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For the past few years we have been examining the possibility
that the growth and development of plants and their organs can be
used as bioassay materials for the hepatocarcinogenic aflatoxins
(DASHEK & LLEWELLYN 1974, 1977; JONES et al. 1980; DANLEY et al.
1981; DASHEK et al. 1979). One of the plant parts that we have
utilized rather extensively is Lilium longiflorum, cv. 'Ace' pollen.
The reasons for selecting pollen included the ease with which it
can be cultured as well as its commerical availability and
relatively large :size. The simplicity of quantifying the
germination and tube elongation responses of in vitro germinating
pollen to exogenous compounds is well known.

The four main aflatoxins are AFB,, AFB_, AFG, and AFG, (Fig. 1).
We have been testing the ability of each of“these to affec%
germination and subsequent tube. elongation in order to generate
dose-response curves, i.e., log percent germination and/or tube
length related to medium toxin concentration.
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Fig. 1. Structures of AFBl, 99
This paper compares the germination and tube elongation
responses of in wvitro cultured pollen to AFB;, AFB2 and AFGy .
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EXPERIMENTAL PROCEDURES

Growth copnditions. Twenty mg fresh weight lots of L.
longiflorum were sown in sterile Petri dishes containing 20-mL
aliquots of sterile DICKINSON's (1965) medium without tetracyc¢line.
Prior to the addition of medium, AFB_ or AFG, (Applied Sciences
Lab, Inc.) was added to the Petri disShes to yield 15 pg/mL stocks
of each toxin. The stocks of 10 mL or less were diluted to 20 mL
with DICKINSON's medium to yield toxin concentrations of 7.500,
3.750, 1.875, 0.938, 0.468 and 0.234 wg/mL. To obtain AFB. (Cal-
biochem) -media concentrations of 5, 10, 15, 20 and 25 wg/mL,
DICKINSON's media containing 30 ug/mL toxin and with or without
3.0 mM KH_ PO, were diluted. The toxin which was dissolved in
acetone was added to the media which were then autoclaved to
remove the solvent. Pollen was germinated at 24 + 2°C for 2, 4
and 8 h except for pollen sown in media containing either AFB, or
AFB, which were germinated for 4 h.

At each of these times, media aliquots containing germinated
pollen were removed from the dishes to shell vials each of which
had been prefilled with 100 mL formaldehyde. Then, the vials were
maintained at 4°C until pollen germination and tube lengths could
be quantified.

Quantification of % germination and tube elongation. Drops
were removed from each vial and the % germination and tube lengths
were determined with a microscope equipped with an ocular micrometer
(JONES et al. 1980; DASHEK et al. 1981).

Chromatography of aflatoxins. AFB,, AFB_ and AFG, purities
were assessed by chromatography on 250-um thick Adsorbosil-1
thin layer chromatography (TLC) plates (Applied Sciences Lab, Inc.).
Plates were developed in 5% chloroform in methanol and then viewed
with a UV source to visualize the aflatoxins. To verify media
AFB,, AFB_ and AFG, stock concentrations, fluorescent spots on
TLC plates were compared densitometrically to reference samples
which were spotted simultaneously with the media samples.

RESULTS AND DISCUSSION

Pollen germination and tube length bioassays of AFB.. The
dose-response curves relating log percent germination ané tube
length to AFB,-medium concentration are presented in Fig. 2A and
B, respectively. When KH_PO, was withheld from the medium, the
log percent germination remained nearly constant from 5-30 ug/mL
(Fig. 24). 1In contrast, when KH_ POy was included within the
medium, the log percent germination did not markedly change until
the AFB,-medium concentration was raised to 20 ug/mL. A 20 %
decrease in log percent germination occurred when the AFBl—medium
concentration was changed from 20-30 ug/mL. Linear regression
analysis yielded a correlation coefficient of 0.98.

In the absence of KH,PO log tube length became less
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Fig. 2A. Dose-response curve relating log percent
germination to AFBl-medium concentrations.
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Fig. 2B. Dose-response curve relating log tube length
to AFBl—medium concentrations.

740



negative (Fig. 2B) as the concentration was raised to 2 ug/mL but
more negative as the AFB, concentration was elevated from 20-30
yg/mL. A greater AFB.-Induced inhibition of log tube length
occurred when tubes were cultured in medium containing KH_PO, than
without KH_PO, K. Correlation coefficients as determined by régression
analysis o% AﬁB ~promoted inhibitions of log tube length between
20-30 pg/mL were 0.99 and 0.98, respectively, for pollen germinated
in medium containing and lacking KH_PO,. The dose-response curves
presented within Fig. 2A relating 1og percent germination to
aflatoxin-medium concentration demonstrate that log percent
germination could possibly be developed as an AFB, bioassay between
20 and 30 ug/mL provided that 3.0 mM KH PO, is included within the
medium. However, it seems that a greater inhibition of tube
elongation occurred when the medium was provided with KH2P04.
Pollen germination and tube length bioassays of AFG,. The log
percent germinations at 0.468, 0.937, 1.875, 3.750, 7.500 and
15.000 g/mL were 1.74, 1.61, 1.66, 1.19, 1.07 and 1.15 times
greater than that of the control for 2 h germinated pollen
(Fig. 3A). A correlation coefficient of 0.92 was obtained when a
linear regression analysis was performed upon the decrease in log
percent germination which occurred between AFGl—medium concentrations
of 0.468 and 7.500 ug/mL.

A 9% increase, 8% decrease, 42% diminution, 20% decline, 34%
reduction and 7% enhancement in log tube length from that of the
control were observed at medium concentrations of 0.468, 0.937,
1.875, 3.750, 7.500 and 15.000 pg/mL, respectively (Fig. 3B).

At 4 h of culture, the log percent germination increased 1.20
times over that of the control as the AFG,-medium concentration was
raised to 1.875 ug/ml (Fig. 3A). The enhancement was 1.14 when
the concentration was elevated to 3.750 ug/mL. At 7.500 pg/mL the
log percent germination approximated that of the control, but at
15.000 pg/mL it was 6% less. Linear regression analysis of the
decrease in log percent germination which occurred between 1.875
and 15.000 pg/mL resulted in a correlation coefficient of 0.94.

Whereas a 75% decrease in log tube length was seen at 7.500
ug/mL, supplying the germination medium with 0.468, 0.937, 1.875,
3.750 and 15.000 ug/mL promoted tube elongation 2.05, 1,25, 1.07,
1.01 and 1.29 folds, respectively, during a 4 h culture (Fig. 3B).

The log percent germination was 1.18 times greater than that
of the control at 0.468 g/mL but declined to nearly that of the
control upon raising the AFG,-medium concentration to 3.750 pg/mL
during an 8 h incubation (Fig. 3A). The log percent germinations
were 8 and 15 % less than that of the control at 7.500 and 15.000
ug/mL. A correlation coefficient of 0.93 was obtained when a
linear regression analysis was performed for the decline which
resulted between 0.468 and 15.000 pg/mL.

A dose-response curve with a clearly defined trend for
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Fig. 3A. Dose-response curve relating log percent

germination to AFGl—medium concentrations.

3
BJ

8hr

— X 4hr

2hr

2 3 6 ) 10 12 @ 16 18
AFLATOXIN CONCENTRATION (ug/mi)

Fig. 3B. Dose-response curve relating log tube elongation
to AFGy-medium concentrations.
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concentration-dependent induced effects on log tube elongation was
not observed for pollen which was germinated for 8 h. This together
with unsatisfactory correlation coefficients (<0.9) preclude the
possibility of developing an AFG, bioassay which is based upon tube
elongation. Although inclusion of 0.468-15.000 ug/mL AFG, within
the culture medium did not inhibit log percent germination at 2, 4
or 8 h, the linear (r = 0.9) declines (Fig. 3A) in log percent
germination from a maximum stimulated level (0.468 ug/mL - 2 and 8
h; 1.875 yg/mL - 4 h) could possibly be developed as bioassays for
the detection and quantification of AFG, .

Pollen germination and tube length bioassays of AFB,. Fig. 4A
demonstrates that the log percent germination remained nearly con-
stant as the medium AFB, concentration was enhanced during a 4 h
culture precluding the eémployment of log percent germination as a
bioassay for AFB,, at least over the concentration range of 0.938 -
15.000 pg/mL. In contrast, log tube length exhibited a rise as the
medium concentration was brought to 0.938 Hg/mL and then decreased
from the stimulated level to a level which approximated that of
control at 15.000 ug/mL (Fig. 4B). Linear regression analysis of
the diminution from the stimulated level yielded a correlation
coefficient of <0.90.

Comparison of pollen germination and tube elongation responses
to AFBi AFB_, and AFG,. When the data within Fig. 2A, 3A and 4A
are compared, it is apparent that none of the toxins inhibited
germination on a log percent germination basis at <15 ug/mL.
However, as little as 0.468 yug/mL AFGy appeared to stimulate
germination. This concentration is considerably less than those
which affect the germination of most plant systems (Table 1). The
only systems whose germinations appear to be affected by low toxin
concentration are Glzcine max, cv. 'Essex’ seeds (JONES et al. 1980)
and Onoclea sensibilis spores (CAHILL et al. 1978) and in those
systems the toxin which was tested was AFB, rather than AFGl.

Comparison of the data within Fig. 2B, 3B and 4B reveals that
none of the toxins inhibited log tube length at <15 ug/mL. As in
the case of germination, AFG, concentrations of <2 pg/mL stimulated
tube elongation, Such stimulation also occurred with AFB_,. To our
knowledge, such low toxin concentrations have not been reported to
affect the growth of those plant systems tested thus far (Table 2) for
possible aflatoxin-induced alterations of growth and development.
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REFERENCES
ADEKUNLE, A.A, and 0. BASSIR: Mycopathol. Mycol. Appl. 51, 269 (1973).

CAHILL, S.G., R. W. FISHER and G.C. LLEWELLYN: Mycopathologia
64, 43 (1978).

743



LOG PERCENT GERMINATION

LOG TUBE LENGTH (mm)

T 1 | ] ] | T I
4A
4 i
?/)D—1r————4>~\\\\\\\\\\\1}- .
3t -
2+ -
[ -
| 1 | | | 1 I 1
1 3 5 7 9 11 13 15
AFLATOXIN CONCENTRATION (pg/ml)
Fig. 4A. Dose-response curve relating log percent

germination to AFBZ—medium concentration.

i T [ T I

4B
-0.4 .
-0.3 0 -

0
-0.2 -
-0.1- ~
L I L I L I | {
1 3 5 7 9 1" 13 15
AFLATOXIN CONCENTRATION (ug/m1)

Fig. 4B. Dose-response curve relating log tube elongation

to AFB_-medium concentration.

2

744




(186T) "T® 3° MIHSVA

(086T) °T® 398 SHNOC

(pej3atTuqns) °T® 39 NATIAMATI

(186T) *T1® 3° ¥IHSVA

(T86T) "T® 3° ¥EHSYA

Y 68 pue ‘g9 ‘gg JOF

¢, Aausy, pue ,JeqIOA;,
¢ Kosaeqg, °sAd JOJ
Y 68 Pu® ¢9 ‘B¢ 3B

SUTX03BTJE paxtw Tw/8M QG*T¢ 309JJ0 JUBOTJTUSTS ON

Y 9¢ pue g Jo0J Tgay T/ 8r
09°TT PU® 08°S ‘06°2 ‘8¢£°0

Tgav Tu/31 00°G PuB 0G°Z

U LTIT pue 68 ‘S9 J0F
SUTX0jeTJ® poxTuw Tuw/3r 0G°Ig

Y o¥e pu® 89T ‘¥¥T ‘gL a03
SUTX03BJE poxTw Ju/3r QG°I1¢

ATsATq00dsaa

‘Y 9¢ pue 87T j3e
SUOTYBAJUIOUOD PIlSIT
J03 6T ‘ST ‘v ‘9

40 08 pue 0% ‘0g ‘S
9JoM SUOTRTTYUT %

uotyrqrqur jo sdep g

aqedInAa wNSpPJIOoH

, X088,

*AD ‘XBW SUTOATH

J01J8 UORTQTIYUT %S

, 93our0Y

pUB ,J9Y0), ‘SAD
J0J UOT3TYTYUT %08
¢, UTBAZ2J0], JO ,JOS
—~puUIM, ©,9UTTION,
*SAD J0J 399339
JUBOTITUSTS ON

309330

WAUTWAD WNUTWN)

BAT}EBS BUSAY

JUBOIJITUTTS ON

eordodAy styoeay

(s)a03ed13s9AUT

UOT3BJIJUIOUO) UIX0JBIIV

ssuodsay

poesg

UIX038TJV 03 posodxy Spesgs SNOTJIBA JO UOTZBUTWISN JOo uosIgedwo)

*T °9TqElL

745



(Pe33tTuUgng) *T® 39 NATTAMATI

(826T) °T® 3 TIILHVD

(1861T) "T1® 3° WAHSVA

(086T) °T® 138 SINOCL

(G96T) HLIHM 3 TVINAOHOS

(B£L61) NVSIY¥D

UOT3TqIqUT jo sAep g

Hmm< Tu/3 pg*z J93Je UOIFTIQIYUT % S»> unstue eTTsutduid

AToaT309dsoa
Tu/8M 06°¢ ‘SUOTFTQIYUT %8 Ly Pu®

pue ¢£1°¢ ‘¥£°2 “96°T ‘82°0 9‘2¢ ‘0Lz ‘g8*L ‘L9 STITIQISUSS BSHTDOUQ

oalus
Y3 TM Hmm< Tu/3d 0¢ pue mm mmﬂ SUOTRTIqIYUT %1°G¥
0d”HA pue ¢ 22 ‘9°01

T

WW Q¢ 3noy3TM ~ggy Tu/3n pg-¢ 309130 AJOJTQTUYUT ON ‘UNJIOTJTSUCT WNTITT

A1oat1300dsoa
surxojlerJe Tw/8M gol pPu®B 06°Gg fSuUoIlTqIYUT %00T Pue

surxojBiJe Tw/3n Q7 pue ‘gzt 06 ‘cgijqusmaredur oN unatjes untptdeT

*SAO J9U30 §Z UT TW
/81 001 £gq aou -Ad
suo ut Tu/8M Q00T

Tgay Tw/81 0001-00T 3e UOT3TQIYUT ON BATIRS BON3OET

L1onty

—oadsea ‘y g8 pu®
€9 ‘6¢ 3B | JTBNOW,
pue ,Agang, J07
SUOTRTQTIUUT %£g~LT

(s)xoqre8rizeaur

UOTJBJIJUSOUO) UIXOJBTJIV asuodsay poag

*P,3U0) UIXO03BTJV 03 posodxy Spoog SnoTaeA JO UOT3BUTWISD jJo uostaedwo)y *T o[qe]

746



(T86T) °T® 3° NIAHSVA

(€26T) "ISSVE 3 AINANHAYV

(12671)

*Te 39 1An0ovr

(d€26T) NVSIHD

surxojelje

poxtw Tu/8i Q9*IT PUB 08°G
SUTX0}RJe poxTw Ju/3n

00°Z pue 0S°T ‘£4°0 ‘Sg°0

Tu/3M og

surxojerJe poxTtw Tu/df og

Tgav w/81 0ot

lgav qu/% 00

SUOTlONpad %GZ PUB £F

3998339 oN

UO3TqIYUT %00T

(STIsusTJeUBD STJdBTERYJ
ut %007 se Y31y se)
UOTFTQIYUT % oTqeTlJdes

3093J0 ou

UOTFTqTYUT Ou

sAew BO7Z

STSUSUTS BUSTA

speass Jo AjoTaeA

(setoads 11 o3 Sut

—3uoTeq sjuerd 671)
oeoJId]

-IoNa) Jo saroadg

(s)ao3e8Tysoaur

UOT}BIJUSOUO) UTXOJBTIV

asuodsay

peeg

+p,3U0) UIX03BTJV 01 pesodxd sposg SnoTJeA JO UOTIBUTWISY JO uosTdeduwo)

T 9TqEL

747



(pe33tTuqng) *Te 398 NATIEMATT

(226T) VMVII ? NVAITIAS

(696T) SSIAY

(186T) "1® 39 MHHSVA

(1861) 'T® 233 MHHSYA

sfep g

Lgay Tu/8n 00°g

v ‘2 a0z

sfep @
g4y Tu/381 0G6°g

T

¥ ‘g Jo0J 1

gay Tuy/3t 1
udd ¢

wdd 00g pue 00T

Y LTT pue 68 ‘G9 J0J
sutxojeije poxtu Tu/8N og°ig

U Ovz Pue 891 ‘¥¥1 ‘gL J0J
sutxojelje pextu Tw/8M 0G°I¢

A1saTr00dssa
‘9g pue 0 ‘0 sBM
TOJ3UOD WOJIJ S0USISIITP %

A1oaT300dsaa

‘e pue 1 ‘0 Sem
T0J3UO0D WOJJ S0USISIIIP %

SuteJals y Jo suoTjTqTyUT
peaesJjuou 03 JeIWLS

spnq TBJIOTJ PUB S9ABST
goddn jo yjmoas jo
uotjusasad pue yzesp

A1aAT300dssa

‘%8°89 03} £y wWoJj
ps8uea uotjeduoTe
300d JO UOTZIQIYUT %

309139 3UBOTJTUITS ON

WNUTWAD WNUTUM)

BSOPTOURJAd BIT2J0TYD

TJ8JdJ eunjyreJade]

BAT}BS BUSAY

eoedodAy sTYOBIY

(s)uojedryseaur

UOTIBILUSOUO) UIX0IETIV

asuodsey

yueTd

SUTXO03BTJY 03 S3ded jUe[d SNOoTJeA Jo sasuodsoy yimoan Jo uostaeduogd

*2 °TqBL

748



(T86T) 1B 32 MWHSVA
(0867) 1B 3o SENOL
(846T) °T® 32 HNNOA

U 68 PUE 6£ JOJF
surxojerye pextu Tu/IN 06* 1

Lgay /8" 09° 11

Tgav Tuw/37 08°¢

Tgav w/3m 06°2

Lgay qu/8t oz

2°C9 03 ¥°¢g
woaj poeBuea uoIjeduols
3004 JO SUOTZTQTUYUT %

(4 ov1) 0% PUe (Y 8%)
9¢ sem uor3BIUOTO 3004

PoYoEIIE JO UOTRTQTYUL %

(4 O¥T) 62 pue (Y 8%)
1z sem uot3eduole 3004
psyoe3ae JO UOIZTYIUUT %

(4 O¥T) 92 pue (Y 8%)
T sBM uorjzeduoTe 3004

poyoe3je Jo uoTITAIYUT %

(4 21) %66 03 9SBOJIDSP pue
‘(Y 8) %G°T0T 03 9seaJadutl‘y
v 3e auIfoop ‘3M Aup %G°¥
‘(U v2) %S5°80T 03 (Y 0)
%00T WOJIJ SSBOJOUT *3M

AIp B Y3 TM 9AJNO Yjmoad
Teptowdts B pPeMOTTOJ S300d
pasToxe ‘pajzesdil—uoN

aJedINA WNIPIOH

,XOSSY,
*AD fXBW SUTOATH

\ X988,
*A0 ‘Xeu JUTOATH

(s)a03edTas9AU]

UOT}eJIJUL0U0) UTXO0JETIV

asuodsay

JueTd

*P.3uod

*SUTI03BTJY 03 S3ded jueld sSnoTaep jo sasuodsey yamoan jo uostdaedwo)

‘¢ ST9elL

749



‘pelyTwgng) °“Te 39 NATTAMATI

(1.61) "Te 38 LENOOVYE

(0867) *T® 132 SINOC

(1267) SSIa™

(2261) SSIA™

sfep @

Tgay /3t 00°g

pue y ‘g aog

sAep g

Lgay Tu/3 og'z

pue y ‘gz Jog
SUIX03elje peoxIiw Tu/dt Qg

T vomNmM W 0°¢

y3TM 'gay /8t og pue ¢z

Taav Tu/sM 001 pue 01

Laay Tu/8 T

Taav Tw/81 o001

Lt1oatgyoedsaa fzg
pue z8 ‘QT SeEM TOJ3U0D
WOJXJ S0URIIIITP %

ATeAtT3zoadsaa ‘yy
pue £g ‘Q7 SBM TOJ3UO0D
WoIJ S0USISIITP %

%06 £q paartedut
uot3eduoTs 970TpeY

ATsar3osdssa
‘yorjeduors aqny usyyod
JO SuOjTqIVUL %9L PUB £T

uotjeduols 97oIpea

JO SUOTIT]QIYUT %6°£Q
‘uotyeduote 1L3000dAy jo
UOTIqTYUT %0°88 PU®B 2 T

uorjzeduore STOIPBU
JO uoT3TqIUUT ON
uotjeduors TL3000dAy
JO uoT3TAIYUT ON

%0¢ Areszewtxoadde
£q uvotjeduore
3004 JO UOTITQTYUT

unsTue elroutdwtd

STSUSTJRUBD STJBTBYJ

WNIoTJTHUOT WNTTI]

750

unaties wniprdsg

BIJUO
—ueJ8B TP SOUOUBTEY

(s)J03e31380AUT

UOT3BIFUSOUO) UTXOJRTIV

asuodsay

Jueld

*p,3uo)

*SUTXO0}BTJY 03 SjJBd 3JUBTJd SNOTJBA Jo sosuodsay yzmoday Jo uosigedwo)d

*2 9T9el



CRISAN, E.V.: Appl. Microbiol. 25, 342 (1973a).

CRISAN, E.V.: Appl. Microbiol. 12, 991 (1973b).

DANLEY, J.M., H.C. JONES, G.C. LLEWELLYN AND W.V. DASHEK: In: P.
Krogh (ed.) Proc. of 4th I.U.P.A.C. Sponsored Symposium on
Mycotoxins and Phycotoxins. Lausanne, Switzerland. Pathotox
Press, Park Forest South, IL (1981).

DASHEK, W.V. and G.C. LLEWELLYN: In: Fertilization in Higher
Plants (ed.) H.F. Linskens, North Holland Publ. Co., Amsterdam
(1974).

DASHEK, W.V. and G.C. LLEWELLYN: Ann. Nutr. Alim. 31, 841 (1977).

DASHEK, W.V., H.C. JONES, J. C. CHANCEY, W.A. MORTON and G.C.
LLEWELLYN: Toxicon 17, 34 (1979).

DASHEK, W.V., R.L. HARMAN, L.B. ADELSTEIN, W.A. MORTON, B.M. RAPISARD:
J.C. CHANCEY and G.C. LLEWELLYN: Environ. Health Perspect.
40, In Press (1981).

DICKINSON, D.B.: Science 150, 1818 (1965).

JACQUET, J., P. BOUTIBONNES and S. SAINT: Rev. Immunol. 35, 159
(1971). —

JONES, H.C., J.C. CHANCEY, W.A. MORTON, W.V. DASHEK and G.C. LLEWELLY!
Mycopathologia 72, 67 (1980).

LLEWELLYN, G.C., C.L. GENTRY, E.S. MAYO and W.V. DASHEK: Submitted
to Z. Lebensm. Unters. - Forsch.

REISS, J.: Planta 89, 369 (1969).

REISS, J.: Biochem. Physiol. Pflanz. 162, 361 (1971).

REISS, J.: Z. Pflanzenphysiol. 82, 446 (1977).

SCHOENTAL, R. and A.F. WHITE: Nature 205, 57 (1965),

SULLIVAN, J.D., JR. and M. IKAWA: J. Agr. Food Chem. 20, 921 (1972).

YOUNG, J.W., W.V. DASHEK and G.C. LLEWELLYN: Mycopathologia 66,
91 (1978). '_

Accepted September 10, 1981

751



