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Table 2. Spleen cells 3H-thymidine incorporation in the presence of 
50 gg/ml T. cruzi antigen, 20 gg PPD and 10 gg PHA: 1) animals vacci- 
nated with T. cruzi treated with actinomycin-D ; 2) normal unvaccinated 
animals (control); 3) vaccinated and sensitized with BCG 20 days before 
test; 4) sensitized with BCG only (control). 

Groups 3H-thymidine incorporation (cpm + SD)x 10- 3 
(5 animals) T. cruzi antigen PHA PPD 

(50 ~tg/ml) (10 ~g/ml) (20 gg/ml) 

1 7.82 _+ 0.93 15.05 • 1.50 - 
2 0.92 • 0.25 16.53 _+ 1.02 - 
3 3.27 • 0.72 
4 3.83 • 0.64 

P(t) a < 0.001 NS b NS 

aProbability, Student's t-test, bNo significance. 

Similar results were consistently demonstrated in several 
lots of mice. The vaccinated mice displayed normal  de- 
layed (48 h) footpad reactions to 50 gg T. cruzi antigen. 
Vaccinated animals immunized with BCG or DNFB,  and 
later challenged, showed normal  specific ear swelling re- 
actions to intradermal tests with 10 gg PPD and to epicu- 
taneous tests with 0.1% D N F B  solution. At the same 
time, these animals gave normal  in vitro responses to T. 
cruzi antigen, to PPD and PHA as assessed by aH- 
thymidine incorporation. 

Discussion 

The results of the experiments presented here showed 
clearly that the metacyclic culture forms of T. cruzi, 
Y strain, previously treated with an adequate dose of 
act inomycin-D (50 ~tg/10 7 parasites) and injected s.c. at 
7-day intervals (3 x 10 7 non-replicating parasites), do not 
induce humoral  or cellular immunosuppression in adult 
DBA/2 mice. 
Experiments carried out in our laboratory have repeated- 
ly shown that these metacyclic forms of T. cruzi, Y strain, 
which have become incapable of multiplication by the 

intercalating action of actinomycin-D on the parasite 
DNA, represent an excellent immunogen,  capable of in- 
ducing a vigorous stimulation of the immune response 
followed by a long lasting state of immunostimulat ion.  
Several reasons can be invoked to explain the favorable 
results obtained in the vaccination with our immunogen:  
1) There was no multiplication of the parasites inside the 
antigen-presenting cells (macrophages, dendritic cells); 
this made possible the presentation of T. cruzi antigens to 
T-lymphocytes under  conditions much more efficient 
than those found in macrophages heavily loaded with 
replicating parasites. 2) The parasites were unable to 
enter nonphagocytic cells, thus the disturbing effects of a 
high degree of tissue parasitism were avoided. 3) The 
actinomycin-D-treated T. cruzi keep their m R N A  with an 
apparently normal function for a relatively long period 
of time (about 15 days in vitro). 4) As shown here, the 
actinomycin-D-treated parasites can no longer induce 
immunosuppression,  even after repeated s.c. inoculations 
of large numbers.  
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Summary. The anaesthetic responses of homozygous mutan t  mice were compared with those of their normal 
heterozygous littermates. The two recessive mutat ions studied were beige (bg) and reduced pigmentation (rp). 
Homozygosity for either significantly increased the sleeping time of both sexes after treatment with pentobarbital,  
t r ibromoethanol  or the steroid anaesthetic alphaxalone. 
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A wide variety of  chemicals can act as general anaesthet- 
ics but their mechanism(s) of  action are the subject of  
much discussion 1,2. Identification of  their sites of  action 
would be easier if there were identifiable genetic variants 
affecting the characteristics of  individual components of  
the response mechanisms, whether these are lipids or 
proteins. Polygenic differences in susceptibility to indi- 
vidual anaesthetics are known in people 3 and in mice 4' 5, 
but seem to involve differences in the metabolic clearance 
of  individual drugs rather than differences in the respon- 
siveness of  the anaesthetic target organs. Allelic variation 
at single loci appears rare, although lethal hypersensitiv- 
ity to halothane in both pigs 6 and people 7 is controlled 
by a single allele. 
In the course of  an investigation s into the immunological 
characteristics of  mice homozygous for the mutation re- 
duced pigmentation (rp), one of  the authors (L.G.L.) 
found that they had a high mortality when operated 
upon under pentobarbital anaesthesia. An initial com- 
parison of  the sleeping time induced by 100 mg/kg of  
pentobarbital in nine normal C57BL/6By females and 
seven rprp females suggested a difference in anaesthetic 
susceptibility. Sleeping time as a measure of  anaesthetic 
potency can be affected by a variety of  environmental 
factors such as age, diet, bedding material, temperature, 
time of  day and exposure to inducers of  hepatic meta- 
bolism 4. Consequently the experimental design adopted 
was based on the simultaneous comparison of  pairs of  
litter mates of  the same sex, one homozygous for the 
mutation and the other heterozygous. Crosses of  known 
heterozygotes to mutant  homozygotes produced the two 
kinds of  mice in equal proportions. As the rp mutation 
was known to affect lysosomal function lo as well as 
pigmentation a second mutation was included to see 
whether any effects were common to lysosomal muta- 
tions or were specific to rp. The second mutation was 
beige (bg), a homologue of  the variant causing Chediak- 
Higashi disease in humans 10. ~ .  Three different anaes- 
thetics ( a barbiturate, a halogenated hydrocarbon and a 
steroid) were used to test whether susceptibility was 
specific to pentobarbital or reflected a general effect on 
anaesthetic responsiveness. The beige mutat ion was seg- 
regating on a C57BL/6J background and the reduced 
pigmentation mutation on a C57BL/10ScSn back- 
ground ~ 2. Littermate pairs of  the same sex, between six 
and eight weeks old, were weighed and then injected 
intraperitoneally with the anaesthetic under test. The 
dose of  sodium pentobarbital (Sigma), dissolved in phos- 
phate-buffered saIine, was 45 mg/kg. Tribromoethanol 
(Aldrich) dissolved in t-amylalcohol and diluted with 
phosphate-buffered saline, known as Avertin ~ 3, was used 
at 125 mg/kg. Alphaxalone (Saffan; 3 hydroxy-5 c~ preg- 
nane 11, 20 dione from Glaxovet) was used at 27 mg/kg 
for males and 36 mg/kg for females. No  mouse was 
anaesthetised more than once. The time for each mouse 
to regain its righting reflex was measured. The mean 
values shown were calculated from the combined values 

of  all mice of  the same sex and genotype, excluding any 
mice that died. The significance of  differences in sleeping 
time between all littermate pairs of  the same sex was 
tested with the Wilcoxon signed-rank and sign tests 14. 
Both mutations significantly increased the sleeping time 
caused by the injection of  45 mg/kg sodium pentobarbi- 
tal (fig., a). Homozygosi ty  for the beige mutation ap- 
proximately doubled sleeping times in both sexes while 
the effect of  homozygosity for reduced pigmentation was 
less striking. Both mutations also significantly increased 
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Mean sleeping time for male (M) and female (F) mutant (open bar) and 
normal (filled bar) mice treated with one of three anaesthetics: a, pento- 
barbital; b, tribromoethanol; c, alphaxalone. The lines show _+ 1 SE. The 
significance of differences in sleeping time between all littermate pairs of  
the same sex was tested with the Wilcoxon signed-rank and sign tests. The 
significance of the individual Wilcoxon tests is shown in the figure: 
*p < 0.05, **p < 0.025, ***p < 0.0l. The probabilities given by the sign 
test were similar. 
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the d u r a t i o n  of  the effects o f  s tandardised  doses of  tri- 
b r o m o e t h a n o l  (fig., b) a n d  a lphaxa lone  (fig., c). Five 
mice, all of  them females, failed to recover f rom pento-  
barb i ta l  anaes thes ia ;  three were homozygous  for rp and  
two homozygous  for bg. One  beige female did n o t  recov- 
er f rom t r i b romoe th an o l  anaesthesia.  All  mice recovered 
quickly  f rom alphaxalone .  The probabi l i ty ,  by Fisher  
exact test, o f  all deaths  occurr ing in  m u t a n t s  by  chance 
a lone  is 0.01. The mice that  died were no t  inc luded in the 
ca lcula t ion  of  m e a n  sleeping times shown in the figure 
bu t  were inc luded  in the statistical analyses of  the differ- 
ences between ma tched  pairs. 
Bleeding t imes were measured  in  male  mice by the meth-  
od of  N o v a k  et al. 14. The m e a n  value for beige ho-  
mozygotes  was 28.0 • 2.2 (n = 7) m i n  whilst  the m e a n  
for heterozygotes was 8.1 • 0.8 (n = 7) min,  conf i rming  
earlier reports  15. Bleeding t ime was also pro longed,  bu t  
to a lesser extent,  in rp rp mice relative to heterozygous 
l i t termates;  17.7 + 1.3 (n = 7) v. 6.4 • 1.3 (n = 7) rain. 
The  beige m u t a t i o n  has a greater effect on  anaesthet ic  
responses t h a n  the reduced p igmen ta t ion  var iant .  This  
correlates with more  severe effects of  beige on  lysosomal  
enzyme levels, b leeding time, na tu ra l  killer cell activity in 
the i m m u n e  system, mas t  cell g ranula t ion ,  me l an i n  gran-  
ule size and  p igment  d i s t r ibu t ion  in the spleen 8 - l z .  Dif- 
ferences in susceptibil i ty could be caused by differences 
in metabol ic  clearance and  b reakdown  of  the anaesthet ic  
or by differences in the subcel lular  c o m p o n e n t s  of  the 
anaesthet ics '  target  cells. Since the three anaesthet ics  
have very different  chemical  formulae  it seems unl ikely  
that  bo th  m u t a t i o n s  would  each pleiotropical ly affect 
several degradat ive  pathways .  Different  mic rosomal  cy- 
tochrome P450 systems are involved in  the degrada t ion  
of  ba rb i tu ra tes  and  steroids. Microsomal  P450 genes are 
located on  ch romosomes  6, 7 (near  Gpi), 9, 15, 17 and  19 
in  the mouse  16. Both m u t a t i o n s  s tudied have effects on  
lysosomes,  inc lud ing  the specialised melanosomes ,  and  
m a p  to ch romosome  13 (bg) and  to the cent romer ic  end 
of  ch romosome  7 (rp) 9. The loci coding for the cytoplas-  
mic alcohol  and  aldehyde dehydrogenases  are on  chro-  
mosomes  4 and  19. Thus  it seems more  likely tha t  the 
lysosomal  m u t a t i o n s  cause differences in specific target  
cells wi thin  the nervous  system. Structures  altered by the 
m u ta t i ons  would  change  the responses of  the target cells 
to a given level o f  a variety of  anaesthetics.  Reduced  
n u m b e r s  of  s e ro ton in -con ta in ing  granules  in  b lood  
platelets are the cause of  the increased bleeding t ime in  
beige mice 15. The  granules  have several characteristics in 
c o m m o n  with neurosecre tory  granules  and  synapto-  

somes 17 and  neuro t ransmi t t e r s  such as 7 -aminobutyr ic  
acid have been impl icated in anaesthet ic  mechanisms  19 
The recent  report ,  by Ma th i a sen  et al. 19, o f  reduced ef- 
fectiveness of  Iz-opioid receptor  agonists,  bu t  no t  6-0pi- 
oid receptor  agonists ,  in  beige mice suggests tha t  lysoso- 
mal  mu ta t i ons  m ay  be involved in systems media t ing  
analgesia  as well as anaesthesia.  
The existence of  def ined genetic var ia t ion  affecting 
anaesthet ic  sensitivity invites invest igat ions  of  their me- 
chan i sm of  act ion,  together  with a search for mu ta t i ons  
affecting other  c o m p o n e n t s  of  the system media t ing  gen- 
eral anaesthesia.  Ident i f ica t ion  of  such var iants  would  
allow the appl ica t ion  of  the powerful  techniques o f  re- 
c o m b i n a n t  D N A  technology.  
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