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A---A combination of ultrasensitive h&assay and HPLCanalysis was cmploycd to analyse the garden carrot for 
furocoumarins. The earlier reported negative findingx were due to the rclxtively insensitive methods of detection. Low 
kvcls of two furocoumarins, &MOP and S-MOP were detectad in all pxrts of fresh carrot plants for the first time. 
Oazasionally one or two other unknown photoactive compounds were also present. D&asal carrot displayed increostd 
kvcls of 8-MOP pnd S-MOP; pax&n was also detecrd. In this respect coot is cap&k of a phytoakxin response 
similu to celery. 

INlRODUCl’K3N 

The passibk occumna of linear furocoumuins 1-3 in 
the cultivated carrot, Dauw carola, hu beea invest.iptal 
by several authors Crowden et ol. [l] uxed bbbd fu- 
r- as taxonomic muken in tbcir chemotaxo- 
nomic survey of the Umbcllifcrae but faikd to detect 
furocoumarins in any spaziu of the gnus Daucw. Only 
orugenllsoutofsevengaWaoftbctiheDaua?ac 
invcstigatai revcakd furucoumuins. Theirabunctis 
surprising bazausc in the subfamily Apoidac, in which 
the s&tribe Datxzac is usually pbed, furocoun&ns are 
common. Bcrcnbaum [2] did not detacl any fu- 
rocow in carrot and conch&d tbrt their absence is 
thcrcasonwhy79~of8llinsaztsco~onarrotarc 
general&d feeders. However Stadkr and Buscr [3] found 
small amounts of 8-mcthoxypsorakn (&MOP, 3) and S- 
rncthoxypsorakn (S-MOP, 2), 0.16 dg and 2.17 &g 
respectively. in the kaf surf&c wax of carrots. According 
to the authors, thrsc furocoumarins, together with several 
other compounds present in carrot leaf surface wax, 
stimulate oviposition by the carrot fly. 

The furocoumarins OoEur in several vcgctabks of the 
Umbclliferac but only recently have they ban evaluated 
seriously in relation to man’s diet. They arc potent 
photosensitizers when activated by long wavckngth 
(3tW380 nm) UV light and form light-induced mono- or 
dixiducts with the pyrimidine base of DNA. Thus they arc 
photomutagenic and photocytotoxic [4]. There is suf- 
ficient risk from fur-5 to man that medically 
unnaccvary exposures should be avoided [S]. 

nK observation of high concentrations of fu- 
rocoumarins in parsmp [6] lead to the study of the 
furocoumarins content of gar&n carrot& which are more 
widely consumed vcgetabks. Carrot roots as well ax 
foliage were analyaed using a highly send& HPLC 
method for detection of subparts per million kvel of 
furocoumxrins. This analysis rcvcakd that furocoumarins 
were either not present or, if they were. occurred at very 
low kvels c 0.5 ppm [7]. 

In spite of equivocal results relating to the presence of 

fWCXOUmprins in carrotJ, tbefe are several reports of 
dermatitis in man causad by carrots although the actual 
agent or agents were unknown [8,9]. Van Dijk and 
Bcrcns [lo] reported carrots to have slight but dctinite 
photoensitizing activity which was, presumably. related 
to phytophotodamrtitis. 

Bazausc we hvc had excellent results with an ultra- 
sensitive bioassay for detection of fur- and 
other photosensitizing mokcukd in plant and plant 
materials [ll, 121, we decided to use it for analysis of 
furocoumxrins in various parts of carrots. HPLC analysis 
was used to support and quantitatc tbcse findin& 

R=lJLlS AND DiSCWBWN 

Using mr ultrasensitive bioassay it was possible to 
detect ckarly for the fint time the presence of fu- 
rocoumarins in the carrot root. Various parts of carrot 
such as kafsurfra wax, kavcs, root crown, root peel and 
peeled root were also analyscd. Levels of furocoumarins 
in all parts of fresh carrots were very low and not 
detectable by HPLC analysis (Fig. 2) but their presence 
was ckarly detected by the bioassay (Fig. 1, A,). Both 8- 
MOP and S-MOP were present In all parts of fresh 
carrots, thus confirming and extending the observations 
of Stadlcr and Buscr [3] on the oozurrena of S- and & 
MOP in carrot leaf wax. However, they occurred at the 
lower limit of the bioassay sensitivity which is about 1 
x 10m9 g for both standards 8-MOP and S-MOP [ 1 I]. 

Furocoumarin kvcLs in fresh carrots can be thus estimatai 
only approlimatcly as 0.01 a.02 pg/g (wet weight) for 8- 
MOP and S-MOP. occasionally we observed l-2 other 
unknown photoactive compounds. In one sampk we were 
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Fig. I. Photobiological assay of fresh and diseased carrot. A, and B, rcptcscnr chroautographic petterns of fresh 
and diseased MOI respeztivciy as they appear when view4 with UV light (X1&380 nm). A2 and B, arc the satt~ 
chromatograuu assayai photobidogially. The dark areas rcprcsa~t inhibctioo zoos of &t&xl growth due to the 
presence of photalvc furocoumuins. Samp4-e A. fresh carrot crown, repwcnts 5 10 mg (wet weight), and sample B. 

diseased can01 crown, 130 mp (wet wcighrr 

able IO observe phytoalexin responses in carrot. We 
analyscd infected carrot (the fungal pathogen was not 
identified) and found the furocouatatin content increased 
IO levels su5cicnt for HPLC analysis (Fig 2) and also for 
characterization of individual compounds by mass 
spectra. Besides 8-MOP and S-MOP, psorakn was also 
detected and the phytoakxin response pattern was very 
similar to patterns obaervcd in alery [ 131. Levels for 
furocoumarins in diseased carrots were: psorakn 
0.85 rg/g, 8-MOP 1.55 &g wet weight. S-MOP was also 
clcva~ai (Fig 1, B,) but could not be quantified because of 
interfering impurities with the same retention time 
(Fig 2). 

Our results indicate that carrots possess biosynthetic 
pathways for the production of linear furocoumarins and 
are capable of a phytoakxin response. 

8xmRlMmTAL 

Fwocoumrin nadards. TIK souras of furocxwrmrin stat%- 
du6hrvtbemdmibedpmiowly[l4].Bdoreuu.t&ywae 
ckkal for purity by TLC. HPLC and pbotobiotogkl assay and 
if neauary raaystalhxa! front EtOH. 

Phu nuud. Carrot p&its were obtainal katly from 
various shopl Known amounts ol vurous carrot tiutKs were 
chopped in a bkrukr with H,O and cxtrrtal severat times with 
EtOAc. The samples WR further w as dcaxihat in 
ref. [ 141. 

HPLColJTLC.RmncphrHPLCanalykwupcrformod 
with a V&M MCH-IO cdumn (4 nun x 3Ocm) emprOying 
M&N-H*O as a s&vent starting at 27: 75. This condition 
remum3dconstantfor I~minbeforcckngingomapcrkdof 
5 min to 35 : 65 and ranaining thus for 10 rain. The gow rate was 
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Staraarda aw/ml fknofrlo&gical assay. This Ill1 rasauiIive phoIobiological 
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assay tus been describal in dctil in refs [ 1 I, 121. The DNA 
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repair d&cknI mutanI. Eschtrichia cdl B, @CC*, cxr , hrc ). 
which is extremely sensitive IO uhraviokt rrduIion and IO 
chemical alkyiating agcnrs [IS] w usal I” the soft agar overlay. 
Cammacml nutrient sgu yu w4d as a base in square pctn 
dir&r. Dried and developed TLCs were impnnrcd for Xl mm 
onto the surfrt of base agar prior IO the soft agar overlay 
addition. Irradiation of pctn dishes for 2 hr u&r 
UV(30&38Onm) light followed. Incubation ovcmighl al 37’ 
completed the bioassay. Controls withouI UV light inadmlion 
were always SCI up simulunaously. Inhibition of tetcrial growih 
is shown by a ckar zone in rhc lawn of u&caIor bactcna. 
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