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should therefore be possible. 
DMNA exhibits a covalent binding index for rat liver 

DNA of 6000 (Meier-Bratschi et al.., 1983); Le., it is by a 
factor of 400 more potent than gyromitrin with respect to 
liver DNA methylation. The DMNA content in the av- 
erage human diet amounts to approximately 1 pg/day 
(Spiegelhalder e t  ai., 1980). Thus, a daily intake of 400 
pg of gyromitrin would produce the same degree of me- 
thylation of liver DNA as an intake of 1 pg of DMNA. 
Hereby, it must be assumed that the dose-binding rela- 
tionship is linear down to environmental doses of meth- 
ylating agent. Good data are available to show that it is 
indeed the case for the generation of 7-methylguanine from 
doses of DMNA as little as 10 pg/kg (Diaz Gomez et al., 
1977). The relatively low methylating potency of gyrom- 
itrin does not allow the detection of DNA methylations 
at  such low dose levels. In a preliminary experiment with 
the first small batch of [3H]gyromitrin, two rats were 
treated with 0.15 and 0.24 mg/kg. We could not detect 
radiolabel in the 7-methylguanine fraction of any DNA 
sample. The corresponding limit of detection, CBI C 33 
and CBI C 19, respectively, for liver DNA was near the 
true value measured in the main experiment using a 50- 
fold higher dose. 

In the dose range studied, there is therefore no indica- 
tion for a higher methylating potency at  lower doses, so 
that the liver DNA damage produced by DMNA and gy- 
romitrin can tentatively be compared. Since the use of 
false moreis can be easily avoided in contrast to the intake 
of DMNA in food, a much lower risk seems to be ac- 
ceptable for gyromitrin. Although no rules exist for de- 
fining such risks, we believe that the acceptable DNA 
damage from gyromitrin should be at least 100 times lower 
than that from the ubiquitous and therefore unavoidable 
DMNA. The acceptable daily gyromitrin intake would 
then maximally amount to 400/100 = 4 pg. Pyysalo and 
Niskanen (1977) calculated a permitted intake of 35 pg of 
gyromitrin man-l day-l derived from the no-effect level of 
gyromitrin in chicken (0.05 mg kg-l day-') divided by a 
security factor of 100. It is reasonable that our approach, 
based on potentially irreversible effects of gyromitrin, 
produces a lower limit for an acceptable daily intake. 

The above risk estimate has to be based upon the as- 
sumption that our data in the rat can be extrapolated to 
humans. An additional uncertainty has to be faced when 
the acceptable levels of gyromitrin intake are to be ex- 
pressed in terms of the whole mushroom. Reported con- 
tents range between 10 and 3000 mg/kg of dried mush- 
room (Pyysalo and Niskanen, 1977; Schmidlin-MBszaros, 
1974; Stijve, 1978) 90 that 4 pg of gyromitrin can be present 
in as little as 0.4 g of mushroom or less. On the other hand, 
the chemical instability of gyromitrin during cooking must 
be taken into account. A conclusive risk estimate therefore 
will require an analysis of the amount of gyromitrin and 
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other methylating agents on the fork. 
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Effect of Bioregulators on the Accumulation of Rubber in Guayule 

Previous work on the use of bioregulators to increase the yield of rubber from guayule was expanded 
to include additional bioregulators, concentrations as low as 125 ppm, and longer treatment periods. 
A 13C NMR analysis showed substantial increases in rubber as compared to that for the control. A 91 % 
increase in total rubber content was obtained with 2-(3,4dimethylphenoxy)triethylamine. No statistically 
significant differences in the percent rubber values were obtained. 

Research interest in guayule (Parthenium argentatum 
A. Gray) continues to grow as the worldwide demand for 

natural rubber increases (DIanni et al., 1978). Previously 
we reported on the increase in rubber content of guayule 
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treatments was also substantial but less than that above. 
No substantial differences in the percentage figures were 
observed. 

These results are reported as total rubber per plant in 
addition to the percentage figure more commonly reported 
in the literature [for example, see Tipton and Gregg 
(1980)l. There are two advantages to the total rubber 
content figures used here. First, the bias against larger 
more quickly growing plants is eliminated. That is, when 
the percentage method of reporting results is used, greater 
amounts of "induced rubber" in one of the two samples 
will be masked if the plant is also growing faster. Second, 
the commerical viability of guayule is dependent on the 
yield of rubber per acre of guayule, a figure more closely 
related to the units used here rather than to a percentage. 

The figures in Table I are the means and standard de- 
viation obtained from four to five replicate samples. 
Statistical analyses of the data (F test and t test) indicate 
significantly different results a t  the 90% or greater con- 
fidence level for the total rubber figures only. 

Results from preliminary experimentation indicated 
lower concentrations of bioregulator applied at  the earlier 
stages of development would be beneficial. This indeed 
seems the case as the concentration of bioregulator was 
lowered from 5000 ppm in earlier work to as low as 125 
ppm in this report. The results from several other bi- 
oregulators and concentrations were not included because 
of insufficient sample size. 

Work is continuing on the effectual use of bioregulators 
of guayule through a larger scale study. 
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Table I. Effects of Several Bioregulators on Rubber 
Content of Guayule 

~ 

rubber 
treatment contenta %b 

control 15.5 f 3.9 5.3 2 0.7 
250 ppm of 23.6 f 6.5 5.0 f 1.4 

2-( 3.4-dichlorophenoxy )- 

1 
tri'ethylamine 

2-( 3,4-dichlorophenoxy)- 
trie thy Iamine 

2-( 2,4-dichlorophenoxy)- 
triethylamine 

N-methylbenzylhexyl- 
amine 

2-( 3,4-dimethylphenoxy)- 
triethylamine 

.25 ppm of 23.5 i 6.2 6.7 2 0.5 

500 ppm of 24.3 f 4.2 6.0 2 1.5 

1000 ppm of 26.4 f 7.4 6.6 f 0.2 

500 ppm of 29.6 f 8.4 6.6 k 0.7 

a Grams of rubber per plant f the standard deviation 
for four to six plants. 
deviation €or four to six plants. 

plants treated with one bioregulator (the application of 
5OOO ppm of 2-(3,4-dichlorophenoxy)triethylamine caused 
the bioinduction of additional rubber) for a time period 
of only 10 months (Yokoyama et al., 1977). In the present 
report we extend this work to several other bioregulators, 
a treatment period of 27 months, and lower concentrations 
of bioregulator. 
MATERIALS AND METHODS 

The bioregulators reported here include 2-(3,4-di- 
ch1orophenoxy)triethylamine (125 and 250 ppm), 2-(2,4- 
dich1orophenoxy)triethylamine (500 ppm), N-methyl- 
benzylhexylamine (lo00 ppm), and 2-(3,4-dimethylphen- 
0xy)triethylamine (500 ppm). The N-methylbenzyl- 
hexylamine was synthesized by the method of Poling et  
al. (1982). The rest were synthesized according to the 
procedures of Schuetz and Baldwin (1958). In addition 
to bioregulator, the spray formulation included 0.3% Ortho 
X-77 spreader (Chevron Chemical Co., San Francisco, CA) 
and 500 ppm of (diethy1amino)ethanol. 

Two-month-old greenhouse seedlings (N565 I1 variety) 
were planted by the California Department of Food and 
Agriculture on leased private farmland in the Bakersfield, 
CA, area in July 1979. Fertilization was accomplished by 
nutrient addition to the drip irrigation water. Plants were 
first treated with bioregulator 5 months after planting and 
at  approximately 4-month intervals thereafter for a total 
of five treatments. Plants were treated by hand-sprayer 
application of the spray formulation until the entire plant 
was wetted and dripping (ca. 100 mL/plant). Control 
plants were not sprayed at  all. Plants were harvested 
March 1982, air-dried, defoliated by hand, ground in a 
Model C comminuting machine (W. J. Fitzpatrick Co., 
Chicago, IL), and frozen for further analysis. 

After drying overnight in an oven at 50 "C and grinding 
in a Wiley mill (20-mesh screen), we analyzed 0.3-g samples 
by a modification of the 13C NMR method of Hayman et 
al. (1982). The B peak only in rubber's 13C NMR spectra 
was integrated as described by Visintainer e t  al. (1981). 
RESULTS AND DISCUSSION 

From Table I it can be seen that there is a nearly 2-fold 
increase in total rubber for the 2-(3,4-dimethylphenoxy)- 
triethylamine treatment as compared to that for the con- 
trol sample. The increase in rubber content for the other 

Percent of rubber f the standard 
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