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KC1 solution which simulated the [K +] concentration of the 
seed extract (1.15 M) was treated similarly. (The [K +] of  
solutions following such treatment was < 1 mM.) Solutions 
of a- and fl-ODAP (from L. sativus seed12), and MgC12 and 
MnC12 were prepared in Ringer solution, to simulate the 
concentrations of these substances in the diluted seed 
extract. A sample of seed extract was ashed to remove 
organic material and diluted as before with Ringer solu- 
tion. Each solution was tested on at least 3 different nerve 
preparations (table 2). 
Discussion. The results suggest that the high K + content of 
the L.sativus seed extract was the major cause of the 
abolition of the action potential in frog sciatic nerve, but do 
not exclude the possibility that sodium cobaltinitrite 
removed a neurotoxic substance as well as K +. This is 
unlikely as similar results were obtained when K + was 
removed with sodium perchlorate (results not shown). The 
activity of  the ashed extract excludes a synergistic action of 
an organic neurotoxin with K +. The results also exclude the 
direct involvement of  Mn 2+ (Sadasivan et al. 13) and Mg 2+, 
of a- and fl-ODAP, and presumably the other known 
neurotoxins in L. sativus seed. Although we have confirmed 
the previously reported findings 8, no evidence was obtained 
that L. sativus seed contains a neurotoxin which effects the 
activity of  amphibian peripheral nerve in vitro following 
topical application. Our own and previous findings there- 
fore are probably solely attributable to the effects of the 
high K + content of the seed extract. 
Norris et al. g also reported that an i.v. bolus of  10-15 ml of  
L.sativus seed extract (approximately 1.8 M K + from our 
calculations) caused electrocardiographic changes, brady- 
cardia, a fall in blood pressure and death in dogs. In 

monkeys an i.v. bolus of 15-20 ml of crude L. sativus seed 
extract (approximately 0.5 M K + from our calculations) 
was reported to cause stupor, coma and death 6. The estab- 
lished effects of a high circulating [K +] on cardiac func- 
tion 14 makes it likely that these effects too were mediated 
mainly by the the very large amounts of K + which the seed 
extracts contained. 
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Possible mutagenic activity of saccharin 
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Summary. A mutagenic effect of saccharin in Chinese hamsters, using the in vivo SCE test. was observed when massive 
overdoses were administered: cyclamate was not mutagenic. 

Mutagenic effects of  saccharin have been reported for 
several years. Some authors regard not the saccharin itself. 
but contaminants present in the preparations used. as 
responsible for such effects. According to a review of the 
National Academy of Sciences panel on saccharin. 
21 mutagenicity studies on saccharin available until the end 
of  1978 yielded 16 negative and 5 positive results ~. Carcino- 
genetic effects (carcinoma of the bladder in male rats 2) can 
be regarded as being consistent with the positive mutage- 
nicity findings. The following conclusions have been drawn 
from a compilation and evaluation of the results of 
17 mutagenicity studies on saccharin up to 19753: 
Saccharin is a weak mutagen: 
- at very high doses in Salmonella," 
- at moderate doses in Drosophila," 
- at medium to very high doses in mice. 
Saccharin was found to have a low chromosome-breaking 
effect in plant roots and in Chinese hamster cells, but in 
these and other test systems doubtful and negative results 
were obtained as well. Altogether there is an indication that 
saccharin is capable of chromosome-breaking rather than 
of inducing point mutations. 
A much more sensitive test than the chromosome aberra- 
tion test for the detection of mutagenic substances is the 

sister chromatid exchange (SCE) test. After 2 cell cycles, the 
chromatids of mammalian chromosomes are stained dif- 
ferentially in most cells in the presence of 5-bromodeoxyur- 
idine (BUdR), a base analogue of  thymidine. SCEs appear 
as reciprocal exchanges of DNA between the chromatids. 
The number of  SCEs increases depending on the mutagenic 
dose added. Using this test. a mutagenic effect of saccharin 
at relatively high concentrations was verified recently4; this 
study revealed also strongly different degrees of sensitivity 
between the cell types used (human lymphocytes and CHO 
cells), a phenomenon observed earlier in other test sys- 
tems s, 
For 2 years, the SCE test has also been carried out as an in 
vivo test in small mammals 6'7, and since 1978 in an im- 
proved, standardized form 8. Using this new test we ex- 
amined the question of a possible mutagenic effect of 
saccharin. Chinese hamsters (10-11 weeks old, average 
weight 30 g) were implanted s.c. with 50-mg BUdR tablets, 
2 h later they received sodium saccharin (pure quality 
C. Roth, D-7500 Karlsruhe) by stomach tube (40%, dis- 
solved in water) and after 24 h 1 mg/kg colcemid. After 
26 h the animals were sacrificed to obtain cell suspensions 
from the femur bone marrow 9. The results are shown in the 
table. 
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Induction of SCEs by saccharin (oral administration of sodium 
saccharin, bone marrow cells of Chinese hamsters; 5 animals per 
dose; 100 cells per animal 

Control = 3.82 +_ 0.15 SCEs/cell 
1 g saccharin/kg b.wt. = 3.84_+ 0.20 SCEs/cell 
5 g saccharin/kg b.wt. = 5.16 + 0.17 SCEs/cell 
7.5 g saccharin/kg b.wt. = 5.70_+ 0.25 SCEs/cell 

10 g saccharin/kg b.wt. = 6.61 ___ 0.81 SCEs/cell 

On  the basis of  long- te rm toxicity studies an  F A O / W H O  
expert  commit tee  1~ de t e rmined  acceptable  daily in take  
(ADI)  values for  sacchar in  of  5 m g / k g  b.wt in general ,  and  
5-15 m g / k g  for diabetics.  Acute LD:0 (oral  adminis t ra t ion ,  
mice and  rats) is abou t  17 g/kg.  According to the table,  
doses of  7.5 g / k g  had  to be  admin is te red  in the test an imals  
in order  to reach the 1.5 t imes increase o f  the 0-value for 
SCEs. This increase in the SCE rate was obvious,  bu t  one 
has to bea r  in mind  that  such doses are a l ready in the toxic 
range;  that  they are equiva lent  to a daily in take  o f  abou t  
500 g of  sacchar in  by humans ,  and  that  foods con ta in ing  
such massive overdoses of  sacchar in  would be  inedible.  The  
same applies to carcinogenici ty  studies which yielded posi- 

tive results. Obviously,  the risk posed  by the weak mutage-  
nicity and  weak  carcinogenici ty  of  sacchar in  has  to be 
weighed against  its benef i ts  for diabet ics  and  for the obese. 
In studies paral le l  to t hose  descr ibed here  we have  also 
examined  the sweetener  cyclamate,  as well as its metabo l i t e  
cyclohexylamine,  by  means  of  the in-vivo SCE test. No 
indicat ions  of  a mutagen ic  effect due to cyclamate were 
found  even at the highest  dose admin i s te red  ( sodium 
cyclamate,  pure  quality,  10 g / k g  = 3.99 +_ 0.08 SCEs/cel l ) .  
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Summary. 40 rats were subjected daily for 6 m o n t h s  to an  a tmosphere  conta in ing  50 p p m  M n B K .  32 of  the rats presented  
with demye l ina t ion  of  the sciatic nerve and  2 of  these with axonal  hyper t rophy.  

In August  1973, Dr  Mary  A. Gillchrist ,  repor ted  a pa t ien t  
with acute per iphera l  neu ropa thy  who was an employee  of  
the pr in t  d e p a r t m e n t  of  a coated fabrics p lant  in Co lumbus ,  
Ohio 3. Several of  the pa t ien t ' s  co-workers  also had per iph-  
eral neu ropa thy  of  recent  origin. The  use of  methy l  n-butyl -  
ke tone  ( M n B K )  in the p lant  4 was suspected. Subsequent ly  
it was shown that  M n B K  causes a n e u r o p a t h y  in ex- 
per imenta l  an imals  5-7. The  acute toxicity of  M n B K  had  
been  examined  in the past and  no neurotoxici ty  repor ted  a. 
Subsequen t  studies have e labora ted  these findings,  de- 
scribed the clinical mani fes ta t ions  in h u m a n s  and  suggested 
that  the neurotoxic  effects of  M n B K ,  N-hexane ,  and  2,5- 
hexadione  may  have a c o m m o n  metabol ic  origin 9:4. The  
purpose  of  our  studies was to find the lowest  levels of  
toxicity of  M n B K  and to invest igate the possible neuro tox-  

icity of  methyl  i sobutyl -ketone  (MiBK)  and  methyl-e thyl -  
ke tone (MEK) .  
Materials and methods. Wistar  white  rats were placed in 55- 
gallon metal  drums,  m a i n t a i n e d  under  no rma l  pressure,  
with ports to control  the a tmosphere .  The  levels of  the 
various ke tones  in the air in the d rum were verif ied with 
gas chromatography .  5 groups of  20 rats were exposed 8 h 
per  day, 5 days a week - to: 1 .50 ppm M i B K  for 17 weeks. 
2 . 4 0  ppm M n B K  for 22-88 days. 3. 50 p p m  M n B K  for 13 
weeks. 4. 700 p p m  MEK for 16 weeks. 5. 200 M E K  for 17 
weeks. Similar  n u m b e r s  of  control  rats were p laced in the 
drums and exposed to an  a tmosphe re  free of  ketones.  
There  were no  clinical nor  pa thologica l  mani fes ta t ions  of  a 
per iphera l  neu ropa thy  in any of  the exper imen ta l  rats, 
except 3 of  20 rats exposed to 50 p p m  M n B K  for 13 weeks 

Previous and present experiments with MnBK, MEK and MiBK 

1st experiment 2nd experiment 3rd experiment 
MnBK MnBK and MEK MiBK MnBK (w) MEK MnBK 

1 2 1 2 

Dose (ppm) 200 200 50 40 50 700 200 50 
Time 6w 6w 17w 22 88d 13w 16w 17w 6 m  
Number of rats 9 8 20 20 20 20 20 40 
Clinical + + + . . . . . .  
patn/PNS + + 3 + + 
CNS . . . . . . .  + 

This table presents our previous and present experiments with MnBK, MEK and MiBK. The results of the 1st experiment, published 
previously3,7, showed that 200 ppm MnBK or MnBK and MEK present daily in the atmosphere for 6 weeks, resulted in temporary 
paralysis and demyelination. The results of our 2nd experiment showed no clinical nor pathological changes, except for 3 rats which 
received 50 ppm for 13 weeks. The 3rd experiment, described in this report, showed that 32 of the rats presented with demyelination, and 
only 3 with axonal hypertrophy. 


