Chapter 3
RESULTS

3.1 Mutagenicity study of lemon grass

it was observed that the lemon grass extract (aqueous, methanol
and hexane) did not inducé mutation in Saimonella typhimurium either
strain TA 98 or TA 100 with and without metabolic activation. (Table 2,
and 3).

In order to compare the mutagenicity of lemon grass extracts
between different conditions, the raw exiract (extract at room temp) and
cooked samples {extract at 100 ©C} were assayed by Salmonella mutation
and the comparison between the mutagenicity of each condition was
made. it was also indicated that no mutagenicity could be detect even

the extraction was made at higher temperature,
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Table 2 Non-mutagenicity of lemon grass extracts in Salmonella

typhimurium strains TA 98 and TA 100 with (+) or

without (=)

59 mix, (Extraction at room temperature)

Amount of

lemon grass extract

His revertant colonies/plate*

{mg) TA 98 TA 100
- 89 + 59 - 58 + 89
Aqueous extract
0 43 + 5.0 56 + 0.94 113 + 10.2 147 + 2.05
0.85 32 + 0.82 71 + 6.54 126 + 3.26 147 + 0.45
2.125 38 + 0.79 69 + 10.52 128 + 0.81 128 + 4.49
4,25 44 4+ 0.43 66 + 1.24 136 + 6.69 130 + 3.09
8.50 35 + 1.63 67 + 0.81 158 + 4.986 145 + 1.63
Methanol extract
0 42 + 2.44 T3 + 4.49 131 + 5.43 147 + 3.85
1.5 25 + 0.81 87 + 3.26 130 + 4.08 134 + 4.71
3.75 23 + 1.24 59 + 2.05 124 + 8.17 123 + 4.71
7.50 23 + 0.81 63 + 1.63 121 + 5.71 | 132 + 1.26
15.00 23 + 2.05 55 + 2.44 127 + 2.44 127 + 3.43
Hexane extract
0 42 + 2.44 T3 + 4.49 131 + 5.43 147 + 3.55
3.00 32 + 1.69 62 + 1.63 120 + 2.68 127 + 2.86
7.80 34 + 2.86 69 + 3.55 116 + 4.49 136 + 10.5%
15.00 27 + 3.09 50 + 1.88 108 + 4.08 126 + 1.24
30.00 32 + 2.44 35 + 3.85 115 + 6.34 +

124

6.54

£ 3
Results are means + SD of

six plates

from two independent experiments
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Table 3 Non-mubagenicity of lemon grass extracts Salimonella typhimurium

strains TA 98 and TA 100 (B) with (+) or without (-) S9 mix

(Extraction at 100° C)

Amount of

His' revertant colonies/platex

lemon grass extract

(mg) TA 98 TA 100
- 59 + S9 . - 59 + 59

Aqueous extract _

0 25 + 0.47 54 + 3.29 120 + 2.44 168 + 9.39

0.25 : 20 + 0.43 70 + 1.40 118 + 9.81 171 + 8.38

0.625 29 + 5.01 785 + 2.31 226 + 15.79 268 + 16.03

1.25 _ 93 + 2.11 77 + 3.03 116 + 9.42 160 + 7.33

2.50 25 + 3.15 65 + 4.41 228 + 17.71 165 + 18.81
Methanol extract _

Q _ 29 + 4.71 68 + 5.11 120 + 8.69 171 + 7.61

1.50 95 + 2.63 67 + 5.42 114 + 8.89 164 t 9.37

3.75 23 + 0.81 63 + 6.02 112 + 6.32 163 + 4.42

7.50 22 + 2.86 62 + 3.03 112 + 7.63 162 +.7.21

15.00 23 + 3.82 63 + 4.40 117 + 6.71 167 + B6.64
Hexane extract ,

0 29'1 4,71 €8 + 5.11 120 + 8.69 171 + 7.61

1.00 23 i'l.SZ 64 + 3.31 112 + 9.74. 167 + 167

2.50 o4 + 2.16 64 + 2.21 118 + 7.52 168 + 8.81

5.00 27 + 4.52 67 + 4.51 116 + 7.41 166 + 9.67

10.00 22 + 2.7t 62 % 6.62 115 + 6.66 164 + 7.11

% Results are means + SD of six plates from two independent experiments
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3.2 Antimutagenicity of lemon grass extracts.

The effect of iemon grass extract on the mutagenicity of various
known mutagens both required metabolic activation like aflatoxin B4
{AFB4), benzopyrene Bla) P, 7,12-dimethylbenzanhtharcene (DMBA) and
typical amino acid pylolysates, Trp-P-1, and 1Q as well as diréct-acting
mutagens such as N-metylHN'-nitro-N-nitrosoguanidine (MNNG), sodium
azide (NaNg), 4-nitroquinolene oxide (4-NQO)} and furylfuramide (AF-2)

were investigated in the Ames test.

Tables 4 and 5, showed the number of Hist revertant colonies
of Styphimurium strains TA98 and TA100 which were induced by
various known mutagens in the presence and absence of lemon grass
extracts. Table 6 and 7, summarized the results for antimutagenicity of
lemon grass extract in Salmonella mutation. 1t was demonstrated that all
of lemon grass extracts (aqueous, methanol and hexane extracts) could
decrease His* revertant colonies of Salmonella typhimurium strains TA 98
and TA 100 which were mutated with the various known mutagens, as

follows;

The methanol and hexane extracts couid inhibit Histrevertant

colonies of S, typhimurium induced with mutagens required metabolic
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Table 4.1 His revertant colonies of S. typhimurium strains TA98
and TA 100 induced by various known mutagens in
the presence of varying amounts of aqueous extract

of lemon grass. (Extraction at room temperature)

Known mutagens Amoﬁnts His+ revert.ant./pla.t.ew % Inhibition"
of extract
(mg) TA 98 TA 100
Blarp 0 393 + 8.93 3 -
(5 ug/plate) 0.85 228 + 6.54 - 41.9
2.125 210 + 14.52 - 46.5
4.25 207 + 1.52 - 47.3
8.50 157 + 12.49 - 600"
*DMBA 0 138 + 0.47 - -
(20 ug/plate) 0.85 128 + 2.82 - 7.2
2.125 120 + 4.71 - 13.0
4.285 110 + 2.44 - 20.3
8.50 148 + 2.16 s -
“Trp-P-1 0 392 + 13.93 - -
(0.02 ug/plate)  0.85 - 348 + 30.86 - 11.2
2.125 359 + 22.49 - 8.4
4.25 360 + 47.76 - 8.2
8.50 283 + 30.63 - 27.8
"AFB, o 892 + 7.76 - -
(5 ug/plate) 0.85 | 693 + 23.11 - 22.3
2.125 618 + 8.21 - 30.7
4.25 468 + 5.73 5 47.5
8.50 438 + 12.76 - 50.9
'1q 0 - 1332 + 3.26 -
(0.1 ug/plate) 0.85 - 823 + 9.79 38.1
o 2.125 - 866 + 27.27 34.9
4.25 - 899 + 12.25 32.5

21.35 43.0

|+

8.50 - 759
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Table 4.1 (continued)

Known mutagens Amounts His~ reverta.nt/plate“ % Inhibition"

of extract

‘mgh TA 98 TA 100
“aF-2 ) 535 + 21.64 - -
0.1 ug/plate) 0.85 541 + 7.07 - -
2.1285 523 + 9.74 - 2.2
4.25 542 + 28.17 - N
8.50 494 + 6.48 - 7.6
“NaN,, 0 - 318 + 28.68 -
0.5 ug/plate? 0.85 - 244 4+ 60.02  20.0
2.125 - 221 + 8.21 -
4.25 ) %02 + 53.52 3.5
8.50 - 277 + 11.42  11.5
z
4-NGO 0 159 + 0.81 - -
(0.2 ug/plate) 0.85 148 + 4,08 - 6.92
2.125 163 + 4.24 - .
4.24 160 + 6.97 - -
8.50 157 + 4.10 - 1.2
Z
MNNG 0 - 1949 + 177.99 -
(0.5 ug/plate} 0.85 - 1998 + 238.28 r
2.125 - 1734 + 272.25  11.0
4.25 - 1602 + 164.67 17.8
8.50 - 1271 + 138.95 34.7
BG(H,0) +58 50 ul/plate 63 + 2.87 151 + 22.62
BG(H, 0) -89 50 ul/plate 43 + 2.86 131 + 9.17
% Inhibition = (N-P3} -~ (S5-P) x 100
(N-P)
N = Number of revertant colonies induced by mutagen
¢ = Number of revertant colonies induced by mutagen '

in the presence of lemon grass exiract

P = Number of spontaneous revertant colony B

Resulbts are means + SD of =ix plates from two independent.

b 3 =
experiments. in the presence of 59 mix, without 59 mix.
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Tahkle 4.2 His+ revertants S. typhimurium strains TA 98
and TA 100 induced by various known mutagens in .
the presence of varying amounts of methanol extract

of lemon grass. (Extraction at room temperature).

Known mutagens Amounts His® revertant/p]ate"“ % Inhibition
of extract
‘mg TA 98 TA 100
‘BraIP : 0 ‘ 392 + 8.98 . -
15 ug/plater- - 1.50 316 + 2.86 - 19.5
3.75 297 + 2.05 - 24.4
7.50 262 + 1.63 - 33.3
15.00 136 + 20.12 = - 65.3
‘pHBA 0o 138 + 0.47 - -
(20 ug/plate’ 1.50 93 + 1.41 - 32.8
3.75 65 + 5.55 - 52.9
7.50 - +2.49 - 100
15.00 - +4.18 4 100
"Trp-p-1 0o 292 + 31.75 A -
(0.02 ug/plate)  1.50 170 + 52.01 > 56.6
3.75 89 + 5.20 - 77.3
7.50 70 + 3.79 - 82.1
15.00 30 + 1.74 - 92,2
‘AFB 0 892 + 7.76 - -
(0.05 ug/plate)  1.50 133 + 14.89 : 85.0
3.75 87 + 6.01 - 90.2
7.50 70 + 3.17 r 92.3
15.00 32 + 9.87 L 96.4
‘19 0 - 1332 £ 3.26 -
(0. 1ug/plate) 1.50 ) - 208 + 50.74 84.3
3.75 ST 63 + 9.76 95.2
7.50 - 17 + 6.32 98.7

13.00 - - 100
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Known mutagens

Ainount.s

of extract

His" 1"e'u'¢:,»\r'c.ani;/plat:.e‘“e

% Inhibition

2

(mg) TA 98 TA 100
ZAF-2 0 535 + 21.64 —~ N
0.1 ug/ﬁlatei 1.50 361 + 8.53 - -
' 3.75 508 + 12.25 - 5.0
7.50 416 + 4.54 - 22.2
15.00 232 + 8.33 - 56.6
*NaN, 0 - 313 + 38.68 -
0.5 ug/plate) 1.50 N 260 + 25.31 16.9
3.75 - 244 + 29.76  22.0
7.50 - 273 + 19.35  12.7
15.00 - 126 & 21.2L  59.7
*4-NQo 0 159 + 0.81 - L
(0.2 ug/plate 1.50 130 + 3.29 - 18.2
3.75 138 + 2.79 - 13.2
7.50 123 + 5.31 L 22.6
15.50 107 + 3.29 - 32.7
MINNG 0 2 1949 + 177.99 -
(0.5ug/plate) 1.50 - 1412 + 126.67 22.5
3.75 - 1064 + 256.77 45.4
7.50 - 932 + 111.05 52.5
15.00 - 76 + 3.397  96.1
BG (DMSOY + 9 50 ul/plate €8 + 9.87 151 + 22.62 -
BG (DMSO) - 89 50 ul/plate 43 + 4.89 13 + 9.17 -

¥, ¥, 1,2

See footnote table 4.1
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Table 4.2 His revertant colonies of S. typhimurium strains TA 98
and TA 100 induced by various known mutagens in the
presence of varying amounts of hexane extract of lemon grass

(ixtraction at room temperature).

Known mutagens Amounts His" revertant./plat.e” *% Inhibit.ion“

of extract

‘mg) TA 98 TA 100
'B (a)p 0 E 393 + 8.98 - -
(5 ug/plate) 3 : 433 + 17.30 - -
7.5 194 i 17.50 - 50.6
15.00 ‘ i57 + 1.88 - 60.0
30.00 11 + 16.80 - 97.2
"' DiBA o 138 + 0.47 - -
(20 ug/plate) 3 79 + 0.47 - 42.7
7.50 75 + 2.86 - 45.6
15.00 - - 100
30.00 - : 3 100
“Trp-p-1 0 392 + 31.13 » v
0.02 ug/plate) 3 248 + 38.84 Y 36.7
s 7.50 274 4 36.77 - 30. 1
15.000 201 + 8.37 ” 8.7
30.00 131 + 9.81 - 6.5
“AFB, 0 892 + 7.76 - -
0.05 ug/plate) 3 90 + 7.78 4 89.9
7.50 20 + 2.49 - 97.7
15.00 8 + 4.89 - 99.1
30.00 ' (K> 16 _
‘1q a - 1332 + 3.26 -
(0.12 ug/plate) 3 - 315 + 15.57  76.3
7.50 - 104 ¥ 12.03  92.1
15.00 - 86 + 14.69  93.5

30.00 - X -
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Known mutagens

Amount.s

of extract

. * ’ LR.3
His revertant/plate

% Inhibition”

z

‘mg} Ta 98 TA 100
“AF-2 0 535 + 21.64 - -
(0. 1ug/plate? 3.00 456 + 12.45 - 14.7
T.50 453 + 5.55 - id4.2
15.00 416 + 4.57 - a2 2
20.00 44 + 2.79 - 91.7
2
NaN, 0 - 313 + 38.88 -
0.5 ug/plate: 2.00 - 163 + 21.29 47.9
7.50 - 109 + 53.30 65.1
15.00 { (K -
30.00 “ VKD -
A-NQO o] 159 + 0.81 - -
(0.2 ug/plate> 3.00 116 + 4.54 - 27.0
7.50 110 + 3.29 - 30.8
15.00 99 + 6.94 - 37.7
30.00 26 + 4.54 (K) - -
MG 0 - 1949 + 177.99 4
(0.5 ug/plate) 3.00 - - 694 & 34.72  64.3
7.50 - 528 + 28.05  72.9
15.00 - W -
30.00 = (o -
BG (DMSO) +S9 50 ul/plate 68 + 9.87 151 + 22.62
BG (DMSP) -S2 50 ul/plate 43 + 4.89 131 + 9.17

1,2

%, ¥ See footnote table 4.1
¥ = killing of bacteria
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Table 5.1 His' revertants colonies of S. typhimurium stains
TA 98 and TA 100 induced various known mutagens in
the presence of varying amounts of aqueous

extract of lemon grass. (Extraction at 100° ©). »

Enown mutadens Amounts His+ revertant/p]ate'* % Inhibition"

of extract

(mg) TA 98 Ta 160

B(a)P : 0 . 452 + 14.70 - -
(5 mg/plate) 0.25 280 + 15.19 - 38.0
0.625 © 253 + 16.39 - 44,0
1.25 251 + 11.57 - 44.6
2.50 227 + 17.55 _ 49.7
*prBA 0 143 + 3.26 - -
(20 ug/plate) 0.25 136 + 3.09 - 4.9
' 0.825 105 + 1.24 - 26.5
1.25 114 + 2.44 - 20.2
2.50 143 + 6.37 - -
“Trp-p-1 0 373 + 16.39 - -
0.02 ug/plate) 0.25 267 + 11.57 L 28.4
0.625 183 + 9.71 » 50.9
1.25 154 + 6.01 = - 58.7
2.50 137 + 22.11 - 63.2
"AFB, 0 961 % 97.48 - -
10.05 ugsplater 0.25 929 + 36.91 - 3.3
0.625 822 + 16.67 = 14.4
1.25 749 + 23.31 - 22.0
2.50 726 + 102.60 - 24.4
19 0 - 1752 + 16.83 -
(0.05 ug/plate)  0.25 - 1376 + 124,11 21.4
0.625 - 1180 + 20.40 32.0
1.25 _ - 1118 + 25.74 36.1
2.50 - 808 +

33.99 §83.8
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Tahle .1 rfcontinued:

| Known mutagens Amount.s His revertant/plate“* % Inhibition
of extract
img1 TA 98 TA 100
“AF-2 0 454 + 19.70 - \
70.05 ug/plate) 0.25 507 + 10.67 - -
0.625 483 + 19.39 - \ g
1.25 501 + 21.92 - -
2.5 424 + 25,22 - 6.6
“NaN, 0 - 392 + 31.95 -
f0.05 ug/plater  G.25 / - 384 + 23.93 2.0
0.625 - 409 + 25.74 = -
1.28 2 355 + 15.54 9.4

)

.
n

1
L
3"
©
I+

30.92 16.0

a0 0 339 + B.16 - -
i0.02 ugsplatel  0.25 237 + 8.73 £ 30.0
0.625 236 + 11.89 - 20.3

1.25 275 + A4.64 - 18.8

2.5 296 + 18.0 - 12.6

“MNG 0 - 1765 + 151.58 -
10,05 ugsplatey 0.25 - 1628 + 193.18 7.7
' 0.625 - 1485 + 12.03 15.8

1.25 - 1245 + 89.93 29.4

2.5 - 997 + 74.12 43.5

BG (DMSO) 459 50 ul/plate 68 + 2.23 171 + 18:87 -
BG (DMSo) -S9 50 ul/plate 29 + 6.7 120 + 16.7 L

1,2 ¥,%F See footnote table 4.1
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Table 6.2 His revertants colonies of S. typhimurium strains
TA 98 and TA 100 induced by various known mutagens in
the presence of varying amounts of methancl extract of

lemon grass (Extraction at 100° Q).

Known mutagens Amount.s His" revertant/plat.e“ % Inhibition"
of extract
mg? TA 98 TA 100
‘Blay P 0 450 + 14.70 - <
{5 ug/plate> 1.5 469 + 14.32 - -
3.75 456 + 23.50 - -
7.5 365 i.d.as - 18.8
15 113 + 14.38 - . 74.8
‘DMBA 0 143 + 3.26 - 4
(20 ug/plate) 1.4 84 + 9.10 - 41.2
1.5 75 + 4.89 - 47.5
7 65 + 1.24 - 54.5
14 53 + 2.62 - 62.9
“Trp-P-1 ] 373 + 16.39 - /
(0.01 ug/plate? 1.4 184 + 13.72 - 18.7
3.5 115 + 10.47 - 69.7
7 79 + 4.23 - 78.8
14 53 + 6.01 - 85.7
"AFB, o 961 + 97 - -
(0.05 ug/plate) 1.5 192 + 23.32 - 80.02
3.75 130 + 17.41 - B86.47
7.8 81+ 7.78 . 93.65
15 46 + 4.49 - 95.21
‘19 0 - . ‘ 1752 + 18.83 -
(0.05 ug/plate) 1.4 - 764 + 5.09 57.3
3.5 - 562 + 14.81 67.9
7 - 459 + 6.68 T3.8

14 - 245 + 13.92 86.0
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Table 5.2 rcontinued)

Known mutasens Amounts His+ revertant/plahe“* % Inhibition"
of extract :
tmg) TA 98 TA 100
*AF~2 0o - 454 + 19.70 - N -
(0.05 mg/plate) 1.4 . 455 + 4.71 - S
3.5 403 + 16.83 A 11.2
7 335 + 16.70 - 26.2
14 . 253 + 11.26 - 44.2
NN, 0 C 392 + 8.98 -
(0.05 ug/plate) t.4 - 336 + 28.24 14.29
3.5 ‘ £ 336 + 17.14  14.29
T - 327 + .68 16.38
14 .- © 209+ 8.1T 23.7
A-Neo 0 ' 339 + B.18 -
(0.2 ug/plate) 1.4 298 # 6.37 ' 12.0
3.5 286 + 7.3 4 15.6
7.0 247 + 9.27 27. 1
14 213 + 10.86 37.1
* MNNG 0 - 1765 + 151.43 -
(0.05 ug/plate) 1.4 — 1267 + 161.17  28.2
3.5 - 1085 + 325.32  40.2
7.0 - 828 + 113.32 53.0
14 = 234 + 27.04  B86.7
BG (DMSO) +S9 50 ul/p 78 + 2.23 163 + 18.87
BG (DMSO) -59 50 ul/p 29 4 6.7 129 + 16.7

1.2 " See footnote table 4.1
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Table 5.3 His revertants colonies of S. typhimurium strains
TA 98 and TA 100 induced by various known mutagens in
the presence of varying amounts of hexane extract of

lemon grass (Extraction at 1007 C).

Known wutagens Amount.s His" revertant/plate“ % Inhibition"
of extract \
(mg) Ta 98 TA 100
‘Bea) P 0 : 450 + 14.70 \ -
(5 ug/plate) 1.0 546 + 23.3% - -
2.8 542 + 30.00 - -
5 _ 404 + 11.32 - : 10.2
10 384 + 4.64 - 14.6
"piBA o 143 + 3.26 - =
120 ug/plate) 1.0 152 + 4,49 - -
' 2.5 138 + 13.27 - 3.4
5 121 + 0.47 - 5.0
10 89 + 4.32 - 37.7
“Trp-p-1 0 373 + 6.39 - -
(0.02 ug/plate) 1.0 . 188 + 20.29° - 49.5
2.5 178 + 31.32 - 52.2
5 128 + 19.83 - 65.6
10 115 + 9.81 - 69.1
*AFB, } 0 961 ¢ 97 x A
i0.05 ug/plate) 1.0 . 876 + 11.17 - 8.8
2.5 880 1 15.57 - 29.2
5 228 + 13.32 - 76.2
10 ' 121 + 4.48 - 84.4
19 0 - 1752 + 18.83 -
(0.1 ug/plate) 1.0 T - 1478 + 35.35 15.6
2.5 - 1324 + 17.31  23.4

21.29 46.0
8.26 64.8

5 - 945
10 - 546

I+

14+
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Tahle 5.2 continued)

Known mutadens Amount.s His re\-'ert.ant./plateH % Inhibition
of extract
wmg!} TA 98 TA 100
“AF-2 (0.1 0 454 + 19.70 - -
(0.05 ug/plate) 1.0 435 + 16.0 - 4.1
2.5 398 + 15.23 - 12.3
5 286 + 7.80 - ; 14.7
10 342 + 13.32 - 24.9
2 NaN:3 0 - 392 1+ 20.48 -
t0.5 ug/plater 1.0 - 273 + 25,46 20.32
2.5 - 271 + 21.01  30.8
5 - 25T + 4T.81 4.4
10 - 218 + 15.29 44.3

z

4-NQO 0 339 + 6.16 - -
(0.2 mp/plate) 1.0 324 + 6.59 - 4.4
2.5 296 + 3.09 - 12.6
5 287 + 1.88 2 15.3
10 265 + 3.24 . 21.8
* MNNG ' 0 - 1765 + 151.86 -
0.5 mg/plate) 1.0 - 1152 + 27.04 24.7
2.5 \ 1030 + 86.18 41.6
5 - 980 + 89.50 44.4
10 - 875 + 4.64  50.4
BG (DHSO) +S9 50 ul/plate 68 + 2.23 171 + 18.87 -
BG ‘DMSO) -59 50 ul/plate 29 + 6.7 120 + 16.70 -

H oMM

1.2 see footnote table 4.1
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Table 6 Sumnary of result for antimutagenicity of lemon grass

extract. in S. typhimurium. (Extraction at room temperature).

Standard mutagen Aqueous Methancl Hexane

extract extract extract
TA 98 -53
AF - + +
4-NQO - + ¥ .
TA 98 +89
Bia) P + + ' +
DMBA ' - + - 4
AFB + + +
Trp-P-1 - + ' +
TA 100 -39
NaN_ - L +
MNNG + + : 1
TA 100 +39
IQ + | + +
+ = > 30 % inhibition

9 = < 30 % inhibition

30 % inhibition

|+
il
il
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Table 7 Summary of result for antimutagenicity of lemon grass

extract in S. typhimurium. (Extraction at 100~ ©

Standard mutagen Aqueous Methanol Hexane
extract extract = extract
TA 98-59
AF, - + : _
4-NQO - * =
TA 98 +59
Ba)y P + + -
DMBA - + +
AFB - + +
i
Trp-P-1 + + +
TA 100 -SS
NaN - - N
3 i)
MNNG + + +
TA 100 +59
IQ + + +
+ = > 30 % inhibition

- = < 30 % inhibition
30 % inhibition

1+
il
1l
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activation fike AFB1, B {a) P, DMBA, TpP-1, IQ, and which did not
require metabolic activation like MNNG, AF-2 and 4-NQO. The extracts
did not have any effect inhibiting on NaNsz. The methanol extract
considered to have  highest capacity of inhibition. The décrease in
mutagens inducad reversion was not due to toxic effect of the extracts.
The background lawn growth on the plates was observed under a
stereomicroscope when the revertant colonies were counted. No
obvious ‘toxic effect of the extracts at all doses tested was noted.
Furthermore, the extracts caused no obvious decreasing in the
frequency of spontaneous reversion. The highest amount of the extracts
was mixed with HpO or DMSO and the spontaneous reversion showed
no affecting. While hexane extract at higher amount than 30.0 mg/plate

exerted toxicity to bacterial tester strains.

3.2.1 Effect of aqueous extract on the mutagenicity of various

known mutagens

As shown in Figure 7 and 8, an aqueous extract of lemon
grass reduced revertant colonies in S. typhimurium TA98 induced with
1Q, and AFB. Also reduced revertant colonies in TA100 induced with
MNNG. The same result obtained wheh an aqueous extract -was made at

100°C.
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Hisfrevertant colonies of TA98/plate

1000 _
4&\ A
800}
e e
B - \\‘\-.@.* ¥
400‘:‘\:\-—\1, e e i
g _ e S |
200.— x“‘ "
O | 1 | [
0.85 2125 4.25 : L - 8.5
mg ot aqueous extract/plate
—— B(a)p —_— DMBA —— Trp-P-1
—=— AFB, ’ ' —+— AF-2 —— 4-NQO

Histrevertant colonies of TA100/plate

B

0.85 2.125 T 4.25 N 8.5

mg of aqueous extract/plate

— MNNG ——1Q ke NaN

Figure 7 Effect of the agueous extract (extract al room temperature)
on the mutaegnicity of known mutagens which required
metabolic activation (S9 mix), [A]l and did not [B]
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His'revertant colonies of TA98/plate
1000 ,
A

1

600 |- - '
. - A ? "‘—‘—\_\__‘*._“—"
400.@ <

200 T

L

o f 1
025 © 08625 125 25

mg of aqueous extract/plate

— Bla)p ' —— DMBA —— Trp-P-1
~a— AFB, o AF-2 —— 4-NQO

) Hisfrevertant colonies of TA100/plate

B

1500

1000

8500

025 0.625 1.25 ' 2.5

mg of aqueous extract/plate

—— MNNG ——1Q —* NaN,

Figure 8 Effect of the aqueous extract (extract at 100" €) on
the mutaegnicity of known mutagens which required
metabolic activation (S9 mix), [Al, and did not (B]
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3.2.2 Effect of methanol extract on the mutagenicity of

various known mutagens

The methanol extract of lemon grass significantly
decreased the revertant colonies in Styphimurium TA98 and TA100
induced by AFBq, B (a) P, DMBA, TrpP-1, IQ, and which did not
required metabolic actiQation like MNNG, AF-2 and 4-NQO. The extracts -
did not have any effect on NaNg as shown in Figures 9 and 10.

3.2.3 Effect of hexane extract on the mutagenicity of

various known mutagens

The hexane extract of lemon grass also significantly
decreased the revertant colonies in Styphimurium TA98 and TA100
induced by AFB4, B {a) P, DMBA, Trp-P-1, 1Q, and which did not require
metabolic activation like MNNG, AF-2 and 4NQO. The extracts did not
have any effect on NaN3. The extract also showed killing effect on
bacteria when the amount of the extract was increased. The resulis are

shown in Figures 11 and 12.
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3.3. Possible mechanism of antimutagenicity of methanol

extract of lemon grass.

The possible mechanism of methanol extract of lemon grass to
inhibit AFBq mutagenesis was interesting to be known. In this study,
the methanol extract showed highest inhibiting capacity toward AFB4
induced mutation in S.typhimurium TA 88, with dose-effect relationship.
The complication mechanisms may be involved in the inactivation of
mutagenicity of AFBq by lemon grass extract, including biochemical
reactions with enzymes and/or adsorption with some substance and/or

chemical reaction with some compounds in lemon grass.

3.3.1 Effect on mutagens

Pretreatment of aflatoxin Bq with iemon grass extract at 37°C
for 30 min, (Figure .5, Procedure 2) could decrease the mutagenicity of
AFB-1 (Table 8, Figure 13). The same effect was found when pre-
incubation of MNNG with lemon grass, the mutagenicity of MNNG was
also decreased (Table 9, Figure 14) |
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Table 8 Decreased of the number of His+ revertant colonies when AFB_

wag preincubated with methanol extract of lemon grass at 377 C

30 min
Amount  of His revertant colonies of TASS/plate** % inhibition*
extract (mg)
.0 884 + 25.05 -
0.75 592 + 4.42 21.7
1.50 : 556 + 14.33 37.1
3.00 482 + 21.07 _ 45.4
7.50 222 + 12.21 4.8
BG 27 + 0.81 -

*¥ ‘
Results are means + SD of

" see footnote table 4.1

six plates from two independent experiments
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Figure 13 Decrease of the number of His revertant colonies

when AFB was preincubated with the methanol
extract of lemon grass at 37 ® ¢ for 30 min.
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Table 8 Preincubation of MNNG with methanol extract lemon grass could

" alter the nutagenicity of MNNG.

Amount  of His' revertant colonies of TAlOO/plate** % inhibition

extract (mg)

0 1655 + 171.85 -
0.75 1584 + 156.66 4
1.50 1408 + 142.22 14.9
3.00 1227 + 93.34 25.8
7. 50 1022 + 53.32 38.2

+ 21.88 -

BG 120

** Results are means + SD of six plates from two independent experiments

see footnote takle 4.1
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3.3.2 Effect on metabolic activation

Subsequent experiments showed that pre-incubation of lemon
grass extract with 59 mix before mixing with AFB-1, (Figure 5,
Procedure 1) resulted in inhibition of AFB-1 mutagenesis as shown in
Table 10, Figure 16, When the extract was mixed with S8 fraction
(without cofactor} {Figure. B, Procedure 3} it also gave similar effect in the

reduction the mutagenicity of aflatoxin B4 (Table 11, Figure 16).

It was found that the methanol extract of lemon grass had affect

on MNNG mutagenesis. (Table 12).
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Table 10 Effed o methanol extract of lemon grass of S9 mix. Pre-treatment
of S9-mix with the extract at 37° ¢ for 30 min decreased

the metabolic activation of AFB, metabolism.

Amount of His revertant colonies ofTASS/pIate** % inhibition*

extract (mg)

0 ' 1005 + 212.45 -
0.75 837 + B7.38 16.7
1.50 874 + 39.98 42.8
3.00 199 + 22.31 80.2
7.50 119 + 11.12 88.1
BG i 27 + 0.81 -~

. Results are means + SD of six plates from two independent experiments

see footnote table 4.1
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Table 11 Pre-treatment of buffer with the extract at 37" C.for/BO min

decreased the mutagenicity of MNNG.

Amount. of His+ revertant colonies of TAlOO/plate** % inhibition*

extract (mg)

0 1983 +
0.75 1736 +
1.50 1592 +
3.00 1348 +
7.50 1164 +
BG 100 +

115.59 =
232.24 12.4
109.87 19.7
89.92 ' 32.0
77.76 41.3
9.87 : -

** Results are means + SD of

see footnot table 4.1

gix plates from two independent experiments
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Figure 16 Pretreatment of methanol extract of lemon grss
with enzymes in 89 fraction (Without cofactor)
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cofactor) resulted in dectrease in AFBl——mutagenesis
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Table 12 Pretreatment of methanol extract of lemon with enzyme in
' 59 fraction without cofactor resulted in decrease of

AFB - mutagenesis.

| * ), VT
Amount.  of His+ revertant colonies of TAQB/plate* % inhibition

extract (mg)

0 1050 + 193.52 -
0.75 : 1056 + 187.87 \ -
1.50 968 + 210.3 7.8
3.00 . 604 + 23.11 42.4
T.50 246 +  15.19 T6.5
BG 32 + 5.91 =

Result are wean + SD of six plates from two independent experiments

see footnote table 4.1
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3.4 Bioantimutagenic activity of lemon grass

As shown in Table 13, and Figure 17, lemon grass extract had
slightly repaired the mutation of S. fyphimurium strain TA 98 when
induced with AFBq. The number of revertant colonies was not changed
too much compared with the number of AFB-1 mutated cells. AFB4-
treated cell might be able to reverse back to Histidine-auxqtrophic strain

{His*).

When S. typhimurium strain TA 100 was treated with MNNG and
subsequently mixed with lemon grass extract, it was shown that there
was slightly decrease of the number of Histidine revertant (Table 14,

Figure 18).

3.6 tsolation and partial purification of antimutagenic

substance in methano! extract of lemon grass.

Table 6 demonstrated that most of the antimutagenicity of
lemon grass was in the methanol extract. Thus the antimutagenic
substanoeé in this fraction were subjected to be purified further. The
Sephadex | H-20 chromatogram of the extract was shown in Figure. 19.
Six peaks (Peak 1, 2, 3, 4, 6 and 6) weré separated. AH of them showed
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Table 13 Decrease of AFBi—mutaiai cells (3. typhimurium TA 98)

after treatment with methanol extract of lemon grass.

Amount.  of His+ revertant colonies of TASB/plate** % inhibition*

extract (mg) (+ S9 mix)

0 1392 + 149.27 -
0.75 1376 + 130.60 1.4
1.50 1149 + 123.32 17.4
3.00 1076 + 98.87 22.7
7.50 944 + T2.22 ' 32.1
15 _ 976 + 31.8 29.8
BG 59 + 2.49 . -

** Results are means + 8D of six plates from two independent experiments

" see footnot table 4.1
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Figure 17 AFB-mutated cells (S.typhimurium strain TA98) after

treatment with methanol extract of lemon grass
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Table 14 Methanol extract of lemon grass could reverse the MNNG-
mutated cells (5. typhimurium TA 100).

Amount of His revertant colonies of TAL00/plate . % inhibition®

extract (mg)

0 1807 + 139.48 _ >
0.75 1756 + 158.37 ' 2.3
1.50 1718 + 146,38 4.9
3.00 1772 + 138.77 , 18.5
7.50 .1314 1 131.0 27.2
15.00 1220 + 37.42 32.4

+ 22.62 -

BG 125

> Results are means + SD of six plates from two independent experiments

see fool note table 4.1
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Figure 19 Gel chromatography of methanol extract of lemon
grass on Sephadex LH-20 (4% x 1.5 com)
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antimutagenicity toward AFBq-induced mutation in S.typhimurium  strain
TA 98. (Table 16, Figure 20), and to MNNG (Figure 21). The most
antimutagenicity was found in the peak 2 which was eluted by methanol
at the fraction number 27 - 30 . The residue of this peak showed
highest yield among other peaks. Therefore, it was considered worthy to

do further purification.

The Peak 2 fraction was further purified by running on the same
column and same eluent. The main antimutagenic fraction was eluted in
single peak, named peak 2a (FigureZZ). The antimutagenicity against
AFB-1 and MNNG was shown in Figures 23 and 24. It still exerted
antimutagenicity toward AFB-1 but reduction of antimutagenicity to
MNNG was not shown. This peak was finally purified by HPLC using
Bondaclone 10 C4g oolump' {Phenomenex} and eluted with methanol.
The HPLC chromatogram 15 shown in Figure 26, Two peaks were
separated at retention time 2 - 4 min (peak 2&11) and 4.5 - 5.0 min {peak
Zag). Both-of them coﬁid decrease the mutagenicity of AFB-1 in
S.typhimurium TA98, but not MNNG (Figures 26 and 27).
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Tabie 15 Antimutagenicity of compound fractionated from methanol
extract of lemon grass by Sephadex LH-20 column

chromatography (40 x 1.5 cm

.+ - .+ (23
His revertant His revertant
Amount. of peak colonies of TA98/plate colontes of TALOO/plate
(mg/plate: % inhibition” % inhibition"
‘AF"BL) CMNNG)

Peak 1 0© 657 + 23.01 - 1102 + 116.29 -

1.25 418 + 3.35 36.47 1109 + 34.43 0

2.50 276 + 14.98 57.99 915 + 11.50 16.9

' L1

Peak 2 0 G657 + 23.01 - 1102 + 116.29 <
1-25 281 + 12.76 60.27 © 801 + 39.30 27.3

2.50 176 + 14.99 73.21 GA0 + 23.76 41.9

Peak 3 . 0 857 + 23.01 - 1102 + 118.29 -
1.25 476 + 29.97  27.54 - 788 + 52.98 28.8
2.50 368 + 25.48 43.98 850 + 102.31 22.8

veak 4 0 657 + 23.01 - 1102 + 118,29 -
1.25 598 + 16.39 8.98 a2 + 32.77 28.1

2.50 277 + 17.65 42.61 804 + 29.39 27.0

Peak 5 0 BT + 23.01 _— 1102 + 116.29 -
1.258 732 + 14.89 - 1080 + 24,72 1.0

2.50 389 + 19.87 10,35 922 + 28.21 15.4

Peak 6 O 657 + 23.01 - 1102 + 116.29 -

1.25 521 + 12.7¢  20.70 . 1128 + 53.30 0

2.50 403 + 14.83 38.66 1080 + 38.68 0.5

** Results are mean + SD of six plates from two independent experiments

see footnote table 4.1
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Figure 20 Antimutagenic activity of each peaks separated by
Sephadex LH-20 column against AFB-mutagenesis
in S.typhimurium Strain TA98
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Figure 21 Antimutagenic activity of each peaks separated by
Sephadex LH-20 column against MNNG-mutagenesis

in §. typhimurium strain TA100
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8. typhimurium strain TA160
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3.6 Bioantimutagenicity of the partially purified compound

(peaks 2aq and 2a3) from methanol extract of lemon grass

As shown in Figures 28, and 29., the two peaks,did not have any
bicantimutagenic effect on both AFB1 and MNNG -mutated cells.

3.7 Some characteristic of the partially purified

antimutagenic substances.

3.7.1 Rf values of the partial purification of antimutagenic

substances in TLC

The Rf value of the two partially purified antimutagenic
substances separated from methanol extract of lemon grass was
determined by thin layer chromatography using silica gel precoated sheet,
aﬁer TLC development, the location of the spot was detected by
exposure to ultraviolet lamp. The Rf values of the compounds are shown
in Table 16. The partially purified substances gave only single spot in the

Two different solvent system
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Figure 28 Bioantimutagenicity of peak 2a and peak 2a_
against AFB1 and MNNG-mutagenesis in S. typhimurium
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Table. 16 Ry values of partiaily purified materials of peak 2a from
HPLC

Paak Rf values

Soivent system 1 Solvent system 2

2 a4 0.87 0.86

2ap 0.93 0.84

Solvent system 1 acetonitrile : water 7:3

Solvent system 2 methanol : water 6: 4
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3.7.2 Chemical reaction

The compounds in the two peaks were checked for their colour
reaction with ninhydrin, nitroprusside and Benedict reagents. The results
are shown in Table 17. The compound in both peaks gave red
precipitation with Benedict reagent, and gave negative reaction with
Ninhydrin and nitroprusside. reagent. There was a possible presence of
carbohydrate neither in the partial purified antimutagenic substances, but

protein nor sulfhydryl grdup containing compound.

3.7.3 Ultraviolet absorption spectra of the antimutagenic

substances

During HPLC separation, the separated peaks were integfated and
scaned by Bio-Rad Chrom-A-Scope detector connected to personal
computer‘w'i'iich equiped with BDS soﬁware. The absorption spectra of
the péaks g is shown in Figure 30. The peak2a; gave maximum
absorption at 220 nm, and 240 nm, peak 2ap gave maximun absorption
at 220 nm and 230 nm. |
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Table. 17  Chemical reaction properties of partially purified compound
from peak 2.

Reaction with ' Resuit

peak 2a4 peak 2ap

Ninhydrin reagent  no purple colour no purple colour

Benedict reagent red precipitation red precipitation

Nitroprusside reagent no red colour no red colour
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Table .18 Antimutagenicity of compound in peak 2 in each purification

Desmutagenicity  Bio-antimutagenicity

Peak Weight
mg. . against against
 AFB1 MNNG  AFBjq  MNNG
first isolation by Sephadex LH-20
2 38 + + + +
2nd pyrification by Sephadex LH-20
28 26.22 + + - 4
3rd Purification by HPLC (Bondclone 10 Cqg column)
2aq 15.2 + 1 - +
233 10,06 | + . -
= 99 mg

Methanol extract of lemon grass
+ = 30 % inhibition, and

< 30 % inhibition
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3.74 GCMS spectra

The partially purified antimutagenic substances obtained from
methanol extract of lemon grass were anaslyzed for their molecular
weitht by gas chromatography-mass spectra. The GC-MS spectra - s
shown in Figure 31. It indicated that, the molecular weight of peak 2aq
, was about 80-90, and peak 2ap was about 387.
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Figure 31 The GC-MS spectrum of separated peak from HPLC.



