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fertility. Nonetheless, these hybrids 
have been successfully backcrossed to 
the parental Nicotiana species, particu- 
larly with NS + SulSu plants as female 
parents. Only one clone of NN + Su/Su 
could be self-fertilized. Although seed 
viability was low, germinating seed has 
been recovered in all cases and has seg- 
regated for the Su leaf pigmentation 
character (Table 2). The data obtained 
thus far are consistent with segregation 
ratios expected in amphiploid interspe- 
cific hybrids of Nicotiana (14). The Su 
locus of N. tabacum is associated with 
the formation of single and double spots 
on light green Sulsu N. tabacum plants 
(15). The appearance of double spots 
(dark green area adjacent to albino) on 
the light green surface of both NN + Sul 
Su and NSt + Su/Su plants implies ge- 
netic recombination between the wild 
species and the N. tabacum genome. 
Such recombination may facilitate intro- 
gression of traits such as disease resist- 
ance into cultivated tobacco. In addition, 
double spots have been observed on all 
light-green plants of NN + Su/Su back- 
crossed to N. nesophila or to N. taba- 
cum, but as in N. tabacumS have not 
been observed on dark green plants. 
Consequently, the constancy of genetic 
behavior of the Su locus and segregation 
of the Su gene in backcross and self- 
fertilized progeny of NN + Su/Su pro- 
vide additional verification that the pro- 
toplast-derived light green plants are 
somatic hybrlds. 

No Nk + Su/Su somatic hybrids have 
been recovered. This is consistent with 
the results of ovule culture techniques 
(4). The NR + SulSu cell hybrids were 
observed to undergo mitosis, but no light 
green shoots were isolated. The NN 
+ SulSu and NSt-+ Su/Su somatic hy- 
brids will be screened for resistance to 
other diseases. Production of somatic 
hybrids may complement other novel 
methods utilizing plant protoplasts to 
incoworate genetic variability into crop 
species (16). 
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Man is exposed to thousands of natu- 
ral and synthetic chemicals from a great 
number of environmental and nutritional 
sources. Many of these chemicals are 
necessary to sustain life itself, while oth- 
ers are harmless considering the levels 
encountered, their inherent toxicological 
properties, and the usually efficient array 
of detoxication and excretory mecha- 
nisms that act upon them in man. Still 
other chemicals represent significant 
toxicological hazards, and their interac- 
tion with man may result in clear and 
readily definable dangers such as the 
possibility of acute poisonings, effects on 
reproduction or other body functions, 
and genetic eWects (mutations). The po- 
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Fig. 1. Linear furocoumarins (psoralens) from 
parsnip root. 
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tential significance to man of naturally 
occurring toxicants in foods may be 
equal to or greater than that of man- 
made chemicals and must not be over- 
looked. We report here that roots of 
parsnip, Pastinaca sativaS a vegetable 
available in most supermarkets, contain 
appreciable levels of three phototoxic, 
mutagenic, and photocarcinogenic linear 
furocoumarins (psoralens) and that these 
chemicals are not destroyed by normal 
cooking procedures. Thus, humans are 
exposed to psoralens in the diet, with 
so far undefined toxicological conse- 
quences. 

California-grown parsnip roots were 
obtained from a local supermarket, they 
were washed thoroughly in tap waterS 
and the ends and crowns were cut off. 
Each root was quartered lengthwiset 
then cut crosswise into approximately 1- 
cm pieces. Samples (100 g each) were 
cooked by boiling in water or by micro- 
wave radiation until tender (1). The 
cooked samplest as well as samples of 
uncooked parsnip root, were homoge- 
nized in water and extracted five times 
with ethyl acetate. Portions of the ex- 
tracts equivalent to S g of parsnips were 
then analyzed by thin-layer chromatog- 
raphy (TLC) (2) for resolution of the 
psoralens present. Gel areas on the de- 
veloped plates corresponding to authen- 
tic psoralen, xanthotoxin (8-methoxy- 
psoralen), and bergapten (S-methoxy- 

. _. . . . 

psora en Hlg. 1 , as vlsua lzec unc er 
long-wavelength ultraviolet light, were 
eluted with diethyl ether and then sub- 
jected to gas-liquid chromatography 
(GLC) for quantitative measurements 
(3). The identities of the three psoralens 
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Psoralens in Raw and Cooked Parsnip Root 

Abstract. Parsnip root contains three photoactiveJ mutagenic, and photocarcino- 
genic psoralens in a total concentration of about 40 parts per million. These 
chemicals are not destroyed by normal cooking procedures {;boiling or microwave); 
thus humans are exposed to appreciable levels of psoralens through the consumption 
of parsnip and possibly other psoralen-containing foodstuffs. The toxicologic conse- 
quences to man of such exposure may be speculated on the basis of medicinal and 
laboratory stu:dies but epidemiologic data are not available. 
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ot root. ble to accurately assess that risk, if it 
existsS on the basis of information avail- 
able to date. Epidemiologic studies cou- 

Bergapten pled with measurement of psoralens in 
consumed foodstuffs might provide such 

3.2 + o.3 information. 
4 

3 

Table 1. Concentrations of linear furocoumarins (psoralens) in parsnip and carr 

Concentrations (ppm + standard deviation) 
Sample 

Xanthotoxin Psoralen 

Parsnap root (whole) 
10.5 + 0.5 26.1 + 1.8 
1 1.8 + 1.8 28.8 + 2.4 
10.7 + 0.6 27.9 + 1.6 

Carrot root (whole, raw) 
< 0.3 < 0.3 
< 0.3 < 0.3 

Raw 
Boiled 

x *.cb MlcrowavW 

W.1 + 0.4 G. WAYNE IVIE 
t 3 -0 5 DOUGLAS L. HOLT 
< O 3 MARCELLUS C. IVEY 
< 0 3 Veterinary Toxicology and Entomology 

Research Laboratory, Agricultural 
Research Service, U.S. Department of 
Agriculture, College Station, 

) DNA Texas 77841 
Rinduced 
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They readily intercalate intc 
strands, where they form light- 
mono- or di-adducts with py 
bases (10). Psoralens in the prec 
light induce melanization in hum 
and they are used medicinally 
treatment of skin depigmentati 
These chemicals are similarly effe 
the treatment of psoriasis (11). Ps 

are photocarcinogenic in lat 
mammals (12), and there are stra 
cations of photocarcinogenicity a 
ed with the medical use of psor 
man (13). Psoralens at moderat 
are acutely toxic to mammals anc 
other organisms even in the abs 
light (14), and it is now knon 
psoralens are mutagenic in the ds 
Recently, some investigators ha 
cluded that psoralens present 
sufficient magnitude to man su 
medically unnecessary exposurer 
be avoided (16). 

On the basis of the amounts o 
lens found in the parsnip samples 
here, it is apparent that consum 
moderate quantities of this vege 
man can result in the intake of a] 
ble amounts of psoralens. Consl 
of 0.1 kg of parsnip root could ex 
individual to 4 to 5 mg of total psl 
an amount that might be expe 
cause some physiological effect 
certain circumstances (17). In a 
some plants, including parsnip; 
ery, produce high concentrat 
psoralens as phytoalexins in resf 
disease infection, and levels of pr 
in such cases can reach hundr 
perhaps thousands of parts per 
(8J 18). The effects of species va 
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the psoralen content of humc 
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we know very little at this time re 
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these compounds. 
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tive, mutagenic, and photocarci 
properties of psoralens, parsnip < 

er psoralen -contain i n g food pl al 
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We believe, however, that it is n 

in the parsnip root extracts were con- 
firmed by GLC-mass spectrometry (4). 

Raw parsnip root contains appreciable 
levels of psoralen, xanthotoxin, and ber- 
gapten, with a cumulative concentration 
approaching 40 ppm (Table 1). Further, 
cooking parsnip root either by boiling or 
microwave radiation has no detectable 
effects on the concentration of these 
three psoralens (Table 1). 

Because parsnip root might routinely 
be peeled or scrubbed before being eaten 
by humans, we considered the possibili- 
ty that psoralens might be concentrated 
in the root epidermis. Analysis of pars- 
nip root peelings (obtained with a com- 
mon vegetable parer) showed that, in 
fact, levels of psoralens are substantially 
higher in the peeling than in the peeled 
root. However, such peelings constitute 
only a small fraction of the root, and 
peeling removed only about 30 percent 
of the amount of psoralens present. 
Thus, human exposure to these chemi- 
cals can be reduced somewhat, but not 
totally avoided by peeling the root before 
it is consumed as food. 

Studies with carrot (Daucus carota), a 
vegetable related to parsnip, showed that 
raw whole carrot root apparently con- 
tains little if any psoralen, xanthotoxin, 
or bergapten. In the two samples ana- 
lyzed, one California grown and the oth- 
er Texas grown both obtained from a 
local supermarket concentrations of 
these psoralens were < 0.3 ppm, the 
sensitivity of the GLC method used (Ta- 
ble 1). 

Psoralens occur in many plant species 
from several families (5, 6), and they 
have been detected in different parts of 
some vegetables of the family Umbellif- 
erae, including parsnip (7), celery (8)? 
and parsley (9). There have been several 
documented cases of toxicological inter- 
actions with man attributed to psoralens 
in foods, but to our knowledge these 
episodes have been restricted to a form 
of photoinduced dermatitis among vege- 
table handlers and processors (5). Psora- 
lens are potent photosensitizers and are 
highly mutagenic in the presence of acti- 
vating long-wavelength ultraviolet light. 
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