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The aim of the study was to investigate the effect of furosemide on the cognitive deficits induced by 
sub-anaesthetic doses of ketamine in healthy volunteers. It was a prospective, single-blind study in 
which  50  volunteers between the ages of 18 and 30 years were randomly selected to receive 
intravenous 0.4mg/kg  of ketamine and placebo and another 50 volunteers matched for age and sex 
were  randomly selected to receive intravenous  0.4mg/kg of ketamine and 0.1mg/kg of furosemide. 
The Mini-Mental Status Examination was used to score the symptoms of cognitive deficits induced by 
ketamine. The results showed that ketamine administration induces cognitive deficits in human 
volunteers and the Mini-Mental Status Examination revealed mild impaired cognitive functioning 
(average rating at 20 minutes of 16-24). Average duration of the cognitive deficits was 52 ± 12.0 
minutes for the ketamine-placebo group and was 20 ± 8.5 minutes for the ketamine-furosemide group. 
The difference in the duration of symptoms between the two groups was statistically significant (P < 
0.01). In conclusion, the results suggest that furosemide is able to ameliorate the cognitive deficits 
induced by ketamine. 
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INTRODUCTION  
 
The glutamate hypothesis originated in and remains to a 
considerable extent driven by the effects of N-methyl-D-
aspartate (NMDA) receptor antagonists such as ketamine 
(Pomarol-Clotet et al., 2006). 

Ketamine is a dissociative anaesthetic agent capable 
of producing depersonalization, derealisation and 
psychogenic amnesia and a non-competitive antagonist 
of the NMDA receptor. Apart from producing positive and 
negative symptoms of psychosis similar to those seen in 
schizophrenia, ketamine induces cognitive impairments 
such as increased distractibility and decreased verbal 
fluency similar to the cognitive impairment in 
schizophrenia (Mechri et al., 2001) who noted the effects 
to be transitional, reversible and influenced by time. In 
patients with schizophrenia and healthy volunteers 
receiving ketamine, scores for the three of the four 
highest rated items on the thought, language                       
and  communication (TLC) scale, i.e. poverty of  speech,  
circumstantiality and loss of goal were the same (Adler et 
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al., 1999; Krystal et al., 1994). Ketamine has been found 
to induce a dose-related, short worsening of mental 
status of schizophrenics (Lahti et al., 1995). It also 
induces nicotinamide adenine dinucleotide phosphate 
(NADPH)- oxidase activity which decreases parvalbumin 
–containing  interneurons in the prefrontal cortex leading 
to impairment in brain circuitry involved in memory and 
attention which are the hall-marks of schizophrenia 
(Moran, 2008) who found that ketamine-induced loss of 
phenotype of fast-spiking interneurons is mediated by 
NADPH-oxidase producing superoxide.  
 
 

Mechanisms of action of furosemide in psychosis 
 
Long-term potentiation is a critical neural process that is 
likely to underlie learning and memory formation 
(Thompson, 2000).  In schizophrenia, there is evidence 
that long-term potentiation (LTP) is impaired (Frantseva 
et al., 2008) who noted that the deficits in learning and 
memory in schizophrenia may be mediated through the 
disordered LTP. 

Furosemide enhances LTP by blocking isoform 2 of 
the potassium-chloride  co-transporter  ( KCC2)  function, 



 
 
 
 
thereby inducing EPSP-spike potentiation (Wang et al., 
2006) and the impairment of LTP induced by the NMDA 
receptor antagonist MK-801 (dizocilpine) is significantly 
reversed by the KCC2 blocker, furosemide (Liu et al., 
2009). Depression is a core symptom of schizophrenia 
(Bleuler, 1924) and there is enhanced expression of the 
KCC2 cotransporter in spontaneously depressed Flinders 
Sensitive Line rats (Matrisciano et al., 2010).  
Additionally, there is altered expression of regulators of 
the cortical chloride transporters NKCC1 and KCC2 in 
schizophrenia with increased probability of net excitation 
by depolarizing GABA (Arion et al., 2011; Kalkman, 
2011). Furthermore, the chloride transporter blocker, 
furosemide may indirectly increase cerebrospinal 
glutamate levels which is low in the disease by inhibiting 
the Ca

2+
/Cl

—
induced increase in L-[

3
H] glutamate binding 

(Recasens et al., 1987 and Pin et al., 1984) and 
decrease striate body glutamate levels (Kim et al., 1983). 
Moreover, furosemide may affect ligand-gated chloride 
channels which may be receptors for dopamine and 
serotonin (Ringstad et al., 2009 and Vodyanoy et al., 
1985).The antagonism of apomorphine by furosemide 
reported by Vodyanoy et al in 1985 may also be 
important to elucidate the attenuation of psychosis by 
furosemide. 

Furosemide has been shown capable of antagonizing 
ketamine-induced generation of superoxide which may 
be responsible for its effects (Soloperto et al., 1991; Silva 
et al., 2010). 

There may be increased cytosolic calcium in 
schizophrenics over normal controls (Tan et al., 1995) 
and furosemide may lower cytosolic calcium (Rubin et al., 
1995). 

Ketamine enhances GABA currents which might 
contribute to its sedative effect. Furosemide is able to 
block the ketamine-induced currents arising from α6- 
subunit containing GABAA receptors.  

The aim of the study was to investigate the effect of 
intravenous furosemide on the cognitive deficits induced 
by subanaesthetic doses of intravenous ketamine in 
healthy volunteers, and this was considered worthwhile 
after our unpublished observation of the beneficial effect 
of adjunctive use of furosemide in some forms of 
psychosis. 
 
 
METHODS 
  
This prospective, single-blind, randomized study was 
undertaken in the Department of Pharmacology and 
Therapeutics, A. A. U, Ekpoma and Oseghale Oriaifo 
Medical Centre, Idumebo-Ekpoma between 2010 and 
2011. Two cohorts of 50 healthy volunteers in each group  
were randomly selected to receive ketamine  (NAFDAC 
no. 04-6318 ) and placebo, and ketamine and furosemide 
(NAFDAC No. 04-7546) respectively after a pre-treatment 
clinical and laboratory work-up which showed them to be  
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free of cardiovascular, central nervous system, renal, 
hepatic and pulmonary diseases. They were aged 
between 18 and 30 years from whom consent was 
obtained beforehand and project was sanctioned by the 
college ethical committee. Alcoholics were also excluded 
from the study. 

0.4mg/kg of ketamine was administered with placebo 
intravenously to one group and 0.4mg/kg of ketamine 
was administered intravenously to the test group followed 
by 0.1mg/kg of furosemide in separate syringes. The 
effects on cognition of ketamine-placebo versus 
ketamine-furosemide were monitored for 90 minutes 
recording the time- to- disappear or duration of any 
cognitive deficit observed. Also, the Mini-Mental Status 
Examination (MMSE) (Folstein et al., 1975; Harvey et al., 
1995) which is similar to the Brief Cognitive Rating Scale 
(BCRS)  was administered to the volunteers and used to 
rate the level of cognitive impairment. 
 
 
The Mini-Mental Status Examination(Table 2) 
 
Interpretation 
 
Any score greater than or equal to 25 points (out of 30) is 
effectively normal (intact). Below this, scores can indicate 
severe (≤9 points), moderate (10-20 points) or mild (21-
24 points).                             
 
 
RESULTS 
 
Cognitive deficits induced by ketamine (Table 1) 
 
1) Impairement of executive function: Impairment of 
executive function which co-ordinates cognitive resources 
may be revealed by disorders in abstract thinking. 
Abstract thinking and understanding of idioms is impaired 
by intravenous ketamine administration.  It persists for 50 
± 12.0 minutes and this is reduced to 20 ± 13.0 minutes 
with intravenous furosemide. 
2) Disorganized thinking: Disorganized thinking is 
revealed by incoherent or incomprehensible speech and 
was noticed in these volunteers. It persists for 30 ± 9.0 
minutes and was shortened to 10 ± 8.0 minutes by 
furosemide. 
3)  Poor memory: Ketamine makes the volunteers unable 
to retain and use information and this lasts for 60 ± 6.0 
minutes and was shortened to 20 ± 5.0 minutes by 
furosemide. 
4)  Poor concentration: Ketamine causes distractible 
speech and mispronunciation of words which was noticed 
in these volunteers. It lasted for 50 ± 11.0 minutes which 
was reduced to 20 ± 12.0 minutes by ketamine 
5)  Difficulty expressing thought: These volunteers under 
ketamine exhibited poverty of speech manisfested by 
very brief unelaborated replies to questions such  as  ‘it’s  
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Table 2. The mini-mental status examination 
 

Category Possible points Description 

Orientation to time 5 
From broadest to most narrow. Orientation to time has been correlated 

with future decline. 

Orientation to place 5 
From broadest to most narrow. This is sometimes narrowed down to 

streets and sometimes to floor. 

Registration 3 Repeating named prompts 

Attention and 
calculation 

5 
Serial sevens, or spelling "world" backwards It has been suggested that 
serial sevens may be more appropriate in a population where English is 

not the first language. 

Recall 3 Registration recall 

Language 2 Name a pencil and a watch 

Repetition 1 Speaking back a phrase 

Complex commands 6 Varies. Can involve drawing figure shown. 

 
 
 

Table 1. Cognitive Deficits Induced by Ketamine and Effect of Furosemide on Symptom Duration. 
 

Symptom Duration of symptoms in control 
group (minutes ±SD) 

Duration of symptoms in 
volunteers given furosemide 

(minutes ±SD) 

Aberration in executive functioning  50 + 12.0 20 + 13.0 

Disorganised Thinking 30 + 9.0 10 + 8.0 

Poor memory 60 + 6.0 20 + 5.0 

Poor concentration 50 + 11.0 20 + 12.0 

Difficulty expressing thought 60 + 5.0 25 + 10.0 

Difficulty integrating thought 30 + 9.0 10 + 6.0 

Average 52 + 12.0 20 + 8.5 
 

Average duration of symptoms was 20+ 8.5 minutes in test normal volunteers given ketamine-furosemide and was 
52+ 12 minutes in control normal volunteers who had only ketamine and placebo. The difference was statistically 
significant (P< 0.01) 

 
 
 
okay, it’s okay’; and poverty of content of                        
speech manisfested by long speech conveying                     
little information. They also exhibited thought                        
block revealed by interruption of a train of speech before 
idea is completed. Circumstantiality in which speech is 
delayed in reaching its goal was also exhibited. 
Perseveration or repetitiousness (Covington et al., 2007) 
and tangentiality in which replies to questions are 
irrelevant were also exhibited. This lasted for 60 ± 5.0 
minutes and was reduced to 25 ± 10.0 minutes with 
furosemide. 
6)  Difficulty integrating thought: The volunteers under 
ketamine also showed illogical reasoning. This lasted for 
30 ± 9.0 minutes and was reduced to 10 ± 6.0 minutes 
with furosemide. 

The average time of symptoms-duration was 52 ± 12.0 
minutes for the control group and 20 ± 8.5 minutes for the 
test group given furosemide. The difference was 
statistically significant (P < 0.01). 

MMSE rating 
 
At 20 minutes, the ketamine-placebo group rated an 
average of 16-24 while the test group who had 
furosemide rated 23-28. The difference was statistically 
significant (P < 0.05). 
 
 
DISCUSSION 
 
The study confirms the results of previous investigators 
that single low-dose of an NMDA receptor antagonist 
such as ketamine produces schizophrenic-like symptoms 
in healthy individuals (Adler, 1999 and Lahti et al., 1995). 
The NMDA receptor has been shown to play a direct role 
in two types of explicit (episodic and semantic) memory 
and ketamine has been shown to produce decrements            
in free recall, recognition memory and attention (Malhotra 
et al., 1996). Ketamine is now known to produce a formal  



 
 
 
 
thought disorder as well as impairments in working and 
semantic memory. The degree of ketamine-induced 
thought disorder significantly correlates with ketamine-
induced decreases in working memory (Adler et al., 
1998) and may suggest that ketamine-induced deficits in 
working memory are associated with ketamine-induced 
thought disorder. A core feature of schizophrenia is the 
impairment of certain cognitive functions such as working 
memory that are dependent on the circuitry of the 
dorsolateral prefrontal cortex (Elvevag and Goldberg, 
2000) and there has been a repeated demonstration of a 
relationship between the severity of neurocognitive 
deficits and the severity of deficits in functioning in 
schizophrenic patients (Green, 1996; Andreassen, 2010). 
Psychotic symptoms of paranoia, perceptual changes, 
thought disorganization, negativism, apathy, withdrawal, 
poverty of speech, perseveration and catatonic posturing 
that are features of schizophrenia  (Pomarol-Clotet et al., 
2006) are now known to be associated with NMDA 
antagonists such as ketamine causing decreased 
glutamatergic function at NMDA receptors (Tsapakis and 
Travis, 2002) and subanaesthetic doses of ketamine can 
induce a dose-related, short (< 30 minutes) worsening of 
mental status in schizophrenia (Lahti et al., 1995).   

In this study, ketamine induced a constellation of 
cognitive dysfunction in the volunteers which included 
disordered executive function, disorganized thinking, poor 
memory, poor concentration, difficulty expressing thought 
and difficulty integrating thought. The results show that 
the symptom-duration was significantly reduced by 
furosemide and test volunteers given furosemide 
significantly rated better on the MMSE.   

NMDA hypofunction caused by ketamine up-regulates 
the dopaminergic system in the mesolimbic dopamine 
pathway through disinhibition of tonically inhibitory GABA 
interneurons to cause the positive symptoms of 
schizophrenia of hallucinations and delusions (Lewis and 
Gonzalez-Burgos, 2006;  Homnyoun and Moghaddam, 
2007; Stahl, 2007).  Also, NMDA hypofunction induces 
down-regulation of the meso-cortical dopamine pathway 
to cause the negative and cognitive symptoms of 
schizophrenia of affective and memory problems (Stahl, 
2007). At the molecular level, this GABAergic disinhibition 
mediated by NMDA hypofunction impairs long-term 
potentiation (LTP) and this impairment of LTP has been 
found to be significantly reversed by furosemide, a KCC2 
blocker (Liu et al., 2009).  It has been suggested 
(Frantseva et al., 2008) that cognitive impairments in 
schizophrenia might be due to a disordered LTP. 
Additionally, persistent increase in  NADPH oxidase 
activity by ketamine  occasions more  superoxide  
production and this decreases parvalbumin expression 
and GABA-producing enzyme (GAD 67) by  interneurons 
in prefrontal cortex leading to impairment in brain circuitry 
involved in memory and attention (Behrens et al., 2007).  
It is already known that GAD 67 is down-regulated in 
schizophrenics who may express GABAergic deficit- 
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related alterations of pyramidal neural function (Costa et 
al., 2004). Furosemide is able to inhibit superoxide 
generation (Silva et al., 2010; Soloperto et al., 1991) 
which may partly account for its attenuation of ketamine-
induced behavioral alterations and cognitive decline 
observed in this study and which has not been reported 
previously; while furosemide has been reported not to 
affect the elimination of ketamine (Hanna et al., 1988). 

Hevers et al., (2008) reported that furosemide blocked 
the ketamine-induced currents arising from α6-containing 
GABAA receptors which may partly explain furosemide’s 
antagonism of ketamine’s sedative effects. Also, the 
blocking of the Ca

2+
/Cl

—
dependent excitatory amino acid 

transporter (EAAT) by furosemide (Pin et al., 1984) may 
prevent reuptake of glutamate into membrane vesicles 
and help to offset glutamate hypofunction caused by 
NMDA receptor antagonists. 

Moreover, studies by Toyooka et al (2002) showed 
that there is impaired release of brain-derived 
neurotrophic factor (BDNF) from platelets in 
schizophrenia. Furosemide may offset this since it has 
been shown able to increase the angiotensin 11-induced 
expression of BDNF from human and rat adrenocortical 
cells (Szekeres et al., 2010).  

In conclusion, intravenous administration of the 
dissociative agent, ketamine, induces thought and 
cognitive disorders in healthy volunteers. These thought 
and cognitive disorders were significantly attenuated by 
furosemide.  
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