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FTG-cu l tu re  conta ining an inoculum of 6 •  105 micro.  
organisms/ml  could be detected,  was regarded as the  
MLC. 

3. In-v ivo  test.  Female  N M R I - m i c e  weighing 10-15 g 
were t rea ted  oral ly 2, 18 and 24 h af ter  in t raper i tonea l  
infection wi th  8 • 105 t r ichomonads  of a 24 hour  culture.  
The results were eva lua ted  5 days af ter  the  last  t r ea tment .  
The eff icacy of t h e  compounds  was de termined  by  the  
presence or absence of t r ichomonads  in the  abdomina l  
cavi ty ,  as tes ted by  re-isolation. 

Results. The compara t ive  analyses of the  efficacy of 
different  5-ni t ro- imidazole-der ivat ives  against  t h e  T. 
/oetus-strains K V  1 and  K V  1/M 100 in v ivo  and in v i t ro  
are summar ized  in Tables I and I I .  I t  can be seen (Table 
I) t ha t  the  s train KV 1/M 100 is bo th  res is tant  to met roni -  
dazole and also shows different  decrease of sens i t iv i ty  to 
all 5-ni t roimidazole-derivat ives.  Differences are revealed 
by  comparison ~of thei r  resistance factors. As far as 
metronidazole  and ni t r imidazine  are concerned, these 
factors represent,  however ,  only  a min imal  value,  as we 
have  no t  de termined  the  DCs0 owing of the  high dosages 
necessary. 

Similar  results were obta ined f rom the  exper iments  
carried ou t  in v i t ro  (Table II) .  H e r e  also the  s train K V  
1/M 100, proved  less sensi t ive to metronidazole,  showed 
to  be less sensi t ive to all 5-ni t ro imidazole-der ivat ives  in 
compar ison wi th  the  s t ra in  IZV 1. 

Discussion. A comparison of the  efficacy of several  
5-ni t roimidazole-der ivat ives  against  t t ie metronidazole  
res is tant  s t rain T. foetus KV 1/M 100 shows t h a t  an 
ex t r eme ly  high metronidazole  resistanCe is accompanied  
by  a clearly marked  cross-resistance to all 5-ni troimida-  
zole-der ivat ives  s tudied in the  exper iments .  This cor- 

responds to the  findings of McLoUOHLINg, who no t  only 
observed a cross-resistance of a d imetronidazole  res is tant  
T./oetus strain to metronidazole,  bu t  also to amini t razole ,  
a n i t ro thiazole  der iva t ive .  I t  confirms also the  findings 
of ]~tgNAZI~T and GUILLAUME s, who, by  using bo th  a 
metronidazole- res is tant  and a n i t r imidazine-res is tant  
s t rain of T. vaginalis, described a comple te  cross-resistance 
be tween these two 5-ni t roimidazole-der ivat ives .  On the  
o ther  hand,  CARNER110 found only  a sl ight cross-resistance 
be tween  these two drugs on tes t ing ni t r imidazine,  using 
different  metronidazole- res is tant  strains of T. vagi~alis. 
This phenomenon  migh t  be re la ted to t he  degree of met ro-  
nidazole resis tance of the  s trains used. Bo th  our  experi-  
ments  and those of BE~AZET and GOILLAUME 5 have  been 
carried out  wi th  h ighly  metronidazole-res is tant  strains 
wi th  factors of > 68 and > 48 respect ively ,  while the  
resistance factors of the  strains used by  CARNERI10 were 
in the  range of 1.5 to 12.1. 

Unde r  in-vi t ro  conditions,  the  s t ra in  K V  1/M 100 was 
also found to be cross res is tant  to different  degrees to all 
5 n i t ro imidazole-der iva t ives  tested.  Here,  as under  in- 
v ivo  conditions,  the  s t ra in  K V  1/M 100 demons t ra t ed  the  
highest  resistance factor  to metronidazole .  However ,  we 
did no t  find an exac t  correlat ion be tween  the  factors of 
resistance observed in v i t ro  and those found in vivo.  
Such a correlat ion could ha rd ly  be expected,  as t he  
results of the  exper iments  in v i v o  are inf luenced qual i ta -  
t i ve ly  and q u a n t i t a t i v e l y  by  tile spec i f i c  pharrnaco- 
kinetics and b io t rans format ion  of the  drugs in animals.  

9 D. I(. 1VfcLouGHLIN, J. Parasit. 53, 646 (1967). 
10 I. DE CAI~XERI, Trans. R. Soc. trop. Mad. Hyg. 65, 268 (1971). 
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Summary. Dorsal  root  crush results in a h ighly  signif icant  decrease in the  free g lu t ama te / to t a l  free amino acid concen- 
t ra t ion  rat io  over  an ex tended  t ime  period. Perhaps  this  is a good measuremen t  to use in g lu t ama te  crush studies. 

Since g lu tamate  is a po ten t  spinal cord exc i tan t  2, and 
free g lu tamate  levels are higher  in the  dorsal root  t h a n  
in the  ven t ra l  root  a-5 or distal  sensory root  4,5, this  
amino acid is present ly  a t r ansmi t t e r  candida te  a t  the  
dorsal  root  te rminals  3, 0. I n  analogy wi th  t he  cholinergic 
t r ansmi t t e r  sys tem where nerve  section or crush has led to  
definite changes ill the  regula tory  enzymes  7,~ or in the  
acetylcholine leveP,  i t  has been tes ted whether  this 
would be t rue  for the  g lu tamate  conten t  of the  dorsal root  
af ter  such in jury  1~ Al though  there  is a decrease in 
free g lu tamate  per  g tissue in the  root  following injury,  
ne i the r  p rox imal ly  12 nor  dis ta l ly  l~  is this decrease 
significant. This  can be in terpre ted  to suppor t  any  one of 
three a l te rna t ive  possibilities : 1. g lu tamate  is not  a t rans-  
m i t t e r  candidate  here, 2. the  g lu tamate  t r ansmi t t e r  
sys tem is different  f rom the  chol inerg ic  sys tem in this 
respect, or 3. the  usual  means  of expressing such amino 
acid da ta  has not  been able to uncover  al ly signif icant  
free g lu tamate  change. The  purpose of th is  s tudy  is to  
analyze free g lu tamate  changes and to t a l  free amino 

acid changes p rox imal  and distal  to a dorsal  root  crush m 
order  to  discern if there  is al ly w a y  to detec t  a s ignif icant  
free g lu t ama te  change as a resul t  of the  crush. Such a 
s tudy  has no t  been carried out  using several  t ime  periods 
over  the  t ime  when max ima l  crush effects should he seen s. 

Adul t  cats (3.5-4.2 kg) were anesthet ized wit t l  sod ium 
pen tobarb i t a l  (Nembutal ,  35 mg/kg) and the  lumbo-  
sacral  spinal cord and roots  were exposed. The  dura  was 
careful ly cu t  ros t rocaudal ly  in order  to expose the  dorsal  
roots of L7 and $1. The root le t  bundles  of L7 and $1 on 
one side were crushed wi th  a fine forceps 13 m m  from the  
cord. The  dura  was then  s t i tched and the  skin was closed 
wi th  wound clips af ter  s t i tching the  under ly ing fascia. 
Skin-Hes ive  l iquid skill cement  (Uni ted Surgical) was 
appl ied to the  wound area to faci l i ta te  comple te  closure. 
300,000 units  of procaine Pemci l l in-G were g iven i.m. to 
each animal .  Af te r  t imes ranging f rom 2 to 25 days af ter  
crushing, the  ca t  was sacrificed and the  root  and gan- 
glionic t issue of L7 and $1 were  r emoved  rap id ly  and 
frozen in isopentane in d ry  ice. The  13 m m  segment  of 
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Fig. 1. The free glutamate is shown on the Y-axis as the percentage 
of the control level. The control level of gIutamate was 4.49 ~= 0.50 
[xmoles/gT in the dorsal root and 4.52 =12 0.;~2 [xmoles/gT in the dorsal 
root ganglion (N = 38). On the X-axis, the time period after crushing 
is shown in days (D) for each tissue segment. The dorsal root seg- 
ments are numbered from the cord towards the dorsal root ganglion 
(DR1, DR2 and DR3). Each segment of root is 12-14 ram long, 
with DR1 being distal to the root erush and DR3 being located 
nearest the dorsal root ganglion (DRG). The bar for each time period" 
is the percentage of free glutamate remaining in that tissue after 
crushing and the line above each bar shows the standard deviation. 
Using the Student's t-test, the number of X's at the base of each bar 
shows the significance of the difference between control (100 %) and 
crush (X = 5%, XX ~ 2.5%, XXX = 1% and XXXX = 0.5% 
level of significance). 
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Fig. 2. The total free amino acids are shown on the Y-axis as the 
percentage of the control level. The control levels of total free amino 
acids were 22.9 -1- 5.6 [xmoles/gT in the dorsal root and 32.8 q- 4.2 
[zmoles/gT in the dorsal root ganglion (N = 38). On the X-axis, the 
time period after crushing is shown in days (D) for each segment of 
tissue labeled as indicated for Figure 1. The bar for each time period 
is the percentage of total free amino acids in that tissue compared 
to the control, and the line above each bar Shows the standard 
deviation. The number of X's at the base of each bar shows the level 
of significance for the difference from the control value (100%} a~ 
indicated in the legend to Figure 1, 

dorsal root distal to the crush was labeled DR1. The 
proximal root tissue between the crush and the ganglion 
was divided into 2 segments of equal length each averaging 
12-14 ram, and labeled DR2 (segment just  proximal to 
the crush) and DR3 (segment nearest the ganglion). 
The dorsal root ganglion was also taken for analysis. The 
contra-lateral control tissue was treated in a similar 
manner.  Glutamic acid was determined by the method of 
GRAHAM and APRISON ~3, and total  free amino acids were 
determined by the method of MGCAMAN and ROBBIN S1~ 
as modified by GRAHAM et al. ~5. 

Figure 1 shows the temporal effect of the root crush on 
free glutamate, and Figure 2 shows the concomitan~ 
change in total  free amino acids when expressedper g 
tissue. At 2 days after crush no effect was evident on free 
glutamate or total free amino acids. By 4-10 days there 
was a significant elevation of total  free amino acids in all 
root tissues but  an insignificant decrease in free glutamate. 
At 25 days after crushing there was a significant decrease 
in free glutamate in DR1 and DR2 only, with the total  
free amino acids showing a lower but  still significant 
elevation. The damming of free amino acids immediately 
proximal to the crush was seen within 8 h after injury 18 
which was much too early for the free amino acid in- 
crease along the extensive distance of the dorsal root 
observed in this study (Figures 1 and 2). Thus, the total  
free amino acid increase seen here may not be a damming 
phenomenon at all. The dorsal root ganglion shows a 
significant free amino acid increase only in the 10 day 
period. 

Next, it was determined if this insignificant free glu- 
tamate decrease, when expressed on a tissue basis, could 
be significant when expressed as the glutamate/total  free 
amino acid concentration ratio (Figure 3). The first 
significant decrease in this ratio occurred in DR1 and 
DR2 in the 4-day period. Since this change is evidently 
in process during the 4-day period, the variabiIity in the 
time-span of this response from animal to animal would 
make highly significant changes here unlikely. In  both 
10 and 25-day periods there was a very highly significant 
decrease in this ratio in all root segments. Since the 
ganglion did not show any singificant changes here it is 
not included, in Figure 3. 

Thus, there is a significant decrease in free glutamate 
of the dorsal root for an extended period of time after 

1 This work was supported by Research Grant No. USPH-5-RO1- 
NS-10508 from the National Institutes of Health. 

2 D. R. CURTIS, J. W. PHILLIS and J. C. WATKINS, J. Physiol., 
Lond. 750, 656 (1960). 

a 1V[. H. APRIsoN', g. T. GRAHAM, JR., D. R. LIVENGOOD and R. 
WERMAN, Fedn. Proc. 24, 462 (1965). 
A. W. DUOOAN and G. A. R. JOHNSTON, J. Neurochem. 77, 1205 
(1970). 
J. L. JOHNSON and M. H. APRISON, Brain Res. 24, 285 (1970). 

6 j .  L. JOHNSON, Brain Res~ 37, 1 (1972). 
7 C. O. HEBB and G. iV[. H. WAITES, J. Physiol., Eond. 132, 667 

(1956). 
J. L. Jo~IXSON, Brain Res. 18, 427 (1970). 

9 C. A. N. EvANs and N. R. SA~J~DERS, J. Physiol., Lond. 192, 79 
(1967). 

10 I. IV[. JON'ES, C. C. JORDAN, 1. K. M. MORTON, C. J. STAGG and R. 
A. WEBSTER, J. Neuroehem. 23, 1239 (1974). 

n p .  j .  ROBERTS and P. KEEN, Brain Res. 7d, 333 (1974). 
18 T. TAKAHASHI and M. O. OTSUKA, Brain Res. 87, 1 (1975). 
x~ L. T. GRAHAM, JR. and M. H. APEISON, Analyt. Chem. 75, 487 

(1966). 
14 R. E. McCAMAN and E. ROBBINS, J. Neurochem. 5, 18 (t959). 
15 L. T. GRAHAM, JR., R. P. SHANK, R. WERMA~ and M. H. APRISON, 

J. Neuroehem. ld, 465 (1967). 
1~ p. j .  ROBERTS, P, K~g~ and J. F, I~!TCtt~LL~ J. Neqro9hem, 27, 

199 (1973), 



186 Specialia ]~XPERIENTIA 32/2 

0.25 -- ? 

0.20-- 

o.i~-o,io_ ? _L, I 
0,05 -- 

X • 0 
DR1 DR,?. I}R3 DRI DP,2 DR3 

2 DAY 4 DAY 

? 

~0( ~OC( )O0( 

DR1 DR2 DR3 

10 ~AY 

7' 

I 
I 

_L 

DR1 DR2 DP~ 

25 DAY 

Fig. 3. The free glutamate/total free amino acid concentration ratio 
is shown on the Y-axis. Each tissue is shown at 2, 4, 10 and 25-day 
periods following crushing (between DR1 and DR2 as in Figure 1) 
on the X-axis. The arrow points to the control value glutamate/free 
amino acid concentration ratio obtained in each particular time peri- 
od. The bar for each tissue on the X-axis represents the glutamate/free 
amino acid concentration ratio, and the line above this is the standard 
deviation. The significance of the difference between control and 
crush tissue was tested by the Student's t-test. The number of X's 
at the base of each bar represents the level of significance of this 
difference; X = 5%, XX = 2.5% and XXX = 0.5% level of 
significance. 

crushing,  no t  on  abso lu te  g rounds  (per g t issue),  b u t  on  a 
re la t ive  basis  (expressed as t he  r a t io  of free g l u t a m a t e /  
t o t a l  free amino  acid concen t ra t ions ) .  Pe rhaps ,  however ,  
a s ign i f ican t  free g l u t a m a t e  c o n c e n t r a t i o n  decrease  could 
be  de tec ted  a t  t imes  ear l ier  t h a n  25 days  if a v e r y  large 
sample  size was used w i t h  d a t a  expressed  pe r  g t i ssue  
only.  A l t h o u g h  th i s  m a y  sugges t  t h a t  t he re  is a decrease  
in free g l u t a m a t e  in  t he  dorsa l  sensory  n e u r o n  fol lowing 
i i l jufy,  some add i t i ona l  diff icul t ies  m u s t  be cons idered  
before  th i s  conclus ion is rel iable.  Dis ta l  to  t h e  i n j u r y  t he re  

i s  comple te  degene ra t i on  of t he  s epa ra t ed  axons  1~ w i t h  
phagocy t i c  sa te l l i te  cells b r e a k i n g  down axona l  debr i s  is. 
The  p ro teo ly t i c  a c t i v i t y  of t he  sa te l l i te  cells m a y  cause  
free g l u t a m a t e  increases  wh ich  cancel  a n y  decreased  
a x o n a l  g l u t a m a t e  w h e n  m e a s u r e d  on  a t i ssue  basis.  
P r o x i m a l  to  t he  in jury ,  t he  i n t a c t  axons  regrow in a n  
a t t e m p t  to  r e i n n e r v a t e  t h e  end  o rgan  lL I t  is n o t  ye t  
k n o w n  w h e t h e r  t he  t o t a l  free a m i n o  acid increase  ob- 
served  p r o x i m a l l y  here  is n e u r o n a l  or e x t r a n e u r o n a l  in  
na tu re ,  a l t h o u g h  free g l u t a m a t e  is dec reas ing  re l a t ive  to  
t o t a l  free amino  acids a t  a g rea t  d i s t ance  p r o x i m a l  to  t he  
crush.  Therefore,  t he  resul t s  of t h i s  s tudy~,  and  t he  fac t  
t h a t  g l u t a m a t e  is such  an  ac t ive  s u b s t a n c e  of widespread  
i m p o r t a n c e  6, ind ica te  t h a t  one m u s t  ask  t he  fol lowing 
th r ee  ques t ions  concern ing  such  da ta .  1. H o w  i m p o r t a n t  
are such  o b s e r v a t i o n s  in Showing w h e t h e r  or  n o t  g l u t a m a t e  
is a synap t i c  t r a n s m i t t e r  ? 2. How specific are such  c rush  
effects on  free g l u t a m a t e  levels where  one is r e a s o n a b l y  
sure i t  is a synap t i c  t r a n s m i t t e r  as opposed  to  where  i t  is 
no t  a t r a n s m i t t e r  ? 3. W h a t  amino  acid changes  fol lowing 
a x o n a l  c rush  or sec t ion  are associa ted  w i t h  the  axons  a n d  
wh ich  are associa ted  w i t h  sa te l l i te  cells ? 

IT j .  Z. YouNG, Adv. Surg. 1, 165 (1949). 
18 M. SINGER and M. C. STEINBERG, Am. J. Anat. 133, 51 (1972). 

Long-Chain (Z)-9-Alkenes are 'Psychedelics' to Houseflies with Regard to Visually Stimulated 
Sex Attraction and Aggregation 
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Summary. Three  d i f fe ren t  t e s t s  on housef l ies  (Musca domestics L.) revea led  t h a t  b o t h  phe romone- f r ee  pseudofl ies  a n d  
male  p a r t n e r  flies e x h i b i t  in  t h e  presence  of m i x t u r e s  of long-cha in  (Z)-9-alkenes or pure  (Z)-9-tr icosene e n h a n c e d  
re leas ing effects for  two  opt ica l  cues, wh ich  s t i m u l a t e  male  housef l i es  to  m a t i n g  s t r ikes  and  housefl ies  of b o t h  sexes 
to  aggrega t ion .  

B e h a v i o r a l  responses  of long-chMn (Z)-9-alkenes in  the  
male  housef ly ,  Musca domestics L. a re  be l ieved  to  be  
sex a t t r a c t i o n  l-a, sex s t i m u l a t i o n  8, exc i t emen t ,  m a t i n g  
and  o r i e n t a t i o n  ~. F u r t h e r m o r e ,  aggrega t ion  of b o t h  sexes 
of housefl ies  is a t t r i b u t e d  to  (Z)-9-tricoseneb,% Severa l  
homologous  c o m p o u n d s  show p h e r o m o n e  a c t i v i t y  3,*, 
especial ly  a 7 :3  m i x t u r e  of (Z)-9-tr icosene a n d  (Z)-9- 
hene icosene  4. A l t h o u g h  i t  is well  k n o w n  t h a t  v i sua l  
s t imul i  el ici t  s t rong  sex a t t r a c t i o n  ~ a n d  aggrega t ion  s, 
t h e  m u t u a l  i n t e r ac t i on  b e t w e e n  v isua l  and  o l fac tory  
s t imul i  in t he  housef ly  ha s  n o t  been  es tab l i shed  9. 

I n  t he  p r e sen t  s tudy ,  c o m b i n a t i o n s  of severa l  (Z)-9- 
a lkenes  were t e s t ed  to  e luc ida te  t h e i r  effect  on  the  be- 
h a v i o r  of housefl ies  in  c o n j u n c t i o n  w i t h  v i sua l  s t imuli .  
3 types  of t e s t s  were car r ied  out ,  each  ill t h e  absence  of 
p h e r o m o n e s  ( ' s t anda rds ' )  and  in t i le presence  of phero-  
mones :  1. The  well  e s tab l i shed  pseudof ly  t e s t  in  Pe t r i  

dishes2,a, 1~ in which  one pseudof ly  is exposed  to  2 ma le  
housef l ies ;  2. a modi f ied  pseudof ly  t e s t  in  P e t r i  dishes,  
in wh ich  two pseudofl ies  are  exposed to  1 male  housef ly ;  
a n d  3. a large-scale  t e s t  us ing  pseudof ly - f lypaper  s tr ips.  
I n  2. as well  as in 3. pseudofl ies  c o n t a i n i n g  no  phero-  
m o n e s  were employed  as ' con t ro l s '  in  t he  presence  of 
pseudofl ies  i m p r e g n a t e d  w i t h  phe romones .  

Material and methods. The  t e s t  ma te r i a l s  (I-VI), as 
shown  in Table  I, c o n t a i n e d  var ious  levels of b io logica l ly  
ac t ive  h y d r o c a r b o n s ,  such  as (Z)-9-heneicosene a,4, (Z)- 
9-docosene 3, ~, (Z)-9-tr icosene l-e, (Z) -9 - te t racosene  8, 4, a n d  
(Z)-9-pentacosene  ~. 

1. The  sho r t  r ange  ac t ion  of long-cha in  (Z)-9-alkenes 
on  t h e  sex a t t r a c t i o n  of male  housef l ies  was  s tud ied  
us ing  t h e  pseudof ly  t e s t  in  P e t r i  d ishes  2,3,1~ Covered 
P e t r i  dishes,  9 cm in d iamete r ,  each  w i t h  2 ma le  house-  
flies, 5 to  10 d old, f rom l a b o r a t o r y  cu l tu re  a n d  1 'pseudo-  


