W c 4}* ample with strong inhibition was
detected (Figure 4.4, 4

4
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Table 4.2 Antimutagenic activities of P. mirifica extracts from different provinces of

TA100 under non metabolic and metabolic activation conditions.

Thailand detected by Ames test using S. Typhimurium strain TA98 and

PI (%inhibition)

Dose
Province flstS TA98 TA100
-S9 +S9 -S9 +S9
Chiang Rai 0.625 -33.00£11.17°°  -24.76 £13.82° 1843+ 0.97" 44.24+3.76"
1.25 | £247°  3024+650"  45.66+4.84"
2.50 434+£804°  47.75+1.66"
Chiang Mai 0.625 06+ 113 g"‘ -48.69+13.98° 14.40+5.18™
1.25 93 O3, -32.03+£3.78" 24.88+ 8.42°"
2.50 »\\ ¥y -56.81£19.92"  36.60+4.01%
Mae Hong 0.625 1923+ 1.96° 1221 £4.59"
Son 1.25 34.00+6.43°  19.13+1.77"
2.50 36.13+4.16  13.53+3.28"
Payao 0.625 7.65 + 6.49% 457 +341°
1.25 24.87+590°  4579+1.33"
250 16.95+ 847"  39.50+4.11%
Nan 0.625 19.40+4.93 -10.27+10.57°
125, 1.83+£1.66”  -1.13+2.76"
2.50 ‘Q—'——*’”*\‘ 8.95+4.21"  -4.66+4.88°
Lampang 0.625 = 26.05+2.92°  15.55+8.83"
1.25 : 11.64 + 7.36"11:] 21.97+7.87 1594+ 781"
! 16 6667, 14,94+986% 28322263
Phrae 6254 %34+ 7.98 11 F749+£7.09°  -835+4.06
s 432£439" 1738£236"  -7.92411.69°  6.87+4.59"

3 WA A8 RN 8V e

48.79 + 1.63¢

*P < 0.05 4 compared with control.

Means not sharing a common superscript letter in the same column of one province are

significantly different (P < 0.05) as determined by Duncan’s multiple range test.

Results shown were mean + S.E.M. from triplicate trials.
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Table 4.2 Antimutagenic activities of P. mirifica extracts from different provinces of

Thailand detected by Ames test using S. Typhimurium strain TA98 and

TA100 under non metabolic and metabolic activation conditions.

(continued)
PI (%inhibition)
Province S TA98 TA100
e -S9 -S9 +S9

Lumphun 0.625 18.14 + 5.17+1.29" 8.99 +3.57®
1.25 7.19+£3.24®  20.21+4.45”
2.50 11.33+£421"  21.17+7.96"
Uttraradith 0.625 19.83 £4.00°  -4.78+9.26°
1.25 19.81 £10.52°"  -2.89 + 3.54°
2.50 42.89+2.13"  -043+5.33°
Sukhothai 0.625 20.70 £ 543"  26.44+4.36"
1.25 25.08+1.19%"  3424+227°
2.50 33.29+4.79 5595+ 1.52%
Phitsanulok 0.625 475 +2.05° 13.12 +£4.63"
1.25 50 939" W6™ 30.72£210  0.07£4.13°
2.50 s 1+4.13° 38614227 33.85+8.29
Phetchabun | 13.57+7.89"  12.25+4.80"
ST 1827+ 1467 27.14£3.167
2.50 m 10.92 £ 0.87"  34.43+2.82°
Kam 0.625  2.62+428"  -10.16+4.22" 2350+2.81° -12.63+297"
phaeng Phet ] ‘ 66 2 { b 1731+ 761"  598+503°
FﬁJ EJ 2 .oﬁﬁm .ﬁ Em r ﬁs +4.50"  -3.72+5.83"
Nakhon o 625 540 +£522° 14.07 £2.45"  28.57&6.69°  18.96+3.44°
sl WA AT I GHYSR Y neer

2.50 294+357° 23.58+1.26"

14.78 + 3.55%

21.93+0.75

*P < 0.05 as compared with control.

Means not sharing a common superscript letter in the same column of one province are

significantly different (P < 0.05) as determined by Duncan’s multiple range test.

Results shown were mean + S.E.M. from triplicate trials.
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Table 4.2 Antimutagenic activities of P. mirifica extracts from different provinces of
Thailand detected by Ames test using S. Typhimurium strain TA98 and

TA100 under non metabolic and metabolic activation condition.

(continued)
PI (%inhibition)
Province i TA98 TA100
(mg/plate)
-S9 +S9 -S9 +89
Uthai Thani 0.625 -55.18 588 £10.52  -2.18+8.51*  -0.43+3.26
.25 o1 17.03+7.74"  21.72+6.71*
2.50 2575+ 443"  20.64+4.18"
Saraburi 0.625 1332+ 1.71°  14.57+4.52"
1.25 2690+ 7.19°  42.04+3.61
2.50 38.21+2.09%  20.30+2.47"
Lop Buri 0.625 2487+5.55"  3.42%0.16°
1.25 2487+356"  16.66+221"
2.50 7.94+13.03® 2587 +4.32°
Phrachin 0.625 -1.05+1.87° 21.93+6.63”
Buri 1.25 8.22+434"  4270+9.18
2.50 __ 8.16+2.62"  54.74+6.86°
Ratchaburi  0.625- £861° 7 21 £ 082£738  494%343°
1257 08+ 2191t B9 ]1.74£707  27.58+1.96"
2.50 m 18 m 1.80£5.44*  32.67+4.61"
Phetcha 0.625 13 45372  9.15+6.97 19.48£3.00°  -2.56+5.14°
b ﬁ 5 + 118" 16.06+ 1.46°
FﬁJ EJ‘ szgj"ﬂ ﬂﬁh ﬁ%; +3.82"  7.99+3.04%
Sakon 0 625 1.57 £ 4.64° 4.64£1,93  157583.11° 12,00+ 10.57%

nasod) WIRN TSR A WA B &)

2.50 1624218 031+£373" 11.93 + 4.42"

21.02 +£9.99*
19.98 + 7.84""

*P < 0.05 as compared with control.

Means not sharing a common superscript letter in the same column of one province are

significantly different (P < 0.05) as determined by Duncan’s multiple range test.

Results shown were mean + S.E.M. from triplicate trials.
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Table 4.2 Antimutagenic activities of P. mirifica extracts from different provinces of

Thailand detected by Ames test using S. Typhimurium strain TA98 and

TA100 under non metabolic and metabolic activation condition.

(continued)
PI (%inhibition)
Province o TA98 TA100
(mg/plate)
-S9 +S9 -S9 +S9

Nong Bua 0.625 -12.87 ¢ // 32+6.43°  2415+297°  3.71+1.04
Lam Phu 1.25 | % 89 47.90+553  18.13+3.09"
2.50 2 4.’4;’ 3407668  27.81+321¢

Chaiyaphum 0.625 -8.24 + 6.64° -7.05 £ 9.47°

1.25 3.89 £ 597 1.20 + 8.29°

2.50 12.68 + 6.69 2598 +8.12"
Nakhon 0.625 3.97+£9.30"°  19.47+2.09*
Ratchasima 125 4 1528 £0.61"  12.61+5.59"
2.50 18.41+8.78"  24.09+1.00"

Tak 0.625 842+ 1.89°  36.69+5.08"
1.25 271+3.73°  46.19+4.38"

2.50 5.60+429"  47.54+436"

Kanchana 17.77+6.09°  5.46+7.32"
buri 852 18.01£7. 27" 12.32+5.94"
18 '[ 22.85+3.65"  25.66+4.44"

Prachuap 0.625 2291 +£4.80" 13.10+4.92"F -23.81+5.05° 1593+2.13"
Kiri Khun a %ﬂ 1£11.19°  19.28+3.70"
ﬁ ﬁ EJ % ﬁﬂ ﬂzm fﬁg 73 £14.46  32.83+3.83

Chumphon 625 -17.74+ 12000°  3.59$1.34°  12.84g2.53”  -4.23+9.81°
YRIGINFULRAIRY YR omeenr

2.50 27491303 -929+1.79°  7.93+13.84°  0.27+3.86°

*P < 0.05 as compared with control.

Means not sharing a common superscript letter in the same column of one province are

significantly different (P < 0.05) as determined by Duncan’s multiple range test.

Results shown were mean + S.E.M. from triplicate trials.
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Figure 4.2 Antimutagenic activities of P. mirifica extracts against a) direct-acting of

AF-2 0.1 pg/plate and b) indirect-acting of B(a)P 10 pg/plate mutagens

analyzed by S Typhimurium strain TA98 at concentration 0.625

(*P < 0.05 as compared with control, set as 100%

mg/plate.

mutagenicity)
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Figure 4.3 Antimutagenic activities of P. mirifica extracts against a) direct-acting of

peieynn ﬂ - m

AF-2 0.1 pg/plate and b) indirect-acting of B(a)P 10 pg/plate mutagens

analyzed by S. Typhimurium strain TA98 at concentration 1.25 mg/plate.

(*P < 0.05 as compared with control, set as 100% mutagenicity)
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Figure 4.4 Antimutagenic activities of P. mirifica extracts against a) direct-acting of
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AF-2 0.1 pg/plate and b) indirect-acting of B(a)P 10 pg/plate mutagens

analyzed by S. Typhimurium strain TA98 at concentration 2.50 mg/plate.

(*P < 0.05 as compared with control, set as 100% mutagenicity)
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set as 100%

AF-2 0.01 pg/plate and b) indirect-acting of B(a)P 5 pg/plate mutagens
(*P < 0.05 as compared with control,

analyzed by S. Typhimurium strain TA100 at concentration 0.625

mutagenicity)

mg/plate.

Figure 4.5 Antimutagenic activities of P. mirifica extracts against a) direct-acting of
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Figure 4.6 Antimutagenic activities of P. mirifica extracts against a) direct-acting of

AF-2 0.01 pg/plate and b) indirect-acting of B(a)P 5 pg/plate mutagens

analyzed by S. Typhimurium strain TA100 at concentration 1.25

(*P < 0.05 as compared with control, set as 100%

mg/plate.

mutagenicity)
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analyzed by S Typhimurium strain TA100 at concentration 2.50
(*P < 0.05 as compared with control,

AF-2 0.01 pg/plate and b) indirect-

mutagenicity)

mg/plate.

Figure 4.7 Antimutagenic activities of P. mirifica extracts against a) direct-acting of
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4.1.3.2 Antimutagenic activity of B. superba extracts
B. superba extracts collected from 24 provinces of Thailand were screened for
antimutagenic activity.  Certain extract significantly decreased the number of
revertants induced by AF-2 and B(a)P with dose-dependently (Table 4.3, Appendix A;
Table 5.3).

At the concentration of 0.625 mg/plate
Using AF-2 (0.1 pg/plate) on S. T

from Loei, Kanchanaburi exhibi

imurium TA98, the extracts of B. superba

. None of them showed moderate
- AF-2 (0.01 pg/plate) on S.

ere detected in the samples from

or strong antimutagenic acti
Typhimurium TA100, the wea
Sakhon Nakhon, Khon Kaen'2 Lok, he ample from Kanchanaburi exhibited

moderate inhibition. Alsg goderaie o o\ utagenic activity was found in
any sample. |
Using B(a)P (10 fig/plate) of V] i fqum TA98, the samples from Chiang

Rai, Phitsanulok, ChaiyaPphui afd Phetchaburiexhib eak inhibition. No sample
¥ B(a)P (5 pg/plate) on S.

were found in the samples from

with moderate or strong 4
Typhimurium TA100, the wea
Loei, Saraburi, Nong Bua Lan 11 gngsao, Ratchaburi, Chantaburi, Chaiang
Mai, Khon Kaen je ¢y the sample™ -~: Phitsanulok exhibited
moderate inhibition whereas no ibifion was detected (Figure

4.8,4.11).

R HARINTNYNT

Using AF 2 (0.1 pg/plate) en S. Typhimaurium TA98, &he extracts of B.
spera i T oS U DHR Bl ven
mhlbltlon Only the sample from Loei exhibited moderate inhibition. None of them
showed strong antimutagenic activity. When tested with AF-2 (0.01 pg/plate) on S.
Typhimurium TA100, the samples from Saraburi, Kanchanaburi, Nong Bua Lam Phu,
Loei, Nakhon Sawan, Khon Kaen exhibited weak inhibition and the samples from Tak
and Sakhon Nakhon exhibited moderate inhibition. Also, no strong antimutagenic

activity was found in any sample.
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Using B(a)P (10 pg/plate) on S. Typhimurium TA98, the weak inhibition
activities were Nong Bua Lam Phu, Chiang Rai, Loei, Ratchaburi, Chaiyaphum,
Phitsanulok and Tak. The samples from Chonburi, Lop buri and Phetchabun exhibited
moderate inhibition. N o sample with m oderate or strong inhibition. W hen tested o f
AF-2 B(a)P (5 pg/plate) on S. Typhimurium TA100, the sample from Chantaburi
exhibited weak inhibition and the samples from Phitsanulok, Chachoengsao,
Chaiyaphum. Chonburi. Saraburi, Srisaket, Tak, Nakhon Sawan, Ratchaburi, Chiang
Mai, Nong Bua Lam Phu, Loei and C'

no sample with strong inhibitio

exhibited moderate inhibition whereas
e 4.9,4.12)

4’-

. | —
At the concentration of 2.50 mg/piate

o TA98 the extracts of B.
superba from Nong Bua J#a e 1, Kanchanaburi exhibited
weak inhibition. The sampi€s £ ‘ phur 1 Chiang Mai exhibited moderate
inhibition and only the am e from: __ i ' \ \- tion. When tested of AF-2
(0.01 pg/plate) on S. Typhigiuriim TA 100, the wealk inthibition activity was sample
from Phrachinburi. Only the€ s3 ’ -:’: chan buri. Khon Kaen, Loei, Saraburi,
Nong Bua Lam Phu, Lop b n,ﬂ' h buri exhibited moderate inhibition.
Also, no strong antimgtagenic_aﬁy@} ahd inany sample.

‘ yphimu rium TAO8, the weak inhibition
activity was found in’ -"- 16§ from T ak, C haiyaphum,
Phitsanulok. Prachmbu s Uttradith, Khon Kaen, Nong=Bua Lam Phu, Chantaburi
exhibited mhlblmﬁ abun and Chonburi exhibited
strong inhibitio sﬁdﬁﬂ% wﬂﬁh yphimurium TA100,
The weak 1nh1b1t10n activity was détected in thessamples fromiPhrachinburi and
Cramasl, Pl ROV Pl b ] St kb s, Lopr
Phetchabuﬁ, Khon Kaen, Chiang Rai, Chachoengsao, Sakhon Nakhon, Nong Bua Lam
Phu, Chaiyaphum, Lumpang, Kanchanaburi exhibited moderate inhibition activities

and the samples from Chonburi exhibited strong inhibition (Figure 4.10, 4.13).
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Table 4.3 Antimutagenic activities of B. superba extracts from different provinces of

TA100 under non metabolic and metabolic activation conditions.

Thailand detected by Ames test using S. Typhimurium strain TA98 and

PI (%inhibition)
Dose
Province —— TA98 TA100
-S9 +S9 -S9 +S9

Chiang Rai 0.625 5.55+9.76"°  2255+3.69° 2049+ 549" -33.54%6.74"
1.25 3 6.01+6.63°  13.46%2.64

2.50 3.13+5.69° 2623 +4.93%

Chiang Mai 0.625 618° 3 109658 2.35+9.83*  27.10+6.05"
1.25 T 96 -1345£9.15°  30.13%4.72%

2.50 79 ' 1.62+5.82°  39.72+2.08

Mae Hong 0.625 -6.93 £ 8.57° 4.68+431°
Son 1.25 -4.65+5.12*°  16.83+2.63
2.50 3.44+871° 14.06+0.36™

Lampang 0.625 -1.58+£5.19° 8.04+131°

1.25 -3.00 + 2.69* 5.28 +9.04°

2.50 9.0 -6.83+0.25*  32.41+0.85”

Uttraradith 0.625 845  -1.44+8.68 1.81 £3.33°
1.25- Bk ~.371+888  3.67+829°

250 T 2794ETSIY 2 :f; 932£529°  9.52+2.17°

Phitsanulok 0.625 65 1 0.59+3.69°  51.32+3.23"
1.25 -36.04 £ 6.36" 3678 +5.39a™  4.92+2.64°  40.13+15.35"
ﬁsq ‘ 4,9 . i 67 . 08 + 1.54° 41.53 +3.10”
Phetchabun loqﬁz 3Y6T£647°7 | RYOE T4 1 1281 +£11.59°  -10.98 +9.89°
1.25 -1.23+6.18° 5876 45,81 1297 £10.49°  -0.94 +8.64°

QA BRI HADH R 20ese

*P < 0.05 s

compared with control.

Means not sharing a common superscript letter in the same column of one province are

significantly different (P < 0.05) as determined by Duncan’s multiple range test.

Results shown were mean = S.E.M. from triplicate trials.
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Table 4.3 Antimutagenic activities of B. superba extracts from different provinces of
Thailand detected by Ames test using S. Typhimurium strain TA98 and

TA100 under non metabolic and metabolic activation condition.

(continued)
PI (%inhibition)
Province — TA98 TA100
(e -S9 +S9 -S9 +S9

Nakhon 0.625 2145+ 2337 | 1028°  -5.87+4.13*  10.13+4.53°
Sawan 1.25 31.68+10.03°  27.34+592"
2.50 15.86£9.97°  9.07+11.96°
Saraburi 0.625 3.85+4.03"  21.39+331"

1.25 2127+3.60°  20.15+2.18"

2.50 2533+ 0.63"  40.62+4.49
Lop Buri 0.625 -14.02 £ 7.66°  -1535%3.69"
1.25 3.16+333°  2.39+12.00°

2.50 25.87+3.87°  56.80+5.07

Prachinburi 0.625 9.98 + 8.07° 5.05£5.12°
1.25 1027 +4.46°  17.93+9.28"

2.50 07+ 426"  3833+449”  551+1.36%

Ratchaburi 0.625% 2749 +592°  2486+3.67"

1. *yf : — By ]-11.02:£3.00° 28.51%13.52"

2.50 m m -12.79+6.45° 3598423
Chachoeng 0.625 606+ 1232 -28.61 +8.15° 13.67+229" 22.85+14.20"

@ﬂﬂﬁmﬁn TN oo

0.625 2.09 + 6.49° 6.58 442.39° 23.44&4.46°  -12.98 +3.36%

o WIS A RS TH SR om e

2.50 12.99 + 18.36° 738+ 581 12851022 297123.11%

*P < 0.05 as compared with control.
Means not sharing a common superscript letter in the same column of one province are

significantly different (P < 0.05) as determined by Duncan’s multiple range test.

Results shown were mean + S.E.M. from triplicate trials.
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Table 4.3 Antimutagenic activities of B. superba extracts from different provinces of
Thailand detected by Ames test using S. Typhimurium strain TA98 and

TA100 under non metabolic and metabolic activation condition.

(continued)
PI (%inhibition)
Province s TA98 TA100
(mg/plate)
-S9 489 -S9 +S9
Loei 0.625 35.74 2 481° 1125 12.12+£2.76"  20.28 £2.93”
1.25 55:88 6"  23.36+2.88"  32.37+5.92%
2.50 23.86+4.41  50.22+ 8.83°
Nong Bua 0.625 11.86+3.29™  22.30+5.14"
Lam Phu 1.25 2234722  30.84+6.41"
2.50 2539+ 6.26°  29.86+ 14.39"
Khon Kaen 0.625 R, 26.56+13.68°  29.99+5.69"
1.25 3541£960"  2813+9.17"
2.50 22.81+£9.52°"  26.12+2.40"
Chaiyaphum 0.625 933+6.31°  34.52+4.09”
1.25 7 17.93 + 14.18°  47.42+2.26°
2.50 40.19 11.74+ 10.54*  31.47+3.73"
Nakhon 0.625 82+3.74 16.74 £ 4.63°
Ratchasima 1.25 Vf__ T T :‘ 0.55+7.75% 12.99 + 7.83°
2.50 17: 22 ]D 13.89+ 6.84°  18.07+9.59°
Srisaket 0.625 "-1.88 + 6.04° .2.33 + 8.39° 1.95+7.51% 7.69 + 3.76°

iu EJ iﬁﬂ‘n jﬂ ﬁf] ﬂ§9 +£5.88  20.94+4.44"
%o -5335: 6! 98 #4457 98122  36.47+6.35”
Tak 0.625 5.55+4.07 0.35 +&70°  26.57#4595°  7.89 +4.55°
QWA R BB PR B 252200
9 2.50 13.96 £ 5.19" 4192+ 157" 2826+7.66"  38.02+2.66°

*P < 0.05 as compared with control.

Means not sharing a common superscript letter in the same column of one province are

significantly different (P < 0.05) as determined by Duncan’s multiple range test.

Results shown were mean + S.E.M. from triplicate trials.
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Table 4.3 Antimutagenic activities of B. superba extracts from different provinces of

Thailand detected by Ames test using S. Typhimurium strain TA98 and

TA100 under non metabolic and metabolic activation condition.

(continued)
PI (%inhibition)
Dose
Province TA98 TA100
(mg/plate)
-S9 +S9 -S9 +S9
Kanchana 0.625 38.31 +585" 41.08+1.37° -1524+3.11%
buri 1.25 5.68 21.42+3.88"  483+0.68°
2.50 53.36+3.55  33.79+6.90°
Chonburi 0.625 5.81 + 1.09 3.02+8.54°
1.25 12.94+ 505 5028+ 6.31"
2.50 -11.86+3.34*  88.61 +0.24%
Chantaburi 0.625 -0.03+3.42*  2555+5.03"
1.25 5.58 +£5.59* 33,793 £912"
2.50 37.54+ 13.44"° 3596+ 5.94"

*P < (.05 as compared witlifcogtro!

Means not sharing a common/Supérscript let

significantly different (P :'g)nr{ S
Results shown were mean

ot

U

AU INENTNEYINS
RINNIUUNIININY

e column of one province are

d by Duncan’s multiple range test.
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Figure 4.8 Antimutagenic activities of B. superba e:tracts against a) direct-acting of

AF-2 0.1 pg/plate and b) indirect-acting of B(a)P 10 pg/plate mutagens

analyzed by S. Typhimurium strain TA98 at concentration 0.625

(*P < 0.05 as compared with control, set as 100%

mg/plate.

mutagenicity)
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Figure 4.9 Antimutagenic activities of B. superba extracts against a) direct-acting of

AF-2 0.1 pg/plate and b) indirect-acting of B(a)P 10 pg/plate mutagens
analyzed by S. Typhimurium strain TA98 at concentration 1.25 mg/plate.
(*P < 0.05 as compared with control, set as 100% mutagenicity)
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Figure 4.10 Ant:
AF-2 0.1 pg/plate and b) indirect-acting of B(a)P 10 pg/plate mutagens

analyzed by S. Typhimurium strain TA98 at concentration 2.50 mg/plate.

(*P <0.05 as compared with control, set as 100% mutagenicity)
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Figure 4.11 Antimutagenic activities of B. superba extracts against a) direct-acting of

AF-2 0.01 pg/plate and b) indirect-acting of B(a)P 5 ;ig/plate mutagens

analyzed by S. Typhimurium strain TA100 at concentration 0.625

set as 100%

mg/plate. (*P < 0.05 as compared with control,

mutagenicity)
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Figure 4.12 Antimutagenic activities of B. superba extracts against a) direct-acting of

AF-2 0.01 pg/plate and b) indirect-acting of B(a)P 5 pg/plate mutagens

analyzed by S. Typhimurium strain TA100 at concentration 1.25

set as 100%

mg/plate. (*P < 0.05 as compared with control,

mutagenicity)
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4.1.3.3 Antimutagenic activity of the M. collettii extracts
M. collettii e xtracts collected from 4 provinces of T hailand w ere sc reened for
antimutagenic activity. Certain extract significantly decreased the number of
revertants induced by AF-2 and B(a)P with dose-dependently (Table 4.4, Appendix A;
Table 5.4).

At the concentration of 0.625 mg/plate

Using AF-2 (0.1 pg/plate) on S. Typhimurium TA98, the extracts of M. collettii

) them showed moderate or strong
g/plate) on S. Typhimurium

TA100, only the sample from. exhibited weak inhibition. Also, no

any sample.

n TA98, the weak inhibitory
activity was sample frog ng* g and the sample from
Kanchanaburi exhibited” moderater with strong inhibition was
found. When tested of £ . ; - urium TA100, the weak
inhibitory activity was sa .. C Lumpang The sample from

Kanchanaburi exhibited mod : on ! 10 sample with strong inhibition
was de.ected (Figure 4_1.14 F{I\f;} e

b £

At the concentration of4:25 m 2
Using AF-2 (0.1 !I plate) on S.
from Chiang Mai xhibited seak inhibitory @etivity. None of them showed moderate

or strong ;J kg Vel QW &Ll @nnivition against aF-

2 (0.01 ug/plate) on S. Typhimurium FA100.

o R S DADN A AENE) smpe som

Kanchanaﬁun exhibited strong inhibition. No sample with weak or moderate

yphimurium TAQ the extracts of M. collettii

inhibition was found. When tested with B(a)P (5 pg/plate) on S. Typhimurium TA100,
the moderate inhibitory activity was Chiang Mai and only the sample from
Kanchanaburi exhibited strong inhibition. Also, no weak antimutagenic activity was

found in any sample (Figure 4.15 and 4.18).
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At the concentration of 2.50 mg/plate

No sample exhibited inhibition against AF-2 (0.1 pg/plate) on S. Typhimurium
TA98. When tested with AF-2 (0.01 pg/plate) on S. Typhimurium TA100, only the
sample from Chiang Mai exhibited weak inhibition. Also, no moderate or strong
antimutagenic activity was found in any sample.

Using B(a)P (10 pg/plate) on S. Typhimurium TA9S8, the extracts of M.
collettii from Lumpang and Chiang Mai exhibited weak inhibition and only the sample

from Kanchanaburi exhibited strong i . No sample with moderate inhibition

was found. When tested with on S. Typhimurium TA100, the

Dose

Province TA100
(mg/plate)
-S9 +S9
Chiang Rai 0.625 B 3.51 2.82+331° 5.80 + 6.48"
1.25( v

2.50

5

£877£415° 166+ 1.98°
¥ 16.88+3.94  39.46+4.81"

Chiang Mai 0.625 B 20,28 / .22“Tu 2237+£327° 2491417
1.25 ‘-6.34 +4.93° -%05 £2.09°  3.89+395  45.58+1.88%

22729+ 6.83°"  50.55+4.90°

Lampang 8.64+10.39°  29.05+531°
25 m i 7 8.49 +7.98%

q wm A iaﬁ:‘m AR rosessi
Kanchana 0.625 11.84% 12060 25.71+£4.89%  5.07+822%  53.57+2.88"
buri 1.25 3.51+9.40°  7821+1.65 1632+137"  87.76+2.71°
2.50 727+8.12°  80.97+132°  439+1320°  92.87+0.54°

*P < 0.05 as compared with control.
Means not sharing a common superscript letter in the same column of one province are

significantly different (P < 0.05) as determined by Duncan’s multiple range test.

Results shown were mean + S.E.M. from triplicate trials.
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Figure 4.14 Antimuiagenic activities of M. collettii extracts against a.) direct-acting

of AF-2 0.1 pg/plate and b.) indirect-acting of B(a)P 10 pg/plate
mutagens analyzed by S. Typhimurium strain TA98 at concentration

0.625 mg/plate. (*P < 0.05 as compared with control, set as 100%

mutagenicity)
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Figure 4.15 Antimutagenic activities of M. collettii extracts against a) direct-acting of
AF-2 0.1 pg/plate and b) indirect-acting of B(a)P 10 pg/plate mutagens
analyzed by S. Typhimurium strain TA98 at concentration 1.25 mg/plate.

(*P < 0.05 as compared with control, set as 100% mutagenicity)
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Figure 4.16 Antimutagenic activities of M. collettii extracts against a) direct-acting of

AF-2 0.1 pg/plate and b) indirect-acting of B(a)P 10 pg/plate mutagens
analyzed by S. Typhimurium strain TA98 at concentration 2.50 mg/plate.

(*P < 0.05 as compared with control, set as 100% mutagenicity)
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Figure 4.17 Antimutagenic activities of M. collettii extracts against a) direct-acting of

AF-2 0.01 pg/plate and b) indirect-acting of B(a)P 5 pg/plate mutagens
analyzed by S. Typhimurium strain TA100 at concentration 0.625
mg/plate. (*P < 0.05 as compared with control, set as 100%

mutagenicity)
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Figure 4.18 Antimutagenic activities of M. collettii extracts against a) direct-acting of
AF-2 0.01 pg/plate and b) indirect-acting of B(a)P 5 pg/plate mutagens
analyzed by S. Typhimurium strain TA100 at concentration 1.25
mg/plate. (*P < 0.05 as compared with control, set as 100%

mutagenicity)
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Figure 4.19 Antimutagenic activities of M. collettii extracts against a) direct-acting of

AF-2 0.01 pg/plate and b) indirect-acting of B(a)P 5 pg/plate mutagens
analyzed by S Typhimurium strain TA100 at concentration 2.50
mg/plate. (*P < 0.05 as compared with control, set as 100%

mutagenicity)
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4.1.3.4 Comparison of antimutagenic activity of plant extracts detected by
Ames Test

Mean value of antimutagenic activity (PI) of P. mirifica population (n=28), B.
superba population (n=24) and M. collettii population (n=4) were shown on Table 4.5
and Figure 4.20. M. collettii exhibited the highest against B(a)P with moderate
inhibition on S. Typhimurium TA98 and TA 100 at concentration 2.50 mg/plate;
whereas, P. mirifica and B. superba population exhibited weak inhibition on S.

Typhimurium TA 100 at concentration

showed significant antimutagenic

mg/plate. Thus, all Kwao Krua extracts
with positive control (P < 0.05).

Table 4.5 against direct-acting and
indirect-acti ' S urium strain TA98 and
‘l.
TA100 ” *\\
, hibition
Plant Dose ﬂ\\\\ )
_— it TA100
extracts mg/pilate
"i -S9 +89
P. mirifica 0.625 654 -;w o 2.64° 8.64+321"  923+257"
(n=28) 1.25 A2t SRR 48° 17.734£2.92°  19.66+2.84
’ 8.25+3.956  26.41+3.157

B. suberba ’ ; 457+3.12®°  10.46+3.93"
(n=24) 333+4.160  17.95% 3.77"’m 11.17 £3.40>"  22.74 + 3.08%

3 ‘ 13 _13.68+3.39  32.43+3.54"

1Pt ‘

M. colletti 74411 logs+438  28.34+9.82°
(n=4) 1 25 1.58+2.66° 2651 +49.79®  0.754#597°  35.04 £20.29"

o Wb\ Tlspble 4l Wk A E By

49.93 +£15.94°"

£P< 605 a5 compared with control.

Means not sharing a common superscript letter in the same column of each plant

extracts are significantly different (P < 0.05) as determined by Duncan’s

multiple range test. Results shown were mean + S.E.M. from triplicate trials.
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Figure 4.20 Antimutagenic activities of the plant extracts against direct-acting and

indirect-acting mutagens detected by Ames test at the concentration (a)

0.625, (b) 1.25 and (c) 2.50 mg/plate. (*P < 0.05 as compared with

control, set as 100% mutagenicity)
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4.2 Forward mutation assay
4.2.1 Mutagenic activity of the plant extracts toward B. subtilis H17 (rec’) and
M45 (rec) in the absence of metabolic activation

The mutagenicity and antimutagenicity assay of plant extracts were confirmed
in rec assay with Bacillus subtilis strain H17 and H45 on non-metabolic activity
condition (Table 4.6). All plant extracts at the concentration of 2.5, 5 and 10 mg/well
exhibited no mutagenicity. Mucuna collettii and Butea superba exhibited significantly
inhibition against AF-2 at the concentration 2.50 mg/well, and P. mirifica exhibited

significantly inhibition against AF: ratlon 10 mg/well (Table 4.7).

o the‘q)l tested by Rec assay with B.

subtilis var. H d ‘M4 ""- on non-metabolic activation
i // A \

Table 4.6 Mutagenicity

Plant Concentr / ﬂ d‘\‘;‘\w m) Ratio
ZAN

extracts M45/H17
P. mirifica %r 20.00 1, ", 8100 % 0.00° 1.00 + 0.00"
IJ f AR r =
5 q*%, 2.00 £ 0.00° 1.00 £0.00

‘I" - *

8.00 = 0.00" 1.00 £ 0.00"

B. superba 8.83 +0.83" 1.10£0.10°
3+ 1.47 1.32+0.18"

+2.48" 1.49+0.31°

M. collettii 1.00 £ 0.00"
8.00+0.0 8.67+0.67 1.08 £0.08"
ﬂu&lmﬂmmm@ 00 138s000

AF-2° T0.1 pg/well ‘s .00 £ 0.00 21.36 +1.90 2.67 £0.24

BThe mhlﬂmon zone of Rec” /Rec ratio of DMSO were 1.00 £ 0.00 while 0.1 pg/well
of AF-2 was 2.67 + 0.24. Each value represents mean of triplicate plates and the
solidified agar was pierced with sterile cork borer of diameter 8 mm.

* P < 0.05 as compared with positive control.
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4.2.2 Antimutagenic activity of the plant extracts toward B. s ubtilis H17 (rec")

and M45 (rec) in the absence of metabolic activation

Table 4.7 Antimutagenicity effects of the plant extracts tested by Rec assay with

B. subtilis var. H17 (Rec") and M45 (Rec’) on non-metabolic activation

condition.
Plant Concentration Size of clear zone (mm)* Ratio
extracts (mg/well) M45 M45/H17
P. mirifica 2:5 B 0. 18.57+4.19 2324052
5 A 4 17.07 + 3.1? 2:13+ 0.39.
10 3700 0000 8.00 +£0.00 1.00 £ 0.00

B. superba ‘ ' 3.+ 1.88 21.36+ 3.08 1.83 £0.04"

12.06 +097" 1.51 £0.08"

3.00 +0.00" 1.00 £ 0.00"

M. collettii y, [ (290 50.00 \ 8.66+0.67° 1.08 +0.08"
; 1.00 £ 0.00° 1.38 £ 0.00"
8.00 £ 0.00" 1.00 +0.00"

AFR-2P

21.36 = 1.90 2.67 £ 0.24

AThe results are expressed as a lue £ 7
The inhibition zone(gAR >f DMSO wereh, 00 s 0.00 while 0.1 pg/well
of AF-2 was 2.6% '
solidified agar wasmierced wi
* P<0.05asco FTared withgpositive controlg.s

UEINBNIWEING

4.3 The antlmuﬂgemc activity coprelation of . mirifica, Bduperba and M.

-1 WERINFWUNAINEQ E

The correlation of antimutagenic activity from P. mirifica determined by Ames

ar ’ triplicate plates and the

ork borer oﬂiameter 8 mm.

Test and isoflavone content (Subtang, 2002) was examined. No correlation between
antimutagenic activity and isoflavone content was found (Table 4.8).

The correlation of antimutagenic activity from all plant extracts determined by
Ames Test, antioxidant (Sutjit, 2003) and anti-proliferation effect on MFC-7 (Trisap,
2003) were tested. It was found that there is no correlation of these factors among all
plants (Table 4.9-4.11).
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