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GERREN, R. A., D. E. GROSWALD AND M. W. LUTTGES. Triethyltin toxicity as a model for degenerative disorders. 
PHARMAC. BIOCHEM. BEHAV. 5(3) 299-307, 1976. - Triethyltin (TET) toxicity in mice was examined as a model for 
certain degenerative disorders. Spontaneous and elicited behavioral tests, electrophysiological measures and nervous system 
protein characterizations were used to study anomalies resulting from TET treatments. TET animals exhibited lowered 
spontaneous locomotor activity levels, increased sciatic nerve excitation threshold and conduction velocities, and increased 
power levels in the slower frequency components of their electroencephalograms. Performance in an active avoidance task 
and nervous system protein compositions were not found to be altered as a consequence of TET treatments. The results 
suggest that the gross ultrastructural changes commonly seen in TET intoxication are not primarily responsible for the 
observed neurophysiological changes. Possible sites of action of TET, in both the peripheral and central nervous systems, 
that would produce these neurophysiological changes and the relationship of these changes to the behavioral symptoms are 
discussed. 
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S E V E R A L  promising exper imental  models  of  nervous 
system demyel inat ing diseases have recent ly received atten- 
tion. One of  the more useful models  depends upon the 
toxic  consequences  of the organo-metall ic compound ,  
t r ie thyl t in  [27] .  Changes in ul trastructure,  resulting from 
tr ie thyl t in  (TET) in toxica t ion  [3, 14, 28, 29] include 
widespread vacuol izat ion and splitting at the intraperiod 
line of  central  nervous system (CNS) myelin.  Other  changes 
include the accumula t ion  of  both  water and sodium in 
myelin clefts, and the enlargement  of astrocytes in CNS 
grey matter.  

Previously, TET t rea tments  were believed to have no 
pathologic  effects on the peripheral  nervous system [25] .  
This apparent  resistance of  PNS tissues to TET toxic i ty  was 
even suggested as a useful cri terion for discriminating 
be tween CNS and PNS tissues. Recently,  however ,  evidence 
has been obtained for intramyelinic  vacuolizat ion in spinal 
nerve roots  of  animals chronical ly treated with TET [ 10]. 
The vacuol izat ion was l imited in extent  to the outer  lamella 
of  myel in  sheaths associated with large diameter  fibers, and 
no edema was obvious. Al though the observed PNS effects 
were quite  modes t  as compared  to the CNS effects  of  TET,  
quest ions still arise regarding the specificity of  TET 
toxici ty.  Alternatively,  quest ions might  be raised regarding 
the PNS or CNS ident i ty  of  spinal nerve roots.  

Known morphologica l  [22] and chemical  [ l l ,  31, 32] 
differences be tween  PNS and CNS myel in  might  possibly 
account  for differential  TET sensitivity of  CNS and PNS 
tissues. In addit ion,  the TET-induced loss of  myel in  [8] 
may depend on specific myel in  prote in  actions [26,27] or 
lipid actions [27] .  It is already known that  TET can inhibit  

s tructurally associated enzymes  such as mi tochondr ia l  
ATPase [7,30] and that  TET can uncouple  oxidative 
phosphoryla t ion  [1, 2, 5].  Other  modera te  al terat ions in 
membrane  structure have also been repor ted  in connect ion  
with TET toxic i ty  [ 5 ,29] .  

Al though TET t rea tments  have been shown to have 
highly toxic qualities, little has been done to examine the 
behavioral and funct ional  consequences  of such t rea tments  
at a systemic level. Previous studies have focused only upon 
gross al terat ions such as induced stupor, paralysis or death 
[14,29] .  It seems that  wi thout  more exhaustive tests, the 
validity of  TET toxic i ty  as a model  for demyel inat ing 
disorders of  the nervous system remains tenuous.  

The present s tudy focuses upon some of the behavioral 
and neural changes produced by acute and chronic TET 
toxici ty.  Possible protein changes in CNS and PNS tissues 
has been examined electrophoret ical ly.  While subtle but  
reliable al terat ions were observed in behavior and in neural 
conduct ion ,  e lec t rophore t ic  separation of nervous system 
proteins failed to reveal any specific delet ions or additions. 
These results are discussed in regard to TET toxic i ty  as a 
model  system of demyel inat ing diseases of  the nervous 
system. 

METHOD 

A nim als 

Both male and female adult HS mice [20] were used in 
these studies. Mice used in chronic TET adminis t ra t ion 
studies were housed 4 to a cage (2 TET and 2 control  
mice). Mice used in acute TET studies were drawn 
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randomly from group cages housing 10 mice each. Except 
during testing, all mice were provided ad lib access to food 
and water. 

Procedure 

Behavioral tests. Two types of behavioral tests were 
used. The first quantified spontaneous locomotor  activity 
exhibited by mice during a daily 5 rain test period. The 
apparatus consisted of four small (18 cm sq x l0 cm deep) 
opaque Plexiglas boxes, each being an individual test unit. 
The floor of each box was made up of nine, 5 cm sq metal 
plates connected alternately to the positive or common side 
of a low voltage DC power supply. As a mouse bridged any 
two adjacent squares a small amount of current passed to 
close a circuit and register one unit on a counter. Four mice 
(2 TET and 2 control) were tested simultaneously, each in 
an individual unit. 

The daily experimental procedure involved placing each 
mouse in a test unit for 15 30 sec for adaptation. The unit 
was then activated for a 5 min period. Immediately after 
testing, each mouse was removed, weighed and injected 
intraperitoneally with either TET (2 mg/kg body weight; 
triethyltin bromide in 30% ETOH) or equivalent volumes of 
fluid without TET. The procedure was repeated daily for 
27 consecutive days with 24 mice routinely tested approxi- 
mately 24 hr after the last injection. 

The second behavioral task tested for the ability of mice 
to learn a simple active avoidance. The apparatus consisted 
of four individual automated wheel-turn boxes as described 
previously [4]. During daily 30 rain periods mice were 
given 50 trials of training to learn to avoid footshock. 
Avoidance was accomplished by turning small wheels when 
a tone, signaling the imminent onset of shock (1 mA), was 
sounded. Each time footshock was successfully avoided a 
correct trial was registered. In addition, the total amount of 
wheel-turn activity was recorded. Both TET and control 
mice were tested for 3 consecutive days following the 
cessation of daily injections. 

Neurophysiological tests. Following behavioral testing 
the same mice were subjected to neurophysiological 
examinations of peripheral nerve conduction. The mice 
were first weighed and anesthetized (chloral hydrate, 500 
mg/kg body weight), and then placed upon a water-heated 
aluminum plate in order to maintain body temperature 
(38.5°C). The sciatic nerve on one side was carefully 
exposed. Bipolar stimulating and recording electrodes were 
placed on the nerve surface approximately 6 8 mm apart. 
Stimulating electrodes (bipolar stainless steel) were placed 
proximal to the spinal cord and the recording electrodes 
(bipolar tungsten), distally. The exposed sciatic nerve was 
covered with mineral oil immediately following electrode 
placement in order to maintain nerve temperature, and to 
prevent dessication. Stimuli (0.3 msec, 1 stimulus per 3.5 
sec) were produced by a square wave generator (E-H 
Research Laboratories, inc. Mdl. 131, modified) and nerve 
signals were obtained by differential preamplification 
(Argonaut Mdl. L042). The nerve responses were either 
averaged (Princeton Applied Research, Waveform Eductor) 
and recorded (Sanborn Mdl. 150) or recorded directly on 
film (DuMont Kymographic Camera). Stimulation levels 
were varied systematically from threshold to maximal levels 
as determined empirically. 

The above test procedure was also employed for mice 
receiving single TET injections 65 to 75 rain before testing. 

Mice were given either TET (8 mg/kg) or equal volumes of 
injection vehicle without TET 1 hr prior to being anes- 
thetized (400 mg/kg and 500 mg/kg chloral hydrate for 
TET and control mice, respectively). Testing progressed as 
already described. In addition, a group of both TET and 
control mice were tested after the sciatic nerve had been 
severed from spinal cord influences. Several other mice 
were also tested after receiving sodium azide (18 mg/kg) 
injections instead of TET or control injections. Except for 
the noted alterations, tests were conducted in the usual 
manner. 

Additional mice were surgically implanted with indwell- 
ing cortical electrodes according to a method described 
earlier [16]. Approximately two weeks later these mice 
were given either TET (8 mg/kg) or vehicle control 
injections. Spontaneous and visual evoked electro- 
encephalographic (EEG) activities were sampled and 
recorded (Sanborn Mdl. 150) throughout the following 2 hr 
postinjection period and again 24 hr later. Spontaneous 
EEG activity was also recorded on magnetic tape for power 
spectral analysis. Using a counterbalanced testing design, 
the same mice were tested two weeks later using opposite 
treatments. Control mice received TET injections and 
conversely, TET mice received control injections. Spontane- 
ous and evoked EEG activity was evaluated as in initial 
tests. The effects of repeated tests were not significant so 
the results were combined according to treatment and 
without regard to test order. 

Biochemical tests. The sciatic nerves as well as various 
subcellular fractions of brain were subjected to high- 
resolution, polyacrylamide gel electrophoresis [12]. The 
combined materials of six complete sciatic nerves were 
homogenized in chloroform-methanol (2:1), allowed to 
extract overnight, and recovered by the addition of 0.5 
volumes of water [17]. The precepitate was washed twice 
with acetone and solubilized in sodium dodecyl sulfate 
(SDS) sample buffer [ 12]. The protein content of the SDS 
soluble extract was measured colorimetrically [15] using 
bovine serum albumin as a standard. Subcellular fractions 
were prepared from homogenized brain tissue in a manner 
previously described [13]. Purified nuclei, myelin, P2, 
100,000 xg precipitates, 100,000 xg supernatant, and pH 5 
precipitates were prepared. Each fraction was delipidated 
with two washes of acetone and solubilized in the above 
described fashion. 

The samples (240 ug of protein in each) were subjected 
to electrophoresis on an exponential-linear concentration 
gradient (18.75% -~ 7.5%) polyacrylamide slab gel [12]. 
Following simultaneous fixing (50% trichloroacetic acid) 
and staining (0.2% Coomassie blue), protein bands were 
quantitated microdensitometrically from photographic 
negatives. 

RESULTS 

Following the injection of large dosages (8 10 mg/kg) 
of TET, mice exhibited several characteristic alterations in 
behavior. Within 15 to 30 min after TET administration the 
mice exhibited poor hindlimb tonus and control, and 
locomotor activity was severely impaired. At about 45 min 
after injection these effects began to diminish. Between 
6 0 - 9 0  min after injection the mice became inactive and 
lethargic. During this time the mice were difficult to arouse 
and difficult to elicit locomotor  activity from. Within a few 
hours the treated mice recovered from the gross acute 
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TABLE 1 

THE EFFECTS OF CHRONIC TET TOXICITY ON MOUSE BODY 
WEIGHT. 

G r o u p  In i t ia l  W e i g h t  Final We igh t  % W e i g h t  Loss 

Cont ro l  Mice 27.83 -~ 2,17 g 27 .66_  + 1.65 g 0 6 1 %  

TET M ice  27.00 _+ 1.71 g 25 .47_  + 1.87 g 5 6 7 %  

110 

1 0 0  

90 

8o 

~ 6 0  

Both initial and final average body weights _+ standard deviations 
are provided for TET and control mice. Initial weights were 
recorded prior to the start of daily injections of either TET or 
injection vehicle without TET. Final body weights were recorded on 
Day 27, 24 hr following the final injection. Weight loss is given as g l  

percent initial body weight. ~ 5 0  - 

effects of  TET and were indistinguishable from control  
~ 4 0  mice. 

Mice receiving repeated daily injections of  modes t  TET 
dosages (2 mg/kg) exhibi ted  very mild and transient 3 0  | 
behavioral al terat ions fol lowing each injection.  In fact, such 
TET treated mice were not  easily or reliably distinguished 
f rom cont ro l  mice. Within a few days after  the initial 
inject ion,  these mice were chronically less active than 
cagemate controls.  When handled,  however ,  the TET mice 
were very responsive and hyperact ive  as compared  to 
control  mice. Without  the s t imulat ion of  handling, the TET 
mice reverted to relative inactivity. 

A record of  mouse  weight indicated that TET mice lost 
an average of  5.7% of  their initial body weight during the 
course of  27 successive daily inject ions (Table 1). In 
contrast ,  control  mice injected over the same test period 
exhibi ted negligible body weight changes. 

With the except ion  of  the above observations,  TET and 
control  mice appeared very similar th roughout  the course 
of  chronic  toxic i ty  tests. 

Behavioral Tests 

Chronic TET toxic i ty  induced by daily inject ions 
yielded mice which exhibi ted  much  less spontaneous 
l o c o m o t o r  act ivi ty than cont ro l  injected mice (Fig. 1). On 
the first test day both  TET and cont ro l  mice exhibi ted the 
same (p>0.05)  levels of spontaneous  l o c o m o t o r  activity. 
Both groups showed a transient decrease in activity within 
the first six test days. Af ter  this both  groups exhibi ted 
transient increases in activity, a l though only the control  
mice exhibi ted significant (p<0 .05)  increases. Fol lowing 
this transient increase, the act ivi ty levels of  both  groups 
began to decrease cont inual ly  th roughout  the remainder  of  
the testing. By the last test day saline mice exhibi ted c ..... , 
activity levels only 10.5% below those exhibi ted on the first M~ce 
test day, whereas TET mice exhibi ted levels 57.8% below 
those exhibi ted initially. The difference in spontaneous 
l o c o m o t o r  activity of  TET compared  to control  mice T+T 

Mice 
became significant (p<0 .05)  on the sixth test day and 
highly significant (p<0.01)  on the ninth test day. Toward 
the end of  spontaneous l ocomoto r  activity testing ( 1 8 - 2 4  
days) the difference be tween TET and control  animals was 
most  p ronounced  (p<0.005) .  

Without  any addit ional  injections (2 days after the last 
inject ion) the same mice were tested in an active avoidance 
task. The average number  of  correct  trials obta ined by each 
group is presented for each of  three training days in Table 
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FIG. 1. The effect of chronic TET toxicity on the spontaneous 
locomotor activity exhibited by mice. Values of spontaneous 
locomotor activity for groups of mice receiving daily injections of 
either TET or alcoholic injection vehicle are plotted versus time. 
Each point represents the activity box scores of all TET or control 

mice combined and averaged over consecutive three day periods. 

2. Both groups of  mice appear to learn the task with equal 
facility. The TET mice achieved slightly but  insignificantly 
(p>0.05)  higher numbers  of  correct  trials on each test day. 
The total  number  of  wheel turns were also recorded thus 
making it possible to evaluate total  amount  of  task- 
associated act ivi ty and response effectiveness (correct  trials 

12 
- number  of  wheel turns~) .  Al though both TET and 
control  mice behaved quite  different ly in spontaneous  
behavioral  tasks, the two groups of  mice per formed in an 
indistinguishable manner  in a shock-motivated behavioral  
task. 

TABLE 2 

THE EFFECTS OF TET TOXICITY ON SIMPLE AVOIDANCE 
CONDITIONING IN MICE. 

Response 
Group Day Correct Trials Wheel Turns 1/2 Effectiveness 

I 16.2_+109 2 7 9 _  + 9 7  0 5 8  

2 t2 3~ 6 6  283-+10.6 114 

t 3 5 6 _  ~ 8.0 28 6 - ' 1 0 6  1,24 

I 2 2 S -  + 10,9 288  + 8 7  078  

2 36,4+_103 31 S+I I  4 116 

3 40 2 -  ~ 87  276÷10  8 146 

Average number of correct trials _+ standard deviations and 
average number of wheel turns 1/2 _+ standard deviations were 
obtained from TET and control animals over a three day period of 
active avoidance training. The square root transformation of wheel 
turns was used to minimize the variance. Response effectiveness was 
obtained by dividing the correct trials by the number of wheel 
turns½. 



ao Neurophysiological Tests 

Fol lowing  behaviora l  tes t ing  6 of  the chron ic  TET  mice 
and  6 of  the  con t ro l  mice were r a n d o m l y  selected for  
sciatic nerve record ing  expe r imen t s .  The response  charac- 
ter is t ics  of one  sciatic nerve in each an imal  were e x a m i n e d  
over  a wide range of  s t imulus  intensi t ies .  Th re sho ld  levels as 
well as max ima l  response  levels were de t e rmined .  Since the  "-- 
e x p e r i m e n t s  were c o n d u c t e d  on anes the t i zed  an imals  in p. 
which  low veloci ty ,  high th resho ld  responses  were sup- 
pressed,  on ly  10 msec pos t s t imu lus  per iods  of  nerve act ivi ty 
were recorded  and  analyzed.  Each response  was charac-  
ter ized in t e rms  of  the a m o u n t  of energy displayed in 
consecut ive  500  ~sec windows  fol lowing the  delivery of  
s t imula t ion .  A s u m m a r y  of  these  cha rac te r i za t ions  for ~- 
sup ra th re sho ld  s t imul i  is p resen ted  in Fig. 2 as the  mean  
percen tage  of  to ta l  nerve response  energy.  

During e x p e r i m e n t a t i o n  it was observed tha t  TET nerves  
requi red  more  s t imu la t i on  cu r ren t  t han  con t ro l  nerves 
before  responses  were elicited. S u b s e q u e n t  ca lcu la t ions  
ind ica ted  tha t  a p p r o x i m a t e l y  20% more  cu r ren t  was 
required.  An average of  26.5 pA was requi red  for con t ro l  
compared  to 31.5 uA for  T E T  nerves.  Because of the  small  
d is tances  involved in doing  such record ings  in mice,  A 

z 
s t imulus  a r t i fac ts  are always a p p a r e n t  in nerve response  
records.  In regard to s t imula t ing  cu r ren t ,  it was n o t e d  t ha t  
in response  analysis  the  first 500 usec segment  (pr ior  to  -~ 
response  in i t i a t ion  u n d e r  record ing  e l e c t r o d e s ) c o n t a i n e d  
ver i f ica t ion  of  the  h igher  cu r r en t s  requi red  to elicit TET 
sciatic nerve responses.  The  p re response  segment  c o n t a i n e d  _Z 
an average of  6 .11% of  the  to ta l  energy  for T E T  nerves  and  
only  3.1 0% for con t r o l  nerves. Only the trai l ing edge of  the  -'- 
s t imulus  ar t i fac t  c o n t r i b u t e s  to this  m e a s u r e m e n t .  -~ 

The  d i s t r ibu t ion  of  response  energy in the  c o m p o u n d  
ac t ion  po t en t i a l s  was d i f fe ren t  for T E T  and  con t ro l  nerves. -- , 
More relat ive response  energy appeared  earlier in an imals  
t rea ted  wi th  TET.  Overall,  the  peak response  energy 
appeared  500 usec earlier in the  sciatic nerves  of  these  
animals  c o m p a r e d  to cont ro ls .  Measu remen t  of  nerve 
c o n d u c t i o n  veloci t ies  based u p o n  shor tes t  sup ra th re sho ld  
response  la tencies  (largest d i ame te r  f ibers)  revealed 
veloci t ies  of  13.4 m/sec  for  TET and  12.9 m/see  for con t ro l  
mice. These  small  d i f ferences  in sup ra th re sho ld  response  
veloci ty  were c o m p a r a b l e  to the  d i f fe rences  which  occur red  
in b o t h  th re sho ld  and  m ax i m a l  response  veloci ty  compar i -  
sons. Thus,  a l t h o u g h  the  nerves  of  TET an imals  exh ib i t ed  
h igher  th resholds ,  they  also exh ib i t ed  re l iably h igher  
c o n d u c t i o n  veloci t ies  than  the nerves of con t ro l  animals.  

In o rder  to  fu r the r  evaluate  such differences,  the  effects  
of  acute  TET  a d m i n i s t r a t i o n  were s tudied.  In this  way the  
direct  ef fects  of  TET  on  nerve c o n d u c t i o n  could be assessed 
and the  possibi l i ty  tha t  chron ic  TET effec ts  might  be 
c o n t a m i n a t e d  wi th  residual  d i rec t  TET effec ts  also could be 
assessed. First,  mice  p re t r ea t ed  wi th  e i ther  TET or  in jec t ion  
vehicle w i t h o u t  TET were tested.  To avoid CNS effects  the  
sciatic nerves  of  hal f  the  mice in each group were severed 
f rom the  spinal  cord. Because of r epor t s  indica t ing  TET 
inh ib i t i on  of  m i t o c h o n d r i a l  act ivi ty ,  high doses of sodium 
azide were given to an add i t iona l  group of mice pr ior  to 
sciatic nerve tes t ing (nerves severed next  to  cord).  In all 
cases a charac ter i s t ic  t r iphasic  c o m p o u n d  ac t ion  po t en t i a l  
was elicited by electrical  s t imula t ion .  The  mice p re t r ea ted  
wi th  TET,  however ,  exh ib i t ed  a 75% increase in the i r  m e a n  
response  in i t i a t ion  th re sho ld  when  con t r a s t ed  wi th  e i the r  
vehicle con t ro l  or sodium azide t rea ted  mice. This  large 
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FIG. 2. The effects of chronic TET toxicity on evoked potentials 
obtained from mouse sciatic nerve. The percent of compound nerve 
response contained in each consecutive 500 ~sec interval immedi- 
ately following stimulus is plotted for averaged control (a) and TET 
(b) nerve responses obtained with suprathreshold stimulation levels. 
Upper right hand corner inserts within each block are representative 
evoked responses. (Calibrations: horizontal marks represent 1 msec; 

vertical marks represent 5 mV). 

d i f ference  in response  in i t i a t ion  th resho ld  pers is ted when  
nerves  had  been surgically d i sconnec ted  f rom CNS influ- 
ences. Average large f iber  c o n d u c t i o n  veloci t ies  are p lo t t ed  
(Fig. 3) for  all p r e t r e a t m e n t  cond i t i ons  and for all test  
c o n d i t i o n s  inc luding th resho ld ,  supra th resho ld ,  and 
max imal  s t imu la t i on  levels. Both  severed and  in tac t  sciatic 
nerves of  TET  pre t rea ted  mice exh ib i t ed  h igher  c o n d u c t i o n  
velocit ies than  observed in severed or in tac t  vehicle con t ro l  
nerves. Whereas  con t ro l  nerves,  severed or not ,  had  
comparab le  c o n d u c t i o n  velocit ies,  the  severed TET nerves 
showed no t ab ly  slower veloci t ies  than  in tac t  TET nerves  
across all levels of  s t imula t ion .  The  c o n d u c t i o n  veloci t ies  of 
severed sciatic nerves  of  mice p re t r ea ted  wi th  sodium azide 
were very similar to  the  c o n d u c t i o n  veloci t ies  exh ib i t ed  by 
the  severed nerves  of  TET pre t rea ted  mice. 

The  CNS effects  of  acute  TET p r e t r e a t m e n t s  were also 
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FIG. 3. The effects of TET on mouse sciatic nerve conduction 
velocities. Average conduction velocities were obtained from mouse 
sciatic nerves for threshold, suprathreshold and maximal levels of 
stimulation. Mice were pretreated with either TET, injection vehicle 
without TET or sodium azide 65 to 75 min before conduction 
velocity testing. The nerves were either left intact (a) or severed at 
the spinal cord (b) following electrode placement. All velocities 
were computed from the time of stimulus onset to that of response 
initiation. All nerves were kept at slightly lower temperature 

(36-37°C) than normal body temperature. 

evaluated.  Half  of  a group of  chron ica l ly  imp lan t ed  mice  
received TET  and  the  o the r  half ,  in jec t ion  vehicle  w i t h o u t  
TET,  shor t ly  (2 min)  before  test ing.  A p p r o x i m a t e l y  two 
weeks la te r  the  tests  were repea ted  in the  same mice excep t  
all mice  received the  oppos i te  p r e t r e a t m e n t .  The  order  of  a 
par t icu lar  t ype  of  p r e t r e a t m e n t  was c o u n t e r b a l a n c e d  and  
each animal  served as its own  cont ro l .  Power  spectra  
cons t ruc t ed  f rom s p o n t a n e o u s  EEG act iv i ty  samples  col- 
lected at  s tandard  per iods  of  t ime  fol lowing p r e t r e a t m e n t s  
were rel iably d i f fe ren t  for T E T  as compared  to  con t ro l  
mice (Fig. 4). Within  two  m i nu t e s  a f te r  in jec t ion  the  
recordings  f rom TE T  mice  exh ib i t ed  a ma jo r  power  peak at 
5 Hz and  those  f rom saline mice a peak  at 6"-7 Hz. In 
addi t ion ,  saline mice  exh ib i t ed  a peak  of  40  Hz act ivi ty  no t  
exh ib i t ed  by  TET mice.  The  lower  f r equency  act ivi ty in 
e l ec t roencepha lograms  of  TET mice pers is ted for at least 
two hour s  across repet i t ive  tes ts  c o n d u c t e d  every 30 min.  
When the  mice were tes ted  24 h o u r s  la ter  the  power  spectra  
of  the  TET and  saline mice e l ec t roencepha log rams  were 
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without TET. 
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ind is t inguishab le  wi th  peak a m o u n t s  of  power  at 7 Hz. 
Since each animal  was tes ted twice and the  two test  per iods  
were separa ted  by two weeks it was possible  to  de t e rmine  
tha t  the  above  r epo r t ed  ef fec ts  were observed  dur ing  b o t h  
tes t  pe r iods  and  t ha t  no  res idual  e f fec ts  r ema ined  f rom the  
first to the  second test.  

During the  record ing  of  s p o n t a n e o u s  EEG records ,  
s t ab i l imete r  m e a s u r e m e n t s  were co l lec ted  as an  ind ica t ion  
of  gross l o c o m o t o r  act ivi ty .  In all cases excep t  the  24 h o u r  
test  the  TET animals  exh ib i t ed  s ignif icant ly  ( p < 0 . 0 1 ) l e s s  
act ivi ty  t h a n  con t r o l  animals.  The  c o n t r i b u t i o n  of th is  
behaviora l  charac te r i s t i c  to  the  brain  record ings  was 
min imized  by br ief  per iods  of arousal  el ici ted in all mice  
jus t  pr ior  to the  co l lec t ion  of  record ings  for  power  spectra l  
analyses.  In the  absence  of  such supe r imposed  arousal  the  
TET mice exh ib i t ed  a d o m i n a n c e  of  even lower  f r equency  
act ivi ty in the  bra in  record ings  whereas  con t ro l  in jec ted  
mice did not .  

The  averaged evoked responses  el ici ted by  light f lashes 
dur ing  pos t i n j ec t i on  per iods  re f lec ted  the  lowered fre- 
quencies  of  s p o n t a n e o u s  brain  recordings.  Figure 5 shows 
some examples  o f  these  evoked responses.  In all TET cases 
the  earl iest  response  c o m p o n e n t  was e levated and  the  nex t  
c o m p o n e n t  depressed in amp l i t ude  when  c o m p a r e d  to 
averaged evoked responses  col lec ted  f rom con t ro l  mice.  
Latencies  measu red  f rom s t imulus  to  the  peak  of  the  
earliest response  were longer  in evoked po t en t i a l s  t aken  
f rom TET p r e t r e a t e d  mice t h a n  those  t aken  f rom con t ro l  
animals.  

Electrophoretic Analysis 

Immed ia t e ly  af te r  removal  f rom anes the t i zed  mice,  the  
sciatic nerves  of  b o t h  chron ica l ly  t r ea ted  TET and  con t ro l  
mice were weighed.  Table  3 shows tha t  the  nerves  did no t  
vary s ignif icant ly  in t e rms  of weight  per  un i t  length .  The  
TET nerves  averaged 0.29 mg per  m m  length  and  the  
con t ro l  nerves  averaged 0.28 mg per  ram.  

The nerves  were digested for SDS-polyacry lamide  gel 
e l ec t rophore t i c  e x a m i n a t i o n ,  and  equal  quan t i t i e s  of  
recovered  nerve p ro t e in s  were resolved on  a g rad ien t  
po lyac ry l amide  slab gel which  varied f rom 7.5% to 18.75% 
in po lyac ry l amide  c o n c e n t r a t i o n  f rom top  to b o t t o m  (Fig. 
6). Subsequen t  dens i t ome t r i c  analysis  revealed no  differ- 
ence be tween  the  relat ive p r o t e i n  c o n c e n t r a t i o n s  of  nerves  
f rom TET as opposed  to con t ro l  t r ea ted  mice.  

Var ious  subcel lu lar  f rac t ions  of  mouse  brain  tissue were 
also subjec ted  to e l ec t rophore t i c  analysis  on  the  same type  
of  slab gels (Fig. 7). Once again no  ma jo r  d i f ference  could  
be de t ec t ed  b e t w e e n  samples  or ig ina t ing  f rom chronica l ly  
t r ea ted  TET as c o m p a r e d  to con t ro l  mice.  

Finally,  b o t h  per iphera l  nerve and  bra in  t issues o b t a i n e d  
f rom acute ly  t r ea ted  TET mice were analyzed.  The  t issues 
were o b t a i n e d  at a b o u t  one  h o u r  af te r  mice were t r ea ted  
wi th  le tha l  doses of  TET (20 mg/kg) .  As migh t  have been  
expec ted  on  the  basis of  earlier observa t ions ,  none  of  the  
resul t ing e l ec t rophore t i c  p a t t e r n s  dif fered f rom p a t t e r n s  
ob t a ined  f rom u n t r e a t e d  or con t ro l  mouse  tissues. 

DISCUSSION 

Both  acute  and ch ron ic  TET t r e a t m e n t s  induced  signifi- 
cant  func t iona l  a l t e ra t ions  in the mouse  nervous  system. 
Mice t r ea ted  wi th  successive daily doses of TET as well as 
mice t r ea ted  wi th  on ly  one dose of T E T  exh ib i t ed  overall  
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FIG. 5. The effect of acute TET toxicity on visually (light flash) 
evoked responses recorded from mice implanted with cortical 
electrodes, a. The latencies, measured from termination of stimulus 
to first peak, are provided for responses obtained at 6 rain, 30 rain, 
60 min, 90 min, 120 min, 150 min and 24 hr following the 
administration of either TET or injection vehicle without TET. b. 
Some representative light flash evoked responses (250 msec 

window) obtained from a control mouse and a TET mouse. 

T A B L E  3 

T H E  E F F E C T S  O F  C H R O N I C  T E T  A D M I N I S T R A T I O N  O N  
P E R I P H E R A L  N E R V E  W E I G H T .  

Mean Weight Per 
Nerve  Mean Weight Mean Length Unit Length 

Cont ro l  274 _+ 0.68 mg 9.63 + 1.37 mm 0.28 rag/ram 

TET 2.89 _~ 05Brag 988 + t.08 mm 0.29 rag/ram 

Average weights _+ standard deviations and average lengths + 
standard deviations are provided for sciatic nerves removed from 
animals chronically treated with either TET or injection vehicle 
without TET. These were used to calculate the average weight per 
unit length of sciatic nerve for each group. 

decreases in s p o n t a n e o u s  l o c o m o t o r  act ivi ty.  The chron ic  
l o c o m o t o r  d i f ferences  be tween  TET and  con t ro l  mice 
d isappeared  dur ing  the course of s imple avoidance  training.  

Direct electr ical  s t imu la t ion  of  sciatic nerves  ind ica ted  
tha t  the  nerves  of  TET- t rea ted  mice had  higher  th resho lds  
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FIG. 6. The effect of chronic TET toxicity on mouse sciatic nerve 
protein composition. Microdensitometric scan patterns are shown 
for whole sciatic nerves obtained from mice chronically treated with 

either TET or injection vehicle without TET. 
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FIG. 7. The effect of chronic TET toxicity on mouse brain protein 
composition. Microdensitometric scans of electrophoretic protein 
patterns are shown for various mouse brain subcellular fractions 
obtained from mice chronically treated with either TET or injection 
vehicle without TET. The subceUular fractions shown are purified 

nuclei (PI), myelin, pH 5 precipitate and soluble cell proteins. 

than those of control mice. Once action potentials were 
initiated, however, conduction velocities were higher for 
TET as compared to control nerves. Response latencies for 
cortical evoked responses elicited by light flashes were 
longer for TET than control mice. Spontaneous electrical 
activity recorded from cortical electrodes contained signifi- 
cantly more low frequency activity when obtained from 
TET-treated mice than when obtained from control mice. 

These behavioral and neurophysiological changes were 

not associated with subcellular CNS or whole sciatic nerve 
protein alterations as studied electrophoretically. 

Previous studies [3, 14, 28, 29] which report a number 
of morphological changes cite a time course too long to 
explain many of the functional alterations observed in the 
present study. Both behavioral and neurophysiological 
changes can be observed soon after high, nonlethal doses of 
TET are administered. Many of these acutely produced 
functional alterations are similar to the functional altera- 
tions typical of chronically treated mice. The presumed 
consequence of TET on peripheral sciatic nerves also 
includes vacuolization [ 10], but again such morphological 
alterations are poor candidates for acutely produced 
changes in peripheral nerve thresholds and conduction 
velocities. It seems more likely that acute TET toxicity 
alters other physiological systems which affect both 
short-term neurophysiological measures and long-term 
morphological indices. 

Some recent evidence exists suggesting that TET alters 
vascular membrane permeability [25,29]. It might be 
suggested that TET could, therefore, increase extracellular 
fluid and concomitant sodium concentrations by increasing 
vascular permeability. Such effects would be consistent 
with the observed effects of TET on peripheral nerve 
threshold and conduction velocity. Increased extracellular 
fluid accumulating from blood vessels immediately adjacent 
to nerve fasciculi also could account for eventual myelin 
vacuolization along intraperiod lines. 

Both TET and sodium azide have been shown to 
effectively inhibit oxidative phosphorylation [5]. Since 
nerves treated with either TET or sodium azide have similar 
conduction velocities, it seems reasonably to assume that 
the mechanisms affected when oxidative phosphorylation is 
inhibited are at least partially responsible for the increase in 
nerve conduction velocity associated with TET intoxica- 
tion. The threshold shift observed in TET intoxicated 
nerves but not in sodium azide intoxicated nerves, however, 
is probably a consequence of the membrane altering 
characteristics also believed to be associated with TET. 

The present study indicated that the CNS and PNS 
behave quite differently during TET intoxication ~vhen 
examined neurophysiologically. As described above, the 
differences in the myelinic structures of the two systems 
[11, 22, 31, 32] very likely are not responsible for the 
neurophysiological anomalies present during TET intoxica- 
tion. These differences are probably best explained by 
examining the possible sites of action of TET in both the 
CNS and PNS. Vascular membrane permeability, as 
described above, and oxidative phosphorylatior~ inhibition 
are probably two important reasons for PNS neuro- 
physiological changes during TET intoxication. Although 
CNS tissue also may be effected by these changes, other 
important sites of action may exist as a consequence of the 
known complexity of the CNS blood-brain barrier and 
functional characteristics of synapses. 

TET treated animals have previously been used as 
experimental models of demyelination [27]. Specifically, 
TET intoxicated animals exhibit a large number of morpho- 
logical, behavioral and electrical correlates with patients 
afflicted with Multiple Sclerosis (MS) or Peripheral Neuritis 
(PN). Morphological changes may be misleading since acute 
administration of either TET or MS serum, obtained from 
patients having MS [21],  has been shown to alter normal 
electrical activity in neural tissues. Confusion arises from 
the fact that serum obtained from patients not having MS 
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has, in some cases, p r o d u c e d  ident ica l  a l t e ra t ions  of no rma l  
electr ical  ac t iv i ty  [ 2 6 ] .  EEG records  t aken  f rom MS 
pa t i en t s  are composed  p r e d o m i n a n t l y  of  slow wave act ivi ty  

[ 9 , 2 3 ] .  MS pa t i en t s  exh ib i t  longer  la tencies  in b o t h  
aud i to ry  and  visually evoked po t en t i a l s  recorded  f rom the  
cor tex  [ 1 9 , 2 4 ] .  These  f indings  are in ag reemen t  wi th  the  
longer  CNS la tenc ies  and  lower  EEG f requenc ies  observed 
in the  p resen t  TET studies.  

The  behaviora l  s y m p t o m s  of MS wh ich  resul t  f rom the  
morpho log ica l  and  neurologica l  anomal ies  are qui te  ex ten-  
sive [6 ,23]  and  inc lude  visual d i s turbances ,  gait  a taxia ,  
dysphagia ,  and  general  lack of  m o t i v a t i o n a l  interest .  One 
unusua l  aspect  of  the  MS behaviora l  s y m p t o m s  is the  
t e n d e n c y  toward  a l t e rna t ing  per iods  of  remiss ion  and  
exace rba t ion .  Animals  receiving a single, relat ively h igh  
dose of  TET  go t h r o u g h  what  migh t  also be cons idered ,  on 
a br ie f  t ime  scale, an init ial  exace r ba t i on  fo l lowed by a 
sho r t - t e rm  remiss ion  fo l lowed by a second e x a c e r b a t i o n  
[ 2 9 ] .  A l t e rna t ing  per iods  of  long- te rm degenera t ive  effects  
coupled  wi th  sho r t - t e rm physid logica l  d i s tu rbances  may  
expla in  some of  the  r emis s ion -exace rba t ion  cycles c o m m o n  
to b o t h  TET  tox ic i ty  and  MS. 

The fact  tha t  TET t rea ted  mice  exh ib i t  l i t t le  spon tane -  
ous l o c o m o t o r  act ivi ty ,  bu t  p e r f o r m  as well as con t ro l  
an imals  when  p resen ted  wi th  an adequa t e  impetus ,  may  be 

s imply a re f lec t ion  of  TET p roduced  illness in the  animals.  
It may,  on  the  o the r  hand ,  imply  the  presence  of  an 
ac t iva t ing  sys tem [18]  i nvo lvemen t  of  the  CNS. If 
increased th resho ld  levels and  synapt ic  d e c r e m e n t s  are 
character is t ic  of  pa ths  leading to or pa ths  wi th in  the  CNS 
fol lowing TET in tox ica t ion ,  some cent ra l  re t icular  
ac t iva t ing  core  of  the  brain  may no t  receive adequa te  
sensory col la teral  input .  The observed  r educ t ions  in 
s p o n t a n e o u s  l o c o m o t o r  act ivi ty  seen in TET in tox ica t ed  
mice may  arise f rom similar decreases in sensory input .  It is 
t e m p t i n g  to suggest tha t  some ac t iva t ing  sys tem d e c r e m e n t  
may  be par t  of  the  MS et iology.  The  TET tox ic i ty  model  
appears  p romis ing  for tes t ing  such a hypo thes i s  of  MS 
et iology.  If suppor t ed ,  such a h y p o t h e s i s  may  lead to more  
innova t ive  and  effect ive clinical t r e a t m e n t s  of  MS type  
disorders .  
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