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ABSTRACT 

The kindling model of epilepsy in animals is a widely 

used tool in the study of convulsive mechanisms. Two 

experiments were conducted to investigate the possible role 

of somatostatin (SS) in a chemical model of kindling. In 

Experiment 1 , a high dose of pentylenetetrazol (PTZ) 

(30mg/kg) was used and in Experiment 2, a low dose of PTZ 

(20mg/kg) was used. PTZ administration and behavioral 

assessment were performed every other day for one month. 

Increased seizure sensitivity was observed in Experiment I, 

but not in Experiment 2. Anatomical localization of SS was 

not accomplished in Experiment 1, however, in Experiment 2 

a decrease in SS cells was observed in experimental animals 

These results precludes the drawing of any simple 

conclusions about the role of SS in seizure activity or in 

the kindling model of epilepsy. Further investigation into 

the behavioral and anatomical effects of PTZ is neccesary. 
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INTRODUCTION 

Epilepsy is a condition in the brain characterized by 

excessive neural discharge causing possible motor discharge 

and/or loss of consciousness. Epileptic seizures are quite 

common. Approximately one in every twenty people will have 

an epileptic episode during their lifespan. It has been 

estimated that one in every two-hundred people are affected 

by an epileptic disorder of some kind (Kolb and Whishaw, 

1985). The condition has been described by many over the 

years (Dreifus, 1985), but the mechanism by which epileptic 

seizures are initiated and propagated, still remains a 

mystery to modern medicine. 

Many models of epilepsy have been developed to unravel 

the underlying mechanisms: chemically induced seizures in a 

variety of animal species, electrical models including the 

kindling model, and genetic models. From these models, a 

great mass of information has been gathered about 

anatomical, biochemical and behavioral influences and long 

or short term consequences of epilepsy. From this 

information, better methods of assessment and treatment have 

been derived and new directions for future research have 

been developed. 

The epilepsies have been described basically under 

three categories; partial, generalized and unclassified 

seizures (Dreifus,1985). Partial seizures involve a specific 

area in the brain where abnormal neural discharge starts, 

causing characteristic symptoms that allow for localization 

of a focus to be identified . Generalized seizures are 

almost always bilateral, symmetrical and without local onset 

(Dreifus,1985). Unclassified seizures are those that defy 
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classification because no basis can be found or there is 

insufficient data to support classification in the other two 

categories. The group of symptoms can be caused by 

mechanical trauma , tumor or viral infection of the brain, 

genetic predisposition, metabolic abnormalities of vascular 

accidents or fever in infancy . In the case of mechanical 

trauma, the mechanisms underlying the seizures seems fairly 

straight forward. Brain edema and vascular accident in the 

region of the trauma or to the countercoup, cause a loss of 

oxygen to the surrounding tissue and lead to necrosis of 

that tissue. Other mechanisms are not as easily understood. 

It is for this reason that animal models of the different 

types of epilepsy have become so important. 

Several chemicals have been used to induce seizures in 

animals in order to reproduce different types of epilepsy. 

Agents such as allylglycine (Meldrum, Horton and 

Brierly,1974), cocaine (Stripling and Hendricks, 1980; 

Stripling and Hendricks, 1981), and kainic acid (Sperk, 

Wieser, Widman and Singer, 1986) , have been used to study 

effects on several neurotransmitter systems and specific 

types of seizure activity. Pentylenetetrazol (PTZ), has 

been utilized as a convulsive agent for the study of 

tonic-clonic seizures (Valesco, Valesco, Estrada-Villanueva 

and Machado,1976; Valesco, Valesco, Machado and 

Estrada-Villanueva,1976) and to study the kindling 

phenomenon (Cain, 1980; Pinel and Cheung, 1977) . PTZ induced 

seizures have also been utilized to assess the effectiveness 

of anticonvulsant drugs (Feingold and Berry, 1973; Ito, 

Hori, Yoshida and Shimizu,1977), as well as the cross 

tolerance phenomenon and to produce kindling (Stripling and 

Russel,1985). 
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The kindling model 

The term kindling, as it applies to epileptogenesis, 

was coined by Graham Goddard (Goddard, Mclntyre and 

Leech,1969). He describes kindling as "a lasting change in 

brain function that results from the repeated focal 

stimulation and leads to the development of a predisposition 

to epileptiform convulsions". Goddard observed that repeated 

subconvusant electrical stimulation to the amygdala 

ultimately led to status epilepticus. If stimulation was 

continued, spontaneous seizures were seen. Goddard's 

definition of kindling has been expanded over the years to 

include increased sensitivity to chemotoxins that do not 

initially cause convulsions but after repeated exposure, may 

result in status epilepticus (Neidemeyer,197 6; Pinel and 

Cheung, 1977; Pinel and Van Oot, 1975). 

The kindling model is useful in studying different 

aspects of seizure activity; notably, seizure initiation and 

propagation (Gaito, 1976; Goddard, 1983; Mclntyre and 

Racine, 1986) . The kindling effect models the interictal to 

ictal transition. The model has proved to be valid as EEG, 

neurochemical and behavioral components correlate well with 

events that take place in human epilepsy (Neurobiology of 

Disease Workshop, Society for Neuroscience, 1987). The 

study of the kindling phenomenon as it occurs naturally in 

human epileptics that have gone untreated has become of 

great interest . There is much controversy over whether 

kindling exists outside of the experimental realm, even 

though there is documentation to support a correlation 

between number of seizures and severity of disorder (Pinel 

and Van Oot, 1975). There is also concern about kindling 
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occurring in patients receiving neurosurgical treatment for 

chronic pain. 

There are several ways to induce kindling in laboratory 

species either electrically or chemically. The following 

section places an emphasis on the use of pentylenetetrazol 

to chemically induce the kindling phenomenon. 

Mechanisms of kindling 

Electrically induced kindling is produced by implanting 

electrodes into specified brain areas and giving repeated 

low frequency stimulation over a period of days or months 

(Cain, 1980; Faingold and Berry, 1973). An understanding of 

why the same level of stimulation creates progressively more 

severe behavioral and neurological symptoms is still 

incomplete. The proposed mechanisms appear to be a loss or 

decrease in inhibition or an increase in excitation or a 

combination of both. Several hypotheses have been generated 

to explain these mechanisms. There are currently three basic 

hypotheses accepted as possible explanations. The synaptic 

potentiation theory focuses on the enhanced synaptic 

efficacy after stimulation. The epileptic neuron or burst 

neuron theory suggest that there are certain cells that 

spontaneously fire and recruit follower cells to amplify 

neural activity. The third is the disinhibition theory which 

proposes that inhibitory mechanisms may be altered or 

destroyed as a result of seizure activity. Disinhibition 

thus creates an imbalance between excitation and inhibition 

in the direction of excitation. Each of these theories 

focuses on one or more aspects of seizure activity. A more 

recent theory that has met with either quick and full 

acceptance or great skepticism, is the reverberation theory 
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which addresses the possibility that a combination of 

disinhibition and burst neurons may cause recurrent 

excitation (McNamara, 1988 ). The model fits very well with 

the circuitry of the hippocampus, the structure within which 

this phenomenon occurs, however, skepticism is suggested by 

its opponents. The current working hypothesis is that with 

different models, some hypotheses are more accurate than 

others and that any number of combinations may be 

contributing to the seizure condition. 

The mechanisms associated with kindling induced by 

chemical means vary. Each device used has an effect on some 

neurotransmitter system and/or causes some cellular 

alteration. It has been proposed that certain chemical 

agents may cause neuronal damage similar to that caused by 

electrical kindling or acute electrical stimulation 

(Sloviter and Damiano, 1981 a&b). 

Localization 

The hippocampus and other limbic structures have been 

studied extensively using the kindling model. It appears 

that the hippocampus is the most vulnerable to damage and 

perhaps paradoxically, is the most resistant to electrical 

kindling (Nadler, 1989). It appears that different cell 

types and specific regions are more susceptible than others 

to damage created either by repeated seizure activity in 

human patients or in experimental models of epilepsy 

(Nadler, 1989). It also appears that kindling represents a 

complex form of neural plasticity as proposed by Sutula and 

colleagues that there is synaptic reorganization in the 

hippocampus after altered activity (Sutula, Xizo-Xian, 

Cavzos and Scott, 1988). 
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Pentylenetetrazol 

It is appropriate and necessary at this point to expand 

on the mechanisms of convulsant drugs. This is a large area, 

so the emphasis will be on the convulsant used in the 

studies that follow. 

Pentylenetetrazol (PTZ), also known as Metrazol, is one 

drug in a family of drugs that causes convulsions. Several 

advantages of the drug are its low cost, ease of 

administration and the fact that it is well characterized 

both physiologically and behaviorally (Cain, 1980; Cain, 

1981; Faingold and Berry, 1973; Ito, Hori, Yoshida and 

Shimuzu,1977; Mason and Cooper, 1972; Pinel and Cheung, 

1977; Stripling and Hendricks, 1980; Stripling and Russel, 

1985; Velasco, Valesco, Estrada-Villanueva and Maldonado, 

1976; Velasco, Valesco, Maldonado and 

Estrada-Villanueva,1976). It has been a very useful tool in 

the screening of anticonvulsant drug efficacy, predominantly 

in the absence seizure type. With regard to this seizure 

type, the PTZ screening model used with exudmides and 

benzodiazapines is evidence of its usefulness 

(Woodbury,1980). There are, however, several disadvantages 

as well. Although it is well characterized, there is large 

individual differences in terms of response to the drug. The 

mechanisms by which PTZ acts will be elucidated at the 

cellular and intracellular levels. A further explanation of 

the different ares of the brain it affects and the 

behavioral outcomes will follow. 

It appears that PTZ selectively antagonizes GABA 

mediated postsynaptic inhibition by blocking the effect of 
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GABA to increase chloride conductance. It has also been 

suggested that it may have a direct effect on membrane 

properties to increase spontaneous discharge by altering 

ionic conductances. This suggests that the chloride channels 

fail to open and do not allow GABA transmission to inhibit 

postsynaptically. The types of seizures produced by PTZ do 

not look like those produced by strychnine which is a 

glycine blocker, but do look similar to those produced by 

picrotoxin. This suggests a possible interaction with GABA 

receptors as picrotoxin is a chloride channel blocker 

(MacDonald and Barker, 1977). McDonald and Barker concluded 

through patchclamp and intracellular recording that PTZ 

causes a reversible antagonism of conductance change and 

voltage response produced by iontophoresis of GABA without 

affecting resting membrane potential. There was also no 

effect on membrane potential when either inhibitory amino 

acids or excitatory amino acids were applied. The effect of 

PTZ on inhibitory systems has also been elucidated in 

non-mammalian species . Experiments on Aplysia Californica 

give rise to information that support McDonald and Barker. 

Pellmar and Wilson (1977) Described a decrease in fast 

inhibitory responses as a result of an increase in chloride 

conductance when GABA was applied. The conclusion of these 

experiments being a selective reduction of transmitter 

induced chloride conductance. PTZ also decreases 

HC03-ATPase activity in vitro. This mitochondrial enzyme, 

appearing mainly in glial cells, may be involved in active 

chloride transport into glial cells. The inhibition of 

HC03-ATPase may partially explain its effect on chloride 

conductance. PTZ also inhibits acetylcholine esterase which 

has the result of leaving acetylcholine in the cleft longer. 

This may help explain some of the excitatory effects. The 

inhibitory effect on glutamic acid decarboxylase (GAD) is 
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negligible because the doses required to have any effect are 

so extraordinarily high (Woodbury, 1980). 

Experimentally, the use of PTZ has the benefit of 

affecting different brain regions at different doses. At 

lower doses, subcortical structures are primarily affected 

and at higher doses generalized convulsions involving the 

whole brain result. The use of lower doses is generally used 

to study petit mal and temporal lobe seizures and higher 

doses are generally used to study severe generalized 

seizures (Woodbury, 1980) . This is very convenient in both 

the acute models of administration and the chronic models, 

such as the kindling model. 

Relevance of Somatostatin 

Somatostatin (SS) , is a tetradecapeptide secreted from 

the hypothalamus and whose primary function is to inhibit 

the release of growth hormone. It has been shown through 

immunostaining techniques that SS is widely distributed 

throughout the brain and that the two highest affinity sites 

are the reticular nucleus of the hypothalamus and the 

hippocampus. In the hippocampus it appears to have 

preferential localization in the striatum, superficial 

parts of the pyramidal cell layer of Amnion's horn and in the 

zone of polymorph cells in the hillus of the dentate gyrus 

(Johansson, Hokfelt and Elde, 1984/ Kohler and Chan-Palay, 

1982; Palacios, Reubi and Maurer,1986; Weightman, Whitford, 

Snell, Hirst, Brundish and Kendall-Taylor, 1985). The role 

it plays in the hippocampus is not yet understood but it is 

hypothesized to have an inhibitory function (Sloviter, 

1989). 
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The role of SS in seizure disorders or convulsant 

activity is still a question. Throughout the brain and body, 

SS has an inhibitory effect (Hadley, 1984) . It seems 

rational to assume that SS may play a role in seizure 

suppression as its concentration in human cerebrospinal 

fluid (CSF) , is increased after a seirzure (Pitkanen, 

Halonen, Ylinen and Riekkinen, 1987). This is consistent 

with the post-seizure inhibition seen in most seizure 

disorders. This post-seizure increase in inhibitory 

neurochemicals is also seen in the kindling model, but with 

a few twists. It has been shown that the levels of GABA in 

the CSF increase after a kindling session. This increase is 

exhibited for a short time after stimulation and receptor 

numbers during this period also increase. This only occurs, 

however, for around 28 days and then the increase in 

receptors is no longer expressed (McNamara, 1988). A 

significant decrease in SS level following seizures induced 

by kainc acid have been reported (Sperk, Weiser, Widmann and 

Singer, 1986) . The alteration of levels of both SS and GABA 

is interesting by itself, but it has also been shown through 

immunostaining that SS and GABA are co-localized (Nadler, 

1989). This raises a question of roles that the two 

transmitters play together. The answer still lies hidden in 

the brain. 

Sloviter's experimental approach using perforant path 

stimulation showed a selective loss of SS cells and left 

other inhibitory mechanisms untouched, namely the GABA cell 

population (Sloviter, 1987). His interpretation was that the 

loss of inhibition was due to the loss of a basket cell 

activating system. In further studies, his lab has added 

credence to this concept by supplying stimulation to 

contralateral basket cells and restoring inhibitory 
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mechanisms. This model may not be comparable to chemical 

kindling as PTZ does not have the discrete focal 

stimulation. Others who have investigated the role of 

somatostatin in seizure activity have found that injection 

of the drug cysteamine, a SS inhibitor, that they could 

produce seizure suppression (Higuchi, Sikand, Kato, Wada and 

Friesen, 1983). Other labs, however, were unable to 

replicate these results (Rezek, Havlicek, Hughes and 

Freisen, 1977). It has also been suggested that antibodies 

against SS introduced intracerebroventricularly (ICV) had an 

inhibitory effect on seizure development and expression in 

rats. Tartara and colleagues found that ICV administration 

of SS had anticonvulsant effects and sedative effects in 

conscious rabbits. These results are in direct contrast with 

Higuchi et al. It is obvious that there are differences 

between species and techniques. Further work needs to be 

done to elucidate the role of SS in seizure activity. 

Purpose of this study 

Several questions were asked in the following studies 

concerning the role of SS in the brain and in convulsant 

activity. Information on these questions are often 

inconsistent. The purpose of this study was to expand the 

understanding of SS's role in the brain by focusing on it's 

role in chemical kindling. An expanded description of the 

effects of PTZ on the SS cell population in the hippocampus 

was also of interest. With the knowledge that PTZ causes 

lasting change in seizure threshold supposedly through some 

form of brain damage (Mason and Cooper, 1972), there is a 

question of whether that damage is on an inhibitory system 

like SS or a more global type of morphological damage. With 

respect to the inhibitory system connection, with the 
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assumption that the GABA system is in fact being antagonized 

by PTZ, the question of the role of other inhibitory systems 

become of interest. With respect to the global damage 

question, there is evidence that certain chemical agents 

cause damage to the brains of rats that is similar to that 

produced by electrical kindling and thus, some models may be 

indirectly compared (Nadler, Perry and Cotman, 1987; 

Sloviter and Damiano,1981a &b). It was the intention of the 

investigator to answer these questions during the course of 

these studies. 
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METHODS 

Experiment 1 

Subjects 

The subjects were 18 male Long-Evans rats raised in the 

breeding colony in the Department of Psychology at the 

University of Arizona, between the ages of 60-65 days and 

weighing between 300-450 g. All animals were maintained on a 

12/12 hour light/dark cycle with the lights on at 9:30 am 

and off at 9:30 pm. Testing took place during the dark 

cycle, between 10:00 am and 2:00 pm. Animals were housed 

individually in standard stainless steel cages and given 

access to food and water ad lib. 

Apparatus 

The seizure testing chamber was an octagonal glass fish 

aquarium 2'x2'x3'. The top was left off during testing. 

Procedure 

Animals were separated from the colony and handled for 5 

minutes and placed in the testing chamber for an additional 

5 minutes every other day for 2 weeks prior to the onset of 

the study. Animals were randomly assigned to 2 groups: 

experimental (n=12) and control (n=6). Each animal in the 

experimental group was given an intraperitaneal (ip.) 

injection of PTZ (dose=30mg/kg; concentration=50mg/ml 

dissolved in normal saline). Each animal in the control 

group was given an equivalent volume of normal saline. 
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Immediately after receiving the injection, the animals were 

placed in the testing chamber for 15 minutes. Frequency and 

latency of seizure characteristics were recorded. Duration 

of full convulsions were assessed. Animals were assessed 

every other day for a period of 1 month. Animals were 

counterbalanced for order daily to alleviate any biased 

evaluations by raters or effects resulting from time of 

testing . The following coding system based on the work of 

Pinel and Cheung (1977) and Cain (1980) was used: 

l=whisker,face and ear twitching. 

2=myoclonic jerks. 

3=rearing (kangaroo position). 

4=full contortion, convulsion, violent seizure. 

Naive observers were brought in for the final testing 

session for reliability measures. Interrater reliability was 

assessed during random testing session throughout the course 

of the experiment. 

Histological confirmation 

After the final seizure testing session, the animals were 

sacrificed using an overdose of sodium pentobarbitol 

(50mg/kg). They were perfused intercardially and 

immunocytochemical identification of SS immunoreactivity in 

the hippocampus was assessed. Procedure and stock solutions 

used according to Sloviter (1987) . (see .appendix) . Two 

brains from each group were stained for somatostatin. 

Control antigens GABA and cholecystokinin (CCK) were used as 

these transmitters show characteristic levels in other 

studies (Pitkanen et al.,1987). 
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Results 

Behavioral: There was a significant difference between the 

experimental and control groups of number of seizure 

characteristics exhibited F(l, 3)=53.516, p< 0.001. The 

experimental group showed a marked increase in seizure 

sensitivity from Day 1 to Day 14 (figure 1.). Five of the 

12 rats in the experimental condition had full seizures the 

first day. A summary of latency to seizure onset and 

duration of seizures is presented in figures 2 and 3 

respectively. Some of the animals that exhibited seizures 

the first session, failed to show full seizures during all 

subsequent sessions. Overall, seizure sensitivity rose over 

the 14 testing sessions in Experiment 1. The rho test was 

applied for interrater reliability of seizure characteristic 

rating. Rho for observer 1 and experimenter=0.93, rho for 

observer 2 and experimenter=0.97. Both were significant at 

alpha=0.05. 

Histological: Whether the kindling effect established 

through the behavioral measure was correlated with the 

number of somatostatin cells in the hippocampus was not 

determined due to the failure of the immunochemical staining 

procedure. 

Experiment 2 

Subjects 

The subjects were 18 male Long-Evans rats raised in the 

breeding colony in the Department of Psychology at the 

University of Arizona, between the ages of 60-65 days and 
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weighing between 300-450 g. All animals were maintained on a 

12/12 hour light/dark cycle with the lights on at 9:30 am 

and off at 9:30 pm. Testing took place during the dark 

cycle, between 10:00 am and 2:00 pm. Animals were housed 

individually in standard stainless steel cages and given 

access to food and water ad lib. 

Apparatus 

Plexiglass chambers 3'xl'xl' with wire mesh tops were used. 

Procedure 

Animals were randomly assigned to 2 groups: experimental 

(n=6) and control (n=12). Each animal in the experimental 

group was given an ip. injection of PTZ (dose=20mg/kg; 

concentration=50mg/ml dissolved in normal saline). Each 

animal in the control group was given an equivalent volume 

of normal saline. The experiment was performed in a double 

blind manner to avoid experimenter bias or fatigue from 

experience in the former experiment. Immediately after 

injection, the animals were placed in the chamber and 

observed for 15 minutes. As in experiment 1, animals were 

injected every other day, but behavioral assessment was done 

every third session instead of every session ( according to 

Cain, 1977). The same coding scheme was used to assess 

seizure characteristics. 

Histological confirmation 

Same as Experiment 1. 
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Results 

Behavioral: A repeated measures ANOVA showed no significant 

differences between the means of the experimental group over 

the control group F (1,5)=1.125, p=0.3067 . However, 

Mann-Whitney U showed a significant difference between 

groups when analyzed by test session. There was a 

significant difference between groups on Days 1 and 2 but 

the differences were not significant on Days 3 through 6. In 

fact, the seizure characteristic means of both groups showed 

a progressive downward trend for days 3 through 5 with a 

slight increase on day 6 (Figure 4). This result is exactly 

opposite of what was seen at the higher dose. Animals used 

for histological analysis were analyzed again separately. 

There was a significant difference in seizure 

characteristics F(1,5)=8.616, p<.0426. 

Histological: Immunocytochemical staining of brains from 

this experiment resulted in clear detection of SS and CCK 

immunoreactive cells throughout the brain. GABA staining 

failed. The hippocampus of the experimental animals showed a 

decreased number of cells stained relative to the control 

group. Photographs of representative brain regions in 

experimental and control animals were taken for examination. 

There was no noticeable difference in the number of CCK 

cells stained. These results are based on qualitative 

judgement as quantitative analysis was not done. 

DISCUSSION 

The hypothesis going into this series of experiments 

was that perhaps there is something to the disinhibition 

theory and the goal was to find out if PTZ might be a useful 
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tool in examining this phenomenon. As mentioned above, PTZ 

has highly variable effects not only between individuals but 

within individuals as well. The use of a chemical agent in 

this instance may have created more than just seizures. It 

is difficult to say if the results of the immunostaining are 

due to the action of the drug, the effect of the seizure or 

metabolic changes associated with the seizure components 

(Sloviter 1989). It is also unclear what effects the 

seizures themselves vs. subseizure components had on the SS 

cell population. The use of a high and low dose of PTZ was 

intended to control for these dilemmas but without the 

anatomical confirmation from Experiment 1, the questions 

still remain. This research replicated Cain's finding that 

seizure sensitivity increase after repeated exposure to 

higher doses of PTZ. At the lower dose however, something 

like a tolerance developed. 

The role of somatostatin in seizure disorders is still 

unclear and the previous research shed very little new light 

on the subject. However, the finding that PTZ administration 

may actually decrease the number of SS cells visible leads 

to some interesting questions. If the number of stained 

cells are decreased, what does that mean? It may be that the 

cells are actually being destroyed or that the level of the 

peptide itself is being decreased due to utilization. 

Intuitively, since the brains of the animals in Experiment 2 

were not stained until three weeks after the final testing 

session, it appears that the damage was permanent. It is 

known that stress causes a rise in SS and beta-endorphin 

levels and general practice for analysis of these 

constituents is to have a time delay prior to processing 

(Kato, West and Havlicek, 1980. As for the lack of 

significant difference between groups overall, this suggests 
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that something like a tolerance to the drug may have been 

developing at the lower dose. The experimenter could find no 

other literature to validate this assumption. It is also 

evident from looking at the data that the behavioral 

assessment technique used at the lower dose may not have 

been sensitive enough to reveal more subtle effects. A more 

comprehensive breakdown of the myoclonic characteristics 

will have to be used in the future. 
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Mean of Seizure characteristics by test session-Experiment 1 
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Figure 1. Mean frequency of seiaure characteristics for 
Experiment 1. Experimental animals were 
significantly different than control animals on 
all 14 test sessions. 
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Mean latency to seizure onset by day-Experiment 1 
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Figure 2. Mean latency to seizure onset in seconds. Numbers 
in brackets indicate number of animals seizing. 
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Figure 3. Mean duration of seizures in seconds. Numbers in 
brackets indicate number of animals seizing. 
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Mean of seizure characteristics by test session-Experiment 2 
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Figure 4. Mean seizure characteristics for experiment 2. * 
indicates a significant difference between groups 
at alpha=0.05. 
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APPENDIX A - IMMUNOHISTOCHEMICAL PROCEDURES 

Sloviter Method for Immunocytochemistry Using the ABC Method 
Joanne Franck-6/29/88 

Run made at the University of Washington-Department of 
Neurosurgery on 9/26-9/30/88. 

Antisera-Somatostatin (Tyr 1-14) *denoted as SS320 @ 1:1000. 

Procedure: Fix 
1. Three minutes with cold 2% paraformaldehyde in 0.1M 

Na-acetate buffer (pH=6.5) 
2. Followed by ice cold 2% paraformaldehyde/0.01% 

glueraldehyde in 0.1M Na-borate buffer (pH=8.5)-30 
minutes. 

3. Post-fix in ice cold 2% paraformaldehyde in 0.1M 
Na-borate (no glueraldehyde) overnight (pH=8.5) 

Procedure: Cut 
50 micron sections on vibratome- in 0.1M Tris buffer 
(pH=7 . 6) 

Procedure: Staining 
1. Tris wash-3x5 minutes. 
2. Shake in 1% Hydrogen peroxide in Tris-30 minutes. 
3. Wash in Tris-5 minutes (step may be deleted). 
4. Wash in Tris with 0.1% Triton-X (=Tris A)-15 minutes. 
5. Wash in Tris with 0.1% Triton-X+0.005 BSA (bovine serum 

albumin) (=Tris B)-15 minutes. 
6. Incubate overnight in primary antisera diluted in Tris B. 

Controls=no primary antisera and normal rabbit serum 
(@1:1000 in Tris B) in this step. 

7. Wash in Tris A-15 minutes. 
8. Wash in Tris B-15 minutes. 
9. Incubate in Biotinylated Protien A (@ 1:400 in Tris B)-45 

minutes. 
10. Wash in Tris A-15 minutes. 
11. Wash in Tris B-15 minutes. 
12. Incubate in Au-Biot HRP Complex (@ 1:1000 in Tris B)-45 

minutes. 
13. Wash in TRIS (not A or B)-2x5 minutes. 
14. Incubate in DAB mixure-15-40 minutes. 

Recipe: 0.05% DAB (in TRIS)+0.3mg/100ml 
glucoseoxide+40mg/100ml ammonium chloride and 
200mg/100ml Beta-D glucose. Filter before use. Add only 



30 

lml of the glucoseoxide mixture and discard the rest. 
Check the Sloviter procedure. 

15. Wash in TRIS-5 minutes. 
16. Mount from the TRIS-you may want to use Dreft soap to 

make the tissue easier to mount. Allow to dry. 
17. Coverslip with permount. 
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APPENDIX B - STOCK SOLUTION RECIPES 

Stock preparation for 6 rat brains. 

Materials needed: 
paraformaldehyde 
dH20 (20L) 
gluteraldehyde 
Na-acetate (anhydrous) 
Na-borate 
Tris HC1 
Tris Base 
Triton-X 
Bovine Serum Albumin 
Filters 
pH meter 
hot plate 
thermometer 

FIXES 
1. 2% paraformaldehyde in 0.1M Na-acetate buffer, (need 

2L)(pH=6.5) 
Recipe-O.IM Na-acetate buffer=16.4g Na-acetate/2L dH20 
40g paraformaldehyde/21 Na-acetate buffer. 

Heat up to 60o and dissolve. Allow to cool and filter. Place 
in refrigerator and pH when cold. 

2. 2% paraformaldehyde with 0.01% gluteraldehyde in 0.1M 
Na-borate buffer, (need 6L)(pH=8.5) 
Recipe-O.IM Na-borate buffer=120.6g Na-borate/6L dH20 
120g paraformaldehyde/6L Na-borate buffer. 

Same as above. NOTE* do not add gluteraldehyde until just 
prior to use! 

3. Same as #2 but no gluteraldehyde. (need 500ml-can take it 
off the top of #2) 

Other Buffers 
4. Tris-(need 4L) 

Recipe-56.16g Tris HCl+5.36g Tris Base/4L dH20. 
(pH=7.6) 

5. Tris A-(need 4L) 
Recipe-O.IM Tris/0.1% Triton-X=4L Tris+4ml Triton-X. 
(pH=7. 6) 

6. Tris B-(need 4L) 
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Recipe-O.IM Tris+O.1% Triton-X+O.005% Bovine Serum 
Albumin- (BSA)=4L Tris+4M1 Triton-x+0.2ml BSA.(pH=7.6) 
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