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Groups Gestational age Number tested Levels of lysozyme in individual samples Mean values 
(weeks) (rag/l) 

A 9 1 4.8 
10 4 1;4.2;6; 7.9 
11 3 1.2; 2; 5 4.6 
12 5 1.2; 4.8; 5.9; 7; 8.8 

B 13 3 5;6.8;8 
14 8 3.1; 4; 6; 6; 6; 7.2; 11.2; 13.2 
15 1 4.4 7.4 
16 4 5.2; 8; 9.2; 15 

C 17 3 4.8; 7.2; 12.1 
18 4 5.6; 8.8; 8.8; 15 
19 2 9; 15.2 9.7 
20 3 5.8; 11; 13.9 

D 21 - 
22 3 5.5; 8.5; 18 
23 - 11.8 
24 2 8; 11.8 

The levels of LZM var ied  in 46 amnio t ic  fluids f rom 1 to  
18 mg/1, and  considerable  var ia t ions  were observed  in 
samples  collected a~: abou t  the  same s tage  of gesta t ion.  
LZM ac t iv i ty  was  de t ec t ed  in the  amnio t ic  f luid of the  
younges t  fe tus  tes ted ,  9 weeks old. W h e n  the  samples  
were d iv ided  in to  4 groups  accord ing  to  the  age of the  
fetuses  (Table) t he  m e a n  levels of LZM in each group 
were found t o  increase as p r e g n a n c y  progressed.  The 
de tec t ion  of LZM in amnio t ic  fluids a t  an ear ly  s tage  of 
ges ta t ion  is in ag reemen t  w i th  the  observed  ear ly  syn thes i s  
of the  enzyme  dur ing  fe ta l  d e v e l o p m e n t  ~5,19. 

Norma l  levels of LZM were observed  in t he  amnio t ic  
fluids f rom 7 fetuses  w i th  neura l - tube  defects ;  the  indivi-  

dual  values  were found  to  range be tween  3 and  16 mg/1. 
The h igh  counts  of macrophages  observed  in amnio t ic  

f luids of fetuses  w i th  CNS defectsS, 9 do no t  seem to 
affect  t he  levels of LZM. Tile clinical s ignificance of 
e s t ima t ing  the  levels of LZM in amnio t ic  fluids to  moni to r  
bacter ia l  infect ions of the  fe tus  remains  to be es tabl ished.  
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Deep Temporal Lobe Projections to the Nucleus of the Diagonal Band of Broca 

H. YOSHIHARA and  J. F. DE FRANCE 1 

Morin Memorial Laboratory, Department o /Anatomy,  Wayne State University, School o/Medicine,  550 East Can/ield 
Avenue, Detroit (Michigan d8207, USA) 21 July  1975. 

Summary. Elec t rophys io logica l  s tudies  wi th  acu te ly  p r ep a red  cats  found  t h a t  s t imula t ion  of deep t emp o ra l  lobe 
s t ruc tu res  (e.g., amygda la ,  p r e p y r i f o r m  cortex) evoked responses  in t he  nucleus  of the  d iagonal  b a n d  of Broca.  An 
analysis  of field, ex t ra -  and  in t racel lu lar  un i t a ry  responses  po in t s  to  the  exis tence of a m o n o s y n a p t i c  exc i t a to ry  con- 
nect ion.  

]Early e lectrophysiological  s tudies  by  STOLL et  al. 2 and 
GLOOR S sugges ted  the  presence  of a p a t h w a y  t o  t he  
sep ta l  area f rom deep regions of the  an te r ior  t empora l  
pole. Specifically, a p a t h w a y  f rom the  amygda l a  to  the  
septa l  c o m p o n e n t  of the  diagonal  b a n d  of Broca  (nDBB) ~ 
has  been sugges ted  b y  ana tomica l  t echn iques  5-8. The 
cor tex  sub jacen t  to  the  a m y g d a l a  (e.g., t he  p repyr i fo rm 
cortex) m i g h t  also p ro jec t  to  the  n D B B  9. The p re sen t  
r epor t  inves t iga tes  s o m e  of the  physiological  proper t ies  of 
these  deep t empora l  lobe p a t h w a y s  to  the  nDBB.  

Cats were anes the t i zed  wi th  t h i amyla l  sod ium (25 mg/  
kg) and  chloralose (40 mg/kg).  The s e p t u m  and  h ippo-  
campus  were exposed  by  r emov ing  the  over ly ing cerebra l  
cor tex  and  corpus callosum. Bipolar  s t imula t ing  electrodes 
wi th  an inter-pole  d is tance  of 0.5 m m  were s te reo tax ica l ly  
placed in t he  am ygda l a  and  p repy r i fo rm cortex.  In  m o s t  

of t he  exper iments ,  the  amygda la  s t imula t ing  electrodes 
were a r ranged  so t h a t  t he  basola tera l  group or t he  an te r ior  
amygda lo id  area f rom A P  levels + 1 2  to  + 1 5  was s t imu-  
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l a t ed  ~o. S t i m u l a t i o n  si tes were ver i f ied  his tological ly .  A n  
add i t i ona l  s t i m u l a t i n g  e lec t rode  was  v i sua l ly  p laced  u p o n  
t he  ips i la te ra l  f imbr i a  ( IFim)  to  a n t i d r o m i c a l l y  i den t i fy  
cells in  t h e  n D B B .  I n  mos t  exper imen t s ,  t he  s t r i a  t e r -  
mina l i s  was  sec t ioned  in t he  c a u d a t e - t h a l a m i c  sulcus a t  a 
level  an t e r i o r  to  t he  p l a c e m e n t  of t he  I F i m  electrode.  

Microelect rodes  were used to record  field po ten t i a l s ,  
ex t ra -  a n d  in t r ace l lu la r  u n i t a r y  responses.  A de ta i l ed  
accoun t  of t he  p r e p a r a t o r y  p rocedures  is g iven  b y  
DEFRANCE et  am. ll. 

F ie ld  p o t e n t i a l s  recorded  in t h e  n D B B  fol lowing supra -  
m a x i m a l  a m y d a l a  or p r e p y r i f o r m  cor t ex  s t i m u l a t i o n  
resu l ted  in a response  wh ich  p r e sen t ed  a n  ear ly  p o s i t i v i t y  

fol lowed b y  a domina t e ,  p r o l o n g e d  nega t i v i t y .  A n  
example ,  r ecorded  a t  a loca t ion  i nd i ca t ed  in F igure  A, is 
shown  in  B. Occasional ly ,  t h e  nega t iv i t y ,  was  fol lowed 
b y  a sha l low pos i t iv i ty .  T h e  p r o m i n e n t  pos i t i ve -nega t ive  
response  was u n a l t e r e d  b y  s t r i a  t e r m i n a l i s  sect ion,  
i n d i c a t i n g  t h e  i n v o l v e m e n t  of a n  a l t e r n a t e  p a t h w a y  to  t h e  
n D B B .  

A n  example  of a n  in t r ace l lu l a r  r ecord ing  fol lowing 
a m y g d a l a  or  p r e p y r i f o r m  cor t ex  s t i m u l a t i o n  is s h o w n  in 
C. To s u p r a m a x i m a l  s t imu la t i on ,  t he  cell issued a series 
of spikes (upper  t race) .  Af te r  de t e r i o r a t i on  of t h e  spike 
m e c h a n i s m ,  a n  in i t ia l  depolar iz ing  p o t e n t i a I  r e m a i n s  
(middle  t race) .  These  depolar iz ing  in t r ace l ln l a r  e v e n t s  
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A) Tracing of histological section showing recording site (arrow) for field potential of B) at a depth of 4.4 mm from the dorsal septal surface. 
B) Field response following stimulation of anterior amygdaloid area; averaged 16 times. C) Intracellular recording from a cell in nDBB fol- 
lowing stimulation of the anterior amygdaloid area (upper and middle trace). The steady transmembrane potential was 56 inV. Lower trace 
is the extracellular control. D) Testing of an extraeellular unit in the nI)BB to changes in the intensity of stimulation of the amygdala. 
Stimulus intensities are shown in times threshold (T). E) Paired-stimulus testing of a unit using an Amy-Amy combination. Responses shown 
are the test control (cont) and test response for 200 msec and 400 msec interstimulus intervals. F) Extracellular unit responding to Amy 
stimulation and paired-stimulus testing of the unit utilizing an IFim-IFim combination. 
In all cases, downward arrow indicates the onset of the stimulus artifaet. 
DSN, dorsal septal nucleus; I~SN, medial septal nucleus; LSN, lateral septal nucleus; nDBB, nucleus of the diagonal band of Broea; Amy, 
amygdala; IFim, ipsilateral fimbria. 
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correspond, tempora l ly ,  to the  ext race l lu lar  nega t iv i ty .  
Fur thermore ,  when  recording wi th  all e lectrode wi th  a 
fo r tuna te  t ip  size, ext racel lu lar  un i t a ry  discharges could 
be seen r iding upon the  slow nega t ive  wave.  Such nega- 
t iv i ty ,  then,  seems to represent  an envelope of spike 
ac t iv i ty  and associated E P S P s .  

An  analysis of ext racel lu lar  un i t a ry  responses was 
under taken ;  165 uni ts  were examined.  The  conduct ion 
ve loc i ty  of fibres f rom the  deep t empora l  lobe was de- 
t e rmined  f rom the  analysis of t he  difference in latencies of 
extracel lu lar  units, wi th  s t imula t ing  electrodes in bo th  
the  anter ior  amygda lo id  area and the  diagonal  band  of 
Broca. The  moda l  conduct ion  ve loc i ty  f rom the  amygda la  
to the  nDBB,  of 11 est imates,  was 0.6 M/sec ;  w i th  a 
range of 0.5 M/sec  to 0.9 M/sec.  GLOOR a has repor ted  a 
conduct ion ve loc i ty  of fibres f rom basolatera l  amygda la  
s t imula t ion  to the  an~cerior hypo tha l amus  of i M/sec.  

The re la t ive  s tab i l i ty  of la tency  for un i t a ry  discharges 
wi th  changes in s t imulus  in tens i ty  is shown in D. W i t h  
submaximal  s t imulat ion,  beginning a t  1.4 t imes  threshold 
(1.4 T), the  la tency  was 18 msec. The  la tency  remained  
stable unt i l  t l)reshold (1.0 T) is reached where the  la tency  
increased to 22 msec. This  re la t ive  cons tancy  in discharge 
la tency  is t aken  to represent  the  monosynap t ic  exc i ta t ion  
of ceils. The  la tency  shif t  a t  threshold  is unders tandable  
in te rms  of slow rise t imes  and t empora l  dispersion of the  
EPSPs .  In  addi t ion  to those uni ts  which showed stable 
latencies, units  were encounted  which showed marked  
instabi l i ty ,  somet imes  even at  a cons tan t  s t imulus  ill- 
tensi ty .  These, undoubtab ly ,  represent  po lysynapt ic  
ac t ivat ion.  

W i t h  the  str ia  terminal is  severed, stable, as well as 
unstable,  ext racel lu lar  units  could still  be recorded to 
amygda la  and prepyr i form cor tex  s t imulat ion.  Considera- 
t ion of the  conduct ion  ve loc i ty  and conduct ion dis tance 
made  the  observed latencies of the  stable units  reasonable 
for a monosynap t ic  connect ion.  These results suggest  a 
combina t ion  mono-  and polysynapt ic  inpu t  f rom the  
amygda la  and/or  p repyr i fo rm cor tex  to the  nDBB.  

Ex t race l lu la r  units  which displayed s tabi l i ty  in la tency 
showed dura t ions  of tes t  response suppression wi th  paired- 
s t imulus  tes t ing  f rom 100 msec to 1000 msec. The moda l  
t ime  to recovery  was 400 msec. An example  is shown in 
E. The  upper  t race is the  tes t  control.  The  condi t ioning 
responses are no t  shown. As seen in this instance, the  
un i t a ry  discharge is absent  in a 200 msec interval ,  bu t  

re-appears  in a 400 msec interval .  This  character is t ic  
recovery  t ime  was also seen for the  tes t  field response. 
No differences were found in the  behav ior  of the  tes t  
responses be tween  amygda la  and prepyr i form cor tex  
s t imulat ion.  

Ex t race l lu la r  units in the  n D B B  responding to deep 
t empora l  lobe s t imula t ion  could be an t id romica l ly  act i-  
va t ed  by  I F i m  s t imula t ion ;  45 of 133 uni ts  tes ted were 
an t id romica l ly  by  I F i m  s t imulat ion.  F shows an example  
where amygda la  s t imula t ion  evokes two un i t a ry  discharges 
and where I F i m  s t imula t ion  produces a short  l a tency  
discharge. Tile la tency  in this  ins tance was 1.5 msec. 
Pa i red-s t imulus  tes t ing of the  uni t  wi th  an I F i m - I F i m  
combina t ion  found i t  to recover  in a 2.5 msec interval ,  
suggest ing its an t id romic  nature .  The moda l  conduct ion 
ve loc i ty  of the  an t id romica l ly  ac t iva ted  units was 4.0 
M/sec,  wi th  va lue  ranging f rom 2.8 M/sec  to 4.8 M/sec.  

There  is a problem concerning the  origin of the  pro- 
ject ions to the  nDBB.  RAISMAN 1~ and DEOLMoS la indicate  
t h a t  amygda la  project ions are res t r ic ted to the  t r ac t  of 
the  diagonal  band.  Moreover,  the  prepyr i form cor tex  has 
been shown to projec t  th rough  the  amygda la  5,3. Hence,  
in this s tudy,  amygda la  s t imula t ion  should also ac t iva te  
fibres of passage f rom the  p repyr i fo rm cortex.  W h a t  
cont r ibut ion  the  amygada l a  makes  to the  project ion to 
the  n D B B  could no t  be de te rmined  wi th  the  present  
techniques.  This  diff icul ty led us to examine  inputs  f rom 
bo th  areas and include these results in the  t e r m  'deep 
tempora l  lobe project ions ' .  

These results suggest  t h a t  the  deep t empora l  lobe 
project ions to the  n D B B  are monosynap t i ca l ly  exc i ta t -  
ory  and t h a t  some of the  t a rge t  neurons pro jec t  to the  
h ippocampal  format ion.  The  nDBB,  therefore,  provides  
a synapt ic  s ta t ion for p repyr i form cor tex  and possible 
amygda la  inpu t  for the  influence of h ippocampal  ac t iv i ty  1~. 

10 F. REINOSO-SUAREZ, Topographischer Hirnatlas der Katze ]i~r 
experiment~l-physiologische Untersuchungen (E. Merck AG, 
Darmstadt 1961). 

11 j .  F. DEFRA~CE, S. T. KITAI and T, SHI~O~O, Expl Brain Res. 77, 
463 (1973). 

12 G. RAISI~AN, Brain 89, 317 (1966). 
la j .  S. DE OL~mS, The Neurobiology o/ the AmygdM~ (Ed. B. E. 

ELEFTHERIOU; Plenum Press, New York 1972), p. 179. 
14 The authors appreciate the critical review of the manuscript by 

Dr. S. T. KITAI. 

Adrenaline and the Electrogenic Sodium Pump in R a n a  ca tesbe iana  Sympathetic Ganglion Cells 

T. AKASU and K. KOKETSU 

Department o/ Physiology, Kurume University School o/ Medicine, 67 Asahi-machi, Kurume-shi 830 (Japan), 28 Ju ly  
1975. 

Summary. The effect  of adrenal ine  on the  Na+-pump in bullfrog (Rana catesbeiana) sympathe t i c  gangl ion cells was 
s tudied by  use of e lectrophysiological  methods.  The  ra te  of r emova l  of excess Na  + injected into a gangl ion cell was 
increased by  adrenaline.  The  K+-ac t iva ted  hyperpolar iza t ion  of cell m~mbrane,  which migh t  be produced by  all elec- 
t rogenic Na+-pump,  was also increased by  adrenaline.  These results  suggested t h a t  adrenal ine was able to accelerate the  
Na+-pump,  possibly the  electrogenic Na+-pump.  

When  adrenal ine (Ad) is d i rec t ly  appl ied to bullfrog 's  
sympa the t i c  ganglia, the  gangl ion cells produce de- 
polarizing (Ad-depolarization) and also hyperpolar iz ing  
(Ad-hyperpolar izat ion)  responsesL The na tu re  of Ad- 
hyperpolar iza t ion  is essent ia l ly  s imilar  to t h a t  of the  
slow inh ib i to ry  pos t synap t ic  po ten t ia l  (slow IPSP)~,  
which seems to be produced  by  an electrogenic sodium 

pump s. It was, therefore, suggested that Ad might be 
able to accelerate the electrogenic sodium pump and thus 
to produce the Ad-hyperpolarization I. The present 
experiment was designed to demonstrate the experimental 
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