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A Pharmacokinetics Foe
"f\?f}ﬂgssién; ethanol i rapidly and completcly sbsorbed; the
- drogis then disubuted © ‘@

- mmeablize ehascl © acetaldehyde (Figure 23-1).

B —

- Drigs S Dugstowaal i
..imhol withdrawal

ost body tisues, Two enzyme )3

nase (ADH)—-—Thxs&mzl) of qyrasalic,
s, found mainly inthe liver and gut,
of fow to moderate deses of éftha'nélf "

reac-

tion has zeng-preter &

 meabolism JF7-10 gih. Gastrointestinal mesbolism of ethan ;
~ ilowerin woinen than b fisen of echanol
i ‘&\ 2, !

o - Drugs 1 troal e
o acty methanol of =
“pihylena glycol
intoxication . -

alcohol dependance

| ethanol-oxidizing system (MEOS)—At
Js higher than 100 mg/dL, the liver microsomal
o system that catalyzes most phase 1 drug:-
(see Chapter 2) contributes sign‘iﬁcamly w
23-1). Chronic echanol consumption
\e synthesis and MEOS activitys '
he development of tolerance to
f cytochrome P450 induced by
verts acctaminophen 1 3

2. Microsoma
bloed cthanol leve
mixed function oxidas
metabolizing reactions
ethanol metabolism (Figure
eytochrome P450 enzyn
responsible fort
~ ethanol. The primary isoform ©
_"ﬂhano!——EEl' (see Table 4-3)-—con
hepatotoxic metabolite, ‘
" Acetaldehyde formed

induces
this is partially

from the oxidation of ethanol by either
"ADH or MEOS is mpi<ﬂy'mmlwlimi to acetate by aldehyde

dehydrogenase, mitochondrial enzyme found in the fiver and .. .

- many other tissues. Aldehyde dehydrogenase i< inhibited by disul- - s

firam and other drugs, including metronidazole, onal hypogh”

cemics, and some cephalosporins. Some individuals primarily of
Asian descent, have genetic deficiency :

of aldehyde deh
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Al Nervous Systent

PARIY Drugs That Actin he €0t

. An‘anéoi‘ari]{e fdlsp’rder charac
" driving, combined with

- thedfinking
~ An alcotiol-use disorder characte

Al:éﬁ@g s

| The characteri nso
sho! withdrawal - The characteristic synC rome 0 insomn
Q‘lﬁ:g‘mmé SRR en_gendemd by deptivation in an indivi
Delium iremens Severeform of alcohol withdrawal whos
=7 hallucinations cing

~Asgyndrome of craniofacial dysmorphia;
© - teratogenic eff
A syndrome of ataxia, c
e _'chr\_p’niﬁcfa‘lcoholii_sm and t

" After consumption of even small quantities of ethanol, these indi-
© viduals experience nausea and a flushing reaction from accumula-

" v. tion of acetaldehyde.

* 1. CNS—The major acute eff
- sedation, loss of inhibition, impaired judgment, slurred speech,
~ andataia.In nontolefant persons, impairment of driving ability
" is thought to oceur at cthanol blood levels between 60 and
80 mg/dL. Blood levels of 120 1o 160 mg/dL are usually associated

cts of ct_hanol'o’n the CNS are

' Ethanol e
% - CHCHOH NADPH + O,
dehydrogenase | - MEOS
- cotdatyde NADP'+ 1O
GICHEHO S s

18

o s as aehyde dehydiogenase are Inhibiied by £ -
e s conerustpectiel. (Repodiced Sl
? TS TE Ry S ddda el ah ) , Yrevor AT :
clPhmociogy 12 Ml 0126, 23

t'«g’riiédby_cbt :
other CNS depressants) or despite adverse consequences direcy

e by.ai¢0h0'1 abuse plus physical dependence on ethang|
dno|

confusion, and para
hiamine deficiency T

‘blood concentrations, significantly

€. Chronic
1. Tolerance and dependence—Tol
- aresult of CNS adapration and to a lesse
rate of ethanol metabolism. ‘There is cross
‘hypnotic drugs that faciliat
 are marked,
s T e 2, Liver—Lis ‘ di tﬁc
OH) oy Ao o) EUIanal by i + Liver—Liver diseasc 1s
H) and the microsomal ethanol-oxidizing system (MEOS), Alcohol
~-. tion occurs with reversible
- hepatitis, cirrhosis, and liver
. more severe in women than in men an
 infected with hepatitis BorCvirus. .

npulsive use of ethanol in dangerous sjyyy.:
ol , alior

&,
Qd to

mnia ‘tremdr,-agitation,seizdrés andautond ¢ :
. oy 4 micj
dual who is physically dependent on ethanol nstablity -
e main symptoms are sweating, tremor,cOnfusio,; RE
R ‘ ' ; : ) and

heart defects, and m‘en'ta! retardation caused by the -
ectsof_ethangl;orgsumptionduringpregnancy N e e

lysis of the extraocular muscles that is associaféd “"i‘th‘

with gross drunkenness. Levels greater than 300 myg;
lead to loss of consciousness, anesthesia, and mmasg0 Ly:4
with fatal respiratory and cardiovascular depression. Bloo?lum s

higher than 500 mg/dL are usually lethal. Individuals with ;1;‘53

dependence who are tolerant to the effects of ethanol can ﬁan;ol;'
almost normally at much higher blood concentrations than oce. -
sional drinkers. Additive CNS depression occurs with conconi. -
tant ingestion of ethanol and a wide varicty of CNS depeessans,
including sedative-hypnotics, opioid agonists, and many drugs T

* that block muscarinic and H; histamine receptors. The molecdz

mechanisms underlying the complex CN§ effects of ethanol ze
not fully understood. Specific receprors for ethanol have notheen
identified. Rather, ethanol appears to modulate the function of
a number of signaling proteins. It facilicates the action of GABA
at GABA, receptors, inhibits the ability of glutamate to achat
NMDA (N-methyl-D-aspartate) receptors, and modifies e - -
activities of adenylyl cyclase, phospholipase C, and ion channcl

relacively’ low

heart. Vasculur it
sometimes -

2. Other organ systems—Ethanol, even at
depresses the

smooth muscle is relaxed, which leads to xqsodi(a:ion,

wnh marked hypothermia.

Effects i

TRaes
erance 0CcUrs mainlf #
r_éxt:m,bxan
tolerance 10 >,
(eg: cnzodizep™®

ysical depend™

_ 1 e GABA activity
and barbiturates). Both psychologi;_al and pb

li\;‘;‘- funcs:

most common B
ir' Vi [slbk

; ‘ ive loss.

cation of chronic alcohol abuse. Progress

S (o eV
farty liver ngmgqmﬁnaion'is ofee?
Tt atic ays omeh
failure. H‘;H‘ both men and v

jn both MESL o i
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8, Neo;)'la'sia-;Ethantﬁ!' is not a primary.

1.9 immune syﬁiem—éhront

- in the liver and pancreas and in
. tisues. Heavy use predisposes t0

e ol ;ma may ¢
:}-Jﬂa ALk M ;

g parattia
z,fﬁ?
ey o
sgof she e

 mine s essendal ,
oW &8 Korsakoff's psychosis. .

"~ of breast cancer. .

o —”"Oi ",esjt’ina,if5Y§?¢rm“1‘?iF‘Fi°“' inflammation, bleed-
e of the gut wall occur after chronic heavy use of

cause absorption defects and exacerbate nutri-

(‘th'!]o icsf'

geicen ‘Chronic ﬁlcéh°l~ abuse greatly increases the

Pe ﬁphcral neuroparhh)"? is the most cdm'mon neurdlogic
iy in chronic alcohol abuse. More rately, thiamine defi-
ng “‘.;th’ gl¢ohbl abuse, leads to Wetnicke-Korsakoﬁ'
;ﬂg;gmc.,“'hi& - Fhm?zeriz_ed by ataxia, confusion, and paraly-
raocular muscles. Prompt treatment with parenteral :
al to pmm;a,pg;mangnt memory disorder

5 End&finé _sy'sfem%Gyncconiasria'.l testicular atrophy, andl

© gy retention can occur, partly'bcc‘fxus'c’of‘ altered steroid metabo-

fism in the cirthortic liver.

6. Cardiovascular System‘-i-Excéssive chronic ethanol 'usc is

- ssociated with an increased incidence of hypertension, anemia;
: 'md_'dila@éd'~‘wrdiomyopathy..'Acuté_ drinking for several days
[binge” drinking) can cause archythmias. However, the ingestion -

of modest quantities of ethanol (10-15 g/day) raises serum levels

of high—dcnsityvlipoprotci_n_ (HDL)‘cholcsterpl'and may protect .
: gﬂm_;qrbnaryhmrtdiscase._r_' L SRR L
1, rez_ai_va'lcohd"syhdro_m_e_;sthanol use in pregnancy ‘is
- asociared with teratogenic effects that i ‘
- {most common), growth deficiencies, microcep

nclude mental retardation
eistic underdevelopment of the midface region.

chronic use s associated with an increased incidence of neoplastic
diseases in the gastrointestinal tractand 2 small increase in the risk

z

c alébhdl_ 'arbl‘xsc-‘ has ' complex

becaise it enhances i ‘
hibits immune function if other
infectious pneumonta-

effects on immune functions.

b ich and low- hrough crug Iformaton L,
will not find data on the elimindtion half-fifeof ethanol: rC{a_nt s

is h'e_c,a_s’e?,Tthknll Keeper ANSWE

o and of the chapter.

U, Treatment of Acute
© Chronic Alcoholism

1. Excessive CNS depression—Acue jethanol ATOXE
T ENCOSSIVR o nce of ViT Sigr srevention
G idAdsed by maintenance of v"iln := %", :

" for treatment of alcoholism. The alde

haly, and a charac- : .' If echanol is consumed by a patient W
. acetaldehyde accumulation leads to nausea,
“and hypotension (Figure 23-1). :

carcinogen, but its -
hat CRES ~ Methanol (wood alcohol), a-constituent
nflammation '

o is metabolized to
severe acidosis, retinal damage, and blindness. The formation of

8. Ethylene Glycol
Industrial exposure to_ethylene glycol (by inhalation or skin
S absorption) or self-administration (eg, by drinldng.:in‘tifrcéic"
- products) leads to severe acidosis and renal dar:xia‘ge'frodi the .
, .m'e:abolism_ of ethylene glycol to oxalic acid. 'Proiﬁpt::'tr&t:ﬁi'érit' '
 with intravenous fomepizole or ethanol may slow or. prcvcnt for-
* -~ mation of .this toxic merabolite (Figure 23-2). il
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 of aspiration af i Toavenide s
spiration after vomiting. Intravenous dextrose.is standard. -

Thiami ninistration i '
"hiaminc administration is used to protect against Wernicke-

~ Korsako ) e '
ff syndrome, and correction of electrolyte imbalance

may be rcquirpd. ]

2. Alcohol withdrawal syndrome'—'-lx{ individu;ls Lphfsk ,

cally : iscontint
: y t:epcndem on ethanol, discontinuance can lead to a with-
rawal syndrome characterized by insomnia, tremor, anxiety,

Y : ¢ hidein
nd, in severe cases, life-threatening seizures and delirium tre- -

mens (DTs). Peripheral effects include natisea, vomiting, diar-
thea, and arrhythmias. The withdrawal syndrome is managcd‘

l:}z(_ correction of electrolyte imbalance, and administration of
~ thiamine and a sedative-hypnotic. A long-acting benzodiazepine

(eg, diazepam, chlordiazepoxide) is preferred unless the patient
has compromised liver function, in which ‘case a short-acting
benzodiazepine with less complex metabolism (eg, lorazepam)”
is preferred. BRS ‘ ;

3. Treatment of alcoholism—Alcoholism is 2 complex socio-
medical problem, characterized by a high relapse rate. Several -
CNS neurotransmiter systems appear to be targets for drugs that .
reduce the craving for alcohol. The opioid receptor antagonist
naltrexone has proved to be useful in some patients, presumably
through its ability to decrease the effects of endogenous opioid
peptides in the brain (see Chapters 31 and 32). Acamprosate,
an NMDA glutamate receptor antagonist, is also EDA approved
hyde dehydrogenase inhibi-
tor disulfiram is used adjunctively in some reatment programs.
ho has taken disulfiram,
headache, flushing,

OTHER ALCOHOLS

A, Methanol s e
of windshield clean-
' ” is sometimes ingested intentionally.

‘ers and “canned heat,
Intoxication €auses visual dysfunction,’ gastrointestinal distress,

shortness of breath, loss of consciousness, and coma. Methanol
formaldehyde and formic acid, which causes

formaldehyde is reduced by prompt intravenous administration

" of fomepizole, an inhibitor of alcohol dehydrogenase, or ethanol,
' which competitively inhibits alcohol dehydrogenase oxidation of
_.,"m_cihanol (Figure 23-2). : ; .

i B
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Acldasls,

inaldehyile, .y Bavere acldosls,
Pt - St

G ewanet Aldenyde
s ﬁGURE 23-2 The axidation of ethylene glycol and methanol
- by alohal dehydrogenase (ARM) creates metabolites that cause
- serfout toxicity, Fomepizole, an inhibitar of alcohal dahydrogenase,

. formation of tovle metabolites. Ethanol, a substrate with higher
- affmity for ADN than ethylene glycol of methanol, also slows ;he
faemation of toxte metabolites and 18 an alternative to fomepizole,

COQUESTIONS o
LA 4Syeacold moderately abese man has been drinking heav-

-~ regular habic of drinking 1 alcoholic drink per day. His only
o Usigniboant wedical problem 15 mild hypertension, which is
“adequately controlled by meroprolol. With this history, this
Sore s oman s ansignificant risk fore : ‘
i O {A) Archythmia iy
- (B) Bacterial pneumonia -
- (C) Hyperthermia .~
(D) Tonic-clonic selzures - .. -
) Wernicke-Korsakoff syndrome -+

o He has truncal araxia and c‘wphthalmoplcgin;‘Thc most appro-

S et
A Chlordiazepoxide
(Q) Folicacid | "
(D) Fomepizole "

(8 Thiamine

#. = 3¢ The cyrochrome PAS0-défienders matr s it it i o
g e MEOS) pars o et ethanl o
~ likely to be maximally activate
concentrationsof -
A) Acetaldehyde
(B} Ethanal =~

)NAD

. Oxalio aekdt ws .-\;a'j{mn!nz!eiﬁ/' ‘

s usedt n methanol ot ethylene alycol polsoning to slow the rate of -

© - ily for 72 he This level of drinking is much higher than his

2 ;\:f_,?f;,.}mulvd man with a history of alcoholism is brought to
- the emergency department in a confused and delirious state.

priate immediate course of action is to administer diazepam -

- g - She had consumed large amounts O g sk

ay. c:if ethanol merabolistn is mmoss
-undc_r.thg condition of low

4, A frestiman siudent (weighs 701,
o where he rapidly consupmes 5 , 15 g
that vesulis in a blood leye| d% (;(;“‘?i of gy °
young man hias nen had ap g)ppoﬂﬁnfr’_dl,. s
o ethanal, his present condicig, iidef«m‘ ? oy,
(A} Abile to waalki, but nog iy 4 s[,.-',f.‘rghm ‘E‘:,'P-j
(1) Alertand competent 1 dli‘)q‘;s Hline 44
(C) Comatose and near deayly &
(D) Sedated with increased :
(B Slightly inebriated

Ieactioy Himes

Questions 5 and 6, A homeless middle.;

ents in the emergency deparumenc iy , H:ﬁged Mile g

note thar he is bchavioraﬁy disinhibited , éﬁf Wtogyy, s

that he has recently consumed aboue api,‘]?r{m‘”df Hepe 24

- thar his friends were using w “ger high,” }; lrcd;c’.r-, LA
vision is blurced and thac ic is “Jike being iﬁc g
breath smells a bic like formaldehyde, He ad‘df_':ffﬂar.

L,

5. Which of the following is the mog |
patient’s intoxicated state?
(A) Lthanol
(B) Ethylene glycol
(C) Isopropanol
(D) Hexane
(B) Methanol

lkely i

- 6. After assessing and stabilizing the patient's simvay, s §
and circulatory status, fomepizole was sdminis&uc‘r;»_g; ‘
nously, Which of the following most accurutely desris’
therapeutic purpose of the fomepizole adminismter
(A) Accelerate the rate of elimination of the toric gl §

he cansumed ‘
(B) Combar his acidosis et :
(C) Inhibit the metabolic production of a toxic mebeied

the poison : :
(D) Prevent alcohol withdrawal seizures

(E) Sedate the patient

RS 5 s e ,;;,‘;.“:
7. The regular ingestion of moderate a; -ﬁ":{;";éﬂ
H R pev (s
alcohol predisposes to hepatic damage 2itet O_‘nf
minophen because of chronic ethanol ingesc
(A) Blocks acetaminophen metabalism
(B) Causes thiamine deficiency v
' : ; from plasma proc®
- (C) Displaces acetaminophen from p i
(D) Induces liver drug-metabolizing e{l::‘} -
(E) Inhibits renal clearance ofﬂmﬂ‘“‘ P o
ey . alism p‘ A
% . z]COh'vf" e
8, A 23-year-old pregnant woman “:}:E carly $85° ‘""f;g
10 the emergency department I 0\ 4o
st e i s g phigh
~ pregnancy. This patient’s infant ‘5.3' : ot
i thavindudes C i s and 000
~(A)_Ambiguous Fcnit"aha AMAE " ity
Gonei in'a female fetus L o
. (B) Failure of closure of the att
©~ {O) Limb or digit malformat!

on’ .
(D) Mental retardation and }:ﬂll“l‘: g:d o
(E) Underdevelopment of : e
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