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Proportion of esterase positive lymphocytes (EPLs) 

Speeialia 341 

Untreated lymphocyte Adherent cell depleted S RBC rosette forming Free cells (B- rich fraction Following PHA stimulation 
suspension lylnphocytes ~ 

12.84-6.1 (26) b 14.04-6.1 (8) 17.74-8.6 (12) 11.74-4.3 (12) 17.84-6.3 (12) 
(NS) (p < 0.05) (NS) (p < 0.03) 

aThe SRBC rosettes formed a mean ( ~  SD) of 65 ~_ 5.6% of the untreated lymphocyte suspension, bA minimum of 200 lymphocytes or 
rosettes were counted and the proportion of EPL calculated. Number in brackets signify number of observations. NS, not significant. 

ba tch  K6674) for 72 h. Paral lel  cul tures were pulsed 
wi th  3H-thymidine a t  t h a t  t ime  to ensure t h a t  prol ifera-  
t ion has occurred. Cell v iab i l i ty  a t  the  end of 72 h was 
greater  t han  85%. 

Smears  prepared  f rom lymphocytes  or roset tes  were 
fixed in 25% formaldehyde  and stained for non-specific 
e s t e r a s e  6. 

The Table  shows the  results obtained.  The  T lympho-  
cyte  fract ion shows a higher  propor t ion  of esterase posi- 
t ive  lymphocytes  (EPL) than  ei ther  the  B lymphocy te  
f ract ion or unf rac t iona ted  lymphocytes .  This  observat ion  
was di rec t ly  confirmed when smears of roset te  prepara-  
t ions were made,  and i t  was found t h a t  cells forming 
roset tes  had  a higher  percentage of E P L s  than  nnfrac-  
t ionated  lymphocytes .  Culture wi th  P H A  also increases 
th  9 propor t ion  of EPLs.  Fu r the rmore  P H A  st imulat ion 
causes some lymphocy tes  to acquire  a r im-sta ining pa t -  
tern. 

Our results make  i t  unl ikely t h a t  the  mononuclear  
cells showing discrete s taining for non-specific esterase 
are monocytes  wi th  lymphocyte- l ike  morphology.  The  
propor t ion  of E P L s  remains unchanged following de- 
plet ion of adheren t  cells, and following such t r e a t m e n t  
there  tends  to be a greater  number  of E P L s  which form 
S R B C  rosettes.  Monocytes  do no t  form roset tes  wi th  
un t rea ted  S R B C  7. 

While  accumula t ing  evidence points  to the  fact  t h a t  
P H A  induces prol iferat ion of bo th  T and B lymphocytes  
as measured by  3H-thymidine  up take  in the  h u m a n  s-l~ 
work by  GREAVES et  al. n and JONDAL 12 indicate  t h a t  
the overwhelming ma jo r i ty  of blast  cells developing in 
response to P H A  car ry  surface markers  specific to T 
lymphocytes .  We  have  s tudied the  effect of PI-IA-induced 
prol iferat ion to inves t igate  the  possibi l i ty t h a t  the  ap- 
pearance of esterase staining is associated wi th  an in- 
crease in lymphocy te  metabol ic  act ivi ty .  Our findings of 
PHA- induced  increase in E P L s  is in keeping wi th  the  

previous ly  repor ted  observat ion  t h a t  immunof lorescent  
s ta ining for cholinestrase increases following P H A  stim- 
ulat ion 13. 

I t  is s ignificant  t h a t  esterase ac t iv i ty  is represented 
more on cells of the  T lymphocy te  different ia t ion axis, 
in view of the  recent  observat ions  t h a t  ant ichol inestrase 
agents  inhibi t  SRBC roset te  formation1*. The effect of 
these pharmacologic  agents  on t3 l ymphocy te  receptors is 
still  unknown.  Our pre l iminary  results show t h a t  cholin- 
estrase inhibi t ion by  physos t igmine  sulphate  and de- 
plet ion by  echoth iophate  iodide s ignif icant ly reduces the  
propor t ion  of E P L s  15. The biological significance of the  
presence of cholinestrase ac t iv i ty  on lymphocy te  mem-  
branes is no t  establ ished;  however  is has been suggested 
t h a t  i t  m a y  p lay  an essential  role in the  s tabi l izat ion of 
membrane  s t ructure  ~4 and in the  process of lymphocy te  
ac t iva t ion  ~a. 
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Invertase Activity in the Midgut of Sarcophaga ruficornis and Musca domestica (Diptera: Insecta) 

M. SINHA 

Department o/Zoology, University o/Lucknow, Lucknow (India), 17 July 1975. 

Summary. The p H  for the  op t imum ac t iv i ty  of the  midgu t  invertase  was 5.5 in the  adults  of S. ruficornis, 6.0 in its 
larvae and adults  of M. domestica and 6.5 in the  larvae of the  la t te r  fly. The o p t i m u m  tempera tu re  was 50 ~ E n z y m e  
ac t iv i ty  was re tarded  by  the  addi t ion of glucose and fructose. 

Adul ts  of S. ru/icornis and M. domestica survived  well 
on cane-sugar and water ,  while the i r  la rval  stages failed 
to develop on this diet  inspire of the  fact  t h a t  bo th  the  
stages possess the  enzyme required for the  hydrolysis  of 
cane-sugar,  namely,  inver tase  (unpublished observations).  
Presuming  t h a t  there  might  be some difference in the  
na tu re  of the  enzyme of the  two stages, the  effect  of 
var ious  factors on the  inver tase  ac t iv i ty  has been studied. 

Materials and methods. S. ruficornis was reared on sugar 
and meat ,  and M. domestiea on sugar and milk  1. Midgut  
homogena te  was prepared  as described by  SINIIA e. The  
enzyme concent ra t ion  was 4 gu ts /ml  and 1/2 gu t /ml  in the  
case of larvae and adults  respect ively.  

1 M. SINHA, Curr. Set. 43, 320 (1974). 
2 M. SIZCHA, Entomologia exp. app., in press (1975). 
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Assay sys t em consis ted of 0.2 ml  of 1% sucrose solution,  
0.2 ml  of app ropr i a t e  buffer  (HCl-sodium c i t ra te  buffer,  
0.1 M,  for p H  3.0 to  5.0; S6rensen 's  p h o s p h a t e  buffer,  
0.1 M ,  for p H  5.5 to  8.0; Glyc ine-NaOH buffer,  0.1 M ,  
for p H  8.5 to  9.0), and  0.1 ml  of enzyme homogena te .  The 
mix tu re  was incuba ted  at  37~ for 1.5 h in t he  case of the  
larvae,  and  45 min  in t he  case of adults .  Af te r  incubat ion,  
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Fig. 1. Effect of pH on the activity" of invertase from the midgut of 
flies. 
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Fig. 2. Effect of temperature on the activity of invertase from the 
midgut of flies. 
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the  reac t ion  was  s topped  by  adding  0.5 ml  of 0.1 N NaOH 
to the  reac t ion  mix ture .  The enzyme ac t iv i ty  was measured  
by  the  m e t h o d  of SUMNER and  HOWXLL a. 

The p H  for the  o p t i m u m  ac t iv i ty  of inver tase  was 
de t e rmined  first,  and  t h e n  the  effect  of t empera tu re ,  
incuba t ion  period,  enzyme concen t ra t ion  and  hydro ly t i c  
p roduc t s  (glucose and  fructose) was de t e rmined  a t  opti-  
m u m  pH.  

Resul t s  and  discussion.  Inve r t a se  of var ious  insect  
species is k n o w n  to have  .different p H  for t he  o p t i m u m  
ac t iv i ty  ranging  f rom 5.44 to  7.35, 6. The o p t i m u m  p H  for 
t he  midgu t  inver tase  ac t iv i ty  was 5.5 in the  adul ts  of 
S. ru]icornis,  6.0 in its larvae,  and  in adul t s  of M .  domest i-  
ca, and  6.5 in t he  tarvae  of t h e  l a t t e r  f ly  (Figure 1); 
Inve r t a se  ac t iv i ty  was qui te  appreciable  be tween  pFI 5.0 
and  8.0 in t he  larvae  and  be tween  p H  4.5 and  7.5 in t he  
adul ts  (Figure 1). Obse rva t ions  on the  p H  of t he  midgu t  
of these  flies (Table 7) indica te  t h a t  su i table  p H  for maxi -  
m u m  inver tase  ac t iv i ty  is p resen t  only in t he  mos t  
anter ior  p a r t  of t he  mi d g u t  in t he  larvae of b o t h  the  flies 
and adul ts  of S. ruf icornis ,  while in the  adul ts  of M. 
domestica, t he  p H  of t he  ent i re  m i d g u t  except  t he  mid-  
m i d g u t  is sui table  for inver tase  act iv i ty .  Hence  the  midgu t  
of t he  adul t s  of M .  domestica seems to  be bes t  a d a p t e d  for 
sucrose digest ion amo n g s t  the  two species. 

The m a x i m u m  ac t iv i ty  of the  midgu t  inver tase  f rom 
the  two flies was  a t  50 ~ (Figure 2), a l though  the  enzyme 
was  qu i t e  act ive  be tween  25 ~ and 40~ This  means  t h a t  
the  enzyme is physiological ly a d a p t e d  to  high t empe ra tu r e s  
and  appreciable  inver tase  ac t iv i ty  occurs a t  no rmal  t em-  
pera tu res  (30 ~ to  37~ at  which  the  flies flourish. The 
o p t i m u m  t e m p e r a t u r e  for t he  inver tase  ac t iv i ty  ranges 
f rom 25 ~ to  37~ 9,10 in o ther  insects.  

I nve r t a se  a c t i v i t y  was inhib i ted  by  glucose and fructose 
(Figure 3), as has also been  repor ted  b y  EVANS and  
PAYNEll for glucose and  t rehalose.  
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Optimum pH for invertase activity and the pH of the midgut 

Name Optimum 
and stage pH 

pH in the midgut regions b 

Anterior Middle Third Last 

S. ru/icornis 

Larva 6.0 7.2-7.6 ~ 2.8-3.6 
Adult 5.5 6.2-6.8 a 3.6-4.2 

M. domestica 

Larva 6.5 7.0-7.2 ~ 3.6-4.2 
Adult 6.0 7.0-7.2 a 3.6-4.2 

8.4-8.8 
8.0-8.4 

8.0-8.4 7.6-8.0 
7.2-7.6 6.8-7.0 

Fig. 3. Effect of glucose and fructose on the activity of invertase ~The region where maximum invertase activity would be anticipated. 
from the midgut of flies, bThese regions are not morphologically distinct. 
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The a m m o u n t  of reducing sugars p roduced  due to  
inver tase  ac t iv i ty  increased l inear ly  w i th  the  incuba t ion  
per iod and enzyme concen t ra t ion  up to  a cer ta in  l imi t ;  
t he rea f t e r  t he  ac t iv i ty  of t he  enzyme  was re ta rded .  
HORIE12, K H A N  and  FORDls and  SRIVASTAVA and  
AUCLAIR It also no ted  similar  dec rease  in t he  ra te  of 
reac t ion  of the  gut  inver tase  of Bombyx mori, Dysdereus 
/asciatus and Acyrthosiphon pisum respect ively.  This drop  
was due to the  inh ib i t ing  effect  of t he  end p roduc t s  of 
sucrose hydrolysis .  Usual ly  th is  does no t  h a p p e n  in vivo, 
since the  monosacchar ides  p roduced  in the  sys t em are 
s imul taneous ly  absorbed.  Bu t  under  abnorma l  condit ions,  
when  the  flies are forced to  feed on sucrose alone, the  
p h e n o m e n o n  m a y  be an i m p o r t a n t  measure  to  check 
hyperg lycaemia .  

Inve r t a se  ac t iv i ty  was m a x i m u m  in the  femal  flies and 
m i n i m u m  in the  larvae (Figures 1 and 2). The ab i l i ty  to  
digest  sucrose is ve ry  low in the  larvae, since t h e y  do no t  
need ca rbohydra t e s  for g rowth  and  development15,16. 

1~ y.  HORIE, Bull. seric. Exp. Stn. Japan 15, 365 (1959). 
~3 M. A. KHAN and J. B. FORD, J. Insect Physiol. 8, 597 (1962). 
14 p. N. SRIVASTAVA and J. L. AUCLAIR, J. Insect Physiol. 8, 527 

(1962). 
15 V. J. BROOKES and G. FRAENKEL, Physiol. Zool. 31, 208 (1958). 
16 R. H. DADD, ChemicMZoology (Eds. M. FLORKIN and B. T. S~EER; 

Academic Press Inc., London 1970), vol. 5. 

Inhibition and Enhancement of Photically Evoked Responses by Different Doses of L-DOPA 

I. KADOBAYASHI, 1VI. MIKAMI 1 and  N. KATO ~ 

Department o/ Psychiatry, Kyoto Pre/ectural University o/ Medicine, Kawaramaehi-hirokoji, Kamigyo-ku, Kyoto (Japan), 
22 September 1975. 

Summary. Admin i s t r a t i on  of small  doses of L-DOPA (10 and  20 mg/kg) resul ted  in reduct ion  in ampl i tude  of phot ica l ly  
evoked responses in t he  p r i m a r y  visual, association,  and  cerebellar  ve rma l  cortices, while large doses (40 and  80 mg/kg) 
p roduced  enhancemen t .  

In  our  previous  s tudy,  modif ica t ion  of visual, audi tory ,  
and somatosensory  evoked responses  by  electrical s t imula-  
t ion  of t he  subs t an t i a  nigra  was d e m o n s t r a t e d  3. Since 
recen t  h i s tochemica l  expe r imen t s  ~ revealed dopaminerg ic  
p a t h w a y s  f rom the  subs t an t i a  nigra to  the  neos t r i a tum 
(caudate nucleus and  pu tamen) ,  in th is  s t u d y  we inves-  
t iga ted  effects of several  doses of L-DOPA (L-3,4-di- 
hydroxypheny la l an ine ) ,  precurser  of dopamine ,  on phot i -  
cally evoked responses in t he  p r i m a r y  visual, associat ion,  
and  cerebellar ve rmal  cortices.  

Methods. The expe r imen t s  were carr ied ou t  on 20 
adul t  cats.  A t r a c h e o t o m y  was pe r fo rmed  on each ca t  
under  e the r  anesthesia .  The animal  was then  placed in a 
s te reotaxic  f rame under  artificial  respi ra t ion  and  im- 
mobil ized wi th  gal lamine t r ie th iodide .  All pressure  poin ts  
and  wound  edges were in f i l t ra ted  wi th  2% procaine.  The 
left pupi l  was di la ted wi th  a t ropine ,  and  the  r igh t  eye 
was shaded  wi th  a th ick  b lack v inyl  wrapper .  The ca t  
r emained  in a semi-dark  room, and recording was begun  
several  hours  later.  Silver ball  e lect rodes  were placed on 
the  r igh t  p r i m a r y  visual  area (lateral gyrus),  r igh t  asso- 
ciat ion area (middle suprasy lv ian  gyrus) and  midl ine  
vermis.  The indi f ferent  e lectrode was placed on the  f ronta l  
sinus. 60 f lashes a t  0.5 t-Iz were  p resen ted  by  a xenon  

f lash l amp facing the  eye a t  a d is tance  of 80 cm. Responses  
of t he  bra in  were  amplif ied by  an E E G - m a c h i n e  or an  
oscilloscope, and  recorded onto  FM tape .  For  each cat,  
5 selected good responses and e i ther  30 or 50 of 60 - 
excluding those  in which basic waves  were ex t r eme ly  
variable or a r t i fac ts  appeared  - were  averaged wi th  a 
computer .  These were v i r tua l ly  t he  same in waveform.  
Averaged responses  were p h o t o g r a p h e d  and  read ou t  on 
an X - Y  plot ter .  

A t  f i rs t  3 contro l  records were ob ta ined  before ad- 
min i s t ra t ion  of L-DOPA. In j ec t ion  of the  drug was 
followed by  recordings  every  5 mill for the  f i rs t  40m in, 
and then  every  10 min for the  following 80 min. The 20 
cats  were d iv ided in to  4 groups. To each group of 5 cats  

1 Present address: Department of Clinical Laboratory, Kyoto 2nd 
Red Cross Hospital, Kamanza-dori, Marutamaehi-agaru, Kami- 
gyo-ku, Kyoto, Japan. 
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Fig. 1. A) Photically evoked responses in 
the primary visual cortex. C presents the 
control record prior to L-DOPA injection. 
The numbers indicate time in rain after 
i.p. administration of the drug. The upper 
row shows effects of 20 mg/kg L-DOPA on 
the average response to 5 flashes, and the 
lower row effects of 40 mg/kg L-DOPA on 
the average response to 30 flashes. Flashes 
were given at the beginning of the sweep. 
Negativity recorded upwards. Calibrations: 
100 ~xV, 100 reset. 


