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Table II. LDs0 and p 0.05 fiducial limits of thiabenzazonium and of 
its cleavage products 

Substance Animal Route of LDs0 
species administration (mg/kg) 

Thiabenzazonium Mouse os 9000 (6570-12300) 
Thiabenzazonium Moose i.p. 42 (34-52) 
Thiabenzazonium Rat os > 10.000 
Thiabenzazonium Rat i.p. 35 (28-43) 

CA lV[ouse i.p. > 3000 
CB Mouse os 880 (704-1100) 
CB Mouse i.p. 37 (34 40) 

CA, 4, p-phenylthiophenyl-1, 3-dihydro-2 H-l, 5-benzodiazepin-2-one. 
CB, 2-methyldiethylammoniumethylthiole iodide. 
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In  acid m e d i u m  t h i a b e n z a z o n i u m  cleaves to  4,p- 
p h e n y l t h i o p h e n y l  - 1,3 - d ihydro  - 2tI  - 1 ,5-benzodiazepin-  2- 
one and  2 - m e t h y l d i e t h y l a m m o n i u m e t h y l t h i o l e  salt,  which  
have  no an t imic rob ia l  ac t iv i ty .  

Antimicrobial activity. The in v i t ro  min imal  inh ib i to ry  
concen t ra t ions  (MIC) are given in Table  I, in compar i son  
wi th  ch loramphenico l  and baci t racin .  

The bacter ic ida l  ac t iv i ty  aga ins t  a n u m b e r  of Gram 
posi t ive  s t ra ins  (2 stp. pyogenes humanus gr. A, 2 Stp. 
equisimilis gr. C, 2 Stp. species gr. G, 3 Stp. mitis viridans, 
2 Diplococcus pneumoniae, 1 St. aureus and  2 Coryne- 
bacterium diphtheriae) af ter  5, 15, and 30 mill of con tac t  a t  
2 concen t ra t ions  of the  subs tance  (5 ~g/ml and  10 [xg/ml) 
was s tudied  and  th i abenzazon ium was found act ive  agains t  
Streptococcus, Diplococcus and  Corynebacterium. 

The phenol  coefficient,  de t e rmined  according to the  
Ridea l -Walker  me thod ,  showed a bac ter ic ida l  ac t iv i ty  of 
t h i abenzazon ium abou t  250 t imes  higher  t h a n  t h a t  o f  
phenol .  In  v i t ro  St. aureus and  stp. pyogenes did no t  
develop res is tance aga ins t  t h i abenzazon ium dur ing  10 
successive t ransfers .  

Virucidal  ac t iv i ty  was t e s t ed  against  Inf luenza  APR-8  
virus and  Inf luenza  A2 Ann.  (Arbor  60) virus.  The 
in fec t iv i ty  was t h e n  eva lua ted  on e m b r y o n a t e d  Leghorn  
eggs as previous ly  descr ibed ~. Af te r  1 h of con tac t  a t  
37~ t h i ab en zazo n i u m inac t iva ted  A P R - 8  virus a t  a 
concen t ra t ion  of 0.125 ~M/ml  and  the  A2 virus a t  a 
concen t ra t ion  of 0.0156 ~M/ml.  

Toxicity. The tox ic i ty  of t h i abenzazon ium af ter  a 
single admin i s t r a t i on  is uneven t fu l  and the  animals  die 
10 20 h af ter  oral or i.p. t r e a t m e n t .  The LDs0, given in 
Table II,  show t h a t  there  is a s t r iking difference be tween  
the  oral and the  i.p. tox ic i ty  of th iabenzazonium,  p ro b ab ly  
due e i ther  to  a poor  in tes t ina l  absorp t ion  of the  drug, or 
to a sp l i t t ing  into less toxic  substances .  A 6 m o n t h s  chronic 
tox ic i ty  s tudy  in ra t s  wi th  4, 40 and  400 mg/kg/d ie  orally 
and  ill dogs wi th  4, 30 and  200 mg/kg/d ie  orally was also 
prac t ica l ly  uneventfu l .  Also fetal  tox ic i ty  s tudies  in ra t s  
and  rabb i t s  y ie lded s imilar  unevent fu l  results.  

Conclusion. Thiabenzazon ium is a subs tance  wi th  
p o t e n t  an t imicrobia l  proper t ies ,  especially on some 
Gram posi t ive  bac ter ia  which are agents  of o ropharyngea l  
infections.  The drug shows also virucidal  act ivi t ies  on 
inf luenza-virus  strains.  These an t ibac ter ia l  and  ant iv i ra l  
proper t ies ,  combined  wi th  a ve ry  low oral toxic i ty ,  allow 
one to classify t h i abenzazon ium as an ant imicrobia l  
drug, po ten t i a l ly  ind ica ted  for local t r e a t m e n t  and for 
p rophy lax i s  of orophar ingeal  infections.  

Riassunto. Si descr ivono Ia sintesi,  le cara t te r i s t iche  
f is ico-chimiche e le propr ie tk  an t imicrob iche  del th ia-  
benzazonio,  un nuovo der iva to  ammonJco qua te rna r io  
della 1 ,5-benzodiazepina.  I1 th iabenzazonio  6 do ta to  di 
una  sp icca ta  a t t iv i tk  ba t t e r ios t a t i ca  e ba t te r ic ida  su 
alcune specie microbiche Gram-p0si t ive ,  che spesso sono 
responsabi l i  di  infenzioni  del cavo orofaringeo. 
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P a r a c r y s t a l l i z a t i o n  o f  A c t o m y o s i n  

The in te rac t ion  of act in  and  myos in  lies a t  the  basis 
of muscular  cont rac t ion .  For  th is  reason ac tomyosin ,  as 
gels or threads ,  has  been  used as a useful cont rac t i l e  
mode l  1, 3. There  would  be mer i t  in ref ining such a model  
by  assembl ing  ac tomyos in  in to  a th ick  and  th in  f i l ament  
order  similar  to t h a t  of t he  muscle  sarcomere.  This pape r  
repor t s  the  fo rma t ion  of such aggregates  hav ing  a degree 
of order  no t  previous ly  achieved ~-5 

Na tu ra l  ac tomyos in  of h igh pu r i t y  and  re ta in ing  
calcium sens i t iv i ty  was p repa red  f rom leg muscle  of t he  
hen  6. I t  was dissolved to 0.4-0.6 mg /ml  in a re laxing 
m e d i u m  of h igh  ionic s t r eng th  (6 m M  ATP,  6 m M  

MgC12, 2 m M  EGTA, 0.01 M imidazole,  0.5 M KC1, 
p H  7.0), and  t h e n  dialyzed for 24 h a t  2~ agains t  a 
s imilar  m e d i u m  (ionic s t r en g t h  0.15) in which  KC1 was 
reduced  to 0.05 M, allowing th ick  myos in  f i laments  to  

1 A. WEBER and R. HERZ, J. biol. Chem. 238, 599 (1963). 
2 j.  D'HAEsE and H. KOMI, rlCK, Z. Zellforseh. 134, 427 (1972). 
3 R. V. RICE, H. AsAI and M. I//[ORAI.ES, ]?roe. hath. Aead. Sei., USA 

50, 549 (1963). 
4 N. S. IKEMOTO, A. KITAGAWA, A. NAKAMURA and J. GERGBLY, J. 

Cell Biol. 39, 620 (1968). 
5 K. TAKAHASHI and T. YASUI, J. Bioehem. 52, 131 (1967). 
6 C. J. PARKER and J. GERGELY, J. biol. Chem. 235, 3449 (1960). 
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Fig. 1. Electron mierographs of paracrystalline hen actomyosin. 
• 100,000. a-b) Transverse sections through paracrystals, showing 
the ordering of thick and thin filaments, e) A longitudinal section 
through the same preparation. Thick and thin filament alignment can 
be seen. d-f) Transverse sections through smaller paraerystals, g-j) 
Longitudinal sections through small paracrystals, showing increased 
detail, with thick and thin filament alignement and cross-bridging. 
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Fig. 2. The actomyosin ordered by dialysis in relaxing medium was 
further dialyzed for 24 h against 0.15 M KC1, 0.01 M imidazole, pH 
7.0. It was centrifuged at 2,000 • g for 10 min and resuspended in the 
enzymic reaction medium, 6 mM ATP, 6 mM MgCI~, 2 mM EGTA, 
0.01 M imidazole, 0.05 M KC1, pH 7.0. The EGTA was titrated with 
Ca++ to give the required pCa values 1. Protein concentration in the 
reaction was 0.4-0.6 mg/ml; the incubation temperature was 25 ~ 
The reaction was stopped at 20 rain with 6% perchloric acid. In 
some experiments the further dialysis step to remove relaxing medium 
was not carried out. In these, the relaxing medium in which the 
paracrystals were formed was retained as the basic substrate adjusted 
to the appropriate pCa levels. Despite this, the relationship shown 
was still obtained. 

form. The low t e m p e r a t u r e  and  absence  of calcium ions 
p r even t ed  any  s ignif icant  hydro lys is  of A T P  in t he  dia- 
lysate  over  the  24 h period.  

Gross aggregat ion occurred,  since, on cen t r i fuga t ion  
(2,000 •  for 10 rain) 90% of the  p ro te in  prec ip i ta ted .  
The prec ip i ta te  was f ixed in g lu ta ra ldehyde  and osmium 
te t rox ide  and  e m b e d d e d  in epoxy  resin. Sections were 
s ta ined  wi th  uranyl  ace ta t e  and  lead ci t rate .  

E lec t ron  micrographs  of t r ansverse  sect ions of t h e  
aggregates  showed a high degree of order  of th ick  and  
th in  f i laments  (Figure 1, a and  b). The ra t io  of th ick  to  t h in  
f i laments  was close to  1:4, r emin iscen t  of cer ta in  insect  
muscles ~ or t he  double-over lap  zones of F-ac t in  in 
shor tened  ve r t eb ra t e  muscle  s . 

The  th ick  f i laments  were usual ly circular, bu t  var ied  
cons iderably  in d iamete r  (mean, 15 nm). The th in  
f i l ament  d iamete r  was ~ 6  nm.  The cen t re - to -cen t re  
d is tance  of ad jacen t  th ick  f i l aments  was ~ 3 5  nm. 
Be tween  adj acent  th ick  and  th in  f i laments  it  was ~ 20 nm. 
The la t t ice  d imens ions  were therefore  wi th in  the  range 
found  in s t r i a ted  muscleg,1% Figure  l c  is a longi tudinal  
sect ion of the  aggregates,  showing th ick  and  th in  fila- 
men t s  in parMlel. 

Regions  of lesser aggregat ion,  giving a grea ter  degree 
of resolution,  are shown in t r ansverse  sect ions (Figure 1, d, 
e and  f). Br idging be tween  the  2 sets of f i l aments  can  be 
seen. Longi tud ina l  sect ions (Figure 1, g, h, i and  j) show 
def ini te  cross-bridges,  a t  in tervals  of ~ 30 rim. Only those  
cross-bridges or iented  close to  the  p lane  of the  sect ion 
will be clearly dis t inguished.  Because of the i r  abundance  in 
this  plane,  it  is a ssumed t h a t  mos t  or all of t he  cross- 
br idges f rom each th ick  f i l ament  and  a t  closer t h a n  30 n m  
exis t  be tween  the  2 sets of f i laments .  I t  c an n o t  be assumed,  
however,  t h a t  the  cross-bridge in te rva l  would  be the  
14.3 n m  of whole muscle  11. 

Paracrys ta l l ine  aggregates  form at  A T P  and  magnes ium 
concen t ra t ions  be tween  2 and  10 m M .  J u d g ed  f rom a 
survey  of m a n y  sect ions f rom 14 prepara t ions ,  th is  order  is 
re ta ined  in p repa ra t ions  raised to  25 ~ 

Figure  2 shows the  ATP-ase  ac t iv i ty  of paracrys ta l l ine  
ac tomyos in  over  a range of Ca ion concent ra t ions .  The 
charac ter i s t ic  sygmoidal  re la t ionship  was obtained1,12. 
At  pCa < 6, m a x i m u m  ATP-ase  ac t iv i ty  was observed.  
At  pCa 8-9 ac t iv i ty  was  ex t remely  low, va ry ing  be tween  
0 and  5% of t h a t  a t  pCa 4. In  5 of t he  12 expe r imen t s  i t  
was zero. This means  t h a t  t he  regula t ing  sys t em ( t roponin-  
t r opomyos in  complex)  in the  pa rac rys ta l s  was  ful ly 
funct ional .  

The conven t iona l  v iew is t h a t  cross-br idging be tween  
th ick  and  th in  f i laments  does no t  occur in relaxed,  l iving 
muscle 11. I t  is surpr iz ing t h a t  na tu ra l  ac tomyos in  can be 
assembled f rom a re laxing med i u m into aggregates  w i th  
w h a t  appear s  to  be close to  a full c o m p l e m e n t  of cross- 
bridges. This  is despi te  t he  fact  t h a t  the  p repara t ions  have  
an act ive  regula t ing sys tem,  the  des t ruc t ion  of which  
would have  caused f i l ament  l inking (al though no t  
necessar i ly  w i th  f i l ament  ordering) even  at  the  low 
calcium level of a re laxing medium.  

7 J. AUBER, Am. Zoologist 7, 451 (1967). 
8 H. E. HUXLEY, J. molec. Biol. 7, 281 (1963). 
9 G. F. ELLIOTa', J. LowY and C. R. WORT~II~GTO~, J. molec. Biol. 

6, 295 (1963). 
10 E. ROME, J. molec. Biol. 27, 591 (1967). 
11 H. E. HUXLEY, Science 764, 1356 (1969). 
i~ S. EBASHI and M. ENDO, Progress in Biophysics and Molecular 

Biology (Pergamon Press, Oxford 1968), vol. 18, p. 123. 
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I t  is possible t h a t  the  'cross-br idges '  of the  paracrys ta l s  
are no t  t rue  links a t  all. The paracrys ta l s  m a y  be formed in 
re laxing m e d i u m  th rough  weak e lec t ros ta t ic  in te rac t ion  of 
t he  f i laments .  In  th is  s i tua t ion  the  t h in  f i laments  would 
be held away  f rom the  th ick  f i laments  by  a d is tance  
equal  to  t he  d i ame te r  of the  globules ( ~ 7  nm) 13 t h a t  
make  up the  myos in  heads.  These would  appear  as 'cross- 
br idges ' ,  and  t ak ing  15 n m  as the  d i ame te r  of the  th ick  
f i lament ,  would  es tabl ish  a m i n i m u m  dis tance  be tween  
th ick  f i laments  cent res  of ~ 30 rim. 

Zusammen/assung .  Beschre ibung  der  In -v i t ro -B i ldung  
grosset ,  parakr i s ta l l iner  Aggregate  des H e n n e n - A k t o -  
myosins .  Dicke und  di inne F i l amen te  der  Aggregate  

zeigen parable  Anordnung ,  die fiir querges t re i f te  Muskeln 
typ i sch  ist. Ebenfa l l s  t r e t en  Querb/ inder  zwischen dicken 
und  di innen F i l amen ten  des e n t s p a n n t e n  Muskels auf, 
und  das ak t iv  e n t s p a n n t e  P f o t e i n s y s t e m  des gereinigten 
Ak tomyos ins  ble ibt  ro l l  funkt ionel l .  
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N - L i n e s  and M - B a n d s  in Cardiac  Musc l e  

During  our s tudies  on the  effects  of hypox ia  on the  
m o n k e y  hear t ,  a p r o m i n e n t  N-l ine and an M-band  
composed  of 5 separa te  lines were observed (Figure). 

According to  our b ib l iographic  search,  b o t h  the  N-line 
and  5-lined M-band  have  been  inves t iga ted  only in 
skeletal  muscle  1, 2, and  the  l a t t e r  i l lus t ra ted  and  men-  
t ioned  in t he  normal  papi l la ry  muscle  of the  ca t  a. Addi-  
t ionally,  tile N-line is of ten  poor ly  resolved wi th  rout ine  
e lectron microscopic  p repa ra t ion  procedures ,  which  we 
have  used in the  p resen t  inves t igat ion.  Special t echn iques  
are usual ly needed  to  make  the  N-line visible, and it has  
been  suggested t h a t  th is  line is the  site for the  s torage of 
in t racel lular  calc ium 1. 

The N-line can be seen as a dense s t r i a t ion  wi th in  t he  
I -band  (Figure). I t s  morphologic  charac ter i s t ics  are 
similar  to  those  of the  subs tance  cons t i tu t ing  the  Z-band  
and  the  dense par t ic les  wi th in  mi tochondr ia .  Since the  
N-line becomes  very  p ronounced  a t  t he  same t ime  as t he  
amorphous  in t r ami tochondr i a l  condensa t ions  appear ,  i t  
can  be hypo thes i zed  t h a t  t h e y  m a y  have  a similar  com- 
posit ion.  The in t r ami tochondr i a l  densi t ies  are bel ieved 

to  be calcium p h o s p h a t e  accumulat ions ,  and  appear  
when  muscle  becomes ischemic 4. F r o m  our indi rec t  
inferences,  therefore ,  we suppor t  the  view of YAROM and  
MEIRI 1, who corre la ted  the  N-lines wi th  calcium storage.  

The 5-lined M-band  in t he  middle  of the  H-zone  is made  
up of 'M-mater ia l ' ,  which bridges the  th ick  f i laments~,  5. 
PEPa~ 2 men t ions  tha t ,  in longi tudinal  sect ions t h ro u g h  the  

1 R. YAROM and U. MEIRI, Nature (New Biology) 234, 254 (1971). 
2 F. A. PEPE, in Progress in Biophysics and Molecular Biology (Ed. 

J. A. V. BUTLER and D. NOBLE; Pergamon Press, Inc., New York, 
1971), p. 77. 

a N. S. MCNUTT and D. W. FAWCETT, in The Mammalian Myo- 
cardium (Ed. G. A. LANGER and A. J. BRADY; John Wiley and 
Sons, New York, 1974), pp. 11, 12 and 14. 
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Myocardial Function (Ed. M. F. OLIVER, D. G. JULIAN and K. W. 
DONALD; Churchill Livingston, Edinburgh 1972), p. 50. 
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Electron micrograph of ischemic 
monkey myocardium. The N-line 
(N), observed within the I-bands 
of many sarcomeres, appears 
prominent as do the intramito- 
ehondrial condensations (arrow). 
The M-band (M) can be seen in 
one sarcomere as having 5 lines. 
The bottom line indicates 0.5 ~xm. 
• 


