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hornworms  were reared on semi-syn the t i c  d ie t  and  excre ta  
of the  5th ins ta r  larvae was used in th is  invest igat ion.  
One d imens ional  ascending and descending chromatogra -  
p h y  was used to  separa te  the  n i t rogenous  compounds .  
Different  so lvent  sys tem used were:  I sop ropyno l -wa te r  
(10:3), e thanol -ace t ic  ac id-wate r  (85:5:10),  bu tanol -  
me thano l -benzene -wa te r  (2 : 1 : 1 : 1) and e thanol -pyr id ine-  
wa te r  (70:20:10).  W h a t m a n  No. 1 paper  was used for 
all ch romatograms .  

The samples  for urea and a l lantoin  were p repared  by  
gr inding the  faecal pel lets  in a mor t a r  wi th  0.067 .~/ 
phospha te  buffer  p H  12 ~ and  wi th  0.4 % l i th ium carbona te  
for pur ines  and pyr imid ines  2. The resul t ing suspensions 
were t h e n  centr i fuged ; s u p e r n a t a n t  was concen t ra t ed  and 
al iquots  f rom it were t aken  for ch romatograph ic  analysis.  
Ch rom a tog rams  were air dried and sprayed  wi th  the  
mercu ry -d ipheny l -ca rbazone  reagent  of DIKSTEIN et  al. s 
to reveal  pur ines  and  pyr imidines .  These compounds  
could also be de tec ted  by  viewing the  ch roma to g rams  
under  UV- light. Urea  and al lantoin were de tec ted  by  
spray ing  the  ch roma tog rams  wi th  d ime thy l amine  benzal-  
dehyde  reagent  9. Iden t i f ica t ion  was made  by  comparis ion 
of RI  values of known compounds .  

On the  basis of the  colour deve lopmen t  it can be 
inferred t h a t  urea was p resen t  only in t races;  uric acid 
and al lantoin being the  main  cons t i tuen t s  of n i t rogenous  
waste  p roduc t s  of Manduca. 

Since insects  in general  are uricotylic,  it  is not  surpr izing 
to find t h a t  uric acid is one of the  excre to ry  p roduc t s  in 
Tobacco hornworm.  Al lan to in  which is p resen t  in the  
h o r n w o r m  excre ta  has also been repor ted  in o ther  lepidop- 

terous  insec ts '~  I t  seems t h a t  the  enzyme  uricase which  
is responsible  for the  b reakdown  of uric acid to  allan- 
to in  ~0, n,  is also opera t ing  in th is  insect .  Urea  which  was 
found in t races  in h o r n w o r m  excre ta  is r epor ted  to  be a 
minor  excre to ry  p roduc t  in m a n y  insect  2. 

Zusammen/assung. Die s t icks tof fha l t igen  Exkre t ions -  
p ro d u k t e  yon  Rau p en  von Manduca sexta L. w u rden  
pap i e r ch roma tog raph i sch  analysier t .  Die wich t igs ten  
Aussche idungsproduk te  s ind Harns~ure  und  Al lan to in ;  
Harns to f f  wird nur  in Spuren  ausgeschieden.  
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Ureteral  P a c e m a k e r  Potentials  Recorded with  the Sucrose  Gap Technique 

Presence of the  renal pelvis in isolated ureteral  prep- 
ara t ions  is essential  for the  con t inua t ion  of regular  peri- 
stal t ic waves in vitroa, 2. CONSTANTINOU a has repor ted  
r h y t h m i c  cont rac t ions  in the dog renal pelvis, and toge ther  
wi th  GOLENHOFEN and HANNAPPEL 2 has found mult i-  
modal  d i s t r ibu t ions  of the  period be tween  peris tal t ic  
waves.  Thus,  a pacemaker  region may  well be located in 
the  renal  pelvis, where morphological  d i f ferent ia t ion  has 

also been found 4. The aim of the  p resen t  work was to 
record pacemaker  po ten t ia l s  in the  renal  pelvis electrically,  
and  to relate  t h e m  to the  contrac t i le  behav iour  of the  
ure ter  in vitro.  

i w. SLEATOR and R. BUTCHER, Atn, J. Physiol. 180, 261 (1955). 
2 K. (~OLENHOFEN and J. HANNAeVEL, Pfliigers Arch. ges. Physiol. 

341, 257 (1973). 
a C. E. CONSTANTINOU, Am. J. Physiol. 226, 1.413 (1974). 
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Fig. 1. Sucrose gap records of electrical activity 
from the regions of the guinea-pig ureter shown in 
the diagram, A) Pacemaker potentials from the 
renal pelvis. B) Transitional action potential from 
the ureteropelvic region. C) Propagated action po- 
tential from middle ureter. 
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Materials and methods. Guinea-p ig  u re te r s  were dissected 
w i t h  r ena l  pelvis  in tac t ,  and  set  up  i m m e d i a t e l y  in  a 
single sucrose gap a p p a r a t u s ,  as descr ibed  b y  ]3URNSTOCK 
and  STRAUB 5 w i th  t ens ion  s i m u l t a n e o u s l y  m o n i t o r e d  b y  a 
S t a t h a m  t r ansduce r .  Sheep u p p e r  u re te r s  were b r o u g h t  
f rom the  a b b a t o i r s  in  cold N r e b s  so lu t ion  a n d  t he  p repa -  
r a t i ons  were set  up  w i t h i n  l h  of t he  d e a t h  of the  animal .  
Some e x p e r i m e n t s  were car r ied  ou t  in  an  o rgan  ba th ,  and  
t he  t ens ion  changes  were r e c o r d e d  on  a N i h o n  t ( o h d e n  
c h a r t  recorder .  

Results and discussion. The  m e m b r a n e  p o t e n t i a l  f luc tu-  
a t ions  de t ec t ed  in t he  var ious  a n a t o m i c a l  si tes of t he  
p r o x i m a l  u re te r  w i t h  the  sucrose gap m e t h o d  are shown 
in F igure  1. The  p o t e n t i a l s  recorded  a t  t he  rena l  pelvis  
(Figure  1 A) are s imi la r  to  those  found  in t he  SA node  of t he  
hear t ,  beg inn ing  w i t h  a slow p r e p o t e n t i a l  whose  r a t e  of rise 
increases,  u l t i m a t e l y  lead ing  in to  a spike. The  p a c e m a k e r  
f r equency  in b o t h  t he  gu inea-p ig  and  sheep was of the  
order  of 0.22 I-Iz. The  records  in  F igures  1 B a n d  1 C were 
o b t a i n e d  f rom t h e  pye lou re t e r  (ure te rope lv ic  junc t ion)  
and  the  midd le  u re t e r  respect ively .  As t he  record ing  s i te  
was sh i f ted  a w a y  f rom t he  rena l  pelvis,  t h e  p a c e m a k e r  

Tension 

Membrane potential 

2 sec 

Fig. 3. Relation between pacemaker potentials (lower trace) and 
tension (upper trace) resulting from peristaltic waves in the ureter. 
The record has been numerically rescaled to a slower timebase. 
Note the absence of a 1:1 correspondence between the two traces. 
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Fig. 4. Multimodal distributions of contraction intervals of guinea- 
pig ureter in vitro. A) Typical isolated ureter. Experiment duration 
2 h. B) Different preparation frmn A) 30 rain controI run. C) Sanle 
preparation as in B), stretched by 25%. Recording time 30 min. 

po t en t i a l s  d i s appea red  and  t he  ac t ion  p o t e n t i a l s  were 
charac te r ized ,  ins tead ,  b y  a fas t  r a t e  of r ise .  I n  t he  guinea-  
pig  ure ter ,  spikes were genera l ly  supe r imposed  on a 
p la t eau ,  The  n o n - p a c e m a k e r  t ypes  of ac t ion  po t en t i a l s  
recorded  here  were s imi la r  to  those  o b t a i n e d  b y  GOLEN- 
HOFEN a n d  HANNAPeEL 6 w i t h  microelec t rodes ,  and  b y  
BURNSTOCK and  PROSSER r w i t h  t he  sucrose  gap. Pace-  
m a k e r  depo la r i za t ions  in  the  r ena l  pelvis,  however ,  have  
no t  been  p rev ious ly  d e m o n s t r a t e d .  

Microelec t rode  m e a s u r e m e n t s  f rom the  guinea-p ig  rena l  
pelvis  are d i f f icul t  s ince {ha t  region s p o n t a n e o u s l y  con- 
t rac t s ,  and  a t  a m u c h  fas te r  r a t e  t h a n  t h a t  of the  per i s ta l t i c  
waves.  F u r t h e r m o r e ,  due to t he  v e r y  low tens ion  deve loped  
b y  t h e  p a c e m a k e r  a rea  of t he  gu inea-p ig  ure ter ,  t he  rela-  
t i on  be tween  t he  c o n t r a c t i o n s  in  t he  r ena l  pelvis  and  t he  
electr ical  a c t i v i t y  of t he  p a c e m a k e r  was s tud ied  in t he  
sheep p r o x i m a l  u re t e r .  The  upper ,  tens ion,  record  in 
F igure  2 in i t i a l ly  bea r s  a 1 :1  r e l a t ionsh ip  w i t h  t he  elec- 
t r i ca l  p a c e m a k e r  po ten t i a l s ,  b u t  t h e n  dissociates  in to  
two smal le r  c o m p o n e n t s  wh ich  show a n  increas ing  phase  
dif ference un t i l  s y n c h r o n y  reoccurs.  Th i s  resu l t  suggests  
the  exis tence,  in t h a t  p r epa ra t i on ,  of two unsynch ron i zed  
areas  of r ena l  pe lv is  c o n t r a c t i n g  a t  s l ight ly  d i f fe rent  
frequencies.  The  p a c e m a k e r  p o t e n t i a l s  occurred  a t  a 
c o n s t a n t  f requency,  since t h e  sucrose gap  record ing  
m e t h o d  does no t  d i s t i ngu i sh  smal l  areas  of poor ly  coupled 
i n d e p e n d e n t  ac t iv i ty .  F u r t h e r m o r e ,  t he  re la t ive  cont r i -  
b u t i o n  of t he  va r ious  p o t e n t i a l  p a c e m a k e r  regions to t he  
t o t a l  p a c e m a k e r  process  m a y  be  d e t e r m i n e d  b y  t h e  degree 
of e lectr ical  coupl ing  be tween  these  areas  8, a n d  m a y  be  
grossly inf luenced  b y  the  d issec t ing  p r o c e d u r e .  I n  th i s  
context ,  CONSTANTINOU 3 has  conf i rmed  t h a t ,  in  dog rena l  
pelvis,  pressure  in v ivo  f l u c t u a t e d  w i t h  no  a s y n c h r o n o u s  
componen t .  

The  re la t ion  be tween  p a c e m a k e r  po t en t i a l s  a n d  u re te ra l  
per i s ta l t i c  waves  is shown in F igure  3, wh ich  ind ica tes  
t h a t  no t  eve ry  p a c e m a k e r  p o t e n t i a l  t r iggers  a per i s ta l t i c  
wave  in t he  ureter .  The  cor re la t ion  be tween  p a c e m a k e r  
po t en t i a l s  and  per i s t a l t i c  waves  was s tud ied  b y  p lo t t i ng  
a f r equency  h i s t o g r a m  of in t e rva l s  be tween  successive 
c o n t r a c t i o n s  of t he  u re t e r  a f t e r  t he  m a n n e r  of GOLZN- 
~IOFErr and  HANNAPPEL 3, 8. The  usual  m u l t i m o d a l  distr i -  
b u t i o n  was ob ta ined ,  as in F igure  4A. However ,  t he  
m i n i m u m  i n t e r v a l  be tween  c o n t r a c t i o n s  was sho r t e r  t h a n  
p rev ious ly  sugges ted  va lues  ~,s, be ing  near  4.55 sec. 
I n t e g r a l  mul t ip le s  of th i s  va lue  t h e n  gave  peaks  a t  9.1, 
18.2 a n d  27.3 sec, d i f fer ing b y  - 9 % ,  4 %  and  9% f rom 
t h o s e  found  in s i tu  b y  GOLENHOFEN a n d  HANNAPPEL3' 8, 
SO t h a t  t he  dev ia t ions  of up  to  25% f rom in tegra l  mul t i -  
p l i ca t ion  of t he  p a c e m a k e r  per iod  in v ivo  r epo r t ed  b y  
these  au thors ,  m i g h t  be  exp la ined  b y  a p a c e m a k e r  fie- 

4 j .  A. GOSLING and J. S. Dlxoi, r, Invest. Urol. 11, 418 (1974). 
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Fig. 2. Sucrose gap record of pacemaker activity in the renal pelvis of the sheep (lower trace) with concomitant tension record (upper 
trace). Note the phase difference between the two traces. 
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quency  h igher  t h a n  the  h ighes t  per is ta l t ic  ra te  recorded,  
ins tead  of the  ref lex inh ib i to ry  mechan i sm which  t h e y  
proposed.  However ,  the  ure ter  has  been examined  f rom a 
feedback control  sys tems  po in t  of view 9 and the  exis tence 
of such a mechan i sm canno t  be ruled out.  

The pacemake r  f requency  in b o t h  guinea-pig and sheep 
was r emarkab ly  stable.  The s t anda rd  devia t ions  of groups 
of 35 consecut ive  pacemake r  po ten t ia l s  in the  sheep ranged  
f rom 2% to 6% of t he  mean,  so t h a t  the  spread  of the  
h i s tograms  is more  likely to be due to var iab i l i ty  of the  
th resho ld  of exc i ta t ion  in the  pyeloureter ,  which  acts  as a 
minor  delay mechanism.  The pye loure te r  also acts  as a 
gate, p r even t ing  mos t  pacemaker  po ten t ia l s  f rom in i t ia t ing  
per is ta l t ic  waves.  

Two possible influences on th is  p roposed  ga t ing  or 
f i l tering mechan i sm were invest igated.  Figures  4B  and  
4C show d is t r ibu t ions  ob ta ined  before and  af ter  25% 
s t re tch  was appl ied to  the  whole prepara t ion .  This allowed 
more  con t rac t ions  to  occur a t  lower mul t ip les  of the  pace-  
make r  period,  p r e sumab ly  by  lowering the  th resho ld  of 
exc i ta t ion  in t he  pyeloureter .  The act ion of d i f ferent  
t e m p e r a t u r e s  on the  isolated guinea-pig ure ter  l ikewise 
changed the  gate threshold .  In  the  t e m p e r a t u r e  range 
29 33 ~ the  d i s t r ibu t ions  were un imodal  w i th  per iods  of 
30 sec, bu t  in the  range 34-37 ~ the  d is t r ibu t ions  became 
mul t imodal ,  wi th  peaks  a t  app rox ima te ly  30, 20 and 15 sec. 

Thus, a l though  the  pacemaker  is a necessary  condi t ion  
for the  in i t ia t ion of per is ta l t ic  waves, an addi t iona l  s t imu-  
lus in the  pyreloureter ,  by  way  of d i s ten t ion  due to ac- 
cumula ted  urine in t he  renal  pelvis,  is required before the  
per is ta l t ic  wave can be tr iggered.  Such a mechan i sm 
would effect ively isolate the  renal  c o m p a r t m e n t  hydro-  
dynamica l ly  f rom the  u r ina ry .b l adde r .  Dur ing  diuresis, 
however,  the  d is tens ion  in the  renal  pelvis  would lower 
the  pyeloure tera l  gate  exc i ta t ion  th reshold  in a m a n n e r  

similar  to  t h a t  d e m o n s t r a t e d  exper imen ta l ly  by  the  
appl ica t ion  of s t r e t ch  as in Figure  4C. A full renal  pelvis 
would therefore  give rise to  a un imoda l  d i s t r ibu t ion  of 
per is ta l t ic  intervals ,  wi th  a pacemaker  to ureteral  con- 
t r ac t ion  rat io of 1 : 1. U n d e r  such condit ions,  h y d r o d y n a m -  
ic isolat ion of the  k idney  would  still occur due to the  
cont inued  ma in t enance  of regular  per is ta l t ic  con t rac t ions  
by  the  renal  pacemaker .  10 

Summary .  Ure te ra l  con t rac t ions  occur a t  in tervals  
which  are in tegra l  mul t ip les  of the  per iod of pacemaker  
po ten t ia l s  recorded in v i t ro  f rom the  renal  pelvis  wi th  a 
sucrose gap, suggest ing t h a t  a ga t ing  mechan i sm in the  
pye loure te r  regula tes  the  ra te  a t  which  the  pacemaker  
in i t ia tes  contrac t ions .  
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Inhib i t ion  of L i g h t - I n d u c e d ,  T r a n s i e n t  M e m b r a n e  
Leaf Cel ls  by  C y c l o h e x i m i d e  

The ant ib io t ic  cycloheximide  (CH), known as a specific 
inhibi tor  of p ro te in  synthes is  in 80 S (cytoplasmic) r ibo- 
somes of eucaryot ic  cells l, has  recent ly  been  used in 
s tudies  of ion up take  and t r a n s p o r t  in p l an t s2 -5  Besides 
p ro te in  synthesis ,  CH inhibi ts  t r a n s p o r t  of ions t h rough  
bar ley  roots ,  whereas  ion accumula t ion  f rom the  amb i en t  
m e d i u m  is no t  affected3, 4. I t  was suggested t h a t  CH 
exer ts  its effect  on symplasmic  ion t r a n s p o r t  in the  root  
p a r e n c h y m a  by  in te rac t ion  wi th  the  endoplasmic  ret icu-  
lum (ER) and its m e m b r a n e  turnover3,  4. In  the  exper i -  
m e n t s  descr ibed here,  we a t t e m p t e d  to inves t iga te  w h e t h e r  
CH also affects  o the r  symplasmic  p h e n o m e n a  such as 
electrical  coupling be tween  neighbour ing  cells in p l an t  
tissues. 

For  demons t r a t i on  of electrical coupling, we used the  
in te rna l ly  genera ted  signal of the  wel l -known t r ans i en t s  
of electrical  po ten t i a l  difference (PD) which are t r iggered 
by  swi tching on or off p h o t o s y n t h e t i c  energy  t rans fe r  
react ions  (review6). These PD t r ans ien t s  also occur in 
normal ly  green cells of var iega ted  leaves of Oenothera- 
mutan t s .  PD t r ans i en t s  are n o t  observed,  however ,  in 
the  yellowish m u t a t e d  cells hav ing  an impai red  pho to -  
sys tem I or p h o t o s y s t e m  I I  respect ively,  unless there  is a 
symplasmic  connect ion  be tween  the  green and  the  m u t a t e d  
cellsL This  shows t h a t  the  l ight- t r iggered signal can be 
t r ans loca ted  f rom t h e  green cells to  t he  m u t a t e d  ceils. 

In  our exper iments ,  we used micro-capi l lary  electrodes 
(tip d iamete r  < 1 ~xm, filled wi th  3 M KC1, res is tance  

Potent ia l  O sc i l l a t i ons  of Oeno thera  

> 4 Mohms in 3 M KC1). The electrodes were inser ted  
into the  center  (probably  the  vacuole) of a cell of the  upper  
pal isade p a r e n c h y m a  layer, a f ter  the  epidermis  was 
s t r ipped  off. The leaf sample  was m o u n t e d  in to  a small  
ch amb e r  which was con t inuous ly  f lushed wi th  art i t icial  
pond  wa te r  (APW:  i m M  NaC1 + 0.1 m M  KC1 + 0.05 m M  
CaSO,,  p H  abou t  6.1). For  more  expe r imen ta l  detai ls  see s. 

In i t ia l  expe r imen t s  showed t h a t  a f ter  add i t ion  of CH 
(10 ~g/ml = 36 ~zM) to t he  ex te rna l  medium,  no l ight-  
induced  po ten t i a l  changes  were de tec tab le  wi th  the  
e lect rode t ip  in whi te  cells of Oenothera hookeri �9 albicans 
IV / I I e ,  a l though  green cells were in symplasmic  con tac t  
wi th  t he  m u t a t e d  cells. Thus,  appa ren t l y  CH blocked 
symplasmic  t rans fe r  of the  signal. 

1 H. D. SISLER and M. R. SIEGEL, in Antibiotics (Eds. D. GOTTLIEB 
and P. D. SHAW; Springer, Berlin-Heidelberg-New York 1967), 
vol. 1, p. 283. 

2 R. J. ELLIS and I. R. MACDONALD, Plant Physiol. 46, 227 (1970). 
3 A. L/iUCHLI, U. LOTTGE and M. G. PITMAN, Z. Naturforsch. 28c, 

431 (1973). 
U. LOTTGE, A. Li~OCHLI, E. BALL and M. G. PITMAN, Experientia 
30, 470 (1974). 

a R. JEANJEAN, FEBS Lett. 32, 149 (1973). 
e F. W. BENTRUP, Fortschr. Bot. 33, 51 (1971). 
7 E. BRINCKMANN and U. L1)TTGE, Planta 119, 47 (1974). 
s E. BRINCKMANN, Dissertation T. H. Darmstadt, 1973. 


