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ABSTRACT 

Several plant products such as the pyrrolizidinP 

alkaloids, flavonoids, cycasin, qui nones and brnriU'"n 

fern toxins have been reported to possPss g nol.oxir 

propertj es in various t st systems. lloH , ·e r, C'rurl.P 

drugs from pJapts, i.e., the comple.· mixture t'rnm 

wh j . h th s drugs ar , ra ed hn b P n on I ~· s r n n l 1 -

J :t' ( • 'I m j IH d 1' 0 f h . j c t.ivi I y. Such t'l'lldt' 

dtlt s nr 1<1 1<ir I U { d if\ t f d j t j ()tl l lilt d I r• I l\1 I II \ 1\ 1' I -

ou pat I . of' UH 'ot ld. 
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II J ( IJ 1 It I ' tJ , 

1 IJ ( 1. J IJ J t J ' t I 'HI I I. 
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llOHever, evidenpe of deactivation by S~ ot' th 11\PLhnnol 

extracts or A. graminicola in TA~?o. and A.s negnlc>nsis 

in TAlOO was recorded. The methanol extra t of A. senegnl-

ensis was found to be mutagenic in all the hislidine 

mutants (TA~?a, TA~H, TAlOO, TAlO~, and TA104), but 

relatively small number of revertants were rerorrted 

in all ster strains (th high st. bPin~ a mean or 

J49 r .v rtants/plaL /1000 ug in TA101 (+S~) .ompnrPrl lo 

1 - l& c. I l s pl d i th mut. ni< it~· n . n~· ). 'l'hi'' mt l \ll 

ths I. hi! Li in ~-1h1c. h Ill \ \ nt 111 t'llldt dt\1' t<lttld 

not hH \'. 1 n1' I w~n d fO'Jtl\' 11l\ lll lht I' lt ' Ht'l 111' \, 

t n nlrn·1 

'I hr pJ.nn \lll lll hi t ' l \ ' t I 

mu o n i \ 0 h II Ill I , 

n h n n n n ( 'I ) Ill I h• 

n, 1\11!1111 I 

I ht 
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oc urring in the roots allowed to re over .'ou I d hU\'1 

be n induced in G1 or S phase of the c ll yc 1 <'. 

The fresh extract of A. gramini ola producf'd 

micronuclei in roots alloHed to recover for ~0 h urs. 

This gives evidence on the possibility of Loss of 

g netic material in cells exposed to his extracl. 

Th methanol xtrac of M. lanaeolatn inrreaserl 

th siz of nu . l oli in roo s 

~0 houcA. Nut! l ol r nl 

c•ota I d IJP 1 r 

llmo~ cl to TPCO\Pr !'or 

n t ( 11\11 l1 () 1: r 01 d1 mn l 
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CHAPTER 1 

INTRODUCTION AND REVIEW OF LITERATURE 

1.1. Introduction 

Genotoxicity is a concept which means "toxicity to 

the genome" (Hofnung and Quillardet, 1984}. Genotoxic 

agents may cause long t rm deleterious effects in the 

g n ic mat rial \o.'h n ncount d t su toxi con -

rat j or For x mpl 

d 1 t. i ou mu 0 1 11 th 

r c ur o nd ff c 
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exemplified by inhibition of cell division (Hofnung and 

Quillardet, 1986). Thus each of these end-points may be 

taken as an indication of genotoxicity. 

Knowledge of genotoxicity can be traced back to the 

pioneering work of Muller (1927) who demonstrated the 

induction of point mutations in Drosophila using x-ray 

irradiation. Later, Auerbach (1949) demonstrated the 

ffect of the ch mical, n i trog .n must rd, on the chro-

mo. om s of Dro ophil . u dut i n 
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Chemicals cause genetic defects through point 

mutations, also referred to as gene changes, (Drake 

and Baltz, 1976), or through chromosomal anomalies as 

in aneuploidy (Sandhu et al., 1986) and chromatid 

aberrations (Savage, 1976). But these lesions induced 

by chemicals or even radiations are not in themselves 

mutations, nor do they cause cancer directly because 

c lls can repair such rimar · d m g Thus when h re 

i a ccur t l p r ( 1 1 or-fr ) I ion. not 

(\\" kit ' 1 7 1\'m 1.7 ) I 

\o'} f_r \o.'h n n ll 

h 1 on m nif u 

oxicolo i t ar hu cone 01 h 

con qu I C 0 h 1 in n 
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c 0 n n u 
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radiation indicating a possible defect in repair of UV-in

duced damage. Such patients develop cancer leading to early 

death (Arlett and Lehmann, 1978). 

Genotoxic agents can produce alterations that 

interfere with cell differentiation during embryonic 

development resulting in teratogenic defects but it has 

not been established whether all mutagenic compounds are 

al o teratogenic (Kaler, 1971). Many individuals with birth 

m 1 o m ti on it c omo omal b rrat i in th ir 11 

h i r 1 10 ~ mo to mut lor l 

h n ho of no1m 1 ht ' ) t t II . ht \ 

h Son1zi n r di ion h u n y 

ch omo om 1 rr on 1 A ll th n n 1101ITI 1 

(T :lot 1. 1 7 i T :lor, 1 7 ) . romo Ill 111 c J 1 

0 BS r or hi tl: 0 mt t h • -

on 1. ' ) . 

T 0 1 n 
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an urgent need to screen and identify potenti l carcino

gens, mutagens and teratogens with a vieH to minimize 

human exposure to such chemicals and reduce the risk. 

Today, short term tests for the detection of 

potential mutagens and carcinogens are being incorp

orated in the package recommended for toxicological 

t ests of chemicals by the major regulatory agencies, 

. g. us Occupation 1 Safety Administr ion (OSHA) for 

c la i i c at io ll o f c t C n o n i n t h "'or 

pl c l . 
~ 

'S ~ 11 lllll tl) ~· 

(EPA) fo l e n ic l I I \), i I 

111 d b h n r n ion A lC ' 0 h lll IH 

( I ARC) nd 1 u pic 0 0 l d h 0 1 n -

1on ( '110) or l u lOll c r 11 1 i l• 

0 c c to n . 
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1 . 2 . Review of literature 

1.2.1. Short term tests for the detection of potential 

mutagens and carcinogens 

The most direct method for the detection of human 

carcinogens is by population studies. But this method is 

expen s ive and has a low resol · ing power. Only a handful 

of chemical s are known to be carcinogenic to man. Most 

o f the s e ho v b .en detected fol1o' ing studies of workers 

occ up o r al }': ) 0 0 uc b c l mic l Th l i 

," llll t oo t \\' I h h lH I I I I· t\ 0 \\ I 0 \' l :) ()() ' I J. 

0 c 0 1 nc n .'OU I h . 11 II ( I t t 1 

1 3) . io r c n - n 1 I lw 1-

in nd vin ·lchlo id I . . R. 1 i3 . 
7 nd l i ) h1c 0 uc t r oi th \111 

d r n l I c 

nc 
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table germline mutations take somewhaL less tim to 

complete but they require large numbers of animals 

making them very expensive. For example, the mouse 

specific locus test (Russel, 1951) takes about 8 months 

to complete, 10,000 - 50,000 progeny must be scored 

depending on the sensitivity of the test (Searle, 1975). 

This method i then unsuitable for testing large numbers 

of chemicals. Usin nimals to such a l rge sc le is also 

b i I vi "ot·ously oppo d y nim l " lf 1 0 i 

d. 

r·od n t 

11\ l l ,. 
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1.2.1.1. Tests using procaryotic microoganisms 

Tests utilizing microorganisms are especially useful 

because cells grow rapidly and populations of treated 

cells are very large. Positive data is often very distinct 

from control values and tests are technically simple and 

inexpensive. In assays with microorganisms, a preparation 

of liver microsom s can be used in vitro to activate pro-

c rei no n to ult'm t. rei no n (Su imur I 1979). 

v ou 0 t t rm t ( t vot.i mi ro -

0 ni m h \' n \' h (lio t ll nd 

ui la d ' 198 ) . In d. Ill I 

h Salmonell dl cu d. 
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c f\ 
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out of the bacterial chromosome, directs the S,'nth s · s of 

proteins, forming viral particles. A progeny of matur 

phages assemble which are later released by bursting out 

of the host cell (Devoret, 1979). This process is called 

lysogenic induction. In normal circumstances, the dormant 

stage of prophage is maintained by a repressor protein 

on the operator region and blocks the transcription of 

all gen s exc pt those that govern the biosynthesis of 

th r to th proph 0 m n . 
'I u I of 1 ro uc on ' m } od 

c 0 ll h be l l 

r vi w d n m nn(l971). A ') 0~ I h 

n \' op d y in 0 uci a l 1)\ 

mu t 0 iJ c p . to I nd 

n , 1n c i 

1., 
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is ampicillin resistant. Ampicillin prevents non-indue d 

lysogens from multiplying and releasing phage. To detect 

mutations, the same bacterial tester strain GY5031 is 

plated on lysogenic indicator cells. When forward mutat

ions occur at the operator region of this prophage, it 

becomes insensitive to the repressor resulting in the 

formation of infective centres on a la~n of lysogens. 

An enzyme assay to detect prophage induction has b en 

d lo d in s· in th io :n h iz l c tokin s 

o _t i c i n u c i on ( L , . i t 1 . ' 1 7 ) . 

l k onJ ~· G l ou o com 

T l t ( In 1 7 1 ) 

i co on l 
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mutagenicity; 90% of all carcinogens studi d were 

mutagenic and vice versa. The test was subsequently 

validated in studies of Purchase et al., (1976) who 

compared the Salmonella test with 5 other short term 

tests. They found that out of 58 kno~n carcinogens, 91% 

showed mutagenic activity and that 93% of 62 non-carcino

gens studied were non-mutagenic, but there was consider

able overlapping of the chemic ls studied so that this 

cor r latiou cur 1 ~· t·m t d 83 (Am nnd M C nn, 

19 l) . 

h ntrod c 10 0 s on r om 1 t 1 i ' i I -

uc d "' i 1 olych 0 in n~·l h m d h Am 

v n mor c l 

ubj c d 0 p c tn j, I 

1 i3 ) . li c i ' n t. r l n 

0 ro-c 0 i r 

( 1 
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(Table. 2) rendering them unable to synthesize nzymes r -

quired for the biosynthesis of histidine, a necessary compo

nent of proteins. As a result of this deficiency, the strains 

are unable to grow in minimal medium (medium containing mine

rals and glucose only) unless the medium is supplemented with 

histidine. These his auxotrophs on rare occasions can undergo 

a reverse mutation ~hich restores the DNA to normal coding 

sequenc es for the ne ded enzyme s in the his• prototrophs 

(\\ i l y ) . 'I h \1 I i c mut ion. th t 

c p 1 Ol ll UC I u. ·o 0 tJ 1 h . 'II 

c r 1 0 o r p ound h 

'-'h'ch 01 u c ion. 

Tr c 0 n 0 hi d 0 h tnlll Ill 

m iu i llo-w l 

1 "n lC 

co 0 0 c or 0 I 

c 0 



- 13 -

which causes partial loss of the polysacchar·de barri r 

that coats the surface of bacteria and increases perm

eability to large molecules such as benzo(a)pyrene which 

do not normally penetrate bacterial cells (Ames et al., 

1973a). 

The tester strains contain another mutation uvrB 

which is a deletion of the gene coding for DNA excision 

r pair s ·stem. This mut ion r a ly enhanc s s nsitivity 

o m ny mu t a n (Am t 1 . , 1 9 7 1 ; Am t 1., 1973 ). 

Cr ti o n o u v t o n t 1 th b ' 'l 1\ l 

n u n c r Ill i ' • l1 • t 1 , 

n h X rn u 

Th p r i a 1 n II 1 7 , T 8 , 

TAlOO d 102) 1 n 

u o n o ou 

r ror- o 
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) . 
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Barnes et al., 1982). TA1535 and its R-derivativ 

TAlOO detect mutagens that cause base-pair substitutions 

like transitions (GC-AT) and transversions. 

The hisD3052 mutation in TA1538 and its R-derivative 

TA98 is in the gene coding for histidinol dehydrogenase. 

TA98 and TA1538 detect various types of frameshift 

mutagens. Frameshift mutagens can stabilise the shifted 

pairing that often occurs in repe itiv s quences or 

'' h o s ot " o t . D A . u i in hif mu ion 

whi h or c 1 I } i i 

0 Tl 'I h C l \1 II I 

-CGCGC CG- i. -GCGCGCG . ' - p u 1\ h 

i 0 r u ou n 1 l l 1 n 0 11 

nd Yourno 197 ) . 
n '" fr 7 1 7 ch 

w 

7 
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cation). Thus TA\J'l has b n reconsLru t<>d to '1'/\!J in ... 

which carries a his01~4~ mutation. 

Another tester strain is TAlU~ which does not 

contain uvrB mutation because it was onstrlJ L d to 

deLect oxidative mutagens which r quire an intac r pair 

s:st. m (L vin et al., 1\JH:lb). This strain has a 

rnulUeopy plasmid, PAQl, l-thich car is n his o ht'e mutn\-

ion, TA, nt th site of 1 v r 1on. 

/\no l.h 1 c 1n T/\104 h th mf oc•h1 t 111\llnl ion n 

'I' A 1 0% f l. I It P c .. t' i L j c 1 : t\, t o t r l v 1 1 c 111 1 111 \ h 1 • 1111 rl n \ 1 '111 

n , hI 0111< 01111 I h ll HI ' ht II 1 • t: I:' i 
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Scott et al., 1982). 

The principal advantage of tests using eucaryotic 

microorganisms is that they are the simplest and the most 

rapid tests available for screening several kinds of 

mutagenic and chromosomal effects not detected in pro

caryotic microorganisms. These include mitotic crossing 

over, i.e. the reciprocal exchange between homologous 

chromosomes. If th cell is het rozygous in this region, 

divi ion c n r sul in non-id.n ic 1 u ht r c lls th t 

h no . •1 i c. y dl t.in nd h mo y ou t th om-

on i In h 'o ommor :- d l t 

n co on • co ou or o 0 ., qult'l m1 n t 
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no h r ' n 
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co 
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detected when appropriate tester strains are u s ed. 

Non-disjunction during meiosis also results in aneu

ploidy; one gamete is disomic while the other one is 

null i somic and not viable. 

Fungi, unlike bacteria, contain some P-450 mixed 

f unction oxidases. Some carcinogens are then active in 

fungi without ne e d for e xogenous metabolic activation 

{Call nand Phi l po t, 197 7 ). 

On o f ri i p 1 lim i ion o f un i s t t 

o r n j rn r 1 v n 1 i i n ti 

r d o n u 

m ol ·c y (Si ) . 0 ' 1 0 \ 
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described below. 

Yeasts 

Saccharomyces and to a lesser extent Schizo

saccharomyces are the yeasts most commonly used in 

mutagenicity assays. Tests using yeasts have been review-

ed by Zimmermann (1973) 1 in an 

Zimm rmann (1984). .1ost tester 
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mutations in A. nidulans and the haploid t ster s rains 

have been combined into diploids for the d tection of 

mitotic crossing over (Kafer et al., 1976; Kafer et 

al. 1 1982; Scott et al. 1 1982). 

The diploid heterozygous tester strains P a nd Pl do 

not grow on a medium containing p-fluorophenylalanine but 

if mitotic crossing over or non-disjunction has occurred, 

the s e strains ro"' . Colony colour m rkers in the str ins 

p rrn ' t dL. i c i on t o d b t n - fluoro h n l -

1 n co o ni ~n J 0 1to i 1 

o m n 'l. 0 n m o t · n o r - n. 

colon r to ic r r co • '-' h . 1\ 

co o n r du 0 
. 

0 ic 1on- t 

1. 1 1976). 
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detected in two adenine requiring tester strains N23 

which detect base-pair substitutions and N24 which 

detects frameshift mutagens using the spot, plate and 

suspension methods (Ong, 1978). 

1.2.1.3. Tests using insects 

Insects have been used extensively in mutagenicity 

t sting. Most studies utilising insects ha e been 

c ri . d ou with Dro ophil m 1 no st r {Abr h mson 

nd L ~i 1 1971; Vo 1 0 ] 1 7li \' 1 n i 

0 n ... · l h 
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20% of the entire genome (Vogel and Ram 1 1980). 

The SLRL possesses certain advantages o er other 

tests: (i) the criterion used to decide whether a mutat

ion is present is very objective e.g. it consists of the 

observation of whether in F2 generation one entire class 

of males is absent or not (Fig. 1), personal bias is thus 

reduced to a minimumum; (ii) lethals are much more frequent 

than any other typ of g n tic l s ons i. . vi bl mut t.-

on ; nd ( iii ) r . n 0 Dro 0 hil 

CO \ d >: 1 ul . 1 t n 

m l I 1980) . 

n h u u 1 u '-' 1 
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lethal mutation is induced in an X-b aring ~ rm I I 

ot' th treated Pl mal , all ot' th s m tic , II~ ol' IIH' 

~-r sulting Fl f male are heterozygous for for t.h i.H 

mu ation and 50% of the eggs w'll rr. it. 11' I 1' I II n I 

mutation is induced, 50% of the F2 mal swill b h .mi 

zygous for it and will theret'ore die. This an b s rn 

only it' pair mating is done in he Fl generation. 'f hP 

main disadvantage in SLRL test is that it is \Pry IPn~thy 

aking abou one month to ompl t 
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compared to pro- and eucaryotic microorganisms. In 

addition, mutation induction is frequently not observ

able until significantly toxic concentrations are 

reached and that dose response is over a very narrow 

range of concentrations (Hollstein et al., 1979). 

1.2.1.5. Tests using plants 

Plants have b n used in the r search hat has 

rv d to t blish h principl of g n tic nd 

c 0 n ic '[ h n \l t th 

inc 1n fr u nc. 0 ut 101) n h mo om 

b r ion nduc bv ioni 1 r d lOll h 

1934; Sax, 19 1) nd 0 r mu n i ~· 0 

ch mical {MeL i n 1952; n 0 55) • 
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and tests with plants are relatively cheaper as compared 

to procaryotic and mammalian cell assays. Assays that use 

plants have been extensively reviewed: Allium (Grant, 1982); 

Arabidopsis (Redei, 1982); Tradescantia (Ma, 1982); 

Glycine (Vig, 1982); Hordeum (Constantin and Nilan, 1982); 

\~cia (Ma,1982); and Zea (Plewa, 1982). The most commonly 

used bioassay utilizing plants involve the use of root 

meristems. 

Roo ip irom ou t 1 n h 

y us d for th udv of nd c ch 
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broad b n, or b n 1 1 ou 
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( Kihlman, 1966) . 

Root tip cells of V. faba contain 5 pairs 

of equally long chromosomes with subterminal centro

meres (S-chromosomes) and a pair with median centro

mere (M-chromosome). TheM-chromosome pair is twice 

as long as the S-chromosome (Fig. 2). The M-chro

mosome bears a heterochromatic segment near the 

end of the non-nucleolar arm (Evans and Bigger, 1961). 

H t rochrom tin i lso ound in h mid 1 of h 

on arm of mo t of -c rome om .h m l 

indue d r r u u l v oc d 
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(Klhlman, 1971). 
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other stages (Kihlman, 1966; Kihlman, 1975). Alkylating 

agents like tris(1-azilidinyl)-phosphate (TEPA) and 

related compounds are active at all stages of the cell 

cycle but the aberrations they cause are dependent on DNA 

synthesis (Kihlman, 1971; Kihlman and Andersson, 1984). 

Thus, only cells exposed during G1 or S show aberrations 

in the first mitosis after treatment. Antibiotics such as 

phleom:cin and bl omycin ar ac iv at all s g s of the 

c 11 c:cl nd produc c om id, u c1rom nd ch o-

1110 om .b Otl n pl 0 2 ' . Cl l\' 

ll n An 01\, 1 ) . 

11 nf u nc 0 cb om m r 

in \ . f pl H .i ltn 

J 0 ion n 7. l' of v. f l 

t 2 ·10- c m I • 1 5 

c n l 

c 0 



1. 2. 2. 

- 29 -

Plants as source of drugs, carcinogens, mutagens 

and antimutagens 

1.2.2.1. Plant drugs 

The use of plants in the treatment of various 

diseases is universal. In Japan alone, 40,000 tons of 

crude drugs are consumed annually in the form of various 
chinese medicinal drugs (Morimoto et al., 1982). In East 
Af icl , native medicine has been practis d for many centu
ri 
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knowing whether a plant can cure comes from local 

herbalists though majority of them are reluctant in 

revealing their knowledge. In Kenya, this problem is 

being minimised because the government is encouraging 

loc al medicine men to practice their skills in co-op-

e r t i on "'' i th personnel from the Hinistry of He l th, 

nd a dep rtmcnt dealing \\ i th h rb l m dicines has 
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various people in form of cooking ingredients and 

folk medicine are responsible for human cancer in Africa 

and South East Asia. Plant products, therefore, are of 

economic importance because they may cause livestock and 

human disease. There is also a possibility that they 

contribute to an increase in mutation rate in the 

ph ytophagous animals (Clark, 1959). Some of the most 

important secondary plant products with toxic, 
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isolated from the flower stalks of Petasites japonicus 

which is used as a herbal remedy in Japan, has also be n 

shown to be a hepatocarcinogen in rats (Hirano et al., 

1977). 

The characteristic feature of chronic poisoning from 

a PA is a megalocytosis of the liver in which the liver 

becomes composed of a small number of giant cells. The 

lesions appear as a result of prolonged anti-mitotic 

fi ct ith an inc a d 1 
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dehydroheliotrine, a metabolite of heliotrine, in the 

liver parenchyma cells resulting in total mi otic 

inhibition. This was due to interaction of dehydro

heliotrine with the DNA of liver cells. 

Monocrotaline and heliotrine were found to exhibit 

mutagenic activity in repair deficient strains of E. coli 

1,.;P2 uvrA in the presence of S9 (Green and Muriel, 1975). 

Heliotrine and lasioc rpine ar known to b mu agenic 
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on which Drosophoila larvae are reared on or when 

used to make an infusion to feed adult males (Clark, 

1982). This would mean that comfrey tea made from this 

plant may not cause genetic damage but may not be ruled 

out when it is used in fresh salads. 

Flavonoids 

Flavonoids are another class of plant secondary pro-

uct owt to h v mu t n i c c t i , . it y. 'l'h occur id 1: 

l II 16 u d a hlm foo n 11 d u n 
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systems with metabolic activation (Brown, 1980), but 

quercetin is thought to be the most mutag n'c of all 

flavanols detected in the Ames test. Sieno et al., 

(1978) showed that the mutagenic compound in the spice, 

sumac, produced from the seeds of Rhus, is quercetin. 

Uyeta et al., (1981) also showed that mutagenic act

iv ity of green tea in the Salmonella strains TA98 and 

TAlCO was mainl y du to qu rcetin, k empf rol and 

m · r ic m t o l 
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ct al. ( 1982) sho"·ed that dictomin , n t.ur lly occuring 

furoquinone produces frameshift mutations in h d rk nd 

does not form DNA interstrand cross-links in E. coli c lls 

in the near ultra-violet light (300-380nm). Brown (1980) 

has revie~ed other quinones mutagenic in the S. typhi

murium test system. Clark (1982) ~as able to show 

mutagenic actiYity of ju lone 5-h ·dro.·yl-1 ,4-naph ho-

quinon in dult m 1 Dro ophil . Hut nic activit: 
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tumours in li er, kidney and lung of r ts f chronic 

ingestion of starchy l·ernels of a cycad Enc ph 1 tos 

hilderbrantii. Smith (1966) showed that cycasin xtract d 

from seeds of Cycas circinalis is toxic after being giv n 

enterically to guinea pigs but was not toxic when para

enteral injections were given. Its metabolite, methyl

azo .·ymethanol-B-D-glucos ide ( MAM) was found to be carcino-
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mutations in S. typhimurium, although h p 

compound was inacti e (Smith, 1966). Gabrid t 1 • 1 

(1969) showed that intes inal bact ri ar invol\' din 

the formation of HAM from cycasin. In a host mediated 

assa~·, that prior treatment of swiss mice with ampicillin, 

which reduces the enteric bac erial population, mutageni

city of S. typtlimurium hisG-!6 "as abolished. iutageni

city is du to h N-ni o o tructure also present in 
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caused by radiation and radiomimetic ch m'c l (E n , 

1968). 

Carcinogenic substances in brack n have b n 

reported (Evans and Mason, 1965). Evans and Osman 

(1974) thought that shikimic acid is one of the 

constituents of bracken but Ishidate and Odashima 

(1977) were unabe to show an• clastogenic effects of 

shikimic acid in h C in s h mster o •ary cells in 

•itro. C {1982 r k n f rn 

n D. 
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icinal herb, increased mutag nicity of N-m th,-1 - N 

-nitroguanidine {NTG) and 2-aminofluor n (2-AF) in 

HS30 c lls of E. coli. Marimoto et al., {1982) 

showed mutagenicity of 45 samples of crude drugs 

using Bacillus subtilis rec assay and Salmonella 

microsome assay. Mutagenicity of dictamine and 

Y- fagarine from Dictamni radicis a component of 

Chinese medicin was r port d by Mizut nd Kanamoni 

(1 . 8 5 ). 
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tryp ophan pyrolysa s th t ar mut g nic in b t ri 

( agao et al., 1977). Nak mur andY m mo o (1982) 

reported that th r solubl fr tion 1solnl d l"t'''tn z . 

officinale was anti-mutagenic. The. demonstrated that 

200 g/ml of the gingerol l6] fraction accelerated 

mutagenic activity of AF2 and NTG in HS30 cells of 

E.coli and that wh n 0.2 ml of th ther soluble 

rncLion ~as add d to in rol 

i vi y "'' 

n 0 

or 

0 

0 

r \IC 

d r o 

0 

l. 

1 0 01 

n rnu 

1) r ction, mut g nic 

ic , \1 , ty' l 0 

t'h l1t 

IH m 1 

) . 

t 



- 42 -

investi te what 1 v ls of rnutag .nic c i it.• 1 

contained in them. Although literatur sur y h s r v 1 d 

that plants contain mutagenic compounds, thi i~ of 

little value for the e aluation of possibl gen tic 

effects of medicinal plants used in renya, since: (i) 

local herbalists prescribe crude dru preparations whose 

ch mical constituents are not known; nd (ii) where 

h.•tochemists re in the chamic l n lysis of 
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MATERIALS AND METHOD~ 
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method d scrib d by Harbon (1973). un dri 

thoroughly crushed using a mortar nd p s l 

d~ w r 

nd 100 

of the fine powder was soak d in 200 ml of m th nol for 

2 weeks. The extract so obtained was filter d and the 

filtrate was evaporated under vacuum. A brown gummy 

extract of about 5 ~ for each plant extract was 

obtained. This extraction was carri d out in the 
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2. 4. ds 

The seeds (lot numb r 3225) w r bou h from Siml w 

Seeds Company (Nairobi). 

2.5. Rats 

55 days old, male Wistar rats, ~ere obtained 

from the Department of Zoo ogy, of the University 

of airobi. 

h 
( 1 

u d 

0 c \ 

2. .1. 

1 

0 
., 



- 48 -

Lyophilized 

Lyophilized cultures were made from skim milk 

suspension according to the method of Maron and Ames 

(1983). The lyophilized cultures were kept at 4oc. When 

cultures are preserved in th1s form, they have been 

found to stay or 3 ye rs or more without loss of 
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~v rn~ht ultures 

Th se cultures wer grown accordin to M ron nd 

Ames (1983) but for 16 hours at 37oc and wi hou 

shaking. However, the cultures were shaken just befo 

use. This culture contained between 1-2 .· 109 live 

cells/ml as determined by the Miles and Misra drop plate 

method (Somasegaran et al., 1979). 
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plate confirmed histidin requir m nt. 

rfa mutation 

Strains with deep rough (rfa) mutation w re st d 

for crystal violet sensitivity (Maron and Ames, 1983). 

A 2 ml sample of molten top a~ar was dispensed into a 

culture tube held at · 5°C on a heatin block and 0.1 ml 

o r h o · rni ht cui tur \\ s dd d. Th mi.·tur "'as 
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wi h a UV-lamp 15-W h ld at dist·nc of 33 m abo, 

the b nch. All the tester strains w r t d on th 

same plate. Gro"•th of the bacteri only on h 

unirradiated side confirmed u'·rB mutation. 1'A102 gr "' on 

both the irradiated and nonirradiated sides. This is 

because its UV-repair system is intact (Levin et 

e.l., 19B2b). 
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2' '5' 

nduction 

The method of Haron and Ames (1983) was us d with 

slight modification. Two 55 day old male Wistar rats 

weighing 180 and 160 g, respectively, were each given a 

single i.p. injection of 500 mg/kg body wei~ht of 

aroclor 1254 dilute in corn oil. The rats were 
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c ntrifuR . Th sup rnalant w s d c n d and r t1in 

The freshly prepared S9 ~as distribut d in o 

small nunc tubes (upto 1.8 ml). The ubcs w r 

stored immediately in a liquid nitrogen tank. The 

remaining S9 fraction ~as placed in an icc bath and 

tested for sterility by plating a O.lml sample on a 

histidine biotin plate nd incub tin~ it at 37oc for 

48 hours. L ck o ro · th o cent minating microorg nisms 

c ord · rill . r · 1 · • o1 ht . p 1 ti on. 
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m thanol xtracts and 500; 250, 125, 62.5 nd 31.25 

~l/ml for th sap of A. graminicola . 

2.6.7. Mutagenicity test 

The standard plate incorporation t st of M ron 

and Ames (1983) ~as performed . A 10 ml sample of a 

sterile solution of 0.5 mM L-histidine.HCl/0 . 5 ml biotin 

was added to lOOm! molten top a ar 1 horoughl ~· mixed and Zmt 
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An id ntic 1 xp rim nt w r P d \h r by .5 ml 

of S9 mix was also added. The n nti control for his 

exper1ment 1ncluded solvent and S9 m1x. The pos1t1v con

trol for the standard stra1ns (TA97a. TA98, TAlCO and 

TA102) w1th S9 was the known mutagen, 2-am1nofluorene 

(2-AF). No pos1t1ve control was ava1lable for TA104. 

The plates Kere then incubated t 37°C for 48 hr 
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and hos ns oci ted 'ith v l tion du to d ' 'P r--lon 

among plates w~re r ad downwards {denominator). 

When the observed F valu is 1 ·s h n h l' 

expected at 5% level {F, 0.05), here is no r 1 

difference among treatments but if it is 

greater than F required at 5% level, then there is a 

pro ability ot 5% or less (P _ 0.051 that the obser ed 

v ria ion mon r tm nts o c rr y h nee. 
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ds. 

Seeds were soak d in running tap a r or 1-2 

days and then transferred into a b d of we rmiculit . 

They were then allowed to germinate for 3-~ days at 20°C 

and by the end of this period had gro~n primary roots 

(3 -G em). he tips of these roo s ~ere chopped off and 

th s dling wer r pl nt d in fr sh ~ t vermiculi · e 
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Th roots of intact s dl"n s w inun r ' d in to 

beakers containing 25 ml of treatm nt solution in 

duplicates. They were then placed at 20°C in a dark 

cupboard. The beakers were shaken every 15 minutes to 

allow aeration of the gas phase of the treatment 

solution. In all the experiments he duration of 

tr atm nt w 

0 0 

\<l 

k pt con t n 

00 0 

n r 

o ZO our . 

2 . 7 . 

1 : 3 

0 con zol 

leo ol 

t 2 hours. A t r tr tment 

0 \\hil h 

nd in t t d tl 
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2. 7. 6. of slides 

Abnormal meta hases 

Abnormal metaphases looked "clumpy" or "condensed" 

(Fig. 9a). These were scored from 4 slides (2 from each 

of the duplicate experiment) selected at random. A total 

of 100 metaphases were scoted from the various fields of 

vi w s lected a on a str i ht line on the slide. The 

w or d gain t th 

( 1 

1 
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fra m nt "' s simi la1 to t.lwt on ust 

brid~es. 

Hi £_ron.u.c.J e i_ 

illl->'Ol'ill 

Micronuclei ( HCN; Fi~. 16a &. b l "·ere only obs rv d in 

roots treated ~ith fresh sap of A. gram1nicola and re

covered in runn1n~ tap wa er in th da1k tor 20 hours. 1en 

fi d o w w r cord or 1C ' in slid s (2 slides 

ro 

J uc 

c 

1 

c of h 

0 

0 0 

c num ~l o 

h ut 

n \ . 

11 -

n 
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2. 7. 7. Ana sis of V. fabn data. 

The various cytogenetic effects obs rv d f r 

treatment of V. faba root meristems \oiere an lys d for 

statistical significance using Spearman's rank 

correlation co icient m hod nd lin ar r ~ression 

!Littl nd Hi 1,197 ). 

n h Q 1 'th t ·on o~ i i nt 

( l ) h 0 
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ln n) • 
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1 al h 

t t 
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3 .1. 

The plant e ·trac s valua ed for mu enicity in 

t Salmonell 
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ri . 3 

Mu t.1 nic ·ff ct of th 
ap of A. graminicola in the 

lmon II t t r: train . Each point r presents the 

Ill n numb r• of r· v ( t' t n t. s i n h r p la a f r de d u c -

ion o r·opr ia control valu · 

-59 nd (f) iS9 how urrun t r c 0 h x-
tr c l 
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The extract of A. graminicola seems to be mo s t 

mutagenic in TA104 with and without SY (Fi~. Je & :1[) 

Only in TA104 (+SYI was the response signjli antly 

different (P = 0.05) between all adjacent means (App Pnrl i x, 

:G a ) • 

There was no evidence of toxicity in any o t· thr 

pJates and the lawn in the tesL pJaLes I·JnS ns drnst ' ns 

in Lhe control plates. Any d p~rtur t"l'Olll J llH'ftrl t .\ 

(Fig. :3) ouJ d b r . la to o l.h< r un •. ·pIn 1 nPd l"nt ' l or·s. 

Th . r sult.s ob ain d af r t rPH i ng I lit ,'-l'.t lmt -

nclln ~'>ster strains \<li h h m lhunol 

A. sencgalensis ar summaris d in T bl 

r· . l. Led incr as 

in 11 

,,, h s~ 

P n 

fl 1 

n 

1 J 

tr i s. 

nll 

h h 

) 

in h _ num 1 or 1 

t 

) 

I 

• t ,. c t " r 

do 

· I l n t 1:\S II i' 1'\' t d 

I h 'I I \ t tf 

ht 

) . 
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Fig. 4 

Mutag.n'c ff.ct of the methanol extract of A . 

n ~1 n. is in th Salmonella tester strains . 

I~ ch polnt r pr nts the mean number of revertants 

1 n h r• 

valu 

p1a s 

(f) -S9 nd 

xt.r .. - n ll 

t r d duction of appropriate control 

-+S9 bow th umma1y of th 

1n 
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(-SY) and TA104 (+SY) as compared to the othPr LesLcr ... 

strains (Fig. 4f & g), 

In all strains a significant mutagenic responR~ waR 

observed in all doses of treatment (Appendix, lb), 

and most treament means were different were differPnt 

from each other (P = 0.05) in a t-test. 

~.1.~. Centella asiatica (C. asiatica) 

Th r su! s obtain d ftP. tr t. i ni{ t.h Sll I mo 

n lJR his i in mu n s wi h h. m lhtnc I (','\1'1\< to!' 

c. asiatica are outlin din Ta 1 ~ . A ~•ll•lil'll'l\111 

dos -r la ed increase (P < 0.001) 1n h num t •· nt' I '<' ' '" I'\ -

ants was observed for all s rains \'1 h n 1 '1 t houl. S~l 

apar from TAY7a t-SY) 1h r h F-• lu 1\( 1 'Ill-

t'icnn (P > 0.05; App ndlX 1 ), 

Th # t w li h d •umt.r r 

l v lll tlld 

'I A l 0 w h 1\ \1\ 

m f ) • I h 

' f J I II I I 

10 ) 

1 
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Fig. 5 

MutRg nic ff ct of the methanol extract of C. asia
tica in th Salmonella tester strains. Each point 
r· pr ·nt th m an number of revertants in three 
plat aft r d duction of appropriate control values. 
(f) -59 and {g) +59 show th summary ff ct of th ·xtract in ull atr·rlin 
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Fig. 6 

Mutagenic effect of the methanol extract of M. 

lanceolata in the Salmonella tester strains. 

Each point represents the mean number or revertants 

in three plates after deduction of appropriate control 

values. 
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Salmonella. tester strains with the methanol xLra L or 

M. la.nceola.ta. are shown. This extract produ ed no 

mutagenic response in TA~H and TAl 00, with and '"i thoul. 

metabolic activation. However, ~be extract si~nificantly 

enhanced induction of revertants in a dose-r Lated fashion 

in all other tester strains (+S~ and -S~; P < 0.05; 

Appendix ld) Mutagenic effect was best dPtected in 'I' 101 

(-8~, Fig. oa) and in TAlO~ (+8~, Fig. obl. 

Although ducl'ion in numb r or n v rt.nnl.s at 

high d s . s w so s . rv din sonH. ol' th t-~ IJnin !' tl-1 . tin 

&· b) h rc wu no vid n of .·ic it. .. 

l t was found tha signifi nt. ctJt' t' 1 lH 1 111 1\ 

t.-t. _st (P = 0.05; App Jndix Gd) or. urmi tn mns lttU -

nH' n , I e v l s 1 n u l 1 s . r a i n s . 
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Fig. 7 

Mutag nic ffect of the methanol extract of H. afri

c n in th Salmon lla tester strains. 

t.a ·h poin r pr s nts the mean number of revertants 

in thr pJFt aft r d duction of appropriate control 

v lu 

) -S9 and lg) +59 how h umm r f ct of th 

x rae in all tr· in . 
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but not without it (Appendix le)o 
,. 

It can be seen in Appendix ~e that only in 'I'AIOI 

(+89) that the response between each pair of adja enl menn s 

significantly differed from each other in at-test (P = 

u 0 05) 0 

Thin background lawn was observed in all three 

piaL sin 5th and oth dose of lreatm nt for TAlO~ I+S ~l 

and -S9 ) o A similar finding was record d for 'l'A 1 lJtl 1 n lllf' 

p R Ul ~ ~ 0 f 8 ~ o T h i S X r ''" s mo. I. mut •c n t in '1'/\llll 

1 n L h c. p t' ~ c n nu u ~ .n or SIJ t s comP'' <'ci I n lht •. , ~ t ,,r 

the HLrnjns (Fi . 71' ). 

'L 

'l h m hanol _x ra or 1. BJi JJ'OIJ I ' 1\ 

TJIIII.I ( , tl i '~ in TAlUl (+89 0 -s ) . 1 r I n n lt 

n 1 ( l 'lA~~ (-S bu l t h I 0 

ruulfl' n n h n 

:H) II W•V r, 

( • 0 ) 

' 
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• 

Flg. 8 

Muta~ nic ff ct of the methanol extract of M. 

ltli(•tlc> lut in th Salmonella tester strains. 

b t h po j n r ~ p t· 

in h pl 

v lu a. 

( 1 ) -S9 and ( 
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nt th m an number of revertants 
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Table J ~. Mutageni c effect of medicinal plant extr~cts in the SalmonPIIa 
te ster stratns (overall sum~ary of results) . 

Planl extract 

A. gralltniCola 

A. senegalesis 

c. 8SIRtJC8 

H. lanceolaLa 

H. a t'ncana 

H. SllltCIIOllB 

Metabolic 
activation 

-S9 
+S9 
-89 
tS9 
-S9 
ts9 
-89 
iS9 
-89 
+89 
-89 
+59 

Tester Stratns 
97a 98 JUU 102 

t 

'i 
t 

---------------------------------·----' : Co po ~d utagPntc as JUdged fro t e t - eat 
IAppendtx Ia- 11. 

- : Coapouod not au a~en1c as judged lrca t e s 
IAppeh 1r Ia -11. 

9: a otic ac 1 ·atto pre 

- : M aboltc ac 1 a 101 

pp d It Ia • r 

0 

( I 

II 

l1J4 
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last two doses of treatment in TA97a (+S9 and -S9). Small 

pin-point colonies were observed in these plates and 

occasional large colonies, which were regarded as 

revertants were also noticed. Toxicity was also observed 

in TA104 in the last two doses of treatment but here the 

colonies were bigger and the lawn was thinner as com

pared to the control. 

The extract can be regarded to be most mu agenic in 

TA104 as compared to h oth str ins wi h nd without 

59 !Fig. Sf ~ ) . lt is only i 1Al04 ~ t mut nl 

response si nificant in a t-t st <P = 0.05; AlP 11 2 ). 

Overall summary of mu a enic ff c of m di in\] 

plant xtracts in h t t r strains 1 r nt 1n 

Table 3g . 

, n 0 u 
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3.~.1. Abnormal metaphases. 
;. 

These are describ~d as those metaphases which 

looked condensed or sticky (Fig. ga ), Such metaphas s 

were observed in roots treated with the methanol extract 

of C. asiatica, M. salicifolia and fresh sap of A. 

graminicola both in the roots fixed immediately after 

treatment and those allowed to recover. The extrac of 

A. sen galensis produced abnormal m aphases only 1n 

roo s fix d imm d'ately af r r tm nt. 

c- m ph 8 s ig. g w r< dPd in t·oot 

r d wi h h m hanol ex ra of t l. s1/z ·zi ' /z,t. t> 

bnormfll m aphases w r obs r d in oot t. t' at ·d '• 1 t h 

h . me hanol extrac of M. lanceolata. Sl tt lt'ol 

analysis of the data (App ndi · a) d h t l1t •t c 

w s _nhanc . m n in h ptoduc i n o IH l l h 

d roo s ov r h con r o 

r t i o r 'I hua 1n J t h It l 

l o n II < 

J n J 

II 1 I. 
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Fip;. ~ 

PholomJcroNtbphs showing abnormal metaphases after 
t.r· u.t,mf•nt of' V. i'llba with some ot' the plant extracts 

• 
(' ) A t. II..: I< y met.11phu e obscrv d in v. J'n. ba roo 
mr r 1 I.Pm { - I I a Lr'(-1 tr~d t'or l hours with b mg/ ml 

(Jd t h. Ill t.hnnol xtr flCt. ot' M. ai'ric 11 ( 1200). 

l b) A n n r·mu I mf• tuphn ob r v ( iu I' Jl! 'ont 

m r l m c "'II r om h 1 t, r o . 1 lOU) . 

. ob I'\' ·<.t ' n 1' I l m ~ m 

·l I' r ~ hou \ 1 h 10 m /m o t' hc 

f /. J I u) . 

rv 00 m r 

l :l w I ! ot' m h -
l j 

rv \ . I ' lJ 0 

! 0 'UWU). 
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Fig. l~(i) 
(iL:; . ~ : ~ 

R 1 tiortship between pr.od\WtiO'fl of abmrrm·a l -rn~t~phases 

in J. l'n btl oot m rist m cells and treatment for ~ 

hour w1 h var1ous plant extracts 

A . ( -· ·- ) A • s n 6 o.l c n s 1 s I y = 4 • 1 ~ + 1 • o 6 x , P < 0 • 0 5 1 

I 

r : O.!H~l. 

B. ( ), C. a 1n.tic, y = 5.l5 + 1.16x, ( o.os, 

• ( • - - ) f • :/' J C In 1 0.7 G.O l < 0 . u 

- u.~ 1 

D. ( - · ) H. I' l • - -0. 7 G . 1 p ( u.o 

0. ' • 
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R ln ton hlp b w n production of abnormal metaphases 

n v. t~b root m rist m cells and treatment lwith the various 
I 

pl nt xtrac s for 2 hours and allowed to recover for 20 hours. 

·. 
B. (- ) C. i = -l.:HJ + 1.2::! ·, 0.05, 

I 
r : O.~vl~L 

c. ' t---i 1. t'rlc n , y = ~.77 0.7·~ I> 0.0 

r- O.M·~:c:. 

c -·) /1. J • t 'o..l 

0. ~7. 
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• 
fjg, li!(iii) 

,. .. 

R1 I jon. h j b ~ twe n production of abnormal metaphases 

1111 d Lt(l.l.l.lll nL ol' V. J"aba root meristem cells with th , . 
...,(;, 

f"r·r· h •wp ol' A. J!rllminicoJa. 

A. ) r·oo LH t'ix tl imm dint Jy ar [' I'('(\ Ill n t.' 

y = l.~J7b + 1 . O~x, p < lJ • (),)I l' = u. 'i l 

B. ·oo t. I low· v f l lO h lll 

y = ,) . l b i :1.. ~x, p 0, 0) 1 = (), I~ 
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3.2.2. Chromosomal aberrations 

Chromosomal aberrations were observed as bridges 

and fragments (Fig. 13 & 14). Fragments were recorded in 

metaphase and anaphase chromosomes. In roots treated 

with the methanol extract of M. africana and M. 

salicifolia fragments occurred in both roots fixed 

immediately after treatment and those allowed to 

recover. 

Roots treated with th meth nol .·tr ct of A. 

senegalensis and C. asiatica rod:c d m 

roots fL·~d imm di tely a t~r r t.m n . 1h 

0 ' i 

observed in roo~ tip cells treat d ~ith th m h nol 

extract of H. africana ~ere all n ph o 

fragments were observed in roo tip r 

m thanol extract of M. 1 nc ol t or r 

A. gre.m'nicola. 
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•lao o cro~raph howing chromo omal bridg s ft. r 

of V. f ba with om ot th plant 
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Fia . 14 

Photomicrographs showing fragments after treatment of 

v. r bs w th ome of the plant extracts 

) A 'r m n observ d in anaphase after treating v. 
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immediately after treatment, and a correlation of U.~J4~ for 
$-

M. at'rica.na. and U. ~:wu for M. sa.licit'olia. in the rooL s 

allowed to recover. This enhancement is also reflected 

in the regression anova LFig. 15(i) Appendix 3j 

where the regression coefficient b was found to be 

significant (P < 0.05). 

The methanol extract of C. a.s~atira induced 

chromosomal ab rralions in the roots t' i .· d 1 mm<'d 1 nIP 1-:.· 

ft . r tr atment an hoHe nl Lowed t.o r't CO\'< r· btrl rrn 

~ignifican r _lntionship w s b r\' . b< II.Jt< rr procllt<•lr t>ll 

of bcrrations and r at.m nt LP > 0.0~>; l•i ( I ) ( I I ) I. 

Th m thanol ex ract of' A. sen gal n~ 1s I lltf'ttl\llll~ 

i ndu •pd hromosomal ab rra ions onJ · in l I II d It 

r cov•r but no in hos fixed mm I • rt l I \ I lilt II I 

LF'ig. 15( . ) J • 
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Fig. lli 

Pho omi cro raphs shol..'ing micronuclei ( MCN l after 

t r tm n ot' l'. J'(;;lba with the sap of A. grs.minicola 

( · > 4! MCN a ach d on an · nterphase nucleus of \'. t's.ba 

roo m r 1 

inico.Ja and r 

tr at d with 5X sap or A. gram

for ~0 hour ( '1.:.! 00). 
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recovered for 20 hours (Fig 18a). There was an apparent 

increase in the volume of the nucleoli, however, this 

increase was not statistically significant [P > 0.05; 

Fig. 19; Appendix 5]. 

Table 4. presents the overall results of cytogenetic 

effects in Vicia induced by the plant extracts used 

in the present study. 
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Table 4. Vicia cytogenetic test results. 

Plant extract Non Recovered Recovered 
Chr. ab Ab, Meta. Chr. ab. Ab. aeta. MCN EN. 

A, gra•inicola + 0 + 0 

A. senegalensis + + 0 0 0 

c. asiatica + 0 0 

/1, africana + + + 0 0 

/1, lanceolata 0 0 0 0 0 

11. salicifolia + + + 0 0 

Chr. b. Chromos • 1 b rr tion . 

Ab. ~ t • Abnorm l m ph •• 
1CN ,. 1cronucl111. 

EN = lnlarg.d nucl ol1. 

,. Pos1t1v r ault fro. re ress1on no~ IP 0.05, 
App ndtx 3 nd 4). 

• ult f re IP 0.05, 
3, 

0 tt t not 
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CHAPTER 4 

DISCUSSION AND CONCLUSIONS 

4.1. Section 1 - Salmonella 

In Table 3g, it can clearly be seen that crude 

extracts of medicinal plants used in this study 

exhibited mutagenic activity i n the Salmonella t st. A 

similar· finding was mad by Morimoto t 1., ( 1982} or 

\.\11 r and m hanol xtr· ct~ ot> in d from C't'\ldt dr·u 

commonly used in Japan. Al hou h h mu 

in th se plants is not kno~n at th ' 

n 'c com1 un 

h 

been reported elsewhere th compon n 1 ol d 

front plants such as flavonoid ro\ n, 1 80 1 n honl 

derivativ s (Morimoto t 1., 1 3; K n 011 t 

al. 1 1984), an hr qui on ( 1 • I 

197 i Ti n t 1. ' 1 

0 
l 7 ) 

r 
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extract of A. graminicola in TA~7a and TA10U ( l·'i,~. :1n l 

A similar observation was made for the methanol PXLruc-t. 

o 1' A. senegal ensi s in TA 1 UU l Fig 4c) . 1 n th~se ohsernt-

ions there is a possibility that the s~ deactivated 

Lhe mutagenic compounds into nonmutagenic onr->s . SnC'h 

d~acLivation of mutagenic compounds jn C'rude cn f'f 'pp h:ts 

a I so b . n observ d in SEll monel La TA I 00 h~ i\PS<'II h:wl11 • I ' 

< f I., (l~HO). 

Th t. .s t . r st. in 'l'i\10'1 b st. dct. .c• 1td lll\lll '1111 11 

in rnos ol' t.h plnn .·l rn t.s ' ( Fi ·~-H) and lilt I I II t I 1 1\ ' 

1-tgr .es w1 t.h hf:l of ME rnet e 111 • , ( 1 ~H. I h ll 'I \II I 1 , 

morP. · nsi ive h n o he ra1n fo h \CII\ 1!1 llll<ll\ 

of' nnt .11r Jly occuring car hon ·1 om und u 

nld hyd s nd k on s a mu llll\d Ill 

1 fl ll 

Th Ill 

1' 

h h 
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extracts as a potential source of mutagens. If TA98 and 

TAlOO (Table 3g.) had been used alone to detect potential 

mutagens in the extract of M. lanceolata, one would have 

arrived at the conclusion that it is not mutagenic hence 

giving false negative results. 

It might be argued that plant extracts containing 

histidine might give false positive results. However, in 

this study, mutag nicity of some of th plant extracts ,~ s 

n gativ in som of th t s r s rain. T l ( 3 ) 

would b •.:p ct d h if hi 

results, this would hav n 

On e.·c p ion is th rn h nol 

ensis which showed ositi' mu 

idin 

strains ( I a 1 3 ) . Bu • n or ni 

could ot 

n r 0 

P r lOOOu 

0 1 ,250 

M rn 
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av influ 

r v 

). 
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n1 ll ( 1 I d PO 

d 0 l 
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11 
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Of the plant extracts is the reduction 0 f the numb(' I' 0 I' 
~ 

colonies at higher doses. This could in part b~ 

~ttributed to toxic effects as seen with the methan<ll 

extract of M. africana in TA102 and TA104. Th extrncl 

of M. salicifolia in TA97a and TA104 was also toxic 

Toxic effects were indicated by partial Learjng of' 

th bacltground Lawn in the ai't'e ted pln\rs ns •·nmpHI' r>d 

t.o Lhc ronLroJs. Jn o\.h r uses, I ' Pduc · llnll 111 th" lttnnllf • l ' 

o1' r . v . tant.s at highc doss c. ould po. ibly lH nt.ll ' illlllcrl 

\,o SlWh un .x I n• n rae t.o I i It i nd\H t 1 on n I' I) I I Jl ! II ' 

enzym s, solu i li y, sa u rr .'1 I . ' 

lUHl), and changing the leng hot' ltHH the c'IHmt<'\1 1.t1 

a c i v in he p r i d i s h ( Ia go I i n P. t n I . , 1 ~l H 1 1 . 

Z - \'ici 

A s m r y o ' th 1\tt r l't 

T' ·i r v. I' b he 

I ( I ' 

I I 

1 
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that the methanol extracts of .4. senegalens1s~ c. as1atica 

11. arricana~ M. sa.licit'olia. and the fresh sap of .4. gram

lnlcola signiflcantly enhanced the production of ab

normal metaphases in a dose related fashion (P < 0.05) 

1n roots f1xed immed1ately after treatment. 

Abnormal metaphases were also observed in roots 

allowed to recover for 20 hours but the results were not 

s1gn1f1cant apart from those obta1ned from roots treated 

w1th the methanol extracts of C. 

STOll a t F 19 . 12 ( ll ) ; Tab 1 e 4] . 

51 t1ca nd 11. - 1.1 -

Product1on of conden- d m ph h n 

reported 1n v. 'faba after r a m n Wl h 10 ppm of' 

sulphlte for 1 hour (NJagl, 1978). H1 h do..,. .,J 0 c ud 

extract of Cannab1s and ltS 

hydrochlorlde, also produced clumpy m ln A. 

cepa (El-Bayouml et 1 . • 1979; n l • 

Cond n d or c um y 

omo ... om c n r u 

0 10 l c ( v • 1 

n n 

n u 

• 1 

., ) . 

~ 
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were observed (Fig. 10) 

Feulgen negat1ve bands (Fig. 9d) observed on some of 

the C-metaphases could have been achromatic les1ons (gaps) 

induced when cells are exposed at late prophase. The 

gaps were only observed in roots fixed immediately after 

treatment, confirming the fact that gaps are repairable 

and are never seen when cells are allowed to undergo a 

seco nd d1v1s1on (Savage, 1976). 

There m1ght also be a poss 1b1l1ty that s uch gaps 

could have been art1facts ma1nly ~~oc at d Wl h h 

aerat1on of the treatment solut1on. N ry nd v n 

(1958) found that the number of achroma 1c 1 ~ on 

(chromatld gaps) 1nduced by x-1rrad1a 1on d cr d 

w1th a decrease 1n oxygen tens1on. Pos 1 1 

case, they could have have een lnduc d 

n . olu on. 

1n h1s 

low o . 9 n 

no x r c o . J . n r 1. t. .11 

n 

r· 

n 

l ( 0 
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could possibly be due to sampling errors. 

Chromosomal aberrations scored in the roots 

immediately after the treatment could be said to have 

occured in late G2 (post-DNA synthesis) stage while 

those obtained in roots allowed to recover could have 

been induced in early G2 or S phase. It can be deduced 

that these plant extracts contain clastogenic compounds of 

radiomimetic type which cause chromosom br aka~ at any 

stage of the c 11 c.cl withou 

ough S phas for h d mag o 

h n c ssity o 

d, h n c 

tJn-

h 

cause non-delayed type of chromosomal a rration . Cl rom -

somal aberrations in the form of fra m n s o.nd rid~ot s ur 

reported in \'. faba after trea ment \d h \' 1 ious 

tropical medicinal plan .·tr cts ~i , unpu h• d 

results) and sim'lar o on 11 ot 

m rist mntic 01 11. u ) 

l a 1 o i o C nr bi .·o 

u 

0 

0 r 
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The Presence of micronuclei IMCN) in subsequent 

mitoses following treatment is an indicator of 

chromosome breakage which leads to loss of genetic 

material (Schmid, 1976). Such MCN were observed by 

Njagi (unpublished results) in F. faba root cells 

recovered for 23 hours in 4 ~ropical medicinal 

plant extracts, viz, Catha edulis. Commiphora zi mmerman

nii, Croton macrotachys and C1oton me alocarpus that 

co tnin d bridg s "'h n fix d imm i at I y L ft t t . r 1 t-

m n. The .. r sult:., a r 

I' . f1J ba m r i s 111 c I s 

l 0 d it\ l t 

alm Tl \\ith he. 111 h 

sup of A. gro.minicola af _r 1 cov ry ( i~. 1 1. Th r 

is a po ibili ' .ha . 0 h 1 nt. . ract nd ~h IHI\' . . 

produc d ICN if th COV rY pe1ioe1 \ '8 i II C • 

MC ' rna.• J: ro uc d 1 t or it 0 i 11\ 

A . cep p oduc ll 0' 

r nn 7 1 II 

or 

1" 0 

( I 

l 
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shown to produce enlarged nucleoli in root meristem cells 

of A. cepa ("1lallat and Kabarity, 1982). 

One limitation associated with root meristern cells 

in detection of medicinal plant extracts as genotoxic 

agents, is the apparent lack of synchrony. This could be 

responsible for the absence of statistical significance 

of some of the results obtained. Occurence of such asyn

chronous cells may present different sensivit to cherni-

cals and b rratjon. mig 1 p s uno \' d. 
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4.3. Conclusions 

In this study, two short term test systems have 

been used to investigate whether medicinal plants 

contain genotoxic ingredients . The two tests measure 

different genetic end points: point mutations in 

Salmonella; and chromosomal aberrations in v. 

faba. 

The Salmonclln test was w.ll suited in this 

investiga ion b c.;ause 

ntu liS nic impuriti :.; 

which human xpo ur 

advantage in hat me 

to t.he test compound 

mammalian metabolism 

S 1 hO\o.' V 1' 1 

rot. p'c up 1 c 

f i c · nc • ( R 
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0 uc 

, 
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j t i s n itiv r d c n 1 co 

in COITIJ 1 mi.· \lt t.h Olnt 

occur in r l 1 I 0 

bo ic ct ion 

ta · i r in 0 ccoun 'i' of 
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V. faba detects some mutagens which are not detected 

in mammalian cells such as maleic hydrazide (Kihlman 

and Andersson, 1984). 

From the results obtained in this study, several 

plant extracts used in Kenyan traditional medicine are 

likely to contain mutagenic (genotoxic) ingredients. 

Some are activated by mammalian microsomal enzymes while 

c-rtain oth rs arc deactivated to some xt nt. Furth r 

studi s with purifi d r c s nd o h r t st sys ms 

u r , n c d « d b 1 f' o r ' r c o 111111 n d a .i on h . i coti-

nued use in ruditional m icin c n m d 
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5.2. Appendices 

Appendix la - f 

Mutagenic effect of medicinal plant extracts in the 
Salmonella tester strains. 

One - factor analysis of variance (summary tables). 

p < 0.05 ( *) 

p < 0.01 ( ~ . 

p < 0.001 ( ... l 

d f' :: ct r· of r d o m. 



r 

ll 
Ill .l 



- 149 -

Append1x 1 continued ..... 

(b) fl. senegalens1s 

---------------------------------------------------------------------------------------lester Source of Hetabollc SUGI of df. Mean sum F-ratlo Cnt1cal value 
stra1n vanance act1vat1on squares of squares of F, 0.05 
---------------------------------------------------------------------------------------TA97a Co nee n t r a tl on -S9 109400 5 21890 6.812U 3 .11 

+S9 449800 5 89970 60.18iU 3.11 

Error -S9 38560 12 3213 
+S9 17940 12 1495 

Total -S9 1<8000 17 
+S9 467 800 17 

TA98a Concentratt on -S9 245900 5 49 170 98.36Ui 3.11 
+S9 337000 5 67 400 359.1 Ui 3. 11 

Error -S9 5999 12 4.999 
+S9 2252 12 187.7 

Total ·S9 252000 17 
+S9 339200 17 

TA100 Concentrat1on ·S9 720500 5 1H100 ~7.t£* U 3.11 
59 375000 5 75000 1 2Hi 3.11 

Error ·S9 3 280 1. .o 
S9 . ~5~5 12 ~ .. 

Tota! ·59 75 0 . } 

59 17 

A102 Co ce ~raao ·S 5 3. H l 

~ I U 3.11 

Er or 

Ol l 

1 oc I I I .ll 
c Ill .ll 
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Appendix 1 continued ..... 

(d) ff. lanceolata 

---------------------------------------------------------------------------------------Tester Source of Metabollc Sum of df. Mean sum F-ratlo Critical value 
strain variance actlvation squares of squares of F,0.05 
----------------------------------------------------------------------------------------TA97a Concentration -S9 25810 5 5162 4 .568U 3.11 

+S9 13410 5 2682 4.206U 3.11 

Error -S9 13560 12 1130 
+S9 7653 12 4.206 

Total -S9 39370 17 
+S9 21070 17 

TA98 Concentrat1on -S9 319.8 5 63.97 2.374 n.s. 3.11 
+S9 1534 5 306.8 2.932 n.s. 3.11 

Error -S9 320.7 12 26.72 
+S9 1255 12 104.6 

Total -S9 640.5 17 
+S9 2789 17 

AIOO Concentrat1on -S9 36'13 5 1 8.6 0.5563 rv. 3.11 
tS9 261500 ~ 52310 0.945• n.s. ..11 " 

Error -S9 15930 12 1 8 
59 t.63900 12 55~ 0 

Tot a -S9 I ~0 
59 9.5 0 

TA102 Co ce a on -s 5 c •• • lll .n s 5 5 l ··''' 3.1 

Erro -s 

1 u 

10~ c 
ll 
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Appendlx 2. 

Mutagen1c effect of the medicinal plant extracts 1n the Salmonella te ster 
stra1ns. 
Su mma ry tables of means at var1ous dose levels and their d1fferences 1n a 
t - test. 

LSD : Least s1gn1f1can t dlfference between any 2 concentrat1ons wh1ch 
woul d be s1gn1ficant 1n a Stude nts t- test (P : 0.05 ). 

-S9 : W1thout metabollc act1vat1on. 

+S9 : W1th aetabol1c act1vat1on. 

(a) A. grat JnJcola . 

----------------------------------------------------------------------------StralnS S9 LSD Doselpl /plate) 
0 62.5 125 250 500 1000 

----------------------------------------------------------------------- -----97 -S9 34.2 88.7a 166b 159b 168bc 200 c 200c 
+59 24.3 99.7a 94.7a 107a 109a 134 152 

100 -S9 26.3 125a lOla 153 170b 169 l68b 
+59 4.9 99a l06a 135 152 164t-c l8lc 

102 +59 38.5 259a 45Sb 56lc 5 '7c 522co 54 3d 

104 -59 0.7 223a 243a 22a 2 I 290 c 309 c 
S9 24.7 ~Oa 509 5 3c 6 7c 831e 979 

---------
~eans ollo ed a co• on e e are 5 

tb) A, 

. I 

31 
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Appendix 2 continued ..... 

(c) C. as1at1ca 
si~a~n5---··-s9 _____ cso _______________________ oo5~-(p9/p1aie) ____________ _ 

0 62.5 125 250 500 1000 
--------------------------------------------------------------------------97 +59 14.2 163a 203b 245c 249c 223d 216b 

98 -S9 12.5 29.7a 107b 130c 181d 245e 255e 
+59 15.6 29a 168b 198c 210c 302d 325e 

100 -59 22.4 152a 225b 250c 315d 324d 314de 
+S9 16.4 121a 237b 311c 405d 434e 499f 

102 -S9 23.9 244a 332b 402c 454d 476d 506e 
+59 41 329a 396b 634c B25d 809d 734e 

104 -S9 54.4 34la 380ab 364ac 467d 546e 526e 
+59 94.2 382a 405ab 564c 472ac 617d 536d 

Means follo ed by a co~mon letter are not $lgntflcantly different. 

ld) /1. Janceolata 

------------------------------ ------------------------------Stra1ns 59 LSD Dose ( g/ h e J 
0 62 .5 125 250 ~00 1000 

--------- ----------97 -59 42.3 liSa te c 2l0 173c !Silbc 
59 31.8 13J 1 "t 2 17 t I c 

102 -s H .l tt7a . ! I ?3• . cd 33. ~ c 
S9 t•Sa c 3 3 33 c 5 31 

104 ·59 0.? Sa 3 5 37c ~ 4 0 55? 
59 3 71 1 Hl 3 1 • d 

----
.. l s o lo• t . 
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Appendix 2 continued . .... 

(f) H. salicit'olia 

Strains 59 LSD Dose 11-lg/plate) 
0 62.5 125 250 500 1000 

TA97a -59 42.1 239a 312b 360c 319bc 247a 245a 
+59 41.6 149a 373b 379b 427c 397bc 410bc 

TA98 +59 43.1 35.3a 263b 360c 319cd 28lbd 245b 

TA100 -59 16.7 91. 3a 129b 129bc 102a 130c 145c 
+59 43.t 22la 426b H3b 467b 463b 448b 

TA104 -59 85 411a 396a 433ab 727c 630b 445d 
+59 26.7 397 442b 459b 853c 8J1c 52ld 

H na follow d by a common l tt r r not il{ni ic ntly diff r nt. 
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Appendix 3. Regression Anova (Summary tables) for the chro.oso.al aberrations caused by 11cdicinal plant extracts in v. faba root 
meristem cells 

Levels of significance: 

p ( 0.05 
p ( 0.01 
p > 0.05 

(*) 

(**) 
(n.s.) 

(a) Roots fixed immediately after treatment. 

(i) A. graminicola 

Source of Su. of df 
v riation squares 

He an 
square 

I"- ratio Critical v lu 
of P', 0.05 

Lin 210.1 210. 1 tO. 1 

ra11dual 253.9 3 . 2 

ro 't6·1 

( ii) A. sene ale1is 

Sourc of Su. of df n 1"-r t 10 
variation Q\ r a 

Q 1 0 , 05 

L n 10.5 l n.a. 10 . 1 

r du 2:! .s 3 7 • 

To 70 4 

l c. .. , 

• I 
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Appendix 3 continued ...•.. 

(iv) !1. a£ricana 

Source of Sum of df Mean F-ratio Critical value 
variation squares square of 1!', 0.05 

Line 3081 l 3081 64.7** 10.1 

.. residual 142.9 3 47.62 

Total 3224 4 

(v) H. salicifolia 

Source of SUIII of df Mean r-r tlO lui" 
v rLOtion SQU r qu re of '· o.os 

Lln 351.1 351. 1 16. 75 10.1 

r aldu 62.87 3 20. 6 

rot 1 Hl ;j 
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Appendix 3 continued ...• 

b. Roots allowed to recover for 20 hours. 

(i) A. senegalensis 

Source of 
variation 

Line 

residual 

Total 

sum of 
squares 

2380 

165.5 

2546 

( ii) c. asiatica 

Sourc of SUII of 
v rl ti.om qu r, 

Line ·1. 5 

r a1du 9.5 

ro al 1 I 

L n 512 

1 

T 

( Y) 

df 

1 

3 

4 

df 

3 

d 

Mean 

square 

2380 

55.17 

t1 n 
qu r 

1. 5 

3. 167 

. , 

F-ratio 

43.15"'* 

F-ratio 

Critical value 
of F, 0.05 

10.1 

Critical valu 
of l', 0.05 

10. 1 

10. I 
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Appendix 4. Regression Anova (Summary tables for abnormal metaphases 
caused by medicinal plant extracts in V. faba root meristem cells. 

Levels of significance: 

p < 0.05 
p > 0.05 

(*) 

(n . s) 

(a) Roots fixed immediately after treatment. 

(i) A. graminicola 

Source of Sum of 
variation squares 

Line 325.1 

re91du 48 .8 7 

Tot l 374 

I 11 ) A. sen11 len ! 

of 
var1 ton 

1.1 n 8 l.l 

rea1du 4.87 

To 5 

( i 1 c. a ••t c 

L 

urco o 
ri on 

df 

1 

3 

df 

3 

• 

Mean 
squares 

325 .l 

16 

qu re 

61.1 

31.62 

F-ratio 

19 . 96"" 

27 . 23"" 

r-r 

Critical value 
of F, 0.05 

10 . 1 

of P', 0.05 

10.1 



Appendix 4 continued ..... 

(iv) H. africana 

Source of SUII of 
variation squares 

Line 1300 

residual 165.5 

Total 1466 

(vl H. salJcifoliB•· 

Source of 
vari:ltion 

Lin 

r tdu 

To 

SUII of 
squares 

1656 

1174 

5830 

df 

1 

3 

4 

df 

1 

3 

161 

Mean 
squares 

1300 

55.17 

Mean 
square 

t6 56 

39l. 3 

!'-ratio Critical value 
of F, 0.05 

23.57* 10.1 

l'-ra.tio 

ll. 9 ~ 

Critical v lue 
of F, 0.05 

tO. 1 
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(b) Roots allowed to recover for 20 hours. 

(i) A. graminicola 

Source of 
variation 

Line 

residual 

Total 

SUia of 
squares 

1985 

1021 

3006 

(ii) c. asiatica. 

Source of Swa of 
vari t on squ res 

Line •165. l 

rea du 48.87 

Tot 51 

Appendix 4 continu d ••• . • 

( i ll) l'f. african• 

r • '7 

df 

1 

3 

4 

df 

l 

3 

Mean 
squares 

1985 

540.5 

M an 
squares 

165.1 

16.29 

n. 

F-ratio 

5.828 n.s. 

1'-r tto 

2 • 55 

Critical value 
of I', 0.05 

10.1 

Critic l value 
of F, 0.05 

lO. 1 
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Appendix 5. Regression anova (Su .. ary table) for size of nucleoli in root meristems of V. faba treated with the methanol extract of H. lanceolata. 

Levels of significance: 
p > 0.05 (n.s.) 

Source of 
variation 

Line 

residual 

Total 

sum of 
squares 

5.515xl0 

2.973xl0 

8.44xl0 

df 

1 

3 

4 

Mean 
square 

5.515xl0 

9.9llxl0 

F-ratio Critical value 
of F, 0.05 

5.564 n.s. 10.1 


