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KOVACS, D. A., J. G. ZOLL AND C. K. ERICKSON. Improved intracerebral chemitrode for chemical and electrical 
studies of the brain. PHARMAC. BIOCHEM. BEHAV. 4(5) 621-625, 1976. - An intracerebral chemitrode is described for 
infusion and recovery of ,solutes as well as stimulation and recording of discrete brain loci. The chemitrode consists of two 
insulated tubes in juxtaposition with implantable angular ends faced together and covered with a high porosity 
polycarbonate Nuclepore membrane so as to create a sealed, nonclogging, perfusion chamber. Electrical connectors are 
affixed directly to the tubes at the external end for stimulating and recording of the perfusion area. Experiments showing 
electrical stimulation of the chemitrode to produce chronic epileptic loci at the site of perfusion, infusion of drugs to 
produce changes in brain activity and extraction of ethanol following peripheral injection demonstrate the potential utility 
of the chemitrode in a wide variety of neurobiological problems. 

Brain per fusion Electri~l stimulation 
Ethanol Drug stimulation of the CNS 

Kindled focus Epilepsy Infusion-withdrawal 

N U M E R O U S  cannulae have been repor ted  for chemical  and 
e lect rophysiological  analysis and al terat ion of  brain activity 
in exper imenta l  animals and humans  [ 2 - 5 ,  10, 11, 13, 14, 
16]. The most applicable designs consist o f  two tubes, one 
for infusion and one for col lect ion,  in e i ther  a concent r ic  or  
side by side arrangement .  Al though the concentr ic  or  
push-pull arrangement  has received wide exper imenta l  use 
and can be cons t ruc ted  to  small diameters  for the study of  
very discrete areas, it has a number  o f  serious restrictions: 
(a) the tip of ten  becomes  clogged (al though there is 
apparent ly some disagreement  here, [141);  (b) free flow 
from clogged tips is achieved usually only af ter  brain 
damage including edema and contamina t ion  of  the per- 
fusate with b lood and brain cells; (c) contamina t ion  o f  
brain tissue from microorganisams in the perfusate;  (d) 
cumbersome designs for adapt ing this tubing arrangement  
for e lect rophysioiogical  studies, i.e., bipolar s t imulat ion or  
recording at the tip. A concent r ic  ar rangement  with the tip 

covered by a porous  Silastic membrane  has been reported 
for the infusion of  anesthet ic  gases [11 ]. This, however,  
does not  allow for communica t ion  of  polar  substances and 
ions and again is not  amenable to electrical studies. We 
report  the use o f  an improved modif icat ion [9] of  the side 
by side cannula arrangement,  Fig. I. Termed a chemit rode,  
it differs from other  designs, most notably  the Delgado 
"d i a ly t rode"  [2] in the fol lowing ways: (a) easy assembly; 
and, (b) an essential angular tip conf igurat ion which allows 
for a rigid, thin ( 5 - 1 2  u) porous Nuclepore membrane  
( 0 . 1 - 0 . 6  u pore dia. r e commended )  covering, e.g., poly- 
carbonate.  This membrane  allows for rapid exchange of  
solutes by diffusion wi thout  the need for a specially 
constructed bag external  to the end of  the tubing as in the 
Delgado model.  It also eliminates clogging of  the tip and 
reduces tissue damage during perfusion. The compat ibi l i ty  
of  polycarbonate  membranes  in such biological si tuations as 
leucocyte  [7] and epidermal  [12] cell culture and for the 

i Reprint requests should be addressed to: D. A. Kovacs, Margaret Drullard Hubbell Research Center lot Epilepsy, E. J. Meyer Memorial 
Hospital, 462 Grider Street, Buffalo NY 14215. 
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I:IG. 1. (A) Side elevation of chemitrode. (B) Perspective view of 
the membrane covered end. (C) Example of another type of tip 
configuration. (1) adjacent 21 ga stainless steel tubing; (2) Epoxylite 
insulating compound; (3) uninsulated portion of tip to provide 
contact with tissue for recording or stimulating; (4) Nucleopore 
membrane covering angular tip; (5) Cambion electrical socket 
connector; (6) electrically conductive adhesive (Emerson and 
Cuming, Inc.); (7) dental acrylic cement; (8) perfusion port for 

tubing; (9) epoxy cement. 

passage of metabolic products across the membrane [ 1 ] has 
been generally accepted. Direct at tachment of electrical 
connectors to the tubing provides recording or stimulating 
capability at the site of  perfusion. In this paper we present 
experiments which demonstrate the utility of this device as 
practical for rapid infusion or extraction by diffusion of 
solutes into or out of the brain as well as simultaneous 
bipolar stimulation or recording at the site of perfusion. 

C O N S T R U C T I O N  

Chemitrodes were constructed from two equal lengths of 
21 ga stainless steel tubing electrically insulated with 
medical grade Epoxylite 6001-M (Epoxylite Corp., 
Anaheim, Cal.) with the implantable ends of the tubes 
ground to equal angles (75 °). The angle at the tip, though 
essential, can vary depending on the size and shape of the 
area of perfusion desired. The two tubes are placed adjacent 
to one another with the angular portions facing each other 
so as to allow for fluid communication. A bead of epoxy is 

applied to hold the two tubes together so as to create a 
border between the implantable and external portions. One 
tube is bent at its external end to allow for connection of 
perfusion tubing. A Nucleopore membrane (Nuclepore 
Corp., Pleasanton, Cal.) is affixed to the tip with fast drying 
(5-minute type) epoxy and allowed to cure one week at 
50°C prior to implantation. The suggested procedure for 
applying this membrane is to lay the tubes flat on a surface 
and apply the epoxy on the exposed surface of the tip. The 
membrane which is cut so as to exceed the end is applied to 
the cemented edges and allowed to dry. The tubing is then 
rotated 180 ° so as to have the cemented portion of the 
membrane beneath the tubes and cement is applied to the 
exposed surface of the tip as before. The membrane is then 
wrapped over the tip and onto the now exposed side, pulled 
taut and allowed to dry. Thus the membrane provides, in 
combination with the tubing, a sealed chamber which does 
not exceed the general outline of the tubing. 

To achieve electrical stimulation or recording of the 
perfusion area, a small area of Epoxylite insulation is 
removed at the tip and electrical terminals (Cambion No. 
450-- -3703-01-03 ,  Cambridge Thermionic Corp., Cam- 
bridge, Mass.) are mounted directly to each tube using 
electrically conductive adhesive (Eccobond Solder 57C, 
Emerson and Cuming, Inc., Canton, Mass.). These electrical 
terminals are then insulated with easily molded dental 
acrylic. 

The external portion of the tubes providing ports for 
connection of polyethylene tubing for infusion and col- 
lection need not be insulated. These ports are kept free 
from foreign material by placing tight fitting caps over 
them. These caps are constructed from short lengths (5 
mm) of stainless steel tubing, i.e. 18 ga caps for chemi- 
trodes made of 21 ga tubing, tightly crimped at one end. 

A P P L I C A T I O N  

Holtzman Sprague-Dawley female albino rats ( 2 0 0 - 2 8 0  
g) were used for the experiments reported here involving 
ethanol. The remaining studies reported here were per- 
formed using female Carworth CFN strain albino rats 
weighing 200-.-280 g. Animals were housed in standard 
large metal or plastic rat cages with 2 or 3 animals per cage 
following surgery. 

Chemitrodes and additional surface and depth recording 
electrodes were sterotaxically implanted in various brain 
regions under innovar-Vet anesthesia. Indifferent stainless 
steel screw electrodes were chronically implanted in the 
skull over the nasal region. Animals were allowed a 2 week 
period of convalescence prior to experimentation. All 
experiments were conducted without anesthesia in freely 
moving animals. Perfusions were performed using a ttarvard 
syringe pump with one syringe per chemitrode providing 
the head pressure. Pump flow rates were compared to the 
ratings posted on the pump by the manufacturer by filling a 
pipette and were found to be accurate. Simm's solution 
(Difco formula), an artificial cerebrospinal fluid, pH 7.2, 
was used for both infusion of drugs into the brain and 
extraction of chemicals from the brain milieu. Capacitance 
pulses to the brain via the chemitrode were made with a 
Grass $88 stimulator and SIU5 stimulus isolation unit. 
Voltage and amperage were monitored with a Textronix 4 
beam oscilloscope. 

Gas chromatography analysis of  ethanol in chemitrode 
perfusates was carried out as follows: (a) Varian gas 
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chromatograph  and Varian recorder;  (b) co lumn,  Porapak 
QS, a luminum,  3/8 in. outside dia., 5 ft. long, 195°C; (c) 
de tec tor ,  flame ionizat ion,  230°C;  (d) injector,  210°C;  (e) 
carrier gas, t te l ium; (f) standard,  external  e thanol  curve run 
prior to each day 's  perfusate analysis. Immedia te ly  after  
col lect ion,  perfusion samples were frozen at -15<>C for up 
to one week prior to e thanol  analysis. All perfusate samples 
appeared clear and free of  contamina t ion  such as erythro-  
cytes and leucocytes.  

Chemi t rode  and e lect rode tip location and brain con- 
dit ion were determined ei ther from hand sect ioned fresh 
brain or  in most cases from 1 0 - 1 5  u thick paraffin or  
cryostat  sections stained with methy lene  blue (Fig. 21. 

FIG. 2. Micrograph of rat brain showing portion of the chemitrode 
tract and condition of the brain following perfusion of the caudale 
nucleus for two hr; 0.6 tz pore Nucleopore membrane. Cryostat cut 

section, 14 tt thick, stained with methylene blue. 

During the deve lopment  of  the chemit rode  a number  of  
impor tant  points  were discovered from the autopsy of  rat 
brains with chronical ly implanted  chemit rodes :  (a) necrosis 
and adherance of  brain tissue will occur  at the tip if the 
adhesive used to affix the membrane  is not  proper ly  cured. 
Curing at 50°C for one week el iminated this problem.  No 
EEG or  behavioral  abnormal i ty  was observed if the adhesive 
at the tip was proper ly  cured. (b) For  shallow implanta t ions  

care should be taken to remove the brain meninges from 
around the point  of  ent ry  to prevent  ingrowth of  this tissue 
around the chemi t rode  tip. Sterile surgical procedure is 
recommended .  (c) With membranes  of  0.6 u pore and 
smaller chemit rodes  can be implanted for at least six 
months  with no or very minor  leucocyte  infi l trat ion even 
after repeated perfusion. Membranes with pore sizes greater 
than 0.6 u should not  be used for implantat ions  lasting over 
a few days because of  leucocyte  clogging. Chronically 
implanted chemit rodes  should be flushed free o f  perfusion 
liquid fol lowing each exper iment  to el iminate leucocyte  
infi l tration problems. If it is desired to leave liquid in the 
chemitrode for ex tended periods of  time, e.g., for the 
administrat ion o f  drugs, 0.4 u pore or smaller Nuclepore 
membranes  are recommended .  
Results 

Electrical stimulation. Chronic epileptic foci were pro- 
duced in four  rats by daily amygdala s t imulat ion of  
chemit rodes  by the kindling method  of  Goddard et al. [6] ,  
resulting in the observance of typical tonic-clinic seizures. 
Fig. 3 shows afterdischarges fol lowing a typical kindling 
st imulat ion of  the chemi t rode  at 60 pps, 1 msec duration,  
0.5 sec. train, 14V. 

Infusion o f  drugs. Transient  foci were produced in 6 rats 
by perfusion of  a variety of  epi letogenic compounds  
through chemit rodes  in the ventral hippocampus.  Fig. 4 A, 
B, C shows the effect  of acetylchol ine,  1 mg/ml,  and Fig. 4 
1), E, shows the effect  of  d- tubocurar ine,  1 mg/ml,  both at 
a perfusion rate of 0.039 ml/min.  

Brain ethanol recovery. In 18 rats, five different  brain 
regions (parietal cor tex,  n = 6: reticular format ion,  n = 3; 
amygdala,  n = 4; caudate,  n = 2; lateral ventricle over 
caudate,  n = 3) were perfused via chemit rodes  (0.6 u pore 
membrane)  with S imm's  solution and e thanol  was extracted 
following intraperionteal  injection of  1.0 g/kg ethanol  given 
as a 20% w/v e thanol  in 0.9<#, NaCI solution.  Location of  
the chemit rodes  according to K6nig and Klippel [8] were 
as follows: parietal cor tex A 4, tt 2.2, L 4.4;  caudate A 6.8, 
H 0, L 2.2; lateral ventricle A 6.8, It 0, 1. 1 .4 ;amygdala  A 
4, H - 3 . 5 ,  L 4.5; reticular format ion A 0.5. H- 2. k 2. 
Perfusate samples were collected,  0.01q ml/min,  for two hr 
following ethanol  injection.  Three 5 rain samples were 
collected for the first 15 rain, and 5 rain samples were 
collected at 15 rain intervals thereafter.  Analysis by gas 
chromatography showed similar patterns from all regions 

I - 3  ;j~ , 

1 - 3  

2-3  

FIG. 3. EEG showing afterdischarges following stimulations of a chemitrode in the amygdala of a rat at the following 
parameters: 60 pps, 1 ms duration, 14 V, 0.5 sec train duration. Notc that spiking docs not spread to contralateral surface 
in these preconvulsive stimulations. (1) parietal surface contralateral to chemitrode; {2) chemiirode in amygdala: (3) 

indifferent. Calibration: 1 sec, 200 ~V. Arrow indicates stimulus pulse. 
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FIG. 4. Development of epileptiform spiking following chemitrode pertusion of the ventral hippocampus ~0.039 ml/nTin) 
with acetylcholine chloride 1.(I mg/ml and d-tubocurarine 1.0 mg/ml. (A,D) Normal records prior to acctylcholine and 
d-tubocurarine perfusion, respectively. (B,C) Epileptiform spiking at chemitrode during acetylcholine pertusion. (E) 
.Spiking at chemitrode during d-tuhocurarine perfusion. (1) parietal sur|~lce contralatera[ to ehemi~rode; (2)chemitrode in 

hippocampus; {3) indiR'erent. ('alibration: I sec, 20() ~V. 

(Fig. 5). The  peak quan t i t y  of e t h a n o l  ex t r ac t ed  from the 
d i f fe rent  regions occur red  1 0 - 1 5  min a f te r  i n t r ape r i tonea l  
inject ion.  The  relative quan t i t i e s  of  e t h a n o l  in the per- 
fusates measured  at 15 min were, in descend ing  order ,  
amygdala ,  lateral ventr ic le ,  parietal  cor tex,  and wi th  no 
signif icant  d i f fe rence  be t w een  t h e m  the re t icular  f o rma t ion  
and caudate .  Compar i sons  of  the 15 rain samples  were 
tested for  s tat is t ical  s ignif icance by  a t test  for g roups  of  
unequa l  size. l l o m o g e n e i t y  of  variance a m o n g  the samples  
f rom each brain  region was suppo r t ed  by the S 2 max /S  2 
rain test for samples  n = 5 or less [ ! 51. 

D I S C U S S I O N  

The e x p e r i m e n t s  r epor t ed  in this  paper  d e m o n s t r a t e  the 
i m p o r t a n c e  of  this c h e m i t r o d e  as a s turdy ,  easily con- 

s t ruc ted  tool  for the chemical  and electr ical  invest igat ion of  
discrete bra in  regions. Perfus ions  of  drugs are shown to 
cause changes  in neurona l  act ivi ty  which  are res t r ic ted  to 
the area of  perfus ion and to cause behav io r  a l tera t ion .  The  
pa t t e rn  and q u a n t i t y  of  brain e thano l  in various regions 
af ter  i n t r ape r i tonea l  in jec t ion  of e t hano l  shows the chem- 
i t rode ' s  value in s tudy ing  rapid changes  in the chemica l  
milieu of  the brain.  The  c h e m i t r o d e ' s  value as a s t imula t ion  
tool  is shown  in the p r o d u c t i o n  of  chron ic  epi lept ic  foci at 
its per fus ion  surface by kindl ing s t imula t ions .  In conc lus ion  
we m e n t i o n  our  use of  this c h e m i t r o d e  for  tile t r ans fe r  by 
in te rbra in  perfus ion of  ep i l ep t i fo rm a b n o r m a l i t y  f rom 
seizure foci of  d o n o r  rats  to  no rma l  rec ip ients  ( to  be 
publ i shed) .  This suggests the feasibil i ty o f  using this device 
in b iochemica l  and  e lec t rophys io logica l  s tudies  o f  chron ic  
brain diseases. 
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FIG. 5. Average e thanol  recovery from 5 brain regions perfused with 
S imm's  solution (ptt 7.2, 0.019 ml /min  for 5 min each time period) 
via chemit rodes  (0.6 p pore size membranes)  following intra- 
perionteal injection of 1 g/kg ethanol  as a 20% w/v solution in 0.9% 
NaCI. e, parietal cortex,  n = 6; e, lateral ventricle over caudate,  n = 
3; m, amygdala,  n = 4; A, caudate,  n = 2; o, reticular formation,  n = 
3. Homogenei ty  o f  variance for each brain r e ,  on was supported by 

the s 2 max/s  2 rain test, p>0 .05 ,  for samples n = 5 or less J l5 ]. 

ACKNOWLEDGEMENT 

The exper iments  reported herein were supported in part by the 
Epilepsy Foundat ion  of  Western New York, the Dent Foundat ion ,  
USPHS Research Grant No. AA01417 from N1AAA to C. K. 

Erickson and NIIt Grant No. 1 -R01NS1070401  to J. R. Couch.  We 
wish to thank Mr. Ivan Kadar of  Developtron, Inc. for his interest in 
the chemitrode.  

R E F E R E N C E S  

1. Batzdorf,  U., R. S. Knox,  S. M. Pokress and J. C. Kennady.  
Membrane parti t ioning o f  the Rose-type chamber  for the s tudy 
of  metabolic interaction between different cultures. Stain 
Technol 44: 7 1 - 7 4 ,  1969. 

2. Delgado, J. M. R., F. V. DeFeudis,  R. H. Roth ,  D. K. Pyugo 
and B. M. Mitruka. Dialytrode for long term intracerebral 
perfusion in awake monkeys .  Arch. Int. Pharmacodyn. 198: 
9 - 2 1 ,  1972. 

3. Delgado, J. M. R. and L. Rubinstein.  Intracerebral release of  
n e u r o h u m o r s  in unanesthet ized monkeys .  Arch. Int. 
Pharmacodyn. 150: 5 3 0 - 5 4 6 ,  1964. 

4. Folkman,  J., V. H. Mark, R. Ervin, K. Suematsu  and R. 
Hagiwara. lntracerebral gas anesthesia by diffusion through 
silicone rubber. Anesthesiology 2 9 : 4 1 9 - - 4 2 5 ,  1968. 

5. Gaddum,  J. H. Push-pull  cannulae. J. Physiol., Lond. 155: 
I - 2 P ,  1961. 

6. Goddard,  G. V., D. C. Mclntyre and C. K. Leech. A permanent  
change in brain funct ion resulting from daily electrical stim- 
ulation. Exp. Neurol. 25: 2 9 5 - 3 3 0 ,  1969. 

7. Horwitz, D. A. and M. A. Garrett. Use of  leukocyte chemotaxis  
in vitro to assay mediators generated by immune  reactions: I. 
Quant i ta t ion o f  mononuclear  and polymorphonuclear  leu- 
kocyte  chemotaxis  with polycarbonate  (Nuclepore) filters. J. 
Irnmun. 106: 649,  1971. 

8. K6nig, J. F. and R. A. Klippel. The Rat Brain: A stereotaxic 
Atlas o f  the Forebrain and Lower Parts o f  the Brain Stern. 
Baltimore: Williams and Wilkins, 1963. 

9. Kovacs, D. A. lmplantable cannula. U. S. pat. pend.,  ,~rial no. 
5 9 1 , 0 7 2 ,  1975. 

10. Leroux,  A. G. and R. D. Myers. New multi-purpose chem- 
itrodes lk~r electrical and chemical st imulation or localized 
perfusion of  the brain. Pharrnac. Biochem. Behav. 3:311  315, 
1975. 

11. Mark, V. H., J. Rolkman,  F. R. Ervin and W. Street. Focal 
brain suppression by means of a silicone rubber chemode.  J. 
Neurosurg. 30: 1 9 5 - 1 9 9 ,  1969. 

12. Moore, J. T. and M. A. Karasek. isolation and properties of  a 
germinative and non-germinative cell populat ion from post- 
embryonic  mouse,  rabbit and human epidermis. J. Invest. 
Derm. 56: 3 1 8 - 3 2 4 ,  1971. 

13. Myers, R. D. An improved push-pull cannula system for 
perfusing an isolated region o f  the brain. Physiol. Behav. 5: 
2 4 3 - 2 4 6 ,  1970. 

14. Myers, R. D. Methods for perfusing different structures of  the 
brain. In: Methods in Psychobiology 1/ol.2. edited by R. D. 
Myers. London and New York: Academic Press, 1972. 
2 4 3 - 2 4 6 .  

15. Pearson, E. S. and H. O. ltartlcy. Biometrika Tables for 
Statisticians, Vol. 1. London:  Cambridge University Press, 
1956, Table 31. 

16. Szerb, J. C. Model exper iments  with Gaddum' s  push-pull 
cannulas. Can. ~ Physiol. PharmacoL 4 5 : 6 1 3  619, 1967. 


