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Abstract 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder. Autism 
Spectrum Disorder is diagnosed early on in a child’s life, anywhere from 
eighteen to twenty-four months. The disorder is characterized by variable 
degrees, by difficulties in nonverbal communication, verbal communication, 
social interaction, repetitive behaviors, and movement. The occurrence of 
ASD has been increasing globally, with the most recent prevalence studies in-
dicating that they are present in six per one thousand children and one in 
every sixty-eight people of all ages, with a higher incidence among males, 
with a ratio of four to one. There is no specific target demographic for Autism 
Spectrum Disorder, nor is there a cure. Over the last few decades, there have 
been advancements in treating the symptoms associated with Autism Spec-
trum Disorder. Among the many different fields of research associated with 
Autism Spectrum Disorder, Bumetanide has shown to be a promising drug 
therapy for children suffering from Autism, treating specifically the behavior-
al symptoms associated with ASD. Bumetanide is forty times more potent 
than furosemide and is a loop diuretic mainly acting in the ascending limb of 
the loop of Henle. A clinical trial conducted found a decrease in the Child-
hood Autism Rating Scale (CARS) score, showing improvement in Autism 
Spectrum Disorder symptoms, such as repetitive behavior and initiating or 
participating in the social interaction. 
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1. Introduction 

Children with ADHD and autism have some similar features, complicating a 
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differential diagnosis and could be why Autism spectrum disorder (ASD) was 
originally diagnosed as an attention deficit disorder [1]. The cause of ASD is not 
yet known, studies suggest it is a neurodevelopmental disorder with a genetic 
basis [2]. Early research of an association between autism and epilepsy implied a 
biological rather than psychogenic factor in the etiology of autism [3]. Individu-
als suffering from this neurodevelopmental disorder are diagnosed using the 
Childhood Autism Rating Scale (CARS) [4] [5] [6]. The CARS scale is broken 
down into fifteen sections, with each one ranging from one to four, with the 
lower number indicating less impairment. Results from the CARS can range 
from fifteen to sixty. A non-autistic ranking would be below thirty, and above 
thirty-seven indicates severe autism [5].  

Prevalence of ASD has significantly increased in the past few decades. Ac-
cording to the CDC, ASD has become more prevalent, affecting one in every 
sixty-eight people of all ages with a higher incidence in males than females, with 
a ratio of four to one. When specifically considering children, the rate changes to 
one in one thousand [2]. Individuals suffering from Autism spectrum disorder 
often suffer from intellectual and/or language impairments [7] [8] [9]. In the 
1970s and 1980s, about one out of every two thousand children had an autism 
diagnosis. This increase may be attributed to doctors diagnosing autism more 
regularly, particularly in children with minor problems. The expanded definition 
refers not only to autism but also to a collection of developmental brain disord-
ers such as Asperger’s syndrome, which may also play a role in the increased di-
agnosis. 

Children can be diagnosed as early as 18 months if development delays are 
severe enough to diagnose; however, more often, a diagnosis occurs when the 
child is about two years of age [10] [11] [12]. First symptoms of ASD present it-
self as a language development delay, as well as a disinterest in interacting so-
cially [12] [13]. The physical anomalies in a person with ASD are minor, if any 
exists; therefore, any individual on the autism spectrum cannot be distinguished 
merely based on looks. Diagnosing ASD can be difficult; there are no physiolog-
ical testing that can verify a diagnosis [3] [14]. 

Autism spectrum disorder is categorized by variable degrees of difficulty with 
social interaction, nonverbal and verbal communication, and the need for repe-
tition in their day-to-day activities as well as repetitive behaviors [15] [16] [17]. 
The spectrum groups the severity of ASD into three groups: minor, moderate 
and sever [18] [19]. The most severe receiving a level 3 and the least severe, re-
quiring the least amount of support, a level 1. Comorbidities include epilepsy, 
sleep difficulties, and constipation or GI issues [20] [21]. The associated medical 
conditions are treatable and improve the quality of life for the patient [22]. Be-
cause of the associated comorbidities the possibility exists that the presence of 
important genetic markers, which, if identified, can provide improved diagnoses 
and genetic subtypes within the autism spectrum [22]. 

Gamma-aminobutyric acid (GABA) has been shown to influence dopamine 
activity in the Brain [23]. GABAergic signals are altered in individuals who have 
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ASD. GABA is essential in higher cognitive functions and is produced by GA-
BAergic neurons which are reduced in Autism patients [24] [25] [26]. In the 
nervous system, Cl− gradients are essential in synaptic signaling mediated by the 
neurotransmitters GABA and glycine. Cl− gradients also play key roles in neu-
ronal growth and development [27] [28] [29]. GABA inhibits adult neurons but 
excite immature ones because of the higher intracellular chloride concentration 
leading to depolarizing and often excitatory actions of GABA instead of hyper-
polarizing and inhibitory actions [30]. Controlling [Cl−]i can reinstate inhibitory 
actions of GABA and by doing so open novel therapeutic perspectives in many 
neurological disorders, such as autism spectrum disorders [30]. 

Bumetanide is a loop diuretic that acts on the kidney by inhibiting the isoform 
II of the Na+, K+, 2Cl− (NKCC2) cotransporter in the thick ascending limb of the 
loop of Henle [31] [32]. When the inhibitory actions of GABA are reinstated 
novel therapeutic perspectives in many neurological disorders, such as autism 
spectrum disorders [30]. Bumetanide has been identified as a promising treat-
ment of behavioral symptoms in ASD. Bumetanide can decrease neuronal chlo-
ride concentrations and reinstate g-aminobutyric acid (GABA)-ergic inhibition 
in patients with neurodevelopmental disorders. The excitatory action of GABA 
on neurons can be reversed by the NKCC1 inhibitor in patients with ASD due to 
high levels of Cl− in the brain. Bumetanide is part of a class of selective blockers 
for the NKCC1 chloride importer. Bumetanide acts by blocking NKCC1 cation 
cotransporter and thus decreases internal Chloride concentration in neurons. In 
the nervous system, Cl− gradients are essential in synaptic signaling facilitated by 
the neurotransmitters GABA and glycine. Cl− gradients also play key roles in 
neuronal growth and development [33]. Researchers found that Bumetanide 
may have decreased autistic behavior without severe adverse effects in children 
who suffer from ASD. Ben-Ari et al. [30] investigated the effects of long-term 
administrations of bumetanide (1 mg daily, three months) in infants with ASD. 
The effects of the diuretic, were highly significant with the CARS test, and had 
few side effects. This review will shed light on autism spectrum disorders, similar 
diagnoses, the pathophysiology of Bumetanide as treatment, pediatric pharma-
cokinetics, and wrap it up with a clinical trial overview. 

2. Autism Spectrum Disorders 

To fully understand the difference between different diseases under the scope of 
Autism Spectrum Disorder, the following will be discussed: what is the spectrum 
and how are people diagnosed? (DSM-V Diagnostic Criteria APA)Differential 
Diagnoses, distinguishing a particular disease or condition from others that 
present similar symptoms. The Childhood Autism Rating Scale (CARS) is 
a15-point rating scale that is used as a test tool to evaluate the changes in symp-
toms of autistic behavior over time. CARS is typically used to determine changes 
produced by treatments [34] [35]. 

Attention-Deficit/Hyperactivity Disorder 
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Attention-deficit/hyperactivity disorder is under the scope of autism spectrum 
disorders and is categorized as a spectrum disorder [1]. Symptoms associated 
with ADHD include: easily distracted, or overly focused, typically seen with 
children who have ASD as well as hyperactivity. 

Schizophrenia 
Another disease on the spectrum is Schizophrenia. With schizophrenia, hallu-

cinations and delusions are symptoms, which are defining features of the dis-
ease, however, are not the same features of autism spectrum disorder. Despite 
this relationship, [36] did not find an increased diagnosis of schizophrenia in 
patients diagnosed with autism. 

Rhett syndrome 
Autism is a complex behaviorally-defined disorder of the immature brain. It is 

a syndrome with several genetic and non-genetic causes. Rett (RTT) syndrome is 
an X-linked disorder that presents in females and is caused by mutations in the 
MECP2 gene [37]. This syndrome is the only ASDs with a known genetic cause 
[38]. Research in Rhett Syndrome has increased in recent years because of early 
reports of its possible association with autism, Rhett syndrome is the lack of so-
cial interaction which can be observed in the early toddler years (one to four 
years old) [39]. However, after this period ceases, most individuals with Rhett 
syndrome show an improvement in their social communication skills, and no 
longer exhibit autistic behavior [39]. 

Fragile X syndrome 
Fragile X syndrome (FXS) is an inherited mental retardation. An expansion of 

a trinucleotide repeat region in the FMR1 gene found on the X chromosome is 
known to be the cause. Research suggests that individuals with FXS are at an in-
creased risk of having autism, although it is still unclear how or why these two 
disorders are related [40] [41]. 

3. Associated Health Risks 

Research conducted by the US Centers for Disease Control demonstrated that 
children with autism had an increase in health-related difficulties when com-
pared to the expected rates of the medical conditions considered, including ga-
strointestinal problems, ear and respiratory infections, severe headaches, ecze-
ma, migraines, allergies, asthma, and seizures [20]. Mortality in individuals who 
suffer from ASD usually occurs due to the associated comorbidities, and not 
from ASD alone [42]. 

4. Pathophysiology 

Bumetanide is forty times more potent than furosemide and is a loop diuretic 
mainly acting in the ascending limb of the loop of Henle. Bumetanide inhibits 
sodium reabsorption and is often used in individuals who do not respond well to 
furosemide. Loop diuretics are administered to manage volume surplus on a 
short-term basis. Bumetanide is typically given to patients with edemas, usually 
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accompanying congestive heart failure, as well as hypertension, and kidney dis-
ease. (Ward 1984) With a 40-time greater potency than Furosemide, Bumetanide 
is 80 percent absorbed, with 45 percent secreted in its unchanged form, in urine. 
The half-life of Bumetanide is anywhere from 60 to 90 minutes after administra-
tion. Bumetanide has a rapid onset and a short duration of action. Modes of ad-
ministration include injections, oral and potentially (still developing) intranasal. 
ASD has been proposed as a developmental problem involving cation-coupled 
chloride cotransporters [43].  

The action of GABA on neurons, although excitatory, can be reversed by the 
NKCC1 inhibitor in patients with ASD due to high levels of Cl− in the brain [44]. 
Bumetanide is a selective blocker of the NKCC1 chloride importer [44]. Bume-
tanide acts by blocking NKCC1 cation cotransporter and thus decreases internal 
Chloride concentration in neurons. Bumetanide can decrease neuronal chloride 
concentrations and may then reinstate g-aminobutyric acid GABAergic inhibi-
tion in patients who suffer from a neurodevelopmental disorder [45]. 

The amount of sodium and water reabsorbed due to ingestion of a loop Di-
uretic is dependent on the site of activity [46]. Chloride, sodium and water are 
filtered through the glomerulus of the kidney and later sixty to seventy percent is 
reabsorbed in the proximal tubule. The loop of Henle sees thirty percent sodium 
and chloride reabsorption, and ten percent water reabsorption, and the distal 
convoluted tubule seeing eight percent sodium and chloride reabsorption, with 
approximately ten to twenty percent water reabsorption. Finally, the last stop for 
reabsorption is the collecting duct, which sees the least amount of reabsorption 
with less than One percent of the filtered sodium, chloride, and water which is 
expelled in the urine. However, Loop diuretics affect sodium and water transport 
at the loop of Henle, proximal tubule, and the distal tubule [47]. 

5. Pediatric Pharmacokinetics 

Due to the administration of Bumetanide to adolescents, it is important to un-
derstand the pharmacokinetics of Bumetanide in children. Safety and effective-
ness of Bumetanide in pediatric patients below the age of 18 have not been es-
tablished, but researchers like Lemonnier et al., [48] have steps in place to mon-
itor the safety and efficacy of Butemetide. Butemetide has been extensively uti-
lized since 1975 in adults and since 1986 in children to treat acute and long-term 
conditions [49]. The use of bumetanide is safe provided that it is accompanied 
with regular controls to determine possible adverse effects [50]. The process of 
eliminating Bumetanide appears to be significantly slower in younger patients 
when compared to adults and notable pharmacokinetic variances in infants and 
adults are shown to include a reduced clearance and prolonged half-life, which 
may cause accumulation and to potentially raise toxic levels if dosing intervals 
are not adjusted [50]. Not enough research has been done to determine how 
much time is essential for the maturation of loop diuretic elimination in child-
ren, older infants, and adolescents. 
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6. Clinical Trial 

In a study conducted by Lemonnier et al. [29]; published in December 2012, fif-
ty-seven children were tested who suffered from autism or Asperger’s syndrome. 
Ages of these children ranged from three to eleven years old. The clinical trial 
they conducted was a double-blind study with twenty-seven children receiving a 
placebo for three months, and the other twenty-seven children receiving one mg 
daily of Bumetanide for three months. Both groups underwent a one-month 
washout period after the initial three months. Determining the severity of the 
ASD symptoms was established using CARS (Childhood Autism Rating Scale). 
Side effects due to treatment were mild in all subjects. Side effects were limited 
to occasional hypokalemia, which they treated with supplemental potassium. 

Patient demographic included twenty-four patients that were nonverbal ten of 
those twenty-four were treated with a 1mg daily dose of bumetanide, and four-
teen of the twenty-four were given a placebo. Eight patients were able to speak a 
few words but unable to form sentences (5/3) and twenty-eight were able to 
speak correctly (15/13). 

The results of the study were focused primarily on the CARS scale, secondary 
to that, the Clinical Global Impressions (CGI), and the ADOS were taken into 
consideration. CGI is popular to use in clinical trials to observe the level of se-
verity a disease has on an individual. ADOS is an assessment of communication, 
social interaction, play and imaginative use of tools for persons suspected of suf-
fering from Autism Spectrum Disorder. After ninty days of Bumetanide admin-
istration, the treated groups shifted from a CARS score of severe (a score greater 
than 36.5) to mild or medium severity (a score less than 36.5). However, there 
was no significant change in the placebo group among day zero and day ninty. 

An improvement with minute side effects is shown by the therapeutic index of 
CGI scores with a decrease from 2.04 to 1.56. They were also able to observe a 
33% improvement with a placebo, but a seventy-seven percent increase with 
Bumetanide. Dr. Lemonnier and Dr. Ben Ari are currently working on addition-
al clinical trials in Europe [29]. 

7. Conclusions 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder. The dis-
order is characterized by several behavioral nuances such as difficulties in non-
verbal communication, verbal communication, social interaction, repetitive be-
haviors, and movement. The occurrence of ASD has been increasing globally 
and to date there is no cure. Over the last few decades, there have been ad-
vancements in treating the symptoms associated with Autism Spectrum Disord-
er. Bumetanide has shown to be a promising drug therapy for children suffering 
from Autism, treating specifically the behavioral symptoms associated with ASD, 
based on the CARS scale. This is of great significance in the autism community. 
ASD has yet to have a proper cause of its occurrence, and the increase in the 
prevalence of ASD has caught attention internationally. Progression into finding 
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new treatments is essential, and Bumetanide is a promising way to get started.  
Challenges of the present study field include the lack of established safety 

protocols in place for human studies involving patients under eighteen. Further 
clinical trials are required to use Bumetanide effectively as an approved form of 
treatment. There, unfortunately, does not appear to be an efficient amount of 
testing to safely allow this to be done globally. Although plenty of animal studies 
have been conducted to research the effects of Bumetanide on ASD, the clinical 
trial aforementioned was done on humans at an age important to ASD yielding 
the most trustworthy results. The good news is that researchers are coming to-
gether to address the challenges mentioned in this review. INSAR, the Interna-
tional Society for Autism Research, provides scientific collaboration, mentor-
ship, and education to better the lives of the individuals and families living with 
autism. The society is working with researchers to find a safety solution. 
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