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GENERAL INTRODUCTION

The investigations on the role of vasopressm in memory processes

m rats proceeded from studies on the effects of pituitary peptides,

predominantly the adrenocorticoptric hormone (ACTH) and related com-

pounds, on the acquisition and the extinction of conditioned avoidance

behaviour. According to this historical development this introduction

is opened with a short survey of the most prominent effects of this

hormone on behaviour of rat.

1. Effects of pituitary peptides on conditioned behaviour

Adrenoaortiootropio hormone and related aompounds

Physical and psychogenic stress lead to an increased activity of

the pituitary-adrenal axis {Selye, 1936; Mason, 1968). This reaction

can be considered as a component of the integrated system of adaptive

reactjons of tha organism upon stress inducing stimuli. This complex

of reactions was described by Selye (1950) as the "General Adaptation

Syndrome". According to Selye this syndrome not only includes transit-

ory internal adjustments, but also adaptive reations, 'which compri-

ses the learning of defence against future exposure to stress and

helps to maintain a state of adaptations once this is acquired'.

Stress induced adaptations of animal behaviour of a more permanent

character were suggested to be induced by alterations in the level of

pituitary-adrenal hormones. Acquisition and extinction of fear motiva-

ted conditioned behaviour represent such adaptation in which a role of



the pituitary-adrenal axis was supposed according to the concept of

Selye.

Mirsky et al. (1953) were among the first to show an effect of

ACTH on conditioned avoidance behaviour. Since then numerous experi-

ments have been reported that firmly establish effects of ACTH on

this type of behaviour iDe Wied, 1974). Total hypophysectomy as well

as adenohypophysectomy markedly impaired the acquisition of active

avoidance behaviour of rats (Applezweig and Baudry, 1955; Dé Wied,

1964). The acquisition rate could be restored to normal levels with

subcutaneous (s.c.) administration of ACTH (De Wied, 1969). Adrenal-

ectomy did not interfere with acquisition of an active avoidance

response, indicating that the behavioural response to the ACTH treat-

ment is an extra-adrenal effect (Applezweig and Moeller, 1959; Van

Delft, 1970). In addition, ACTH fragments like ACTH1_10 and ACTH4_lQ

in) EXTINCTION

10 •

A C T H < »
C10M9)

FIGURE 2. Effect of ACTH4_1Q

on extinction of a pole jump

avoidance response. After S

days of acquisition extinc-

tion trials were begun the

following day. Eats that made

8 02» more CAR's during the

1st extinction trial received

increasing doses of ACTS' ,.

s.c. and continued in the ex-

periment through further ex-

tinction trials at 2, 4 and

24 hrs after administration.

A dose dependent delay of ex-

tinction is observed (Schot-

man et al.t

10



FIGURE 1. Photograph of a Wistar vat

during conditioning in a pole jump ap-

paratus. Light is used as the condition-

ed stimulus (CS). The box was equipped

with a grid floor through which the

unconditioned stimulus (US) of shook

(0,2 mA) could be delivered. Rats could

avoid shock by jumping onto the pole.

The CS was presented S sec before the

US, and the CS or the CS-US combination

was terminated as soon as the animal

jumped onto the pole; 10 trials in 10

min were given each day with a variable

intertrial interval.

FIGURE 3. Photograph of a Wistar rat

during conditioning in a passive avoid-

ance apparatus. On the 1st test day the

rat was placed inside a dark chamber

with blaak walls and a grid floor for

2 min to enable adaptation to occur.

This was followed by a single trial in

vhich the rat was placed at the end of

an elevated and illuminated runway and

then allowed to enter the box. The time

required for the rat to enter the box

Was taken as index of the latency. The

next day, 3 such trials were gioen.

After the 3rd trial animals, upon enter-

ing the box, received a single electric

shook through the grid floor-. Retention -

was tested en successive days and laten-

cies to enter were recorded with a

maximal observation time of 300 sec.
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as well as the intermediate lobe hormone a-melanophore-stj.mulating

hormone (a-MSH) and g-MSH, all compounds which are practically devoid

of corticotropic activity, showed essentially the same behavioural

effects upon adir.inistration to hypophysectomized rats (De Wied, 196?) .

These observations point to a direct effect; of such compounds on the

central nervous system (CNS) of the rat.

When ACTH was administered to intact animals during the acquisition

phase of a shuttle-box avoidance response, their performance was not

improved. However, the extinction phase was prolonged when either ACTH

ox N-terminal fragments, e.g. a-MSH were administered during the ex-

tinction phase, but not when administered during the acquisition phase

(De Wied, 1969). A single dose of ACTH4_l0 immediately after the first

extinction session of pole jump avoidance training (Fig. 1) caused also

300 r

.200 -

100 -

5|ig I5i»g i5|ig 50 ng 50 ng
1h prior 1h prior imm after 1h prior imm after

1* ret session 1" ret session learn trial i"retsession learn trial

placebo

FIGURE 4. Effect of ACTÜ,.Q on passive avoidance behaviour. Laten-

aias to enter were recorded at 24 and 48 hrs after the learning trial.

The animals received the drug s.c. either 1 hr -prior to the retention

session or immediately after the learning trial (shock intensity:

0.25 mA during 3 see) in graded doses. A dose dependent effect, is ob-

served after administration prior to the retention session. No ACTH

effect is observed the following day (Van Wimersma Greidanus3 1977).

12



a dose dependent delay of extinction. This effect could only be

observed up to several hours after administration (Fig. 2) (Van

Wimersma Greidanus and De Wied, 1971; Greven and De Wied, 1973).

ACTH1_24 or ACTH._._ also improved passive avoidance behaviour

(cf. Figs. 3 and 4) in intact rats (Lissak and Bohus, 1972; Greven

and De Wied, 1973). Besides avoidance behaviour, also other types

of behaviour were influenced by ACTH-treatment. ïhe extinction of

an appetitive response was inhibited by either a-MSH, ACTH (Sandman

et at., 1969; Gray, 1971) or ACTH4_iQ treatment (Garrud et al.,

1974). This drug had a similar effect on the extinction of an ap-

proach response of male rats towards a receptive female (Bohus et

al., 1975a).

Vasopressin and related aowpounds

Studying the role of ACTH in acquisition and extinction of avoid-

ance behaviour of rats and the involvement of neuroendocrine activ-

ities in the release of ACTH, De Wied (1965) found that posterior

lobectomy quickened the extinction of a conditioned shuttle-box

avoidance response, while acquisition was normal. Administration

of pitressin-tannate in oil (s.c), a long acting crude extract of

posterior and intermediate lobes of the pituitary, restored the ex-

tinction rate towards control levels. In intact animals,, treatment

with this preparation caused a considerable prolongation of the ex-

tinction phase independent of whether the treatment was given during

acquitision or extinction (De Wied, 1969). The active principle from

this preparation appeared to be vasopressin. A single s.c. injection

of synthetic arginine-8-vasopressin (AVP) (see Table 1) to intact

animals caused an increased resistance of extinction in a pole jump

avoidance situation (De Wied et al.3 1974) (Pig. 5). Passive avoid-

ance behaviour was improved by one s.c. injection of lysine-8-vaso-

pressin (LVP) (Ader and De Wied, 1972; Bohus et al.a 1972) {Fig. 6).

The behavioural effect of AVP was independent of its vasopressor or

antidiuretic activities. Desglycinamide-lysine vasopressin (DG-LVP),

a vasopressin analogue that lacks practically any classical endocrine

activity, normalized the.acquisition deficit in hypophysectomized rats.

This peptide was isolated from hog pituitaries by gel filtration.

13



H.Cys.Tyr.Phe.Gin.Asn.Cys.Pro.Arg.Gly.

.Cys.Tyr.Phe.Gin.Asn.Cys.Pro.Lys.Gly.NH2

H.Cys.Tyr.Phe.Gin.Asn.Cys.Pro.Arg.OH

i l
H.Cys.Tyr.Phe.Gin.Asn.Cys.Pro.Lys.OH

H.Cys.Tyr.lie.Gin.Asn.Cys.Pro.Arg.Gly.NH~

r
H.Cys.Tyr.lie.Gin.Asn.Cys.Pro.Leu.Gly.NH_

(AVP)

(LVP)

!DG-AVP)

(DG-LVP)

vasotocin

oxytocin

TABLE I. Structure formulas of arginine-8-vasopressin and

closely related peptides.

The fractions were tested for behavioural activity. Subsequent

structure analysis revealed DG-LVP as the active compound (Lande et

al., 1971). It induced also a long term resistance to extinction of

active avoidance behaviour in intact rats (De Wied et al., 1972).

Extinction of sexually rewarded conditioned behaviour was affect-

ed by DG-LVP in a similar way as aversively conditioned behaviour

(Bohus, 1976). Appetitive conditioned behaviour in a straight runway

was not affected by DG-LVP (Garrud et al.3 1974). However, when a

more complex food rewarded task was offered to the animals, LVP im-

proved the efficiency of the performance of the experimental animals

(Garrud, 1975) . When amnesia of a passive avoidance response of rats

was induced by C0_ treatment, DG-LVP could antagonize this amnesic

effect (Rigter et al.} 1974). Also the development of resistance to

narcotic analgesics, e.g. morphine, was facilitated by DG-LVP treat-

ment (Krivoy et al., 1974). Development of tolerance may be regarded

as a process of learning or memory (Cohen et al.t 1965).

When the peptides were administered at the appropriate time, they af-

fected memory processes involved in the expression of different types

of behaviour. When administration was not performed, within certain time

limits, being approximately 1 hr before or after the behavioural response

14
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FIGURE S.

Effect of a single s.o. injection of various vasopressin analogues on

extinction of a pole jump avoidance response. Peptides were injected

immediately after the 1st extinction session (De Wied ei' al., 1974).

The maximal behavioural effect of the peptides is still present at 4

days after administration.

inj

FIGURE 6.

Effect of a single s.c. injection of 1 \xg LVP on passive avoidance be-

haviour. LVP was administered 1 hr prior to the 1st retention trial

(day 3 of the procedure). The 'maximal behavioural effect of LVP is

still present at 2 days after administration.

15



the efficacy of the drug administration decreased rapidly (De Wied,

stal.,. 1974; King and De Wied, 1974).

2. Aspects of the structure OJ' the hypothalamo-neurohypophysial system

ine neural lobe of the pituitary is part of the hypothalamo-neuro-

hypophysial system, which includes also the pituitary stalk, the hypo-

thalamo-neurohypophysial tract and the neurosecretory cells of the

supraoptic and paraventricular nucleus (Pig. 7) (Scharrer and Schar-

rer, 1954). AVP and oxytocin are produced in separate cells of these

hypothalamic nuclei (Swaab et al., 1976; Vandesande et al., 1975) and

are subsequently transported by axoplasmatic flow to the neural lobe,

passing the median eminence. Besides these well defined production

sites it became clear recently that cells of the suprachiasmatic nu-

cleus contain AVP (Swaab et al., 1975; Weindl et al., 1976). Secretion

of these cells have not yet been demonstrated and the function of this

fraction of AVP remains to be elucidated. Furthermore, evidence has

been presented that neurosecretory fibers ascend from the hypothalamus

to the limbic system in particular the septal area (Sterba, 1974;

Burlet et al., 1976; Weindl et al., 1976; Kozlowski et al., 1976)'. '

Neurohumoral contact zones have been proposed to exist in the zona

externa of the median eminence with the portal vessel system (Oota

et al., 1974; Silverman and Zimmerman, 1975).

Neural lobe hormones are released into the capillary-vessels of

the pituitary upon specific stimuli (Haymaker, 1969). The secretory

granules of the axons, in which AVP or oxytocin are stored together

with their specific neurophysins, release their content into the

lumina by exocytosis. Zimmerman et al. (1973) reported high AVP and

neurophysin concentrations in portal vessels indicating that also in

the external region of the median eminence release of AVP may occur.

Immunohistological evidence for this release has been provided sub-

sequently (Zimmerman et al., 1975). Via this route AVP would reach

the anterior lobe of the pituitary (Haymaker, 1969) and might act as

a corticotropin releasing factor as has been suggested by many authors

(for review see e.g. Van Wimersma Greidanus and Oe Wied, 1977). In a

similar way other hypothalamic releasing factors, e.g. TRH and LHRH,

reach the anterior lobe and cause subsequent release of anterior lobe

16
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FIGURE 7.

Schematic drawing of the hypolhalamo-neurohypophysial system of the

rat. Neuroeaoretory cells3 situated in the supraoptic nucleus (SON)

and in the paraventricular nucleus (PVN)3 send their axons through

the median eminence (ME) to the posterior lobe of the pituitary (PL).

Release into ths Tllrd ventricle (III) and into the blood vessels of

the external layer of the ME as has been proposed, is depicted by

broken lines. An ascending neuron from the PVN to higher brain centres

is also -represented by a broken line. IL: intermediate lobej AL: an-

terior lobe; OC: optic chiasm.

hormones. Blood vessels may also connect the posterior lobe directly

with the median eminence, the hypothalamus (Haymaker, 1969; Page et

al.3 1976) and higher brain centres, thus possibly providing these

structures with posterior lobe compounds. Besides the release into

the blood circulation, direct release of hormones into the Illrd

ventricle has been suggested (Heller et al.3 1968; Vorherr et al.3

1968) . The region of the internal layer of the median eminence and

especially the infundibular recess are possible releasing sites

(Wittkowski, 1968; Zimmerman et al., 1975), but also the ventricular

"c >

I'.
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I
wall near the paraventricu Lar nucleus might be penetrated by neuro-

secretory axons, as has bean suggested for lower vertebrates (Rodri-

guez, 1970; Knowles, 1972; Sterba, 1974).

3. Endogenous vasopressin and memory consolidation

Brattleboro rats, homorygous for hereditary hypothalamic diabetes

insipidus (Ho-DI), which lack endogenous AVP, showed marked beha-

vioural deficits. The acquisition and maintenance of active avoidance

behaviour was impaired (Bohus et al., 1975b) and these animals showed

no passive avoidance behaviour at 24 hrs after a shock of 1 mA for

10 sec (Van Wimersma Greidanus et al.3 1975a). Their heterozygous

litter mates showed normal behavioural patterns. A single s.c. in-

jection of AVP restored the behavioural performance of Ho-DI rats

to normal levels. When latencies of Ho-DI rats to enter were record-

ed immediately after the shock trial of passive avoidance training,

they showed no difference from He-DI or Wistar rats, indicating that

AVP is involved in memory rather than in learning processes (De Wied

et al., 1975).

Ho-DI rats showed lower frequencies of rhythmic slow activity

(RSA) during paradoxical sleep (PS) (Urban and De Wied, 1975) . PS

and RSA, a component of hippocampal theta activity, are suggested

to be related to memory consolidation processes. PS deprivation after

acquisition trials during avoidance conditioning in» erfered with

response retention (Leconte et al.3 1974). An increase of the amount

of post-trial theta activity was reported in rats with superior re-

tention of conditioned avoidance response (Landfield et al.3 1972).

Application of DG-AVP enhanced the generation of RSA of higher fre-

quencies during paradoxical sleep in Ho-DI rats. Though quantity

rather than quality of RSA is supposed to be related to consolida-

tion processes (Landfield et al.a 1972? Leconte et al.t 1974), it

has been proposed elsewhere that both parameters may be equally im-

portant for consolidation processes (Urban and De Wied, 1975)• Post-

trial theta activity reflects the activity along midbrain limbic

pathways (Green and Arduini, 1954). Lesion studies pointed to the

limbic system as an integrative centre of consolidation processes.

Ablation of parts of this circuit e.g. the septal area or the dorsal

18



hippocampus, interfered with the effects of LVP on the maintenance

of acquired behaviour (Van Wimersma Greidanus et al., 1975c).

4. Immunological techniques

Specific and sensitive localization and assay techniques of be-

haviourally active peptides are prerequisites for further progress

in the search for the function and site of action of these compounds.

Radioimmunoassays (RIA's) of AVP and related peptides became avail-

able in many laboratories during the last 3 years (Husain et al.,

1973; Robertson et al., 1973; Kumaresan et al., 1974; Skowsky et al.,

1974; Czernichow et al., 1975; George et al., 1975; Möhring and

Möhring, 1975; Morton et al., 1975; Uhlich et al., 1975; Hsyward et

al., 1976). Generally an extraction procedure is employed, resulting

in assays that can detect basal plasma AVP levels in samples of 1 ml

or less.

Inununolocalization techniques have been developed both at the

light and electronmicroscopical level (Silverman and Zimmerman, 1975;

Swaab and Pool, 1975; Swaab et al., 1975; Vandesande et al., 1975;

Zimmerman et al., 1975; Burlet et al., 1976; Van Leeuwen et al., 1976;

Weindl et al., 1976). While specificity of RIA's can be well defined

resulting in use of non-purified antisera the opposite is true for

immunocytohistology. Only when purification is applied to eliminate

cross reacting antibodies, can specific 'localization be obtained at

the light microscopic level (Swaab and Pool, 1975). In electron-

microscopy, specificity problems may be solved by, using the right

dilution of the antisera (Van Leeuwen et al., 1976). Thus, data ob-

tained by immunolocalization has to be interpreted cautiously.

b. Scope of the present study

As described above, AVP shows effects on memory, defined as the

retention of acquired behaviour (cf. De Wied et al., 1976a) and the

data mentioned under 3 justify the hypothesis that AVP is physiolo-

gically involved in these processes. The present study was undertaken

to provide further insight in the role of AVP. Immunologioal techni-
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gues, as described under 4, have brought forth very useful new tools

to tackle this problem.

This thesis describes the RIA of AVP as it has been developed at

the Rudolf Magnus Institute in Utrecht and used now for more that

2 years. The assay was applied to study the release of AVP induced

by physiological and pharmacological stimuli (Chapters I and II).

Once the assay had proven to be adequate to study alterations of

AVP levels in blood, it was used to study the correlation between

behavioural performance of rats in a passive avoidance situation

«rid AVP levels in blood (Chapter III). The availability of AVP-

antibodies enabled to do experiments, in which the AVP content of

cerebrospinal fluid (CSF) could be manipulated by neutralization of

the hormone with AVP-antibodies after intracerehroventricular (i.c.v.)

application. The response of rats in a passive avoidance situation

was recorded after this treatment, while an attempt was made to lo-

calize the site of neutralization (Chapter IV). Data on the presence

of AVP in CSF are scarce and contradictory. For this reason AVP was

measured in CSF of man, dog and rat under various conditions (Chap-

ter V). Recently, a RIA of oxytocin, another hormone from the neuro-

hypophysis, also became available and it was possible to perform a

comparative study on the presence of both hormones in CSF of intact

rats. Additionally, the effect of hypophysectomy on the release of

both hormones into the CSF and the general circulation was investigated,

because :.t was expected that the determination of the levels of those

hormones after hypophysectomy would provide information on the possible

pathways of release of these hormones (Chapter VI) .

1) Chapters I-VI are presented in t;he form c'. papers, which have been published

already (II, IV), have been submitted (I, V and VI) or are in preparation (III).
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CHAPTER I

VASOPRESSIN LEVELS IN PLASMA AND URINE OF MAN, DOGS

AND RATS, AS MEASURED BY RADIOIMMÜNOASSAY

ABSTRACT

A radioimmunoassay (RIA) of arginine-8-vasopressin (AVP) is re-

ported. The production of antisera and labelled hormone is described.

The antibodies are characterized with respect to their binding capa-

city, specificity and resulting sensitivity in the standard curves.

An ektraction procedure of AVP from body fluids appeared to be neces-

sary. The extraction is performed with activated Vycor glass powder.

Other adsorbents were tested as well. The results of our assay in-

dicate that 0.5 pg AVP/ml plasma can.be detected. The calculations

of the data are fully automized using a Fortran IV programme for a

digital computer, with this assay basal AVP levels were measured in

plasma and urine of man, dogs and rats. In these species plasma

"levels were in the range of 0.0-3.0 pg/ml. In addition, plasma AVP

levels in ra'cs and dogs were measured after different periods of

water deprivation. In rats, AVP increase reached its maximum after

48 hrs of water deprivation: 27.1 + 3.4 pg/ml.
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INTRODUCTION

AVP is well known as an essential antidiaretic principle of

neurohypophysial origin. Several stimuli for the release of the

hormone have been described e.g. hemorrhage, hypertonicity, emo-

tional upset and stress (Van*Wimersma Greidanus and De Wied, 1977).

Also pharmacological manipulation of the hypothalamo-neurohypophy-

sial tract leads to an increase of release, e.g. after application

of nicotine (Husain et al., 1973) or histamine (Dogterom et al.3

1976) which is a very potent drug in this respect. The physiological

significance of the hormone is only well established for the main-

tenance of water balance. During the last decade evidence has been

obtained t\ it AVP also plays an essential role in memory processes

in rats (De Wied, 1971? Bohus et at., 1972; Van Wimersma Greidanus

et al.3 1975a). In addition, AVP has been suggested to function as

a corticotropin releasing factor (Yates and Maran, 1974). With the

ultimate aim to study the significance of AVP in such mechanisms a

RIA for AVP was developed of sufficient sensitivity to measure

basal levels in plasma and cerebrospinal fluid.

Several authors have described a RIA for AVP (Robertsen et al.3

1973, Czernichow et al.} 1975; Möhring and Möhriïig, 1975) or close-

ly related peptides such as lysine-8-vasopressin (LVP) (Marchetti,

1973), vasotocin (Rosenbloom and Fisher, 1974) and oxytocin (Kuma-

resan et al.a 1974). Differences exist with respect to the produc-

tion of antisera, production and purification of labelled hormone

(tracer), the assay procedure and the extraction of the hormone

from the samples, leading to variations in specificity and sensitiv-

ity of each method. The present paper describes our assay, which

has now been in use for 2 years.

MATERIALS AND METHODS

The peptides were all synthetic products (Organon, Oss, The Nether-

lands) . AVP (pressor activity in the rat: 180 I.U./mg) was used for
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immunization. For the standards and the preparation of tracer a chro-

matographically pure AVP preparation was used. This AVP preparation

was obtained after purification by gel filtration on Sephadex G 25 and

rubsequent electrophoresis using a preparation of 439 I.U./mg as

starting material. The potency was determined according to Dekanski

(1952) using a U.S.P.P.P. standard as reference. Pressor activity

in the rat was 509 I.U./mg (range 473-556, p = 0.95). Cross reaction

curves were determined with the following peptides: oxytocin (depres-

sor activity in the rooster: 460 I.U./mg), vasotocin (pressor activ-

ity in the rat: 234 I.U./mg), LVP (pressor activity in the rat: 60

I.U./mg) and desglyc.ramide-arginine-8-vasopressin (DG-AVP, pressor

activity in the rat: 0.21 I.U./mg). The peptides were stored in stock

solutions of suitable concentrations in 0.25% HAc at -20 °C in LP3

polypropylene tubes (Luckham Ltd., Brighton, England).

Production of antisera

Antisera were raised in eight male white New Zealand rabbits.

AVP was conjugated to thyroglobulin (bovine thyroglobulin, Type I,

Sigma, St. Louis, U.S.A.) with carbodiimide (Sigma) according to

Skowsky and Fisher (1973) with omission of hydroxylamine. Prior to

injection the conjugate was emulsified 3:4 in complete Freund's

adjuvant (Difco Laboratories, Detroit, U.S.A.). Six injections of

0.5 ml emulsion, containing 0.25 mg AVP were given intramuscularly

with two weeks interval and the injections were repeated afterwards

approximately every two months. Antisera were harvested one week

after each injection by puncture of the lateral ear vein. Antisera

were stored in small portions at -20 °C. Stock solutions of 1:1000

in assay buffer (vide infra) were' prepared and also stored at -20

Iodination

The iodination of AVP was performed according to Robertson et al.a

(1973). In a LP3 tube, 2 jig AVP in 35 pi 0.05 M phosphate buffer
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125
(pH 7.6) was mixed with 500 pCi Na I (The Radiochemical Centre,

Amersham, England). To this mixture 40 pg chloramine-T (Pluka AG,

Buchs, Switzerland) in 10 pi phosphate buffer was added. The reac-

tion mixture was allowed to stand for 90 sec. The reaction was

stopped by adding 100 pi of a human serum albumin solution (HSA,

Sigma), containing 250 mg/ml. The reaction mixture was applied im-

mediately to a Sephadex G 25 fine column (35 x 1 cm), which was

equilibrated and eluted with 0.25% HAc + HSA (1.25 mg/ml). Fractions

of 0.6 ml/4 min were collected. An aliquot of each fraction was test-

ed for binding capacity to excess antibody (100 pi, 1:1000). Approxim-

ately 10 fractions with the highest binding capacity were lyophilized

and pooled. These fractions were purified a second time ovtr the same

column. The fractions with the highest binding capacity were selected

again and diluted with 0.25% HAc + HSA in such a way that 10 pi con-

tained approximately 2000 cpm. This tracer was divided in small por-

tions and stored at -20 °C.

Assay procedure

The solutions of antiserum, standard, tracer and samples were

carefully kept at 4 °C throughout the whole procedure of the assay.

The incubations were performed in LP2 polypropylene tubes (Luckham

Ltd.) during 48 hrs at 4 °C. As assay medium a veronal buffer,

pH 8.0, containing: 0.02 M barbituric acid (Merck, Darmstadt,

G.D.R.), bovine serum albumin, 2.5 mg/ml (Sigma), L-cystine, 0.016

mg/ml (Nutr. Biochem. Comp., Cleveland, U.S.A.), 0.01 M EDTA (Merck)

and 0.14 M sodium chloride (Merck) (cf. Robertson et al., 1973) "was

used. The working dilutions of the antisera were determined with an

antibody dilution curve in triplicate. Serial double dilutions of

antiserum were prepared and 100 pi was incubated with 10 jil tracer.

After incubation, the free tracer was separated from the bound with

100 pi of a suspension of dextran coated charcoal, containing: 7.5

mg/ml Dextran T7 (Pharmacia Pine Chemicals, Uppsala, Sweden) and

40 mg/ml Norit A (Merck) in 0.05 M phosphate buffer, pH 7.6. After

centrifugation (30 min, 3000 rpm) the supernatant was aspirated

and discarded.

The standard curves were prepared in triplicate. Concentrations
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of standard were in the range of 0.25-32.0 pg/50 pi. In LP2 tubes

were incubated: 50 pi antibody solutions, 50 pi standard solution

and 10 yl tracer. The peptides, tested for cross reactivity had

the following concentrations: oxytocin 0.39-100.0 ng/5G pi , vaso-

tocin 0.16-10.0 ng/50 pi, DG-AVP 1.0-64.0 pg/50 pi and LVP 1.0 pg-

10.0 ng/50 pi. The solution of the standard AVP was replaced by

50 pi of the solution of these peptides. Each experiment included

three tubes with 100 pi buffer and 10 pi tracer to determine non-

adsorbable radioactivity (diluent blank) and three tubes with 50 pi

buffer instead of standard solution to determine the initial bind-

ing capacity of the diluted antiserum (antibody blank = B /F ).

Total and free counts were recorded for each sample in a Packard

Auto Gamma Scmti.lla :ion Spectrometer, Type 5130, which was set at

4 °c and in which the incubation was performed. Background never ex-

ceeded 60 cpm. The counting time was 5 min and counting efficiency

approximately 65%.

Extraction

AVP was extracted from the samples with Vycor glass powder (Cor-

ning Glass Works, New York, U.S.A.). Vycor was heated 3 times over-

night at 700-750 °C and stored at 100 °C. The extraction was per-

formed in LP3 tubes for 30 min under vigorous shaking. Immediately !

before use the powder was weighed and 100 pi of a suspension in

cooled aqua dest3 containing 20 mg Vycor, were added to each sample.

The tubes were subsequently centrifuged for 10 min at 3000 rpm. The

supernatant was aspirated and discarded. The pellets were then

washed with 0.5 ml aqua dest3 followed by a washing with 0.5 ml I N )

HC1. Subsequently the pellets were resuspended and shaken for 30

min with 0.5 ml 60% aqueous acetone to elute AVP from the glass pow-

der. After centrifugation the supernatant was decanted into another

LP3 tube. This eluate was evaporated at 60 °C under a constant N--

stream. The residue was redissolved in 100 ul assay'buffer. Samples

of 50 and 25 pi were taken from this solution to determine AVP. The

incubation volume was adjusted to 110 pi with assay buffer, if neces-

sary. Plasma of rats of the Brattleboro strain, homozygous for dia-

betes insipidus (Ho-DI plasma), was used to determine whether aspecif-
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ic effects were present. Various amounts of standard AVP were added

to Ho-DI plasma samples to calculate the recovery. The same procedure

was performed with other adsorbents as: Quso, Florisil and Corning,

and Fuller's Earth.

Sample collection

General. Blood was collected in cooled, heparinized, polypropylene

tubes and centrifuged subsequently at 4 °C for 10 min at 3000 rpm.

All samples were extracted and incubated on the day of collection,

unless otherwise described. Sample volumes were taken in such away

that the AVP value would be in the range of the standard curve. Meas-

urements in urine were performed in 100 pi. For samples smaller than

1 ml, the volume was adjusted to 1 ml with veronal buffer. The largest

volume for the measurement in plasma was 2 ml.

Human samples. Urine and plasma samples were taken at the same time

(9 a.m.) from 5 male volunteers (non-smokers). Plasma was collected

by venous puncture. The urine samples were collected in cooled poly-

propylene flasks. The 24 hrs production of urine was estimated by

creatinine values of the urine samples, taking 1.4 g/24 hrs as the

normal creatinine excretion (Altman and Dittmer, 1974).

Bog samples. Blood from conscious dogs was obtained by puncture of

the femoral vein. Samples from the same dogs were obtained after 24

hrs of water deprivation. Urine was collected during 24 hrs. The dog

samples were immediately frozen and stored at -80 °C until tested.

Rat samples. Male rats of an inbred Wistar strain (CPB-TNO, Zeist,

The Netherlands), weighing 150-200 g or male rats of the Brattleboro

strain either homozygous or heterozygous for hereditary diabetes in-

sipidus (Ho-DI or He-DI) (CPB-TNO) were used. The animals had free

access to water and food unless otherwise described. The animal house

was illuminated from 5 a.m. to 7 p.m. Urine was collected overnight

in a metabolism cage. Plasma samples were obtained from trunk blood,

collected after decapitation.
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Calculation and statistics

Results were calculated with a digital computer (IBM 1130), using

a Fortran IV programme. The ratio of the bound over free fraction of

the total radioactivity (B/F) and the best fit linear regression of

this ratio versus pg standard was calculated and plotted, using a

log transformation. A logit transformation using Rodbard's formula

(Rodbard and Lawald, 1970) (logit = log - B/BO* W a S a l s o c a l c u~

lated and plotted. The programme included correction factors for •

the diluent blank, for sample volumes and for the recovery of stan-

dards from plasma of Ho-DI rats. All results are given as mean +

standard error of the mean (S.E.M.). The data are corrected for re-

covery. Significance of differences of values after different treat-

ments was tested with Student's t-test. When p < 0.05, the difference

was considered significant.

RESULTS

Production of antiseva

All rabbits had developed AVP antibodies after the sixth injec-

tion with conjugated AVP, according to the antibody dilution•curves

that could be obtained with each antiserum. Diabetes insipidus was

seen in 3 animals, but no systematic observations were performed.

The other 5 animals had a normal water consumption. Figure 1 shows

representative antibody dilution curves of 2 antisera: 'E April'

and 'G April'. It appeared that the maximal binding of both anti-

sera is approximately the same: 90%. As final dilution we have

chosen the dilution at which approximately 50% of tracer was bound,

which was 1:15.000 for antiserum 'E April'.

lodination

The elution pattern of the tracer shows 3 peaks after passage

over a Sephadex G 25 fine column (Fig. 2). After the 1st purifica-

tion 80-85% of an aliquot of the tracer from the fractions at the
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top and the descending part of the 4rd peak was bound to excess

antibody after an overnight incubation at 4 °C. After the 2nd puri-

fication approximately 85-90% of an aliquot of tracer was bound to

excess antibody after 16 hrs incubation. The diluent blank was 0-2%.

The diluent blank increased to 5-6% in a period of 2 months after

which new tracer was prepared. The specific activity of the tracer

was calculated by adding increasing amounts of tracer and comparing

the B/F ratios to the standard curve. For 7 iodinations it varied

from 500-1000 pCi/yg. To each tube 2000 cpm were added, which is
125equivalent to approximately 1.5 pg I-AVP.

Standard curves

The antisera 'E April' a'nd 'G April' showed a great difference in

cross reactivity to closely related peptides. Table 1 shows the con-

centrations of the peptides at which a lowering of the B/F ratio

can be observed and the concentrations at which the BQ/F ratio has

been decreased 50%. Figure 3 shows a standard curve and complete

cross reaction curves of antiserum 'E April'. This antiserum appear-

ed to be highly specific. The cross reactivity with oxytocin is

< 0.1%. The sensitivity towards DG-AVP is also 4 times less. The

most striking difference Lstween antiserum E and antiserum G is the

inability of antiserum E to bind LVP. We have chosen antiserum 'E

April' for all measurements reported in this thesis. The standard

FIGURE 2 ?'
125 '">

Elution pattern of I-AVP after filtration of a Sephadex G 25

fine aolumn (35 x 1 am). Two filtrations at 4 °C were performed r-

with 0.25% HAa + HSA (1.25 mg/ml) as eluent (o o 1st filtration, ''•

0 0 2nd filtration). Three peaks are measured after the 1st puri-

fication which represent (from left to right): 1 I-HSA, "i85J, and
125

I-AVP. The maximum binding capacity after the 2nd filtration of

aliquots of various fractions is shown also (L h). For details

see Materials and Methods.
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AVP

DG-AVP

LVP ,

oxytocin

vasotocin

Antiserum E April

1st decrease SQ« decrease

°f BJF~

Antiserum G April

of Bo/Po

0.25 pg

1.0 pg

10 pg

500 pg

100 pg

4.0 pg

16 pg

600 pg

10 ng

2 ng

let decrease
of E

1,

50

2

100

10

\ /F
o o

.0 pg

pg

pg

pg

pg

50% decrease
of B

12.

800

1«

2

300

.0 pg

pg

pg
ng

pg

TABLE I. Concentrations of peptide per SO \tl at which the 1st decrease of Bo/Fo was

observed and at which 50% decrease of Bo/Fo wa& found for antiserum E April

(1:15.000) and antiserum G April (1:130,000), using a log transformation.
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FIGURE 3.

Representative standard euvm of antiservm 'E April' (o o) as

plotted after calculation by computer, using a logit transformation.

The complete cross reactivity curves with other peptides are shown

as well: DG-AVP (0 0}, LVP (A A), oxytocin (X X) and vasotooin

(k k). See also Table I.

curves appeared to be highly reproducible and a good linear fit was

obtained with the log transformation as well as with the logit

transformation. The data reported in this thesis are calculated with

the logit transformation. Data concerning the correlation coefficient

of this RIA with bioassay has been reported previously (Van Wimersma

Greidanus et al.3 1974).

Extraction

Direct measurement of AVP in plasma or urine of Ho-DI rats gave
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U)
to

2) 3) 4) 5) 6)

Quso 91.8 + 1.6 90.5 + 1.8 62.1 + 2.0 49.7 + 0.8 40.6 + 2.6

Fuller's Earth 94.2 + 1.1 93.5 + 1.4 89.6 + 1.6 18.7 + 1.7 11.7 + 1.0

Florisil 90.5 + 1.6 87.6 + 2.3 84.6 + 3.4 73.1 + 1.2 69.1 + 2.5

Corning 91.0 + 1.4 92.0 + 1.6 86.2 + 1.4 76.7 + 0.9 82.2 + 1.8

Vycor (heated) 87.1 + 2.0 86.3 + 1.9 79.5 + 1.3 73.5 + 1.7 75.0 + 3.2

Vycor (unheated) 62.2+6.1 60.0+6.3 46.3+7.4 42.1+5.8 38.9+3.3

125TABLE 2. Reeovery of I-AVP after different steps of an extraction procedure

with different adsorbents from 1 ml veronal buffer to which approximately

10.000 cpm were added .

1) Recovery is given as percentage of total added radioactivity. Values

are mean +_ S.E.M. (n - 5).

2) Recovery after 30 min extraction with 20 mg adsorbent.

3) Recovery after washing with 0.5 ml aqua dest.

4) Recovery after washing with 0.5 ml 1 tf HCl,

5) Recovery after slution of pellet with 0.5 ml 60% acetone.

6) Final recovery.



Adsorbent (10 mg)

Vycor (unheated)

Vycor (heated)

Florisil

Corning

pg AVP
added

0

16

0

2

8

16

32

0

16

0

16

absolute recovery
in pg

0.0 (n = 5)

5.9 + 0.4 (n = 5)

0.0 (n = 5)

1.6 + 0 .1 (n = 36)

4.6 + 0.4 (n = 38)

12.1 + 0.7 (n = 51)

20.2 + 1.1 (n = 42)

3.7 + 1.2 (n = 5)

12.6 + 2.1 (n = 5)

0.6 + 0.1 (n = 5)

12.9 + 0.6 (n = 5)

% recovery

37.1 + 7.0

77.0 + 6.1

58.8 + 9.0

72.9 + 7.6

65.3 + 2.7

79.0 + 13.0

81.0 + 4.0

TABLE 3. Recovery of different amounts standard AVPt added to
1 ml plasma of Ho-DI rats. Values are given as mean
+ S.E.M.
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variable aspecific values, indicating that extraction of the hor-

mone was necessary. Several adsorbents were tested for recovery of

labelled hormone (Table 2). The recovery of labelled AVP with

Corning and Florisil was satisfactory. Vycor gave a low recovery,

which was markedly improved, however, after heating overnight at

700 °C. The recovery could slightly be improved by 2 subsequent

heatings at 700 °C. The same procedure was performed with these 3

adsorbents for the extraction of standard AVP from plasma of Ho-DI

rats (Table 3). It appeared that Vycor was the most selective ad-

sorbent, since there was a complete absence of aspecific effects

with Ho-DI plasma. Therefore, Vycor was chosen and used after 3

times heating overnight at 700 °C. The recovery of different amounts

standard AVP (ranging from 2-32 pg) from Ho-DI plasma was the same

(Table 3). The recovery was maximal when 5 mg or more Vycor per

tube was used. The sample volume did not influence the recovery

(Table 4). We have always used 20 mg Vycor per tube and a maximal

volume of 2 ml for each sample. Intra-assay coefficient of varia-

tion was 21.1% (assay of identical sample containing 16 pg/ml, 18

times in one assay); inter-assay coefficient of variation was 13.9%

(assay of sample containing 16 pg/ml in 8 assays in duplicate).

Sample volume: 1 ml 2 ml

mg Vycor per tube

2.5 38.3 + 8.2

5 66.1 + 8.4

10 77.0 + 6.5 78.0 + 8.7

20 76.9 + 2.5 68.9 + 10.1

TABLE 4. Recovery of 16 pg standard AVP from different volumes

veronal buffer with different amounts of activated Vycor.

Values are given as percentage _+ S.E.M. of the added

amount AVP (n = S),
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AVP levels in plasma and urine

A. General. The recovery of 16 Pg standard AVP added to normal rat

plasma, used within 15 min after decapitation, was measured. Figure

4 shows that the recovery after incubation for 60 min at 4 °C had

fallen to 65% of the initial value. After 15 min of incubation the

recovery was still 85-901 in this experiment. This means that there

is a considerable inactivation of immunoreactive AVP in fresh plasma

if left to stand for one hour at 4 °C. To standardize the determina-

tions of all experiments reported in this thesis, plasma samples

were always allowed to stand for at least 60 min at 4 °C.

recovery tlandard AVP in pg (16pg addvd)

16

14

15 30 60

mcubatton ttme

FIGURE 4\

Recovery of 16 pg standard AVP, added to 1 ml freshly obtained plasma

of Wistar rats, as a function of incubation time at 4 °C. Values are

corrected for the basal plasma AVP levels. Recovery after 60 min is

10.0 ± 2.2 pg (= 6?.S +_ 13.?%). Mean +_ S.E.M. is shown (n = 6).

B. AVP levels in rat samples (Table 5). The finding that plasma

of Ho-DI rats contained no immunoreactive AVP was considered as a

criterion for the absence of aspecific effects. Plasma of the He-DI

rats contained lower AVP levels than plasma of Wistar'rats. The AVP
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Rats:

Plasma

basal

Water deprivation

24 hrs

48 hrs

96 hrs

144 hrs

Urine

' Wistar

1.7

<n

13.4

(n

27.1

(n

22.4

(n

28.0

(n

454.2

(n

+ 0.5

= 9)

+ 2.81

= 10)

+ 4.12

= 10)

+ 2.8

= 10)

+ 5.9

= 5)

+ 118.4

= 8)

He-DI

0.5 *

(n =

154.4 +

(n -

0.1s

5)

28.5"

8)

Ho-DI |

0.0 j

(n = 5)

0.0

(n = 5)

Dog

1.6 +

(n =

3.7 +

(n =

102.9 +

! (n =

a

0.4

22)

1.53

4)

50.6

8)

TABLE 5. AVP levels in pg/ml in urine and plasma of Wistar and Brattleboro rats

and in dogs. Values are given as mean + S.E.M.j n = number of animals.
l) p < 0.001 basal versus 24 hrs water deprivation;
z) p < 0.001 24 hrs versus 48 hrs, water deprivation;
3) 0.05 < p < 0Ï1 basal versus 24 hrs water deprivation;
h) p < 0.025 Wistar versus He-DI;
5) p < 0.01 wistar versus He-DI.



level in the urine of He-DI rats is lower than that of Wistar rats.

The AVP levels of plasma of Wistar rats after different periods of

water deprivation were also measured. It appears that the rise of

AVP levels in plasma is maximal after 2 days and that a 20-fold

increase is achieved, as compared to the basal level.

C. AVP levels in dog samples (Table 5). The basal AVP levels in

dog plasma were more variable than in rats and on many occasions

it was not possible to detect AVP. Water deprivation of 24 hrs

caused no rise in plasma osmolality and only a slight insignificant

rise of plasma AVP levels was found. Basal urine levels also showed

a considerable variance.

D. AVP levels in human samples (Table 6). AVP levels in human

plasma were in the same range as in the dog. Again, a considerable

variance was observed. AVP levels in the urine, collected .at the

same time as the blood samples, did not correspond with plasma

levels. Similarly the total excretion of AVP in the urine during

24 hrs did not correspond. In subject no. 1 immunoreactive AVP was

neither detectable in plasma nor in urine though no disturbances

of water balance were apparent.

^? 4 • t'H *V ^\ ^3 ^-
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TABLE 6.

plasma
No' pg AVP/ml

< 0.5

1.8

0.5

< 0.5

2.6

Basal AVP levels

urine
pg AVP/ml

, < 5

21.0 + 6.1

78.2 + 29.3

48.4 + 16.3

71.2 + 27.1

in plasma and urine

total excretion
of AVP/24 hrs

-

17.3 +

48.6 +

39.8 +

68.7 +

and total

5.0

18.0

3.4

26.1

ng

ng

ng

ng

AVP exare-

tion per 24 hrs of 5 male volunteers (non-smokers).

Samples were obtained simultaneously at 9.00 a.m. and

measured at the same day. Plasma values are the mean of

one measurement in duplicate. Urine values are the mean

+ S.E.M. of 2 measurements in duplicate.

37



DISCUSSION

During the development of the RIA of AVP many factors were syste-

matically tested for their influence on the quality of the assay. We

have reported the features of the procedure as it is routinely used

now. The conditions, which were studied and consequently selected

for optimal results were the length of the incubation, varying from

24 hrs to 7 days; pH of the incubation medium, varying from 6.0 to

9.0; the composition of the incubation buffer: Tris, phosphate and

veronal buffer; the effect of non-equilibrium conditions; the con-

ditions of the iodination. Our results agree in general with those

reported by Robertson et al. (19.3} and Czernichow et at. (1975).

Veronal buffers gave the best results in the pH range of 7.0-8.5.

The replacement of metabisulfite by HSA for the inactivation of

excess I was important for the quality of the tracer. The re-

sults of the iodir.ation of AV? are in good agreement with the re-

sults reported by Robertson et at. (1973). Sometimes a 4th peak

was obtained. Aliquots of these fractions were also bound to a high

degree by excess of antibody. According to Robertson et al. (1973)

this peak represents double-iodinated tracer. This compound is un-

stable as compared to the mono-iodinated peptide. Therefore, we

used only fractions of peak 3. All the antisera that we collected

were tested for binding capacity and sensitivity in standard curves.

It appeared that the method of immunization used (cf. Skowsky and

Fisher, 1973) is very effective for the production of antisera. The

addition of hydroxylamine was apparently not necessary. All the

rabbits developed antibodies, though considerable differences oc-

curred with respect to binding capacity, sensitivity in the stan-

dard curves and specificity. Antiserum E April was selected for the

RIA, because of its sensitivity. Antiserum G April was selected for

use in behavioural experiments as reported before (Van Wimersma Grei-

danus et al., 1975a; 1975b) because of its binding capacity.

After an incubation for 48 hrs we obtained optimal results; a

longer period did not improve the assay, neither did non-equilibrium

conditions. The extraction of the hormone from plasma as well as

from urine is essential for this assay. We have selected a procedure

that permits the assay of a large number of samples in one day.' The
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results indicate that, provided that a proper activation of the

Vycor is obtained, reproducible and satisfactory recoveries of

AVP over a sufficient range of concentrations can be achieved. The

way of activation of the Vycor is not well understood. It seems

likely that surface charges play a role in the selective and effi-

cient adsorption of small peptides. The sensitivity of the assay

is 1 pg AVP/sample taking into account the sensitivity of the stan-

dard curve and the recovery of the extraction. Taking the maximal

sample volume of 2 ml, 0.5 pg AVP/ml is reliably detectable.

The assay is thus comparable to the best ones that have been re-

ported (Husain et al., 1973; Robertson et al.3 1973), while a dif-

ferent extraction procedure is used.

The presented data on AVP levels in plasma of man and rats are

in good agreement with those reported in literature. The AVP levels

in Ho-DI plasma were consistently 0.0 pg/ml. We conclude therefore

that the amount of AVP which has been measured in plasma of'man,

dogs and rats represents the actually circulating AVP levels, though

the values might be on the low side considering the inactivation

during standing at 4 C. The low level in He-DI plasma indicate that

in these animals the circulating AVP level in plasma is lower than

in Wistar rats. This value, however, was measured at the very limit

of the sensitivity of the assay. The urine AVP level is much lower

in He-DI rats than in wistar rats, which agrees well with the ob-

servation that the pituitary content is also lower (Van Wimersma

Greidanus et al.3 1974).

Water deprivation caused an 8-fold increase in AVP levels in rat

plasma after 24 hrs. This finding is in good agreement with the data

reported by Husain et at. (1973). It seems that a constant plasma AVP

level is achieved after 48 hrs of water deprivation. 24 hrs water

deprivation in dogs caused a moderate but not significant elevation

of plasma AVP levels, which was not accompanied by an increase of

plasma osmolality. Longer periods of water deprivation may be needed

to induce an increase of plasma AVP levels in these animals.
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CHAPTER II

HISTAMINE AS AN EXTREMELY POTENT RELEASER

OF VASOPRESSIN IN THE RAT1}

ABSTRACT

Intraperitoneal and intracerebroventricular injection of histamine

induces a very fast and high elevation of vasopressin in rat plasma

as determined by radioimmunoassay. The effects are dose and time

related. The intracerebroventricular injection is more effective

-with regard to time and dose than the intraperitoneal injection.

INTRODUCTION

Histamine may play a role as a neurotransmitter in the hypothala-

mus (Snyder and Taylor, 1972). It is present in relatively high con-

centrations in this area of the brain of the Rhesus monkey,'in par-:

ticular in the supraoptic nucleus (SON). The posterior lobe of the

1) This chapter was published: Dogterom, J., Van Wimersma Greidanus, Tj.B. and

De Wied, D., 1976, Experientia 13, 659-660.
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pituxtary contains considerable amounts of histamine as well (Taylor

et al., 1972). In addition, intracerebroventricularly (i.c.v.) ad-

ministered histamine causes antidxuresis in the cat (Bennett and

Pert, 1974) and antidromically identified supraoptic neurones can be

excited by local application of histamine (Haas et al.3 1975). Cen-

tral effects of histamine on drinking and on avoidance behaviour of

rats have also been reported (Gerald and Maickel, 1972). Several

studies suggest that histamine injection is associated with the re-

lease of vasopressin (Snyder and Taylor, 1972) , but direct proof, by

measuring the vasopressin concentration in the plasma, has never

been provided. The present studies were therefore designed to meas-

ure the arginine-8-vasopressin (AVP) levels in plasma of rats after

intraperitoneal (i.p.) administration of histamine in relation to

time and dose. In addition, histamine was administered i.c.v. in

various doses and plasma AVP levels were measured 2 min and 10 min

after application to investigate the possibility of a physiological

role of histamine in the release of AVP from the posterior pituitary.

MATERIALS AND METHODS

Male rats, weighing 150-200 g, of an inbred Wistar strain (CPB-

TNO, Zeist, The Netherlands) were housed 5 to a cage on sawdust and

fed ad libitum food and water. The animal house was illuminated from

5 a.m. to 7 p.m. Histamine acid phosphate (B.D.H., Poole, England)

was injected i.p. using 0.1 ml 0.9% NaCl as vehicle.

I.c.v. injection of histamine was performed in a volume of 1 yl

via an indwelling polyethylene cannula into the lateral ventricle.

The operation was performed under light ether anaesthesia and the

animals were allowed to recover from the operation for 4 days. At

the end of each experiment, the position of the tip of the cannula

was localized by macroscopical inspection of the formalin fixated

brains.

Blood samples were obtained between 9 to 11 a.m. by decapita-

tion at 30 sec, 2 min, 5 min, 10 min, 15 min, 20 min, 30 min and

1 h after the i.p. injection. Blood sampling following i.c.v. in-
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jection occurred at 2 min or at 10 min after administration. The

blood was collected in cooled heparinized polypropylene tubes.

Plasma AVP levels were measured by the use of a radioimmunoassay

(RIA) for AVP (Chapter I). The hormone was extracted from the plasma

with activated (3 times overnight at 700 °C) Vycor glass powder

(Corning Glass Works, New York, U.S.A.). Plasma of Brattleboro rats,

homozygous for diabetes insipidus which lack endogenous AVP (Valtin

et al.3 1965), served as a control for aspecific effects. Cross re-

activity of the RIA with oxytocin was < 0.1%. The assay reliably

detects 0.5 pg AVP/ml. Mean recovery of standard AVP from plasma

was £9.4+6.5% (n = 167). The data are not corrected for recovery.

Statistical analysis of the data was performed by using Student's

t-test. when p < 0.05, the difference was considered as significant.

RESULTS

The basal level of AVP in plasma of Wistar rats as measured by

RIA was 1.2 + 0.3 pg/ml (w = 9) . No AVP was detectable in plasma of

Brattleboro rats, homozygous for diabetes insipidus.

Figure A shows the rise in AVP concentration in rat plasma after

i.p. injection of 50 mg histamine per kg body weight. A level of

10.3 + 3.7 pg/ml was reached within 30 sec, which increased to

291.3 + 61.1 pg/ml after 10 min. One hour after administration of

histamine, the concentration of AVP was still augmented (17.3 + 4.5

pg/ml).

Figure B shows the plasma AVP concentration in samples collected

10 min after the i.p. injection of graded doses of histamine. The

lowest dose used, 0.625 mg/kg body weight, caused a small but sig-

nificant rise (p < 0.05) in plasma AVP concentration to 3.6 + 1.2

pg/ml, while the highest dose, 50 mg/kg body weight, elicited a

rise which was of the same magnitude as found in the first experi-

ment (Figure A ) : 272.0 +44.0 versus 291.3 + 61,1 pg/ml.

When histamine was administered i.c.v. in a dose of 0.6 mg/kg

body weight, a rise to 34.9 + 7.0 pg/ml (w = 4) after 2 min was

measured-. Eight min later this value had fallen to 2.7 + 0.2 pg/ml

[n = 5) . A level of 66.5 + 19.2 pg/ml was found 2 min after i»c.v.
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administration of 3 mg/kg body weight.
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lected by decapitation 10 min

after the injection. The ver-
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DISCUSSION

The results clearly indicate that histamine is a potent releaser

of AVP in rats as determined by RIA. A direct relationship between

the plasma AVP concentrations and the dose of i.p. injected hista-

mine was found. Results from other experiments (Chapters I and III)

indicate that neither ether stress, nor emotional stress, nor dehy-

dration are able to induce such an increase of AVP secretion into

the peripheral blood. Moreover, the AVP levels in the plasma ap-

peared to rise very quickly after i.p. injection of histamine.

I.c.v. administration of histamine was even more effective in re-

leasing AVP into the peripheral circulation, with regard to time
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and dose, than i.p. injection of the drug. These results therefore f'

support the view that histamine may have a central effect on the ,

release of AVP. Whether histamine acts directly on the AVP secreting

neurones, or via adrenergic fibres involved in the release of this '

peptide (Bhargava et al.s 1973), remains to be elucidated. f
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CHAPTER III

PLASMA VASOPRESSIN LEVELS AND PASSIVE

AVOIDANCE BEHAVIOUR IN RATS

ABSTRACT

In order to study the role of endogenous arginine-8-vssopressin

(AVP) in passive avoidance behaviour of rats, this hormone was meas-

ured in peripheral and eye plexus plasma samples obtained at 5 sec,

1 min and ü min after the beginning of a retention session. During

the acquisition trial three shock intensities were used: 0.00 mA,

0.25 mA or 1.00 mA during 3 sec. Peripheral blood was collected from

the trunk after decapitation and blood from the eye-plexus was col-

lected under ether anaesthesia using a Pasteur's pipette. AVP levels

in eye plexus plasma appeared to be generally 10 to 75 times 'higher

than the basal level of peripheral plasma (1.7 + 0.5 pg/ml). The

AVP levels of the different experimental groups showed great variance

and no correlation with avoidance latency scores. AVP values in peri-

pheral plasma obtained from conscious animals of the experimental

groups did not differ significantly from the basal level, with the

exception of the highly shocked group decapitated after a retention

session of 5 min. The plasma AVP level in this group was 3.0 + 0.5

pg/ml. ,

In addition, plasma AVP levels were measured in rats decapitated
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at 5 min after the onset of the acquisition trial with a 1.00 mA

shock. The level in this group was 1.7 + 0.2 pg/ml.

It is concluded that endogenous AVP, which is involved in processes

in the central nervous system underlying behavioural performance of

rats, does not act via the peripheral circulation. From these data

and data from earlier experiments it is suggested that AVP reaches

its site of behavioural action via direct neuronal connections, or

is transported to the receptor sites by the cerebrospinal fluid

after direct release into the ventricular system of the brain.

INTRODUCTION

During the last decade conclusive data have been obtained about

the effect of the neurohypophysial hormone AVP on the maintenance

of avoidance behaviour of rats. A severe disturbance of the mainten-

ance of active avoidance behaviour of rats occurred after posterior

lobectomy. The normal extinction pattern of this behaviour could be

restored by subcutaneous (s.c.) administration of AVP (De Hied, 1965).

An effect of AVP on extinction of a conditioned avoidance response

(CAR) was also observed in intact animals. A single s.c. injection of

AVP induced a dose-dependent long lasting inhibition of extinction of

the CAR (De Wied, 1971) . In passive avoidance behaviour a similar

effect on the improvement of performance of rats was observed after

s.c. application of AVP (De Wied et al., 1974). When AVP was injected

into one of the lateral ventricles of the brain a very low dose of

25 pg was sufficient to induce identical behavioural effects as' after

systemic administration of 0.1 ug (De Wied, 1976).

From the experiments mentioned above no conclusions could be drawn

about the function of AVP in avoidance behaviour of rats. Recent ex-

periments, however, have shown that AVP has to be present in the cen-

tral nervous system (CNS) of rats in order to enable the animals to

achieve a passive avoidance response. Brattleboro rats, homozygous

for diabetes insipidus, which lack AVP completely, show no passive

avoidance behaviour even after high shock intensities (De Wied et al.,

1975). A single injection of AVP normalizes this behavioural deficit.

The same phenomenon is observed in Wistar rats treated intracerebro-
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ventricularly (i.c.v.) with AVP-antibodies in order to neutralize

centrally available AVP (Van Wimerms Greidanus et al.> 1975b, see

also Chapter IV). The transport route of AVP from the synthetizing

hypothalamic nuclei or the neural lobe to the central receptor

area(s), which are probably situated in the limbic system,is not

known (Van Winters ma Greidanus et al.3 1975c). Direct neuronal con-

nections between these AVP producing nuclei and the septum or other

limbic structures may exist (Weindl et al.3 1976; Burlet et al.a

1976). Secondly the presence of AVP in cerebrospinal fluid (CSF)

points to a possible function of the CSF as a resource and transport

medium for behaviourally active hormones (Vorherr et al.3 1968; Hel-

ler et al.3 1968; Chapters V and VI). Finally, AVP may reach the re-

ceptor sites in the brain through the peripheral circulation, follow-

ing release from the posterior pituitary- In fact, a correlation has

been reported between parameters of behavioural performance of rats [

during passive avoidance experiments and AVP levels of eye plexus ,

serum using a bioassay (Thompson and De Wied, 1973) . These findings c

support the view that the AVP release from the neural lobe into the 1

general circulation reflects the activity of the hypothalamo-neuro- '

hypophysial tract during the expression of passive avoidance beha- j1

viour. Whether this augmented release is of significance for the ac- \._

tion of AVP in the CNS remained to be elucidated. In addition, the \

use of ether anaesthesia which has been employed for the collection [

of eye plexus blood, causes AVP release (Ginsburg and Heller, 1953) . ;

This was controlled in the present study by measuring AVP levels in ;-,

peripheral plasma after 1 or 2 min ether anaesthesia. Moreover, al-

though eye plexus blood levels may reflect the AVP release from the

pituitary, the exact circulatory connection between the pituitary '•

and the eye plexus is not known for the rat. \'

The use of peripheral plasma obtained without anaesthesia excludes

these complications. A recently developed radioimmunoassay (RIA) of

AVP (Chapter I) with a sensitivity of 0.5 pg AVP/ml plasma provides

a method to measure basal peripheral plasma levels. In this chapter ••,

data are reported on AVP levels in eye plexus and peripheral plasma '

samples of rats, collected at different times during retention of a

passive avoidance response. >
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MATERIALS AND METHODS

Male rats of an inbred Wistar strain (CPB-TNO, Zeist, The Nether- }

lands) weighing 160-180 g were used. The rats were maintained 5 per /

cage with food and water ad libitum and the lights were on between

5 a.m. and 7 p.m. They were transported on each day of the experi-

mental procedure from the animal house to the experimental room. I-J

Behavioural experiments
X.

The passive avoidance procedure was adopted from Ader et al.

(Ader et al., 1972) with minor modifications as described (Thompson

and De Wied, 1973). The animals were adapted to enter a dark compart-

ment from an elevated illuminated platform. Adaptation training con-

sisted of one trial on the 1st day and 3 trials on the next. After :"

the last adaptation trial on day II the animals received an inescap-

able electric foot shock in the dark compartment. Three different

shock intensities were used: 0.00 mA, 0.25 mA and 1.00 mA during 3

sec.' Latencies to enter were recorded during retention sessions 24 \

hrs after the learning trial with a maximum observation time of 300 >

sec. Blood samples were collected at 5 sec, 1 min and 5 min after the ''

beginning of the retention trial. In addition, peripheral blood *,

samples were collected from one group rats at 5 min after the inescap- f

able shock (1.00 mA, 3 sec). . :

Eye plexus blood samples were obtained within 10-20 sec after 1

min ether anaesthesia uy puncture with a heparinized Pasteur's pipet-

te. Plasma was separated after centrifugation in the cold (4 °C).

Peripheral blood was collected after decapitation in cooled heparin-

ized polypropylene tubes. In addition, peripheral blood samples were

collected from.animals that had been placed in an ether box during,1

or 2 min. The samples were allowed to stand for 60 min "at 4 °C and '. J

the extraction of AVP from the samples was performed subsequently. 5
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Radioimmunoassay of vasopressin

AVP was measured after extraction from the plasma with activated

Vycor glass powder (heated 3 times overnight at 700 °C). The details

of the extraction procedure and the RIA are described elsewhere

(Chapter I). The antiserum used is highly specific for AVP, the cross

reactivity with vasotocin being approximately 0.25% and with oxytocin

less than 0.1%. The sensitivity of the standard curve is 0.25 pg/tube

allowing measurements of 0.5 pg AVP/ml plasma, using a maximal sample

volume of 2 ml. The samples of the eye plexus plasma were 0.1 ml be-

cause this plasma contains high amounts of AVP (Thompson and De Wied,

1973). These samples were adjusted to 1 ml with 0.9 ml assay buffer.

Plasma of Brattleboro rats, homozygous for diabetes insipidus, which

lack AVP completely, served as control for aspecific effects in the

RIA and for the determination of the recovery of added amounts of

standard AVP. The recovery over a wide range of concentrations was

69.4 + 6.5% (n = 167). The measurements of AVP were performed on the

same day as the samples were collected. The results are corrected for

recovery. The differences between ,the AVP levels of groups with va-

rious shock intensities and the same maximal length of the retention

session were tested for significance using Mann-Whitney's tf-test or

Student's t-test. A p value of < 0.05 was considered as significant.

RESULTS

The basal level of AVP in peripheral plasma was 1.7 + 0.5 pg/ml

{n = 9), while after 1 min exposure to ether, these values were

elevated to 9.9 + 2.6 pg/ml (w = 12) and after 2 min to 43.0 + 16.0

pg/ml (n = 5). Eye plexus plasma, collected after 1 min exposure to

ether was used for measurements in the first series of behavioural

experiments (Table 1).

Eye plexus plasma AVP levels are 10 to 75 times higher than .the

basal level in peripheral plasma. However, the data show great vari-

ance and no significant differences between the AVP levels were

found.
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TABLE 1. Median latency scores of retention sessions of different lengths of a passive

avoidance response after different shock intensities, correlated to AVP levels

in eye-plexus plasma from the experimental rats .

1) Significance of differences of AVP levels was tested by Mann-Whitney's-U-teet

(see also Materials and Methods).

2) Mean + S.E.M*
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TABLE 2. Median latency scores of retention sessions of different lengths of a passive

avoidance response after different shock intensities correlated to AVP levels

in peripheral plasma from the experimental rats»

1) Mean + S.E.M.

2) p < 0.02St 1.00 mA versus 0.00 mA;

p < 0.005, 1.00 mA versus 0.25 mA, tested with Student's t-teat (see also

Materials and Methods).



An identical series of experiments was performed in which the

animals were decapitated and AVP was measured in the peripheral

plasma (Table 2). Only the group of animals with the highest shock

intensity, which were decapitated after the maximal observation

time, showed a significantly higher AVP value as compared to the

non- and low-shocked groups. The same tendency was seen in the

group, that was decapitated 5 sec after the beginning of the reten-

tion trial, but this difference was not significant. AVP levels in

peripheral plasma of a group of rats decapitated at 5 min after a

shock of 1.00 mA during 3 sec were the same as the basal level:

1.7 + 0.2 pg/ml (w = 9).

DISCUSSION

It is stated that emotional stimuli generally cause changes of

the release of hormones from the anterior as well as the posterior

lobe of the pituitary. This includes an increase of the release of

MSH, ACTH and prolactin (Meson, 1968; Seggie and Brown, 1975) and

of AVP and oxytocin (O'Connor and Verney, 1942; Pickford, 1969) and

a decrease of the release of growth hormone in the rat (Seggie and

Brown, 1975). These processes are interpreted as an adaptive mechan-

ism to sustain homeostasis in an organism, according to the concept

of Selye (1950).

Since it has been well established that ACTH, MSH and AVP have

direct effects on brain mechanisms related to learning, motivation

and memory (Stratton and Kastin, 1974; De Wied et al., 1976b; Miller

et al., 1977; Van Wimersma Greidanus and De Wied, 1977) it was pro-

posed that an increase of the release of MSH (Sandman et al., 1973)

and of AVP (Thompson and De Wied, 1973) is related to these processes.

The data presented in this 'chapter do not confirm such a/relation-

ship between the release of AVP and behavioural parameters, though an

augmented level was found in peripheral plasma of highly shocked

animals at 5 min after-the beginning of the retention trial. It is

confirmed that eye plexus blood contains very high amounts of AVP.

Thompson and De Wied (1973) reported also high AVP levels in eye.
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plexus serum. They used a bioassay and measured the antidiuretic ï

activity of the samples with lysine-8-vasopressin as standard pre- \

paration. A many fold discrepancy exist between the absolute amounts

of AVP in eye plexus blood as reported by Thompson and De Wied and \

the present data. Sxnce different assay methods and different stan- f

dard preparations were used, it is not possible to compare the data

in this respect. The variability of the present data can be explain-

ed by an irreproducible restraint of the animal. Husain et at. (1976) ,>

reported a dramatic, highly variable increase of peripheral plasma

AVP levels after abdominal compression.

The origin of the high eye plexus plasma levels is not clear.

Ether anaesthesia certainly contribute to this according to the high ;

peripheral plasma AVP levels after 1 min exposure. However, blood

collected from the jugular vein of pentobarbitone-anaesthetized

animals also contains high amounts of AVP as compared with peri-

pheral levels (De wied, I960), whereas the anaesthesia itself causes

only a threefold rise of AVP levels in peripheral plasma (Chapter V) . *

A direct connection of vessels between the site of release of AVP

from the pituitary and the eye plexus of the rat has to our knowledge

never been described. In man, a connection between the sinus caver-

nous, the portal blood vessels and the eye plexus exists (Duke-Elder

et al.3 1961; Treux and Carpenter, 1969). The direction of the blood

stream is from the eye plexus to the sinus cavernous and from the

portal vessels to the jugular vein, also via the sinus cavernous. i

If this latter route is obstructed by compression during collection

of eye plexus blood, it would be possible that blood from the portal ^

vessels which contains extremely high amounts of AVP (Zimmerman et

al.3 1973) streams retrograde via the sinus cavernous to the eye

plexus. Together with ether stimulation, this might be an explana- • -.

tion for the high amounts of AVP in eye plexus blood, collected in

this way.

The effectiveness of an augmented AVP release into the blood

stream for the regulation of processes at the level of the CNS is • "

to be doubted, since the half life time of AVP in plasma is only a ;•'

few minutes (Lauson, 1974) and an effective blood brain barrier,for

the peptide has iteen reported (Vorherr et al.t 1968). Moreover, no \

elevation of the peripheral plasma AVP value was found in animals • -

decapitated at 5 min after an acquisition trial using a 1.00. iaA

54



shock. Husain et al. (1976) reported that several other noxious

stimuli like hard noise and forced exercise did not cause a rise

of plasma AVP levels. Thus, it may be that the concept that emo-

tional stimuli generally cause an increase of plasma AVP levels

has to be modified.

The observations in literature, together with the present

findings that AVP is present in CSF in high concentrations as com-

pared with peripheral plasma levels (Chapters V and VI) put forward

the possibility that behaviourally active AVP reaches its site of

action in the brain more directly.

In the first place, AVP might be released into the cerebroven-

tricular space. Several authors suggest that neurosecretpry axons

do release these products into the ventricles directly or via the

ependymal cell layer-(Vorherr et at., 1968; Wittkowski, 1968;

Rodriguez, 1970; Zimmerman et al.t 1975). In addition, the finding

that avoidance behaviour can be disturbed following i.c.v. adminis-

tration of AVP-antibodies but not after i.v. injection supports this

hypothesis (Chapter IV). Secondly, direct neuronc.1 contacts may

exist between the AVP synthetizing hyporhalamic nuclei and the AVP

receptor areas in the brain, probably the septum or dorsal hippo-

campus (Van Wimersma Greidanus et al.3 1975c).
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CHAPTER IV

THE INHIBITION OF MEMORY CONSOLIDATION IN RATS BY

INTRAVENTRICULAR INJECTION OF VASOPRESSIN-ANTISERUM1*

ABSTRACT

Intraventricular administration of 1 pi of AVP-antiserum (G April)

either naif an hour before or immediately after the learning trial

induced a marked deficit in a simple one trial passive avoidance task,

when tested 24 or 48 hrs, but not when tested 2 min or 1 hr after the

learning trial. Similar amounts of oxytocin antiplasma (0-2-D) were

ineffective. Intravenous injection of 100 times as much AVP-antiserum,

which removed AVP from the circulation as indicated by the absence of

AVP in the urine and the increased urine production, did not affect

passive avoidance behaviour. These results indicate that the neutrali-

zation of centrally active AVP inside the brain by AVP-antibodies

causes a disturbance of memory in rats.

The distribution of the intraventricularly injected AVP-antibodies

through the ventricular system of the rat brain' and their diffusion

into brain tissue was investigated by immunofluorescence microscopy

1) Main part of this chapter-was publishecl in: Van Wimersma Greidanus, Tj.B.,

J. Dogterom'and D. de Wied/ 1975,.Life Sci. 16, 637-644.
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in order to localize the site of neutralization of AVP. One minute

after injection into one of the lateral ventricles, AVP-antibodies

were found through the entire brain ventricular system. A prefer-

ential uptake by choroid plexus and the ependymal cell layer was

observed. At 15 min after injection, the fluorescent antibodies

could not be detected anymore in the ventricles, in the ependymal

cell layer or in the choroid plexus and no accumulation in specific

brain regions was observed.

INTRODUCTION

Vasopressin and its analogues affect memory processes (De Wied

ec al.3 1976a).A single injection either subcutaneously (s.c.) or

intracerebroventricularly (i.c.v.) of lysine-8-vasopressin (LVP),

arginine-8-vasopressin (AVP) or desglycinamide lysine-8-vasopressin

(DG-LVP) increases resistance to extinction of a conditioned avoid-

ance response (CAR). These peptides also improve acquisition and

maintenance of active avoidance behaviour in hypophysectomized rats

(Bohus et al., 1973) and enhance active and passive avoidance be-

haviour in intact rats (Ader and De Wied, 1972; Van Wimersma Grei-

danus et al.} 1973; De Wied et al.3 1974). They are behaviourally

active in much smaller amounts upon application in the central nervous

system (CNS) or in the cerebrospinal fluid (CSF) than following sys-

temic administration (Van Wimersma Greidanus et' at., 1975c; De Wied,

1976).

The most important physiological stimulus for AVP release is an

increase in blood osmolality (Moses and Miller, 1974) and as a con-

sequence water deprivation results in AVP release (Chapter I).

Several other stimuli like application of histamine (Chapter II) or

nicotine (Husain et al., 1973) or ether (Chapter III) result in AVP

release. This release can be correlated with stimulus strength, e.g.

in the case of histamine and water deprivation (Chapters I and II).

A similar correlation has been reported for behavioural parameters

and AVP levels of eye plexus serum (Thompson and De Wied, 1973).

However, in the studies reported in the previous chapter we were

not able to confirm the latter correlation. In addition, an augment-

57



ed AVP release into the peripheral circulation vrill probably not

result in an elevation in the CNS, because (a) an effective blood

brain barrier exists (Vorherr et at., 1968) and (b) the peptide

will be degraded by plasma enzymes (Lauson, 1974).

An alternative route of secretion of AVP might be the release

from the hypothalamic nuclei directly into the CSF, probably through

the juxtaependymal processes of neurosecretory neurons (Robinson and

Zimmerman, 1973; Wittkowski, 1968). AVP might exert its behavioural

effect via this route. The availability of an AVP-antiserum enabled

us to do behavioural studies in rats after neutralization of endo-

genous AVP by injecting the antibodies, either into the cerebroven-

tricular system or into the general circulation. In this way it would

be possible to distinguish a central route of release for the beha-

vioural effect of AVP from a peripheral route. In order to study the

effectiveness of the antiserum, behaviour, urine production and urine

AVP content were studied after either route of administration. In ad-

dition, the distribution of the AVP-antibodies through the brain de-

pendent on time after injection into the brain "entricular system was

studied with an immunofluorescent staining technique in order to de-

termine the possible site of action of AVP.

MATERIALS AND METHODS )
i

a-

Behavioural experiments

Male Wistar (CPB-TNO, Zeist, The Netherlands) rats weighing 130- :

150 g bearing a polyethylene cannula in the lateral ventricle were >,

used. Animals were kept in isolated cages at 22 + 1.0 °C after im-

plantation of the cannula and had free access to water and food. The

animal house was illuminated from 5.00 a.m. to 7.00 p.m. The opera-

tion was performed under ether anaesthesia and aseptic conditions. j-|

A hole was drilled through the skull 1 mm lateral to the midline (\

and 0.5 mm caudal to the bregma for insertion of the cannula. After '"•.

insertion, the cannula was fixed to the rat skull by means of dental .<

cement and two stainless steel screws. Commercially available Hamil- J

i
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ton syringes were used, provided with needles adapted to the appro-

priate length, for i.c.v. injection of the antisera. The correct

location of the tip of the cannula in the ventricular space was con-

trolled by injection of Evans Blue at the end of the experiment and

macroscopic inspection of the staining was performed after formal-

dehyde fixation of the brain.

Animals were allowed to recover from the operation for 3 days

and subsequently subjected to passive avoidance behaviour. The pas-

sive avoidance apparatus consisted of a dark compartment connected

with an illuminated elevated platform. Rats were placed on the plat-

form and latency to enter the dark compartment was recorded. The

latency generally amounted to a few seconds. One trial was given on

Day I and three trials on Day II. At the end of the third trial on

Day II, animals received an electric foot-shock of 0.75 mA for 3

sec. Latencies to enter were subsequently determined at either 2

min or 1 hr, 4 hrs, 24 hrs or 48 hrs after the learning trial, in

retention sessions with a maximal observation time of 300 sec. I.c.v.

administration of 1 yl AVP-antiserum coded 'G April' was performed

either half an hour before or immediately after the learning trial.

Oxytocin antiplasma (0-2-D) and normal rabbit serum were used for

control experiments.

For intravenous (i.v.) injection into the lateral tail vein 100 ul

of the same AVP-antiserum per animal, and normal rabbit serum as con-

trol, were used. Urine production and water consumption were measured

during 2 hrs after either systemic or central administration of AVP-

antiserum by collecting the urine in metabolism cages.

AVP-antiserum was produced as described in Chapter I. The binding

capacity and the specificity of this antiserum are also described in

Chapter I. The oxytocin antiplasma (code 0-2-D) was raised in essen-

tially the same way (Swaab and Pool, 1975).

Rad-ioimmunoassay of AVP

AVP was measured in 50 pi samples of urine as described in Chapter

I. The samples were extracted with activated Vycor glass powder after

dilution with 0.9 ml assay buffer.
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Immunofluovescen.ee microscopy

Experiment 1. In this experiment 1 pi of a horse-anti-rabbit

immunoglobulin, conjugated to fluorescein isothiocyanate (FITC-con-

jugate, PK. 17-2-F3, Central Laboratory of the Netherlands Red Cross

Blood Transfusion Service, Amsterdam, The Netherlands) was injected

i.c.v. The animals were decapitated at 1 min, 5 min, 30 min or 60

min after the injection. The whole brain was immediately isolated

and after removal of the cerebellum frozen in Freon at -80 °C and

stored at the same temperature until used. Brains from non-injected

animals served as controls. Cryostat sections of the brain region

near the tip of the cannula were made (6 um) between -15 and -30 °C,

collected on albuminized slides and fixed in acetone at room tempe-

rature for 10 min. After drying, the sections were stored at -25 °C

until required. After embedding and mounting, the fluorescence was

measured quantitatively at 8 different positions of each of 5 sec-

tions per animal (Fig. 1) (König and Klippel, 1967). Fluorescence

was measured in arbitrary units using a digital Voltmeter that was

attached to the photomultiplier of a Leitz orthoplan fluorescence

microscope (Swaab and Pool, 1975). The diaphragm had a diameter of

0.5 mm, which covered an area of 282.6 pm in the section.

Experiment S. In this experiment 5 yl of AVP-antiserum (G April)

was injected in the same way as in experiment 1. The animals were

decapitated at 1, 5 or 10 min after i.c.v. injection. Serial sections

were made of brain including the following brain regions: the septal

region, the supraoptic and paraventricular nucleusr the Illrd and

lateral ventricle near the tip of the cannula and the dorsal hippo-

campus . Alternating sections of each animal were collected on two

series of albuminized slides. One series of sections was incubated

with FITC-conjugate and one series with buffered saline as control.

After incubation and subsequent washing (Swaab and Pool, 1975) the

slides were embedded and mounted for observation with the fluores-

cence microscope.
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FIGURE 1.

Frontal section of whole rat brain according to Kb'nig and Klippel

(1967) at 7890 vm anterior to the interaural line. Fluorescence

was measured quantitatively at 8 positions: I. the middle of the

right lateral ventricle; II. the border of the right lateral

ventricle; III, the middle of the lesion caused by the inserted

aannula; IV. the border of this lesion; V. the right cortex;

VI. the middle of the left lateral ventricle; VII. the border of

the left lateral ventricle; VIII. the left cortex.
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RESULTS

Behavioural experiments

Maximal passive avoidance behaviour (300 sec) was observed in

animals treated i.c.v. with either AVP-antiserum or control (normal)

rabbit serum, when tested at 2 min and 1 hr after the learning trial.

However, avoidance latency was markedly reduced at 4 hrs and almost

absent at the 24 hrs and 48 hrs retention sessions in rats treated

with the AVP-antibodies (Table 1). I.c.v. injection of antiplasma

against oxytocin did not impair passive avoidance behaviour and the

results with this antiplasma were identical to that with control

rabbit serum (Table 1).

Avoidance latencies of rats injected i.v. with 100 yl AVP-anti-

serum half an hour before or immediately after the learning trial

under the same experimental conditions as before were maximal and

not different from those animals injected with 100 \il control rabbit

serum at the 24 and 48 hrs retention sessions (Table 1).

I.c.v. administration of 1 yl AVP-antiserum had no effect on

urine production, water consumption or urine AVP levels as compared

with the 'normal' rabbit serum group (Table 2). However, i.v. injec-

tion of 100 \il of AVP-antiserum significantly increased urine pro-

duction during the first two hours after administration as compared

with i.v. injected 'normal' rabbit serum (Table 2). In addition, AVP

levels as measured by radioimmunoassay in urine samples of rats in-

jected i.v. with AVP-antiserum were extremely low in contrast to

those found in the urine of animals treated with control serum

(Table 2).

The water consumption of animals treated with AVP-antiserum or

normal rabbit serum did not differ after either route of administra-

tion. However, both groups that were injected i.c.v. showed an in-

crease of water consumption as compared to animals that were inject-

ed i.v.
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intracerebroventricular:

1 yl AVP-antiserum

1 pi oxytocin-antiserum

1 yl 'normal' rabbit serum

intravenous:

100 yl AVP-antiserum

100 pi 'normal' rabbit serum

2 min

300

n.d.

300

n.d.

n.d.

(7)

(6)

1 hr

300

n.d.

300

n.d.

n.d.

(7)

(6)

Time interval

4 hrs

93 1 }

n.d.

300

n.d.

n.d.

(7)

(7)

24 hrs

33 2 )

300

300

300

300

(13)

( 9)

(11)

( 9)

( 9)

48 hrs

432>

300

300

300

300

(11)

( 7)

(13)

( 9)

( 9)

TABLE I. Median latency scores during retention'sessions of a passive avoidance response at

different time intervals between learning trial and retention session3 following

intracerebroventricular or intravenous administration of AVP-antiserum.

1) p < .02; 2) p' < .01 (AVP-anti 8 e rum versus normal rabbit serum); between brackets,

number of animals per group. Significance of differences was tested vith

Mann-Whitney U-test. n.dv = not determined.
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Treatment

intracerebroventricular:

1 pi AVP-antiserum

1 pi 'normal' rabbit
serum

anne
urine vasopressin

production content
ml/2 hr pg/SO v.l/2 hr

0.6 + 0.2

0.7 + 0.4

1) 28.7 + 7.8

39.3 + 12.5

water
consumption

ml/2 hr

1.0 + 0.2 (6)

2.0 + 0.7 (6)

intravenous:

100 pi AVE-antiserum

100 pi 'normal' rabbit
serum

1.8 + 0.4

0.3 + 0.3

2) 1.9 + 0.3

23.7 + 10.1

2) 0.5 + 0.2 (6)

0.6 + 0.1 (6)

TABLE 2. Urine production, urine vasopressin content and water con-

sumption following intracerebroventricular or intravenous

administration of AVP-antiserum.

1) Mean +_ S.E.M.; 2) p < .02 (AVP-antiserum versus normal

rabbit serum); between brackets: number of animals per group.

Significance of differences was tested with Student's t-test.

Distribution of antibodies after i.c.v. injection

Experiment 1. Sections of whole brains were studied for the dis-

tribution of fluorescence. The FITC conjugate appeared to be present

through the entire ventricular system within 1 min.

A preferential uptake of conjugate was found in the ependymal cell

layer of the Jateral and Illrd ventricle (Figs. 2-4). The quantita-

tive data were consistent with these findings (Table 3). A high flu-

orescence was measured in the middle of the lateral ventricles and

in the region of the lesions caused by the inserted cannula. The

ependymal cell layer of the left lateral ventricle showed no fluores-

cence, neither did the cortex at both sites. After 15 min fluores-

cence was not longer detectable in any of the regions studied (Fig. 5)
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r'IGURE 2. The upper right lateral ven-

tricle of a rat brain, sacrificed at 1

min after i.a.v. injection of 1 \\l FITC-

conjugate. Fluorescence is observed in

the ventricular space and the ependymal

cell layer.

FIGURE 3. The lower right lateral ven-

tricle of the same rat brain as in

fig. 2. Fluorescence is observed in

the ventricular space and the ependymal

cell layer, while only very little dif-

fusion into brain tissue is observed.

FIGURE 4. The bottom of the IJIrd ven-

tricle of a rat brain, sacrificed at 1

min after i.c.v. injection of 1 \il FITC-

conjugate. Fluorescence is observed in

the ventricular space and in the epen-

dymal cell layer.

FIGURE 5. The lower right lateral ven-

tricle of a rat brain,, sacrificed at

15 min after i.c.v. injection of 1 ]il

FITC-conjugate. Little if any fluores-

cence is observed in the ventriaular

space, while no fluorescence of dif-

fused FITC-conjugate is deteotable

either.
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Time II

1 min

15 min

30 min

60 min

control

212

96

84

88

93

+ 45~'

+ 5

+ 9

+ 12

+ 6

219 +

117 +

113 +

115 +

110 +

58

6

15

14

2

2)

FLUORESCENCE IN ARBITRARY UNITS*'

III IV V VI

221 + 48 234 + 35 112 + 2 169 + 182

92 z 2 149 + 10 109 + 3 8 8 + 8

109 + 35 81 + 4

1 0 2 + 4 9 7 + 6

116 + 12 103 + 3

VII VIII

112 + 5 1 1 7 + 5

9 6 + 5 109 + 5

95 + 2 5 97 + 18

9 3 + 4 9 3 + 2

•111 + 6 105 + 0

TABLE 3. Fluoresaenoe of different brain regions after i.j.v. injection of 1 p£ PK-17-2-F ,

measured in arbitrary units at different times after injection.

1) Mean +_ S.E.M. (n = 5); 2) p < 0.0S after testing for significance of differences

with Student's t-test (control versus 1 min).



Experiment 2. The results of this experiment were similar to

those of experiment 1. Fluorescence was seen throughout the whole

ventricular system, including the Illrd ventricle near the dorsal

hippocampus in each brain of the rats decapitated at 1, 5 or 10

min after injection. No specific accumulation of fluorescence in-

dicating the presence of bound AVP-antiserum was observed in any

brain region.

DISCUSSION

A distinct dissociation of the peripheral and central effects on

behaviour of AVP was observed after i.v. and i.c.v. administration

of AVP-antiserum. Neutralization of endogenous AVP in the brain leads

to behavioural disturbances without affecting water reabsorption in

the kidney or urine AVP content, whereas neutralization of peripheral

AVP leads to an increase in urine production without affecting pas-

sive avoidance behaviour.

The results of the control experiments with oxytocin-antiplasma

and normal rabbit serum point to a specific effect of AVP on beha-

viour. The high protein content of serum', causing an increased os-

molality of CSF, and other serum compounds that affect the drinking

centres in the hypothalamus like angiotensin, which is very potent

in this respect (Johnson and Epstein, 1975), might explain the in-

creased water consumption after i.c.v. administration. When the

animals were tested 2 min or 1 hr after the learning trial, avoid-

ance latency was still maximal, which points to a disruption of

memory function rather than learning processes. Eventual diJrferen- y.

ces in shock sensitivity induced by AVP-antiserum.cannot explain the

behavioural abnormality because no differences were found when the

AVP-antiserum was injected h hr before or after the learning trial.

Together with the negative findings with respect to a correlation

of behavioural parameters and peripheral plasma AVP values (Chapter

III), the hypothesis that AVP will exert its central effect via an

intracerebral connection gains strength. Heller et at. (1968) and

Vorherr et al. (1968) have reported data on simultaneous, but sepa-
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rate, release of AVP into the peripheral circulation and into the

CSF after severe haemorrhage or vagal stimulation. In a similar

way, AVP release might be augmented into both compartments after

a stimulus of emotional origin (Thompson and De Wied, 1973; Chapter

III). In a following chapter we will report data on the presence of

AVP in CSF.

The data about the distribution of inununo-y-globulins do not per-

mit a final conclusion about the site of neutralization of AVP in the

brain after application of AVP-antiserum. Two possibilities exist in

this respect. In the first place, AVP may be neutralized in the CSF

or the ependymal cells. The absence of fluorescence in brain tissue

and the disappearance of fluorescent antibodies from CSF and ependymal

cells within 15 min after injection support this view. Klatzo et at.

(1964) also found in formalin fixated brain tissue of cats that i.c.v.

injected immuno-y-globulins were not diffused into the tissue. As a

consequence the processes resulting in disturbance of avoidance be-

haviour 24 hrs later, must have occurred within 15 min after injec-

tion. Together with the behavioural observations, this points to a

separated manipulation of learning and memory processes. Secondly,

our method to localize fluorescent antibodies may not be adequate.

This may result in a failure to detect the globulins, that have pene-

trated brain tissue and inactivated AVP at certain brain regions e.g.

in hypothalamic nuclei, the septum or the dorsal hippocampus (Van Wi-

mersma Greidanus et al.,1975c]. This possibility should not be ex-

cluded, because a slow diffusion of antibodies into brain tissue

might also explain the behavioural effects that became apparent 6 hrs

after i.c.v. injection. Stark and Franz (1972) and Raprager (1973)

observed a specific accumulation of fluorescent marked amino acids

in the septum, the hypothalamus and other brain regions of the rat

at 2 hrs after i.c.v. injection. It should be noted, however, that

this difference might be explained by differences in molecular size

and charge.
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CHAPTER V

VASOPRESSIN IN CEREBROSPINAL FLUID AND PLASMA

OF MAN, DOG AND RAT (WISTAP AND BRATTLEBORO)

ABSTRACT

Arginme-8-vasopressin (AVP) levels were measured by a sensitive

and specific radioimmunoassay (RIA) in plasma and cerebrospinal

fluid {CSF) of three species: man, dog and rat (Wistar and Brattle-

boro). Basal plasma values were around 2 pg/ml in man, dog and

Wistar rat. Pentobarbitone, used as anaesthetic during collection

of CSF from dog and rat, caused a significant rise of plasma AVP

values in Wistar rats, but not in dogs. After withdrawal of CSF, the

plasma AVP levels of Wistar rats were increased to 29.5 + 9.5 pg/ml,

whereas the CSF levels from the same animals were 11.5 + 3.9 pg/ml.

The response to the various stimuli was similar in Brattleboro rats

heterozygous for diabetes insipidus and Wistar rats. In Brattleboro

rats, homozygous for diabetes insipidus, AVP was neither demonstrable

in plasma nor in CSF. In dog and man, AVP levels in CSF were general-

ly higher than in plasma levels. The possibility that AVP, present in

CSF might be released directly from the synthetizing hypothalamic

nuclei into the ventricular system is discussed.
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INTRODUCTION

The presence of peptides, either from hypothalamic or from hypo-

physial origin in CSF has not been firmly established. AVP could not

be demonstrated consistently in CSF from a conscious rabbit or dog,

collected after local anaesthesia. However, this might be due to the

relatively poor sensitivity of the bioassay used. The hormone could

be detected by bioassay in CSF, when its secretion was stimulated by

strong stimuli, such as severe hemorrhage or vagal stimulation (Heller

et al.} 1968; Vorherr et al., 1968). Using more sensitive RIA's,

several other peptides were demonstrated in CSF recently, including

thyrotropin releasing hormone (TRH) (Knigge and Joseph, 1974) and

gonadotropin releasing hormone (LHRH) (Joseph et al.3 1975), and the

adenohypophysial peptide adrenocorticotropic hormone (ACTH) (Allen

et al.3 1974). Robinson and Zimmerman (1973) demonstrated the presence

of neurophysin in CSF of monkey and man by RIA. Its concentration ap-

peared to be higher in CSF than in blood.

Knowledge on the presence of hypothalamic and hypophysial peptides

in the central nervous system (CNS) and the route by which these pep-

tides reach the CNS is important for the understanding of neuropeptide

effects in the CNS. The presence of AVP in the CSF is of particular

interest with regard to the effects of AVP on avoidance behaviour in

rats (De Wied, 1971). It is physiologically involved in memory pro-

cesses as can be derived from behavioural disturbances in rats with

hereditary diabetes insipidus (De Wied et at., 1975)'and in intact

rats after intracerebroventricular (i.c.v.) application of AVP-anti-

bodies (Van Wimersma Greidanus et al.y 1975b).

The availability of a sensitive and specific RIA of AVP (Chapter I)

enabled us to study these processes in more detail. In particular, the

relationship between plasma and CSF levels of AVP and the conditions

which can stimulate AVP release into CSF or into the blood stream may

provide information on the presence of AVP in CSF under various con-

ditions and the route by which it reaches the ventricular space.

For the present study measurements of AVP were performed'in simul-

taneously obtained plasma and CSF samples from dog and rat (Wistar

and Brattleboro). The effect of pentobarbitone anaesthesia, employed
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for the operation to collect CSF, on plasma levels was investigated

in dog and rat. In addition, measurements were performed on CSF and

plasma samples of dogs after 24 hrs of water deprivation. Moreover/

AVP levels were determined in human CSF collected by lumbar puncture.

MATERIALS AND METHODS

A. Collection of samples

Human samples. The CSF samples were collected from 21 hernia pa-

tients by lumbar puncture without anaesthesia. The CSF was stored

in polypropylene tubes at -20 °C until tested.

Dog samples. CSF samples were collected from 5 dogs by puncture

of the cisterna magna via the suboccipital route undsr pentobarbi-

tone anaesthesia (dose 15-20 mg/kg i.v.) after premedication at
P

1—1% hr before the operation with 1 mg/kg methadone (Symoron , Bro-

cades, Haarlem, The Netherlands) and 0.5 mg/kg atropine. The samples

were immediately put in cooled plastic tubes and stored at -80 °C

until tested. Blood samples were collected simultaneously from the

same dogs by puncture of the femoral vein. The samples were put in

cooled heparinized plastic tubes and after subsequent centrifugation

(10 min, 3000 rpm) plasma samples were stored also at -80 °C until

tested. All CSF samples were absolutely clear. The whole procedure

took 15 min. An identical procedure was performed on the same dogs

after 24 hrs of water deprivation.

Rat samples. Male rats of an inbred Wistar strain (CPB-TNO, Zeist,

The Netherlands) weighing 180-200 g were used for the collection of

CSF and blood. In addition, Brattleboro rats homozygous (Ho-DI) or

heterozygous (He-DI) for diabetes insipidus (CPB-TNO) were used.

CSF was collected by puncture of the cisterna magna under pentobar-
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bitone anaesthesia {6 mg/100 g b.w. intraperitoneally). For this

purpose a hole was drilled in the skull and a PP 25 polyethylene

cannula (outer diameter 0.8 mm) was inserted into the cisterna magna.

This cannula was connected with a gastight Hamilton syringe by which

the CSF was withdrawn. The entire procedure took 15 min; during the

final 2-3 min approximately 100 pi CSF per animal was obtained. The

samples were not or only slightly contaminated with blood. They were

pooled per group after centrifugation and stored at -20 °C until

tested. The rats were decapitated immediately after the operation

and blood was collected in cooled heparinized polypropylene tubes.

Plasma samples were separated after subsequent centrifugation (10 min,

3000 rpm at 4 °c) and stored at -20 °C.

B. Measurements of AVP

The AVP levels of the plasma and CSF samples were determined by

RIA as described (Chapter I). The samples were extracted with Vycor

glass powder (activated 3 times overnight at 700 °C). The recovery

of the extraction of various amounts of standard AVP 'from 1 ml plasma

of Ho-DI rats was 69.4 + 6.5% (w = 167). The assay is highly specific,

the cross reactivity with the oxytocin being less than 0.1% and with

vasotocin approximately 0.25%. The standard curve is sensitive to

0.25 pg AVP/tube and the assay enabled us to detect 1.0 pg AVP/sample.

As standard AVP preparation for iodination and standard curves a

synthetic, extremely potent preparation (Organon, 'Oss, The Netherlands;

pressor activity: 509 I.U./mg) was used. The pooled CSF samples of

the various groups of rats were divided into portions of 200-500 pi.

These samples were adjusted to 1 ml with assay buffer before the ex-

traction was started. The maximal, volume of plasma samples was 2 ml.

Significance of differences was tested with Student's t-test. A p

value of < 0.05 was considered as significant.
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RESULTS

Human samples. AVP values in the CSF samples from 21 hernia

patients were in the range of 1.4-34.9 pg/ml, the mean value being

11.5 +_ 2.5 pg/ml. No blood samples from the same persons were avail-

able. In Chapter I data were reported on the basal plasma AVP levels

of 5 male volunteers. In 2 subjects AVP was less than 0.5 pg/ml, the

other 3 had values of 1.8 pg/ml, 0.5 pg/ml and 2.6 pg/ml, respectively.

Dog samples (Table 1). Basal plasma AVP level in all dogs deter-

mined so far amounted to 1.6 + 0.4 pg/ml (w = 22). AVP levels in the

plasma of the 5 dogs of the present series show considerable varia-

tion, ranging from 0.5 to 7.1 pg/ml. Water deprivation-during 24 hrs
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AVP

dog

Iwan

Fannie

Centor

Grietje

Chicky

Iwan

Fannie

Centor

Grietje

Chicky

plasma level

2.

0.

0.

7.

0.

2.4 +

7.

-

1.

5.

0.

3.7 +

levels in plasma

9

5

9

1

5

1.3

2

9

2

5

1.5

and CSF

plasma level
after IS min
anaesthesia

0.7

-

0.5

1.8

7.5

2.6 + 1.6

18.7

10.2

3.6

0.9

2.7

7.2 + 3.3

of 5 dogs. Values

CSF

7

5

3

3

9

5.8 _

14

4

10

3

9

8.8 :

are

level

.4

.6

.3

.6

.3

+ 1.11}

.9

.8

.8

.5

.9

f 2.1

in pg/ml

for eaoh individual. Mean + S.E.M. is shown as well.

1) p < 0.05 CSF versus basal plasma.
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caused no increase of plasma AVP levels, neither did pentobarbitone

anaesthesia. The AVP levels in the CSF samples were more consistent

and significantly higher than the plasma AVP levels of conscious

dogs (p < 0.05). Water deprivation during 24 hrs caused no signif-

icant increase of the AVP levels in the CSF.

Rat samples (Table 2). AVP could not be demonstrated in CSF or

plasma samples from Ho-DI rats. The pentobarbitone anaesthesia in-

duced a rise of plasma AVP levels in Wistar and He-DI rats. The

withdrawal of CSF caused an additional rise. The AVP values in

plasma of Wistar and He-DI rats were not significantly different

after anaesthesia or after anaesthesia and CSF withdrawal. CSF from

Wistar and He-DI rats contained AVP in similar amounts.

Plasma:

basal

after 15 min pento-
barbitone anaesthesia

after 15 min pento-
barbitone anaesthesia
and withdrawal of CSF

CSF:

Wistar

1.7 + 0.5

(« - 9)

He-DI

4.5

(«

2.£,2)

5)

0.5 + 0.1

(« = 5)

9.3 + 4.4

(« = 5)

1)

Ho-DI

0.0

(R = 10)

29.5 + 9.5

(« = 5)

11.5 + 3.9

(» = 8)

3) 27.5 + 2.4

(n = 5)

5.3 + 1.5

(« = 6)

4) 0.0

(n = 7)

0.0

(B = 7)

TABLE 2. AVP levels in plasma and CSF of rats. Values are in pg/ml.

Mean + S.E.M. is shown, (n = number of samples).

1) p < 0.01 Wistar versus He-DI;

2) p < 0.025 anaesthesia versus basal;

3) p < 0.0b withdrawal of CSF versus anaesthesia

(Wistar rats);

4) p < 0.00S withdrawal of CSF versus anaesthesia

(He-DI).
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DISCUSSION

Following development of sensitive RIA's, evidence has accumulated

about the presence of peptides from hypothalamic or hypophysial origin

in the CSF. The data, presented in this chapter, confirm earlier ob-

servations obtained by bioassay that AVP is present in CSF of dogs.

Heller et al. (1968) and Vorherr et al. (1968) reported values of

approximately 5 pU/ml or less. In the three species studied, the AVP -

values in CSF were around 10 pg AVP/ml, which is equivalent to ap-

proximately 5 ijU/ml.

Considering the very low cross-reactivity in the RIA with peptides

closely related to AVP, su^h as oxytocin and vasotocin (a hormone also

found in CSF (Pavel, 1970)), the AVP values reported are most probably

the actual concentrations. The total absence of immunoreactive AVP in

Ho-DI samples, even during conditions which cause high levels in

Wistar rats, supports this view. The route by which AVP reaches the

CSF is not clear. It is not likely that the AVP levels in CSF are

merely a reflection of the concentration in blood, ci.ice in that case

a fast passage of the nonapeptide through the blood brain barrier has

to be assumed. However, an effective blood brain barrier has been re-

ported for AVP (Vorherr et at., 1968) and other peptides, e.g. oxyto-

cin (Unger et al.} 1974) and ACTH (Allen et at., 1974).

The collection of CSF caused a rise of plasma AVP levels in rat.

It is possible that the basal AVP levels in rat CSF are lower than

the levels found, because an increased release of AVP into CSF may

occur also under the present conditions. The plasma AVP concentration

in dog showed no increase during CSF collection under pentobarbitone

anaesthesia, which is in good agreement with the findings of Bonjour

and Malvin (1970). The CSF AVP levels in dog were comparable to those

found in rats. The AVP levels in human CSF, collected without anaes-

thesia, were also in the same range. The basal plasma AVP values in

man, dog and rat are approximately the same (Chapter I) and accord- -

ing to the similarity of the CSF AVP values of these 3 species, we

conclude that the CSF AVP level in the rat is the basal level and

independent of plasma AVP values'. These findings point to a direct •

release of AVP into the CSF as has been proposed previously (Zimmer-

man et al., 1975).
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The total amount of AVP present in the ,CSF of the rat i s , accord-

ing to the present measurements, 1-2 pg, assuming a CSF volume in the

brain ventricular system of approximately 100 yl/100 g b.w. Neuro-

physin content in CSF of man and monkey is many fold higher (Robinson

and Zimmerman, 1973). This difference might be explained by a dif-

ferent uptake into brain tissue of AVP and neurophysin. This amount

of AVP in CSF can be bound by AVP-antiserum which has been shown to

result in a behavioural deficit in Wistar rats (Van Wimersma Greida-

nus et al.j 1975b). I t is also in good agreement with the observation

of significant changes in avoidance behaviour of rats after i . c .v .

administration of picogram amounts of AVP (De Wied, 1976).
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CHAPTER VI

EVIDENCE FOR THE DIRECT RELEASE OF VASOPRESSIN AND

OXYTOCIN INTO CEREBROSPINAL FLUID: MEASUREMENTS IN

PLASMA AND CSF OF INTACT AND HYPOPHYSECTOMIZED RATS

ABSTRACT

Arginine-8-vasopressin (AVP) and oxytocin were measured by radio-

immunoassay (RIA) in cerebrospinal fluid (CSF) and plasma of Wistar

rats under various conditions. In addition, basal plasma levels of

oxytocin were measured in Brattleboro rats, either homozygous or

heterozygous for diabetes insipidus (Ho-DI or He-DI, resp.). The

basal oxytocin plasma level of Ho-DI rats was elevated as compared

to He-DI and Wistar rats. Water deprivation caused a gradual in-

crease of plasma oxytocin levels in Wistar rats. CSF was collected

from Wistar rats by withdrawal from the cisterna magna under pento-

barbitone anaesthesia. CSF/basal plasma ratios were approximately 7

for both hormones. Anaesthesia induced a rise of the plasma AVP

level as well as of the plasma oxytocin level. Withdrawal of CSF

caused a dramatic rise of plasma AVP levels and, to a minor extent,

of plasma oxytocin levels. In rats used at 4 weeks after hypophy-

sectomy plasma AVP levels were only detectable after CSF withdrawal.
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CSF levels of AVP were elevated in these animals.

In intact and hypophysectomized rats, basal oxytocine plasma

levels and the increased levels after anaesthesia were the same.

The oxytocine release into the blood was partly impaired after hypo-

physectomy because CSF withdrawal did not result in a further rise

of plasma oxytocine levels. CSF oxytocin levels were the same in

intact and hypophysectomized rats.

A difference of the effect of hypophysectomy was thus observed

with respect to the release into CSF and plasma for AVP but not for

oxytocin. It is concluded that both hormones are released directly

into the CSF but in a different way.

INTRODUCTION

Hormones of hypothaiamic origin are present in CSF under physio-

logical conditions. This includes releasing hormones like thyrotropin

releasing hormone (TRH) (Knigge and Joseph, 1974) and gonadotropin re-

leasing hormone (LHRH) (O'oseph et al., 1975) and the neurohypophysial

hormones AVP (Chapter V; Heller et al., 1968; Vorherr et al., 1968)

and oxytocin (Unger et al., 1974). The presence of AVP and oxytocin

in the CSF is of interest with regard to their effects on the brain

(Unger and Schwarzberg, 1970; Urban and De Wied, 1975; Rees et al.,

1976), particularly of AVP since this hormone has been reported to

have a role in memory processes in the rat (De Wied et al., 1975; Van

Wimersma Greidanus et al., 1975a; Van Wimersma Greidanus and De Wied,

1977) . Previous studies (Chapter V) did not permit conclusions about

the route by which AVP reaches the CSF, because plasma AVP levels of

rats were highly elevated as a result of the withdrawal of CSF. There-

fore in the present study hypophysectomy was applied since it would

disturb the release of posterior lobe hormones into plasma. AVP and

oxytocin levels were measured in CSF and corresponding plasma samples

from intact and hypophysectomized rats using RIA's, The validity of

the oxytocin-RIA was evaluated by measuring plasma oxytocin levels

in Wistar rats during water deprivation and in plasma of Brattleboro

rats, either He-DI or Ho-DI for diabetes insipidus.
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MATERIALS AND METHODS

Radioimmunoassays

The RIA of AVP has been described (Chapter I). The iodination of

AVP was performed and the standard curve of antiserum 'E April' was

determined with an extremely potent synthetic AVP preparation (Organon,

Oss, The Netherlands, pressor activity in the rat: 509 I.U./mg). The

sensitivity of the standard curve is 0.25 pg AVP/tube. The cross re-

activity with vasotocin is approximately 0.25% and with oxytocin< 0.1%.

AVP was extracted from plasma and CSF samples with activated Vycor

glass powder. The recovery was 69.5+6.5% {n = 167) for a range of

AVP concentrations (2-32 pg AVP/sample). Plasma of Ho-DI rats was

used to measure the recovery of added amounts of AVP and to control

for aspecific effects.

The RIA of oxytocin was based on the RIA of AVP. The antibodies

were raised in rabbits (Swaab and Pool, 1975). The antiserum used

(0-2-Q) was selected according to its sensitivity in the standard

curve. A synthetic oxytocin preparation (Organon, Oss, depressor ac-

tivity in the rooster: 450 I.U./mg) was used for iodination and

standard curves. The incubation was performed in veronal buffer,

pH 9.0.Oxytocin was extracted from CSF and plasma samples with ac-

tivated Vycor glass powder. The extraction from plasma was markedly

improved by adjusting the pH to 7.0 with 20 yl 1 N HC1 per ml. Since

no oxytocin free plasma is available for control experiments, veronal

buffer (pH 7.0), containing albumin (1.25 mg/ml), was used to deter-

mine possible aspecific effects. Additionally, oxytocin was measured

in plasma of Wistar rats at 1 day after hypophysectomy. Recovery was

calculated for each experiment by adding standard amounts ocytocin

to buffer.

Sample collection

Male rats of an inbred Wistar strain (CPB-TNO, Zeist, The Nether-

lands) weighing 180-200 g were used. The animals were kept 5 per cage
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and had free access to food and water. The animal house was illu-

minated from 7 a.m. to 7 p.m. Plasma samples were obtained by deca-

pitation and subsequent centrifugation. In addition, oxytocin meas-

urements were also carried out on plasma from Brattleboro rats (CPB-

TNO, Zeist) (Ho-DI and He-DI). All animals were decapitated between

9 a.m. and 11 a.m. Hypophysectomy was performed under light ether

anaesthesia via the transauricular route. The animals were used 4

weeks after hypophysectomy.

CSF samples were collected from intact and hypophysectomized rats.

The operation was performed under pentibarbitone anaesthesia (6 mg/

100 g body weight, intraperitoneally). A hole was drilled into the

skull and a PP 25 polyethylene cannula was inserted into the cisterna

magna. CSF was withdrawn with a syringe into the PP 25 cannula. The

entire procedure took approximately 15 min. During the last 2-3 min

50-100 pi CSF per animal was aspirated. The samples were not or only

slightly contaminated with blood. The CSF samples were pooled per

group after centrifugation. Blood was collected by decapitation im-

mediately after the operation and plasma was separated. Plasma and

CSF was stored at -80 °C until tested. Measurements were performed

in portions of 200-300 pi of pooled CSF samples and in 1 ml plasma;

the extraction volume of CSF samples was adjusted to 1 ml with veronal

buffer (pH 7.0).

Calculation of statistics

The data of the RIA measurements were calculated automatically

with off-line computer facilities. Significance of differences was

tested with Student's i-test. A p value of < 0.05 was considered as

significant.

RESULTS

BIA of oxytocin

The iodination of oxytocin produced a tracer with a specific activ-
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itv varying from 500 to 1500 pCi/yg. The elution pattern showed 4
125peaks and was comparable to the I-AVP elution pattern (Chapter I),

though the 3rd and 4th peaks appeared after approximately 60 ml and

90 ml eluate, resp. The maximal binding capacity of 100 yl antiserum

0-2-Q (dilution 1:200) with an aliquot of tracer was 85 to 90% after

2 purifications. Fig. 1 shows the standard curve (sensitivity 0.5 pg/

tube) and the cross reaction curves with vasotocin and AVP. The cross

reactivity with vasotocin is considerable, especially in the lower

range of the standard curve, the cross reactivity with AVP being

negligible.

Log

10.000 100,000

FIGURE 1.

Representative standard curve of antiserum 0-2-Q (o o) with oxy-

tocin (0X1), after calculation by computer using a logit transforma-

tion. The cross reaction curves with AVP (x x) and vasotocin (AVT)

(Q O) are shown as well.

81



The extraction procedure resulted in a recovery of 55.8 + 6.9%

(n = 30). The sensitivity of the assay was therefore approximately

2 pg oxytocin/sample. No aspecific effects were found in veronal

buffer, containing albumin.

Measurements of CSF and plasma

Water deprivation caused a rise of oxytocin plasma levels in

Wistar rats (Table 1). Considerable variability occurred in the

groups with elevated levels. Basal oxytocin plasma levels in the

He-DI rats appeared to be the same as in Wistar rats, whereas basal

levels in Ho-DI rats were elevated.

Table 2 shows AVP and oxytocin levels in plasma and CSF samples

from intact and hypophysectomized rats. Anaesthesia induced a rise

of plasma AVP and oxytocin levels in intact animals. Withdrawal of

CSF caused an additional

Wistar rats:

Dasal level

after water deprivation

during: 24 hrs

48 hrs

96 hrs

Brattleboro rats:

He-DI basal level

Ho-DI basal level

plasma oxytocin levels in pg/ml

9.4 + 2.6 (n = 19)

1)

20

36

72

.7 +

.2 +

.9 +

3

21

30

. 6

. 4

.4

In = 15)

(n = 15)
(n = 20)

2)

3)

9.8 + 1.8 (n ~ 8)

50.5 + 15.6 {n = 8)4)

TABLE 1. Oxytocin levels in plasma of Wistar and Brattleboro rats.

1) Mean + S.E.M.; n = number of samples;

2) p < 0.01; basal versus 24 hrs of water deprivation;

3) p < 0.05; basal versus 96 hrs of water deprivation

4) p < 0.01; He-DI versus ho-DI
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AVP Oxytooin

basal plasma levels

plasma levels at 15 m m
after injection of pento-
barbitone

plasma levels after
withdrawal of CSF

CSF levels

1

4

29

11

intact

.7

(n

.5

(n

.5

(n

.5

(n

± 0.
= 9)

+ 2.

== 5)

+ 9.

= 5)

± 3-
== 8)

>

5

5

54>

9

«ypox
(4 weeks)

< 0.5

U = 8)

< 0.5

(n = 6)

3.8 + 0.65)

(n = 24)

36.9 + 11.56)

(n = 8)

9

31

60

73

intact

.4 +

in =

.7 +

In =

.8 +

(n =

.0 +

(n =

2.6

19)

9.73)

8}

7.34)

8)

6.1

7)

hypox
(4 weeks)

15.3 4

(n =

29.6 j

(« =

37.7 H

(n =

82.8 H

(n =

• 6 .

= 6)

: 4-

= 6)

: 1 2-

= 10)

h 16.

= 6)

8

57>

0 8 )

6

TABLE 2. Vasopre8sin (AVP) and oxytooin levels in cerebrospinal fluid (CSF) and plasma of

intact and hypophyëectomized Wistar rats. Values are given in pg/ml as maan +_ S.E.M,;

n = number of samples.

1) These values were presented %n Chapter V and are shown here for comparison.

2) p-< 0.025 (basal versus anaesthesia).

< 0.01 (basal versus anaesthesia).

0.05 (anaesthesia group versus group from which CSF was withdrawn).

3) p

4) p <

5) p < 0.001 (intact versus hypophyseatomized).

6) p < 0.05 (intact versus hypophyseatomized).

7) p < 0.05 (basal versus anaesthesia).

8) p < 0.05 (intact versus hypophyseatomized).
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AVP levels were not detectable in plasma samples of conscious or

anaesthetized hypophysectomized rats. However, release of AVP occur-

red in these animals after withdrawal of CSF (Table 2). CSF levels

of AVP are elevated after hypophysectomy.

No dissociation of CSF and plasma values was observed for oxytocin.

The basal plasma oxytocin level tends to be higher in hypophysecto-

mized than in intact rats, though the difference is not significant.

An increase of the plasma levels after anaesthesia is observed in the

hypophysectomized animals. The release of oxytocin in hypophysecto-

mized animals would appear to be impaired since the increase in plasma

oxytocin levels in these animals after CSF withdrawal was lower then

that in intact animals. CSF oxytocin levels are not affected at 4

weeks after hypophysectomy. The measurements of oxytocin in plasma

of Wistar rats at 1 day after hypophysectomy revealed a level of

3.6 + 1.8 pg/ml (n = 5).

DISCUSSION

A R1A of oxytocin was developed, based on a similar assay of AVP.

The results indicate that the assay is capable of detecting basal

plasma levels of oxytocin and that alterations in oxytocin levels

can be measured adequately. No oxytocin free plasma was available to

control for aspecific effects. However,, no aspecific effects were

found in albumin containing buffer. Secondly, an identical procedure

was used for AVP determinations and no aspecific effects were meas-

ured with this assay in Ho-DI plasma. Finally, the oxytocin level in

plasma of rats at 1 day after hypophysectomy was approximately 30%

of the value in intact animals. From these findings we conclude that

the values measured are not too high. The cross reactivity with vaso-

tocin is high in the low dose range of the standard curve. This is im-

portant because vasotocin has been demonstrated in CSF of anaesthe-

tized man (Pavel, 19 70) and of anaesthetized cats after intracerebro-

ventricular injection of melatonin (Pavel, 1973) and in the rat pineal

gland (Rosenbloom and Fisher, 1975). Recent measurements of vasotocin

in CSF of Wistar rats with a vasotocin RIA and a further identical

procedure as applied for AVP and oxytocin measurements, gave vasotocin
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levels in CSF which were below detection (< 7 pg/ml), indicating

that no cross reaction has occurred in the measurements of oxytocin.

The gradual increase of plasma oxytocin levels after water depriva-

tion is comparable to the rise of AVP (Chapter I), and is in good

agreement with an increased activity of the hormone producing cells

in the hypothalamus (Swaab, 1970) and with the decreasing AVP and

oxytocin content of the posterior lobe (Jones and Pickering, 1969;

during water deprivation. The"decreased oxytocin content of the poste-

rior lobe (Valtin et al., 1965; Van Wimersma Greidanus and De Wied,

1977) in Ho-DI rats is presumably the result of an increased release

since increased plasma oxytocin levels were found in these animals,

and this is accompanied by an increased synthens (Swaab ev al.,

1973) .

The present study confirms the presence of AVP and oxytocin in

CSF. The concentrations are comparable to those reported for AVP

(Vorherr et al., 1968) and oxytocin (Unger et al., 1974). The CSF

level of AVP is increased after hypophysectomy, while the release

into plasma is seriously impaired, even after a severe stimulus like

withdrawal of CSF. Hypophysectomy also eliminates the possibility of

transport of hormones via blood vessels from the neurohypophysis into

the median eminence and subsequent release into the Illrd ventricle

(Page et al., 1976). This data point to a direct release of this

hormone into the CSF, the more since an effective blood brain barrier

exists (Vorherr et al., 1968).

The elevated AVP values in CSF are probably the result of an in-

creased compensatory activity of the hypothalamic synthetizing nuclei

after hypophysectomy, which results in an increased direct release

into the Illrd ventricle. The high CSF ocytocin levels suggest also

a direct release of this hormone into CSF. The presence of oxytocin

in plasma of 4 weeks hypophysectomized rats can be explained by re-

generation of the neural lobe after hypophysectomy (Moll and De Wied,

1962; Daniel and Prichard, 1975). The normal plasma levels of oxyto-

cin suggest that regeneration is more effective for oxytocin neurones

as for AVP neurones. These findings are in good agreement with the

observations that the milk ejection response is restored at 10 days

after hypophysectomy (Bmtarningsih et al., 1958), and that water

balance is still disturbed 3 weeks after the operation (De Wied,

1965) . Another possibility is that oxytocin is released more easily
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into the portal vessels of the external layer of the median eminence.

Hormone release from this neurohumoral contact zone has been suggest-

ed by Oota et al. 0974) and Silverman and Zimmerman (1975).

In conclusion, AVP im ght exert its role in memory processes in

the rat via a direct release into the CSF and subsequent transport

to the brain regions involved, e.g. to the limbic system (Van Wimersma

Greidanus et al., 1975c). However, the memory deficit of hypophysec-

tomized and posterior lobectomized rats, as has been reported by De

Wied (1965) , which could be corrected after administration of LV3

(Bohus et al.3 1973), is contradictory to the high AVP levels in the

CSF. The biological significance of the high AVP and oxytocin levels

in CSF has therefore to be further investigated. The more, since re-

cent experiments showed that oxytocin may affect memory processes in

rats in the opposite direction to that of AVP (De Wied and Van Wimers-

ma GreJdanus, pers. conun.). It is possible that aypophysectomy as well

as posterior lobectomy eliminate additional factors which are neces-

sary lor rats in order to maintain memory consolidation. These may be

necessary in order to activate neurogenic peptides or sensitize the

CNS for the action of neurogenic peptides.
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GENERAL DISCUSSION

The studies presented in this thesis have revealed information

on the release and presence of AVP in plasma and CSF, which supports

the view that AVP has a function in the consolidation of acquired

behaviour in the rat. The pathway by which AVP reaches its receptor

sites may be either via direct release into and subsequent transport

by the CSF to the brain regions involved or via direct neuronal con-

nections. Burlet et al. (1976), Weindl et al. (1976), and Kozlowski

et al. (1976) demonstrated peptidergic neurons ascending from the

hypothalamus towards the limbic system which favours the last pos-

sibility. On the other hand, the presence of AVP in CSF from the

cisterna magna support the concept of a transport function of CSF.

Lumbar CSF of man contained approximately 5.4 ng neurophysin and

10 pg AVP per ml (Robinson and Zimmerman, 1973; Chapter V); CSF from

the cistema magna contained approximately 4.0 ng neurophysin/ml in

monkey and approximately 10 pg AVP/ml in the dog and rat. Though

different species are mentioned, this could mean that the neurophysin

content of the CSF from the cisterna magna is approximately 40 times

higher than the AVP content, when compared on a molar base. As pro-

posed in chapter VI both compounds are presumably directly released

into the ventricular space and this should occur in approximately

equimolar proportions (Robinsori and Zimmerman, 1973). Consequently,

a concentration gradient of AVP might exist inside the ventricular

system, possibly caused by a rapid uptake of AVP in brain tissue, but

not of neurophysin. Preliminary measurements of AVP in CSF, collected

from one of the lateral ventricles of rats, revealed that nanogrars

amounts of AVP per ml CSF are present in this region of the ventric-

ular system (Van Wimersma Greidanus, pers. comm.). The site of direct
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release into the Illrd ventricle is not well established. Elecr.ron-

microscopic evidence for neurosecretion from the infundibular recess

of mouse as presented by Wittkowski (1968) could not be confirmed at

the electronmicroscopic level in tissue of the infundibular recess

of the rat fixed by perfusion techniques and specifically stained for

AVP (Buijs, pers. comm.).

Considering the high AVP levels in CSF of hypophysectomized rats,

it is difficult to understand why posterior lobectoiuized rats show im-

paired avoidance behaviour since it is to be expected that the AVP

level in the CSF of such animals is elevated, as in the case of hypo-

physectoniized animals, r'ossibly, posterior lobectomy, which always

includes removal of the intermediate lobe, eliminates an additional

factor which has to be present for normal extinction behaviour of the

rat (De Wied, 1969). In this respect it is interesting to note that

a peptide very similar to a-MSH, a peptide ^rom the intermediate lobe,

but distinguished from a-MSH itself, is present throughout the whole

CNS. However, at 2 as well as at 4 weeks after hypophysectomy this

compound was still present in the CNS (Swaab and Visser, 1977; Swaab,

pers. comrn.).

In hypophysectomized animals it might be that additional factors

from the anterior lobe are eliminated, which have to be present in

order to enable AVP to exert a memory consolidating action. Possibly,

ACTH or an ACTH like component is of significance in this respect.

However, administration of LVP could restore the behavioural deficit

of hypophysectomized rats (Bohus et al., 1973).

The number of types of behaviour that are affected by treatment

with AVP or analogues such as fear motivated avoidance behaviour,

food and sexually rewarded conditioned behaviour, and the facilita-

tion of the development of resistance to the analgesic action of

morphine after AVP treatment and the protection of AVP treatment

towards retrograde induced amnesia, suggest that the effects of AVP

and its analogues on neuronal substrates are of a general nature and

wide spread through the CNS (review: Van Wimersma Greidanus and De

Wied, 1977). Only little information is available about the cellular

processes, either membrane bound or intracellular, which are initiated

by AVP. Studies on the interaction of LVP with artificial bilayer

lipid membranes showed an increase of water permeability (Bach and

Miller, 1974) and a decrease of electrical resistance of these me&-
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branes upon application of LVP to the solution (Graziani and Livns,

1973). Furthermore it has been reported that LVP induced a long last-

ing Na conductance of the membrane of an identified isolated inver-

tebrate neuron (Barker and Smith, 1976) . These observations suggest

that membrane bound processes are initiated by AVP and its analogues.

The subsequent steps of the reaction cha^n may include the activation

of adenylate cyclase by AVP followed by formation of cyclic AMP and

phosphorylation of membrane bound proteins, finally resulting in

changes of the sodium transport and water permeability of the

neuronal membranes. Such biochemical processes have been proposed

for the action of AVP on the cell membranes of the distal nephron

of the kidney (Dousa et al.t 1973) and on the cell membranes of the

toad bladder (DeLorenzo et al.} 1973). Besides these membrane bound

processes, AVP and its analogues may affect intracellular protein

synthesis as well since amnesia induced by protein synthesis in-

hibitors, like puromycin and anisomycin, can be antagonized by AVP

and analogues (Lande et al., 1972; Walter et al., 1975), but this

antagonistic effect can be explained also by a membrane bound ac-

tion of AVP since the protein synthesis inhibitors have many side

effects (Entingh et al., 1975).

Summarizing, it seems favourable to assume that membrane bound

pro(_jsses are initiated by AVP or its analogues (dependent on dose

and intrinsic activity) and these result in changes of the electrical

activity of neuronal membranes. Although the exact mechanisms have

yet to be elucidated, it appears that AVP and j.ts analogues can be

regarded as mediators between environmental stimuli and the expres-

sion of acquired behaviour.

Furth€»r study on the release of AVP and other hypophysial hormones

into the CSF, in combination with behavioural experiments and electro-

physiological recordings, may provide more information on the inter-

action of the peptides with the brain structures involved in the pro-

cesses of the consolidation of acquired behaviour. Inununocytochemistry

at the light and electronmicroscopic level can provide information

on the exact pathways of release of AVP into the CSF, on intracerebral

connections and on receptor areas in the brain.
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SUMMARY

The aim of the investigation described in this thesis was to col-

lect data on the role of arginine-8-vasopressin (AVP) in memory pro-

cesses in the rat. Memory is defined here as the retention of acquired

behaviour. Determinations of AVP were carried out in plasma and cerebro-

spinal fluid (CSF) of man, dog and rat after various stimuli in order

to study its release and the route by which it reaches its receptor

sites in the central nervous system.

In Chapter I a radioimmunoassay (RIA) of AVP was described, which

was developed for the present investigation» The sensitivity of this

assay was 1 pg AVP/sample. The RIA was used to measure basal AVP con-

centrations in plasma and urine of man, dog and rat and in the rat

after water deprivation which caused a rise in plasma AVP levels. From

these data, which were in good agreement with those from literature

obtained by bioassays and RIA's, it was concluded that the RIA was

valid to measure basal and elevated plasma AVP levels. The validity

of the RIA was further evaluated by measuring AVP levels in rat plasma

after application of histamine, a possible neurotransmitter in the

hypothalamus (Chapter II)• It appeared that histamine induced a very

fast and high elevation of AVP levels in plasma. These effects were

dose and time related. Intracerebroventricular (i.c.v.) injection was

more effective than intraperitoneal (i.p.) injection. It was concluded

that histamine is a potent releaser of AVP in the rat and that it may

act via central pathways.

In order to study the role of endogenous AVP in avoidance beha-

viour of rats an investigation of the correlation of plasna AVP

values and passive avoidance performance was carried out. AVP was

determined in peripheral plasma (collected after decapitation) and
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in eye plexus plasma (obtained by puncture under light ether anaes-

thesia) . The AVP levels in eye plexus plasma varied between 10 to

75 times the basal peripheral plasma level. No correlation was

found between the latencies of the rats to enter the dark compart-

ment and plasma AVP levels. The variable values probably are the

result of the way of sampling and the ether anaesthesia. AVP levels

in peripheral plasma of animals exposed to electric footshock were

not different from non-shocked animals except for the group exposed

to the highest shock level of 1.00 mA and decapitated 5 min after

the beginning of the retention session. This group showed a moderate

increase of AVP levels in peripheral plasma. AVP levels of rats, de-

capitated 5 min after an inescapable shock of 1,00 mA of 3 sec dura-

tion were not different from the basal AVP level. It was concluded

that stimulus coupled release of AVP does not occur in these circum-

stances and that the release of AVP into the circulation is not in-

volved in the maintenance of avoidance behaviour (Chapter III).

The availability of AVP-antiserum made it possible to use this

serum as an 'antagonist' of endogenous AVP in behavioural experi-

ments. AVP-antiseruip (1 \il) was administered i.c.v. either half an

hour before or immediately after the learning trial in a passive

avoidance situation. At 24 and 48 hrs after this treatment the animals

showed no passive avoidance behaviour. When the animals were tested

either 2 min or 1 hr after the learning trial avoidance response was

normal. From this it was concluded that AVP affects memory function

rather than learning processes. When 100 \il AVP-antiserum was given

intravenously (i.v.) immediately after ths learning trial, there was

no disturbance of avoidance behaviour observed 24 hrs later. The i.v.

administration of AVP-antiserum effectively neutralized AVP in the

circulation, as indicated by the extremely low AVP level in the urine,

and an increased urine production. From chese findings it was concluded

that AVP acts via an intracerebral connection between the production

sites in the hypothalamus and AVP receptor areas in the brain. This

is possible via direct neuronal connections; another possibility is

that direct AVP release into the Illrd ventricle occurs followed by

transport by the CSF to the brain areas involved.

The distribution of the AVP-antibodies administered i.c.v. in the

ventricular system of the rat brain was investigated by immunofluor-

escence microscopy in order to localize the site of neutralization
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of AVP. One minute after the injection of AVP-antibodies into one of

the lateral ventricles, the antibodies were observed throughout the

whole ventricular system. A preferential uptaKe was observed in the

ependymal cell layer and in the choroid plexus. At 15 min after i.c.v.

injection the antibodies were not detectable in the ventricles, neither

was accumulation of antibodies in specific brain regions observed

(Chapter IV).

Subsequently, measurements of AVP in CSF samples of rats (Wistar

and Brattleboro), dog and man were performed. CSF was withdrawn from

the cisterna magna in the rat and the dog under pentobarbitone anaes-

thesia. CSF of man was collected by lumbar puncture from hernia pa-

tients without use of anaesthesia. Pentobarbitone anaesthesia caused

a rise of plasma AVP levels in Wistar rats. After withdrawal of CSF

the AVP levels in plasma showed an additional rise. The values in

Brattleboro rats, heterozygous for diabetes insipidus, were similar

as in Wistar rats, whereas AVP was never detected in plasma of ratr,

homozygous for diabetes insipidus. The plasma samples of dogs were

collected at the same time as the CSF samples. Plasma AVP levels in

dogs during CSF collection under anaesthesia, were not different from

basal levels. In rat, dog and man AVP levels in CSF appeared to be:

11.5 pg/ml, 5.8 pg/ml and 11.5 pg/ml, respectively. The CSF AVP values

in dog and man were higher than the basal plasma AVP levels, whereas

AVP levels in rat CSF were lower than the corresponding plasma levels

as a result of the elevated plasma AVP levels following withdrawal of

CSF. These observations point to a direct release of AVP into the CSF

(Chapter V).

To investigate the possible release of AVP into the CSF, measure-

ments were performed on plasma and CSF of Wistar rats from which the

pituitary had been surgically removed. The animals were used at 4

weeks after the operation. Measurements of oxytocin were also perform-

ed using a recently developed RIA.

Basal levels of plasma oxytocin in Brattleboro rats, homozygous for

diabetes insipidus, were elevated as compared to the basal levels in

th&ir heterozygous litter mates and in normal Wistar rats. Water de-

privation caused an increase in plasma oxytocin levels in Wistar rats.

Pentobarbitone anaesthesia used for CSF withdrawal caused a rise of

plasma oxytocin levels in intact rats and the withdrawal of CSF re-

sulted in an additional increase. The ratio of CSF levels to basal
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plasma levels in intact animals was 7 for both oxytocin and AVP. In

hypophysectomized animals practically no AVI was detectable in plasma,

whereas CSF values were increased from 11.5 pg/ml in intact animals

to 36.9 pg/ml in operated animals. A difference was thus observed

between the effect of hypophysectomy on the release of AVP into CSF

and into the circulation. This strongly argues for the direct re-

lease of AVP into the CSF.

Basal levels of plasma oxytocm and the levels after anaesthesia

were not affected by hypophysectomy. The release of oxytocin into

the circulation was partly impaired in these animals as judged from-

the relatively low value of oxytocin in plasma after withdrawal of

CSF. The oxytocin values in plasma were explained by the fact that

regeneration occurs after hypophysectomy. This regeneration is ap-

parently more effective for oxytocin than for vasopressin releasing

posterior lobe cells.

It was concluded that AVP may exert its role in memory processes

after direct release into the CSF and subsequent transport by the

CSF to the brain regions involved (Chapter VI).
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SAMENVATTÏNG

In dit proefschrift wordt een onderzoek beschreven dat gericht

v/as op het verkrijgen van gegevens over de betekenis van arginine-8-

vasopressine (AVP) voor geheugenprocessen van de rat. Geheugen is in

dit onderzoek gedefinieerd als het handhaven van geconditioneerd ge-

drag. Er werden AVP bepalingen gedaan in plasma en cerebrospinaal

vocht (CSV) van de mens, de hond en de rat om de relatie tussen ver-

schillende prikkels voor de afgifte van AVP en de aanwezigheid van

AVP in plasma en CSV te bestuderen en na te gaan hoe AVP zijn aan-

grijpingspunt in het centraal zenuwstelsel kan bereiken.

In hoofdstuk I wordt een radioimmunolog'ische bepaling (RIA) voor

AVP beschreven, die voor dit onderzoek ontwikkeld werd. De gevoelig-

heid van de bepaling was 1 pg AVP/monster. Met deze RIA werden AVP

bepalingen gedaan in plasma en urine van de rat, de hond en de mens.

Dorsten veroorzaakte een toename van de AVP concentraties in het

bloed van de rat. Op grond van de verkregen gegevens die in goede

overeenstemming waren met literatuur gegevens die zowel met behulp

van biologische bepalingen als RlA's waren verkregen, werd geconclu-

deerd dat deze RIA voldeed aan de eisen om basale en verhoogde AVP

concentraties in plasma te meten.

Om de waarden van de RIA verder te toetsen werden AVP bepalingen

gedaan in plasma van de rat na toediening van histamine, welke laat-

ste mogelijk een functie als neurotransmitter in de hypothalamus

neeft (Hoofdstuk II). Het bleek dat histamine na intraperitoneale

(i.-p.) toediening snel een sterke en dosis-afhankelijke af gif < e van

AVP veroorzaakt-. Voorts bleek dat intracerebroventriculaire (i.c.v.)

toediening effectiever was dan i.p. toediening. Hieruit werd geconclu-
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deerd dat histamine afgifte van AVP kan veroorzaken en dat dit moge-

lijk via een centraal werkingsmechanisme gebeurt.

Om de betekenis van endogeen AVP voor vermijdingsgedrag te bestu-

deren werd een onderzoek gedaan naar de correlatie tussen AVP con-

centraties in bloed van ratten en latentietijden tijdens passief ver-;

nujdingsgedrag. AVP werd bepaald in perifeer plasma (verzameld na de-

capitatie) en in plasma uit de oogplexus (verzameld onder ethernar-

cose). De AVP gehaltes van oogplexus plasma bleken zeer variabel en

10 tot 75 maal zo hoog als van perifeer plasma en er was geen corre-

latie met de latentietijden. De hoge en variabele qehaltes waren het

gevolg van de ethernarcose en waarschijnlijk tevens de manier van af-

nemen van oogplexus bloed. De AVP concentraties in het perifere plas-

ma van de geschokte dieren waren niet verschillend van niet-geschokte

dieren met uitzondering van de groep die een schok van 1,00 mA had

gekregen en 5 min na het begin van de retentiesessie was gedecapi-

teerd. Bij deze groep dieren werd een lichte verhoging van AVP ge-

vonden m het perifere plasma. Dieren die 5 min na het toedienen van

een elektrische schok door de poten van 1,00 mA gedurende 3 sec, waren

yedecapiteerd hadden ook geen verhoogd AVP gehalte in het perifere

plasma. Hieruit werd geconcludeerd dat de hypothese van een stimulus

gekoppelde afgifte van AVP onder deze experimentele omstandigheden

niet opgaat en dat voor het handhaven van vermijdingsgedrag de af-

gifte van AVP aan de circulatie niet van essentieel belang is (Hoofd-

stuk III) .

De beschikbaarheid van AVP-antiserum opende de mogelijkheid dit

serum als 'antagonist' van endogeen AVP te gebruiken in gedragsexpe-

rimenten. AVP-antj serum (1 \xl) werd een half uur voor of onmiddellijk

na de elektrische schok tijdens een passief vermijdingsgedrag experi-

ment i.c.v. toegediend. Na 24 of 48 uur bleken de behandelde dieren

geen passief vermijdingsgedrag te vertonen. Wanneer de dieren 2 min .

of 1 uur na de schok werden getest bleek het vermijdingsgedrag nog

normaal. Hieruit werd geconcludeerd dat AVP meer betrokken is bij

geheugenprocessen dan bij leerprocessen.

Wanneer direct na de schok 100 yl AVP-antiserum intraveneus (i.v.)

werd gegeven bleek er 24 uur later geen gestoord vermijdingsgedrag

waarneembaar, ondanks het feit dat i,v. toediening van AVP-antiserum

het in de perifere circulatie aanwezige AVP neutraliseerde: in de
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urine van deze ratten was nl. een relatief zeer lage hoeveelheid AVP

aantoonbaar en er trad een verhoogde urineproduktie op.

Op grond van deze resultaten werd geconcludeerd dat AVP nieu via

de perifere circulatie op het centraal zenuwstelsel werkt, maar dat

er een meer directe verbinding tussen de produktxeplaatsen m de

hypothalamus en de receptor yebieden in de hersenen moet zijn. Dit is

mogelijk via directe neuronale verbindingen, doch er kan ook directe

afgifte van AVP aan de Hide ventrikel optreden, gevolgd door trans-

port door het CSV naar de betrokken hersengebieden.

De verdeling van de ï.c.v. toegediende AVP-antilichamen door het

ventrikulaire systeem van de rattehersenen werd onderzocht met immuno-

fluorescentie microscopie om de plaats van de neutralisatie van AVP

te lokaliseren. Eén minuut na toediening in een van de laterale ven-

trikels werden de AVP-antilichamen door het gehele ventrikulaire sy-

steem aangetroffen. Een preferente opname werd gezien in de ependym

cellen en in de plexus chorioideus. Na 15 min waren de antilichamen

niet meer detecteerbaar in de ventrikels, noch ./erd er accumulatie

in een bepaald hersengebied waargenomen (Hoofdstuk IV).

Naar aanleiding van deze resultaten werden bepalingen van AVP in

het CSV van de rat (Wistar en Brattleboro), de hond en de mens gedaan.

CSV werd bi} de rat en de hond onder pentobarbital narcose afgenomen

uit de cisterna magna. CSV werd bi] mensen (hernia patiënten) verza-

meld door een lumbaal punctie zonder narcose.

De narcose veroorzaakte een verhoging van de plasma AVP spiegels in

de Wistar rat; de afname van CSV veroorzaakte een extra verhoging. De

AVP waarden in plasma van Brattleboro ratten, heterozygoot voor diabe-

tes insipidus, warer. na deze behandelingen niet verschillend van de

waarden in wistar ratten. In plasma van Brattleboro ratten, homozygoot

voor diabetes insipidus, was nooit AVP detecteerbaar. De plasma mon-

sters van de honden werden op hetzelfde moment afgenomen als de CSV

monsters. De AVP concentratie in deze plasma monsters was niet ver-

schillend van de basale AVP concentratie. In de rat, de hond en de

mens werd een gemiddeld AVP gehalte in het CSV gemeten van res. 11,5

pg/ml, 5,8 pg/ml en 11,5 pg/ml. In de hond en de mens waren de CSV

waaraen hoger dan overeenkomstige plasma waarden. In de rat was dat

niet het geval omdat het verzamelen van het CSV een sterke verho-

ging van de plasma AVP spiegels veroorzaakte. Deze waarnemingen wij-

zen op een directe afgifte van AVP aan het CSV (Hoofdstuk V).



Om verdere aanwijzingen te verkrijgen over een mogelijke directe

afgifte van AVP aan het CSV werden bepalingen gedaan in plasma en

CSV van Wistar ratten waarbij de hypofyse operatief was verwijderd.

De dieren werden 4 weken na de operatie gebruikt. Er werden nu ook

bepalingen van een ander achterkwabhormoon, oxytocine, gedaan, waar-

van inmiddels een RIA ontwikkeld was. Dorsten veroorzaakte in intac-

te ratten een toename van plasma oxytocine concentraties. De oxytoci-

ne concentratie in bloed van Brattleboro ratten homozygoot voor dia-

betes insipidus, was verhoogd vergeleken met heterozygote en met

Wistar ratten. De pentobarbital narcose, gebruikt tijdens het afne-

men van CSV, veroorzaakte in intacte dieren ook voor oxytocine een

verhoging van de plasma gehaltes, terwijl het wegzuigen van CSV zelf

e^n extra verhoging veroorzaakte. De verhouding van de CSV waarden

en de basale plasma waarden was 7 voor AVP en oxytocine. In de ge-

nypofysectomeerde dieren was m het bloed praktisch geen AVP te detec-

teren. In het CSV was AVP toegenomen van 11,5 og/ml tot 36,9 pg/ml. Er

werd dus een dissociatie waargenomen van het effect van hypofysectouie

op de afgifte van AVP aan CSV en aan plasma. Dit wijst erop dat directe

afgifte van AVP aan CSV optreedt.

De oxytocine waarden in bloed waren onder basale omstandigheden

en na narcose niet verschillend voor intacte en gehypofysectomeerde

dieren, evenmin als de CSV concentraties. De afgifte van oxytocine

was echter wel gedeeltelijk gestoord aangezien de extra verhoging

in plasma van intacte dieren door het wegzuigen van CSV niet gevonden

werd in gehypofysectomeerde dieren. De oxytocine spiegels in het bloed

werden verklaard uit het feit dat de hypofyseachterkwab regenereert

na hypofysectomie. Deze regeneratie is effectiever voor oxytocine pro-

ducerende neuronen dan voor AVP producerende neuronen.

Er werd geconcludeerd dat AVP zijn functie vooi het handhaven van

geconditioneerd gedrag van de rat kan vervullen via directe afgifte

aan het CSV en daarop volgend transport door het CSV naar de daarvoor

in aanmerking komende hersengebieden.
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DANKWOORD

Dit proefschrift is een gezamenlijkwerk'-tuk dat door de inbreng

van velen tot stand js gekomen. In mijn geval is het geen cliché

om dat te stellen. Op het Rudolf Magnus Instituut heb ik van ieder-

een vriendschap en medewerking ondervonden. De kring waarmee ik het

nauwste samenwerkte heeft vele mutaties gekend in die 2k jaar. Ik

bewaar de beste herinneringen aan Ruud Buijs, Hans Goedemans, Angêle

Delklef, Andrea Siepmann, André van Dijk, Gerda Croiset en meerdere

studenten en buitenlandse gasten die in werkgroep IV, Hormonen en

Gedrag, meedraaiden. Tjeerd Greidanus is binnen deze groep de bin-

dende factor geweest die met een grenzeloos didactisch geduld "het

jonge goed" aan het werk hield en slechts bij zeer hoge uitzonde-

ring zijn goede humeur verloor. Mede"zijn liberale reactie op mijn

beslissing om naar het Herseninstituut te gaan heeft tot gevolg ge-

had dat we zonder vertragin-j en in blijvend goede samenwerking het

onderzoek hebben kunnen voortzetten.

Op het Herseninstituut heb ik evenzeer van iedereen vriendschap

en medewerking ondervonden. Gedurende de periode"dat de onvoldragen

beslissing van Staatssecretaris Klein om het Instituut op te heffen

ongedaan gemaakt moest worden en de huidige periode waarin de schrij-

nende consequenties van de reorganisatie uitgevoerd worden, is het

mogelijk gebleken persoonlijke relaties te bestendigen. Ik doe met

groot plezier mijn werk binnen de projectaroep Neuro-endocrinologie,

waarvan Anke van de Velden, Cora van Rheenen, Ans van Buuren, Dick

Swaab, Gerard Boer, Kees Boer, Fred van Leeuwen, Bart Fisser en

Frank Snijdewint deel uitmaken.

Voor verschillende aspecten van dit proefschrift hebben een aan-

tal mensen een apart te vermelden bijdrage i eleverd. Ruud Bui js, Hans
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Coedemans, Angêle Delklef, Gerda Croiset, Jan Brakkee en Cora van

Rheenen hebben veel praktisch werk verzet. Dr. H.M. Greven (Organon)

stelde de peptiden beschikbaar. John Milligan en Karel Kuypers heb-

ben een essentiële bijdrage geleverd door het produceren van een com-

puterprogramma dat vele, vele dagen rekenen heeft bespaard. Greetje

Smidt heeft met grote toewijding het manuscript getypt. De voorplaat

van het boekje is getekend door Kees Boer. Deze vormgeving beschouw

ik als de "finishing touch", die dit gezamenlijke werkstuk de nodige

fleur geeft.

Tenslotte is de wetenschappelijke begeleiding in handen geweest

van Prof. De Wied, Tjeerd Greidanus, Dick Swaab en, in de laatste

fase, Dr. Vliegenthart. De wetenschappelijke begeleiding van Prof.

De Wied is voor mij een belangrijke inspiratiebron geweest en ik

hoop nog vele jaren door hem "geringeloord" te worden. De praktische

en wetenschappelijke begeleiding van Tjeerd en nu ook van Dick 2ijn

onontbeerlijk voor mij. De bereidheid van Dr. Vliegenthart om als

promotor op te treden geeft mij de kans te promoveren in de facul-

teit waarin ik ben afgestudeerd. Zijn belangstelling is gebleken

uit de waardevolle kritiek die hij heeft geleverd, waardoor het

proefschrift zeker is verbeterd.

Allen, die mij geholpen hebben wil ik bedanken.
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CURRICULUM VITAE

De schrijver van dit proefschrift werd geboren op 24 januari 1945

te Vleuten. Zijn eerste levensjaren bracht hij door op vele plaatsen

in het huidige Indonesië. In 1950 kwam hij naar Zutphen en ging voor

Openbaar Lager Onderwijs naar de David Evekink School. In september

1957 begon hij op het Stedelijk Lyceum te Zutphen en behaalde, in-

middels woonachtig in Diepenveen, in juni 1964 het eindexamen Gym-

nasium B. Van september 1964 tot oktober 1970 studeerde hij schei-

kunde aan de Rijksuniversiteit te Utrecht. Het kandidaatsexamen

werd behaald in november 1968 en het doctoraal examen in oktober

1970, met als hoofdvak biochemie (Prof. Dr. L.L.M, van Deenen) en

als bijvak farmacologie (Prof. Dr. D. de Wied;. Van november 1970

tot mei 19 72 diende hij bij het wapen der artillerie en droeg een

jaar de blauwe muts met gele kwast der Gele Rijders.

Op 1 juni 1972 trad hij als assistent-farmacoloog in dienst van '

de Rijksuniversiteit te Utrecht en begon onder leiding van Prof.

Dr. D. de Wied en Dr. Tj.B. van Wimersma Greidanus op het Rudolf

Magnus Instituut aan het onderzoek dat tot dit proefschrift heeft

geleid. Van 1 september 1972 tot 1 maart 1973 heeft hij stages ge-

lopen op het Rijksinstituut voor Volksgezondheid (Prof. Dr. J. van

Noordwijk) en het Instituut voor Veterinaire Farmacologie en Bio-

logische Toxicologie (Prof. Dr. H. van Genderen), in het kader van

de postdoctorale farmacologenopleiding.

Op 1 november 1974 trad hij als wetenschappelijk ambtenaar in

dienst van het Nederlands Centraal Instituut voor Hersenonderzoek

(Dr. D.F. Swaab), alwaar het onderzoek werd voortgezet. Sinds janu-

ari 1977 is hij in dienst van de Koninklijke Akademie van Weten-

schappen en werkzaam op het Nederlands Instituut voor Hersenonder-

zoek.
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De schrijver xs gehuwd met Tineke Alberts. Zij hebben twee kin-

deren: Marileen, 9 jaar oud, en Chris, 7 jaar oud. In zijn vrije

tija zet hij zich in voor het behoud van het Nederlandse Wadden-

gebied door een actieve inbreng in de Landelijke Vereniging tot

Behoud van de Waddenzee.
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