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INTRODUCTION PHARMACOLOGICAL PROPERTIES OF

-blockers are commonly prescribed in general practice

due to their wide range of indications, including ischemic

heart disease, heart failure, arrhythmias, hypertension,

igraines, and essential tremor. Studies have found that

almost 30% of elderly patients have taken f-blockers;

however, some prescriptions might inappropriately be
indicated.!

Cognitive and neuropsychiatric effects attributable
to B-blockers are questionable. The previous studies
have reached contradictory conclusions, used varying
formulations, dosages, and measured different cognitive
domains.*1'" Data pertaining to the neuropsychiatric
side effects of B-blockers are limited and heterogeneous
because the neuropsychiatric effects are difficult to
measure in clinical trials and often require prolonged
follow-up. Both neuropsychiatric side effects and primary
neurodegenerative diseases are also common among
patients with cardiovascular diseases, so it may be difficult
to compare neuropsychiatric symptoms among different
B-blocker users.l'>'7] Therefore, this article objectively
reviews the pharmacokinetics, pharmacodynamics, and
pathophysiology of B-blockers and their effects on cognition
and neuropsychiatric symptoms.

B-BLOCKERS

All B-blockers interact with, and have a high affinity for,
B-adrenoceptors and form drug-receptor complexes which
deprive endogenous norepinephrine and epinephrine of
[-adrenoreceptorinteraction."®! 3-blockers are classified by their
pharmacodynamic and pharmacokinetic properties as the first
generation (nonselective blockage of -adrenergic receptors),
second generation (selective blockade of [-adrenergic
receptors), and third generation ($-blocker with vasodilatation
action). Furthermore, the selective blockade of -adrenergic
receptors has a greater affinity for the P -receptor,”! so this
action affects the cardiovascular system.??”! Cardioselective
B-blockers are less likely to cause constriction of the airways
or peripheral vasculature.'?” Vasodilating [-blockers have an
affinity for binding with alpha-adrenoceptors. This leads to
vasodilation without affecting cardiac output./?!1

[-blockers are also categorized as lipophilic or hydrophilic,
which determine their diffusion property through biological
barriers (e.g., blood-brain and placenta), duration of action,
metabolism, the volume of distribution, and renal clearance.
Propranolol and metoprolol are examples of highly lipid-
soluble p-blockers, and atenolol and esmolol are examples of
hydrophilic -blockers. %22
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Lipophilic pB-blockers such as propranolol and

v~
metoprolol diffuse through the blood-brain barrier and cause | § E § o o <
. . RN o . ¥ o © o 0 .
neuropsychological symptoms, as shown in Table 1.015%I 3 3.21 g ~ = &
In a previous study, side effects of B-blockers, especially TS
propranolol, were observed in 9.9% of users, and central g2 -
nervous system adverse effects were reported in 1.1%. g gg g E & § 8 S 5 g

The pharmacokinetic properties of -blockers depend on = %E - = i ’ N
their absorption through the gastrointestinal tract, hepatic - o
first-pass metabolism, lipid solubility, plasma protein binding, £ o _ ‘i e o o
and renal or biliary elimination, which are altered by much £ g £ < E g g 8 g
pathology. Lipophilic B-blockers are nearly absorbed by the E s - B T 0z I
gastrointestinal lumina, whereas hydrophilic (-blockers are ] = &
not.[>24 Metoprolol and propranolol have a high first-pass 'g g,“:’ «
effect and are mainly eliminated by hepatic enzymes, as S E%g i b 5 o 3 > ow
shown in Table 1. Cimetidine and proton-pump inhibitors also § A=
directly inhibit their enzymatic oxidation, so these medications 2y _g
increase the levels of lipophilic B-blockers.'” On the other g g‘ag © N~ a o o + o
hand, hydrophilic B-blockers such as atenolol are mainly § g’gg e S @ o Tow =
eliminated through the kidneys. Thus, renal impairment tends E S 2
to decrease clearance and increase their plasma half-life. The k] -
binding of B-blockers with plasma proteins also correlates to =1 a £ g
drug levels and their half-lives, and determines their duration 5 £ %" R w8 8 g 2 8 8
of action, as shown in Table 1.122%! The pharmacodynamics AT
and pharmacokinetic properties of -blockers are summarized 3
in Table 1. S0l

£ & + + + o+ o+
& &g
CENTRAL ADRENERGIC PATHWAY AND &
THE EFFECTS OF B-BLOCKERS E—E s s
In the central nervous system, norepinephrine is mainly %g R B8 SR & oS 2
produced by the locus coeruleus, which is in the brainstem. E = =
Norepinephrine also exerts widespread effects throughout 2
the prefrontal cortex, hippocampus, thalamus, striatum, and B
olfactory bulb.[?528! Patterns of norepinephrine secretion are g - 5 - o
changed by external stimuli. During alertness or attention, '-E 2 E S § 2 S § S
norepinephrine is secreted as a burst rhythm signal on top g
of a low, stable background, called the tonic state. When =
experiencing stressful stimuli or anxiety, norepinephrine g T 3 oB%
levels increase and remain high throughout the duration ;"E; g;? 5 o o o o 2 L E 5§§
of the stressful period, called a phasic state.?>3 Secreted | 8| %% t3 T3 175%
norepinephrine interacts with the adrenergic receptors, g FIE g g &7
including a1, 02, and 3 receptors. In particular, a2 receptors E § g _
are found to be concentrated within the superficial layer of the 5| & E:E g + § .
prefrontal cortex.®133 g E E%E + ° e e § + T °
%

Norepinephrine has a direct role in selective attention & -E‘ J :50
and working memory and works cooperatively with ;» § % _ =
dopamine within the prefrontal cortex. In addition, E g ok > & '§
norepinephrine stimulates synaptic plasticity through gl& i §j§ o § c o oo 8o 4+ o
G-proteins, adenylyl cyclase, and cAMP Norepinephrine g §=§»§ = 'Fé
is essential for the learning, consolidation, and retrieval = g E f -
aspects of memory.*>34 Furthermore, the density of Tau E @ 'g *E E,
protein progressively accumulates in locus coeruleus along 2 2 ] = 8 -
with Braak’s Alzheimer’s staging and is related to prodromal E 3y |5 - 4y i o o o+ "§
symptoms in dementia. 322538 E &= E‘ §FtrtF E + &

& " ] .

The effects of P-blockers within the central nervous g “ '{% g § i
system depend on several mechanisms. First, P-blockers & g § 3 §° _ = g _ B ‘E
must penetrate the blood-brain barrier and bind directly : é % 23 3 5 s g o = < TE g
with B-adrenergic receptors, after which they suppress 2|3 § § § g § é gz % 2‘% 3 E
information flow from the $ receptor mediator. Second, s REw<@ad=kRO 4 0z =
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B-blockers may also interact with the non-adrenergic
receptors, interrupt their signals, or disturb the membrane
stabilization, thereby interfering with the neurotransmitter
network. For example, serotonin network interference may
result in neuropsychiatric behaviors. Moreover, (-blockers
also interact with peripheral nerves and can change
autonomic nervous system activity.®!

B-BLOCKERS AND THEIR
NEUROPSYCHIATRIC EFFECTS

Although the therapeutic benefits of B-blockers are clearly
identified, their neuropsychiatric effects are still undetermined.

Delirium

Delirium is the well-defined encephalopathy syndrome
which is common in hospitalized patients. The mechanisms
of delirium are uncertain; however, multiple etiologies
and risk factors (including medications) precipitate the
common pathological pathway and produce symptoms.
Medications are common predisposing and precipitating
factors. B-blockers can cause delirium, especially in elderlies
or those with preexisting cognitive dysfunction. Moreover,
relationship of the dosage increment and delirium was
reported.*>*J The proposed mechanisms are (3-blockers that
may have the competitive interaction with serotonin-sensitive
adenylate cyclase system that may related to the underlying
pathogenesis.* A case report of the elderly was prone to
side effects from B-blockers due to increased total body fat,
decreased lean body mass and water, low albumin levels, and
decreased glomerular filtration rates. After medication was
discontinued, the delirium improved, as shown in Table 2.1
Propranolol or bisoprolol, the lipophilic B-blockers, tends
to exhibit increased distribution and half-life in patients
with increased body fat. Low albumin levels increase the
free drug form and allow a larger free fraction to cross the
blood-brain barrier. Moreover, pre-operative administration
of B-blockers increases the odds of post-operative delirium
by 2.06 times.%4U

Disruptive Behavior

Disruptive behavior is the cluster of hyperactivity, impulsivity,
irritability, disinhibition, aggression, and agitation. The specific
underlying mechanism is still unknown. The dysfunction of
orbitofrontal cortex, cingulate, and brainstem monoaminergic
nuclei which contributes to the dysregulation of serotonin
and norepinephrine may underline the symptoms.2>4243]
Propranolol (mean 106 mg/day) was studied to be beneficial
for controlling agitation and emotion-related impulsivity in
a clinical trial, as shown in Table 2.4 Pindolol also showed
a benefit for aggression and was related to norepinephrine
changes, as shown in Table 2. Comparing with antipsychotic,
B-blockers were less studied and showed modest effect.** The
use of B-blockers for the treatment of disruptive behavior is
still off-label.[#446-481

Anxiety

Anxiety can result from maladaptive memories due
to dysregulation and imbalance of neurotransmitters

between the amygdala, hypothalamus, and prefrontal
cortex.*! According to the previous studies, P-blockers,
especially propranolol, have a modest benefit in patients
with anxiety disorders. Some prescribe f-blockers for fear
prevention before dental surgery. The past studies found
that B-blockers impair the consolidation phase of memory,
so the medication might be useful for treating or preventing
fear or anxiety, as shown in Table 2.05%54 (-blockers also
are beneficial for anxiety patients who present with cardiac
symptoms.'>! Systematic review found that no significant
difference between propranolol and benzodiazepine for
panic disorder is shown in Table 2.05¢

Hallucination

Hallucination is a neuropsychiatric symptom that is related
to high caregiver stress and patient self-injury.’”*¢! Data of
-blockers and hallucination are still limited and contradictory.
B-blockers are used to treat patients with schizophrenia by
unknown underlying mechanism. $-blockers may interact with
neuroleptic metabolism, resulting in increased neuroleptic
drug levels, leading to control the hallucination.>%° On the
other hand, several reports have showed that the lipophilic
B-blockers such as propranolol and metoprolol may be the
causative agent of hallucination and after discontinuation
the medication, hallucination was resolved, as shown in
Table 2.161.62

Sleep Disturbances and Nightmare

Melatonin helps synchronize circadian rhythms and the
sleep-wake cycles.!®®! The synthesis and secretion of
melatonin are influenced by norepinephrine through the
1 receptor.® [-blockers could reduce melatonin levels
and are related to poor sleep quality, nightmares, or vivid
dreams. Lipophilic $-blockers such as metoprolol may cause
more sleep disturbances than hydrophilic agents such as
nebivolol.[6+67!

Fatigue

Fatigue is a subjective lack of mental or physical energy. Its
underlying mechanism is complex and poorly understood. Due
to the multifactorial causes of fatigue, both the central and
peripheral nervous systems are symptom contributors.!7!
Fatigue depends on intrinsic factors and extrinsic factors such as
the weather or mood, which can exacerbate fatigue.”? Na+-K*-
ATPase pumps, which control ion movement between muscle
and plasma, may be related to fatigue reported in patients
who use B-blockers users. -blockers might interfere with Na*-
K*-ATPase pumps and result in an imbalance of the K* shift
between muscle and plasma.”! Cardioselective 3-blockers are
less likely to induce muscle fatigue than nonselective 3-blockers.
A report of B-blockers found significantly higher associations
with fatigue for early generation or first-generation drugs,
compared to newer B-blockers.” Moreover, B-blockers cause
a muscle fatigue during acute treatment and are significantly
associated with an increased risk of medication withdrawal
due to fatigue.’¥ In contrast, the long-term treatment with
B-blockers such as in hypertensive patients, the fatigue seems
to disappear.”>

119 http://www.tjps.pharm.chula.ac.th

TJPS 2020, 44 (2): 117-123



Lertvipapath and Warunyuwong: Neuropsychiatric side effects of beta-blockers

Apnis
dnoi3 [ojoidolow a3 ur dnoui3-jorrered
pauasiom sealaym ‘dnoid [0]oAIqaU SYoaM g 10J SYoaM g 10J ‘loqer-uado
93 ur paaoxdur 2100s Xopu[ xapur Ajenb (Bw g7) (Buwrgz)  ‘paziwopuel 19g1UOISUIIDAAY
Aireng) doors y3dingsnid eqoo  dosrs y3ingsnid [O[OAIGON [ojo1dod]N  ‘eandadsoid 6€ PIIW 1M sjuaned  sooueqinisip dos[s
panunuodsIp Ayarxue priua
SEM UOTBDIPaW 9Y) 1a)je paroidwl pue uoneuwniey p1q Sw
pUE Pa1INdd0 Sem UONRUDN[[EH [ensip Sz 10101dola|n SoLI9S 9se)  s110da1 9sed g 1z01PIO S1B3A /G ‘OTRIN
panunuodsip  adueqanisip dod[s
SeM UOMEBIIPaW dY} 191k paaoidwl pue uoneumniey s1eaA 7 p1q Sw
PUB Pa1INdd0 Sem UONRUDN[RH [ensip 06 1o101do1DIA SOLI9S 9se) S110d2I9Sed €  [1oP[O SIBIA 4,8 ‘O[RW uoneupN[eq
tosAPT3S T 19PI0SIP
SS9I1S DNBWNERI-1SO] o
frorxue Jean Apnis 1 eiqoyd [B100S
B Sk suoljeolpaul sarprus g eiqoyd ognadg .
19110 I0 sIsA[eue-ejow
*SI9PIOSIp A19IXUR JusuIeal] Jo asn  oqgode[d isurede saIpnIs
aunnoi ay) 11oddns o1 JuspIyynsur  [ojoueidoid [eio pue MaIAdI  e1qoydero3e Jnoyiim
st jojoueidoid jo £oed1yje Y], Jo Adedonyje Ay, dNRWISAS SaIpnIs § 10 UIIM ISPIOSIP JIUEB] o
[ern
pul[g-s[qnop
Apaneradoisod ‘Torrered
3w of pue ‘dnoi3-omy
(dn-mofjoj UOTIDBIIXD ‘parionuod {05 UOTIDBIIXD
Yoom-{ pue [eIuap ® -oqaoerd [BIUSP JO IB9J SUIDIIXD
UOTIBPI[OSU0IT ATOWSU auIRseq) 210s Joud 3w g ‘paziwiopuel 01 431y paiodaz
Ie9) A191XUR WId)-110Yys Surnpay Kd1xue [e1us( 0qade[d [ojoueidold  TRIUDIMA % -J[9S YIIM SjualIed Kprxuy
[e101 9[edS (prq
uoIssa133. 11940 9[eosqns uoIssaI33e oreas 3w g asop
aandadsonar jo [QJ9A 9[BIS UOISSaI33. 1I9A0  UOISSaI33e 11940 XBu) SYoom Apnas [ 9SBISIP
juowAoidwr o 9AndadsonIa1 a3 uo JuswaAoIdurg aAnadsonay 0qade[d / 1o10puld I9A0-S501D) ST S JOWIYZ[Y YIIM SIUSLIRd
a3ue jo
syauowr 9 2109s 23ueyD JO uorssaidw] [eqo(n uorssaiduir [eqof3 (p/3w Apnis
J191Je paySIUTWIP [ea1ur) pue 4191xue ‘UoIssaIdse  [edIUID A10I1UdAUL 8€F901)  Ppullg-a[qnop (54 9SBISIP
1Jauaq Y[, suonende ur Juswsoiduy  drneryaAsdomaN 0qa2e[d [ojoueidolq ‘pazrwiopuey 1€ S IOWIAYZ[Y YIIM SIUSNR]  JOIARUSQ 2ANdNISI
(uorsnjuod
‘uorssai33e
U g1 panunuodsip ‘UONBIUILIOSIP
SEM UOTIBIIpaW 9y 191je pasoiduur ‘uonelde) (p1q 8w GZ°9)
PUB Pa1INdd0 SeM WNLI[( wnuipg [O[IpaATIRD) 110da1 ase) 1 1v51PI0 SIB3A TG ‘O[RIN
(eanisod
SAep {1 PONUOUODSIP VD UOISNJUOD
Sem UOTIBDIpaW JY3 I9lje pasoiduur awmy3u) (Aep/3w 6-5°7)
pUB P21IMdd0 SeM WNLI[d( wnurRg [ooxdosig 110da1 ase) 1 (05]PIO SIBIA {6 ‘OTeWd] wnurRg
yoaeasaxr uonemdod $193)J9
Nreuroy s)nsay swoonQ uosueduio) UONUDIAIIIUL Jo adA], jo r3qunN @3°1) uonemdog srnegILsdoinaN

$109JJ0 opIs dLIeIYdAsdoInau padnpur SISY0[q-§] PIZLIBWWNS :g J[qEL

TJPS 2020, 44 (2): 117-123

http://www.tjps.pharm.chula.ac.th

120



Lertvipapath and Warunyuwong: Neuropsychiatric side effects of beta-blockers

CONCLUSION

B-blockers are a two-sided coin. These medications are
beneficial for the treatment of many indications and are
especially effective at decreasing mortality in patients with
cardiovascular diseases. We examined [3-blockers from
a neuropsychological viewpoint with attention to their
mechanisms of action for specific neuropsychiatric symptoms.
Lipophilic B-blockers can diffuse through the blood-brain
barrier and are likely to contribute to neuropsychological
outcomes. P-blockers are beneficial and can be used for the
treatment of some neuropsychiatric effect of e.g., anxiety,
disruptive behavior; however, well designed clinical trial
are needed to prove the benefits clinically. Consequently,
physicians and pharmacists need to aware of these side
effects. Hydrophilic (-blockers should be the option or
principle to select the best of B-blockers for patient to avoid
the neuropsychiatric effects. Future research is needed if we
are to accurately identify patients who are at increased risk
for B-blocker side effects. Further, it is important that we use
B-blockers for the correct indications, at the correct doses,
while closely monitoring side effects.
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