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The scope of drug interaction information is limited to what can be digested and applied to routine clinical practice. There
are countless unmentioned drug-drug interactions that could be relevant for some patients but are omitted because the
amount of material would be overwhelming.

This book is focused on medications, not overarching psychiatric care. Although chemicals are necessary for treatment of
mania or acute psychosis, pharmacologic treatment of depression/anxiety/insomnia/etc is not always the best medicine.
Always consider interventions including cognitive behavioral therapy, diet, exercise, mindfulness, sleep hygiene, etc.

Dosing recommendations are for healthy adults, and may differ from FDA prescribing quidelines. Refer to other sources for
treatment of children, older adults, pregnancy/breastfeeding and renal/hepatic insufficiency.

Every effort has been made to provide accurate and up-to-date information. Author/editors/publisher/reviewers disclaim all
liability for direct or consequential damages resulting from the use of this material. Readers are encouraged to confirm
information with other sources before incorporating it into your prescribing practice. Information should be compared with
official instructions from the drug manufacturer.
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Medication Monographs

#40 most prescribed (U.S.) Chemica:)structure Generic Name (TRADE NAM E) T a— ;g-g
;332250 @r D prUnur?ciaIIDn % Mechanism of action 400

T g mnemonic phrase T " mg
G . - - = — i R 4

Year the drug was
introduced to the
U.S. market

Price range for a month's supply of
the generic (if available) version of
the drug. The price is generally
applicable to the most commonly
dispensed prescription, which would
be #30 for drugs usually dosed QD,
#60 for those dosed BID, and #90
for those usually dosed TID. The
applicable milligram strength (200
mg in this example) is the number
underlined in the upper righthand
corner.

The bottom dollar value is the
lowest GoodRx price, available with
a coupon at select pharmacies. The
high dollar value is the average
retail price circa 2019-2020. The
wide cost differential between
pharmacies underscores the
importance of checking GoodRx
before filling a script for cash. For
instance, #30 of olanzapine 20 mg
was $843 at Walareens ($276 with
coupon) but only $9 at Walmart
(Sept 2020).

Monographs focus on the unique aspects of the individual drug, to
be considered in context of the medication class. Most of the
medications in this book are psychotropic, i.e., capable of affecting

the mind, emotions and behavior.

Each monograph features a mascot designed
to pair the drug’s generic name with the most
common U.S. trade name.

Boxes like this contain contextual

information about the drug.

Alink to a page with
relevant content looks
like this:

Recurring Visuals

3A4 subsrate

hybrid of

A representative pill of the underlined
strength, either a branded or generic
version. The main purpose is to show
whether we're talking capsules or tablets.
For tablets, we try to show the side with
score lines. If no score lines are shown,
assume that the pill is not intended to be
split. For any splittable psychotropic
medication, giving a half dose for the first
two days may be a good idea, depending
on acuity of symptoms. Cutting tablets in

f S L i

because a 20 mg tab is usually no more
expensive than a 10 mg tab.

Dosing: When  provided, dosing
recommendations are applicable to
healthy adults. Refer to other sources for
pediatric recommendations. Older adults
should generally be given lower doses.
Doses may need to be modified when
considering kinetic/dynamic interactions,
pharmacogenetics, body weight, and
renal/hepatic insufficiency. ePocrates.com
and the free ePocrates app provide
provide renal/hepatic dosing info.

The box with rounded corners contains a visual
the mascot and CYP interaction
mnemonic(s). Over half of prescription drugs are
metabolized by 3A4, so there are plenty of fish.

s Antidepressant (rain cloud) *JI‘-’ fb“’}\/“ {

& Tricyclic antidepressant (TCA)

MAOI inhibitor (Chairman MAQ)

QT interval-prolonging
medication

Anticholinergic with CNS effects

(Mad as a hatter)

Antihistamine (push pin)
- “anti-hiss-tamine”

Cafer's Psychopharmacology | cafermed.com



Chapter 1 - Interactions

PHARMACODYNAMICS VS PHARMACOKINETICS

Drug-drug interactions  fall into two main
pharmacokinetic and pharmacodynamic.

categories:

Pharmacodynamics is what a drug does to the body.
Pharmacodynamic interactions are based on the drugs' mechanisms
of action and do not involve alteration in blood levels of either
interacting drug.

Pharmacokinetics is what the body does to a drug. Kinetic derives
from the Greek verb kinein, "to move”. In this case we're talking
movement into and out of the body, for instance absorbing the
chemical from the gut and processing it for excretion in urine or
feces. Pharmacokinetic (PK) interactions are generally manifested by
alteration of blood levels of one of the interacting drugs.

For simplicity's sake, let's drop the pharmaco- prefix and refer to
these concepts as kinetic interactions and dynamic interactions.

PHARMACODYNAMIC INTERACTIONS

Dynamic interactions are intuitive if you understand how the
interacting drugs work. Although dynamic interactions are
understandable without silly pictures, here are a couple anyhow.

Dynamic interactions can be additive/synergistic, with enhanced
effects brought about by combining medications with similar or
complementary effects.

Like-minded “dynos” ganging up to reduce blood pressure,
which is an additive/synergistic effect.

Clonidine
(Catapres)

Amitriptyline
(Elavil)

P

antihypertensive orthostasis as side effect

Other dynamic interactions are antagonistic, for instance combining
a dopaminergic such as pramipexole (for restless legs) with an
antidopaminergic like haloperidol (antipsychotic). Here's another
example:

Fighting "dynos" involved in an antagonistic interaction.

Escitalopram
(Lexapro)

Cyproheptadine
(Periactin)

antihistamine with
anti-serotonergic effects

serotonergic
antidepressant

PHARMACOKINETIC INTERACTIONS

Kinetics involves the rate at which a drug gets into or out of the body or
brain.

Drug-drug Interactions involving absorption are generally straightforward.
For instance, anticholinergics slow gut motility and delay gastrointestinal
absorption of other medications.

Kinetic interactions involving rate of elimination from the body are
challenging to learn and daunting to memoarize. It is important to consider
these interactions to avoid underdosing or overdosing certain
medications. The Visualize to Memorize series tackles these tricky
elimination interactions by illustrating:

+ Phase | metabolism involving the six most important cytochrome P450
(CYP450) enzymes - relevant to most antidepressants

+ Phase Il metabolism involving UGT enzymes, as applicable to
lamotrigine (Cafer’s Mood Stabilizers book)
- not applicable to antidepressants

< Renal clearance of lithium (Cafer’s Mood Stabilizers book)
- not applicable to antidepressants

A mysterious type of kinetic interaction involves drugs getting across the
blood-brain barrier, as is necessary for a psychiatric medication to take
effect. If such an interaction is occurring, the effect will not be detectable
in serum drug levels. This will be discussed in the context of
P-glycoprotein (page 9) - applicable to some antidepressants

CYTOCHROME P450 ENZYMES

In the liver, kinetic interactions predominantly involve CYtochrome P450
enzymes, CYP enzymes for short, which can be pronounced “sip”.
Instead of concerning yourself with the origin of P450 nomenclature, take
a moment to contemplate this picture of Ken (kinetic) taking a “sip”
(CYP).

/-——;;_‘ gl “Sip” (CYP) enzyme interactions are
(pharmaco) “Ken-etic”

CYP enzymes, which reside primarily in the liver, make chemicals less
lipid-soluble so they can be more easily excreted in urine or bile. Of over
50 CYP enzymes, six play a major role in the biotransformation of
medications: 1A2, 2B6, 2C9, 2C19, 2D6 and 3A4. Our visual mnemonics
will be built on the following phraseology:

o 1A2 - One Axe To (grind)

.............. C’\‘
I
£ YR/ 286-Tube Socks
*,«" ] 2C9 - To See Nice(ly)
a— 2C19 - To See Nice Things
A 2D6 - Too Darn Sexy
...... B e,
ey 4

3A4 - Three A's For (fishing)

The three most important CYPs are 1A2, 2D6 and 3A4. For psychiatrists,
2C19 can be important, while 2B6 and 2C9 are rarely significant.

Cafer’'s Psychopharmacology | cafermed.com



SUBSTRATES

A drug that is biotransformed by a particular enzyme is referred to
as a substrate of that enzyme. When the substrate is
biotransformed (metabolized) it is then referred to as a metaholite.

&

— biotransformation

(k/ 000 ) a Bl e il o
substrate metabolite

Each CYP enzyme can metabolize several substrates and most
substrates can be metabolized by several CYP enzymes. Substrates
are the ‘“victims" of the interactions described in this chapter.
Throughout this book we use the following visuals for CYP
substrates:

)
L
Unspecified substrate - sub g{i—‘; .
f e
1A2 substrate - tree N
(
2B6 substrate - sock ”Lj_u

2C9 substrate - eyeball
2C19 substrate - flower i

2D6 substrate - beach ball

3A4 substrate - fish

“Aggressor’ medications affect how long victim substrates linger in
the blood, and the relative serum concentration of parent drug
(substrate) to metabolite. For a given enzyme, interfering
medications (aggressors) are either inDucers or inHibitors. InDucers
stimulate (inDuce) production of metabolic enzymes. InHibitors
interfere with an enzyme’s ability to metabolize other medications.

ENZYME INHIBITION

InHibition of an enzyme occurs when one drug (the inHibitor) binds
more tightly to the enzyme than the victim substrate binds. The
inHibitor itself may be metabolized by the enzyme, or act as a
non-competitive inhibitor. When an inhibitor is bound to an enzyme,
the victim substrate must find another enzyme to metabolize it, or
hope that it can eventually be excreted unchanged. Strong inhibitors
may cause the victim substrate to linger longer, prolonging the
victim's half-life and elevating its concentration in the blood. For
victim substrates that cross the blood brain barrier (as is necessary
to be psychoactive), inhibition leads to increased drug concentration
in the central nervous system.

Why is H being emphasized? Well, when an inHibitor is added to an
individual's medication regimen, levels of victim drugs can escalate
(H for High). InHibition takes effect quickly, within Hours (H for
Hurried), although the effect may not be clinically evident for 2 to 4
days, as the victim substrate accumulates.

Increased concentration of

2 substrate (and increased ratio of
r"ﬁ‘ serum substrate:metabolite)
‘\} Ll N ‘/,0-
a Qoc
W i H for High and Hurried, within 2—4

hours, although the effect may not
be clinically evident for 2—4 days

inHibitor

InHibitars of CYP enzymes will be represented by:

Unspecified inHibitor

—
1A2 inhibitor - Axe body spray FAXE|
L
2B6 inhibitor - thick calf
2C9 inhibitor - monocle »

2C19 inhibitor - watering can Q"‘{_V

2D6 inhibitor - air pump

3A4 inhibitor - fishing hook & bobber
“3 A’s for

] fishing”
\‘\AA N

Some substrates are also competitive inHibitors of the same CYP
enzyme, for instance duloxetine (Cymbalta), which is represented as a
both a pump and a beach ball on page 15.

The magnitude to which an inHibitor increases the serum concentration
of a specific substrate depends on the number of alternative pathways
available to metabolize the substrate. If the drug is a substrate of, e.g.,
1A2, 2D6 and 3A4, then inhibiting one of the three pathways should be of
no consequence. Such substrates may be described as multi-CYP.

For a substrate metabolized by a single pathway, the effect of inhibition
(and induction) will be dramatic. An example is lurasidone (Latuda),
which is contraindicated with strong 3A4 inhibitors or inducers.

Some inhibitors are stronger than others. In general, expect blood levels
of susceptible substrates to increase in the ballpark of:

< mild inhibitor ~ 25% - 50% increase
- moderate inhibitor ~ 50% - 100% increase
& strong inhibitor > 100% increase

Expect these numbers to vary widely between substrates and individuals,
often unpredictably. Note that magnitude of inhibition tends to be
dose-related over the dosage range of the inhibitor.

The “fluffers” — notorious strong inHibitors:

L fluvoxamine (Luvox) - SSRI

RI
L 4 fluconazole (Diflucan) - antifungal
L 4 ketoconazole (Nizoral) - antifungal

The last two are “cone’-azole antifungals.

Cafer's Psychopharmacology | cafermed.com



ENZYME INDUCTION

The opposite of inHibition is inDuction. InDuction occurs when an
inDucer stimulates the liver to produce extra enzymes, leading to
enhanced metabolism and quicker clearance of victim drugs.

The D is for Down, i.e., Decreased serum concentrations of victim
substrates. Unlike inHibition (H for Hurried), inDuction is Delayed, not
ing full effect for 2 to 4 weeks while we...

““wait for the liver to ramp up enzyme production.

inDucer

D for Down and Delayed (2—4 weeks)

substrate (and decreased serum ratio

\ / Decreased serum concentration of
h of substrate:metabolite)
£is

InDucers will be depicted by:

Unspecified inDucer @

1A2 inducer - axe l}::%

2B6 inducer - lighter

2C9 inducer - eyepatch %

2C19 inducer - shears ¥

2D6 inducer - N/A (2D6 is not subject to inDuction)

“3 A’s for
fishing”

3A4 inducer - anvil

More often than not, an inducer is itself a substrate of the enzyme.

THE SHREDDERS

The “shredders” are four strong inDucers of several CYPs,
which cause countless chemicals to be quickly expelled from
the body:

carbamazepine (Tegretol) - antiepileptic
phenobarbital (Luminal) - barbiturate
phenytoin (Dilantin) - antiepileptic
rifampin (Rifadin) - antimicrobial

L 2R 2K 2% 2

Dr. Jonathan Heldt refers to the shredders as “Carb & Barb”
in his book Memorable Psychopharmacology.

St John's Wort (herbal antidepressant) also inDuces several CYPs,
but does so with less potency than the four shredders.

Can shredding be problematic even if the patient is not taking a victim
medication? Consider this:

Long-term use of a shredder
leads to decreased bone mineral
density. This is presumably due to
inDuction of enzymes that
inactivate 25(QOH) vitamin D.

bone shredding machine

REVERSAL OF INHIBITION/INDUCTION

All things being equal, it is best to avoid prescribing strong inducers or
inhibitors. Even if there is no problematic interaction at the time, having a
strong inhibitor or inducer on board may complicate future medication
management.

Consider an individual on an established medication regimen who stops
taking an inducer or inhibitor. The serum concentration of victim
substrate(s) will change due to the reversal of induction/inhibition.

After an inDRucer is withdrawn, the concentration of a victim substrate will
increase gradually (D for Delayed) over a few weeks because the extra
CYP enzymes are degraded without being replenished.

When an inHibitor is stopped, levels of a victim substrate will decrease
as soon as the aggressor exits the body. "Hurriedly” does not mean
immediately, because it takes about five half-lives for the inhibitor to be
completely cleared.

For a patient on several psychotropic medications, reversal of inhibition
or induction can really throw things out of whack.

when starting an interacting medication, there will
be no warning when stopping a medication will
lead to a reversal situation.

(_\ While ePrescribe systems may warn the doctor

For an example of reversal of inHibition, consider a patient taking
alprazolam (Xanax, 3A4 substrate) who suddenly stops fluvoxamine
(Luvox, 3A4 inHibitor). In absence of the inhibitor, alprazolam levels drop
(from double) to normal. Since fluvoxamine has a short elimination
half-life of 15 hours, it should be out of the body at 75 hours (15 hr x 5).
So, you would expect the patient on Xanax to become more anxious 3
days after stopping Luvox. It may be difficult to discern whether the
patient's emerging distress is due to serotonin withdrawal or decreased
alprazolam levels.

An example of reversal of inDuction involves tobacco, which is a 1A2
inDucer. A patient taking clozapine (1A2 substrate) stops smoking,
reversing inDuction and causing clozapine levels to potentially double
over the first week (which is faster than occurs with other inducers). The
individual may become obtunded, hypotensive, or even have a seizure.
To avoid this, the recommendation is to decrease clozapine dose by 10%
daily over the first four days upon smoking cessation, and to check
clozapine blood levels before and after the dose adjustment. Note that
nicatine products (gum, patches, e-cigs) do not induce 1A2.

Although reversal of inHibition is typically faster than reversal of
induction, this does not apply to inhibitors with extremely long half-lives.
For instance, fluoxetine (Prozac) has a long elimination half-life of about
7 days, keeping itself around for about 35 days (7 days x 5). Consider a
patient with schizophrenia on aripiprazole (Abilify, 2D6 substrate) who
stops Prozac (2D6 inHibitor). The patient is doing well at one month, but
becomes paranoid two months out. Unless the prescriber anticipated this
possibility, no one will realize what happened.

Cafer's Psychopharmacology | cafermed.com



PRODRUGS

Phase | metabolism typically involves biotransformation of an active
drug to an inactive (or less active) chemical.

(¢

P
0 LA biotransformation

A eeaa */0 0 0
active substrate inactive metabolite

* Note the lack of a propeller.

For a few medications, the parent drug has low therapeutic activity
until it is biotransformed by a CYP enzyme. In such cases, the
substrate is called a prodrug, and the biotransformation process can
be referred to as bioactivation.

L

* " goo D) oo o
[m=====F  pioactivation _
inactive substrate active metabolite
(prodrug)

For most medications (active parent drug to inactive metabolite)
inDuction decreases (D for Down) effect of the drug and inHibition (H
for High) amplifies the therapeutic effect and/or side effects.

With prodrugs, the opposite effect is observed clinically. Induction
increases and inhibition decreases the medication’s effect(s).

Don't let prodrugs confuse you. InHibitors increase and InDucers
decrease the levels of substrate regardless of whether the parent
drug is pharmacologically active.

The following are@ctivated by 2D6:

PHASE || METABOLISM

Phase |l interactions are not clinically relevant for
antidepressants, but are described here to provide context.

sl -
Phase Il metabolism occurs in % £
i i 1 . —
the liver and is subject to & i L
kinetic interactions. CYP A 5

enzymes are not involved. ﬁ

Two Kens without a
bottle to “CYP” (sip)

Phase |l reactions typically involve conjugation of a substrate with
glucuronic acid. This makes the drug water-soluble and prepped
for renal excretion.

(f

_ ()~ Phasel Phase Il ol o

JL‘:-‘_ ‘UC‘ 4 —_—— .’IV o "- — N\-";;TVOH 0 0
Phase | Phase Il glucuronic
substrate substrate acid

The responsible enzyme is UDP-glucuronosyliransferase, abbreviated
UGT, as in “U Got Tagged” with glucuronic acid.

Medications metabolized primarily by Phase Il are relatively immune to
drug interactions.

RENAL CLEARANCE

A few medications are excreted in urine without being metabolised. Such
drugs are not subject to Phase | or Il interactions, but may be victims of
kinetic interactions. Renal “aggressors” act by slowing or hastening the
rate of excretion of the victim drug in urine.

Interactions affecting renal clearance of
victim drugs are also considered
(pharmaco)“Ken"etic.

The aggressor in a renal interaction is not referred to as an inducer or
inhibitor, because no enzyme is involved. Nor is the victim called a
substrate, because it is not being biotransformed.

Lithium, excreted unchanged in urine, is subject to victimization as
illustrated in the book Cafer's Mood Stabilizers and Antiepileptics.

CYP GENETIC PROFILES

Genetic polymorphisms can influence an individual's medication kinetics,
which is most relevant for 2D6 and 2C19. Let's talk about 2D6, arguably
the most consequential example. Most antidepressants are 2D6
substrates and some SSRIs are 2C19 substrates.

Most individuals are genetically equipped with 2D6 genes that produce
normal 2D6 enzymes that metabolize 2D6 substrates at the usual rate.
These normal individuals are said to have a 2D6 extensive metabolizer
(EM) genotype, resulting in a 2D6 EM phenotype.

i
Here is a cute representation of how a normal Vi
individual, i.e., 2D6 extensive metabolizer 5*

(EM), processes 2D6 substrates. The air
inside the beach ball represents the substrate,
which is being expelled from the ball as EM
metabolite at the usual rate. 2D6 substrates

will have typical elimination half-lives.

About 5% of the population have extra copies of 2D6 genes, resulting in
an ultrarapid metabolizer (UM) phenotype. These individuals clear 2D6
substrates quickly.

o~ GO

i) GIR
For 2D6 ultrarapid metabolizers (UM), the F:j L
air (2D6 substrate) flows out of the ball > A

quickly as metabolite. 2D6 substrates could
be ineffective for these individuals (with the
exception of 2D6 prodrugs, which could be UM
be too strong).

8 Cafer's Psychopharmacology | cafermed.com



About 10% of individuals have defective 2D6 enzymes resulting in a
2D6 poor metabolizer (PM) phenotype. This condition may be found
on a diagnosis list as “Cytochrome P450 2D6 enzyme deficiency”.

For 2D6 “POOR
ME"tabolizers (PM), air
accumulates, resulting in /
unexpectedly long half-lives

for 2D6 substrates. These Poor me!
individuals are more likely to

report side effects.

An individual taking a strong
2D6 inHibitor (pump as
ilustrated on page 15) will

metabolize 2D6 substrates
as if the individual had a
2D6 PM genotype.

In summary, genetic testing of CYP polymorphisms will interpret the
individual's metabolizer profile for a given enzyme as either:

o Extensive metabolizer (EM) - normal
L Ultrarapid metabolizer (UM) - fast clearance of substrates
L Poor metabolizer (PM) - slow clearance of substrates

A genetic test result of intermediate metabolizer (IM) means that
enzyme activity is likely to be a bit lower than that of an EM, i.e., an
intermediate between EM and PM. Generally, IM individuals can be
clinically managed normally, like an EM individual.

Standalone 2D6 genotyping costs at least $200. GeneSight or
Genecept panels cost about $4,000 and report the six relevant CYPs
and two UGT enzymes (UGT1A4 and UGT2B15). 23andMe ($199)
reports 1A2, 2C9, and 2C19, among 100s of other genes. 23andMe
does not report the most relevant CYP genotype, 2D6, because the
genetics of 2D6 metabolism is more complicated.

Genotyping may be useful when choosing which medication to
prescribe an individual patient. With GeneSight, about 1 in 5 patients
have a genetic variation relevant to their treatment. For an individual
already established on a medication, serum drug levels may be more

useful than genotyping.

Therapeutic serum ranges are defined for
three tricyclic antidepressants (TCAs):
desipramine, jmipramine and portriptyline
—"mosquitos DINe on your blood”.

P-GLYCOPROTEIN

P-glycoprotein (P-gp) is a gatekeeper at the gut lumen and the
blood-brain barrier. P-gp pumps P-gp substrates out of the
brain—‘Pumpers gonna pump”. Sertraline (Zoloft) and paroxetine
(Paxil) are two antidepressants shown to inhibit P-gp.

“Pumpers 3 Sias

gonna pump”

P-gp substrates iames P-gp

out of the brain substrate

An example of a relevant P-gp interaction involves the OTC opioid
antidiarrheal loperamide (Imodium). Loperamide does not cause
central opioid effects under normal circumstances. If the individual
takes a potent P-gp inhibitor, megadose loperamide can stay in the
brain long enough to cause euphoria.

THE NATURE OF THIS INFORMATION

The information presented in the remainder of this chapter is a synthesis
of sources including the OpeRational ClassificAtion (ORCA) system (as
presented in The Top 100 Drug Interactions by Hansten & Horn, 2019),
Lexicomp, DrugBank, Flockhart Table, ePocrates, Carlat Medication Fact
Book, Stahl's Essential Psychopharmacology, The Medical Letter,
Current Psychiatry, GeneSight, Genecept, various research papers and
FDA prescribing information for the individual drugs.

Reputable sources are often at odds with each other regarding the
strength of specific inducers/inhibitors, the wvulnerability of specific
substrates to induction/inhibition, or even which CYPs are relevant to a
specific medication. CYP interactions are continuously being discovered
and clarified. Even with the freshest information and full knowledge of a
patient’s genotype, the magnitude of a specific CYP interaction is difficult
to predict.

HOW TO APPLY THIS INFORMATION

Refer to the tables on pages 19 and 20. Medications featured in this
book are highlighted for you. First acquaint yourself with the inDucers
because the list is short. Memorize the bolded inducers (shredders).
After you know the inducers, move to the inHibitor column. Memorize the
bolded inhibitors (fluffers) and your highlighted medications.

When it comes to substrates, memorization is less important. Substrates
are only relevant when an inducer or inhibitor is on board, or if the patient
has a special metabolizer genotype. Of the medications you prescribe,
be aware of the more susceptible substrates.

Consider running an interaction check whenever a patient is taking a
shredder, fluffer, systemic antifungal, HIV medication, or cancer
medication. ePocrates.com and the ePocrates app are adequate, and
free.

Keep things simple. When choosing new medications, avoid major
inducers and inhibitors if suitable alternatives are available. For the
complicated psychiatric patient on several medications, try to avoid
carbamazepine (shredder inducer) and the fluffer SSRIs (fluoxetine and
fluvoxamine). Among SSRIs, escitalopram (Lexapro) and sertraline
(Zoloft) are good choices—they are 2C19 substrates but do not affect the
metabolism of other medications.

Also think about choosing less vulnerable substrates. Each drug mascot
on pages 17 and 18 is depicted in box/bubble because it is generally not
involved in clinically significant kinetic interactions (although dynamic
interactions almost always apply). You don't have to worry much about
benzodiazepine interactions if you stick to the “LOT”
benzos—Jlorazepam, oxazepam and femazepam. Most antipsychotics
are susceptible substrates, but not so much for ziprasidone, loxapine and
paliperidone.

This book uses picture association as a memorization technique. Pages
10 through 16 establish a visual mnemonic framework for various kinetic
interactions that will be reinforced by a mascot for each medication. The
mascots serve a double purpose of helping you remember US trade
name/generic name pairings.

Since you probably won't be mentioning CYP nomenclature in casual
conversation, you might want to bypass the technical naming system
altogether. Instead of keeping a list of “3A4 substrates” in your memory
bank, you could just learn the school of “fish”.

| hope this book empowers you to understand and memaorize topics that
are otherwise daunting, so you can to use your knowledge to improve
patient care. Without further ado, let's start our journey to becoming a
superhero of psychotropic medication management.

o
S
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1A2 accounts for 10-15% of
CYP activity in the liver

Cytochrome P450 1A2 (CYP1A2)

“One Axe to Grind; One Axe to Grow”

52% of individuals are 1A2
ultrarapid metabolizers;
< 1% are poor metabolizers

“4 Axe to 2 Grind”

1A2
Substrate

Ve

“4 Axe 2 Grow”

inDucer = Down
1A2 Substrate
Decreased

substrate levels

induction onsets
and reverses
slowly =

Delayed * 142

Inhibitor

inHibitor = High

Increased substrate
levels

inHibition happens
within Hours = Hurried
and reverses as soon
as the inhibitor is
cleared from the body
(five half-lives of the
inhibitor)

Hydrocarbons from smoked herbs such as tobacco and cannabis are

moderate potency 1A2 inducers. All other 1A2 inducers are weak. Fluvoxamine (Luvox) is the only strong 1A2 inhibitor.

 strong
~ inhibitor

cannabis also
moderate
, CcCO inducer

not nicotiné patch or gum

Fluvoxamine
* Induction by smoking takes about 3 days to
start—notice the axe has no spinning wheel
like the other axes. Upon cessation of
smoking, induction reverses over the first
week. This is much faster than with other
inducers. 10 cigarettes daily is sufficient for
maximum induction effect.

moderate
inhibitor

CIPRO
cxproﬂoxacm

NAVANE
Thiothixene

Up

HALDOL
Haloperidol

Up

STELAZINE
Trifluoperazine

ZYPREXA

minor

Olanzapine S\

Clozapine ,C;' ine *
e R L

quwncﬁune B
antibiotic

“-pine” trees

minor ~ 50% increase 3-fold increase negligible decrease CYMBALTA
By Luvax by L v by smoking Duloxetine
Melatonin agonists Methylxanthines Spasmolytic
5 NOURIANZ e
ROZEREM HETHOZ Melatonin Theophylline Caffeine , ZANAFLEX
Ramelteon Tasimelteon Istradefylline Tizanidine
QVp ~ Yp Ve Yp Qe

“TREE
-ophylline”

up to 100-fold 3-fold increase

> 10-fold increase

increase by Luvox by Luvox by Luvox
% Contraindicated with Luvox
%% Contraindicated with Luvox or Cipro
Conclusion: Keep in mind that 52% of individuals have a 1A2 ultrarapid
Tobacco metabolizer genotype, and everyone who smokes has an ultrarapid
I\ Decreases metabolizer phenotype. Smokers may need to take higher doses of 1A2
Clozamng ;‘ X, blood levels of substrates. The effect of smoking on olanzapine and clozapine is worthy
4 these two of memorization. Memorization of other 1A2 substrates is of lower priority,
Olanzamng & 50% "pine trees” as long as you remember to run an interaction check on any medication
4«.;.1 i by about 50%. regimen that includes Luvox. Consider keeping Luvox out of the mix

entirely—it is nonessential for treatment of OCD because other SSRIs are
equally effective at high doses (page 34).
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CYP1A2 inHibition Examples

Ciprofloxacin, a /
moderate 1A2

inHibitor, increases \\
clozapine levels A

about 2-fold. -

CIPRO
ciprofloxacin
HAE

quinolone
antibiotic

b4 p ; Clozapine
4 Clozapine 3

Fluvoxamine, a strong 1A2
inHibitor (“Eluffer”) increases
clozapine levels 3-fold on

average, but up to 10-fold in
some cases.

75% clozapine
25% norclozapine

. \uvox
Fluvoxamine

Kinetic interactions can be more complicated than simply
increasing/decreasing concentrations of victim substrates.

Combining clozapine and fluvoxamine is hazardous, but can potentially be
used for therapeutic advantage. Close monitoring of serum clozapine
levels would be required.

Norclozapine is the main metabolite of clozapine, formed by 1A2
metabolism. When clozapine blood levels are reported, clozapine and
metabolite (norclozapine) levels are provided separately. Through 1A2
inHibition, Luvox increases the serum clozapine:norclozapine ratio. A
Higher serum clozapine:norclozapine ratio is generally considered
desirable*. Norclozapine provides little antipsychotic benefit and causes
weight gain, diabetes, seizures, and neutropenia.

Patients given clozapine 100 mg + Luvox 50 mg daily (compared to
clozapine 300 mg monotherapy) demonstrated more improvement with
less weight gain and less drooling. Clozapine levels were similar for both
groups with, as expected, lower norclozapine levels for those taking
Luvox.

(Lu ML et al, 2018; randomized controlled trial, N=85).

*The negative aspect of a Higher clozapine:norclozapine is greater anticholinergic
burden. Clozapine is anticholinergic, whereas norclozapine is cholinergic.
Consequently, clozapine causes constipation, while norclozapine does not. The
anticholinergic properties of clozapine may impair cognition, whereas norclozapine
may provide cognitive benefits such as enhanced working memory.

Certain physiologic states may increase levels
of olanzapine and clozapine up to 2-fold.

A‘)Vblozapin;"\\
5 4 or 3
.%: Olanzapine - -
“ P 4 Major inflammations
% Infections with fever
+ Female gender (estrogen)
< 1A2 poor metabolizer genotype
(< 1% of population)

Olanzapine
/—7‘744

For a patient with efficacy or tolerability issues, consider monitoring serum
levels of the antipsychotic. The author checks clozapine levels routinely,
and olanzapine levels in some cases.

Tty :,\‘..,,»\-r“;'" %WVF

ROZEREM
ramelteon

sleep medication

Fluvoxamine and ramelteon
should not be prescribed
concomitantly because
ramelteon levels will be
increased up to 100-fold!

ROZEREM
ramelteon
ve

. lruvox

Fluvoxamine
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3% of individuals are 2B6
Cytochrome P450 2B6 (CYP2B6) irarapid melabolizers;
“Tube Socks” 7% are poor metabolizers

“ : tched Kk ‘“v) inkiition
5 ) : stretched soc TR = High
2B6 substrate ,.l“ § : B ——
: Increased substrate levels inHibition happens
within Hours =
Hurried and reverses

1 ~\ S, as soon as the
ﬂ < inhibitor is cleared

-,
: %
E ~
inDuction = Down g %1'5
: %
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Decreased substrate levels

] 2 from the body (fi
induction onsets and reverses - , Bssuba&a half-lives of u{é "
& te

lsligr;?égver 2—4 weeks = \ . inhibitor)

There are no strong 2B6 inducers. There are no strong 2B6 inhibitors.
moderate
) inducer _mgdarate - moderate
epine . Inaycear o, inhibitor
(,carbarnal % - ; NO e,,e
%.F_TE_GRETO_" e \_RFL ﬂri;;e
sk tuberculosis antibiotic i r-:'.;pasmoly‘tic
. inducer
oderate
henytoin .- m
* ‘;|LANT]N oK . , inducers
B — HIVmeas . weak
3.E antretroval® S opig inhibitor
weak R — . L‘qlf/ Grey
inducer - Efavirenz ~—tX
M - Nevirapine T — ;
Phenobariizt .2 - Ritonavir psanp—
LUM‘NN', & antiplatelet
Opioid
{ Methadone
" DOLOPHINE
——  SSRI ‘
g B
Alkylating Drugs for Cancer
Cyclophosphamide ﬂ
CYTOXAN ;
Selegiline e e b e 00 .

ELDEPRYL, EMSAM

Ifosfamide
IFEX &

1 a4
Ketamine
KETALAR Zoloft NNRTIs Sor HIV
Wt . SERTRALINE
NMDA antagonist Efavirenz
(anaesthetic) ! SUSTIVA G B

NDRI antidepressant Nevirapine
— . VIRAMUNE 3

Esketamine
SPRAVATO

e i R

NMDA antagonist
(intranasal for depression)

S TS ; .
Bupropion

WELLBUTRIN Propofol
: DIPRIVAN :

Conclusion: Fc_artunateiy, there are no strong inhibitors or inducers of 2B6. For psychiatrists, 2B6 is of minimal significance, unless methadone
is being prescribed. You will want to run an interaction check (e.g., ePocrates or Lexicomp) whenever a medication regimen includes a
shredder, cancer medication, HIV medication, or systemic antifungal.
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For psychiatry, 2C9 interactions are of little
clinical significance. Paroxetine (Paxil) is the
only antidepressant on this page.

Cytochrome P450 2C9 (CYP2C9)
“To See Nice(ly)"

0% of individuals are 2C9
ultrarapid metabolizers;
5% are poor metabolizers

inDuction = Down

. Decreased substrate
inducer levels
induction onsets and
reverses slowly, over
2-4 weeks = Delayed

There are no strong 2C9 inducers.

i
Rifampin
(prostate cancer) (antibiotic)
> iy
N s
)
moderate inducer moderate inducer
LUMINAL
Phenobarbital
o &
nv
weak inducer
Antiepileptics Sulfonylureas for DM
DILANTIN MICRONASE
“d-EYE-lantin; ‘glybur-EYED"
phen-EYE-toin”
Phenytoin Glyburide
Also 2C19
DEPAKOTE “glimepir-EYED"
A - “‘Dep-EYE-
kote”
Valproate
2C9 contributes only 25%
to the metabolism of VPA
‘Glipiz-EYED"
Anticoagulant
COUMADIN
“coum- ORINASE
EYE-din”
Warfarin “tolbutam-EYED"
Also 2C19 Tolbutamide
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inHibition = High
2C9 Increased substrate
inhibitor levels
= inHibition happens
™ within Hours = Hurried
Inhibition reverses as
soon as the inhibitor is
cleared from the body
o (five half-lives of the
There are no strong 2C9 inhibitors inhibitor)
_,‘-\\\.‘ "‘\‘\ - _—
DIFLUCAN Tamoxifen PAXIL
Fluconazole SERM for breast Paroxetine
cancer
antifungal A & \~. Sshl ~
// o
moderate _weak !
inhibitor inhibitor inhibitor
ARB for HTN NSAID
COZAAR FELDENE
‘Coz-EYET “p-EYE-roxicam”
Losartan Piroxicam
Also 3A4
Lipi : COX-2 inhibitor
LESCOL CELEBREX
Av-EYE: “col-EYE-brex”
statin”
Fluvastatin Celecoxib
Libido enhancer Conclusion: Consider
checking valproic acid (VPA)
ADDYI levels more often if the patient
is taking or stops taking
R —— enzalutamide, rifampin, or
AdS-EVE diflucan; but don't expect
Elibanserin much variance from baseline.

Consider avoiding paroxetine
entirely (page 44).
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10% of individuals are 2C19
ultrarapid metabolizers;

Cytochrome P450 2C19 (CYP2CA19)

“To See Nice Things (grow)” 5% are poor metabolizers
L4 inHibition = High
s \ ¢ D E 4 § ﬂ & I d sub |
"2 Lt inDuction = Down : 7 o = ncreased substrate levels
2c19 ” - o : “\4’%?’9 ¥ s
inducer Decreased substrate levels N 4 f" inHibition happens
A within Hours = Hurried

induction onsets and
reverses slowly, over
2-4 weeks = Delayed

Inhibition reverses as soon
as the inhibitor is cleared
from the body (five
half-lives of the inhibitor)

RIFADIN

Rifampin

TB antibiotic strong

ERLEADA strong moderate
Apalutamide 1 E_mﬁfr;:nazme

prostate cancer strong = Qivoxamine

- fluoxetine

amitriptyline omeprazole libide enhancer

LUMINAL . CBD _ :
Phenaobarbital 3‘5’.; .‘ Slc;xapm . Eios?ennﬂzmg
barbiturate e Sordie “CE"“ab‘di"?,g’ imipramine pantoprazale
b i A trimi .
strong

antiepileptic P ) Vitamin K
“antagonist’

2C19 poor metabolizers (PM) 2C19 ultrarapid
metabolizers (UM)
Individuals with a 2C19 PM genotype
clear 2C19 substrates slowly, leading to
Higher blood levels (as if they were taking
a 2C19 inHibitor). Standard doses of
2C19 substrates may be too strong.

2C19 UM individuals clear
2C19 substrates quickly,
leading to low blood levels.
These individuals are more
likely to be non-responders
to 2C19 substrates at
standard doses.

% 2C19 poor metabalizers should not exceed
20 mg of citalopram (QT prolongation).

5% of population (20% of Asians) 10% of population

Conclusion: 2C19 genotyping is not typically ordered as a standalone test, but if titrated the old-fashioned way, according to response and side effects. In
2C19 metabolizer genotype is known (e.g., from GeneSight or Genecept), the any event, avoid prescribing Soma, Valium, or phenobarbital for anxiety due
information can be put to good use when dosing (es)citalopram and sertraline. to their particularly high risk of abuse and dependence. Avoid St. John's
Knowledge of metabolizer status is not essential because these SSRIs can be Wort due to interactions, and because it only works for mild depression.
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206 metabolizes ~ 12% of prescription Cytochrome P450 2D6 (CYP2D6)

drugs. Notice how all of the -oxetine’s are

5% of individuals are 2D6 ultrarapid =
metabolizers (UM).

2D8 inhibitors and/or substrates. “Too Darn Sexy” 10% are poor metabolizers (PM).
: inHibition = High ! Prodrugs are substrates that are less potent than their
T ball You're inflating : metabolites. Ordinary substrates (beach balls) are deactivated by
hesa belle are my egol / hersasad stbatiste : 2D8. Prodrugs (bowling balls) are activated by 2D6. In the
2Darn 8y lavels i presence of an inhibitor prodrugs are less effective.

206 / inHibition happens

It's your
within Hours = Hurried

fault |
can't roll

> Inhibition reverses as
—_ soon as the inhibitor is
cleared from the body
(five half-lives of the
i:DB enzymes cannot be induced. inhibitor)

PROZAC
Fluoxetine

PAXIL
paroxetine

strong

CYMBALTA |
Duloxetine

WELLBUTRI
Bupropion

VMAT inhibi Antitussi ADti-HTN

- AUSTEDO 2 T " LOPRESSOR
Cdeutetra o LN 9EAS metoprolol
-~ . benazine 7
. ¥ w }J A "\;_“. N T ) : —
TRINTELLIX CYMBALTA OH-bupropion Tricyclic STRATTERA also tetrabenazine dextro- beta blocker
vortioxetine duloxetine active melabalite of antidepressants atomoxetine methorphan
“Cym-BALLAa" bupropion (Wellbutrin)

* : k% 4 %% k% (%) | *
foHALDOL (JRILAEON,  (MELETLy  (msiien _ABILIFY  © FANAPT REXULTI
" haloperidol \ ‘Rerphsnezie . thioridazine . pimozide . aripiprazole: " iloperidone ‘brexpiprazole

.-\_' ¥ N ¥ LY - 3 W 2 y ‘.\- & \\ : 3 h\ \ 5
o 2D6 gﬂﬂbtrvaE'V"Q required a[soSAE;ubslrale o —

2D6 poor metabolizers have
defective 2D6 enzymes. Substrates are
cleared slowly (by other pathways) or
are unmetabolized leading to Higher
blood levels, as if the patient were
taking an inHibitor.

Codeine

Tamoxifen

%% 2D6 genotyping is recommended prior to starting these medications, which
metabolized to weak opioid are increased 3--4-fold in 2D6 PMs. Mellaril is contraindicated for 2D& PMs.

morphine and SNRI breast cancer

% 50% dose reduction is recommended for 2D6 poor metabolizers.

(%) According to the label, use 75% of Abilify dose if the individual is a 2D6 PM.

2D6 extensive | 2D6 ultrarapid metabolizers | Use 50% Abilify dose if 206 PM and taking a 3A4 inhibitor.

- metabolizers | | clear 2D6 substrates quickly. These |

" have the typical | individuals are more likely to be

genotype and process | . non-responders to  2D6  substrates |

2D6 substrates as . (excluding 2D6 prodrugs, which may be Y

expected I too strong). This genotype is relatively
common among those with Middle Eastern b

or North African heritage. [

e 2D6 PM
10% of population

Conclusion: 206 interactions need to be understood by prescribers of
antidepressants and antipsychotics. To avoid 2D6 interactions, use Lexapro or
Zoloft instead of Prozac/Paxil.

Among the CYP genetic assays, 2D6 is the most useful. The test is about $200 as
a standalone, and is recommended prior to starting Trilafon, Mellaril, or
Orap—three antipsychotics that psychiatrists rarely prescribe. For the other 2D6
substrates, serum drug levels may be more useful than genotyping. The author
checks blood levels of haloperidol, risperidone and aripiprazole when there are
issues with efficacy or tolerability.
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