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b u t  did no t  undergo grav i ta t iona l  stress.  Fol lowing each 
t r e a t m e n t ,  some organisms were rou t ine ly  p repa red  for 
cytological  s tudy,  p h o t o g r a p h e d  and  the  organelles 
ident i f ied  (Figure 1). The r emain ing  organisms were 
washed 3 t imes  wi th  fresh m e d i u m  and  used for the  
division ra te  s tudy.  Only uninj ured specimens,  de te rmined  
by  mot i l i ty  and microscopic appearance  according to  
HOLTERI~ were used for these  studies.  F r o m  each t rea t -  
ment ,  a sample  of 10 amoebae  was placed in each of 
9 sample  jars  wi th  20 ml of med ium and ample  food. 
F resh  m e d i u m  and  food were p rov ided  every  2 days.  The 
n u m b e r  of amoebae  in each sample  jar  was de t e rmined  
12 days  p o s t - t r e a t m e n t  a t  which t ime  the  expe r imen t  was 
t e rmina ted .  The da t a  thus  ob ta ined  were t e s t ed  wi th  

Mean number of amoebae/sample jar and indicated significance for 
each treatment 12 days after exposure to stress~ 

Exposure Gravitationalload (g) 
time (h) 

1 2.0 3.5 5.0 10.0 20.0 

1 38.0 b 30.1 ~" 30.5 ~ 35.2 ~ 23.9 f 25.3 r 

6 46.0 b 28.8 ~ 29.5 a 28.5 ~ 36.9 ~ 32.4 ~ 

18 41.2 b 26.3 ~ 22.9 * 47.0 ~ 42.5 c 34.4 e 

Based on an analysis of variance of experimental data. b Controls. 
o Not significant, a Approaching significance. ~ Significance 12.03 
for p 0.054 level, f High significance 15.81 for p 0.05 level. 
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Fig. 2. Division rates of organisms as influenced by various combina- 
tions of exposure times and gravitational stresses. Symbols indicate 
mean numbers of organisms/sample jar for each indicated treatment 
12 days after exposure to stress and curves are based on a least 
squares analysis of these data. 

analyses  of var iance and least  squares.  A mo eb ae  sub- 
jec ted  to  cer ta in  combina t ions  of g-loads and exposure  
t imes  showed division ra tes  s ignif icant ly  lower t h a n  
control  organisms.  The Table shows the  mean  n u m b e r  of 
o rgan isms/sample  jar  12 days  p o s t - t r e a t m e n t  and the  
results  of an analysis  of var iance  of these  data .  An 
inverse re la t ionship  appears  to  exist  be tween  exposure  
t ime and g-load as t h e y  affect  division rates,  which  can be 
expressed as a p roduc t  K, where :  K = g-load (g)• 
exposure  t ime  (t). W h e n  the  K values of t r e a t m e n t s  
indicat ing significance in division ra tes  were analyzed,  a 
range of K values f rom 10 g h to 54 g h were impl ica ted  
as being inh ib i to ry  to divis ion;  ra tes  above or below this  
range were ne i ther  inh ib i t ed  nor  s t imula ted .  These data,  
following a least  squares  analysis,  are p lo t t ed  in Figure  2. 
Division ra tes  of s t ressed organisms are seen to  segregate 
wi th  increasing exposure  t ime  in to  2 groups. The division 
ra tes  of one of these,  the  higher  stress group (5, 10, 20 • 
t ended  to increase and approach  contro l  levels w i th  
increased exposure  t ime ;  while t he  t e n d e n c y  was inverse 
for t he  lower stress group (2.0 and  3.5 • 

The m a n y  repor ted  biological effects  of cen t r i fuga t ion  
are well d o c m n e n t e d  using plant~L animal  13 bacter ia l  14 
and pathological  15 material ,  a l though  all are w i thou t  
ap p a ren t  explanat ion .  Al though  A~JDUS ~6, using p lan t  
mater ia l ,  no ted  an inverse corre la t ion be tween  gravi ta-  
t ional  s tress and exposure  t ime  similar  to t h a t  found in 
th is  s tudy,  a r eady  exp lana t ion  or mechan i sm for the  
above descr ibed inhib i ted  division ra tes  of s tressed 
amoeba e is also no t  ap p a ren t  a t  th is  t ime.  One plausible  
hypo thes i s  m a y  be t h a t  any  por t ion  of the  syn the t i c  
p a t h w a y s  or processes of ass imi la t ion could be affected 
by  grav i ta t iona l  s tress due to the  d i s rup t ion  of the  in t im-  
acies of nuc leocytoplasmic  or enzyme-subs t r a t e  rela- 
t ionships.  

Zusammen[assung. A m6 b en  (Pelomyxa carolinensis), 
die einenl Gravi ta t ionss t ress  yon 10 bis 54 g/h ausgese tz t  
wurden,  waren  in ihrer  Tei lungsrate  s ignif ikant  beh inder t .  
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Effec t  of  U l t r a s o u n d  M u l t i p l i e d  b y  N o n - P a t h o g e n i c  I n f e c t i o n  o n  the  C o l l a g e n  T i s s u e  F o r m a t i o n  

In  our previous  papers  1-3 we d e m o n s t r a t e d  the  
s t imula t ive  effect  of u l t rasound  on fo rma t ion  oI some 
componen t s  of g ranu la t ion  tissue. The use of u l t rasound  
at  med ium the rapeu t i c  doses resul ted  only in t e m p o r a r y  
changes  of connec t ive  t issue g rowth  and s t imu la t ed  
especially the  cellular prol i fera t ion  in the  f i rs t  phase  of 
g ranula t ion  t issue fo rma t ion  4. To get more  express ive  

changes  in collagen format ion ,  we combined  the  effect of 
u l t rasound  wi th  non-pa thogen ic  local infect ion which  is 
known as a fac tor  improv ing  the  wound-hea l ing  pro- 
cesses 5, ~. 

Materials and methods. Produc t ion  of g ranula t ion  t issue 
was induced using the  m e t h o d  descr ibed by  VILJANTO 7. 
4 sponge pieces (d.w. 40 • 1.5 rag) were i m p l a n t e d  
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Granulation tissue per piece 

Group n Days after Dry weight P values Hypro P values 

implantation (rag :~ S.E.) Control vs. B) vs. C) (rag :j: S.E.) Control vs. B) vs. C) 
experiment, experiment. 

A) I 10]~ 19 140.26 :~: 25 -- -- 0.95 :~ 0.11 -- -- 
Control II 8 19 125.25 =L 32 -- -- 0.75 =h 0.39 -- -- 

I 10 32 280.97 ~ 42 -- -- 2.10 =J= 0.45 -- -- 
II 8 32 209.95 ~ 58 -- -- 1.80 =c 0.75 -- -- 

B) I 13 19 198.70 =c 23 0.05 -- 2.20 =h 0.30 0.05 -- 
Experimental II 8 19 124.20 :h 28 NS -- 1.90 :h 0.95 NS -- 

I 9 32 340.00 :J: 20 0.05 -- 4.10 zf= 0.50 0.05 -- 
I1 8 32 240.00 :h 30 NS -- 3.80 q- 0.34 0.05 - -  

C) I 12 19 276.10 ~= 40 0.01 0.02 8.49 :~ 0.95 0.01 0.01 
Experimental II 10 19 173.00 :h 26 0.05 0.05 3.68 • 0.50 0.01 0.02 

I 9 32 450.00 :h 48 0.02 0.02 9.50 :k 1.20 0.01 0.01 
II 9 32 350.00 :h 55 0.05 NS 5.40 ]5 0.90 0.02 0.02 

Experimental B), infected granuloglas; experimental C), infected and sonicated granulomas; I, nearer head placed granulomas; II, nearer tail 
placed granulomas. 

symmet r i ca l ly  in t he  backs of 8-week-old male Wis ta r  rats ,  
mean b o d y  weight  238 sk 16.5 g, two of t h e m  near  to  the  
head  and  two near  to the  tai l  of each animal.  Control  gran- 
u la t ion  t issue was developed in animals  w i thou t  any  in ter -  
ference on imp lan t ed  sponges (Table, group A). Before im- 
p lan ta t ion ,  the  expe r imen ta l  sponges were incuba ted  in a 
s t a n d a r d  cul ture  of E. coli suspension (102/1 ml) for 90 min  
at  37 ~ After  t he  developing of g ranu la t ion  tissue, b o t h  
the  r igh t  g ranu lomas  of each animal  (i.e., one beh ind  the  
head,  t he  o ther  near  t he  taft) were t r ea t ed  wi th  u l t r a sound  
5 days  before t he  an imal  was sacrificed (see Table). The 
cumula t ive  u l t rasonic  doses were appl ied twice a day  for 
5 days  a t  a f requency  of 800 kHz  wi th  an exposure  of 
1.5 W / c m  ~ for 5 rain on every  g ranu loma (Table, group C). 
B o t h  left  g ranulomas  were allowed to  develop,  only 
infec ted  and w i thou t  ul t rasonic  t r e a t m e n t  (Table, group 
]3). Granulomas  ob ta ined  f r o m  killed animals  were dr ied 
to  cons t an t  weight  and analyzed.  Tota l  hyd roxypro l i ne  
was e s t ima ted  by  the  m e t h o d  of PROCKOP and  UDEN- 
FRieND 8 and expressed  in mg per  piece of sponge. 

Results.  The t issue d ry  weigh t  increased s ignif icant ly  
in infected granulomas  as compared  to  t he  controls  in 
19-day and  32-day-old granulomas,  b u t  only  in those  
which  were placed near  t he  head  of t he  an imal  (Table, 
group t3). In  the  infected and sonica ted  granulomas,  t he  
p ropor t ion  of d ry  m a t t e r  in t he  g ranu la t ion  t issue was 
s ignif icant ly  higher  t h a n  contro l  groups and also in 
compar i son  wi th  those  only infected.  The differences in 
weights  of head  placed granulomas,  however ,  show a 
be t t e r  s ignif icancy (Table, group C). The collagen level 
was enhanced  in the  same m a t t e r  as t he  d ry  weigh t  of 
g ranula t ion  tissue. Especia l ly  a t  t he  19-day-old sonica ted  
granulomas  placed near  t he  head,  the re  was more  t h a n  
8-fold grea ter  level of to ta l  hyd roxypro l i ne  t h a n  in 
controls  and more  t h a n  3-fold compared  wi th  granulomas  
infected onIy. 

Discussion.  Newly  bui l t  g ranula t ion  t issue needs 2 
factors  for collagen syn thes i s :  Suff ic ient  a m o u n t  of 
f ibroblas ts  syn the t i z ing  collagen and  a supply  of ac t ive  
c o m p o n e n t s  necessary  for t he  fo rma t ion  of col lagenous 
f ibres in f ibroblas ts .  The resul ts  p re sen ted  p o i n t  to  t he  
combined  effect  of 2 extr ins ic  factors  pos i t ive ly  act ing 
in collagen syn thes i s  by  d i f fe ren t  mechanisms .  The 
u l t r a sound  prolongs  cell p ro l i fe ra t ion  and  m a y  ensure t he  
presence  of p roduc t ive  cells in the  granula t ion  t issue for a 

longer t ime  4. Con tempora ry  presence  of s l ight  infect ion 
could cause chemical  changes  in t issue,  securing suff icient  
a m o u n t  of bui lding componen t s .  For  instance,  bac ter ia l  
pro teases  could increase the  ca t abo l i sm of pro te ins  
resul t ing in a grea ter  concen t ra t ion  of free proline. I t  was 
shown t h a t  increase in free prol ine  concen t ra t ion  in t issue 
m a y  induce a h igher  collagen synthes is  P. ~~ A t t en t i on  
should be also pa id  to  the  level of lact ic  acid, which  is 
r equ i red  for t r a n s p o r t  of prol ine  to  cells ~. Increase  of the  
lactic acid level could be the  resul t  of bac ter ia l  me tabo l i sm 
in t issue.  The mechan i sm of the  s t imu la to ry  effect  of 
E. coli on the  collagen p roduc t ion  could be also indirect .  
I t  is known  t h a t  the  l ipopolysacchar ide  complex  of 
bacter ia l  endo tox in  decreases the  exsuda t ive  i n f l a m m a t o r y  
reac t ion  and  there fore  improves  the  blood supply  of 
t issue necessary  for collagen fo rma t ion  ~. Also the  
me tabo l i sm  of collagen m a t r i x  could be inf luenced 
essent ia l ly  by  bacter ia l  endotoxins ,  because glycolyt ic  
or o ther  enzymic  ac t iv i ty  of makrophages  could be 
intensif ied.  

All expe r imen ta l  resul ts  are especial ly mani fes ted  in the  
head  located  granulomas.  These have  a be t t e r  b lood 
supply.  I t  is known t h a t  t issues well suppl ied  wi th  blood 
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deveIop a f i b r o p r o d u c t i v e  i n f l a m m a t i o n  of h i g h e r  
i n t e n s i t y  ~a Th i s  f ac t  could resu l t  in h ighe r  a c c u m u l a t i o n  
of collagen.  

Our  e x p e r i m e n t s  al low only  a p r e l i m i n a r y  hypo thes i s  
on  t he  m e c h a n i s m  respons ib le  for t h e  e x p e r i m e n t a l  
resu l t s  p resen ted .  C o m b i n e d  effect  of u l t r a son ic  and  
bac te r i a l  i r r i t a t i o n  of g r a n u l a t i o n  t i ssue  p rov ides  b e t t e r  
cond i t ions  for col lagen a c c u m u l a t i o n  in t issue.  H i g h e r  
level  of col lagen was d e m o n s t r a t e d  especia l ly  i n  t h e  
g r a n u l o m a s  well  suppl ied  w i t h  blood. 

Zusammen/assung. A n  e inem s u b c u t a n e n  G r a n u l o l n  der  
R a t t e  wurde  das  W a c h s t u m  des B indegewebes  u n t e r  
E i n w i r k u n g  yon  U l t r a s cha l l  u n d  n i c h t  p a t h o g e n e r  
I n f e k t i o n  ver fo lg t  u n d  n a c h  U l t r a s c h a l l e i n w i r k u n g  bei  

v o r h e r  in f i z ie r t em G r a n u l o m  ein s ign i f ikan te r  Ans t ieg  
des T rockengewebegewich t s  u n d  eine ges te iger te  A k u m u -  
l a t ion  des G e s a m t h y d r o x y p r o l i n s  im Gewebe festgestel l t .  
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In vitro Ant ibacter ia l  Act iv i ty  of 2 - A m i n o - 4  ( 2 - E t h y n y l - l - M e t h y l - 5 - N i t r o i m i d a z o l e ) -  
Pyr imid ine ,  a Metron idazo le  Derivat ive  wi th  A n t i t r i c h o m o n a d  Act iv i ty  

Metron idazo le  [1- (2"-hydroxyethyl ) -  2 -methy l -  5-ni t ro-  
imidazoleJ : 

N~c/N-CH2CH2OH 
I 

CH3 

has  b r o a d  sys temic  a n t i p r o t o z o a l  a c t i v i t y  a n d  is c o m m o n l y  
used in t r i chomonias i s ,  ameb ias i s  a n d  g ia rd ias i s ;  howeve r  
i t  has  no  c h e m o t h e r a p e u t i  c effect  on  G r a m - p o s i t i v e  or 
G r a m - n e g a t i v e  mic roorgan i sms ,  excep t  for  some G r a m -  
pos i t i ve  anae rob i c  baci l l i  ~-4. 

R e c e n t l y  i t  has  been  found  t h a t  a p y r i m i d i n e  d e r i v a t i v e  
of met ron idazo le ,  t he  2 - a m i n o - 4 ( 2 - e t h y n y l - l - m e t h y l - 5 -  
n i t r o imidazo l e ) -py r i m i d i ne  (F4) : 

NO2 

N~c/N- -CHa 

NH2 

exh ib i t s  sys temic  a n t i t f i c h o m o n a d  a c t i v i t y  s imi la r  to  
t h a t  of t h e  p a r e n t  compound .  I n d e e d  LODDO and  LI~ccA 5, 8 
h a v e  shown  t h a t  F4, s tud ied  in v i t ro  in  c o m p a r i s o n  w i t h  
met ron idazo le ,  comple t e ly  p r e v e n t s  t h e  d e v e l o p m e n t  of 
Trichomonas vaginalis (s t ra ins  S, C1 and  C2) a t  t h e  
c o n c e n t r a t i o n  of 0.1-0.2 ~g/ml  ( inocula  of 106 t r i c h o m o -  
nades  in  10 ml  t r i chose l  b r o t h  s u p p l e m e n t e d  w i t h  10% 
calf s e rum a n d  15% calf l ive r  ex t r ac t ) ;  t he  same  resu l t s  
were o b t a i n e d  w i t h  met ron idazo le .  I n  v ivo  F4  and  me-  
t ron idazo le  were a d m i n i s t e r e d  b y  t h e  oral  r ou t e  to  
c a s t r a t e d  r a t s  w i t h  v a g i n a l  surface  in fec t ions  caused  b y  
T. vaginalis, accord ing  ~o t h e  t e c h n i q u e  of CAVIAR e t  al. 7 
and  t h e  CDs0 of b o t h  drugs  was  a b o u t  5 m g / k g / d a y  for  
5 consecu t ive  days  of t r e a t m e n t .  W e  d e m o n s t r a t e  here  
t h a t  2 -amino-4 (2 -e thyny l -  1 -methyl -  5 -n i t ro imidazole ) -py-  
r imid ine  (F4) also possesses a n t i b a c t e r i M  a c t i v i t y  in vi t ro .  

Materials and methods. N u t r i e n t  m e d i a  were  T r y p t i c  
Soy B r o t h  a n d  T r y p t o s e  P h o s p h a t e  B r o t h  Difco. I n  some 
e x p e r i m e n t s  5 or 10% fe ta l  calf  s e rum was added.  The  

mic roo rgan i sms  were cu l tu red  a t  a t e m p e r a t u r e  of 
37 :k 0.2~ p H  7.2-7.3. The  inoculum,  for 10 ml  of 
med ium,  was 0.1 ml  of a 24 h cu l tu re  d i lu t ed  1:10. 
Min ima l  i n h i b i t i n g  c o n c e n t r a t i o n s  were e v a l u a t e d  b y  t he  
use of a B i o p h o t o m e t e r  (Boner  M a u r y  a n d  Jouan) .  A t  
leas t  4 e x p e r i m e n t s  pe r  dose were made .  

Results and discussion. The  d a t a  are  r epo r t ed  in  t h e  
Table.  Very  sens i t ive  to  F4 are some s t r a ins  of Staphylo- 
coccus aureus a n d  of Streptococcus pyogenes, a n d  also 
Bacillus cereus, Salmonellae, Klebsiella pneumoniae, 
Diplococcus pneumoniae. 

Much  less sens i t ive  are Staphylococcus aureus 168, 
Streptococcus [aecalis, Proteus vulgaris ATCC 6380, 
Pseudomonas aeruginosa a n d  Shigella dysenteriae. Escheri- 
chia coli and  Proteus mirabilis exh ib i t  a n  i n t e r m e d i a t e  
degree of sens i t iv i ty .  Sens i t i v i t y  is usua l ly  less in  t r y p t o s e  
p h o s p h a t e  t h a n  in t r y p t i c  soy b ro th ,  excep t  for Salmonella 
paratyphi B a n d  Klebsiella pneumoniae. The  presence  of 
fe ta l  calf  s e rum does no t  a n t a g o n i z e  t h e  a n t i b a c t e r i a l  
a c t i v i t y  of F4. 

I t  seems to  us t h a t  t h e  p r a c t i c a l  i m p o r t a n c e  of t h e  
a n t i b a c t e r i a l  a c t i v i t y  of th i s  new a n t i - t r i c h o m o n a d  d rug  
is obvious.  I t  is in  fac t  well  k n o w n  t h a t  in  t h e  vag ina l  
lesions b y  Trichomonas a p len t i fu l  a c c o m p a n y i n g  bac te r i a l  
f lora is genera l ly  p r e sen t :  S taphylococc i ,  S t reptococci ,  
Diplococci,  col i form bacil luses,  H. vaginalis, etc. s 

So a n  a n t i b a c t e r i a l  effect  is h igh ly  des i rab le  in  a t r i -  
chomonic ida l  drug,  and  i t  is n o t e w o r t h y  t h a t  2 -amino  
4 ( 2 - e t h y n y l - l - m e t h y l - 5 - n i t r o i m i d a z o l e ) - p y r i m i d i n e  ha s  a 
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