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PHARMACOL BIOCHEM BEHAV 56(4) 603–611, 1997.—Pure cognition and hence pure cognitive dysfunction might
be expected to have no direct relation to any specific emotion. Changes in cognitive processing will change the assessment
of stimuli and thus could change emotional responses nonspecifically. However, neurology suggests a more direct relation
between at least some aspects of cognition and emotion. The limbic system in general and the hippocampus in particular
have been suggested at different times to be crucial for both memory and emotion. Even recently, O’Keefe and Nadel (The
hippocampus as a cognitive map, Oxford University Press, 1978) proposed that the hippocampus is a spatial, or cognitive,
map, while Gray (The neuropsychology of anxiety: An enquiry into the functions of the septo-hippocampal system, Oxford
University Press, 1982) proposed that it is central to anxiety. This apparent incongruity can be resolved by combining recent
developments in the psychology of anxiety (which emphasise changed processing biases), recent extensions of Gray’s theory
(which bring it closer to cognitive views), and recent theories of the role of the hippocampus in memory (which see it as
controlling rather than storing information). This paper proposes that at least some instances of clinical anxiety could result
from hyperactivity of the septo-hippocampal system, which would produce cognitive dysfunction in the form of increased
negative associations of stimuli with a consequential increase in anxiety when the stimuli are subsequently presented.
 1997 Elsevier Science Inc.
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COGNITION and emotion, since they are distinct terms, our cognitive machinery may reflect the fact that it is required
(in evolutionary terms) to produce “emotionally desirable”might be expected to refer to quite distinct entities (indeed,

in everyday speech, reason and emotion are often not only outcomes. Consistent with this general view, in this paper I
will argue that generalised anxiety disorder can be the resultdistinguished from, but contrasted with, each other). From a

Darwinian point of view, however, cognition and emotion of a purely cognitive primary dysfunction, despite the fact that
it is normally characterised as an emotional disorder.must, at least, be synergistic. Emotion, far from being some-

thing that interferes with rational action, must be something Because I am arguing for a tight, albeit consequential, link
between cognition and emotion in this case, I must first arguethat results in adaptive responding (and hence, in a sense,

rational responding), at least under phylogentically frequent for the making of a theoretical distinction between them. Oth-
erwise, any relation between them could be of identity rathercircumstances (38). More significantly, perceptual and cogni-

tive systems are, in this view, present only to provide an appro- than consequence.
Let us first consider the case of sensory preconditioning.priate filter for environmental information so that it produces

the appropriate “emotional” response. As a result, the cogni- In this paradigm, one neutral stimulus (A) is presented consis-
tently before a second neutral stimulus (B). No behaviouraltive equipment of an individual or species is likely to reflect the

specific uses to which it can be put under its normal ecological or autonomic changes are observed. However, subsequent
pairing of B with a reinforcer, in the absence of A, will, whencircumstances, rather than simply maximising information

processing capacity in any general way. A is next presented, produce a response to A similar to that
which has been conditioned to B. From this we conclude thatThere is, then, reason to suppose that our cognitive equip-

ment may be inherently emotional. That is, the “design” of during the A-Bpairings, neural linksbetween their representa-

1Requests for reprints should be addressed to Neil McNaughton, Department of Psychology, University of Otago, POB 56, Dunedin, New
Zealand. E-mail: nmcn@otago.ac.nz
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tions were strengthened, but this strengthening did not result precise relations between these various entities “and yet,” to
continue quoting James (27), “it is even now certain that ofin any specific motivational or respondent consequences (and,

indeed, these consequences are wholly determined by the na- two things concerning the emotions, one must be true. Either
separate and special centres affected to them alone are theirture of B). In this and other learning paradigms, then, we

have evidence for a change purely in the animal’s cognitive brain seat, or else they correspond to processes occurring in
the motor and sensory centres, already assigned, or in othersstructures [see (15)].

Let us next consider the case of a rat’s response to cat like them, not yet mapped out.”
In the searches for the brain centres required by James,odour. Even with no prior experience of cats, a rat will display

a variety of “risk assessment” behaviours and accompanying we have seen emotion identified with a variety of areas. It has
been identified with activity in the thalamus and its interactionsigns of autonomic arousal when it encounters the odour of

a cat [(4); see also (61)]. While there is a sense in which the with the neocortex (7), which we would now view as funda-
mentally concerned with sensory processing and cognition. Incat odour must have altered the rat’s cognitions and in which

at least some of the changes in the rat’s behaviour may depend contrast, it has also been identified with activity in the limbic
system and archicortex [e.g., (56)].on the presence of particular cognitions, I will take this as an

example of an emotional response that is not mediated by Papez’s (56) theory was inherently anatomical, but none-
theless encompassed a wide variety of physiological data. Atextensive cognitive processing. Note here that, unlike the ha-
its root was the distinction (maintained across a wide varietybituation of fear reactions to most novel stimuli, the response
of phyla) between “the medial wall of the cerebral hemisphereto cat odour does not appear to habituate across trials (63).
[which] is connected anatomically and integrated physiologi-More importantly, it seems likely that the observed responses
cally with the hypothalamus and . . . the lateral wall [which]would not be affected greatly by any treatment that specifically
is similarly related to the dorsal thalamus. These fundamentaldisrupts any clearly defined purely cognitive process [other
relations [in lower vertebrates] are not only retained butthanrendering the rat anosmic; although exposure to cat odour
greatly elaborated in the mammalian brain by the furtherdoes produce significant changes in benzodiazpeine binding in
development of the hippocampal formation and the gyrusthe frontal cortex (26)]. Certainly we know that rage survives
cinguli in the medial wall and of the general cortex in theintact, and indeed becomes indiscriminate (and hence is
lateral wall of each cerebral hemisphere” [Papez (56)].known as “sham rage”), with the removal of the bulk of the

Of particular interest to our present argument is the factforebrain [where much cognitive processing is presumed to
that Papez essentially identified the hippocampal/cingulateoccur; see also (58)].
elaboration with emotion and the more lateral elaborationsFinally, let us consider the course of autonomic and hor-
of the cortex with what we would now see as more cognitivemonal reactions during avoidance conditioning. The release of
processes. By contrast, many modern theories see the hippo-corticosterone and the occurrence of defecation both increase
campus, at least, in more cognitive terms [e.g., the “cognitiveduring the initial learning of an avoidance response and then,
map” of O’Keefe and Nadel (51)], although the cingulateas avoidance becomes perfect, they decrease. The changes are
would still be seen as a more “emotional” structure. (Thisnot due simply to the presence or absence of shock, since
separation of hippocampal formation from cingulate cortex isforced extinction (when the making of the avoidance response
far from clear, and we will have reason, below, to link theis blocked but no shock is delivered) also results in corticoste-
posterior cingulate with the functions of the septo-hippocam-ronerelease (10). Corticosterone release does not occurduring
pal system.)learning of an appetitively reinforced task (9). Here we have

We should not be surprised that the recent view of thecognitive processes (association of the type seen in sensory
hippocampus as an entirely cognitive structure (albeit one withpreconditioning) resulting in emotional reactions (of the type
strong links to more emotional centres such as the cingulate) isseen with cat odour) and also some evidence for higher order
totally contrary to Papez’s expressed view that “the centralinference doing the same (forced extinction). In this case,
emotive process of cortical origin may then be conceived asthen, it would be possible for a change in some purely cognitive
being built up in the hippocampal formation and as beingprocess to produce enhanced or reduced emotional reactivity.
transferred to the mammillary body and thence through theHowever, note that such a change should affect a variety of
anterior thalamic nuclei to the cortex of the gyrus cinguli. Thereactions outside those related to the specific emotional system
cortex of the cingular gyrus may be looked on as the receptiveof interest, including many more purely cognitive tasks like
region for the experiencing of emotion” (56). This would notsensory preconditioning requiring the same basic associative
be the first time that a venerable theory has been overtakenlinks. (Likewise, a change purely in the emotional system
by more recent data and, certainly, the evidence for cognitivewould not transfer to more purely cognitive tasks.)
functions of the hippocampus appears very compelling. How-The difficulty of separating cognition and emotion is proba-
ever, subsequent to O’Keefe and Nadel’s (51) presentation ofbly more evident in the history of neuropsychology than in
“the hippocampus as a cognitive map,” Gray (20) used muchpsychology proper. We have come some way since 1884, when
the same anatomical, physiological, and behavioural data toWilliam James (27) could say that
argue for the hippocampus (included within the “septo-hippo-

the physiologists who, during the last few years, have been so campal system”) as central to “the neuropsychology of anxi-
industriously exploring the functions of the brain, have limited their ety.” While Gray’s view is clearly not identical to that of Papez,
attempts at explanation to its cognitive and volitional performances. it nonetheless suggests that the old idea of the hippocam-
Dividing the brain into sensorial and motor centres, they have found pus being directly involved in at least some emotion is far
their division to be exactly parallelled by the analysis made by empiri- from dead.cal psychology, of the perceptive and volitional parts of the mind into In what follows, I will argue that, at least in the case oftheir simplest elements. But the aesthetic sphere of the mind, its

anxiety, emotion and cognition are linked in neural practice,longings, pleasures and pains, and its emotions have been . . . ignored.
even though I would not argue that they must be linked from

But, except in the amassing of large amounts of detailed logical necessity. Before considering this essentially data-
driven argument, a caveat should be entered.information, we have not come very far in sorting out the
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As noted by Hebb [(25), p. 236], (51) cognitive map theory. While many specific details of that
theory would no longer be accepted by most researchers in

traditionally, emotion is an awareness, an event in consciousness. the area, it still provides the starting point for many otherHere, perhaps more than anywhere else in psychology, a traditional
approaches to the subject. The key features with which thereinteractionism (which is animism) tends to persist. The afferent excita-
would most often be disagreement nowadays are the ideastion is thought to produce a feeling or awareness, and that feeling
that: a) the hippocampus deals primarily with spatial informa-then acts on the nervous system—it must do so, according to such
tion, and b) the hippocampus represents the final repositoryideas, for it is the feeling that makes the subject sweat or tremble or

run away, and the sweat glands and the legs are controlled by nerve for the information that it is involved in storing [see, e.g., (8)].
fibres. This said, one must accept that there is excellent evidence

that: a) some cells in the hippocampus appear to have spatialIn what follows, I will not only totally reject, with Hebb, the
receptive fields [see, e.g., (50)], b) damage to the hippocampusidea that emotion could involve such animism, but I will also
appears to produce impairments that are particularly notice-assume that emotion does not necessarily involve conscious
able in spatial tasks (49), and c) the amnesia that accompaniesawareness [see, e.g., (58)], either of its presence or its true
hippocampal damage in humans is most obviously a cognitivecause. (One can, for example, find oneself suddenly trembling
and least obviously an emotional deficit (although H. M. doeswith rage in response to some very trivial event without being
not appear to experience much anxiety; J. Ogden, pers. comm.).conscious at that point in time of either the building up of

Many of the defects of a purely spatial view of the hippo-the emotion or the prior events without which the straw would
campus [which is more extreme even than the original, 1978,not have broken the camel’s back.) Indeed, I have argued
view espoused by O’Keefe and Nadel (51)—witness their termelsewhere (38) that an emotion is best viewed as a cluster
“cognitive map” rather than spatial map] can be resolved byof potentially independent reactions that share a common
two manoeuvres: a) an expansion of the presumed nature ofphylogenetically defined function (or, strictly, “teleonomy”).
the cognitive dysfunction involved, and b) a translation of theAs a consequence, eliciting stimuli may provide a greater
site of final information storage to the neocortex (and possiblyguarantee of the co-occurrence of the various components of
subcortical areas as well).“an emotion” than any internal coordinating system.

Both these manoeuvres are exemplified in Cohen andThis somewhat spartan view of emotion (that which moves
Eichenbaum’s (8) theory in which the hippocampus is heldone) comes very close to making emotion a simple precursor
to be crucial for the processing of relational information. Into action—and of course it often is. In a sense, therefore, the
essence, this extends O’Keefe and Nadel’s (51) theory bydistinction we have been considering between cognition and
casting spatial stimuli as a subclass of stimuli in which theemotion could turn out to be no more than the conventional
relation between stimulus elements is crucial. Their theorydistinction between perception and action (alluded to by Wil-
also holds that the hippocampus is necessary for the formationliam James), but with each—perception and action—encoded
of the “relation” involved, but that the neocortex is the finalat a deeper psychological and neural level. There are two
site of the resultant construct.points to note here. First, with an entity such as pain, for

For the present purposes, it will not be necessary to goexample, it is difficult to distinguish between higher order
into these theories (or a number of other less well developed“perception” qualities and higher order “action” qualities. To
recent theories) in detail. The crucial point is that they catego-say that something is painful is not only to ascribe to it a
rise hippocampal function in an almost purely “cognitive”perceptual quality but also to ascribe to it an action tendency.
fashion and that they account for large amounts of the singleSecond, even with what appear to be logically separable classes
cell and lesion data. However, there are some areas of dataof perception and action (even those with minimal emotional
that they do not readily explain and that the theorists implicitlycontent), the brain in practice, if not of necessity, appears to
or even explicitly exclude from consideration.conflate the machinery involved (32).

For example, Eichenbaum, Otto and Cohen (16) statedIn what follows, then, I will attempt to integrate the “cogni-
that they “will not consider the large body of literature ontion” and “emotion” perspectives of hippocampal function by
the effects of hippocampal system damage on behaviors thatsuggesting that the operations carried out by the hippocampus
are only indirectly related to learning and memory, includingare in the computational sense purely cognitive but are in
studies on orientation, distraction, exploration, motor pat-a practical sense inherently emotional in that the cognitive
terns, operant schedules, emotion, and species specific behav-operations evolved primarily (but not solely) to control nega-
iours.” While to some extent they may be right that “changestive affective biases. If this is so, they cannot be viewed as
in these behaviours after hippocampal system damage aretotally emotionally neutral in the way we could view sensory
either a consequence of amnesia or an indirect result of discon-preconditioning as being emotionally neutral. To achieve this
nections of the limbic system that have non-mnemonic as wellintegration of the different perspectives on hippocampal func-
as mnemonic effects,” their strategy clearly leaves open thetion, I will briefly review some critical aspects of the cognitive
possibility of the reverse: that the apparently mnemonic effects(essentially spatial/relational memory) and the emotional (es-
of hippocampal damage are a consequence of some moresentially anxiety/behavioural inhibition) theories of hippocam-
general non-mnemonic role of this structure.pal function and then link these with recent cognitive/memory

We [Gray and McNaughton, in prep. (22)] are currentlyviews of anxiety disorder. This review suggests the possibility,
updating Gray’s (20) original theory to provide a detailedelaborated in the final section of the paper, that at least some
exposition of such an alternative view. However, the gist ofcases of anxiety disorder could represent a cognitive dysfunc-
our argument against the general class of view that the hippo-tion resulting from hippocampal hyperactivity.
campus is required specifically for the formation of memories
is as follows. First, “memory” theories generally ignore the

THE HIPPOCAMPUS AND MEMORY massive subcortical input and output of the hippocampal for-
mation. Second, they ignore the selective effects of hippocam-There now exists a vast literature on the possible role (or

roles) of the hippocampus in memory. The most comprehen- pal lesions on learning to inhibit responding (e.g., extinction
of running), in contrast to sparing of acquisition of the samesive and detailed theory of that role is O’Keefe and Nadel’s
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responses. Third, they do not account for the fact that amnesics and produces a variety of outputs including inhibition of pre-
potent behaviour, increased attention, and increased arousal.often show intrusion errors (responses that would have been

correct on a previous trial), suggesting that, in amnesics, infor- In its original form, the theory was heavily based on learning
experiments but, in line with our analysis of the innate effectsmation is stored, but not correctly retrieved. These and other

data are consistent with the idea that the hippocampus is of cat odour, it is noteworthy that novel stimuli and cat odour
produce very similar effects on benzodiazepine receptor bind-important for, e.g., relational processing, but suggest that its

function is to suppress the formation of, say, incorrect relations ing in the hippocampus, although they produce different pat-
terns in prefrontal cortex (26).rather than to promote the formation of correct ones. An

important feature of this inversion of the conventional memo- The cornerstones of the theory are the fact that anxiolytic
drugs produce behavioural effects that are remarkably similarrial view is that it allows translation to nonmemorial and,

indeed, innate tasks, where the hippocampus would be held to those of septo-hippocampal system lesions and the fact that
anxiolytic drugs impair the control of theta activity. (Thetato inhibit the production of inappropriate alternatives.
activity is a characteristic phase-locked synchronisation of fir-

Let us see how this inhibitory view of the hippocampus fares in ing of the cells of the hippocampus and of related structuresthe context of the view that relational processing is a key to sensitivity
such as the entorhinal and posterior cingulate cortex; theseto hippocampal lesions—a view which seems well justified by Eichen-
latter structures are included within our definition of the septo-baum et al. Note first that Eichenbaum et al. see neocortical associa-
hippocampal system.) These two facts suggest that the anxio-tion areas as “the final repositories of long-term memory”. On current
lytics produce their behavioural effects by impairing the con-views of cell assemblies, this implies that all the connections required

for multimodal relational processing are already present between trol of theta activity.
areas of the neocortex before the hippocampus is called into play. Since the publication of the 1982 version of Gray’s theory
We can also assume that the plasticity rules of the network are such (20), considerable data have accumulated that, on the one
that simple associations can be made without the hippocampus. Given hand, greatly strengthen his general position, while, on the
this combination of connections and plasticity, why is the hippocampus other hand, requiring modifications that move it closer to the
needed at all? memorial theories.A network tuned to make simple associations on the basis of a

The theory has been greatly strengthened by recent datasimple Hebbian learning rule would be likely to make innumerable
obtained with novel anxiolytic drugs such as buspirone, whichpartial, incorrect associations when required to make relational associ-
do not share any of the side effects of classical anxiolyticsations. That is, faced with a problem which requires one specific
(e.g., the benzodiazepines). The novel anxiolytics produce (atrelational solution, the network would be likely to produce, albeit in

some cases at lower strength, additional incorrect solutions—akin to least within a narrow dose range) many of the behavioural
the case of stimulus saturation [e.g. B. McNaughton and Morris, 1987 effects of hippocampal lesions [e.g., (52–55,68); see (24) for a
(36)]. An essentially inhibitory role of the hippocampus, which in- review]. It is also striking that they reproduce both of the two
creased the signal-to-noise ratio in the cortex, would solve this prob- physiologically and neurochemically distinct actions on the
lem. The hippocampus would interact with the neocortex to inhibit control of theta activity that are characteristic of classical
the inappropriate, conflicting alternatives (in this case stimulus alter- anxiolytic drugs (40,41,46,47,64–69). Such differences as therenatives) [McNaughton (39)].

are between buspirone and the classical anxiolytics (particu-
larly the narrow effective dose range of the former) appearIn this view, then, the hippocampus is necessary for the
likely to be due to an antagonistic action of corticosteroneformation of certain types of memories because it interacts
(45), which is released by buspirone but suppressed by classicalrecursively with the neocortex [see also (48)], and also subcor-
anxiolytics. There are also indications that these differencestical areas [see (57)], at times when there is major conflict
disappear with repeated administration of the drugs (68).between alternatives (as is generally the case for relational

In this context, it is noteworthy that the two tests usedtasks). At all times, however, the critical information would
to assess the effects of anxiolytic drugs on the control ofbe encoded and stored outside the hippocampus. Because of
hippocampal theta activity are virtually the only tests in theits recursive interaction with active extrahippocampal areas,
literature on screening of anxiolytics that show clear positivecell firing patterns within the hippocampus would reflect con-
results with all the classical and novel anxiolytics that havecurrent cortical activity to a large extent, but in a modified
been tested (including anxiolytic antidepressants such as imip-form, reflecting the role of the hippocampus in selectively and
ramine). They are also among the few tests of any kind toactively suppressing some of that extrahippocampal activity.
show linear dose–response curves with buspirone.In a sense, the hippocampus would be producing a form of

The same novel anxiolytic, buspirone, that provides thisdynamic lateral inhibition.
strong support of the theory (in the sense that the theory canThis position is argued in considerable detail elsewhere
be said to have predicted its behavioural and neural effects(20,22), but its precise truth is not important for the present
from its clinical action before the latter was known) also pro-argument. All that is required, here, is acceptance of the possi-
vides data that bring the theory closer to the memorial viewsbility that the hippocampus may have an essentially unitary
of hippocampal function.function that goes beyond the bounds of purely memorial

As noted in the previous section, the spatial view of hippo-processing, and the possibility that this unitary function may
campal function isone of the oldest and most robust. Certainly,be in some sense or another inhibitory (especially with respect
whatever the detailed merits of the position taken by O’Keefeto the formation of new cortical connections).
and Nadel in 1978 (51), an interference with specifically spatial
performance in tasks such as the Morris water maze is highly

THE HIPPOCAMPUS AND ANXIETY
characteristic of disturbances of hippocampal function (49).

Gray’s (20) theory of the functions of the septo-hippocam- It is of peculiar significance, therefore, that not only classical
pal system places the hippocampus at the core of a system of anxiolytics (43) but also buspirone (44) impair spatial naviga-
interconnected structures that form his “Behavioural Inhibi- tion in the water maze, and do so most clearly in measures
tion System” (BIS). The key features of this system are that of spatial localization while leaving intact what appears to be

taxon learning [see (51)].it responds to signals of novelty, punishment, and nonreward
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that there are important similarities between rat and man in termsThe effects of anxiolytics (or indeed hippocampal lesions)
of the brain structures which mediate anxiety, but it is much less likelyon performance in the water maze cannot be accounted for
that the cognitive processes associated with anxiety are the same insimply as a loss of inhibitory learning—since the task is an
the two species. This point was made rather well by Hallam: “Evenexample of active rather than passive avoidance [see (21) for
if the layman or clinician were to accept that perceiving events as,the importance of this distinction]. There are, however, at say, signals of punishment or non-reward called forth biological re-

least two other possibilities. First, hippocampal dysfunction sponses that we have in common with other species, they might still
could result in a failure to inhibit the many competing tenden- argue that the cause of the complaints of anxiety was in perceiving
cies (e.g., swimming in circles) that are available to, and dis- events in this way, and not in possessing the biological mechanism

of response.’’played by, animals during the early part of acquisition. Second,
following straightforwardly from the theory of Eichenbaum

In effect, Eysenck has accused Gray of not being cognitiveet al. (16), the relational nature of the task would require the
enough and yet, in its more novel incarnation, presentedinhibition of responding to all but a subset of the available
above, the problem is that the theory has almost been forcedconfigurations of stimuli. These possibilities are not mutually
into being too cognitive!exclusive, and it is interesting here that we have recently shown

Before we move on to the cognitive analysis of anxiety perthat systemic administration of chlordiazepoxide, an anxiolytic
se, we should deal with two basic issues relating to Hallam’sbenzodiazepine, reduces theta frequency in the water maze
comments cited by Eysenck (17).and impairs learning both early and later in acquisition,

First is the issue of the “biological responses” involved inwhereas its injection into the supramammillary nucleus (28,29)
anxiety. If this term is taken to mean “innate responses,” itreduces theta frequency more specifically and to a more mod-
cannot be held to refer to Gray’s theory [which is, in the 1982est extent (42) and impairs spatial navigation only later in
version (20), fundamentally based on conditioning experi-acquisition (Pan and McNaughton, in prep.). Injection into
ments]. It must, then, be taken to imply a distinction betweenthe supramammillary nucleus would not be expected to pro-
biological responses and perception or cognition. But this is,duce any of the systemic side effects of the drug, nor, impor-
surely, a recrudescence of the “animism,” which, with Hebb,tantly, is it likely to reproduce the effects of systemic adminis-
I rejected in the introduction to this paper. Of course, humantration on the septal control of theta activity (41), which can be
frontal cortex is larger than rat frontal cortex (as is neocortexattributed to an action on the dorsal ascending noradrenergic
in general), but there is no evidence that its basic organizationbundle (23). It could well, therefore, be dissecting out just one
and subdivisions are substantially different. Likewise, there isaspect of the hippocampal control of learning in this situation.
no good reason to suppose that human cingulate cortex isWe come now to the nub of the argument. We have avail-
functionally divergent from rat cingulate cortex. For both fron-able a group of drugs whose only known common clinical
tal and cingulate cortex (and particularly, as noted above,action is to ameliorate generalized anxiety disorder (e.g.,
posterior cingulate), we should expect a contribution to anxi-buspirone does not affect panic disorder). This group pro-
ety that is no different in basic kind in rat and human. Ofduces, as a common action, a deficit in one of the most cogni-
course, rats will not respond identically to humans (e.g., theytive and memorial tests of hippocampal function. Admittedly,
are colour blind) but, in this sense, no two individual humansthe animal in the water maze must feel some negative reaction
will respond identically to each other either.to the water or it would not climb out. However, rats do not

Second is the issue of adequate stimuli for anxiety andstruggle or squeal when being placed in the water, they can
hence for the activation of the behavioural inhibition system.float at will, and, as was mentioned before, the test is one of
Gray in his 1982 preface (20) warned that “it is not claimedactive rather than passive avoidance. Active avoidance, as
that the septo-hippocampal system is concerned only withsuch, is not impaired by anxiolytic drugs or hippocampal le-
anxiety, nor that anxiety depends solely on that system.” Hesions. The role of emotion, per se, in the effects of the drugs
defined the BIS in terms of activation by novel stimuli, innateon spatial navigation is, therefore, very difficult to discern. It is
fear stimuli, and predictors of punishment and nonreward.simplest to conclude that the drugs are acting on an essentially
Recent work by the Blanchards [e.g., (2–5)] and by a numbercognitive rather than emotional process, but that this cognitive
of workers analysing the amygdala [see, e.g., (14,30)] has sug-process is one that is fundamental to the generation of anxiety
gested some refinement and clarification of this position.and is, in that sense, not cognitively neutral.

The Blanchards [e.g., (2–5)] carried out an extensive series
of ethoexperimental and ethopharmacological experimentsMEMORY AND ANXIETY
that suggest a categorical distinction between defensive re-

We have come now perilously close to concluding that sponses elicited by the presence of a predator and those elic-
anxiety is a cognitive rather than emotional state. But we ited by the risk of a predator. We should note particularly
should remind ourselves here that the much clearer distinction here that: a) it is only the risk-related behaviours that are
between perception and action nonetheless allows for some affected by anxiolytic drugs; b) both inhibition of prepotent
overlap in the brain processes involved in each (32). That this behaviour and elicitation of active risk assessment behaviour
may also be the case with cognition and emotion in anxiety are changed by the drugs; and c) while both increases and
is supported by recent developments in the cognitive analysis decreases in risk assessment behaviour can be observed, in
of anxiety (and, by implication, anxiety disorder) provided all cases the changes produced by the drugs correspond to
separately by Eysenck (17) and by Mathews and MacLeod a decrease in the perception of risk (potential threat). The
(33), essentially following from the earlier view of Beck, (see Blanchards’ data can be made consistent with previous data
33) which will be considered in the next section. on the BIS by noting that the drugs are active only on those

This support is somewhat ironic since, in evaluating Gray’s behaviours which are crucial for the entry of the animal into
(20) theory, Eysenck (17) concluded that a threatening situation as opposed to its exit from a threatening

situation. This is particularly obvious in the effects of chlordi-while [Gray’s] theory may provide an excellent model of anxiety,
azepoxide on rats exposed to cat odour (62), where it wasit is not altogether clear that it is an adequate account for individual

differences in trait anxiety at the human level. Gray may well be right found that the drug reduced the effect of cat odour on ap-
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proach to a cloth impregnated with the odour but did not p. 267]. This is the pattern one would predict if their action
were hippocampally mediated [see also (6)], and this type ofreduce avoidance of the odour in terms of time spent in shelter.

The Blanchards’ data are, in one sense, therefore, a special data has led to the hypothesis that “the benzodiazepines might
simulate, or model, the form of memory dysfunction . . . thatcase of the more general involvement of the BIS in anxiety.

However, in another sense, the reverse is the case. Each of is expressed in the typical amnesic patient. . . . [Further,] recent
studies suggest that the sedative and memory impairing effectsthe stimulus categories originally classified by Gray (20), ad

hoc, as sources of input to the BIS is a subclass of the more of the benzodiazepines can be dissociated from one another“
(13). Nonetheless, given the many side effects of the drugsgeneral case of situations in which the animal must resolve a

conflict between approach to and avoidance of an aversive and the acute nature of administration (which would not allow
the side effects to develop tolerance), we should not putsituation. This single rubric encompasses especially the class

of innate fear stimuli (or better, given the Blanchards’ termi- too much weight on these apparently positive results. This is
especially true since, with long-term high-dose administration,nology, innate anxiety stimuli), which had no strong theoreti-

cal basis in Gray’s conditioning-oriented analysis. the effects of diazepam on memory and anxiety can apparently
show some dissociation (59).Work on the amygdala [a structure ignored in Gray’s 1982

(20) theory] makes it very likely that it is the seat of the Given the potential for false positive reporting of amnestic
effects of benzodiazepines, reports of differentially lesser ef-attentional and activational, as opposed to cognitive or inhibi-

tory, aspects of the BIS and that anxiolytic drugs, including fects on memory with buspirone compared with diazepam
[e.g., (31)] could well represent false negatives. This is particu-buspirone, act directly on the amygdala [e.g., (14)] in addition

to their common action on the septo-hippocampal system. larly true in the animal literature, since acute administration
of buspirone usually showsan inverted-U dose–response curveFrom all of the above, it seems likely that the contribution

of the hippocampus to the BIS is to detect conflict between with a very narrow effective range (although the water maze
is an exception to this). Indeed, the animal data suggest thatalternative responses (specifically between approach and

avoidance in situations in which the animal believes there is benzodiazepines have side effects that inflate their apparent
effectiveness and that buspirone has side effects that antago-a potential threat), assess the consequences (engaging in risk

assessment in response to potential threat), and, where neces- nize its effectiveness. Luckily, in both cases, these side effects
appear to show tolerance after several weeks of administra-sary, resolve the conflict by increasing the salience of negative

associations (hence often leading to avoidance in defensive tion, and then the two types of drug show more similar effects
(67). A comparison of the amnestic effects of benzodiazepinessituations). An important point here is that, in relation to the

responses to innate cat odour considered above, the most and azapirones in humans after several weeks of administra-
tion of modest (anxiolytic) doses has not to my knowledgemarked effects appear to be on subsequent responding as

opposed to direct responses (61). All of the above description been published. However, a study reporting significant mem-
ory impairment with buspirone did use repeated administra-could also apply to the operation of the hippocampus in rela-

tively nonthreatening situations (e.g., the water maze), where tion of a low dose of the drug (35), whereas a single adminstra-
tion of the same dose did not have an effect (34).conflict between alternative responses is engendered by stimu-

lus complexity or interference rather than opposed motiva- In all this, it should be remembered that anxiolytics would
not be expected to produce total hippocampal dysfunction.tions. In addition, however, and probably only in the case of

threatening situations, the hippocampus would interact with They alter the control of, but do not eliminate, theta rhythm,
and even elimination of theta rhythm does not produce totalthe amygdala (with which it has reciprocal connections that

would allow amplification of an existing amygdaloid activa- hippocampal dysfunction. What we are looking for, therefore,
in both anxiolytic action and in the predisposition to anxietytion) to produce the attentional and autonomic aspects of

anxiety. is a modest alteration in cognitive processing not totalamnesia.
A corollary of this argument is that anxiolytic drugs would

be expected to have detectable effects on human learning and COGNITION AND ANXIETY
memory (paralleling their effects in animals). Considerable

We can now turn to consideration of recent developmentscaution must be exercised here. It is true that “amnesic effects
in the study of cognitive aspects of anxiety. These are quitewere recognised early on by anaesthetists using benzodiaze-
complex but, as with the treatment of hippocampal theoriespines as premedicants [and] . . . that research in this field has
above, only the general thrust is important for the presentmushroomed in volume. . . . [But] in view of the fact that the
paper. In a nutshell, it seems likely that clinical anxiety canamnesic effects of benzodiazepines were reported in the 1960s
result from cognitive dysfunction in the form of distortions ofin the anaesthesiology literature, it is puzzling why so little is
the assessment of risk.known in the 1990s about the cognitive effects of benzodiaze-

Thus, Mathews and MacLeod (33), in their review of cogni-pines on people who have taken these drugs daily . . . over a
tive approaches to emotional disorders, concluded thatperiod of months or years” [(11), pp. 1, 6]. The answer must

be that the effects on memory of chronic administration of early automatic (pre-attentive) analysis of emotional information
the drugs at conventional anxiolytic doses are relatively small is relatively global, and perhaps confined to classifying a stimulus

as potentially threatening, but that subsequent processing becomes(as indeed they are in animal tests), although some effects on
increasingly selective, favoring information that matches current con-episodic memory have been reported [see (11)]. Certainly, the
cerns. . . . Anxious mood (or stressful events) leads high, but not low,results obtained by anaesthetists cannot be taken at face value,
trait anxious subjects to selectively encode threatening information. . . .since benzodiazepines, at least, show quite distinct state-de-
These observations are consistent with the possibility that individualpendent and “truly anxiolytic” actions (37), and it is only the differences in selective encoding represent the cognitive substrate of

latter that are relevant to the present theoretical position. vulnerability to emotional disorder.
Nonetheless, there is some evidence from brief tasks (which

would not suffer from the state-dependency problem) that This view is not far from the suggestion that those prone
to anxiety have a relatively high negative bias in their assess-benzodiazepines “impair performance on explicit memory

tasks but . . . have no effect on implicit memory tasks” [(1), ment of risk. However, the selectivity of processing has a
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particularly interesting feature from the present point of view. could perhaps be more correctly termed “hypermnesic” than
“amnesic.”) Hippocampal hyperfunction would usually leadEysenck (17) noted that manystudies of responses to threaten-

ing and nonthreatening stimuli, presented separately, show to anxiety because of a greatly increased perception of the
level of threat in situations involving conflicting stimuli orno differences between these classes of stimuli in recognition

thresholds between trait anxious and trait nonanxious subjects. response alternatives and an increased suppression of positive
actions and cognitions (not, as in the other current theories,However, there is better evidence for
an increased production of negative actions or cognitions).

a selective mechanism which is used when at least one threatening An important point at which this largely hippocampal viewand one neutral stimulus are presented concurrently. . . . Those high
of anxiety disorder departs from the conventional cognitivein trait anxiety will allocate processing resources to the threatening
views is that it suggests the possibility that anxiety disorder, instimulus rather than to the neutral one. . . . The selective mechanism
at least some cases, could reflect a dysfunction that is primarilycannot be used in situations . . . in which only one stimulus is presented
cognitive and only secondarily emotional. That is, hippocam-at a time. . . . [Similarly,] when ambiguous stimuli are presented which

can be interpreted in either a threatening or a neutral fashion, those pal hyperfunction could produce a general tendency to resolve
high in trait anxiety typically produce a greater number of threatening conflicts in terms of high negative bias, even in memory tasks
interpretations than those low in trait anxiety for for [Eysenck (17)]. that have no obvious threat component. If this is true, then

proneness to anxiety could be assessed with analogues of ani-We should note in particular here that the cognitive differ-
mal tests such as delayed matching to sample (which minimisesences being discussed are related to trait anxiety. Likewise,
threat and would, therefore, not be contaminated by state

patients who have recovered from generalized anxiety disorder anxiety). In these cases, then, anxiety proper would be seen
and normals high in trait anxiety both exhibit greater susceptibility as a secondary consequence in a normal amygdala of excessive
to distraction with threat-related distractors than with non-threatening input from a dysfunctional hippocampus interacting with the
or neutral distractors. If high trait anxiety can be regarded as predis- presence of mild warnings of threat in the environment.
posing to generalized anxiety disorder, then these findings provide Another possibility is that it is the circuit interconnectingreasonable evidence for the notion that sensitivity to threat distraction

the hippocampus and amygdala that could be the site of dys-forms part of a cognitive vulnerability factor for generalized anxiety
function. In this case, the disorder could be classified as bothdisorder. The notion that sensitivity to threat distraction depends
cognitive (on the hippocampal side) and emotional (on theprimarily on long-lasting structural effects within the cognitive system
amygdala side). However, given the very close parallels in therather than being a function of the current level of experienced or

state anxiety is strengthened by the additional finding that the effects action of buspirone and classical anxiolytic drugs on the con-
of threat distraction were unaffected by the Ss’ level of state anxiety trol of hippocampal theta rhythm, despite the fact that they
[Eysenck and Byrne (18)]. have no known common direct site of action, it seems very

unlikely that the dysfunction in anxiety disorder would beIn contrast to this trait-based difference in selective pro-
purely amygdaloid. On the present evidence of hippocampalcessing under conditions of conflict, increased inhibition of
and amygdaloid function, therefore, it seems unlikely thatresponding when challenged with single emotional stimuli
anxiety disorder will prove to be “purely emotional,” although(whether of positive or negative valence) appears to be state-
there could well be more or less cognitive (primarily hippo-based and is sensitive to treatment with selective serotonin
campal in origin) and more or less emotional (primarily amyg-uptake inhibitors (60).
daloid in origin) subtypes. [We should also allow for a form of
generalized anxiety disorder that depends more on prefrontal

HIPPOCAMPAL HYPERACTIVITY, COGNITIVE DYSFUNCTION, cortical dysfunction and that would be relatively insensitiveAND ANXIETY DISORDER: A SPECULATION
to anxiolytic drugs, but this is beyond the scope of the present

The various strands of the argument can now be drawn paper [Gray and McNaughton, in prep. (22)].]
together into a thread that will support at least some specula- A final link between memory and anxiety is furnished by
tion on the role of the hippocampus in anxiety and perhaps the fact that, in anxious patients, both benzodiazepines and
in individual proneness to anxiety. buspirone take a large number of days to produce their specific

The evidence very strongly suggests that anxiolytic drugs anxiety-reducing effects [but see Fig. 3 of (12)]. Given the
act to impair hippocampal function and that, with respect to immediate effects of the drugs on hippocampal function and
cognitive and inhibitory aspects of anxiety, the hippocampus on the acquisition of inhibitory learning, we can interpet the
is their main final common path of action. This suggestion can delay in therapeutic effect as extinction (or forgetting) re-
be linked with the role of the hippocampus in amnesia via the sulting from the removal by the drugs of what is, in effect, a
idea that the hippocampus acts to resolve conflicts between reinforcement mechanism. This separation of shorter and
stimuli and/or responses by amplifying the weight of negative longer term effects could also underlie the apparent retention
associations. In the memory case, such negative associations of processing bias even when acute doses of benzodiazepine
represent simply the past history of reinforcement contingen- reduce retention of information generally (19).
cies, but in approach–avoidance conflicts the negative associa- The truth or otherwise of these speculations will require
tions represent innate or learned warnings of threat. Hippo- considerable further data to determine. The main conclusion
campal hypofunction then leads to “amnesia” because of a of this paper is that it should be fruitful (despite the doubts
failure to suppress inappropriate alternative responses as a of those studying human cognition) to test human anxiety
result of insufficient negative bias and a consequent failure to cases with tests of the type that are normally ideal for dis-
extract the correct item from the “pandemonium” of retriev- playing hippocampally mediated cognitive dysfunction across

a range of other animal species.able items. (In this sense, hippocampally damaged subjects
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