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Resumo 

 

A administração aguda de benzodiazepínicos (BZ) é considerada um modelo 

farmacológico de amnésia anterógrada orgânica inespecífica. Objetivos: Estabelecer 

para que tipo de amnésia BZ são o melhor modelo. Isso foi realizado determinando os 

efeitos agudos do composto BZ diazepam em processos cognitivos que não foram 

investigados na literatura de BZs e que distinguem diferentes tipos de amnésia: 

susceptibilidade à interferência retroativa e decaimento acelerado. Foram também 

investigados os efeitos sobre a Capacidade de Memória Operacional (CMO), que é 

importante para a codificação e recuperação de memória episódica. Métodos: Trinta 

jovens saudáveis participaram deste experimento duplo-cego, em grupos paralelos, 

no qual os participantes foram alocados aleatoriamente a um dos dois tratamentos 

orais agudos: diazepam (15 mg) ou placebo. Foi avaliado o desempenho basal dos 

grupos em duas tarefas do CMO e na recordação imediata de histórias. Uma dessas 

histórias foi imediatamente seguida por 10 min de: a) Interferência Retroativa (IR), isto 

é, encontrar diferenças em imagens; e b) mínima IR (MinIR), ou repouso tranquilo em 

penumbra. As tarefas foram repetidas após o tratamento, seguidas por uma 

recordação tardia, “surpresa”, de todas as 4 histórias apresentadas, o que permitiu 

que seu conteúdo fosse reconsolidado nesta ocasião. No final da sessão pós-

tratamento, duas outras histórias foram apresentadas seguindo o protocolo IR e MinIR 

e submetidas apenas à recordação imediata (sem reconsolidação pós-tratamento). 

Após 7 dia, em uma sessão livre de tratamento, foi realizada uma recordação tardia 

de todas as histórias para avaliar o decaimento da memória. Resultados: O diazepam 

causou profunda amnésia anterógrada referente ao conteúdo das histórias 

consolidadas e reconsolidadas sob efeito da droga, prejudicou, em menor grau, a 

recordação livre imediata, mas não reduziu a recordação de histórias apresentadas 

pré-tratamento e CMO, tampouco aumentou a susceptibilidade a IR ou acelerou o 

esquecimento das histórias consolidadas e reconsolidadas sob efeito da droga. 

Conclusão: O perfil de efeitos cognitivos resultante da ingestão aguda de diazepam 

é semelhante ao de pacientes com amnésia anterógrada orgânica resultante de 

insultos a estruturas hipocampais envolvidas na consolidação/reconsolidação de 

memórias episódicas.  
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Abstract 

 

Acute benzodiazepines (BZ) administration is regarded as a pharmacological model of 

unspecific organic anterograde amnesia. Objectives: To establish which type of 

amnesia BZs best model. To this end we determined the acute effects of the BZ 

compound diazepam on cognitive processes that have not been investigated in the BZ 

literature and that distinguish different types amnesia: susceptibility to retroactive 

interference and accelerated forgetting. We also investigated the effects on working 

memory capacity (WMC), which is important for episodic memory encoding and 

retrieval. Methods: Thirty young, healthy undergraduates participated in this double-

blind, parallel-group design experiment in which participants were randomly allocated 

to one of two acute oral treatments: diazepam (15 mg) or placebo. Baseline 

performances on two WMC tasks and immediate free-recall of stories were initially 

assessed. One of these stories was immediately followed by 10 min of Retroactive 

Interference (RI), that is, spotting differences in pictures and another by Minimum RI 

(MinRI), or quiet rest in a darkened room. The tasks were repeated after treatment, 

followed by a surprise delayed free-recall of all 4 presented stories, which allowed their 

reconsolidation under both treatments. At the end of the post-treatment session, two 

other stories were presented following the RI and MinRI protocol and subjected only 

to immediate free-recall (no reconsolidation post-treatment). In a treatment-free 

session after 7 days, a surprise delayed recall of all stories was carried out to assess 

memory decay. Results: Diazepam elicited profound anterograde amnesia for story 

content consolidated and reconsolidated under the drug treatment, slightly impaired 

immediate free-recall but did not affect retrieval of stories presented pre-treatment, 

WMC, nor increased susceptibility to RI or accelerated forgetting of prose consolidated 

and reconsolidated under the effect of the BZ. Conclusion: The cognitive profile 

induced by acute administration of diazepam is similar to that of patients with organic 

anterograde amnesia resulting from insults to hippocampal structures involved in 

consolidation/reconsolidation of episodic memories.  
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1 INTRODUÇÃO/INTRODUCTION 

  

1.1 Introdução à dissertação 

 

Os efeitos cognitivos induzidos por benzodiazepínicos foram extensivamente 

estudados até o início dos anos 2000, quando uma provável saturação dos achados 

em relação aos modelos de cognição populares na época conduziu os interesses de 

pesquisas em psicofarmacologia a outras substâncias. Até então, mostrou-se que os 

benzodiazepínicos provocavam prejuízo anterógrado de memória episódica, isto é, 

causavam amnésia para material episódico adquirido enquanto as pessoas estavam 

sob os efeitos dessas drogas (Curran, 1991). Estes são efeitos seletivos de memória. 

Os benzodiazepínicos não afetam as memórias episódicas adquiridas antes da 

ingestão (não causam amnésia retrógrada: Hinrichs et al., 1984) e não afetam a 

memória de curto prazo enquanto as pessoas estão sob seus efeitos (Lister, 1984; 

Vidailhet et al., 1994), tampouco memórias implícitas para estímulos apresentados 

enquanto essas drogas estão na circulação e capazes de se ligar a seus receptores 

(Curran, 1991; com exceção do composto atípico lorazepam: ver Pompéia et al., 

2003). Este perfil de efeitos de memória espelha as alterações cognitivas encontradas 

em muitos pacientes amnésicos. Por essa razão, essas drogas foram então propostas 

como modelo de amnésia anterógrada (Curran, 1991). 

  Buscar um modelo farmacológico adequado de amnésia é importante para 

avaliar fatores associados a déficits de memória e para testar possíveis intervenções 

que podem beneficiar a memória. Isso ocorre porque os pacientes com distúrbios de 

memória são difíceis de recrutar e variam em termos de locais de lesão e etiologias, 

que juntos podem levar a déficits cognitivos variáveis (Baddeley, 1997; Parkin, Leng, 

2014). Os benzodiazepínicos são bons candidatos para tal modelo porque são 

intervenções farmacológicas seguras quando administrados de forma aguda a adultos 

jovens saudáveis (Feijó, 1999). Esse tipo de manipulação também permite o controle 

de funções cognitivas basais ou pré-mórbidas, o que é impossível em pacientes. 

Pesquisas realizadas desde que o interesse pelos efeitos cognitivos dos 

benzodiazepínicos diminuiu mostraram que os pacientes amnésicos variam em 

relação a alterações de memória que não foram investigadas nos estudos com 

benzodiazepínicos. Por exemplo, alguns, mas nem todos os pacientes amnésicos 
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podem apresentar alta suscetibilidade à interferência retroativa (interferência que 

ocorre após a codificação de determinado material: Cowan et al., 2005) e também 

esquecimento acelerado de conteúdo episódico durante horas ou dias após sua 

codificação (Elliot et al. al., 2014). Também existem poucos dados publicados sobre 

os efeitos dessas drogas na capacidade de memória operacional, que influencia a 

codificação e recuperação de memórias episódicas e poderiam explicar os efeitos 

amnésicos anterógrados dos benzodiazepínicos, apesar de serem poupados em 

muitos pacientes com amnésia (Allen et al., 2014; Baddeley, Wilson, 2002). 

Assim, a presente dissertação é um esforço para melhor compreender os 

efeitos das benzodiazepinas nos processos de memória episódica que ainda não 

foram explorados e avaliar se eles ajudam a caracterizar essas drogas como um 

modelo farmacológico adequado de amnésia anterógrada. Nosso principal objetivo foi 

fornecer evidências do tipo de amnésia que a administração de benzodiazepínicos 

melhor modela, contrastando os efeitos de doses orais (agudas) de 15 mg de 

diazepam com os sintomas cognitivos relatados na literatura de várias condições 

clínicas agrupadas sob o termo "amnésia". 

Essa dissertação foi elaborada em inglês, no fito de aumentar seu alcance 

internacional. A introdução abarca uma revisão da literatura relevante que permite a 

compreensão dos objetivos propostos. A revisão está estruturada da seguinte forma. 

Primeiro, encontre um resumo dos modelos de memória e teorias sobre consolidação 

de memória que são importantes para entender o conceito de amnésia, interferência 

retroativa, esquecimento, capacidade de memória operacional e os efeitos cognitivos 

dos benzodiazepínicos. Em seguida, os diferentes tipos de condições amnésicas são 

explorados. Por fim, é apresentada uma revisão da literatura sobre os efeitos 

cognitivos dos benzodiazepínicos, permitindo ao leitor comparar seu perfil cognitivo 

com o de diferentes tipos de pacientes amnésicos. 

 

Introduction to dissertation in English  

 

Benzodiazepine-induced cognitive effects were extensively studied until the 

early 2000s, after which a probable saturation of the findings regarding the then 

popular models of cognition led psychopharmacological research interests to shift 

elsewhere. Until then, these drugs were shown to elicit anterograde episodic memory 
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effects, that is, they were found to cause amnesia for episodic material acquired while 

people were under the effects of these drugs (Curran, 1991). These are selective 

memory effects. Benzodiazepines spare episodic memories acquired prior to ingestion 

(do not cause retrograde amnesia: Hinrichs et al., 1984) and do not affect short-term 

memory while people are under their effects (Lister, 1984; Vidailhet et al., 1994), nor 

implicit memories for stimuli presented while these drugs are in people’s circulation 

and able to bind to their receptors (Curran, 1991; with the exception for the atypical 

compound lorazepam: see Pompéia et al., 2003). This profile of memory effects mirrors 

cognitive changes found in many amnesic patients. For this reason, these drugs were 

then proposed as a model of anterograde amnesia (Curran, 1991). 

Pursuing an adequate pharmacological model of amnesia is important to assess 

factors associated with memory deficits and to test possible interventions that may 

benefit memory. This is so because patients with memory disorders are difficult to 

recruit and vary in terms of lesion sites and aetiologies, which together can lead to 

variable cognitive deficits (Baddeley, 1997; Parkin, Leng, 2014). Benzodiazepines are 

good candidates for such models because they are safe pharmacological interventions 

when administered acutely to healthy young adults (Feijó, 1999). This type of 

manipulation also allows the control of baseline or pre-morbid cognitive functions, 

which is impossible in patients.  

Research conducted since interest in benzodiazepine cognitive effects dwindled 

has shown that amnesic patients vary regarding memory alterations that have not been 

investigated in benzodiazepine studies. For example, some, but not all amnesic 

patients can present high susceptibility to retroactive interference (interference that 

occurs after encoding of certain material: Cowan et al., 2005) and also accelerated 

forgetting of episodic content over hours or days after encoding (Elliot et al., 2014). 

There is also very little published data regarding the effects of these drugs on working 

memory capacity, which influences encoding and retrieval of episodic memories and 

could explain the anterograde amnesic effects of benzodiazepines, despite being 

spared in many patients with amnesia (Allen et al., 2014; Baddeley and Wilson, 2002).  

Hence, the present dissertation is an effort to better understand the effects of 

benzodiazepines on episodic memory processes that have not been previously 

explored and assess if they help in characterizing these drugs as an adequate 

pharmacological model of anterograde amnesia.  Our main objective was to provide 
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evidences of what type of amnesia the administration of benzodiazepines best model 

by contrasting the effects of single (acute) oral doses of 15 mg of diazepam with the 

cognitive symptoms reported in the literature of various clinical conditions grouped 

under the term “amnesia”.  

Find below a review of the relevant literature that supports comprehension of 

the present study objectives. The review is structured as follows. First, find a summary 

of memory models and theories about memory consolidation which are important to 

understand the concept of amnesia, retroactive interference, forgetting, working 

memory capacity and the cognitive effects of benzodiazepines. Next, the different 

types of amnesic conditions are explored. Finally, a review of the literature on 

benzodiazepines cognitive effects is presented, allowing the reader to compare their 

cognitive profile to that of different types of amnesic patients. 

 

1.2 Memory  

 

Memory is a fundamental multi-component process by which information can be 

encoded, stored, retrieved and manipulated (Baddeley, 1997). Today, it is recognized 

that there are many different types of memory, which can be classified in various ways. 

The most traditional classification is based on the extent of storage duration and 

capacity, which divides memories into long-term memory and short-term, or working 

memory (Baddeley, 1997). Both of these processes were involved in the present study 

so they will be discussed separately below. 

 

1.2.1 Long-term memory 

 

According to Squire (2004), long-term memory comprises systems that are able to 

store an unlimited amount of information for unlimited time. This type of memory can 

be classified into declarative and non-declarative memories, which are also termed 

explicit and implicit memories, respectively (see Schacter, Tulving, 1994). Non-

declarative memories do not require attention to be formed, nor conscious recollection 

and include processes such as priming, perceptual learning, conditioning, procedural 

and non-associative learning (Squire, 2004). Differently, declarative memory stores 

information about facts and events that require attention to be formed and can be 



5 
 

 
  

consciously recollected, which include semantic and episodic memories (Baddeley, 

1997; Dudai, 2004; Squire, 2004). Semantic memory comprises information such as 

vocabulary, concepts and general knowledge, which are stored irrespective of the 

episode in which they were acquired (i.e., we know what the word “bicycle” means, but 

we usually do not remember the episode in which we learned this: Tulving, 1984).  

Differently, episodic memory encompasses integrated information about episodes, that 

is, the place, time agents, etc. that were present and occurred in a specific setting (i.e., 

remembering the first time you rode a bicycle: Tulving, 1984); therefore, most of 

people’s autobiographical memories are episodic memories (Tulving, 2002). The 

present dissertation concerns mainly episodic memory so it will be discussed in more 

detail in section 1.2.1.2.  

Memory, however, was not always believed to be a multicomponent system. The 

distinction of memory systems began to be thoroughly discussed in the 1960s due to 

experimental findings on the cognitive profile of amnesic patients (Squire, 2004). 

Amnesia is a condition in which long-term memories are impaired (Cipolotti and Bird, 

2006) and is discussed further below. Retrograde amnesia refers to problems recalling 

information that took place prior to the cause of the memory deficits, while the term 

anterograde amnesia is used for impairment in the ability to recall this type of memory 

acquired after the amnesic cause (Squire, 1992).   

Probably the most well-known amnesic patient was H.M., who in the early 1950’ 

underwent surgery to treat epileptic seizures that involved bilateral removal of large 

portions of his medial temporal lobe and hippocampus (Scoville, Milner, 1957). The 

medial temporal lobe is located in the cerebral cortex and includes important 

anatomical regions for memory functioning, especially episodic memory (see 

description below). These structures are the amygdala, hippocampus (which has 

internal substructures known as Cornu ammonis or CA fields), dentate gyrus, the 

subicular complex and also the adjacent parahippocampal gyrus, which comprises the 

entorhinal, perirhinal, and parahippocampal cortices (Figure 1, Raslau et al., 2015; Van 

Hoesen, 1995). Structures in the parahippocampal gyrus are believed to transmit 

initially processed information to the hippocampus (Squire, 1992), which is the mains 

structure of interest here due to its importance in episodic memory, which will be further 

explored in section 1.2.1.2.  
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The hippocampus is a convergent site receiving projections from the 

abovementioned subjacent areas and has been implicated in consolidation of 

declarative memory and also in the retrieval of information bound to its context (Squire 

et al., 2004). The hippocampus also has connexions with the prefrontal cortex, which 

explains its role on performance in some short-term memory tasks (see description 

below) that involve maintaining pieces of information together (i.e., objects and places) 

(Mayes et al., 2007). For the purposes of the present dissertation, it is also important 

to also point out that while the hippocampus seems to be responsible for processing 

conscious recollection in recognition tasks, the perirhinal cortex has been shown to be 

important in recognition of content based on familiarity, which is related to long-term 

implicit memories (see more details below). Lastly, the amygdala is regarded as a 

structure that interacts with the hippocampus and prefrontal cortex by influencing 

encoding and retrieval of memories associated with emotional content (see Buchanan, 

2007). The amygdala will no longer be mentioned here because the to-be-remembered 

material used in the present dissertation was memory for prose or paragraphs that do 

not have specific emotional content.  

 

 

 

 

 

 

 

 

 

Source: adapted from Blausen.com staff (2014) 

Figure 1. Sagital section of the brain showing the limbic system with the medial temporal lobe and its 

structures: anterior group of thalamic nuclei in yellow, hypothalamus in light blue, mamillary body in light 

blue, amygdaloid body in blue, hippocampus in purple, parahippocampal gyrus in dark green, cingulate 

gyrus in light green. 

 

However, the role of the medial temporal lobe on memory were unknown when the 

surgical intervention in patient H.M. was conducted. The removal of these structures 

thus resulted in retrograde amnesia for events that took place a couple of years before 

the surgery (see Cipolotti, Bird, 2006) and, notably, severe anterograde amnesia that 
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persisted until his death in 2008 (Salat et al., 2006; Squire, 2009b; Steinvorth et al., 

2005). Milner et al. (1968) demonstrated that despite this anterograde amnesia, H.M. 

was still capable of new procedural learning, evidencing that memory is not a unitary 

system. Later, many more studies with amnesic patients were carried out, showing that 

some patients presented anterograde amnesia (Baddeley, Wilson, 2002; Diamond, 

Rozin, 1984; Squire, Slater, 1978), some displayed retrograde amnesia (Squire, 

Alvarez, 1995), but their ability to recall knowledge and facts about the world acquired 

in the past seemed to be intact or near normal, as was their ability for procedural 

learning (Tulving, Schacter, 1990; Knowlton, Squire, 1993). Remarkably, amnesic 

patients were also capable of retaining small amounts of information for a short period 

of time and performed similarly to healthy controls in tasks such as the digit span, 

which requires remembering short sequence of digits for some seconds (Baddeley and 

Wilson, 1988). This ability is related to another memory system, short-term or working 

memory, which will be discussed in a section further below. These studies were crucial 

to elucidate that there are different memory processes with distinct neurobiological 

underpinnings, which culminated in the proposals of multiple memory system models 

(Baddeley, 1997; Tulving, 1972, 1985) that have been gradually improved over the 

time with evidences from other fields. 

 

1.2.1.2 Episodic Memory and tasks used to assess them 

 

The present study investigated mostly episodic memory. This concept was 

proposed by Tulving (1972) and is understood as the process responsible for receiving 

and storing information about facts and events related to their spatiotemporal context. 

Before we describe how episodic memories are formed and recalled, it is important to 

explain how these memories can be assessed and also to define some terms that are 

used in this particular literature.  

In the laboratory, episodic memory is usually assessed using lists of unrelated 

words and prose passages or stories. The testing phase in which this material is 

presented is called “encoding”. Testees can then be asked to recall information 

immediately after encoding (immediate recall) or after variable periods of time (delayed 

recall). When lists or stories exceed people’s ability to keep all the presented 

information in mind, even immediate recall is regarded as a measure of long-term 
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episodic memory. This is so because testees are asked to remember information to 

which they were exposed in a particular episode (e.g., “10 minutes ago”, or “the first 

list that you were shown”, or “in the last test session”) and this information is no longer 

available in conscious thought, which is related to another memory system, working 

memory. Delayed recall, even after a minute or so or longer is thus evidently also a 

measure of long-term episodic memory. When recall is carried out without any cues, it 

is deemed “free-recall”. When testees are given cues, such as “the story was about a 

lorry driver”, the recall task is referred to as “cued-recall”. 

Material encoded first can interfere with recall of stimuli encoded afterwards, a 

type of interference called proactive interference (Wixted, Rohrer, 1993); material 

exposed between immediate and delayed recall can also interfere retroactively with 

recall, that is, this new material can impair recall of content encoded previously 

(Crouse, 1971; See also Dewar et al., 2007).  

A complete functional ability to retrieve episodic memories depends on three 

main processes: encoding, consolidation and retrieval of the target information 

(Baddeley et al., 2015). Encoding is defined as the capacity of transferring incoming 

information into long-term memories (Baddeley et al., 1988). Consolidation processes 

are responsible for connecting memory traces to the already existent network and 

making them available for retrieval, carried out when information is needed (Dudai, 

2004; Wang, Morris, 2010). The exact mechanism of these processes, and how they 

are interconnected, are not entirely understood, but studies using animal models, 

neurological patients, healthy subjects and also pharmacological manipulation have 

been fundamental to build knowledge about memory processes and their organization, 

as will be further discussed in the next sections.  

We will focus on consolidation, which seems to be altered in some way by 

benzodiazepines (BZ) and mediates susceptibility to retroactive interference and 

forgetting. Currently, there are some theories that address how episodic memories are 

consolidated, or stabilized and available for retrieval. All theories have in common the 

idea that hippocampus is essential for consolidation, but they differ regarding the 

extent to which the hippocampus is important for retrieval (Standard Consolidation 

Theory: Squire and Alvarez, 1995; versus Multiple Trace Theory: Moscovitch et al., 

2006). 
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1.2.1.2 Theories of episodic memory consolidation  

 

One of the theories was proposed by Squire and Alvarez (1995) and further 

elaborated by Dudai (2004), known as the 'Standard Consolidation Theory'. According 

to this framework, consolidation is a result of two steps. The first is called synaptic 

consolidation, which is a fast process that occurs in the initial moments soon after 

encoding and is responsible for making memories resistant to interference (by 

distraction, drugs or injury, for example). The second step is known as systems 

consolidation, which is responsible for the progressive reorganization of memory 

traces, incorporating what was just learned with other memories (Squire and Alvarez, 

1995). Systems consolidation is a slower process and can last from hours to years, 

being activated probably by means of automatic reactivations (implicit processes) or 

effortful processes (explicit processes), which lead to the gradual transfer of these 

traces to the neocortex (Dudai, 2004). Memory recall, thus, becomes less 

hippocampal-dependent over time (Dudai, 2004). 

Another important theory is known as 'Multiple Trace Theory', which was 

proposed by Nadel and Moscovitch (1997). As in the Standard Consolidation Theory, 

these authors propose the important role of the hippocampus at the beginning of 

memory consolidation, which they call short-term consolidation. During this step, 

hippocampal neurons make connections and bind traces to neural complexes in the 

neocortex that represent the information to be stored, forming coherent memory traces. 

The memory trace is a result of the hippocampal and neocortical neuron cluster, in 

which storage of factual informational features is in the neocortex and its spatial 

context, in the hippocampus (Nadel, Moscovitch, 1997). According to the authors, the 

reactivation of the content that occurs when information is retrieved generates a new 

memory trace in the hippocampus that is again distributed to the neocortex and 

associated with existing traces. The retrieval of the stored episode then depends on 

the integration between these multiple traces containing factual information and the 

stored semantic information. This theory differs from Dudai's (2004) by postulating that 

the retrieval of episodic contents would always involve the hippocampus. 

Differently, Wang and Morris (2010) proposed, by assembling results from 

studies with human and animal models, a 4-step model of memory consolidation. The 

first step is the automatic encoding, which involves processes such as Long-Term 
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Potentiation (LTP) of a memory trace that takes place in the hippocampus. LTP is a 

long-lasting strengthening of synapses caused by a repeated high-frequency activity 

between two neurons (Bliss, Lomo, 1973) that has been implicated in learning and 

memory (Morris et al., 1986). The second step is cellular consolidation. During this 

phase, some memory traces decay and some became stabilized due to synthesis and 

synaptic capture of plasticity proteins, which results in stable memory traces in the 

hippocampal formation that function as indices for the location of the more detailed 

memory in the neocortex, which is accessed when a memory is retrieved (Wang and 

Morris, 2010). According to Wang and Morris (2010), the selection of relevant traces 

to be stabilized may depend on the type of information, novelty, emotional content and 

other factors. During cellular consolidation, part of what was registered can therefore 

be forgotten and memories are particularly susceptible to interference (Wang, Morris, 

2010), such as from other information that is encoded just after (retroactive 

interference) or that was previously encountered (proactive interference). 

The next step is systems consolidation, which takes place when memory traces 

are interconnected between the hippocampus and the cortex in an associated network 

(Wang, Morris, 2010). According to the view of the proponents of this model, the 

selective systems consolidation happening in cortical areas is important to reduce 

information processing load on the hippocampus which, in turn, can continue to receive 

new information without overloading. Systems consolidation can last much longer than 

synaptic consolidation, from days to years (Squire, 2009a; Tano et al., 2009) and turn 

memories less susceptible to retroactive interference.  

The fourth and last step is retrieval and reconsolidation, the latter of which is not 

usually considered in older theories of the processes involved in episodic memory 

formation. Retrieval activates the trace index in the hippocampus and reactivates 

memory traces stored in the cortical areas, which supposedly make the traces labile 

again and susceptible to interference and transformation [they are consolidated again 

(reconsolidated) differently]. Hence, according to this model, memories are initially 

dependent on hippocampus, but the slower process of consolidation occurs in cortical 

areas (Wang and Morris, 2010).   

Neuroimaging findings have also shown a temporal relationship between 

hippocampal activation in the recall of more recent memories and greater activation of 

the neocortex in the recall of older memories. A study (Smith, Squire, 2009) shows that 
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hippocampal activation gradually decreases when more remote memories are 

remembered; the opposite occurs for neocortical regions, which display greater 

activation in recall of older memories than more recent ones (see also Bayley et al., 

2006). Therefore, according to these evidences, the recovery of memory traces would 

be dependent on different regions according to the time dimension of memory 

consolidation. In other words, it depends on the consolidation phase in which a specific 

memory trace is in. The exact time frame of these processes, however, is unclear. 

Fiebig and Lansner (2014) recently proposed a computational model of episodic 

memory consolidation (Complementary Learning Systems - CLS) that, unlike the prior 

ones discussed, bridges working memory processes (discussed below), that last 

seconds, to consolidation into long-term memory, which occur during longer time 

scales, lasting up to many days. In this model, consolidation is dependent mainly on 

three interconnected systems: the pre-frontal cortex, the medial 

temporal/hippocampus and neocortical areas. The authors suggest that during 

exposure to stimuli, feed-forward projections from neocortical input generate separate 

pre-frontal cortex and hippocampal traces, which are associated to neocortical traces 

via LTP in back-projections (Fiebig, Lansner, 2014). The activation resulting from 

projections into the pre-frontal cortex, which models working memory, involves online 

learning process that are brief, have a limited capacity and can result in learning from 

single exposures, although information is rapidly followed by forgetting and is too short 

to enable lasting hippocampal and neocortical related memories. Following learning, 

autonomous replay (on-going internal activity) in the pre-frontal cortex drives 

hippocampal reinstatements of memory traces, which are sufficient for intermediate 

learning (Fiebig, Lansner, 2014). Longer-term learning at the level of the neocortex 

occurs in a similar manner but takes much longer to form. Thus, consolidation occurs 

along a chain of networks with differing memory trace characteristics in terms of 

plasticity time-constants, which are purportedly offline processes (Fiebig, Lansner, 

2014).  

In sum, although theories diverge in some of the particularities of episodic 

memory consolidation, it is well accepted that the hippocampus is involved in the initial 

stages of consolidation and that there is an important role of the connexion between 

the hippocampus and neocortical areas in consolidation and retrieval of episodic 

memories. 
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It is worth stressing that in the literature of episodic memory consolidation there 

is compelling evidence that when a memory trace is retrieved it becomes labile again 

and susceptible to a process called reconsolidation (Lee et al., 2017; Mckenzie, 

Eichenbaum, 2011). Reconsolidation is regarded as responsible for strengthening 

(Rodriguez et al., 1999), updating (Lee, 2008) or even weakening memory traces 

(Nadel et al., 2012). After retrieval, memory traces return to a destabilized state and 

reconsolidation processes are again necessary to re-stabilize them (Nader, Einarsson, 

2010). Indeed, many studies have shown that trying to retrieve previously encountered 

information enhanced memory compared to simple re-exposure to the same content 

(e.g., Rowland, 2014: “retrieval practice” or the “testing effect”). Whether consolidation 

and reconsolidation involve similar or different processes is unknown. Some propose 

that the cellular and molecular processes are different (e.g., von Hertzen, Giese, 2005; 

Maroun, Akirav, 2009; Taubenfeld et al., 2001; Lee, 2008, 2010; reviewed in Alberini 

2005), while others believe that they are the same (Mckenzie, Eichenbaum, 2011). If 

the latter is true, factors that affect episodic memory consolidation should also alter 

reconsolidation. 

All this was discussed because performance in delayed recall of episodic 

content involves all these types of consolidation and also rates of forgetting, which 

increase as a function of time between encoding and testing (Wixted, 2004) and might 

be accelerated at a steeper rate than expected (Fitzgerald et al., 2013) in some 

amnesic patients as will be described below. 

 

1.2.2 Short-term memory and working memory  

 

In amnesics, the intact ability to retain a limited amount of information for a 

limited period of time provides evidence that this reflects a different system from long-

term memory that is responsible for short-term storage of information, or, more 

specifically, information that is online, available in conscious thought. These short-term 

memories are now regarded as related to a system called working memory. The 

definition of working memory is not consensual (Cowan 2008, 2016), despite some 

agreement that it is a system that contains a limited amount of information in a state 

that can be easily retrieved over a short time frame, lasting only a few seconds (Cowan, 

2010). Here we will use the definition and model proposed by Baddeley (2000), who 
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claims that working memory is a multiple component system that includes temporary 

storage of a small amount of information (also called short-term memory) and an 

attentional control subsystem. 

In this model, there are separate subsystems that maintain phonological, 

visuospatial, and multimodal information, respectively called the phonological loop, the 

visuospatial sketchpad and the episodic buffer, which is supposed to be an important 

interface between working and long-term memory by maintaining information from the 

other storage subsystems and from long-term memory bound into a “unitary episodic 

representation” (Baddeley, 2000). The attentional control subsystem does not store 

information. It allows manipulation of information held in the short-term memory 

subsystems and is called central executive. It is responsible for control of action, or 

mental faculties commonly referred to as executive functions.  

This type of memory system is therefore essential not only for keeping 

information active in mind for short periods of time, but also for learning, 

comprehension and reasoning, as it is involved in grouping and integrating meaningful 

information that can be used in ongoing activities. For example, it is used for chunking 

details of a story into gist ideas or keeping relevant information in mind until one 

reached a decision or understands a plot. Working memory is thus also essential for 

declarative long-term memories as it is used to create successful strategies at 

encoding, efficient binding of information into episodes, searching and using internal 

cues for retrieving previously stored memories and so forth (Unsworth, Engle, 2007).  

Working memory has been traditionally studied using tasks that measure short-

term memory (Miyake et al., 2001), such as simple span tasks. An example of such a 

task is the digit span (Wechsler, 1987), which measures how many digits a person can 

repeat immediately after they were presented, in the same serial positions. People can 

only recall around 7 plus or minus 2 digits this way (Miller, 1956; see also Baddeley, 

2012). Therefore, if 15 digits are presented it is considered that recall involves long-

term memory because this amount of information does not “fit” in short-term memory. 

Tasks such as the digit span involve little in the way of people’s controlled attentional 

abilities. In contrast, complex span tasks involve concurrent short-term storage and 

attentional processing of information.  

Complex span tasks measure a construct called working memory capacity 

(WMC). WMC is the ability to engage attention/executive functions in a controlled 
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manner, allowing appropriate selection and maintenance of goal-relevant information 

in working memory (Cowan, 2008). Examples of complex span tasks are the Counting 

Span and the Running Memory Span tasks. In the first, which is a self-paced task, 

participants are asked to: 1) count a variable number of stimuli presented in sequences 

of screens which vary in length, that is unknown by the testees; and 2) remember the 

total number of stimuli counted in the last screens, which must be recalled at the end 

of each sequence. Therefore, during this task, participants have to retain the numbers 

counted in previous screens while they find the stimuli and count them, involving, 

respectively, both short-term and attentional processes at the same time. In the 

Running Memory task, participants are presented with sequences of different lengths 

of digits from 1 to 9 visually or aurally, at a very fast pace (milliseconds). They are 

instructed to passively wait until the end of the sequence and then repeat as many 

numbers as possible from the end of the sequence in the same order as they were 

presented (Cowan et al., 2005). Crucially, rehearsal and/or grouping or chunking 

information is prevented in both the Running Memory and Counting Span tasks. This 

enables the determination of how much information can be passively stored in working 

memory because active, attentional control strategies that can support maintenance in 

working memory are blocked by the characteristics of the tests (Cowan et al., 2005). 

Performance in complex span tasks in general and the Running Memory span task 

have been found to be related to individual differences in general cognitive abilities 

(see Engle, 2010). Indeed, their score variances correlate much better with measures 

of aptitudes and intelligence than simple span tasks (Cowan, 2008). 

 

1.3 Amnesia 

 

Memory deficits may emerge from different causes such as trauma, brain 

infection (e.g., viral encephalitis), neurodegenerative diseases, stroke, metabolic 

deficiency and even normal aging (Baddeley, 1997). This type of impairment may or 

may not be accompanied by other cognitive deficits (Kopelman, 2002) and can affect 

recall of memories acquired prior to insult (retrograde amnesia) or only impair 

learning/storage of new memories (anterograde amnesia) (Squire, 2006). 

Amnesia is used to refer to declarative memory impairment (Cipolotti, Bird, 

2006). Most patients presenting amnesia, however, have specific impairment in 
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episodic memories, although this is seldom made clear in the literature. For example, 

Cipolotti, Bird (2006) claim that “amnesia occurs in the absence of clear intellectual 

dysfunction or general knowledge loss”. If there is no loss in general knowledge it is 

assumed that semantic memory is spared. Additionally, the terms retrograde and 

anterograde amnesia are usually restricted to difficulties in recalling episodic 

information that was encoded prior to or after brain damage, respectively. Therefore, 

we will consider amnesia as a deficit in recalling episodic content throughout 

the text.  

Amnesia can also be classified as psychogenic, that is, due to events that result 

from psychiatric conditions or hormonal imbalance due to stress, or organic, that is, 

that results from different types of insults to the brain (Parkin, Leng, 2014). Because 

psychogenic amnesia is mostly characterized by retrograde amnesia for 

autobiographical information (Serra et al., 2007), it does not resemble the effects of 

BZs, so we will only detail information on organic amnesias, henceforth termed 

amnesia in many cases, for brevity. 

According to Baddeley (1997), organic amnesia patients have been classified 

in the literature following different criteria: a) aetiology; b) affected brain area; and c) 

behavioral alteration. Any amnesic patient can be classified in all these ways so the 

literature mixes these characteristics, making it difficult to compare the cognitive 

profiles of patients in distinct publications. Another aspect that contributes to these 

difficulties is that each patient has a different pattern of affected brain areas, which can 

result in very variable behavioral changes that are at times impossible to group into 

subcategories (e.g., see Cipolotti e Bird, 2006). Here, we chose to focus on the last 

classification of amnesias (based on behavioral alterations) because our study 

measured cognitive performance and not other types of clinical symptoms, nor brain 

activity.  

There is some discussion in the literature about which episodic memory 

processes are disrupted in organic amnesia patients (i.e., retrieval or consolidation - 

for a review see Squire, 2006), but most believe that it results from insults to 

hippocampal areas (Cipolotti, Bird, 2006), probably reflecting changes in consolidation 

(Carlesimo et al., 2011; Squire, Slater, 1978; for a discussion see Kopelman, 2002). 

This will be further explored below. 
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The cognitive impairment shared by most amnestic patients is anterograde 

amnesia for episodic material, which is disproportionately affected relative to other 

cognitive abilities (Parkin, Leng, 2014). Retrograde amnesia is also common, but it is 

variable among patients, even among those who have conditions resulting from the 

same aetiology (Parkin, Leng, 2014). Therefore, the presence and extent of retrograde 

amnesia is not a characteristic that identifies all these types of patients (see Parkin, 

Leng, 2013). It is important to point out, however, that not all individuals presenting 

symptoms of anterograde amnesia have these specific deficits. Many also display 

substantially impaired immediate free-recall (e.g., Gooding et al., 2005) or generalized 

cognitive impairment (Squire, Shimamura, 1986).  

According to Parkin and Leng (2014), organic amnesias can be transient or 

permanent. Transient amnesias have a limited duration and are classified as: a) 

Transient Global Amnesia, which can last up to 24 hours, in which the patients present 

severe transient anterograde and retrograde amnesia (Bartsch et al., 2010; Zeman et 

al., 2013); b) Transient Epileptic Amnesia, which results from temporal lobe epilepsy 

(Butler et al., 2007) and includes anterograde amnesia with preserved general 

cognitive functions (normal performance in neuropsychological measures), although 

the presence and temporal gradient (how much time back people forget) of retrograde 

amnesia is somewhat varied among patients (Bartsch et al., 2010); c) 

Electroconvulsive Therapy Amnesia, which can also elicit anterograde effects that lasts 

no more than a few weeks, although the most prominent and persistent amnesic effect 

is retrograde amnesia, affecting memory as far back as several months or even years 

before the treatment (Lisanby et al., 2000; Sackeim et al., 2000); and d) amnesia 

following traumatic brain injury, which presents anterograde effects that may last for 

up to several months after concussion (Gasquoine, 1991), although retrograde 

amnesia is not always present in these cases and when it is, it usually only affects 

events close to the time of injury (Ponsford et al., 2012). Post-traumatic amnesia has 

also been shown to impair semantic processing, measured by speed of 

comprehension task and tasks of verbal fluency (Wilson et al., 1992). Although Wilson 

et al. (1992) argue that these effects might be explained by impairments in arousal, 

post-traumatic amnesia presents a wide cognitive impairment. Therefore, these latter 

two longer-term transient amnesias will not be further explored here, since BZs do not 

cause retrograde amnesia, nor are regarded to impair semantic processing.  
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In the classification from Parkin and Leng (2014), permanent amnesias can be 

progressive or stable. Progressive amnesias are those that worsen with the 

progression of the disease and are the result of clinical conditions such as: a) 

Alzheimer's disease, a neurodegenerative dementia that affects several cognitive 

abilities in which anterograde amnesia is almost always present, although the other 

functions are also affected depending on the progression of the disease (Hamdan, 

Bueno, 2005; McKhanna et al., 2011); b) Mild Cognitive Impairment, characterized by 

the presence of anterograde amnesia and absence of substantial impairment in other 

cognitive domains, which means that criteria for dementia is nor reached (Petersen, 

2004; Petersen et al., 1999). Patients with Mild Cognitive Impairment may or may not 

progress to Alzheimer's Disease (Petersen, 2000; Pike, Savage, 2008). When they do, 

this seems to be related to the degree of hippocampal damage (Jack et al., 1999). 

Stable amnesias, on the other hand, may be material-specific or global (Parkin, 

Leng, 2014). Material-specific amnesia’s most prominent characteristic is impairment 

in the ability to remember verbal or nonverbal material usually resulting from left or 

right unilateral cortical lesions (respectively: Cipolotti, Bird, 2006; Parkin, Leng, 1993). 

Remembering temporal relationships or particular classes of information can also be 

impaired (Shuren et al., 1997). - This latter types of amnesia will not be contrasted here 

to the acute effects of BZs because ingestion of these drugs leads to bilateral action 

throughout the brain-.  

Differently, global amnesias include (Parkin, Leng, 2014): a) frontal amnesia, 

resulting from damage to the frontal cortex, in which in addition to anterograde amnesia 

patients present other cognitive impairments such as attentional problems, language 

deficits (verbal fluency and discourse) and impairment in executive functions 

(Alexander and Stuss, 2000), characterizing a lack of specificity of anterograde 

amnesia; b) Amnesic Syndrome, described by Baddeley (1997) as "extremely pure 

amnesia, unaccompanied by any of the many problems that typically beset a seriously-

injured patient", including  normal performance on verbal and nonverbal tests of short-

term memory (Wickelgren, 1968; Baddeley, Warrington, 1970; Warrington, Baddeley, 

1974; Cave, Squire, 1992). Amnesic Syndrome can emerge from lesions of different 

sizes and in different regions, but patients seem to share damages associated with the 

temporal lobes, hippocampus and mammillary bodies (Baddeley, 1997). Together with 

amnesia resulting from Herpes Simplex Encephalitis and from insult to Medial 
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Temporal Lobe, Korsakoff’s syndrome, which results from diencephalic damage 

(Parkin et al., 1990), is also considered a type of amnesic syndrome. Patients with 

amnestic syndrome, therefore, present extensive anterograde amnesia for episodic 

contents; they may show retrograde amnesia for autobiographical contents, which is 

temporally graded (Parkin, Leng, 2014) and quite varied among patients.  

In sum, the types of amnesia that seem to elicit effects that are similar to those 

of BZs, that is, that are characterized by selective anterograde effect on episodic 

memory, are: a) Korsakoff’s syndrome; b) Amnesic Syndrome from medial temporal 

lobe insult; c) Alzheimer’s disease; d) Mild Cognitive Impairment; e) Transient Epileptic 

Amnesia; f) Transient Global Amnesia. Here, we therefore contrasted the described 

effects of these clinical conditions in the literature to the effects of an acute dose of a 

BZ to determine which ones more closely matched the effects of this type of drug.  

 

1.3.1 Susceptibility to retroactive interference in amnesia  

 

As mentioned before, during the initial consolidation processes (cellular 

consolidation: Wang, Morris, 2010), only a subset of information is retained. Part of 

what was registered can be forgotten and is susceptible to interference (Wang, Morris, 

2010). Susceptibility to retroactive interference (RI) seems to be increased in most 

patients presenting anterograde amnesia with different aetiologies. This is observed in 

amnesia due to anoxia, head injuries, strokes and mild cognitive impairment (Cowan 

et al., 2004; Dewar et al., 2009, 2010; Alber et al., 2014), irrespective of the types of 

episodic information (e.g., word lists, prose passages, spatial content) and interference 

paradigms, which are believed to disrupt consolidation processes (Dewar et al., 

2012b). In other words, when these patients are exposed to minimum RI (MinRI) for 

around 10 minutes after encoding episodic information, such as sitting in a darkened 

room doing nothing, they manage to retain information, which is surprising considering 

that they present, in some cases, severe anterograde amnesia. These findings confirm 

that the first minutes that follow stimuli presentation are crucial for adequate 

consolidation of episodic information (Brown et al., 1982). These beneficial effects of 

MinRI are also found in elderly individuals (Alber et al., 2014; Martini et al., 2018) and 

in some (Craig et al., 2014), but not all (Martini et al., 2017, 2018; Varma et al., 2017, 

2018), studies in healthy adults.  
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However, some individual patients in these studies do not seem to benefit from 

MinRI for reasons that are unclear but seem related to severity of amnesia (e.g., see 

Cowan et al., 2004; Dewar et al., 2012b). Dewar et al. (2012b) found that beneficial 

effects of MinRI negatively correlate with Alzheimer’s disease severity. Additionally, 

patients with Mild Cognitive Impairment that progressed to Alzheimer’s disease 

showed less benefit from MinRI than patients that did not. These two conditions are 

characterized by an early disruption of medial temporal lobes function, specially the 

hippocampus (Dickerson et al., 2001). It has been suggested that the extension of 

lesions in these structures might also be involved in the ability to consolidate 

information under minimized interference in patients (Cowan et al., 2004; Dewar et al., 

2012b). Dewar (2007) found that smaller hippocampal volumes in Mild Cognitive 

Impairment patients was associated with less benefit from MinRI. She also reported a 

trend of less beneficial effect of MinRI in patients with known hippocampal damage, 

although her sample size was small to affirm this suggestion.  

Hence, due to differences among patients in susceptibility to RI with the same 

types of amnesia, when contrasting BZ effects with amnesias we also subdivided 

amnesics due to insults in medial temporal lobe into those with general and specific 

hippocampal regions. We also considered separately reports on patients with 

Alzheimer’s disease with more and less severe insults and those with Mild Cognitive 

Impairment who would progress and not progress do Alzheimer’s. 

 

1.3.2 Accelerated forgetting in amnesia 

 

After initial consolidation processes, there follows another consolidation phase 

(systems consolidation: Wang, Morris, 2010) that involves persistent neuronal 

changes, a process that can last much longer, days to years (Squire., 2009; Tano et 

al., 2009).  

Provided that immediate recall is controlled for, some patients show normal or 

near normal recall of episodic memory over delays of up to 30 min, but show 

accelerated decay of content after delays of weeks or months (Elliot et al., 2014). This 

accelerated forgetting is not found in patients with anterograde amnesia resulting from 

medial temporal lobe and diencephalon damage, but does seem to occur in some 
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types of epilepsy (e.g., temporal-lobe epilepsy Elliot et al., 2014; Wilkinson et al., 2012), 

mild cognitive impairment and Alzheimer’s disease (Geurts et al., 2015).  

Having discussed memory and amnesia, we will now move on to present 

information on BZs and their cognitive effects, the pharmacological intervention used 

here to elicit amnesia. 

 

1.4 Benzodiazepines  

 

BZs, such as diazepam, clonazepam and lorazepam are a class of drugs that act 

on the central nervous system and that elicit sedative, anxiolytic/tranquilizer, 

antiepileptic, myorelaxant, psychomotor and amnesic effects (Lader, 2011). They were 

introduced into clinical practice in the 1960s and in the following decade they became 

the most prescribed drugs among medications for treatment of psychiatric disorders 

(Bernik, 1999). Due to the effects on psychomotor and cognitive abilities, which lead 

to accidents with physical injuries and severe forgetfulness, and because their chronic 

use was found to cause addiction, prescription of these drugs then became more 

controlled, resulting in a reduction in their use. However, they are still widely 

prescribed, mainly for the treatment of insomnia and anxiety, including in Brazil (e.g., 

Brunoni et al., 2013; da Silva, Rodrigues, 2014; Souza et al., 2013). 

  

Source: Wikipedia (https://commons.wikimedia.org/wiki/File:Benzodiazepine_a.svg) 
and Drug bank (https://www.drugbank.ca/drugs/DB00829) 

Figure 2. General chemical structure of 1,4- benzodiazepines (left) and that of 

diazepam (right), the compound used in the present experiment. 

 

https://commons.wikimedia.org/wiki/File:Benzodiazepine_a.svg
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1.4.1 BZs pharmacodynamics and pharmacokinetics 

 

Different BZ compounds have similar molecular structure (Figure 2) generally the 

same effects, although the effects may differ quantitatively depending on the dose, 

pharmacokinetics and pharmacodynamics of each drug (Giersch et al, 2010; 

Gorenstein, Pompéia, 1999; Pompéia, Gorenstein, 2007).  

BZs are positive allosteric modulators of the receptor GABAA. When bound to the 

receptor they increase its affinity for the neurotransmitter GABA, the main inhibitory 

neurotransmitter in the central nervous system (Zhu et al., 2018). GABAA receptors 

have at least 5 binding sites (Figure 3) and control chloride (Cl-) channels (Carter et 

al., 2010). The neurotransmitter GABA binds to the main site, which promotes an influx 

of Cl- into the neuron, increasing negativity within the neuron and therefore decreasing 

the probability that action potentials will be initiated (Maconochie et al., 1994). 

Differently, BZ agonists, such as diazepam, and antagonists, such as flumazenil, bind 

to another site, located at the extracellular α+γ- interface of the receptor (Figure 3; 

Sieghart, 2015). Binding by agonists causes changes in the receptor conformation, 

increasing its affinity for GABA and thereby reducing the concentration of GABA 

required to activate the system, which then promotes an increase of Cl- influx and 

neurotransmission inhibition (Zhu et al., 2018). When antagonists bind to this receptor 

they do not cause any effects, but block access of other ligands to the binding sites 

and, consequently, may reduce the inhibitory action of this system. 

There are three types of BZ receptors, BZ1, BZ2 and BZ3 (also known as omega 

1, 2 and 3: Griebel et al., 1999; Sieghart et al., 1994). The composition of subunits 

isoforms (α- and γ-) is what determine the type of receptor. The α subunit isoforms are 

the most variable aspect among BZ receptors (90% of γ subunits are γ2) (Rudolph, 

Knoflach, 2011), which also have been reported as responsible for mediating most of 

BZ effects (see Griffin et al., 2013). The BZ1 receptors contain the α1 isoform, which 

in animal models is shown to be responsible for the sedative, amnestic (Rudolph et al., 

1999) and partially for the antiepileptic effects of BZs (Crestani et al., 2001). BZ2 

receptors contain the α2 and α3 isoforms and seem to mediate more of the anxiolytic 

and myorelaxant effects (Crestani et al., 2001; Low et al., 2000). BZ3 contains the α5 

isoform, which is shown to be partially related to the myorelaxant effects of ligands 

(Crestani et al., 2001). All BZs connect to the three receptor subtypes, so that the 
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pharmacodynamic properties of different compounds differ only regarding their affinity 

to these receptors (see Braestrup et al., 1982), which seem to only impact the strength, 

but not the type of effects.  

  

 

Source: A, B - Adapted from Zhu et al., 2018. C, Adapted from Rudolph, Knoflach, 2011  

Figure 3. Overall molecular structure of GABAA receptor complex. (A) top view, and (B), lateral view 

of the receptor. Subunit types are indicated by Greek letters followed by numbers. The red dot 

represents the binding site of GABA; the blue sphere, the binding site of benzodiazepine ligands 

such as the antagonist flumazenil, at the α1–γ2 subunit interface located on the exterior cellular 

location of the receptor (out), which also spans to the inside of the cell (in); (C) schematic 

representation of a horizontally cut GABAA receptor in which the chloride (Cl-) pore binding sites for 

GABA and benzodiazepines (BZ site) are visible.  

 

BZs also have other sites of action, in what is called peripheral binding sites, which 

are found in peripheral tissues and also in glial cells in the brain (Beurdeley-Thomas 

et al., 2000). We will not discuss this further as binding to these receptors, in principle, 

does not alter the effects of these drugs on memory and are more related to steroid 

biosynthesis, cell growth differentiation, among others (Beurdeley-Thomas et al., 

2000). 

Despite having similar pharmacodynamics properties, BZs can vary widely 

regarding kinetics. Therefore, it is necessary to describe these properties of the drug 

of use in the present scenario, diazepam, because they were important in establishing 

the timing and duration of the post-treatment session.  

 

1.4.1.1 Pharmacokinetics of diazepam 

 

Orally administered diazepam, the compound used in the present experiment, is 

rapidly absorbed and distributed to tissues. After single oral doses, peak-plasma 

A B 

 

C 

Not shown  
due to copyrights 

Not shown  
due to copyrights 

Not shown  
due to copyrights 
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concentrations are reached at 30 to 90 min (Riss et al., 2008). Diazepam has active 

metabolites resulting from oxidative reactions mediated by hepatic enzymes 

(Goreinstein, Pompeia, 2007), the main one of which is desmethyldiazepam 

(elimination half-life of 40 to 120 h), but concentrations of the metabolites temazepam 

(8 to 15 h) and oxazepam (5 to 15 h) (Goreinstein, Pompeia, 2007) are also present. 

These substances are highly lipid soluble and can cross the blood-brain barrier, 

thereby reaching their binding sites (Kaur, Kim, 2008). The duration of diazepam 

effects after acute administration is mainly determined by its elimination half-life, but 

as desmethyldiazepam has a longer period of elimination half-life, there may be 

residual effects for up to 120 h, or around 5 days (Louzã Neto et al., 1995).  

 

1.4.2 Cognitive, psychomotor and subjective effects of BZs 

 

Because all BZs have similar pharmacodynamic properties and differ only 

regarding kinetics, effects of one compound can be extrapolated to that of others. In 

other words, if one BZ is able to cause anterograde amnesia it is supposed that others 

will have the same effects so long as a sufficient dose is used and/or the timing of 

verification of this effect is within a window in which there is a sufficient amount of the 

drug available to act at their binding sites in the central nervous system. BZs can also 

cause a number of effects when given chronically and acutely. Here we will focus on 

their acute effect, which was the type of manipulation used in the present study.  

 

1.4.2.1 Effects of BZ on long-term memory 

 

In addition to the aforementioned sedative, anxiolytic and other mentioned 

effects, acute doses of BZs also cause transient anterograde amnesia (see Lister, 

1985), which makes them popular preoperative medications (see Griffin et al., 2012). 

The amnestic effects of these drugs were extensively studied in healthy participants 

up to the mid-2000s, not only as an attempt to understand the effects of the drugs per 

se, but also to elucidate the functioning of memory processes because these effects 

were recognized as very selective (Curran, 1991).  

Curran (1991) reviewed the cognitive effects of BZs by assembling data from 

various publications that assessed distinct cognitive processes with different 
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experimental designs, BZ compounds, doses and tasks. She concluded that BZ-

induced effects mainly involve impairment of consolidation of episodic memory 

encoded post-treatment. This impairment is observed in different types of material to 

be remembered, such as word lists (Gorissen et al., 1995; Nogueira et al., 2006) and 

prose passages (Gorissen et al., 1998, Pompéia et al., 1996, 2000) and also the 

severity of amnestic effects seems to be dose dependent (Ghoneim et al., 1984). 

However, BZs do not impair recall of content learned prior to ingestion, i.e., they do not 

cause retrograde amnesia (Curran, 1991; Hinrichs et al., 1984). The absence of 

retrograde amnesia is important as it excludes the possibility of a state-dependent 

effect as an explanation for memory impairment (Lister, 1985). This also supports the 

idea that the amnesic effects caused by the BZs are related to reduced consolidation 

of memories and not to reduced retrieval abilities, since memories acquire prior to 

ingestion can be easily brought to mind (Curran, 1991). 

Brown et al. (1982) showed that when injected 10 minutes after encoding, the 

BZ diazepam also does not interfere in recall of this encoded material. Therefore, BZs 

do not seem to affect the consolidation processes (discusses previously) which are 

already ongoing at the time of drug administration. 

BZs effects are regarded (Tano et al., 2009) as related to the abovementioned 

ability to increase binding of GABA to GABAA receptors in the brain (see Zhu et al., 

2018), but we know little about how this translates into cognitive changes and the time 

frame of these effects. It is assumed that memories are labile over a limited time after 

encoding, when they can be subjected to fast consolidation processes mediated by 

medial temporal-lobe structures (Squire, 2009; Tano et al., 2009), or, more specifically, 

the hippocampus, although there can also be fast learning cortical changes in 

connectivity that decay rapidly unless content newly processed by the hippocampus is 

integrated into pre-existing schema (Wang, Morris, 2010). Studies with animal models 

and in vitro manipulations have shown that BZs disrupt LTP in hippocampal neurons 

(Del Cerro et al., 1992; Tokuda et al., 2010), which is a mechanism that may underlie 

the effects of these drugs on learning and memory (Morris et al., 1986). 

Recognition tests applied to healthy individuals under the acute effects of BZs 

that involve episodic content encoded post-treatment show that these drugs affect 

performance which is specific to difficulties in recollecting stimuli, while leaving 

familiarity preserved (Curran, 2006; Curran et al., 1993; Huron et al., 2001). 
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Recollection measures are related to explicit episodic memory, which is clearly 

disrupted, anterogradedly, under BZ effects as discussed above, whereas familiarity is 

more related to implicit processes (Yonelinas, 2002) which are preserved by most of 

BZs (Curran, 1991). Indeed, most BZ compounds do not impair implicit long-term 

memory processes such as priming to stimuli encountered while under BZ effects 

(Danion et al., 1989; Pompéia et al., 1996), except for the atypical BZ compound 

lorazepam (Giersch et al., 2010).  

Studies on the effects of BZs on semantic memory assessed retrieval of 

semantic information acquired pre-treatment (e.g., verbal fluency: Hennessy et al., 

1991) or examined semantic facilitation in the recall of related word-pair lists, for 

instance (Brown et al., 1983; Gorissen, 1998). In all these cases it was shown that BZs 

do not affect performance on these semantic tasks. Additionally, Nogueira et al. (2006) 

found that under BZs participants are still able to use semantic relation as a strategy 

to recall words, so are able to access semantic information when controlling for 

episodic memory impairment. However, to adequately test anterograde effects of BZs 

on semantic memory would require new semantic memory learning while under the 

drug, which has not been investigated. This will not be further explored here because 

we did not study BZ effects on semantic memory as there is no indication in the 

literature that this type of memory is affected by these drugs. 

  

1.4.2.2 Benzodiazepine effects on working memory (short-term, executive 

functions and working memory capacity) 

 

Many researchers have shown that BZs spare short-term memory maintenance 

of phonological stimuli in tasks such as the digit span (Curran et al., 2003; Hennessy 

et al., 19991; Rusted et al., 1991) and also of visuospatial information (Rusted et al., 

1991).  

Effects of BZs on executive functioning are controversial. Coull et al. (1995) 

showed that diazepam impaired performance on tasks of executive function such as 

the Tower of London task, whereas Gorissen et al. (1998) administrating a higher dose 

of diazepam (15 mg) did not corroborate this finding. Diazepam has also been showed 

to impair logical reasoning (Rusted et al., 1991), but this seems related to decreases 

in speed, expected due to their psychomotor and sedative effects, rather than accuracy 
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(Pompéia et al., 2007; Rusted et al., 1991). Mental rotation of visuospatial information 

is also spared (Rusted et al, 1991). 

Immediate free-recall of episodic content, such as unrelated word lists or prose 

passages, which can index storage in the episodic buffer of Baddeley’s 

multicomponent working memory model (Baddeley, 2000; Baddeley, Wilson, 2002), is 

not entirely preserved after BZ, but impairment, when present, is much slighter than 

that of delayed free-recall (Curran, 1986; Curran, 1991, Curran, Birch, 1991; Ghoneim 

et al., 1981; Shanks et al., 2006). This minor impairment has also been ascribed to BZ-

induced “sedation” (Ghoneim et al., 1981). Hence, it is possible that sedation could 

impact encoding, which could, in turn, explain at least part of their amnesic effects. 

This could indicate impaired WMC.  

We are aware of only one study that tested acute BZ effects on a task that can 

be regarded as a measure of WMC (Reder et al., 2006). Performance was unchanged 

by the BZ midazolam (Reder et al., 2006). However, this paper used an unconventional 

paradigm, so this effects must be confirmed. As mentioned, WMC is essential for both 

immediate (Unsworth e Engle, 2007) and delayed free-recall of episodic memories 

because it reflects the efficiency of encoding, search and retrieval of information from 

long-term memory, as well as performance monitoring (Unsworth, 2016). 

Consequently, an impairment in WMC could explain the BZs effects on delayed recall. 

 

1.4.2.3 Benzodiazepines effects on sedation and psychomotor performance 

 

Another important feature of BZ effects is induction of “sedation” (Buffett-Jerrott, 

Stuart, 2002; Curran et al., 1998), which can introduce bias when studying BZs effects 

on cognition. “Sedation” or “low arousal” are rather vague and broad concepts that 

include a myriad of subjective and psychomotor effects, among which there is limited 

correlation (Curran, Birch, 1991). Furthermore, sedation is difficult to measure, 

especially because it can be compensated for by increases in effort (Curran, Birch, 

1991). Research on the field had assessed subjective, observer-rated and objective 

measures of sedation. Most studies used visual-analogue scales (e.g., VAMS; Bond, 

Lader, 1974) in which participants choose a position in an interrupted line to indicate 

how they are feeling at the time by considering the extremes of the line as the 

maximum effects on a particular scale (e.g., alert _____ drowsy). Participants under 
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BZs report being drowsier, more relaxed and mentally slower (Stewart et al., 1996; 

Buffett-Jerott et al., 1998), showing that BZs do disrupt subjective self-evaluation of 

sedation (Buffett-Jerott, Stewart, 2002). Studies that investigated objective measures 

of sedation using psychomotor speed also show that BZs slow performance compared 

to placebo (Curran et al., 1987; Danion et al., 1990; Fang et al., 1987). Although most 

of the tasks used to asses psychomotor speed are not direct measures of sedation and 

might be confounded by motivation or reduction in attention (Buffett-Jerott, Stewart, 

2002), a study that evaluate saccadic eye movements showed that speed under BZs 

was significantly correlated with subject measures of sedation (Green et al., 1996). 

Curran and Birch (1991) assessed effects of the BZ midazolam on psychomotor 

performance and arousal using finger tapping and self-rating scales respectively. They 

found that a BZ-specific antagonist (flumazenil) reverted the sedative effects, but not 

the amnesic effects of midazolam on episodic memory, showing that amnesia can be 

present even when sedation is reversed. Hence, BZ-induced sedation does not fully 

account for the intense amnestic effects of BZs (see also, Buffett-Jerrott, Stuart, 2002; 

Mintzer, Griffiths, 2007). However, BZ-induced sedation can decrease immediate free-

recall (Ghoneim et al., 1981) and explain inconsistent BZ effects on executive 

functioning (see also Buffett-Jerrott, Stuart, 2002) as explained above, although the 

degree to which low arousal contributes to different memory processes is believed to 

vary (Mintzer, Griffiths, 2007). 

 

1.4.3 Benzodiazepines as a model of anterograde amnesia  

 

When Curran (1991) published her review article on the cognitive effects of BZs, 

the pattern of acute BZ-induced effects closely matched the available information on 

cognitive changes observed in patients with anterograde amnesia. These drugs were 

found to: a) elicit small or no effects on immediate free-recall of episodic information 

encoded post-treatment compared to the profound impairment in delayed free-recall of 

this same content (anterograde amnesia); b) elicit less impairment of delayed cued-

recall than of free-recall; and c) cause recognition difficulties restricted to recollection, 

with spared familiarity. This profile led some researchers to suggest BZs as a 

pharmacological model of organic amnesic (Brown et al., 1982; Lister, 1985; Thomas-

Anterion et al., 1999).  
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Although most amnesic patients present difficulty recalling episodic information 

learned after their clinical condition set in (anterograde amnesia), other cognitive 

abilities can vary depending on the aetiologies of the syndrome and/or the brain 

systems involved (see section 1.3, above). Thus, teasing amnestic patients apart into 

separate clinical conditions is no easy task (Cowan et al., 2004). Maybe for this reason 

none of the studies that compared the effects of BZs to amnesia explicitly mentioned 

what type of amnesia these drugs were supposed to model. In section 1.3 we 

discussed what types of amnesia present effects that are similar to those observed 

after acute administration of BZ, with disproportional impairment in learning new 

episodic content compared to other cognitive abilities and include: a) Korsakoff’s 

syndrome; b) Amnesic Syndrome with medial temporal lobe insult (which was 

considered separately for those with general and more specific hippocampal lesion); 

c) Alzheimer’s disease (with more or less severe lesions); d) Mild Cognitive Impairment 

(who would probably progress and not progress to Alzheimer’s disease); e) Transient 

Epileptic Amnesia; f) Transient Global Amnesia. Our objective was to determine if any 

of these conditions was more comparable to the effects of these drugs. 

Furthermore, since interest on BZ-induced cognitive effects diminished, the 

memory profile of patients with anterograde amnesia has become better understood. 

First, it has been shown that anterograde amnesia can be observed when working 

memory capacity (WMC) is spared, as found in amnesia resulting from various 

aetiologies (e.g., Baddeley, Wilson, 2002; Allen et al., 2014), including amnesia due to 

insults in the medial temporal lobe (Leng et al., 1989; Kopelman et al., 1997; Hannula 

et al., 2006) and patients with Global Transient Amnesia who have preserved 

immediate recall (Quinette et al., 2006; see also Quinette et al., 2003). Second, most 

patients with anterograde amnesia seems to be particularly susceptible to retroactive 

interference (e.g., Alber et al., 2014; Cowan et al., 2004; Dewar et al., 2009, 2010). 

And third, different types of amnesia can affect accelerated forgetting differently 

(Geurts et al., 2015).  

Susceptibility to retroactive interference and accelerated forgetting have been 

recently shown to differentiate some amnesic patients from others. As mentioned, 

these effects have not been investigated in BZ studies and were part of the motivation 

to conduct the present dissertation, so we studied how these processes were affected 
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by BZ to try to establish if they aided in determining what these drugs do to episodic 

memory and what type of amnesia they best mimic. 

We investigated whether healthy individuals under acute doses of a BZ would 

benefit from MinRI. If so, as explored in section 1.3.1, this would indicate that the 

amnesic effects of BZs might be a result of some disruption of neurotransmission in 

medial temporal lobe/hippocampal areas that spare some ‘residual retention’ abilities 

that could benefit from MinRI (Dewar et al., 2012b). If, on the other hand, BZ treated 

individuals do not benefit from MinRI, this may mean that these processes might be 

too disrupted to allow consolidation, even when retroactive interference is minimized.   

In this scenario, it is important to stress that studies that contrasted effect of RI 

and MinRI (Cowan et al., 2004; Dewar et al., 2012a) usually manipulated tasks that 

took place immediately after presentation of episodic memory stimuli or just after 

immediate free-recall. RI, however, can take place at longer time spans. This must be 

mentioned because BZ elicit retrograde facilitation, that is, they increase recall of 

information encoded pre-treatment, but this occurs only when new similar content is 

encoded post-treatment, many more minutes to hours later (Hinrichs et al., 1984). One 

explanation for this effect is that the interpolated content interferes retroactively in 

placebo-treated participants but not after BZ ingestion due to the anterograde amnestic 

effects of these drugs (Hinrichs et al., 1984). In this time frame, therefore, BZ seem to 

act by decreasing RI. 

Also, it is important to investigate accelerated forgetting as initial consolidation 

processes that occur up to 10 min after encoding, in principle, do not seem to be 

affected by BZs. However, long-acting BZs and their metabolites, as is the case of 

diazepam (Riss et al., 2008; see section 1.4.2), may impair consolidation over the 

many hours or even days after experiments end and while the drugs are still present 

in the circulation in concentrations that are high enough to exert effects on the brain. 

This has not been studied. In other words, BZs may accelerate forgetting when delayed 

recall is assessed a week after treatment. Therefore, if BZs accelerate forgetting or not 

allows the determination of what types of amnesia they best model. 

Another feature that has not been studied regarding long-acting BZs is their 

effects on episodic content after an attempt to recall, which is possible subjected to 

reconsolidation. Reconsolidation is believed to occur when episodic information is 

brought back to mind, such as when people engage in delayed recall, which makes 
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memories labile, subjected to new consolidation and therefore again susceptible to 

strengthening, inhibition and interference (Squire, 2009a; Tano et al., 2009; Wang, 

Morris, 2010). As BZs are shown to affect consolidation, if these processes are similar 

BZs might be disrupting reconsolidation as well. To test that, were included in the 

experimental design episodic content to be remembered 7 days later that had and had 

not been subjected to attempt of retrieval/reconsolidation.  

 

1.5 Reasoning for the design of the present study 

 

Whether acute BZ administration is in fact an adequate model of amnesia and what 

type of amnesia is unclear. Here, we hoped to answer this question by comparing the 

effects of an acute dose of diazepam to the cognitive profile of patients who present 

disproportional anterograde amnesia for episodic content in relation to other cognitive 

abilities.  

To this end, in the present experiment, testing took place on two days. On Day 

1 there was a baseline session, followed by treatment with diazepam or placebo 

(double-blind, independent group design) and a post-treatment session. The other 

testing occasion (Day 7) was a drug free session, 7 days later. We assessed pre- 

(baseline) and post-diazepam treatment effects, controlling for sedation, on the 

following cognitive processes: a) WMC; b) immediate and delayed free- and cued-

recall of episodic memory for prose, a type of to-be-remembered information that 

closely matches material learned in everyday life compared to unstructured material 

such as word lists (see Shimmerlik, 1978); c) susceptibility to RI during the 10 min 

following immediate free-recall of prose, by measuring delayed recall of this content 

compared to that of episodic information followed by immediate MinRI (Alber et al., 

2014); d) time course of forgetting (decay) of prose consolidated and reconsolidated 

under the drug after a 7-day delay; and e) recognition of information encoded under 

the effect of the drug in the 7-day delay session.  

The dose and compound of choice was 15 mg of diazepam because it induces 

severe anterograde amnesia for episodic content (Gorissen et al., 1998; Unrug et al., 

1992) and has long-acting effects over days (Mandelli et al., 1978; Riss et al., 2008), 

which was essential to determine whether it interfered with late consolidation 

processes leading to accelerated forgetting. The post-treatment session in the present 
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study began 60 min after the ingestion of the treatments, when peak-plasma 

concentration has been reached in most individuals with the characteristics of the 

present sample (Riss et al., 2008).  

We tested young, healthy individuals because they are easy to recruit, are usually 

in optimal cognitive functioning and on no medication that can interfere with cognition 

and the metabolism of BZs. This reduces health risks in administering diazepam. Also, 

as progesterone hormones can affect drugs that act on GABAA receptors (Babalonis 

et al., 2008) and their metabolism (see Griffin et al., 2012), women were tested only 

during menses, which was also useful to ensure they were not pregnant and in a stable 

hormonal status.   

Prose recall was used because it has been shown to be affected by diazepam 

(Gorissen et al., 1998), to be sensitive to tests in amnesic patients (Dewar et al., 2010) 

and also because it is a more ecological to-be-remembered type of material than word 

lists (Zelinski, Gilewski, 1988). We determined the effects on immediate and delay free- 

and cued-recall of prose passages and on picture recognition to assess the effects on 

memory for episodic content. Also, we evaluated the effects of diazepam on two tasks 

of WMC, in order to control for long-term memory impairments due to WMC failure, 

which can impair encoding and retrieval.  Recognition of spot-the-difference pictures 

was carried out to confirm that diazepam would only affect recollection (episodic 

memory) and not familiarity (implicit memory) (see Yonelinas, 2000). 

Regarding the MinRI and RI paradigm of choice, our study used the same methods 

as Alber et al. (2014) except that more stories were presented (to allow assessment of 

memory decay) and cues were used to verify possible BZ-induced difficulties in 

retrieval of episodic content (not in consolidation as hypothesized).   

Because ingestion of 15 mg of diazepam induces sedation (drowsiness, sleepiness 

and decreased psychomotor performance: Unrug et al., 1992), we controlled for this 

by having participants report subjective changes in mood at peak-plasma 

concentration of the drug and at the end of the drug-treatment session compared to 

baseline. Additionally, all answers given in the tasks of choice were oral so that 

psychomotor slowing would not interfere with results. Tasks were also self-paced for 

the same reason, except for the Running Memory span because presenting 

information at a fixed and rapid pace is inherent to the task to prevent use of strategies 

(Cowan et al., 2005).  
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Based on the literature, we expected 15 mg of diazepam to cause specific and 

disproportional impairment of retention of episodic memories encoded post-treatment 

controlling for immediate free-recall and sedation compared to other cognitive 

processes such as immediate free-recall and WMC. We also hypothesized that it would 

equally impair synaptic consolidation and reconsolidation of episodic memories 

because both seem to be based on similar processes. However, we had no predictions 

regarding which type of clinical amnesia would be best reflected by acute BZ cognitive 

effects regarding susceptibility to retroactive interference and accelerated forgetting.  
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2 OBJECTIVES 

 

General objective 

- To assess the memory effects of a single dose of 15 mg of orally administered 

diazepam to healthy young participants and contrast the results to the cognitive profile 

of different types of organic anterograde amnesic to determine what type of amnesia 

BZs best model. 

 

Specific objectives  

- Confirm previous findings on the literature regarding BZs effects: 

o Severe impairment on delayed recall of episodic content encoded post-

treatment (anterograde amnesia);  

o Minor effect on post-treatment immediate recall of content;  

o No impairment on delayed recall of episodic content encoded pre-

treatment (no retrograde amnesia), with possibly enhanced memory for 

that content (retrograde facilitation); 

o Specific impairment in recollection and not familiarity in recognition tasks 

- Assess effects of BZs not investigated on the literature: 

o Effects on measures of WMC 

o Susceptibility to retroactive interference (RI) 

o Impairment on consolidation over a longer period (accelerated forgetting) 

 

- Determine which type of organic anterograde amnesia BZs best model: 

o This was done by comparing the results found in the present study to the 

profile described in the literature of the following organic amnesias: a) 

Korsakoff’s syndrome; b) Amnesic Syndrome with medial temporal lobe 

insult (which can result from more general medial temporal lobe lesion or 

more specific hippocampal lesion); c) Alzheimer’s disease in initial 

stages (with different degrees of brain insult); d) Mild Cognitive 

Impairment (with different progression probability to Alzheimer’s 

disease); e) Transient Epileptic Amnesia; f) Transient Global Amnesia.  
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3 MATERIALS AND METHODS 

3.1 Participants 

 

Participants were physically healthy (18-35 years of age), native Portuguese-

speaking volunteers, with body mass index (kg/cm2) between 20-30, who had more 

than 12 years of schooling. They had depression and anxiety symptoms within the 

normal range [Scores ≤10 on the Hospital Anxiety and Depression Scale (Zigmond, 

Snaith, 1983; adapted for local use  by Marcolino et al., 2007; Appendix 3], no reported 

history of learning difficulties (Attention Deficit Hyperactive Disorder, dyslexia, etc.) nor 

neuropsychiatric or clinical conditions that are related to problems with BZ use cited in 

the diazepam label (psychosis, drug abuse, glaucoma, allergy to BZs, pregnancy, 

lactation, liver, kidney or respiratory problems, hypoalbuminemia, brain damage). They 

reported consuming less than 5 units of alcohol per week, not being smokers of 

tobacco or to using drugs of abuse such as cannabis and cocaine regularly, and were 

on no psychoactive medication at the time of the study (excluding hormonal 

contraceptives with monthly pauses). Women were only tested during menses to 

standardize their hormonal status and to avoid effects of the active phase of oral 

contraceptives, which can affect episodic memory (e.g., Mordecai et al., 2008). 

 

3.2 Procedure 

 

The Ethics Committee of the institution where the experiment was conducted 

(UNIFESP) approved the study protocol (Appendix 3). All participants provided 

informed consent (Appendix 1) to take part in a study about “cognitive effects of a BZ 

in comparison to placebo” that would occur on two days, 7 days apart. At recruitment, 

no details were provided regarding the activities to be conducted on the 7-day delay 

session (Day 7). Participants were instructed to abstain from alcohol and other drugs 

for 24 hours before and after the experimental sessions. The study followed a parallel-

group, double-blind design. Participants were randomly allocated to one of two oral 

treatments formulated in identical capsules: placebo (talcum) or 15 mg of diazepam. 

All randomizations in this study were carried out using www.randomizer.org.  

Participants were tested on two days (Day 1 and Day 7; Figure 4): Day 1 

included a pre- and a post-treatment session, both of which took place in the morning 
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after a light breakfast containing no caffeine. Upon arrival, participants were submitted 

to two tasks in random order to determine their baseline WMC (Counting Span and 

Running Memory Span; see details below). A pair of prose passages was then 

presented, each followed by immediate free-recall that was succeeded by 15 min of 

one of two interference conditions based on the study by Alber et al. (2014): a) 

immediate 15 minute-long filled delay (spot-the-difference task, see below, which was 

the RI condition); or b) immediate unfilled delay (MinRI condition), that is, 10 min rest 

in a sitting position in a darkened room, followed by 5 min of the spot-the-difference 

task. This ensured that the cognitive demands in the 5 min that preceded the next task 

were equated in both MinRI and RI conditions (see Dewar et al., 2012a). Participants 

were instructed not to sleep, read or use mobile phones during the unfilled delay and 

were supervised from an adjacent room. At the end of this session participants 

received the oral treatment (diazepam or placebo).  

The post-treatment session started 60 min after drug administration, which is 

the time taken for the drug to reach theoretical peak-plasma concentration in most of 

healthy young individuals (Mandelli et al., 1978). Between treatment administration and 

the beginning of the post-treatment session, participants mainly talked to the 

experimenter and accessed messages on their mobile phones. This session began 

with the WMC tasks, followed by the presentation of another pair of stories using the 

same procedure as in the pre-treatment session. We will refer to these stories as 

having been presented at the beginning of the post-treatment session. After the end of 

the 15 min that succeeded the second of this pair of stories, participants were 

submitted to a surprise delayed free-recall of all presented stories (four stories: a pair 

from the pre-treatment and a pair from the post-treatment sessions). 

Up to this point the protocol was the same as that of Alber et al. (2014) regarding 

story presentation and recall, except that we: a) presented two instead of only one pair 

of stories. - Using more lists/stories does not decrease the benefits of MinRI in amnesic 

patients (Cowan et al. 2004); b) provided up to two cues when participants reported 

that they could not recall the stories at all, so that possible retrieval failures due to the 

sedative effects of the drug could be dissociated from effects on consolidation (see 

Buschke, 1984; Ivanoiu et al., 2005; Tulving, 1974);  and c) presented a final pair of 

stories at the end of the post-treatment session, followed only by immediate free-recall 
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and MinRI or RI, but not delayed free-recall (no reconsolidation post-treatment), which was carried out solely on the Day 7. 

 

 

 

 

Figure 4. The experiment took place on two days. On Day 1 there was a baseline (pre-treatment) and a 

post-treatment session. In the pre-treatment session, a pair of stories was presented, each of which was 

followed by immediate free-recall succeeded by a 15-minute long interval which involved either: a) carrying 

out a spot-the difference (STD) task (Immediate retroactive interference condition: RI); or b) 10 min rest in 

a dark room (immediate minimal retroactive interference condition: MinRI) followed by 5 min of STD task. 

The participants then received an oral treatment (random allocation to a placebo or diazepam 15 mg group). 

The post-treatment session began 60 min after treatment, when another pair of stories was presented 

following the same procedure as pre-treatment. This was followed by a surprise delay recall of all 4 stories 

presented so far plus another pair of stories at the end of the session followed by RI and MinRI, which were 

only subjected to immediate free-recall (no reconsolidation in this session). Working Memory Capacity 

(WMC) was measured at the beginning of the pre-treatment session and at the beginning of the post-

treatment session. Mood was assessed with visual-analogue scales (VAMS) at these times and also at the 

end of the post-treatment session. In the 7-day delay session (Day 7) there was no administration of 

treatment or presentation of new content. This session consisted of a surprise delay recall of the 6 

presented stories and recognition of pictures used in the spot-the-difference task. Estimated IQ was also 

measured in this session. The order of WMC tasks and MinRI vs. RI were balanced between participants, 

sessions and treatments, as were the different versions of these tasks. 
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At the end of post-treatment session, participants were told that they had to 

return for an extra test session 7 days later for: a) a “surprise recognition task” involving 

pictures used in the spot-the-difference task; and b) for assessment of their estimated 

intelligence quotient (IQ), to ensure groups were equivalent in these respects. It was 

not mentioned that delayed recall of the stories would be assessed. Participants were 

then transported home and asked not to drive or operate machinery that could lead to 

injury on that day. 

The session that took place on Day 7 was treatment-free. Participants carried 

out a recognition test of the pictures used in the spot-the-difference task, followed by 

a surprise 7-day delay free-recall of all stories presented on Day 1 and an estimated 

IQ test consisting of 12 multiple-choice items based on the Raven et al. (1985) Raven’s 

Progressive Matrices, adapted by Arthur and Day (1994; see also Arthur et al., 1999). 

We assessed how many items were answered in 15 min and excluded participants 

who answered less than 5 items correctly (see appendix 6). They were then asked if 

they had rehearsed or thought about the stories during the previous week. Note that 

of the 6 stories presented during the first experimental day, only the last two had not 

been subjected to delayed free-recall at the post-treatment session. This was done so 

that we could: a) determine the persistence of possible immediate MinRI effect 7 days 

later when participants did not have the opportunity to reconsolidate stories by means 

of delayed free-recall during the post-treatment session; and b) assess the impact of 

diazepam on consolidation and reconsolidation of information that took place post-

treatment over the period that extended until the drug was no longer active (see 

Mandelli et al., 1978; Riss et al., 2008). 

Different versions of the WMC tasks and stories were used, all counterbalanced 

between participants, sessions and treatment groups. Counterbalancing was also used 

regarding the order of the WMC tasks and the MinRI and RI manipulations. In order to 

control for BZ-induced sedation, at the beginning of the pre-treatment session and at 

the beginning and end of the post-treatment session, participants were asked to report 

changes in mood using a Visual Analogue Mood Scales (VAMS). As per Brazilian 

ethical guidelines, participants were reimbursed for transport and meal expenses. 
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3.3 Test battery  

3.3.1 Subjective measures 

3.3.1.1 Visual Analogue Mood Scale (VAMS)  

 

Mood was assessed by this instrument that includes 16 100-mm horizontal 

ungraded visual-analogue scales, each of which has opposite mood states at the 

extremities, such as alert___drowsy (see appendix 7; Bond, Lader, 1974, translated 

for local use by Zuardi e Karniol (1981) e Guimarães, 1998). Testees were instructed 

to make a vertical mark along the lines to indicate how they were feeling when filling in 

the scales. The scores of different scales (number of cm from the extreme left of each 

line to the vertical mark) are then combined to create scores of mood factors of 

“anxiety,” “physical sedation,” “mental sedation” and “other symptoms” (Guimarães, 

1998). These scales were filled in at the beginning of the pre-treatment session and at 

the beginning and end of the post-treatment session.  

 

3.3.1.2 Bodily Symptoms Scales (BSS) 

 

To evaluate somatic symptoms (Chaturvedi, Desai, 2013) was used the Bodily 

Symptoms Scale, adapted from Greenwood et al. (1975). The BSS (Appendix 8) 

includes 100-mm analogue-visual scales that represent the common autonomic effects 

of psychotropic drugs. Scores are evaluated as in the VAMS. Values range from 0 

(maximum intensity of symptoms) to 100 (no symptoms), except for the salivation scale 

[0 (extreme salivation) for 100 (dry mouth)] and vision [0 (blurring) to 100 (clear)], in 

which Intermediate scores reflect the normal states. This scale was completed at the 

same times as the VAMS. 

 

3.3.2 Cognition tasks 

3.3.2.1 Working Memory Capacity 

3.3.2.1.1 Counting span 

 

This is a self-paced, complex span test that includes sequences of screens 

containing scattered light blue circles, dark blue circles and dark blue squares (based 

on Engle et al., 1999; see appendix 8). The task is to count aloud the number of dark 
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blue circles (3 to 9 per screen) on each screen. At the end of the count, testees must 

repeat the total number counted and immediately click a key to move to the next 

screen. The procedure is repeated until a screen prompts participants to recall the total 

number of dark blue circles counted on each of the previous screens in the same order 

as they were presented. There were practice trials before the test commenced. The 

test itself involve trials containing 2 to 6 screens (three of each). Scores were the 'all-

or-nothing load score' (ANL; Conway et al., 2005). 

 

3.3.2.1.2 Running memory span  

 

This task is based on variant two of Cowan et al. (2005; see appendix 9). 

Participants heard lists of 10 to 20 pseudorandom spoken digits (from 1 to 9) presented 

at a rapid pace in which the same digit was repeated only after a moving window of 7 

consecutive different digits. To adapt the test to the Portuguese language, in which 

digits have more syllables/phonemes than in English, pilot studies showed that the 

duration of each digit should be raised from 250 to 350 ms to allow stimuli to be 

distinguishable (except for the digit “one”, which was presented for 250 ms because it 

only contains one phoneme in Portuguese and presenting it for 350 ms led to a 

phonological distortion). There were 10 practice trials, one for each list length, followed 

by two test trials for each list length. Participants were instructed to wait until the end 

of the list, when a screen prompted them to recall as many digits as possible from the 

end of the list, in forward order and in the same serial position as presented. They were 

asked to report if they had forgotten any digit within the recalled sequence and point 

out in which specific positions. Each recalled digit in the correct serial position gained 

one point. Scores were the mean number of points in all trials. 

 

3.3.2.2 Episodic memory  

3.3.2.2.1 Free- and cued-recall of prose passages recall  

 

Six comparable prose passages (appendix 10; stories: Bolognani et al., 2015; 

Martins et al., 2015) containing 25 idea units each (as in the Logical Memory Test: 

Wechsler, 1987) were used to assess immediate and delayed episodic memory. 

Participants heard the stories recorded in a male voice and were required to freely-
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recall them, orally, as soon as the recording ended (immediate free-recall) and after 

delays (delayed recall post-treatment Day 1 or delayed recall Day 7). Recall was taped 

for subsequent assessment by the experimenter and an independent judge, who was 

blind to the treatments. Number and precision of story units recalled (Bolognani et al., 

2015) were considered for scoring. Statistical analysis was carried out separately for 

data of both raters, but as results were the same (data not shown), the Results section 

includes scores determined by only one rater (the first author).  

For delayed-recall only (on both test days), when participants failed to freely recall 

at least one item of each story that had been presented, cues were provided (appendix 

11), but only after some insistence by the experimenter that participants try harder to 

remember. This was done to try to dissociate impaired storage/consolidation (in which 

case cues would be unhelpful) from impaired retrieval, which might be affected by BZ-

induced lowering of arousal, in which case cues would help bring consolidated 

information to mind. The first cue was the occupation of the main character. Because 

Portuguese includes a noun class grammatical gender system, occupation also 

supplied information on the character’s sex. The second cue was an item related with 

the main problem in the story (e.g., “a story related to a robbery”, as is the case for the 

Anna Thompson (Ana Soares in Portuguese) prose passage of the Logical Memory 

test (Wechsler, 1987). No further cues were offered if participant failed to remember 

items after the second cue. After cues, only idea units recalled that were different from 

the cues themselves were scored. Various retention, or savings metrics were 

calculated by dividing, for instance, delayed (free- or cued-) recall by immediate free-

recall. These scores will be detailed in the Results section. 

  

3.3.2.2.2 Retroactive interference condition 

 

Immediately after immediate free-recall of stories, participants were subjected to 

one of two interference conditions that lasted 15 min.  

a. Immediate retroactive interference condition (RI): participants carried out a 

spot-the-difference task for 15 min. In this task, participants saw pairs of pictures 

(images of real life scenes, such as landscapes, animals, buildings; see appendix 12) 

which remained side by side onscreen for 23 s and were identical except for two subtle 

differences. Participants were instructed to find and indicate with the mouse the 
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differences between each pair of pictures during the exposure. Talking was not allowed 

during this task. After the 23 s exposure, circles around the two differences were shown 

for 5 s to indicate where they had been. An additional difference was included in one 

of the images, so that the instruction was to find “up to three differences”. This was 

done to ensure that participants would continue doing the task after having found the 

two differences. The number of detected differences was measured.  

b. Immediate minimum retroactive interference (MinRI): in this condition, 

participants were asked to keep to their chairs, relax but not sleep, and do nothing for 

10 min in a darkened room, followed by 5 min of spot-the-difference task, as described 

above. They were continuously supervised from an adjacent room. In the rare cases 

in which participants did not comply with the instructions, the experimenter would 

interfere with a subtle sign to remind them.   

 

3.3.2.2.3 Recognition of the spot-the-difference pictures 

 

A recognition test took place on Day 7. Forty-two images were used, 21 of which 

were the same as those used in the spot the difference task (“old”; targets) and the 

other 21 that were distractors ("new"), with highly similar content to the target pictures 

(appendix 13). Of the 21 original images, 7 were selected from the middle pictures from 

each RI test moment (pre-treatment, beginning and end of the post-treatment 

sessions) to avoid recency and primacy effects. The analyses considered only the 

recognition of pictures presented post-treatment, as there was no difference among 

groups for stimuli presented pre-treatment. 

In the recognition task, the order of presentation of the target and distractors 

pictures was randomized. Participants were shown one picture at a time and asked to 

judge whether he/she remembered seeing the image, with a 'yes' (“old”) or 'no' (“new”) 

answer. If the participant judged the picture as “new”, the next image was presented. 

If the participant judged the image as “old”, a judgment of recollection/familiarity was 

carried out (Migo et al., 2012; Yonelinas, 2002): "remember" judgments (R, 

recollection) should be used when recognition was associated with a conscious 

memory during encoding (e.g., remembering where the differences were); lack of 

recollection should be classified as recognition by familiarity (F). Several recognition 

indices were calculated (https://memory.psych.mun.ca/models/recognition/), which 
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yielded similar results so we will only report the A’ index, which measures the ability of 

the participant to discriminate between "old" and "new" images (Stanislaw, Todorov, 

1999). The A’ index take into account the values of Hits ratio (Hits: proportion of 

correctly classified ‘old’ images as seen) and False Alarms (FA: proportion of new 

images mistakenly classified as seen). A' scores range from 0 to 1 and the value of 0.5 

indicates random performance. For the calculation of this index is used:  

A′=1/2+(H−FA)(1+H−FA) 
4H(1−FA) 

 

3.4  Statistical analysis 

 

Descriptive analysis involved calculation of means and standard deviations (SD) 

of all dependent variables, by group, time and interference condition. The level of 

significance adopted for the inferential analyses was p≤0.05. The chi-square test was 

used to compare the proportion of men and women in the treatment groups. Linear 

General Models (GLM) were used to study the effects of treatment, session, retroactive 

interference and forgetting. Factors and levels are described in the Results section. 

GLMs incorporate several distinct statistical models [Analysis of variance (ANOVA), of 

covariance, multivariate, linear regressions, t test], and consist of a generalization of 

simple linear regressions that allow the use of dependent and independent variables 

of categorical and continuous types. Thus, these models generate parameters 

common to ANOVAs (degrees of freedom, F and p values). 

The effects sizes are shown in the form of partial η², which describes the 

proportion of variability associated with an effect when removing the variability 

associated with all other effects (Fritz et al., 2012). 

For GLMs, the normal distribution of standard residues was checked (Berry and 

Feldman, 1985). Post hoc analysis, when pertinent, was undertaken with the 

Bonferroni test. Only significant effects will be described in the Results section, 

including results with marginal p values (p <0.07). The analyses were performed by 

the Statistica 10 version and SPSS programs, version 21. 
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4 RESULTS 

 

From the 115 people who were interested in taking part in the study, 45 were 

excluded because they did not meet the eligibility criteria. Twenty-nine of the remainder 

could not take part due to scheduling difficulties. The study itself involved 34 

participants. Four were excluded after testing: two because their IQ was too low; one 

because they become too sedated and one due to technical errors with the equipment. 

Hence, the final sample was composed of 30 participants, of whom 13 were women. 

 

4.1 Baseline comparison between groups  

 

There were equivalent proportions of men and women in both treatment groups 

[X2(df=1) = 1.22; p = 0.27: 8 and 5 women in the placebo and diazepam groups, 

respectively]. GLMs were used to compare demographic characteristics, IQ and pre-

treatment performance of both groups (between-subject group factor, with two levels: 

placebo and diazepam). The groups did not differ in age [mean age 23.50 ± 4.17; 

diazepam: 23.87 ± 4.40 years (mean ± SD); placebo 23.1 ± 4.05 years], IQ, nor mood 

ratings pre-treatment (ps>0.12). Lack of pre-treatment differences between groups 

regarding WMC and immediate delayed-recall can be found in analyses described 

below. Thus, similarity between groups was ensured by random allocation to diazepam 

and placebo treatment. 

 

4.2  Effects on mood (control of the effects of diazepam on subjective 

sensations)  

 

Changes in mood from baseline (change scores: beginning and end of the post-

treatment session minus pre-treatment ratings) were analysed using GLMs with 

treatment as a between-subject factor (two levels: placebo and diazepam) and post-

treatment moment of assessment as a within-subject factor (two levels: change scores 

considering the beginning versus at the end of the post-treatment sessions). Diazepam 

increased physical sedation [F(1,28) = 42.09, p <0.001, pη² = 0.6], mental sedation 

[F(1,28) = 24.49, p <0.001, pη² = 0.47] and "other symptoms" (F(1,28) = 8.57, p = 

0.007, pη² = 0.24]. However, there were no effects of post-treatment assessment 
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moment nor an interaction of this factor with treatment, indicating that the subjective 

effects elicited by the drug were maintained from the beginning until the end of the 

post-treatment session, as expected due to the long half-life of this drug and its 

metabolites. Data on mood changes can be found in Figure 5 and Table 1. We 

controlled for BZ-induced changes in mood in all the statistical models described 

below, but the pattern of effects never changed so we only reported below analyses 

without controlling for mood changes. 

 

 

Figure 5. Change scores in mood. Individualized (dots and squares) and mean (± SE) change scores 
(in histograms) per mood factor of the Visual-Analogue Mood Scale (VAMS), treatment group (placebo 
or diazepam) and post-treatment moment (beginning and end of the post-treatment session minus 
baseline scores). 
Note: For (a): no significant effects; for (b), (c) and (d): treatment effects (diazepam> placebo; p<0.05), 
but no effect of moment (beginning vs. end of the post-treatment session) nor interaction of treatment 
and moment. 
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Table 1: Mean (±SD) ratings in individual scales and composite factors of the Visual Analogue Mood Scale 

(VAMS) per treatment group and testing occasion on Day 1. 

   Placebo   Diazepam  

  
Pre-

treatment 

Beginning 
Post- 

treatment 

End Post- 
treatment 

Pre-
treatment 

Beginning 
Post- 

treatment 

End Post- 
treatment 

Alert x drowsy (mm) 0.37 ± 0.21 0.42 ± 0.28 0.51 ± 0.27 0.47 ± 0.18 0.80 ± 0.12 0.83 ± 0.14 

Calm x excited (mm) 0.27 ± 0.15 0.35 ± 0.20 0.30 ± 0.19 0.20 ± 0.16 0.12 ± 0.09 0.11 ± 0.09 

Strong x feeble (mm) 0.40 ± 0.16 0.40 ± 0.17 0.42 ± 0.20 0.35 ± 0.19 0.62 ± 0.15 0.66 ± 0.21 

Clear headed x muzzy (mm) 0.20 ± 0.17 0.26 ± 0.26 0.32 ± 0.26 0.16 ± 0.20 0.58 ± 0.26 0.52 ± 0.31 

Well cordinated x clumsy (mm) 0.41 ± 0.15 0.37 ± 0.21 0.44 ± 0.23 0.35 ± 0.17 0.75 ± 0.15 0.71 ± 0.16 

Energic x lethargic  (mm) 0.32 ± 0.17 0.32 ± 0.19 0.37 ± 0.19 0.33 ± 0.16 0.54 ± 0.29 0.57 ± 0.22 

Contented x discontented (mm) 0.29 ± 0.18 0.28 ± 0.20 0.30 ± 0.17 0.17 ± 0.12 0.35 ± 0.19 0.30 ± 0.18 

Tranquil x trouble (mm) 0.25 ± 0.22 0.26 ± 0.20 0.24 ± 0.19 0.24 ± 0.21 0.38 ± 0.29 0.20 ± 0.16 

Quick witted x mentally slow (mm) 0.35 ± 0.20 0.34 ± 0.22 0.36 ± 0.22 0.26 ± 0.18 0.65 ± 0.19 0.66 ± 0.23 

Relaxed x tense  (mm) 0.31 ± 0.19 0.25 ± 0.17 0.28 ± 0.19 0.26 ± 0.18 0.24 ± 0.14 0.18 ± 0.13 

Attentive x dreamy (mm) 0.30 ± 0.19 0.35 ± 0.23 0.45 ± 0.27 0.27 ± 0.16 0.65 ± 0.13 0.65 ± 0.20 

Proficiente x Incompetent (mm) 0.23 ± 0.16 0.25 ± 0.25 0.29 ± 0.23 0.20 ± 0.13 0.57 ± 0.19 0.60 ± 0.22 

Happy x sad (mm) 0.36 ± 0.18 0.29 ± 0.16 0.31 ± 0.21 0.27 ± 0.17 0.32 ± 0.19 0.33 ± 0.18 

Amicable x antagonistic (mm) 0.21 ± 0.12 0.23 ± 0.18 0.25 ± 0.17 0.21 ± 0.20 0.23 ± 0.22 0.23 ± 0.17 

Interested x bored (mm) 0.25 ± 0.17 0.24 ± 0.21 0.33 ± 0.25 0.16 ± 0.14 0.31 ± 0.20 0.31 ± 0.18 

Gregarious x withdrawn (mm) 0.25 ± 0.17 0.29 ± 0.18 0.33 ± 0.19 0.25 ± 0.19 0.31 ± 0.21 0.34 ± 0.20 

    FACTORS         

Anxiety (score) 0.28 ± 0.18 0.28 ± 0.15 0.27 ± 0.16 0.23 ± 0.13 0.25 ± 0.12 0.16 ± 0.10 

Physical sedation (score) 0.32 ± 0.14 0.32 ± 0.18 0.36 ± 0.19 0.27 ± 0.13 0.57 ± 0.12 0.58 ± 0.17 

Mental sedation (score) 0.33 ± 0.19 0.39 ± 0.24 0.48 ± 0.23 0.37 ± 0.13 0.72 ± 0.10 0.74 ± 0.14 

Other symptoms (score) 0.28 ± 0.14 0.26 ± 0.17 0.30 ± 0.17 0.20 ± 0.12 0.30 ± 0.14 0.29 ± 0.15 

 

4.3  Effects on Bodily Symptoms Scales  

 

Changes in somatic symptoms from baseline (change scores: beginning and 

end of the post-treatment session minus pre-treatment ratings) were analysed as in 

the analysis for VAMS scales.  

The analysis showed no effects for the scales of headache, tremor, muscular 

tension, vision and sweating. Differently, the analysis for physical fatigue showed an 

effect of treatment [F(1,28)=22,26, p<0.001, pη²=0.44], increased in those treated with 

diazepam, and moment of assessment [F(1,28)=4,89, p=0.035, pη²=0.15], physical 

fatigue having been higher at the end of post-treatment session irrespective of 

treatment group. There was no interaction. Diazepam also increased lethargy 

[F(1,28)=38,30, p<0.001, pη²=0.58] and elicited difficulty in walking [F(1,28)=36.93, 
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p<0.001, pη²=0.57] which was maintained throughout the post-treatment session as 

there was no effects of moment of assessment nor interactions in the analysis for these 

two scales.   

For dizziness, there was also an effect of treatment [F(1,28)=23,33, p=0.001, 

pη²=0.45], moment of assessment [F(1,28)=9,65, p=0.004, pη²=0.26] and a marginally 

significant interaction [F(1,28)=3,81, p=0.06, pη²=0.12]. Post hoc analysis showed that 

diazepam increased dizziness relative to placebo at both moments of assessment, but 

this tended to decrease at the end in comparison to the beginning of the post-treatment 

session. 

 

Table 2: Mean (±SD) ratings in individual Bodily Symptoms Scales (BSS) per treatment group and session 

on day 1. 

   Placebo   Diazepam  

  
Pre-

treatment 

Beginning 
Post- 

treatment 

End Post- 
treatment 

Pre-
treatment 

Beginning 
Post- 

treatment 

End Post- 
treatment 

Physical Fatigue (mm) 0.74 ± 0.22 0.86 ± 0.17 0.79 ± 0.20 0.81 ± 0.15 0.54 ± 0.26 0.39 ± 0.25 

Headache (mm) 0.95 ± 0.13 0.92 ± 0.23 0.90 ± 0.24 0.91 ± 0.19 0.83 ± 0.18 0.86 ± 0.20 

Dizziness (mm) 0.98 ± 0.03 0.89 ± 0.25 0.93 ± 0.17 0.97 ± 0.06 0.39 ± 0.26 0.57 ± 0.35 

Tremor  (mm) 0.97 ± 0.04 0.92 ± 0.15 0.96 ± 0.12 0.98 ± 0.05 0.92 ± 0.14 0.94 ± 0.16 

Lethargy (mm) 0.97 ± 0.03 0.91 ± 0.19 0.94 ± 0.12 0.97 ± 0.55 0.44 ± 0.24 0.56 ± 0.31 

Muscular tension (mm) 0.87 ± 0.12 0.86 ± 0.18 0.85 ± 0.17 0.79 ± 0.24 0.87 ± 0.12 0.86 ± 0.16 

Nausea (mm) 0.97 ± 0.04 0.95 ± 0.13 0.92 ± 0.18 0.99 ± 0.02 0.86 ± 0.16 0.96 ± 0.06 

Salivation (mm) 0.59 ± 0.15 0.64 ± 0.18 0.55 ± 0.11 0.59 ± 0.20 0.51 ± 0.14 0.61 ± 0.18 

Sweating (mm) 0.82 ± 0.23 0.85 ± 0.21 0.88 ± 0.20 0.70 ± 0.26 0.86 ± 0.16 0.87 ± 0.19 

Vision  (mm) 0.71 ± 0.24 0.68 ± 0.26 0.65 ± 0.23 0.66 ± 0.21 0.49 ± 0.21 0.50 ± 0.30 

Palpitation (mm) 0.86 ± 0.20 0.91 ± 0.16 0.94 ± 0.13 0.95 ± 0.11 0.90 ± 0.15 0.94 ± 0.13 

Dysponea (mm) 0.99 ± 0.20 0.89 ± 0.21 0.95 ± 0.13 0.95 ± 0.09 0.85 ± 0.17 0.92 ± 0.15 

Difficulty walking (mm) 0.98 ± 0.03 0.90 ± 0.23 0.94 ± 0.16 0.99 ± 0.03 0.46 ± 0.20 0.52 ± 0.29 

Note: No symptoms when mean = 1, except for vision scale where normal vision = 0.5.   

 

The analysis showed a significant interaction of moment of assessment and 

treatment only for nausea [F(1,28)=9,13, p=0.005, pη²=0.25] and salivation 

[F(1,28)=6,31, p=0.02, pη²=0.18]. Post hoc comparisons showed that diazepam 

increased ratings of nausea at the beginning of the post-treatment session in 

comparison to the end of post-treatment session (ps<0.05). For salivation, however, 

no significant contrasts were found. 
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Symptom of palpitation was higher after ingestion of diazepam [treatment effect: 

F(1,28)=7.55, p=0.01, pη²=0.21], although it increased irrespective of groups at the 

beginning of post-treatment moment of assessment [F(1,28)=12,92, p=0.001, 

pη²=0.31]. The dyspnoea scale analysis showed only an effect of moment of 

assessment [F(1,28)=4,24, p=0.05, pη²=0.13], having increased at the beginning of 

post-treatment session irrespective of group. 

 

4.4  Effects on Working Memory Capacity  

 

The models used to analyse the Counting Span (Figure 6A) and Running 

Memory Span scores (Figure 6B) included the factors treatment and session (pre- vs. 

post-treatment). No effect of treatment, session, nor an interaction (ps>0.26) was found 

for the Counting Span task, showing that diazepam did not impair performance. 

Likewise, there was no effect of treatment nor an interaction of treatment and session 

in the Running Memory Span task, but a session effect was apparent [F(1,28)=4.30, 

p=0.047, pη²=0.13]: performance declined slightly on the post-treatment session. 

Visual inspection of the graph suggests that this was due to a reduction in performance 

in the diazepam group, but an exploratory post hoc analysis for the insignificant 

interaction (p=0.08) failed to show significant contrasts.   

 

 

Figure 6. Scores on working memory capacity tests. Individualized (dots and squares) and mean (± SE) 
scores (histograms with error bars) on the Counting Span task (A: all or nothing load scores: ANL) and 
Running Memory Span task (B; mean number of recalled digits in the correct serial order), per treatment 
group (placebo or diazepam) and session on Day 1. 
Note: Only a significant effect of session was observed (for the Running Memory Span: pre-
treatment>post-treatment; p<0.05). 
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4.5  Effects on episodic memory 

4.5.1 Immediate recall 

 

The GLM used to analyse immediate free-recall of stories had the between 

subject factor treatment, and within-subject factors moment (three levels: pairs of 

stories presented pre-treatment, beginning and end of the post-treatment session) and 

interference (RI vs. MinRI), even though the interference manipulation occurred only 

after immediate free-recall. This latter factor was included to determine whether stories 

versions were comparable and adequately randomized. Data of one participant in the 

diazepam group for the last two stories were excluded from the analysis due to 

equipment failure. The interaction between treatment and session was significant 

[F(2,54)=7.49, p=0.001, pη²=0.22] (Figure 7; means ± SD are presented in the Table 

4. The post hoc analysis showed no differences between groups at baseline, but the 

diazepam group recalled less idea units of stories presented at the beginning of the 

post-treatment session compared to recall in this same group at the other moments 

and immediate recall of the placebo group at all moments (ps<0.05). Immediate free-

recall of the last pair of stories, however, were only marginally lower in the diazepam 

than the placebo group (p=0.07). There was no effect of interference nor did this factor 

interact with the others (ps>0.63), which was expected because this manipulation only 

occurred after immediate free-recall.  

Main effects of interference (RI versus MinRI) and interactions of interference 

with other factors, in fact, were not found in any of the analyses with data from this 

experiment. Despite this, so that results in these conditions could be visualized, we 

chose to illustrate the results of recall after RI and MinRI in all Figures throughout the 

text. 
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Figure 7. Immediate free-recall. Individualized (dots and squares) and mean (± SE) idea units 
(histograms with error bars) recalled during immediate free-recall of stories presented at different test 
moments (pre-treatment; beginning of post-treatment and end of post-treatment sessions) per treatment 
group (placebo or diazepam) and type of interference (MinRI = Minimum Retroactive Interference and 
RI = Retroactive Interference).  
Note: Each story contained 25 idea units; the interference manipulation occurred only after immediate 
recall, which explains why it was not significant. Diazepam impaired performance at the beginning 
(p<0.05) and only tended to do so (p=0.07) at the end of the post-treatment session, but there were no 
effects of MinRI vs. RI, or interactions with this factor (see text for details). 

 

4.5.2 Effects on delayed recall 

4.5.2.1 Analysis of the anterograde and retrograde effects of diazepam measured 

at the post-treatment session (Day 1). 

 

Prior list intrusions only occurred for one item in two participants of the diazepam 

group and one participant in the placebo group (not analysed statistically due to no 

variance), so proactive interference could not have accounted for our findings. 

Retention (score in the delayed free-recall divided by immediate free-recall. See table 

4) assessed post-treatment regarding the first two pairs of presented stories (encoded 

pre- and at the beginning of the post-treatment sessions, respectively) was analysed 

in a GLM with the factors treatment, encoding moment (pre- or at the beginning of the 

post-treatment session) and type of interference. The results showed an interaction of 

treatment and encoding moment [F(1,28)=103.37 p<0.001, pη²=0.79]: the diazepam 

group had lower retention of stories presented post-treatment than retention of stories 

presented pre-treatment and post-treatment by the placebo group (ps<0.001). In other 

words, there was a clear anterograde amnesia for material learned under the drug 
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effects, but no retrograde amnesia for content presented prior to treatment (Figure 8A). 

Additionally, retention of stories presented post-treatment in the placebo group was 

higher than that of stories encoded before, pre-treatment (p<0.01). Differently, for the 

diazepam-treated individuals, retention was higher for stories presented pre-treatment 

than for the placebo group (ps<0.001), that is, diazepam led to retroactive facilitation, 

which is common in BZ studies (see the Discussion section). Interference effects were 

not significant and did not interact with the other factors (ps>0.21). 

 

 

Figure 8. Retention at delayed recall (Day 1). Individualized (dots and squares) and mean (± SE) 
retention scores (histograms with error bars) assessed in delayed post-treatment free-recall (A) and 
after providing cues (B) of stories presented pre-treatment and at the beginning of the post-treatment 
sessions (beg. Post-treatment), by treatment group (placebo or diazepam) and type of interference 
(MinRI = Minimum Retroactive Interference and RI = Retroactive Interference). 
Note: Retention (savings) was obtained by dividing the number of story idea units remembered during 
delayed free- (A) or cued-recall (B) by the number of idea units remembered during immediate free-
recall. Treatment and encoding moment interacted for both free- and cued-recall (see text for post hoc 
results). 

 

Retention was also analysed considering scores after providing cues at delayed 

recall (Figure 8B), which were necessary on Day 1 mainly for stories presented post-

treatment to the diazepam group (see also Table 3). This analysis was similar to the 

previous one, but the scores used were the summed number of items remembered 

after one or two cues, excluding items provided in the cues themselves. We summed 

scores for one and two cues because almost all diazepam treated individuals needed 

the second cue to retrieve extra story information (see Table 3). The results followed 

exactly the same pattern as the one for free-recall [interaction of treatment vs. session: 

F(1,28)=56.56 p<0.001, pη²=0.67 with the same post hoc significant contrasts], 

showing that the drug effects did not merely result from difficulty in retrieving 
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information, but greatly impaired storage/consolidation that was not accessible even 

with reminders. Again, there was no significant effect of interference, a factor that also 

failed to interact with encoding moment and treatment (ps>0.09). 

 

Table 3. Number of participants who scored zero (did not recall any idea units from the stories: 
total anterograde amnesia) during delayed recall post-treatment on Day 1 and Day 7 for free-recall 
(0 cues) and after one and two cues (cued-recall) according to moment in which stories were 
encoded and interference conditions (MinRI: minimum retroactive interference; RI: retroactive 
interference). 

Encoding session Moment of recall Cues Placebo Diazepam 
   MinRI RI MinRI RI 

Pre-treatment Post-treatment session  0 2 3 0 0 

 (Day 1) 1 1 1 0 0 

  2 0 0 0 0 

 7-day delay (Day 7) 0 1 1 1 1 

  1 1 0 1 0 

  2 0 0 0 0 

Beginning of the post- 
treatment  
(with delayed recall post-
treatment on Day 1) 

Post-treatment session 0 0 0 10 12 

(Day 1) 1 0 0 5 4 

 2 0 0 2 1 

 7-day delay (Day 7) 0 2 2 13 9 

  1 1 1 11 7 

  2 0 0 6 6 

End of the post-treatment 
(no post-treatment delayed 
recall on Day 1) 

7-day delay (Day 7) 0 9 7 13 12 

 1 1 1 12 12 

 2 0 1 8 9 

Note: There was no zero scores for immediate free-recall. 
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 Table 4. Mean (± SD) number of story idea units recalled at immediate free-recall, delayed (free- or cued-) recall in the post-treatment session Day 1 
and at the Day 7 as well as retention (proportion) of the stories, per treatment group (placebo and diazepam) and type of interference. 

 

  Free-recall Cued-recall 

  Placebo Diazepam Placebo Diazepam 

Enco-
ding 

Recall MinRI RI MinRI RI MinRI RI MinRI RI 

p
re

-t
re

a
tm

e
n

t 

Immediate 15.73 ± 3.5 14.87 ± 4.9 14.40 ± 3.2 14.40 ± 3.5 - - - - 

Delay post-treatment 8.20 ± 4.6 9.40 ± 5.9 11.27 ± 3.1 12.07 ± 4.1 9.46 ± 3.6 10.46 ± 4.6 11.27 ± 3.1 12.07 ± 4.1 

7-day delay 7.47 ± 3.3 8.87 ± 4.7 6.33 ± 3.7 6.73 ± 4.1 7.73 ± 2.8 9.2 ± 4.2 7.53 ± 3.0 7.27 ± 3.6 

Retention post-treatment 
delay/Immediate 

0.52 ± 0.3 0.58 ± 0.3 0.78 ± 0.2 0.83 ± 0.1 0.59 ± 0.2 0.69 ± 0.2 0.78 ± 0.2 0.83 ± 0.1 

Retention 7day 
delay/Immediate 

0.48 ± 0.21 0.59 ± 0.2 0.45 ± 0.2 0.47 ± 0.2 0.50 ± 0.2 0.62 ± 0.2 0.51 ± 0.2 0.50 ± 0.2 

Ret 7day delay/ post-
treatment delay 

0.83 ± 0.3a
 0.84 ± 0.3b

 0.60 ± 0.3 0.58 ± 0.3 0.83 ± 0.3 0.84 ± 0.3 0.68 ± 0.2 0.62 ± 0.2 

B
e
g

in
n

in
g

 p
o

s
t-

tr
e
a
tm

e
n

t 

Immediate 15.93 ± 4.3 16.07 ± 3.5 10.87 ± 4.7 10.93 ± 3.3 - - - - 

Delay post-treatment 12.40 ± 4.6 13.40 ± 3.6 2.80 ± 4.9 1.33 ± 3.4 13.0 ± 3.2 13.40 ± 3.6 5.07 ± 4.6 5.00 ± 3.4 

7-day delay 8.60 ± 4.4 10.27 ± 4.7 0.53 ± 1.8 1.33 ± 2.0 9.60 ± 2.8 11.53 ± 2.4 1.93 ± 2.6 1.87 ± 2.0 

Retention post-treatment 
delay/Immediate 

0.77 ± 0.2 0.83 ± 0.2 0.20 ± 0.3 0.09 ± 0.2 0.83 ± 0.1 0.83 ± 0.2 0.39 ± 0.3 0.42 ± 0.2 

Retention 7day 
delay/Immediate 

0.53 ± 0.3 0.63 ± 0.3 0.06 ± 0.1 0.12 ± 0.2 0.61 ± 0.1 0.73 ± 0.1 0.21 ± 0.2 0.16 ± 0.2 

Retention 7day delay/ post-
treatment delay 

0.71 ± 0.3c
 0.75 ± 0.3 0.00 ± 0.0d

 0.45 ± 0.5e
 0.75 ± 0.2 0.9 ± 0.2 0.54 ± 0.5a

 0.64 ± 1.3c
 

E
n

d
 p

o
s
t-

tr
e
a
tm

e
n

t 

Immediate 16.33 ± 3.8 16.93 ± 4.9 12.57 ± 4.8c
 13.50 ± 2.0c

 - - - - 

7-day delay 2.47 ± 4.0 5.0 ± 5.1 0.93 ± 3.5a
 0.86 ± 2.3a

 7.00 ± 3.8 8.0 ± 3.0 1.85 ± 3.6c
 0.86 ± 2.3c

 

Ret 7day delay/Immediate 0.16 ± 0.25 0.35 ± 0.4 0.05 ± 0.2c
 0.06 ± 0.1c

 0.43 ± 0.2 0.53 ± 0.3 0.11 ± 0.2c 0.09 ± 0.2c 

Note: MinRI, Minimal Retroactive Interference; RI, Retroactive Interference. Subscript indicates sample size reduced due to zero scores (see Table 1) 
that did not allow savings to be calculated (e.g., a number divided by zero) In some cases, zero scores allowed savings calculation (e.g., zero divided by 
prior recall, equaling zero) but occurred so often in the diazepam group that they rendered analysis impossible (see text). 

aN=13; bN=12; cN=14; dN= 5; eN= 3 
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4.5.3 Effects on reconsolidation 

 

Only a small number of participants reported they expected a delayed recall of 

stories on Day 7 (three in the placebo group and two in the diazepam group). Likewise,  

only three participants in the placebo group and five in the diazepam reported 

remembering some content of the stories during the intervening period. As there was 

no difference between groups in this respect (not analysed statistically due to minute 

variance), this was not taken into account in the analyses below.  

To assess treatment effects on reconsolidation of episodic memories, which 

could have occurred when stories were recalled at the post-treatment session, we used 

three different metrics.  

The first was retention of the first two pairs of presented stories (two stories pre-

treatment and two at the beginning of the post-treatment session) at Day 7, calculated 

by dividing the number of idea units freely recalled on Day 7 by the number of idea 

units freely recalled at delayed recall (post-treatment) on Day 1. However, most of the 

participants in the diazepam group did not freely recall any items of the stories 

presented and recalled in the post-treatment session on Day 1 (10 participants in the 

MinRI condition and 12 in the RI condition: see Table 3), so savings for these 

individuals could not be computed. Hence, analysis was not carried out.  

The second used metric was retention obtained by calculating the number of 

idea units recalled on Day 7 before cues (7-day delay free-recall) divided by the total 

number of idea units recalled after cues post-treatment on Day 1 (Figure 9A). The 

statistical model included the factors treatment, encoding moment (pre- vs. beginning 

of the post-treatment session) and interference. Three participants from the diazepam 

group were excluded [two recalled no items of stories presented post-treatment, even 

after cues on Day 1, and one was an outlier (score 3 SD above mean)]. This analysis 

showed an effect of treatment on savings [F(1,25)=4.82, p=0.04, pη²=0.16], diazepam 

having reduced retention compared to placebo. This analysis also showed less 

retention, irrespective of groups, when encoding took place post-treatment than pre-

treatment [effect of encoding moment: F(1,25)=11.94, p=0.002, pη²=0.32], possibly 

due to a primacy of proactive interference effect for placebo summed to the amnesic 

effect of diazepam. There was no interaction of these factors. This shows that despite 

diazepam’s initial increase in delayed recall of stories encoded pre-treatment 
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compared to placebo on Day 1 (retrograde facilitation), bringing this information back 

to mind while under the effect of the drug (post-treatment), impaired its reconsolidation 

to the same extent as encoding and retrieving this information post-treatment. 

Interference had no effects and did not interact with other factors.  

 

 

Figure 9. Retention on Day 7. Individualized (dots and squares) and mean (± SE) retention scores 
(histograms with error bars) of stories on Day 7 [(A) free-recall, before cues; (B) cued-recall] in relation 
to the delayed cued-recall in the post-treatment session of stories encoded pre-treatment and at the 
beginning of the post-treatment session on Day 1 (beg. post-treatment), per treatment group (placebo 
or diazepam) and type of interference (MinRI = Minimum Retroactive Interference and RI = Retroactive 
Interference). 
Note: Savings using delayed free-recall at the post-treatment session is not pictured because most 
diazepam-treated participants had total anterograde amnesia for stories encoded post-treatment. 
Effects of treatment (lower in the diazepam group) and encoding moment (lower when encoding took 
place post-treatment on Day 1) were observed in A and B. See text for statistical details. 

 

The third score (Figure 9B) considered retention at Day 7 obtained by dividing 

idea units recalled after cues on Day 7 by delayed cued-recall in the post-treatment 

session on Day 1. The same three participants in the diazepam group were excluded: 

two of them due to zero scores at delayed recall on Day 1 and the outlier described 

above. The analysis showed the same effects [treatment: F(1,25) = 25.99, p<0.001; 

pη² = 0.51; encoding moment: F(1,25) = 5.29, p=0.03; pη² = 0.17; interaction: F(1,25) 

= 5.26, p=0.03; pη² = 0.17, but with no significant post hoc contrast (ps>0.08)], 

providing evidence that the diazepam-induced effects were not due to retrieval 

difficulties. 
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4.5.4 Effects of consolidation over a short delay (encoding and recall post-

treatment on Day 1) and long delay (encoding post-treatment on Day 1 and 

recall on Day 7) 

 

To determine whether diazepam effects on consolidation occurred in the 

minutes that followed immediate free-recall of stories encoded post-treatment, 

compared to its possible extended effects while the drug was still active (hours after 

the post-treatment session finished), we ran a model with the factors treatment, 

interference and duration of delay considering: savings of stories presented post-

treatment and recalled post-treatment  on Day 1 (short time for consolidation) versus 

those presented post-treatment but subjected to delayed recall only at on Day 7 (longer 

time for consolidation). In this analysis, savings were calculated by dividing the scores 

on delayed cued-recall (Day 1) of stories presented at the beginning of the post-

treatment session by immediate free-recall of these stories vs. delayed cued-recall on 

Day 7 of stories presented at the end of the post-treatment session on Day 1 divided 

by its immediate free-recall (Figure 10). Diazepam impaired retention compared to 

placebo [F(1,26) = 70.57, p < 0.001, pη² = 0.73] and, irrespective of treatment, savings 

decayed more after 7 days than during the time span between immediate and delayed 

recall in the same day (at post-treatment session) [F(1,26) = 75.85, p < 0.001, pη² = 

0.74]. Importantly, treatment did not interact with duration of delay, showing that 

diazepam disrupted consolidation that occurs soon after encoding, and did not 

enhance forgetting over the period during which the drug was still active. Hence, 

diazepam did not alter memory decay, or accelerate forgetting differently from placebo. 

Interference, again, had no effects and did not interact with the other factors. Table 6 

summarizes the results found regarding to diazepam effects and the comparison to 

amnesic conditions.   
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Figure 10. Retention of story items over a short delay (encoding and retrieval post-treatment on Day 1) 
and a long delay (encoding post-treatment on Day 1 and recalled on Day 7). Individualized (dots and 
squares) and mean (± SE) retention scores (histograms with error bars) post cues in the first delayed 
recall opportunity of stories encoded post-treatment, per treatment group (placebo or diazepam) and 
type of interference (MinRI =Minimum Retroactive Interference and RI = Retroactive Interference). 
Note: Encoding and recall on Day 1: retention was calculated by dividing delayed cued-recall at the 
post-treatment session by immediate free-recall of stories presented at the beginning of the same 
session; encoding on Day 1 and recall on Day 7: retention calculated by dividing delayed cued-recall of 
stories presented at the end of the post-treatment session at the Day 7 by immediate free-recall post-
treatment session (Day 1). Delayed-cued recall was used because free-recall resulted in too many zero 
scores in the diazepam group. Delayed free-recall at the post-treatment session was not used because 
most diazepam-treated participants did not recall any idea units of the stories encoded post-treatment 
in that same session. 

 

4.6 Performance on the spot-the-difference task 

 

All participants actively did the spot-the-difference task. The lowest score was 

spotting one third of the differences on one of the occasions in which the task was 

done. Performance considering both treatment conditions, the 15 min or 5 min-long 

spot-the-difference tasks and session (pre- and post-treatment) was also analyzed, but 

the pattern of results did not aid in differentiating treatments beyond the sedative 

effects of diazepam and decreased motivation in the longer versions of the task 

The proportion of spotted differences (Table 5) was analyzed in a GLM with 

treatment, occasion (pre-treatment, beginning and end of the post-treatment sessions) 

and interference (MinRI vs. RI) conditions. We found an interaction between treatment 

and occasion [F(2,54)=10.12, p<0.001, pη²=0.27], showing that there was no 

difference between groups at baseline (pre-treatment), but that in the placebo group, 

performance at the end of the post-treatment session was worse than at the other 

occasions, possibly indicating decrease in motivation, while for the diazepam group, 
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performance was worse at both post-treatment times compared to baseline; also, the 

placebo-treated individuals had better performance at the beginning of the post-

treatment session than those who took diazepam (ps<0.05). 

There was also an interaction of interference and treatment [F(1,27)=6.29, 

p=0.02, pη²=0.19], showing that the longer task (15 min under RI) was more 

demanding for those who took diazepam: performance in the placebo group was 

higher than of the diazepam group during RI (ps<0.05). An interaction of interference 

and occasion was also significant [F(2,56)=6,59, p= 0.002, pη²= 0.20]: the proportion 

of spotted differences in MinRI and RI were lower at the end of the post-treatment 

sessions than at the other test moments (ps<0.05), which could be due to diminished 

motivation to do the task at the end of the experiment. The three-way interaction was 

not significant. 

When taking into account physical sedation as a continuous predictor the effect 

of treatment was no longer significant (p=0.37), while the effect of occasion remains 

significant [F(2,52)=12.74, p<0.001, pη²=0.33]. Also, no interactions were observed 

when covariating for physical sedation. Hence, the differences in performance between 

diazepam and placebo groups can be explained by physical sedation, which measures 

how mentally slow, competent or lethargic, for instance, the participant feels. 

 

Table 5. Mean (±SD) number of differences spotted in the spot-the-difference task, per 
treatment group (placebo and diazepam), interference conditions and test moment.  

Session Test version Placebo Diazepam 

Pre-treatment 
RI: 15 min (max. 60) 35.93 ± 3.92 34.13 ± 4.95 

MinRI: 5 min (max. 20) 12.20 ± 2.0 13.67 ± 2.19 

Beginning of post-

treatment 

RI: 15 min (max. 60) 40.27 ± 5.26 30.21 ± 6.93 

MinRI: 5 min (max. 20) 13.80 ± 1.58 12.28 ± 2.87 

End of post-treatment 
RI: 15 min (max. 60) 33.27 ± 6.53 28.28 ± 4.70a 

MinRI: 5 min (max. 20) 9.64 ± 1.28 9.50 ± 1.87a 

Note: RI, Retroactive Interference; MinRI, Minimum Retroactive Interference. The 15 min versions in 
the RI condition included 30 images, with a total of 60 differences (maximum possible score on the 
test). The 5 min version in the MinRI condition included 10 images and 20 differences (maximum 
score). aN=14.  
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Table 6. Summary of characteristics of different types of patients with anterograde amnesia and effects of acute 
diazepam (15 mg) determined in the present experiment on the differential diagnostic criteria based on the 
cognitive constructs under investigation. 

 Working 

memory 

capacity 

Benefit from minimal 

retroactive 

interference (MinRI) 

Episodic memory 

decay 
References 

Korsakoff’s 

Syndrome 
Impaired1 -  Typical2 

1Parkinson (1980); 2Elliot et al. 

(2014) 

Medial temporal 

lobe insult 
Nonimpaired3,4 

Yes (general lesion)5 

Typical7,8 

3Hannula etal. (2006); 
4Baddeley et al. (2011); 5Dewar 

et al. (2010); Cowan et al. 

(2004)6; 7Geurts et al. (2015); 
8McKee and Squire(1992) 

No (probable  

hippocampal lesion)6 

Alzheimer’s 

disease (AD) 
Impaired9,10 

Yes (but decreases in 

more severe AD)11 
Typical12,13 

9Hamdan and Bueno (2005); 
10Kensinger et al. (2003); 
11Dewar et al. (2012b); 12Alber 

et al. (2014); 13Hart et al. 

(1987) 

Mild cognitive 

impairment 
Nonimpaired14 

Yes (low benefit in AD 

probable converters)15 

Accelerated16 14Hamdan and Bueno (2005); 
15Dewar et al. (2012b);16 Walsh 

et al., 2014;17Manes et al. 

(2008); 18Alber et al. (2014) Typical17,18 

Transient 

Epileptic Amnesia  
Nonimpaired19 -  Accelerated20,21 

19Tudesco et al. (2010); 20Elliot 

et al. (2014); 21Lah et al. (2014) 

Transient Global 

Amnesia 
Nonimpaired22 - Typical23 

22Quinette et al. (2003); 
23Hodges and Oxbury (1990) 

Acute oral 

diazepam (15 mg)  
Nonimpaired No Typical Present study 

Note: Table cells coloured in grey show characteristics that are similar to results found in participants under 

BZs.   

 

4.7 Effects on recognition 

 

Recognition of pictures used in the spot-the-difference task was carried out on Day 

7, and only involved images from the RI conditions of post-treatment sessions. GLMs 

were carried out on A' discriminability scores. One participant from placebo group and 

one for diazepam group were not included in this analysis due to loss of data.  The 

analysis was initially based on yes/no responses (yes answers, summing R and F 

responses). This analysis considered the hit scores (proportion of old images 

recognised as “old”) and false alarms (proportion of new images classified as “old”) to 

generate the A’ score. The GLM showed treatment effects [F(1,26) = 8.57, p = 0.007, 
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pη² = 0.25], diazepam having decreased the ability to discriminate “old” from “new” 

(distractor) pictures. This was due to a specific decrease in recollection [F (1,26) = 

22.05, p <0.001, pη² = 0.46), but not familiarity (p>0.20), as shown in two other GLM 

(Figure 11). One GLM analysed the effects of treatment (between subject factor) on A’ 

scores of ‘remember’ (recollection) responses and the other GLM analysed the effects 

of treatment (between subjects factor) on A’ scores for familiarity responses. In the 

analysis for remember responses hits were computed (summing the proportion of 

‘Remember’ responses for ‘old’ images) and false alarms (proportion of remember 

responses for ‘new’ images). In the analysis for familiarity we computed the hits (sum 

of the proportions of familiarity based recognition of “old” images / 1-hits of recollection 

based recognition) and false alarms (sum of the proportions of familiarity based 

recognition of “new” images / 1-false alarms for recollection based recognition) (Manns 

et al., 2003).  

 

 
Figure 11. Recollection and familiarity on the recognition test. Individualized (dots and squares) and 
means (± SE) A’ scores for (A) recollection and (B) familiarity responses assessed at Day 7 recognition 
test for spot-the-difference images presented at the post-treatment session on Day 1, by treatment group 
(placebo or diazepam). 
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5 DISCUSSION 

 

In the present study, acute treatment with 15 mg of diazepam induced cognitive 

effects that corroborated our predictions that typical BZs cause profound anterograde 

amnesia, have smaller effects on immediate free-recall (Curran, 1991), do not impair 

WMC (Reder et al., 2006) and reduces recognition based on recollection while 

preserving ratings of familiarity (Curran et al., 1993; Huron et al., 2001). We also found 

that this dose equally disrupted consolidation/reconsolidation, did not impair 

consolidation or retrieval of episodic material encoded pre-treatment, did not appear to 

accelerate forgetting over a period of one week (see Kopelman, Stanhope, 1987; 

Geurts et al., 2015), and did not increase susceptibility to immediate retroactive 

interference (see Dewar et al., 2009). Additionally, the expected diazepam-induced 

increase in physical and mental sedation (Curran, Birch, 1991; Sarasin et al., 1996) 

did not explain the effects of the drug on memory, as previously shown (Curran, 1991; 

Buffett-Jerrott, Stuart, 2002; Mintzer, Griffiths, 2007). We will argue that, together, 

these results suggest that BZs are not an adequate model of “generic” organic 

amnesias (e.g., Curran, 1991; Lister, 1985; Thomas-Antérion et al., 1999). Rather, our 

findings are consistent with the proposal that acute BZ administration mirrors 

anterograde organic amnesia observed in patients with specifically disrupted 

hippocampal functioning, as detailed below. 

Regarding mood and bodily sensations, as expected (Curran et al., 1991), 

diazepam increased physical and mental sedation with high effect sizes at the 

beginning of the post-treatment session compared to the treatment with placebo. 

Diazepam also increased the presence of the “other symptoms” mood factor, which is 

compounded by increased lack of interest, hostility and sadness, but with a smaller 

effect size. These diazepam-induced mood altering effects were maintained until the 

end of the post-treatment session, which is not surprising due to the long elimination 

half-life of diazepam (Mandelli et al., 1978). This pattern of effects (greater physical 

and mental sedation, fatigue, lethargy, decreases in palpitation and less effects of 

tranquilization and other symptoms) reflects the expected action of BZs in people who 

do not have anxiety at pathological levels (e.g., Sarasin et al., 1996), showing that the 

choice of dose and time of post-experimental session were adequately selected. 

Diazepam also increased dizziness that probably reflected more difficulty walking, 
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which is in agreement with the findings related to sedation and psychomotor effects of 

these drugs. The slight changes in nausea and dyspnoea are common psychotropic 

effects (Greenwood et al. 1975) 

Regarding immediate free-recall of memory for prose, our findings were 

equivalent to the pattern of effects found in the types of clinical amnesia that we initially 

regarded as eliciting similar effects to those of BZs (e.g., Baddeley, Wilson, 2002; 

Dewar et al., 2010): diazepam reduce scores, but to a much smaller extent than 

impairment of delayed free-recall (Curran, 1986; Curran, 1991; Curran, Birch, 1991; 

Ghoneim et al., 1981). Despite higher effects at peak-plasma concentration of the drug, 

by the end of the post-treatment session immediate free-recall of diazepam-treated 

participants was only marginally worse (p=0.07) than those who ingested placebo, 

even though the sedative effects of diazepam remained constant until the experiment 

ended on Day 1. This can be explained by adjustments to drug effects, or acute 

tolerance (see Cittadini, Lader, 1991; Ellinwood et al., 1983; Gentil et al., 1990), 

indicating that people are able to overcome these effects, which are much subtler than 

those on delayed recall.  

Like many amnesics (e.g., Allen et al., 2014; Baddeley, Wilson, 2002; Kopelman 

et al., 1997; Leng, Parkin 1989; Parkinson, 1980; Quinette et al., 2003; Quinette et al., 

2006), diazepam-treated healthy participants did not present impaired WMC, which 

rules out that reduced immediate free-recall is wholly due to difficulties in active search 

and retrieval of recently activated long-term memories (Unsworth, Engle, 2007; 

Unsworth, 2016). This also rules out that diazepam mimics effects on Korsakoff 

patients, who have been shown to be impaired in this ability (Parkinson, 1980). Apart 

from attention limited working memory, automatic linguistic processes are also at play 

in immediate prose-recall (Jefferies et al., 2004). However, it is unlikely that the latter 

were affected by diazepam which, like most BZ compounds, do not impair verbal short-

term nor implicit memory processes (Curran, 1991; except for lorazepam; see Giersch 

et al., 2010). Therefore, diazepam can decrease immediate recall of stories through 

some other mechanism that possibly relates to changes to the hippocampal 

functioning, a brain structure that seems to be involved in a particular type of 

association between items at encoding (conjunction working memory: see Olson et al., 

2006) that is not measured in the WMC tasks that we employed.  
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Possible hippocampal-dependent changes at encoding could also be related to 

the fact that delayed recall of information encoded under BZ improved slightly after 

cues were provided. This indicates that memory traces at encoding may not have been 

sufficiently well integrated with the episode and were therefore harder to recall later on 

without cues (cue-dependent forgetting: Tulving, 1974). This, however, does not 

explain the BZ-induced anterograde amnesia, as restoring access to this information 

by providing cues still indicated that consolidation was severely disrupted by the drug 

(trace-dependent forgetting: Tulving, 1974; see also Shimmerlik, 1978). This confirms 

that BZ mainly affect consolidation of episodic information (Curran, 1991) acquired 

while the drug is active, or memory processes that take place between immediate and 

delayed free-recall in usual BZ experiments which measure anterograde amnesia 

caused by acute doses in a single session (Curran, 1986; Gorissen et al., 1998). This 

is consistent with the effects found in patients with all types of anterograde amnesia 

that we contrasted BZ effects with (see Angleton, Brown, 1999; Baddeley, Wilson, 

2002; Tulving, 2002; Alber et al., 2014; Hirst et al., 1986; Quinette et al., 2006).  

Higher savings of the stories presented at the beginning of the post-treatment 

session by the placebo group, compared to that of the stories encoded pre-treatment, 

can be ascribed to the shorter lag since the post-treatment story presentation (less 

time to decay: see Hinrichs et al., 1984), a recency effect (Baddeley, Hitch, 1993), 

retroactive interference resulting from the presentation of new to-be-remembered 

material from the second pair of stories (Hinrichs et al., 1984; Dewar et al., 2010), or 

even from facts and activities involved in taking part in the experiment. In contrast, the 

diazepam group showed higher retention of stories presented pre-treatment than the 

placebo-treated individuals, or retroactive facilitation, which rules out that BZ impair 

retrieval per se, as previously shown (Coenen, van Luijtelaar, 1997; Curran et al., 1987; 

Delgado et al., 2005). Naturally, retrograde facilitation cannot be verified in amnesic 

patients because the onset of their conditions can only be established retrospectively, 

so this does not add information regarding the suitability of diazepam as a 

pharmacological model of a specific type of anterograde amnesia. However, this 

finding speaks to other issue regarding BZ effects: state-dependent learning, time 

course of effects on consolidation and susceptibility to interference. 

Firstly, retrograde facilitation allows the exclusion of state-dependent effects 

having interfered with results (Lister, 1985): in the diazepam group, pre-treatment 
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stories were encoded under no drug and were recalled better after the drug was 

ingested, while the placebo-treated subjects were in the same “non-drug” condition 

pre- and post-treatment. Secondly, in BZ studies, retrograde facilitation only occurs 

when new information is presented after drug administration, possibly because this 

new information interferes retroactively with content learned before in placebo-treated 

participants while it is not properly consolidating when people are under the effect of 

these drugs (see Hinrichs et al., 1984; Curran, 1991). In effect, BZs seem to only impair 

fast consolidation processes (Wang, Morris, 2010) that take place soon after encoding 

(Fiebig, Lansner, 2014) and not to affect consolidation mechanisms that are already 

underway (Brown et al., 1982; Fiebig, Lansner, 2014). This type of retroactive 

interference observed in placebo-treated participants, however, differs from the one 

manipulated in RI paradigm used here, in which interference or lack of interference 

(MinRI) happen immediately after encoding/immediate free recall and not after longer 

delays (Dewar et al., 2009).  

Indeed, although many amnesic patients benefit from MinRI (Dewar et al., 2009, 

2010), treatment with diazepam, which elicited profound anterograde amnesia, did not. 

The initial purpose of the study was to assess the use of BZs as a pharmacological 

model of amnesia to investigate the effects of minimal interference. As BZs were 

regarded as good model of amnesia, our initial hypothesis was that they would benefit 

from MinRI, which was not the case. When we took a deeper look into the literature we 

found that some groups of amnesic patients also fail to show such benefits. Thus, 

diazepam may affect consolidation similarly to these patients who present deficits that 

are purportedly related to severe hippocampal atrophy (Cowan et al., 2004; Dewar et 

al., 2012b). Thence, hippocampal function that is essential for fast consolidation 

(Dudai, 2004; Mednick et al., 2011; Wang, Morris, 2010) may be so disrupted in these 

clinical conditions, and by acute BZ administration, that they cannot benefit from MinRI, 

which acts by protecting memory from overloading (see Dewar et al., 2012b). In other 

words, BZ may spare little or no “residual retention” abilities (Dewar et al., 2012b) 

necessary for the benefit of MinRI to appear. Confirmation of these findings may be 

obtained by studying these effects in transient amnesias.  

The fact that MinRI did not increase recall in placebo-treated controls is not 

surprising as this manipulation has been found not to improve memory retention in 

people with optimum cognitive abilities (Martini et al., 2017, 2018; Varma et al., 2017), 
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although some studies did observe these advantageous effects (Craig et al., 2014; 

2016), but did so with different memorabilia and interference activities. There are some 

additional hypotheses for the lack of effect:  

a) consolidation processes in healthy young individuals may be so efficient that it is 

little affected by immediate intervening disruption except in specific experimental 

conditions (see Varma et al. 2018);  

b) in young and healthy individuals, resting states are not regarded as a passive state 

(Andreasen et al., 1995) and might elicit autobiographical thinking, which can interfere 

with memory consolidation to the same extent as interference tasks (Craig et al., 2014; 

see also Varma et al., 2018);  

c) the MinRI condition may be advantageous depending on the type of to-be-

remembered information (unrelated word lists, stories, etc.) and/or interference in the 

RI condition; idea units in stories can be grouped and recoded into higher-order 

memory units in such a way that any part of these chunks can serve as retrieval cues 

that allows the whole story to be recalled (e.g., Shimmerlik, 1978). However, Varma et 

al. (2017), who manipulating memoranda, interference level of difficulty and type of 

memory task still failed to find an effect of minimizing interference. These results of 

Varma et al., however, must be treated with caution since they only used one type of 

interference task;  

d) although we followed the MinRI paradigm as described in the original papers (e.g., 

Alber et al., 2014: relax and do nothing in a darkened room for 10 min, supervised by 

the experimenter from another room, followed by 5 min of spot the difference in the 

same type of images drawn from that study), there may be more to the method that 

ensures the paradigm works that was not described (e.g., amount of visual stimuli in 

the room), rendering reproduction of the results difficult; This is unlikely, as Sergio Della 

Sala (personal communication) has found these effects in many different settings; 

e) we used a larger number of stories (6 in total), which may lead to a buildup of 

proactive interference (see Sehulster et al., 1974) that may mask the advantage of 

MinRI over RI by increasing competition for access to memory traces that allow the 

episodes to be retrieved. This is also an unlikely explanation for our findings because 

we gave participants cues that would aid in the identification of the separate stories.  

Prior studies with the MinRI vs. RI paradigm did not assess the effects on delayed free- 

and cued-recall, so we have no data to compare our results with regarding this issue.  
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It is of note that the anterograde amnesia elicited by BZs does not seem to 

depend on the tasks or activities that follow immediate free-recall of episodic 

memories. This is fortunate because no attention has been given in the literature to 

what activities were carried out immediately after presentation of the to-be-

remembered stimuli in BZ treated individuals. In contrast, order of testing potentially 

affected results on delayed recall of episodic information in studies that investigate 

amnesic patients resulting from brain injury due to anoxia, head injury, stroke, 

Alzheimer’s disease and Mind Cognitive Impairment who have shown to be potentially 

susceptible to RI (Cowan et al., 2004; Della Sala et al., 2005; Dewar et al., 2009, 2010, 

2012b), or other types of amnesic patients until otherwise proven (e.g., those with 

transient amnesias). This has been overlooked and deserves attention.    

 We also found that bringing previously consolidated information to mind under 

diazepam (delayed recall to stories encoded pre-treatment), or reconsolidation, was 

similarly affected by diazepam as consolidating information post-treatment, confirming 

that these processes may be mediated by the same physiological mechanisms (Dudai, 

Eisenberg, 2004; McKenzie, Eichenbaum, 2001). Differently, the consolidation 

process that take place next, over days or longer (Fiebig, Lansner, 2014, Tano et al., 

2009; Wang, Morris, 2010), were not further impaired, as diazepam failed to accelerate 

forgetting (see Geurts et al., 2015). The decay in savings of the pair of stories 

presented and recalled post-treatment (short delay) compared to that of the last pair 

of stories encoded on Day 1 (not followed by delayed recall in that session) assessed 

after a longer delay (7 days) occurred at a similar rate for placebo and diazepam-

treated volunteers. Admittedly, this may have been due to a floor effect considering 

performance in the diazepam group on delayed recall on Day 7. If the accelerated 

decay finding is confirmed, this would rule out that BZs model amnesias associated 

with accelerated forgetting, such as Transient Epileptic Amnesia (Elliot et al., 2014; 

Lah et al., 2014), in which hippocampal volume is negatively associated with 

anterograde amnesia but does not relate to accelerated forgetting (Butler et al., 2009). 

This endorses findings that specific hippocampal damage in this type of patient impairs 

earlier consolidation phases, but is less involved in memory decay over time (Lah et 

al., 2014), associated to other diffuse temporal pathologies (Muhlert et al., 2011).  

Therefore, there are many evidences that together indicate that acute BZ 

administration disrupt hippocampal functioning and early consolidation processes. 
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Diazepam-induced profound anterograde amnesia with lack of evidence of accelerated 

forgetting, led to small impairment of immediate free-recall that was not associated to 

sedation nor WMC, which was preserved, and elicited no improvement in savings with 

MinRI. Furthermore, the selective effect of diazepam on recollection but not familiarity 

in the recognition task, also observed in other BZ studies (Curran et al., 1993; Huron 

et al., 2001) and in many amnesics (Aggleton, Brown 1999; Tulving 2002; Westerberg 

et al., 2006), could be ascribed to specific functional changes to hippocampal 

structures (Curran et al., 2006; Huron et al., 2001). This is so because patients with 

Temporal Lobe Epilepsy with lesions that affect the hippocampus show the same 

effects of impaired recollection but not familiarity, whilst those with lesions that spare 

the hippocampus show the opposite pattern (Bowles et al., 2010).   

We concluded that acute doses of BZs adequately model organic anterograde 

amnesia associated to hippocampal damage and that these drugs mainly exert their 

effects by disrupting initial hippocampal-dependent consolidation/reconsolidation 

processes and possibly hippocampal-induced changes in encoding as well (possibly 

relational working memory, but not WMC). Unlike prior publications (Lister, 1985; 

Thomas-Anterion et al., 1999), which compiled data from various studies to point to 

the similarity of BZ-induced effects and generic anterograde amnesia, our findings 

were all obtained in the same experiment. Using BZ to model this type of amnesia can 

be useful to: a) explore mechanisms of memory; and b) allow the experimental testing 

of manipulations that may increase episodic memory in amnesic patients, who are 

unlikely to be available in sufficient numbers to enable controlled experiments.  

 Like other pharmacological studies, our experiment included a small sample 

due to the ethical restrictions in administering drugs to healthy volunteers. Participants 

were selected to be as homogenous as possible in representing individuals with 

optimum cognitive performance in order to reduce variability and increase statistical 

power: they were all young, healthy, highly schooled in as much hormonal similarity as 

possible when testing male and female participants. Randomization of individuals to 

the experimental treatment was successful in assuring similarity in the placebo and 

diazepam groups regarding baseline immediate free-recall of prose, WMC, IQ and 

mood. The expected subjective and amnestic effects of diazepam were observed, 

showing that the selected diazepam dose and time of post-treatment sessions were 

adequate. Our results are therefore not extendable to participants with other 
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demographic and clinical characteristics. Additionally, our findings regarding forgetting 

or memory decay may have differed had we used different long-term memory delays, 

avoided floor effects and ensured overlearning (see Walsh et al., 2014) before delays. 

Regarding the type of to-be-remembered information and MinRI/RI paradigm used 

here, although there is evidence that susceptibility to RI occurs irrespective of type of 

interference (Dewar et al., 2010) and episodic content (Alber et al.., 2014; Craig et al., 

2014, 2016), since the present study was designed it has come to light that there are 

specific paradigms that are successful in showing MinRI improvement in retention in 

healthy adults (Varma et al. 2018). Therefore, because the parameters that influence 

these effects are still emerging, lack of susceptibility to RI in BZ-treated individuals 

should be confirmed. 
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6 CONCLUSIONS 

 

General conclusion 

- Acute oral administration of diazepam (15 mg) induced disproportional 

anterograde amnesia compared to other memory processes, a pattern that mirrors the 

cognitive profile of patients with organic amnesia resulting from insults to the 

hippocampus.  

 

Specific conclusions  

- We confirmed previous findings in the literature regarding BZs effects: 

o Diazepam showed severe impairment on delayed free- and cued-recall 

of episodic content encoded post-treatment (anterograde amnesia);  

o Diazepam elicited minor effects on post-treatment immediate recall of 

content;  

o Diazepam did not impair delayed recall of episodic content encoded pre-

treatment (no retrograde amnesia) and enhanced memory for this 

content (retrograde facilitation); 

o Diazepam affected recollection but not familiarity in recognition tasks. 

- We described effects of BZs that were not previously investigated on the 

literature: 

o Diazepam did not affect measures of working memory capacity 

o Participants under diazepam did not benefit from minimal retroactive 

interference so diazepam did not enhance susceptibility to retroactive 

interference 

o Diazepam did not accelerate forgetting  

 

- The type of organic amnesia that acute diazepam (15 mg) administration best 

modelled was amnesia resulting from specific insults to the hippocampus.  
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Appendix 

 

Appendix 1. Informed Concent form  

Termo de consentimento livre e esclarecido 

Título do projeto: “Administração de doses agudas de diazepam a jovens 

saudáveis como modelo de amnésia anterógrada para o estudo de interferência 

retroativa” 

 

Você está sendo convidado a participar de uma pesquisa que visa avaliar os efeitos 

cognitivos, em sujeitos saudáveis, de um benzodiazepínico (tranquilizante; chamado 

diazepam, conhecido também como valium) em comparação com placebo (substância inerte, 

sem ação).  

Descrição dos procedimentos que serão realizados: Os participantes desse 

experimento deverão ser saudáveis (triados anteriormente pela pesquisadora). As mulheres 

deverão, no dia do experimento estar no período menstrual (para fins de padronização 

hormonal das participantes), não devem estar grávidas ou amamentando. 

Os voluntários participarão de dois dias de teste separados por 7 dias. No primeiro dia 

será administrada, via oral, uma dose única de diazepam (veja bula anexa) ou placebo. O 

estudo será duplo-cego, isto é, nem você nem o experimentador serão informados de que 

substância você recebeu.  

Orientações para o experimento: No dia de teste você deverá chegar ao laboratório 

no horário proposto pela experimentadora após ter consumido uma refeição leve, sem 

ingestão de cafeína. Não se esqueça de trazer óculos (mesmo se usa lentes) e uma blusa de 

frio (o medicamento pode torná-lo sonolento e alterar sua temperatura).  

Você passará por duas sessões teste, uma antes de receber a medicação ou placebo e 

outra, 60 minutos após a ingestão, tempo necessário para que a droga atinja seu efeito 

máximo. Nestas sessões, pediremos que você faça testes psicométricos (QI, contar bolinhas, 

lembrar números, figuras e histórias). Nenhum teste provoca dano ou sofrimento. Ao final da 

segunda sessão, você será transportado para casa. A duração dos testes neste primeiro dia 

é de cerca de 3:30h. No segundo dia de teste (7 dias depois do primeiro), você deverá vir ao 

laboratório por somente cerca de 20 min para uma avaliação do procedimento. 

Nas vinte e quatro horas que antecedem os dias do experimento você não 

deverá: a) ingerir bebidas alcoólicas ou drogas de abuso; b) ingerir qualquer tipo de 

medicamento; c) dormir menos que o habitual. Se os fizer, por favor avise o experimentador. 

A pesquisadora lhe telefonará na véspera do dia do experimento para lembrá-lo de sua 

participação. Anote o telefone da pesquisadora responsável caso tenha algum problema para 

comparecer ou precise de algum esclarecimento: Isis Segura Tel.: Celular: 11 946491510; 

Descrição dos desconfortos e riscos esperados nos procedimentos: O 

medicamento envolvido nesse estudo (diazepam, 15 mg) é amplamente utilizado em clínica e 

considerado bastante seguro. Entretanto, ele fará com que você sinta bastante fadiga, 



 
 

 
  

sonolência e fraqueza muscular por algumas horas. Embora esses efeitos sejam 

passageiros, no dia do experimento você não deverá dirigir, manipular instrumentos 

perigosos, ou tomar decisões importantes. Para outros efeitos colaterais, veja a bula anexa. 

Devido a esses efeitos, responsabilizamo-nos por transportar você após o experimento para 

sua casa. Além disso, você deverá permanecer fora de suas atividades habituais pelo resto 

do dia. Para que os efeitos do diazepam não sejam aumentados você não deve tomar bebidas 

alcoólicas ou outras substâncias sedativas! Pedimos que se comprometa a seguir essas 

instruções e que evite comentar sobre o experimento com outros voluntários em potencial. 

Apesar de improvável, haverá um médico psiquiatra nas imediações da sala de testes 

durante o experimento na eventualidade de você ter um efeito colateral mais raro. Além disso, 

você terá disponível o telefone da experimentadora, que poderá lhe esclarecer qualquer 

dúvida ou instruí-lo em caso da ocorrência de qualquer efeito indesejável.  

Benefícios para o participante: Não há benefício direto para o participante. Trata-se 

de estudo experimental que tem o objetivo de avaliar se uma técnica de aprendizagem pode 

ser útil em pessoas que tem amnésia, um efeito observado após o diazepam.  

 

Direitos do participante: 

Em qualquer etapa do estudo, você terá acesso aos profissionais responsáveis pela 

pesquisa para esclarecimento de eventuais dúvidas. A principal investigadora é Isis Angélica 

Segura que pode ser encontrada no telefone: 946491510; endereço institucional: Dep. 

de Psicobiologia. Rua Napoleão de Barros 925, Vila Clementino, São Paulo, SP; tel: 

21490155. Se você tiver alguma consideração ou dúvida sobre a ética da pesquisa, entre em 

contato com o Comitê de Ética em Pesquisa (CEP) – Rua Botucatu, 572 – 1º andar – cj 14, 

5571-1062, FAX: 5539-7162 – E-mail: cepunifesp@epm.br. O horário de atendimento é das 

9:00h -12:00h, exceto às quartas-feiras. 

É garantida a liberdade da retirada de consentimento a qualquer momento e deixar de 

participar do estudo sem ter que justificar a sua decisão, sem qualquer prejuízo ao 

participante.  

Direito de confidencialidade: As informações obtidas serão analisadas em conjunto 

com outros voluntários, não sendo divulgado a identificação de nenhum paciente. 

Você tem a garantia de que todos os dados obtidos a seu respeito, assim como 

qualquer material coletado só serão utilizados neste estudo.  

A qualquer momento, o participante poderá ter acesso a todas as informações obtidas 

a seu respeito neste estudo, ou a respeito dos resultados gerais do estudo e caso seja de 

interesse, você será informado sobre os principais resultados e conclusões obtidas no estudo.  

Despesas e compensações: Não há despesas pessoais para o participante em 

nenhuma fase do estudo. Também não há compensação financeira relacionada à sua 

participação. Ressarciremos os participantes por suas despesas de transporte. 

Em caso de dano pessoal causado pelos procedimentos ou tratamentos propostos 

neste estudo, o participante tem direito a tratamento médico na Instituição pelo tempo 

necessário, bem como às indenizações legalmente estabelecidas; 

mailto:cepunifesp@epm.br


 
 

 
  

Você receberá uma via assinada deste termo, que deverá conter rubrica do 

participante e pesquisador em todas as páginas. 

 

Acredito ter sido suficientemente informado a respeito das informações que li, 

descrevendo o estudo “Efeitos da minimização da interferência retroativa e 

administração aguda de benzodiazepínico na memória episódica” 

Eu discuti com a pesquisadora Isis A. Segura sobre a minha decisão em participar 

nesse estudo. Ficaram claros para mim quais são os propósitos do estudo, os procedimentos 

a serem realizados, seus desconfortos e riscos, as garantias de confidencialidade e de 

esclarecimentos permanentes. Ficou claro também que minha participação é isenta de 

despesas. Concordo voluntariamente em participar deste estudo e poderei retirar o meu 

consentimento a qualquer momento, sem penalidades ou prejuízo. 

data:  ____/____/____ 
 
 
 ________________________________                                ________________________ 
Nome do participante da pesquisa                                                    assinatura 
 

Declaro que obtive de forma apropriada e voluntária, o Consentimentos Livre e 
Esclarecido deste participante para a participação neste estudo. Declaro ainda que me 
comprometo a cumpri todos os termos aqui descritos. 

 

data:  ____/____/____ 
 
 
_________________________________                    _____________________________ 
Nome do pesquisador principal                                                          assinatura 
 



 
 

 
  

Appendix 2. Diazepam leaflet 

Diazepam.  
Classe terapêutica dos ansiolíticos simples, anticonvulsivantes, hipnóticos, 
relaxantes musculares e sedativos. 
Princípios Ativos: Diazepam. 
 
Indicação 
Para que serve? 
 
Diazepam comprimidos é indicado para o alivio da ansiedade, tensão e outras 
queixas somáticas ou psicológicas associadas com a síndrome da ansiedade, e no 
tratamento de insônia, sintomas da abstinência de álcool, espasmo muscular, tensão, 
dor de cabeça, transtorno do pânico, tremores ou epilepsia mioclônica, em adultos. 
Diazepam também é indicado no pré-operatório e como sedativo leve. 
 
Diazepam injetável é indicado para sedação, no alivio da tensão, da excitação, da 
ansiedade, do estresse agudo e para diminuir a lembrança de intervenções 
diagnósticas e terapêuticas, como endoscopia, procedimentos radiológicos, pequenas 
intervenções cirúrgicas, redução e deslocamentos de fraturas, intervenções cirúrgicas 
menores ou curativos em queimados, em adultos e crianças. Diazepam também é 
indicado como anticonvulsivante e como relaxante muscular. 
Farmacocinética 
 
Como funciona? 
Diazepam é um medicamento pertencente ao grupo das Benzodiazepinas que tem 
propriedades sedativas, anticonvulsivantes e ansiolíticas, que pode também atuar 
como relaxante muscular. 
O modo de ação das Benzodiazepinas não se encontra totalmente esclarecido, no 
entanto sabe-se que atua como depressor no Sistema Nervoso Central, 
provavelmente facilitando a ação do neurotransmissor ácido gamaaminobutírico - 
GABA. Este neurotransmissor pode ser responsável por induzir a inibição do Sistema 
Nervoso Central, causando a sedação, sendo o mais importante inibidor da 
neurotransmissão no cérebro. 
 
Diazepam comprimidos: Diazepam comprimidos começa a fazer efeito 15 a 45 
minutos após administração, e a sua concentração máxima é atingida 30 a 90 minutos 
após administração e dura cerca de 2 a 3 horas. 
 
Diazepam injetável: após a administração, Diazepam começa a fazer efeito 20 a 30 
minutos após administração, e o seu tempo de meia vida é de 7 a 10 horas. 
 
Posologia 
Como usar? 
Diazepam comprimidos: a dose padrão recomendada de diazepam comprimidos 
para adultos é de 5 a 10mg por dia, podendo a dose ser aumentada até 5 a 20 mg por 
dia. 
A dose recomendada de Diazepam depende da gravidade e do tipo de sintomas, e, 
por isso, deve ser sempre indicada pelo médico. A duração do tratamento deve ser 
sempre a mais curta possível, nunca excedendo um período máximo de 2 a 3 meses. 



 
 

 
  

Diazepam injetável é usado apenas em hospitais, sendo que a dose padrão utilizada 
para adultos e adolescentes depende da gravidade, do tipo de sintomas e do peso 
corporal. 
 
Efeitos Colaterais 
Quais os males que pode me causar? 
Alguns dos efeitos colaterais do Diazepam incluem sonolência, cansaço extremo, 
relaxamento muscular e dificuldade para andar, tontura, confusão, depressão, 
agitação, irritação ou agressividade. 
A administração intramuscular de Diazepam injetável, ocasionalmente pode 
provocar dor local e vermelhidão na região da aplicação. 
 
Contraindicações 
Quando não devo usar? 
Diazepam está contraindicado para pacientes com psicoses, insuficiência respiratória 
grave, glaucoma, pacientes com historial de dependência de álcool ou drogas, assim 
como, para pacientes com alergia aos benzodiazepínicos ou a outros componentes 
da fórmula. 
Além disso, Diazepam comprimidos está também contraindicado para crianças 
entre os 0 e os 12 anos de idade. 
 
Advertências e Precauções 
O que devo saber antes de usar? 

Antes de usar Diazepam, deverá falar com o seu médico se estiver grávida ou 
amamentando, mais de 60 anos, tiver Miastenia Gravis, doença no fígado, doença 
nos rins, hipoalbuminemia, apneia do sono, asma, lesão cerebral, insuficiência 
respiratória, ou se estiver a tomar outros medicamentos. 

Durante o tratamento com Diazepam deve evitar dirigir veículos e maquinas, e 
deve evitar a ingestão de álcool. 

Os benzodiazepínicos como o Diazepam, podem causar dependência, 
tolerância, sintomas de abstinência ou amnésia, sendo que apenas devem ser 
utilizados segundo indicação médica. 

O tratamento com Diazepam nunca deve ser interrompido sem conhecimento 
do seu médico e os horários, as doses e duração do tratamento devem ser 
respeitados. 
 
Superdosagem 
O que fazer se alguém usar uma quantidade maior do que a indicada? 

Em caso de toma excessiva de Diazepam, deve dirigir-se ao hospital mais 
próximo, levando a embalagem ou bula do medicamento. Alguns dos efeitos mais 
comuns que pode sentir após a toma excessiva de Diazepam são: sonolência, 
confusão mental e letargia, ataxia, hipotonia, hipotensão, depressão respiratória, 
coma ou morte. 
 
Composição 
Diazepam comprimidos 5 mg 

Cada comprimido de Diazepam 5 mg contém: 
Diazepam 5 mg; Excipientes 1 comprimido (Excipientes: lactose, amido de milho, 
óxido de ferro amarelo e estearato de magnésio). 



 
 

 
  

 
Diazepam comprimidos 10 mg 

Cada comprimido de Diazepam 10 mg contém: 
Diazepam 10 mg; Excipientes  1 comprimido (Excipientes: lactose, amido de milho, 
indigocarmin e estearato de magnésio). 

 
Interações Medicamentosas 

Diazepam não deve ser administrado em conjunto com alguns medicamentos 
ou substâncias sem orientação médica, como bebidas alcoólicas, medicamentos para 
doenças do sistema nervoso, incluindo tranquilizantes, sedativos, medicamentos para 
dormir, medicamentos contra convulsões, medicamentos para doenças do estômago, 
como cimetidina e omeprazol, antimicóticos ou antifúngicos como o cetoconazol. 
 
Diazepam precisa de receita médica? 

Diazepam apenas pode ser comprado com receita médica, e por isso, é 
recomendado consultar o médico caso sinta necessidade de utilizar este 
medicamento. 
 
Diazepam emagrece? 

Diazepam não deve ser usado para emagrecer, no entanto, pode ajudar na 
perda de peso, uma vez que é um medicamento utilizado para o controlo da 
ansiedade, diminuindo o apetite e a vontade de comer. 
 
Laboratório 
Roche Químicos e Farmacêuticos S.A. 
SAC: 0800 7720 289 
Diazepam também pode ser conhecido comercialmente como Valium. DizeresLegais: 
Diazepam comprimidos: MS: 1.0100.0091 | Farm. Resp.: Guilherme N. Ferreira 
Diazepam injetável: MS: 1.0583.0231 | Farm. Resp.: Dra. Maria Geisa P. de Lima e 
Silva. 
  



 
 

 
  

Appendix 3. Ethics Comittee Approval  

 

 



 
 

 
  

  



 
 

 
  

Appendix 4. Hospital Anxiety and Depression Scale (Zigmond and Snaith, 1983; 
adapted for local use by Marcolino et al., 2007). Statements and answers with scores 
(numbers in the left from 0 to 3). Questions in odd numbers are from anxiety scales 
and even numbers are from depression scale.  
 

Este questionário nos ajudará a saber como você está se sentindo. Leia todas as frases. 

Marque com um “X” a resposta que melhor corresponde a como você tem se sentido na ÚLTIMA 

SEMANA. Não é preciso ficar pensando muito em cada questão. Neste questionário as respostas 

espontâneas têm mais valor do que aquelas em que se pensa muito. Marque apenas uma resposta 

para cada pergunta 

 

1. Eu me sinto tenso ou contraído:  

  3(  ) A maior parte do tempo  
  2(  ) Boa parte do tempo  
  1(  ) De vez em quando  
  0(  ) Nunca 
 
  2. Eu ainda sinto gosto pelas mesmas coisas de 

antes: 
  0(  ) Sim, do mesmo jeito que antes  
  1(  ) Não tanto quanto antes  
  2(  ) Só um pouco  
  3(  ) Já não sinto mais prazer em nada 
 
  3. Eu sinto uma espécie de medo, como se 

alguma coisa ruim fosse acontecer: 
  3(  ) Sim, e de um jeito muito forte 
  2(  ) Sim, mas não tão forte  
  1(  ) um pouco, mas isso não me preocupa 
  0(  ) não sinto nada disso 
 
  4. Dou risada e me divirto quando vejo coisas 

engraçadas: 
  0(  ) Do mesmo jeito que antes 
  1(  ) Atualmente um pouco menos  
  2(  ) Atualmente bem menos  
  3(  ) Não consigo mais 
 
  5. Estou com a cabeça cheia de preocupações: 
  3(  ) A maior parte do tempo  
  2(  ) Boa parte do tempo  
  1(  ) De vez em quando  
  0(  ) Raramente  
   

6. Eu me sinto alegre: 
  3(  ) Nunca 
  2(  ) Poucas vezes  
  1(  ) Muitas vezes  
  0(  ) A maior parte do tempo  
 
  7. Consigo ficar sentado à vontade e me sentir 

relaxado: 
  0(  ) Sim, quase sempre  
  1(  ) Muitas vezes 
  2(  ) Poucas vezes  
  3(  ) Nunca  
 

8. Eu estou lento para pensar e fazer as coisas: 

  3(  ) Quase sempre  
  2(  ) Muitas vezes  
  1(  ) De vez em quando  
  0(  ) Nunca 
 
  9) Eu tenho uma sensação ruim de medo, como 

um frio na barriga ou um aperto no estômago: 
  0(  ) Nunca 
  1(  ) De vez em quando 
 2(  ) Muitas vezes 
  3(  ) Quase sempre 
 
  10) Eu perdi o interesse em cuidar da minha 

aparência: 
  3(  ) Completamente 
  2(  ) Não estou mais me cuidando como deveria 
  1(  ) Talvez não tanto quanto antes 
 0(  ) Me cuido do mesmo jeito que antes 
 
  11) Eu me sinto inquieto, como se eu não 

pudesse ficar parado em lugar nenhum: 
  3(  ) Sim, demais 
  2(  ) Bastante 
  1(  ) Um pouco 
  0(  ) Não me sinto assim  
 
  12) Fico esperando animado as coisas boas 

que estão por vir: 
  0(  ) Do mesmo jeito que antes 
 1(  ) Um pouco menos do que antes 
  2(  ) Bem menos do que antes 
  3(  ) Quase nunca 
 
  13) De repente, tenho a sensação de entrar em 

pânico: 
  3(  ) A quase todo momento 
  2(  ) Várias vezes 
  1(  ) De vez em quando 
  0(  ) Não sinto isso 
 
  14) Consigo sentir prazer quando assisto a um 

bom programa de televisão, de rádio ou quando 
leio alguma coisa: 

  0(  ) Quase sempre 
  1(  ) Várias vezes 
  2(  ) Poucas vezes 
  3(  ) Quase nunca 

 



 
 

 
  

Appendix 5. Online participants screening questionnaire. 

 

 

 



 
 

 
  

 



 
 

 
  

 

 



 
 

 
  

  



 
 

 
  

Appendix 6. Reduced Raven’s Progressive Matrices (Raven et al. 1985; adapted 

from Arthur et al., 1999). Correct answers pointed in red circles.  
 

 

  



 
 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
  

 
 

 

 

  



 
 

 
  

Appendix 7. Visual Analogic Mood Scales (VAMS) and its factors (table), Bodily 

Symptoms Scales and factors of VAMS (table).  

 

 
  



 
 

 
  

 

 
  



 
 

 
  

 

Mood factors and scales 

Anxiety 

Calm Excited 

Relaxed Tense 

Tranquil Troubled 

Physical sedation 

Quick-witted Mentally slow 

Proficient Incompetent 

Energetic Lethargic 

Clear-headed Muzzy 

Gregarious Withdrawn 

Well-
coordinated 

Clumsy 

Strong Feeble 

Mental sedation 

Alert Drowsy 

Attentive Dreamy 

Other 

Interested Bored 

Amicable Antagonistic 

Content Discontent 
 

 

 

 

 



 
 

 
  

Appendix 8. Counting span task instructions and example of a trial with a 

sequence of three screens.  

 

 

  



 
 

 
  

Appendix 9. Running span Memory number sequences of trials 1 to 20.    

Available in: https://drive.google.com/drive/folders/13AOe8UvxjAM47FE-

V2Gc0AlEp6Wimeak?usp=sharing 

Version 1 

Trial Sequência 

1 7, 6, 9, 3, 4, 1, 8, 5, 7, 2, 9, 3, 4, 6 

2 2, 3, 1, 6, 9, 5, 4, 8, 2, 3, 7, 6 

3 6, 5, 3, 1, 7, 4, 9, 2, 8, 6, 3, 1, 5, 7, 9, 4, 8, 2 

4 2, 1, 9, 3, 4, 8, 7, 5, 2, 1, 6, 9, 4 

5 6, 7, 3, 1, 8, 5, 2, 9, 6, 7, 1, 4, 8, 3, 2 

6 5, 6, 4, 2, 1, 3, 7, 8, 5, 6, 9, 4, 2, 3, 1 

7 8, 4, 2, 3, 9, 5, 7, 6, 8, 1, 2, 4 

8 6, 4, 2, 1, 8, 9, 3, 5, 6, 7, 4 

9 7, 3, 5, 4, 1, 6, 8, 9, 2, 7, 5, 3, 1, 4, 6, 8, 2, 7, 9 

10 9, 3, 1, 8, 4, 7, 2, 5, 6, 9, 1, 4, 8, 3, 7, 5, 2, 6 

11 7, 4, 6, 9, 2, 1, 8, 3, 5, 4, 7, 9, 6, 2, 8, 3, 1, 4, 7, 5 

12 6, 9, 2, 7, 4, 3, 8, 1, 5, 6, 2, 4, 7, 9, 3, 8, 5 

13 1, 8, 5, 3, 7, 4, 2, 9, 6, 8, 1, 3, 7, 5, 9, 2, 6 

14 7, 9, 1, 2, 3, 5, 4, 6, 7, 8, 1, 2, 9, 5 

15 6, 4, 8, 5, 2, 9, 7, 3, 1, 4, 2, 6, 8, 9, 5, 7, 3, 1, 6 

16 9, 2, 1, 6, 7, 4, 3, 5, 9, 8, 1, 6, 2, 4, 3, 7 

17 5, 2, 1, 4, 8, 3, 6, 7, 9, 5, 2 

18 6, 4, 7, 8, 1, 5, 3, 2, 9, 6, 7, 1, 8 

19 2, 9, 4, 7, 1, 3, 6, 8, 2, 4, 5, 9, 7, 1, 6, 3 

20 7, 5, 2, 6, 8, 9, 4, 1, 7, 5, 3, 8, 2, 9, 4, 1, 7, 6, 3, 5 

 

Version 2 

Trial Sequência 

1 9, 7, 2, 8, 6, 4, 1, 3, 5, 7, 2, 9, 8, 6, 1, 4, 5, 3, 7  

2 5, 3, 6, 7, 1, 4, 9, 2, 8, 3, 5, 7, 1, 4, 9, 8, 6, 2, 7, 5 

3 4, 2, 1, 8, 6, 7, 5, 9, 3, 2, 4, 8 

4 6, 1, 3, 7, 5, 9, 8, 6, 2, 4, 1, 3, 7, 9, 2, 5, 8, 4, 6 

5 7, 3, 4, 2, 6, 1, 8, 9, 5, 3, 4, 7, 6, 1, 2, 9     

6 6, 2, 5, 7, 3, 8, 4, 1, 9, 6, 5, 2, 7, 4, 8, 1, 3, 9 

7 8, 1, 7, 6, 9, 2, 3, 5, 1, 8, 7, 4, 6 

8 2, 3, 8, 4, 1, 7, 6, 9, 2, 5, 8, 1, 3, 7, 6 

9 3, 6, 1, 7, 9, 5, 4, 2, 8, 6, 3, 1, 7, 4, 9, 2     

10 5, 8, 3, 9, 7, 4, 2, 6, 5, 1, 8, 3, 4, 7, 2, 9, 6 

11 2, 5, 9, 7, 6, 3, 8, 4, 1, 2, 5         

12 5, 9, 2, 1, 8, 7, 6, 4, 3, 5, 2, 1, 9, 7   

13 4, 9, 6, 1, 2, 5, 7, 8, 4, 3, 9, 1, 2     

14 6, 2, 9, 5, 7, 3, 1, 8, 6, 9, 2, 4, 7, 3, 5, 8, 1 

15 6, 4, 3, 9, 2, 7, 5, 8, 1, 4, 3, 9, 6, 7   

16 2, 8, 4, 9, 7, 5, 1, 3, 6, 8, 2, 9, 4, 7, 1, 3, 5, 6 

17 5, 7, 4, 1, 3, 8, 2, 6, 9, 7, 4, 5, 3, 8, 1, 2, 9, 6, 4, 7 

18 6, 7, 3, 2, 8, 4, 5, 9, 6, 1, 3, 2       

19 4, 7, 6, 5, 3, 9, 8, 1, 2, 4, 6  

20 1, 3, 2, 4, 9, 6, 5, 8, 7, 3, 1, 2, 4, 6, 5     

 

  

https://drive.google.com/drive/folders/13AOe8UvxjAM47FE-V2Gc0AlEp6Wimeak?usp=sharing
https://drive.google.com/drive/folders/13AOe8UvxjAM47FE-V2Gc0AlEp6Wimeak?usp=sharing


 
 

 
  

Appendix 10. Prose passages presented in test sessions and scoring 

standards: F (female characters) and M (male characters) followed by the 

number of the story. 

 
F1. MARIA DA CONCEIÇÃO 

Estrutura do 
enredo  

História Sinônimos (1 ponto) Não pontuar 

Introdução do 
personagem  

Maria Maria Outro nome 

da Conceição Conceição Outro sobrenome 

do sertão Sertão, Interior Outro local 

do Ceará Ceará, Cearense Outro Estado 

TEMA GERAL (GIST) INDICAÇÃO DE QUE O PERSONAGEM PRINCIPAL 
ERA MULHER 

  

trabalhava Trabalhava, Estava empregada   

de lavadeira Lavadeira, Lavava roupa Faxineira, Costureira, Doméstica, 
Empregada 

para o prefeito Prefeito, Casa do Prefeito Chefe, Coronel, Deputado, 
Patrão, Presidente 

da cidade. Cidade Outro lugar 

TEMA GERAL (GIST) INDICAÇÃO DE QUE O PERSONAGEM TINHA UM 
TRABALHO 

  

Problema Numa manhã Numa manhã, De manhã Certa vez, Certo dia, Um dia 

encontrou Encontrou, Achou Comprou, Ganhou 

no bolso Bolso Qualquer outro lugar 

de uma calça suja Calça suja, Roupa suja Calça velha, Casaco, Paletó 

uma caixinha bonita Caixinha, Caixa Coisa, Carteira 

contendo um anel Anel, Joia, Brilhante, Aliança, (*) Cordão, Relógio 

TEMA GERAL (GIST) INDICAÇÃO DE QUE O PERSONAGEM ACHOU UM 
PERTENCE ALHEIO 

  

de ouro Ouro, Brilhante, Dourado (*) Valioso 

e uma nota fiscal Nota fiscal, Recibo, Nota  Cheque, Valor em dinheiro, Folha 

no valor de 2.000 Reais. 2.000 Reais 12, 100 reais, Dinheiro, 5 mil 

cruzados, 1 real 

TEMA GERAL (GIST) INDICAÇÃO DE QUE O OBJETO ERA CARO OU 
VALIOSO 

  

Agravante  A joia Joia, o Brilhante, Anel (*) A caixa, Caixinha 

escapou de suas mãos Escapou, Caiu, Deixou Cair, Derrubou Perdeu 

e caiu no ralo. Ralo Buraco, No rio, Lago, No chão, 
Bueiro, Cano 

TEMA GERAL (GIST) INDICAÇÃO DE QUE O OBJETO SE PERDEU, OU 
QUE CAIU 

  

Resolução  Ela pegou um galho Galho, Pedaço de pau, Graveto, Vara, Vareta, Varinha, 
Bambu 

Pegou um palito, Garfo, Linha e 
anzol 

de árvore De árvore   

para tentar fisgar o anel. Tentar fisgar, Pescar, Recuperar, Pegar, Resgatar, 
retirar, tirar 

  

Depois de 30 minutos 30 minutos Algum tempo, 2 minutos, 2 horas, 
Depois de muito esforço 

TEMA GERAL (GIST) INDICAÇÃO DE QUE HOUVE ESFORÇO TENTANDO 
RECUPERAR O OBJETO 

  

finalmente conseguiu 
recuperá-lo. 

Recuperar, Retirar, Tirar, Conseguiu, Pegar, Expressão 
da ideia de ter êxito. 

Achou novamente 

TEMA GERAL (GIST) INDICAÇÃO DE QUE O OBJETO FOI RECUPERADO   

  Pontuação Total (*) Em caso de repetição destas palavras, pontuar 
apenas UMA vez cada uma. 

  

 



 
 

 
  

 

 

F2. SUZANA BORGES 

Estrutura do 
enredo 

História Sinônimos (1 Ponto) Não pontuar 

Introdução do 
personagem  

Suzana Suzana, Suzane Outro nome 

Borges Borges Outro sobrenome 

da periferia Periferia, Subúrbio Morava 

de Salvador Salvador, Bahia Outro local 

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM 
PRINCIPAL ERA MULHER 

  

estudante Estudante, Cursava, Estudava, Aluna, Fazia   

de direito Direito, Advocacia   

na Universidade Universidade, Faculdade   

Federal Federal   

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM 
PRINCIPAL ESTUDAVA 

  

reclamou 
Reclamou, Denunciou, Expressão da ideia de 
relato queixoso. 

Disse, Avisou, Declarou, Relatou, 
Informou, Fez boletim de 
ocorrência 

Problema no escritório Escritório, Sala Na biblioteca 

da diretoria Diretoria, Direção, Diretora (*) Delegacia 

que tinham sumido 
Sumiram, Roubados, Roubaram, Roubo, Foi 
roubada, Furto, Expressão da ideia de sumir sem 
ser perdido. 

Havia perdido, Perdeu 

de cima de sua mesa Mesa, Escrivaninha, Carteira Dentro da sala de aula 

na tarde anterior Última tarde, Dia anterior Manhã, 2ª feira, Aula anterior 

os livros Livros   

que ela tinha comprado Comprado   

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM DEU 
FALTA DE ALGUM PERTENCE 

  

Ela disse que ia ter 3 Três 2 

Agravante  provas Provas, Testes, Exame, Avaliação (*)   

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE HAVERIA ALGUMA 
AVALIAÇÃO ACADÊMICA 

  

que ainda não tinha 
estudado 

Não tinha estudado, Precisava estudar Não havia recebido 

e que os exames 
aconteceriam 

Exames (*)   

dali a 2 dias Dois 3 

Resolução  TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM NÃO 
ESTAVA PREPARADO PARA A AVALIAÇÃO 

  

A diretora Diretora (*) Universidade, Professora, Chefe 

preocupada com a 
situação da menina 

Preocupada, Comovida, Sensibilizada, Com dó Resolveu 

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE A DIRETORA FICOU 
SENSIBILIZADA PELA SITUAÇÃO DA 
ESTUDANTE 

  

emprestou os livros 
Emprestou, Forneceu os livros, Emprestou os 
livros, Deu os livros, Conseguiu os livros, 
Expressão da ideia de providenciar os livros. 

Pediu livros emprestados, Pegou 
livros para estudar 

para ela. Para ela, Para a menina, Para a estudante   

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE AS NECESSIDADES DA 
ESTUDANTE FORAM ATENDIDAS 

  

  Pontuação Total 
(*) Em caso de repetição destas palavras, pontuar 
apenas UMA vez cada uma. 

  

 

 



 
 

 
  

 

M1. LUIS MARQUES 

Estrutura do 
enredo  

História Sinônimos (1 ponto) Não pontuar 

Introdução do 
personagem  

Luis Luis Outro nome 

Marques Marques, Marcos Outro sobrenome 

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM 
PRINCIPAL ERA HOMEM 

  

adorava Adorava, Gostava muito Só gostava 

escutar musica Musica   

clássica. Clássica, Erudita   

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM 
PRINCIPAL GOSTAVA DE MÚSICA 

  

Seu primeiro Primeiro, Primogênito, Mais velho   

filho Filho, Bebê, Filha, Criança, (*)   

nasceu na maternidade Nasceu na Maternidade, No Hospital, Nascimento Casa 

Santa Luzia, Santa Luzia 
Nossa senhora, Outro nome de 
santa 

Problema e chorava muito. Chorava Muito, Não parava de chorar, Chorão   

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM 
PRINCIPAL TINHA UMA CRIANÇA 

  

Ele percebeu Percebeu, Se deu conta Se assustou  

que o silêncio acabara Silêncio acabara, Casa barulhenta, Fim do silêncio 
Acabou a paz, Acabou paraíso, 
Sossego acabou 

e ele não poderia mais 
ouvir 

Ouvir, Escutar   

seus CDs CDs, Musicas, Disco   

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM NÃO 
PODIA OUVIR MÚSICAS POR CAUSA DE ALGO 
SOBRE A CRIANÇA 

  

Quando a criança Criança, Bebê, Filho(a) (*)   

completou 8 meses 8 meses 18 meses, 9 meses 

Agravante  
ele estava desesperado, 

Desesperado, Em pânico, Surto, Expressão da 
ideia de “extrema alteração de humor”. 

Estava cansado, Ficou aborrecido, 
Indignado, Chateado, Irritado, Não 
estava feliz 

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM ESTAVA 
MUITO INCOMODADO 

  

pois o aparelho de som Aparelho de som, Som 
Caixinha de vitrola quebrou, 
Pianinho, Radio 

somente tocava 
musiquinhas infantis. 

Musiquinha ou música infantil, Só ouvia música de 
bebê, Musica infantil, Musica de ninar 

  

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE OUVIAM MUITA MÚSICA 
INFANTIL 

  

Resolução  Então ele trocou o CD Trocou, Expressão da ideia de “colocar outro”. Colocou música, Colocou o cd 

e colocou uma sinfonia Sinfonia, Concerto, Música clássica* 
Cd, Canção, Colocou a música, 
Música 

de Beethoven. Beethoven   

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM TROCOU 
AS MÚSICAS INFANTIS 

  

Para sua surpresa Surpresa, Ficou surpreso, Se espantou Percebeu 

a criança se acalmou 
Se acalmou, Choro do bebê cessou, Tudo ficou 
calmo, Sem barulho, Paz, Tranquila, Silêncio (*) 

Filho gostou, Acordou, Criança 
sorriu 

e a casa virou o Paraíso. Palavra Paraíso em qualquer contexto, paz   

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM TEVE 
UM RESULTADO SATISFATÓRIO 

  

  Pontuação Total 
(*) Em caso de repetição destas palavras, pontuar 
apenas UMA vez cada uma. 

  

 

 



 
 

 
  

M2. JOSÉ OLIVEIRA 

Estrutura do 
enredo  

História Sinônimos (1 ponto) Não pontuar 

Introdução do 
personagem  

José José, Zé Outro nome 

Oliveira Oliveira Outro sobrenome 

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM 
PRINCIPAL ERA HOMEM 

  

jogava Jogava, Jogador, Joga Treinador 

futebol 
Futebol, Bola, Futsal (pontuar nos dois: futebol e de 
salão) 

  

de salão De salão, Salão   

todo domingo Todo domingo, Final de semana Todo dia, Toda semana 

na quadra Quadra, Campo 
Centro, Clube, Espaço, Estádio, 
Time 

da cooperativa Cooperativa 
União, Escola, Feira, Centro, 
Empresa, Time 

agrícola Agrícola, De agricultura, Agrário, Agropecuário   

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM 
PRINCIPAL JOGAVA FUTEBOL 

  

Estava treinando com o 
time 

Treinando, No treino, Praticando 
Certo dia, Um dia, Jogo, 
Participando 

para um campeonato Campeonato, Torneio   

TEMA GERAL (GIST) 
INDICAÇÃO DE COMPETIÇÃO, EVENTO 
ESPORTIVO 

  

Problema quando sua chuteira Chuteira, Tênis, Cadarço, Calçado, Sapato Chinelo 

desamarrou. 
Desamarrou, Soltou o cadarço, Foi amarrar [pois 
estava solto] 

Amarrar, Esqueceu de amarrar 

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE HOUVE UM PROBLEMA 
COM O SAPATO 

  

O jogador tropeçou 
Tropeçou, Escorregou, Expressão da ideia de algo 
que o fez cair. 

Levou um tombo 

caindo de costas Caindo, Caiu Tomou carrinho 

fora do campo. 
Fora do campo ou do gramado, Lateral do campo, 
Pra fora 

Meio do campo, No chão, Quadra, 
Estádio 

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM 
PRINCIPAL CAIU 

  

Agravante  Ele tentou levantar Tentou levantar, Tentou ficar de pé Se levantou 

mas sua perna Perna Fratura em qualquer contexto 

doía muito. Doía, Sentiu dor Machucou 

Resolução  Foi carregado de maca 
Carregado, Levado, Expressão da ideia de que foi 
levado por outros. 

  

e levado para o 
vestiário. 

Vestiário Hospital, Pronto-socorro 

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM FICOU 
MACHUCADO E TEVE QUE SER SOCORRIDO 

  

O médico Médico, Doutor, Fisioterapeuta   

o examinou 
Examinou, Diagnosticou, Averiguou, Analisou, 
Expressão da ideia de avaliar. 

Curou, falou, viu  

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE O PERSONAGEM FOI 
EXAMINDO POR PROFISSIONAL 

  

e viu que não havia 
fratura. 

Não havia fratura, Não havia quebrado, O osso 
estava bem, lesão, lesionado 

Não tinha nada, Nada havia 
acontecido, Não diagnosticou nada, 
não havia ferimento 

Ele ficou feliz como uma 
Criança 

Palavra Criança em qualquer contexto, feliz a 
notícia, ficou feliz, ficou muito feliz 

aliviado, relaxado  

TEMA GERAL (GIST) 
INDICAÇÃO DE QUE NÃO HOUVE FERIMENTO 
GRAVE 

  

 

 

 



 
 

 
  

 

F3. ANA SOARES 

Not described due to copyrights 

M3. ROBERTO MOTA 

Not described due to copyrights 

 

 

 

Appendix 11. Cues provided to participants at delayed recall of prose passages.  

 

História (Story) Dica 1 (first cue) Dica 2 (second cue) 

F1 Maria da Conceição Lavadeira (laundress) Relação com um anel (had to do 
with a ring) 

F2 Suzana Borges  Estudante (student) Relação com livros (had to do 
with books) 

F3 Ana Soares Faxineira (cleaner) Foi Assaltada (had to do with a 
robbery) 

M1 Luis Marques Pai (father) Relação com música clássica 
(had to do with classical music) 

M2 José Oliveira Jogador (sports player) Machucou a perna (had to do 
with an injured leg) 

M3 Roberto Mota  Motorista (driver) Sofreu um acidente (had to do 
with an accident) 

 

 

 

  



 
 

 
  

Appendix 12. Examples of the stimuli used in the spot-the-difference task. 

 



 
 

 
  

Appendix 13. Stimuli used in the recognition test. Pictures on the left were part 

of the spot-the-difference task; those to the right are their corresponding 

distractors, which were obtained in google images (Access in April/2017: 

https://www.google.com/imghp?hl=EN) using “labeled for reuse” filter. 

 

 

https://www.google.com/imghp?hl=EN


 
 

 
  

 



 
 

 
  

 

 



 
 

 
  

 



 
 

 
  

 



 
 

 
  

 

 


