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Thermal Protection of Choline 
Chloride from Decomposition by 
Ionizing Radiation 

Changes produced by ionizillg radia- 
tions in target materials-for example, 
polymerization of vinyl monomers (1; 
and inactivation of enzymes (2)-are in 
general enhanced by temperature eleva- 
tion. I t  appears, however, that cholinc 
chloride, .ivhich a t  room temperature i\: 
one of the most radiosensitive organic 
solids kno~vn ( 3 ) ,  becomes markedly ra- 
diation-resistant a t  150°'C. 

Studies have been carried out a t  our 
laboratory ( 4 )  on the effects of ionizing 
radiation on nerve tissue constituents, ill- 
cluding the cholinesterase system ( 5 ) .  
Choline, a substance essential to nerve 
conduction, has been sho\\m (3) to dc- 
compose by a free radical chain mecha- 
nism to trimethylamine and acetalde-
hyde \\?hen it is subjected to ionizing 
radiation as thc pure crystalline chloridc. 
\Yhen cxposcd a t  room temperature to 
2-Mev electrons, Coe0 y-rays, or C" 
(3-rays, the G values-that is, the number 
of molecules decomposed per 100 ev- 
ctcre 20, 175, and 1250 respectively; at 
- 196OC the compound \\,as stable. 

I11 an attempt to determine thc energ-)- 
of activation of the radiation dccomposi- 
tion of choline chloride, thc crystallinc 
compound \vas exposed to Co"O y-rays 
a t  room tcmpcrature, 50°C, and 150°C. 
At cach tempcraturc, three Pyrex am-
pules of twice recrystallizcd choline chlo- 
ride, dricd under vacuum and nitrogen 
a t  1 10°C for 2 hours and vacuum sealcd, 
\\?ere exposed to the radiation for vary- 
ing periods of time. Three Co'jU sourcccs 
cverc used, two of .ivhich (delivering 
232,000 and 792,000 rrp/hr j \vtlrc maiii- 
tained a t  room temperature; thc thirtl 
(572,000 rcp/hr) had a norlnal opcrai- 
ing- temprraturc of 50°C and \\,;I\ 

cquippcd with a furnace for higher tcnl- 
peraturcs. T h e  pcrccntag-c of remaining 
choline in cach of the irradiatcd sample., 
and its control \vas determincd by thr 
rcineckate method ( 6 ) .  T h e  G valucs, 
which are listed in Table 1 ,  wrrc thcn 
calculated for each run fro111 thc 01,-

tailled semilogarithlnic relationship bc- 
tween thr percentage of rcmaining cho- 
line and the radiation dose in reo. 

Decreasillg the radiation dose rate or 
increasing the temperature from 20' to 
50°C resulted in higher yields of decom- 
position. Ho~revcr,  at 150°, rcgardless of 
the radiation exposure (4.6 to 13.7 x 101j 
rep) only 9 to 13 percent of the cholinc 
decomposed. T h e  nonirradiatcd control, 
\vhich \\.as also kept at 150°C, did not 
change in appearance. T h e  irradiated 
samples, ho~iever,  became bro~vn, and a 
small amount of insoluble material 
formed. 

In view of these changcs, it was neces- 
sary to drtermine ~vhether more than one 
compound was responsible for the very 
hig-h choline recovery as indicated by the 
reineckate analvses. Cholinemethvl-C1" 
chloride was synthesized ( 3 )  and recrys- 
tallized twice. T h e  product had a spe-
cific activity of 66.5 ml~c /mg of choline 
chloride ( 7 )  (calculated, 62.5 m l ~ c / m g ) .  
I t  was sho~\,n to be chromatographically 
pure (Whatman No. 1 paper and 4 / l / l  
n-butanol, concentrated HC1, and Tvater, 
follo~\,ed by autorac'.ios~aphy). T h e  la- 
belrd choline was irradiated a t  150°C ill 
the same manner as the nonlabeled ma-
terial. Once again, some brown and in- 
soluble substances were formed. 

Analysis of the soluble material by the 
reineckate procedure indicated that the 
choline recoveries follo~ving exposure to 
1.4, 2.8, and 3.7 x 10' rep \\.ere 94, 94, 
and 93 percent, respectively ( 8 ) .  Solu-
tions of the sample which had been irra- 
diated for 64.5 hours at 150°C, and of 
the labeled control, which also had been 
held a t  150°C for the same length of 
time, were chromatographcd for 23 
hours. Illcluded on the s a m ~  chromato-
qram npre  s a m p l ~ s  of C1 $-labclcd tri- 
mcthylamlnc and nonhcatpd, nonirradi- 
atcd. labcled cholinc. T h e  hcatcd and 
nonheated control samples sho\\jed a sin- 
gle spot only. T h e  irradiatcd sample ac- 
tivity \\,as predominantly at the samt. 
I?, 	as the choline controls ~v i th  only a 
fa'int trace (about 1 percent) a t  a slightly 
hig-hcr I<,. Apparently, therefore, no CL-'-
labeled compound other than cholinc 
had ~ontr ibuted to the color developed 
in the analytic procedure. 

I t  might be assumed that the brown, 
irradiation-induced materials had acted 
as 	 inhibitors of the frcc radical chai11 
degradation of the remaining cholinc. If 
this \\?ere the case, onc ~vould expect 
that this type of inhibition should havi. 
heen cvidcnt not only a t  15(I0C but also, 
to sornr dog-rcc, a t  lo~vcr tempcrattrres. 

Lemmon ( 3 )  has suggested that tht, 
spatial arrangement of atoms of crystal- 
line choline chloridc may play an  im-
portant role in thc frcc radical chain 
degradation. Onc might speculate that 
thcrmal cxcitation at 150°C ( in  contrast 
to that a t  IOTYPI. tcmprraturrs or to the. 

Table 1. Effect of temperature and dose 
rate on Coo' y-ray decomposition of cho- 
line. 

Temp. Dose 
CoGo of causing G 

source irradi- 50% values 
(rep/hr) dtlon decompn 

( " C )  (reps)
-

792,000 18-20 2.9 x 10' 143 
232,000 20-25 1 0 X loF 415 
572.000 50 0.8 x 10- 520 

572,000 150 


\ Regaldle\\ of the dose-that IS, florn 0 5 to 
3 7 x 10' rep -approuimatel) onl) 10 pelcent of 
the chohne deromposed 

excitation duc to ionizing radiation pcxr 
se) can disturb the arrangement sufi-
ciently to prevent the chain reaction. 
Further studies, therefore, may help to 
determine the relationship of crystallint. 
structure to free radical chain reactions 
in solids, as \\jell as to establish the usc 
of elevated temperatures to protect somc: 
labile materials durillg irradiation. 
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Segregation of Plasrnagenes 

and the Determination Problem 

Investigations on the cvillo~v-hc%ri~ 
(Ep i lob ium)  have sho~vn that thc intra- 
individual segregation of plasmagenes is 
a basic character of cytoplasmic inheri- 
t;mcc ( I ) .  Dtrrin,? vrgciativct ct:ll di\.i-
iiolls thc p1asnlagenc.s may be distributecl 
accidentally. They may, howcver, enter 
morc or less exclusivcly one of thc 
daughter cells as \\jell. In such a \\.a? 
diffircnces of cells and charactcristic pat- 
terns arise ~vi thin  the plant. Resides t l i i '  

cyroplasmic scgrcgation occurring iii 


