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MYSLOBODSKY, M S , M MINTZ, R TARRASCH AND J BAR-ZIV Asterotd dertvattve (RU 5135) exhlbtts epdeptogentc- 
t 0' m the presence of deficwnt blood-brain barrwr PHARMACOL BIOCHEM BEHAV 38(2) 327-331, 1991 --A hypothesis was 
tested that epileptic spiking, reduced by systemac administration of a steroid derivative (RU 5135), may be associated with surgery- 
related cortical damage rather than eplleptogenlclty of the agent. Cumulative doses of the drug were given to rats and rabbits The 
lasting quas~-penod~c seizure discharges were always seen mmally only under an eplcortlcal electrode implant Brain damage in- 
flicted by such an electrode was confirmed anatomically Iby assessing the area of lesmn) and nonmvaslvely (by showing contrast- 
induced enhancement of CT brain images in the hemisphere homolateral to eplcort~cal electrodes) The threshold of eplleptlc spiking 
vaned inversely with the area of cortical damage inflacted by the electrode In a number of cases no spdong was obtained from the 
hemisphere w~th nonpenetratmg (mtraosteal) electrodes We caution that a breach of the BBB caused by conventional surgery, in 
rodents can make a bemgn drug appear as excessively toxic thereby dlscredmng potentially useful compounds 

Epdeptlc spiking Brain injury Blood-brain barrier Computed tomography GABA antagonist (RU 5135) 

OUR previous study has demonstrated that a novel steroid denv- 
ative, RU 5135 (3ot-hydroxy- 16-1mlno-513-17aza-androstan- 11- 
one) (8), reduces peculiar quasi-periodic cortical spiking, lasting 
for many hours w~th no or very few clinical manifestations of 
epilepsy (15). While a unique phenomenon in ~tself, this effect 
was particularly surprising as RU 5135 was the only known GABA 
antagonist that caused focal rather than generalized peut-mal type 
activity after systemic adnumstratlon Given that focal epllepto- 
genesis requires a certain matrix of structural damage (13) we 
reasoned that RU 5135 may have appeared excessively toxic due 
to an inadequate even though generally accepted practice of elec- 
trode Implantation. This hunch was confirmed by modifying the 
electrode implantation techmque and assessing brain damage caused 
by surgery. 

EXPERIMENT 1 

METHOD 

SubJects 

The study used male and female Wistar rats as subjects. Rats 
were of about 300 g at the time of surgery. 

Surger3'. 

Surgery was conducted under Equithesin (Salisbury Jensen, 

Kansas City, MO). In 14 rats eptdural silver ball electrodes were 
implanted in symmetrical points over the visual cortex as described 
elsewhere (15). In another 11 rats nonpenetrating (extradural) 
electrodes (stainless steel needles) were implanted bilaterally over 
the vmual and somato-sensory cortex, using dental files (Reamer 
No 25). All electrodes were soldered to amphenol microconnec- 
tors and were fixed to the skull with dental acryhc 

Procedure 

The procedure of EEG examination was modeled after that 
described elsewhere (15) In brief, ammals were taken to the ex- 
perimental cage a week after surgery. Freely moving rats were 
tested reside boxes whose sides were mirrors for testing, when 
needed, visual evoked potentials. Baseline EEG was momtored 
using swivel assembly, and amplified and displayed on a Beck- 
man Type R Dynograph (bandwidth 0 .53-30 Hz) Thereafter, four 
successive doses of 0.5 mg/kg of RU 5135 (kindly donated by 
Dr Hunt, Roussel-UCLAF) were injected IP every 10 min, fol- 
lowed by doses of 1 mg/kg, until the spiking appeared unilater- 
ally. The admimstratlon of the drug was continued until either the 
spiking was obtained bilaterally or the dose was quadrupled over 
the threshold. EEG was recorded continuously throughout the 
session. 

tRequests for repnnts should be addressed to M S Myslobodsky. Psychobiology Research Umt, Department of Psychology. Tel Avlv UnlversUy, 
Ramat-Avlv, 69978 Tel Avlv, Israel 
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FIG 1 (A) A quas]-penothc cortical spdong recorded from the epldural (ED) electrode concurrently with 
normal EEG from the contralateral area with an intraosteal (IO) maplant Waking freely moving rat Note that 
photlc stlmuh (stroboscopic flashes) marked with diamonds ehclt sensory afterdlscharges m the henusphere 
with the lntraosteal implant (B) Asymmetric spLkmg activated by RU 5135 m a rabbit implanted with the epI- 
dural and lntraosteal electrodes Waking rabbit restrained m a perspex box Note that the paper movement was 
kept slow to record spikes as vemcal deflections An reset obtained with a higher speed of paper shows that 
m this experiment there were two categories of spikes of slmslar configuration but of different amplitude ( 1,2) 
The smaller spiking focus was attributed to cortical damage lnfhcted by a jeweler screw positioned 8 mm away 
from the eplcorttcal electrode It was found to penetrate the tuner table 

With four animals, semi-acute experiments were conducted. 
The latter animals were tmplanted intraosteally (three rats) or ept- 
durally (one rat) and one hour thereafter they were taken to the 
experiment. 

Brain Morphology 

Evans blue (2% in 0 9% NaC1, 2 ml/kg) was refused mto the 
femoral vem 5 mm before perfus~on The distribution of the dye 
was scored after (19) The cortical tissue damage under electrodes 
was further examined using alternate 80 Ix sections of the frozen 
brain stained with Nuclear Fast Red (Gurr) 

R E S U L T S  

Electrophystologwal Fmdmgs 

Increasmg doses of RU 5135 lead, at a mean dose of 4 0--- 1.8 
mg/kg (range 1-7 mg/kg), to unilateral spiking in both chrom- 
cally and acutley ]mplanted animals with one or two ep]dural 
electrodes (Fig. IA) An additional dose (1.9 +-- 1.3 mg/kg) of the 
drug had to be administered m order to recruit the other side of 
the bram into seizure activity. It is of interest that photic stimuli 
(stroboscopic flashes) used in such preparations were capable of 
ehcmng sensory afterdlscharges only in the hemisphere with the 
intraosteal implant. In 5 rats, a cumulative dose of 11 - 5.6 mg/ 
kg was amved at, without reaching the stage of bilateral spilong. 
In all of these, a nonpenetratlng electrode was located homolat- 
erally to the spike-resistant side. 

Behavzoral Correlates 

Unilateral sptkmg was assoctated w]th no characteristic behav- 

ior. Most often reduced motility, ataxic wall ,  sniffing and groom- 
ing were noted. With bilateral spiking, animals became increasingly 
adynamic with head resting on the floor and the forehmbs stretched 
out. Myoclonus was seen infrequently. When it appeared, it sel- 
dom evolved into generahzed seizures even when intense spllong 
was seen under penetrating electrodes implanted over the soma- 
tosensory area. In three animals with nonpenetratmg electrodes 
spiking was not obtained with a dose of 15 mg/kg. All three de- 
veloped a progresstve loss of postural tone with no seizure man- 
tfestauons. 

Anatomical Brain Lesion m the Area of Electrode Contact 

In most cases the proof of anatormcal damage was easy to 
obtain by just examining plain serial sections under low magmfi- 
cation Evans blue infusion caused a detectable stain ldenufytng 
locations of epicorttcal electrodes and/or jeweler screw Implants 
(Fig. 2C,D) In the event of asymmetric discharges, higher mag- 
nification ( × 200- x 400) allowed us to confirm either a measur- 
able cortical depression or a frank penetration involving layers I -  
III In order to further ascertain the interrelation between spiking 
asymmetry and cortical damage, the damaged area was outlined 
and its short and long diameters were measured under low mag- 
nification ( x  12) using a 0.1 mm internal rule. The correlation 
coefficient computed between the areas values and threshold of 
spiking in the corresponding hemisphere yielded an r of - 66 
(df= 34, p<0.O01) 

D I S C U S S I O N  

We were able to replicate our previous study (15), albeit only 
usmg ep~dural electrodes. On the side with an mtraosteal ~mplant 
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no reliable spiking can be obtained even after an excessive dose 
of the drug. Anatomical analysis and the distribution of Evans 
blue confirmed that 'epidural '  implants could hardly be consid- 
ered harmless in rats. The steel jeweler 's  screws that are widely 
used as electrodes and/or anchors [e.g., (20), for review] were 
especially damaging in the rat 's skull with the average thickness 
of less than 1 mm, even when positioned 'part way. '  In view of 
the above, an implantation of intraosteal electrodes might be con- 
sidered an acceptable alternative when EEG/ERP analysis in wak- 
ing, freely moving animals is entertained. 

EXPERIMENT 2 

The foregoing findings may be interpreted as suggesting that 
implantation-related focal blood-brain barrier (BBB) leakage made 
it possible to reveal a peculiar epileptogenic effect of RU 5135. 
We wondered whether implantation surgery in animals with larger 
calvaria (e.g., rabbits) would reproduce this effect The additional 
advantage of working with rabbits is that a meager lesion of the 
cortical mlcrovascular bed and consequent BBB lacunae may be 
examined noninvaslvely using iodinated contrast media in the 
course of computed tomography. It is known that normal brain 
tissue is protected by the BBB from direct penetration of the con- 
trast medium when the latter is administered intravenously (21). 
In rabbits, it takes a dose of 25 ml/50 sec of 50% sodium diatrl- 
zoate to disrupt the BBB (7). 

Therefore, using a protocol descnbed above, EEG effects of 
RU 5135 were explored in the rabbit. Then a group of rabbits was 
submitted for computed tomography (CT) examination. 

METHOD 

SubJects 

Fourteen Chinchilla rabbits weighing 2000 g at time of sur- 
gery were used 

S u ~ e ~  

Surgery was conducted under Nembutal (Salisbury Jensen, 
Kansas City, MO). Stainless steel electrodes were implanted in 
symmetrical points over the visual cortex epidurally and lntraosteally 
as described above. The reference electrode was implanted in the 
frontal sinus. All electrodes were soldered to amphenol micro- 
connectors and were fixed to the skull with dental acrylic. 

Procedure 

Unanesthetized rabbits were immobilized in a perspex box. 
RU 5135 (2 mg/ml/kg) was slowly administered into the marginal 
ear vein. EEG was continuously monitored for signs of epilepto- 
genicity and the drug was readmlnistered (l  mg/kg) if sptlong 
was not obtained within 20-30 min of the observation penod. 
The experiment was discontinued as soon as seizure potentials 
were fully developed. 

CT Exammatton 

The noninvasive assessment of the BBB was conducted with 
CT only in drug-naive animals. Given that electrodes create arti- 
facts obscunng the region of interest, a blunt perspex rod, 1.5 
mm in diameter had to be implanted over the dura. Initially, brain 
scans were taken with alurmnum jeweler screws in the burr holes 
Although they highlighted the site of interest (14), the abrupt 
density changes that occur at the place where the screw interfaced 
with the brain reduced the enhancement effect due to the beam 

hardening. This approach was thus abandoned. Instead, we con- 
trolled the place of the implant using the bone window to locate 
the burr hole or affixing l mm aluminum wire on the skull next 
to the burr hole. 

The CT was performed on an Excel 2400 scanner (Elscint, Is- 
rael) with a matrix 512 × 512. A rabbit was scanned under Nem- 
butal anesthesia given in a dose of 30 mg/kg (IP) 20 mm prior to 
the scanning and 20 mg/kg (IV) immediately before it began. 
This dosage is sufficient since following IV administration of the 
contrast agent the depth of anesthesia is sustained due to contrast- 
induced displacement of the anesthetic from the albumin-binding 
sites (10). 

A sequential set of high resolution direct coronal CT scans 
was taken with 1 2 and 2 5 colhmation. Sixty percent meglumine 
iothalamate (IOT) was employed as a contrast medium (1-2 ml/ 
kg infused IV over 2-3 rain). Thls infusion rate is considered safe 
for rabbits (17). BBB disruption was confirmed by companng 
tissue attenuation (in HU units) on both sides of the brain. Read- 
ings of HU absorption from a phantom during the period of the 
study proved stable. 

RESULTS AND DISCUSSION 

EEG Findings 

Predictably, implantation surgery was more dependable in 
rabbits. Their thicker and more laminated cranial skull permitted 
the making of an accurate burr hole with minimal cortical lesions. 
Slowly administering the drug (2 mg/kg, IV) induced lasting ho- 
molateral spiking on the side of the eplcortlcal implant (Fig. 1B) 
in only 3 of 7 rabbits The pattern of spiking was similar to that 
observed in rats Figure 1B demonstrates a case when two types 
of spikes, similar in shape but different in amplitude, appeared in 
one hemisphere 15 nun after 3 mg/kg of the drug. This pattern 
was consistent with the posslblhty of two sites of neocortical 
damage. In fact, after the animal was sacraficed two sources of 
damage were established one, caused by the eplcortical electrode 
(apparently causing spike 2) and the other, produced by a neigh- 
boring jeweler screw (spike 1) that penetrated the inner table. 

Unlike rats, rabbits were immobilized Immobihzatlon stress 
is known to increase BBB permeability (4), notably when associ- 
ated with hypertension. The latter may have enhanced epilepto- 
genlclty of RU 5135. Yet hypertension could not account for 
the laterahty of spiking and its association with signs of cortical 
damage 

CT Findings 

The CT of the rabbit 's  brain is shown in Fig. 2A,B. Although 
the images suffered from rather low spatial resolution they clearly 
show major brain structures and hyperperfusion near the site of 
eplcortlcal implants along with a more diffuse homolateral en- 
hancement in the oral bralnstem (Fig. 2B) It is of interest that the 
contrast enhancement was far outside the area of electrode pres- 
sure. The radlodenslty vaned widely from 10 to 60 HU 

The result of this experiment further documents that electrode 
implantation caused a disruption of the BBB, both locally and 
diffusely. One may argue that lOT is an agent of relatively high 
osmolarity which may in itself contribute to disruption of the BBB 
thereby facilitating its own entry into the CNS This appears un- 
likely in view of the fact that sodium diatnzoate, a more neuro- 
toxic agent that lOT (1), showed virtually no neurotoxicity in the 
absence of the concurrent BBB lesion even when given in larger 
doses (7) 

CT was conducted while rabbits were under barbiturate anes- 
thesia which is known to induce vasoconstriction. Constncted ce- 
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FIG 2 (A) Coronal CT of an anesthetized rabbit Noncontrast cut shows no abnonnahty at a site of implantation (arrow head) 
(B) Contrast-enhanced image demonstrates diffusion of the contrast medium into the abnormal region and with a parallel en- 
hancement in the homolateral mesencephahc area (Indicated by geometric areas of interest ) (C) Top wew of a rat's bram 
showing evans blue staining under epidural jeweler screws (D) Close view of an 80 I.t coronal section showmg the depth of 
damage under a screw (arrow head) 

rebral vessels are less likely to develop BBB leakage in the 
presence of hypertension (9). Also, the contrast medium used in 
the present study was shown n o t  to cause hypertensive response 
m the rabbit (18) 

GENERAL DISCUSSION 

The major result of the present study is that RU 5135, which 
was seen to produce lasting focal spiking (15), appeared rather 
ineffective In activating epileptiform activity when nonpenetrat- 
lng electrodes were used. In three cases even its massive doses 
proved insufficient to activate electrographlc and/or clinical signs 
of epileptogenicity an spite of a clear picture of general neurotox- 
lClty 

It was mdlcated (3) that cerebral lesions akin to that caused by 
electrode tmplants can open the BBB thereby leading to an accu- 
mulation of various substances at the lesioned site at higher than 
physiological concentrations. Therefore, drugs with low toxicity 
may achieve high CNS concentrations and erroneously appear as 
more toxic that they actually are when administered intracister- 
nally and/or lntracerebrally. Feldberg (6) mentioned numerous 
studies, mcludmg his own, demonstrating that intracerebroven- 

tncular administrations of minute amounts of drugs activate a va- 
riety of behavioral symptoms such as akinetlc behavior, sleep- 
hke conditions, catalepsy, catatonla, stupor, and seizures. The 
same drugs, administered systemically, produce different and of- 
ten opposite behavioral responses. Marcus et al. (12) observed 
that with unimpaired BBB, only very high doses of estrogen could 
induce seizure discharges. 

Although RU 5135-induced spikes were local, there is a pos- 
slbthty that surgery-related damage of the cortex may cause a 
more generahzed BBB deficiency Thus, the administration of 
lOT showed CT enhancement in the whole dorso-lateral aspect of 
the cortex with involvement of the rostral bratnstem. The patho- 
physiology of this effect was not studied in any detail and only a 
tentative explanation could be provided. Given that IOT is a nox- 
ious agent (1), it may easily precipitate seizure discharges in a 
preparation with an area of preexisting breakdown of the BBB 
These local seizures may conceivably elicit secondary and a more 
generalized disruption of the BBB. Such a scenario can be de- 
raved from anecdotal evidence that contrast media originate epl- 
leptlform EEG discharges in patients with local breakdown of the 
BBB due to brain pathology (2) and that seizure-induced increase 
of BBB permeability is proportional to the seizure dura- 
tion (11). 
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Wht le  we have  l imited exper ience  wtth E E G effects  o f  con-  
trast me&a ,  m informal  trials we observed  typtcal setzure after- 
d i scharges  in one o f  three waking  rabbits after IV adminis t ra t ion  
o f  3 mg /kg  of  IOT. Yet Nembuta l  anes thes ta  that was  employed  
dur ing C T  examina t ion  mus t  have  control led seizure acuvt ty .  

Alternat ively,  a rapidly act ing central  sy s t em cont ro lhng  the 
BBB could  be enter tained to account  for the more  general ized 
ext ravasat ton o f  IOT. Yet tf the latter m e c h a n i s m  is part o f  an 
intraaxml au tonomic  sys t em cont ro lhng  cerebral  microvascu la r  
permeabi l i ty  and f low (16) one still needs  to explain  how it is 
t r iggered by the local BBB lesion.  

In s u m m a r y ,  these  f indings  warrant  cal l ing attention to the 

fact that a widely accepted technique o f  epidural  posi t ioning o f  
e lectrodes can  unwit t ingly  produce  BBB def ic iency that ts suffi-  
cient  to &stort  EEG responses  to drug.  As  a result ,  a n u m b er  o f  
ben tgn  and potential ly useful  chemica l  subs tances  assayed  elec- 
t roencephalographical ly  could be mlsclass i f ied as being exces-  
sively neurotoxlc  
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