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Abstract

Asrecognition of the role of free radicals and reactive toxinsin the pathogen-
esis of disease, poisoning, and adverse drug reactions has evolved, interest in the
use of acetylcysteine as a modulator of these effects has steadily increased in
recent years. Acetylcysteine is commonly thought to serve as a glutathione pre-
cursor and consequently can increase or sustain intracellular glutathione which
scavenges reactive oxygen species caused by toxins or subsequent tissue injury.
At least 10 additional mechanisms of action for acetylcysteine have been dem-
onstrated in various laboratory models, but a unifying framework of its actions
isstill to be proposed.

This paper reviews the current experimental and therapeutic status of acetyl-
cysteine for the treatment of poisonings and adverse drug reactions. Of the 45
potential uses of acetylcysteine that were identified for the treatment of poison-
ings or adverse drug reactions, 14 of the toxic effects have little support for its
use while promising results have been demonstrated for 27 toxicities. Currently,
treatment of acute paracetamol (acetaminophen) poisoning is the only widely
accepted clinical indication for acetylcysteine as a treatment for poisoning or
adverse drug reactions. In many clinical situations acetylcysteine is used empir-
ically utilising modifications of dosage regimens employed for paracetamol poi-
soning.

Often it is difficult to determine the benefit of therapy with acetylcysteine
owing to the nature of the toxicity being treated, the use of other therapies, the
presence of comorbid conditions, and the small number of patients studied. The
diverseand positive nature of theinvestigati ons suggest that thereis considerable

promise in acetylcysteine as a research tool and pharmacological agent.

As knowledge of the role of free radicals and
reactive toxinsin the pathogenesis of disease, poi-
soning, and adverse drug reactions has evolved in
the past half-century,l-3 interest in acetylcys
teinel23l has steadily increased, particularly in the
past decade. Acetylcysteine, a derivative of the
amino acid cysteine, possesses asulfhydryl moiety
(-SH, also referred to as a thiol group) which is
similar to several endogenous compounds (fig. 1)
that are thought to play asignificant rolein cellular
response to disease and injury.[-3! It is commonly
thought that acetylcysteine serves as a glutathione
precursor and thereby can increase or sustain intra-
cellular glutathione which scavenges reactive oxy-
gen species caused by toxins directly or indirectly
by subsequent tissue injury. Several additional
mechanisms of action for acetylcysteine have been
demonstrated in laboratory models (tablel) and are
described in this paper, but a unifying framework
of itsactionsis still to be discovered.

0 Adis International Limited. All rights reserved.

This paper reviews the current status of the util-
ity of acetylcysteinefor thetreatment of poisonings
and adverse drug reactions and expands upon pre-
vious reports.[43 Although a mechanistic analysis
of the applications of acetylcysteine would be de-
sirable, itis premature because of evolving knowl-
edge of itstrue actions. In this review we endeav-
oured to describethevariety of usesof acetylcysteine
without regard to classifying its proposed actions.
We have chosen to include al pertinent reportsthat
could be identified by multiple literature search
strategies and have made no exclusions based on
the quality of the investigations.

Since the potential applications of acetylcys-
teine for the treatment of poisonings and adverse
drug reactions arevaried and increasing in number,
areview of current work inthisareamay stimulate
further research and a better understanding of its
potential uses.

Drug Safety 2000 Feb; 22 (2)
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1. a-Amanitin

Evidencein miceindicates that depletion of he-
patic glutathione content may bean early event that
precedes liver dysfunction with sublethal doses of
a-amanitin, atoxic constituent of Amanita mush-
rooms.[] By preventing early changes in hepatic
glutathione homeostasis by the administration of
acetylcysteine the toxicity of a-amanitin may be
averted.

On this basis, 99 patients who had ingested
mushrooms containing a-amanitin were treated
with an intravenous regimen of an acetylcysteine
150 mg/kg loading dose followed by 50 mg/kg ev-
ery 4 hours.[”l The drug was given for at least 72
hours and started within 40 hours of the mushroom
ingestion. On admission to the hospital, 77% of the
patients exhibited biochemical evidence of moder-
ateto severeliver injury with 2 patients eventually
developing renal failure and 6% of the patients dy-
ing. Compared with patients untreated with acetyl-
cysteine in other case series, the 6% mortality rate
of this series compared favourably with the 10 to
30% mortality of the historical control individuals.
Theinvestigators concluded that the extreme vari-
ability of the clinical course of a-amanita mush-
room poisoning makes interpretation of the results
difficult, but acetylcysteine may prove to be bene-
ficial. No serious adverse effects of the acetylcys
teine therapy were observed, but 2 patients devel-
oped an erythematous rash.

An efficacy study investigated micegivenasin-
gle dose of acetylcysteine to determine its ability
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Fig. 1. Chemical structures of sulfhydryl-containing compounds.

to prevent delayed hepatotoxicity of a-amanitin. [
Two experimental groups received intraperitoneal
injections of a-amanitin 0.6 mg/kg followed by
normal saline 1ml or acetylcysteine 1.2 g/kg 4
hours later. A third group received saline 1ml fol-
lowed by acetylcysteine 1.2 g/kg at 4 hours. One-
half of the number in each group was sacrificed at

Table I. Potential mechanisms for acetylcysteine-modulating toxic actions of drugs and chemicals

Potential mechanism

Example

Prevent binding or uptake of reactive or toxic species to cells or cellular components
Increase synthesis of endogenous substrate, e.g. glutathione, for detoxification

Direct binding of toxic species to acetylcysteine

Reduce toxic species to the parent drug

Act as a surrogate substrate, e.g. glutathione, for detoxification
Enhance nitric oxide-mediated vasorelaxation of microcirculation

Scavenge oxygen free-radicals produced directly by the drug or metabolite
Scavenge oxygen free-radicals produced indirectly as a consequence of tissue necrosis

Enhance elimination of toxin
Immunomodulation
General antioxidant effect

Cadmium, cyclophosphamide, mercury
Paracetamol (acetaminophen), phenytoin
Arsenic, cisplatin

Paracetamol

Cisplatin, alcohol (ethanol), paracetamol
Hepatonecrosis, paracetamol

Carbon tetrachloride

Hepatonecrosis

Methylmercury

Hypersensitivity reactions

Nitrite

0 Adis International Limited. All rights reserved.
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48 hours and the remaining mice were observed for
7 days for survival. At 48 hours, mice receiving
a-amanitin had averagevaluesfor AST and ALT of
13 133+ 2657 (units not stated) and 16 276 + 3097
(units not stated), respectively. Groups receiving
acetylcysteineexhibited average AST and ALT val-
ues of 12 967 + 2103 (units not stated) and 14 607
+ 2265 (units not stated), respectively. The inves-
tigators concluded that single dose acetylcysteine
was ineffective in the prevention of delayed a-
amanitin hepatotoxicity. Survival rates for both
groups were nearly identical.

2. Arecoline

Arecoline is the principal akaloid of betel nut
which ischewed by millions of peoplein India, the
Far East, the South Pacific and East Africa. It has
cholinergic actions and possesses mutagenic and
carcinogenic (oral cancer) potential which may be
enhanced by the presence of food or drink.[®! In an
animal study, mice were given arecoline 40 mg/kg
intraperitoneally for 1, 5 and 15 days or 170 pg/L
ad libitum in drinking water.[1% An estimated 1mg
of arecolinewas consumed daily by each mousefor
1, 5, and 15 days. Acetylcysteine 830 ug/L (200
mg/kg) was also added to the drinking water for
days 5 to 15. The bone marrow cells were used to
measure mutagenicity.

Both routes of arecoline administration pro-
duced significant (p < 0.05) chromosomal aberra-
tions, cell cycle delay and sister chromatid ex-
changes. Acetylcysteine reduced the frequency of
these changeswhen arecolinewasgivenoraly. The
investigators observed that when acetylcysteine
was administered alone it was capable of inducing
sister chromatid exchanges indicating its potential
ability to induce DNA damage which has also been
observed by others.[11]

3. Arsenic

Since arsenical s appear to bind with sulfhydryl-
containing enzyme systems, acetylcysteine may
provide an alternative sulfhydryl sourcethat would
bind arsenic, thereby sparing cell membranes and
enzyme systems.[1213] An animal study!*2 with 4

0 Adis International Limited. All rights reserved.

groups of 5 mice that were given lethal doses of
subcutaneous arsenite (25 mg/kg) was performed
to evaluate the efficacy of acetylcysteine. 15 or 30
minutes after the arsenite injection, penicillamine
50 mg/kg, dimercaprol 5 mg/kg or acetylcysteine
100 mg/kg was administered intraperitoneally.

For another group of animals, the doses of the
test drugs were doubled and given 30 minutes after
arsenic or at 15, 45 and 75 minutes after the arsenic
dose. Acetylcysteine prolonged survival time at 15
minutes for the higher doses (p < 0.01), and 30
minutes for the lower doses (p < 0.05). 30 minutes
after arsenite administration, the lower chelator
doses and the multiple dose regimen demonstrated
no significant differencesamong the 3 drugs. How-
ever, at the higher dose regimen acetylcysteine
compared favourably (p < 0.05) with dimercaprol
in prolonging survival. 15 minutes after the arse-
nite administration acetylcysteine was more effec-
tive (p < 0.05) at the lower dosage regimen, but no
significant differences were observed among the 3
drugs at the higher dose regimen or with multiple
doses.

In another animal study, Henderson et al.[13
studied the efficacy of acetylcysteine in the treat-
ment of copper, sodium arsenite, thallium and cad-
mium poisoning compared with chelating agents.
Groups of albino mice were given intraperitoneal
injections of acetylcysteine 200 mg/kg or dimer-
caprol 10 mg/kg 30 to 60 minutes after administra-
tion of the heavy metal. Sodium arsenite was ad-
ministered subcutaneously as a single dose of 2 to
20 mg/kg. In the arsenite group, survival time was
lengthened by dimercaprol or acetylcysteine, but
the lethal dose for 50% (LDsg) of mice was not
changed by either treatment. Mortality was re-
duced after dimercaprol and somewhat less after
acetylcysteine.

Acetylcysteine was administered intravenously
to a32-year-old man who ingested sodium arsenate
900mg 5 hours prior to evaluation in a healthcare
facility.[%l Intravenous fluids, dimercaprol and va-
sopressors were administered, but the patient’s
condition continued to deteriorate. At 27 hours af -
ter the ingestion, acetylcysteine was given intrave-
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nously at 70 mg/kg every 4 hours. Within 24 hours,
his laboratory tests and clinical condition im-
proved. On day 4 the patient was switched to peni-
cillaminetherapy because the patient could not tol-
erate the oral acetylcysteine. No adverse effects
were noted from acetylcysteine and long term ef-
fects from the arsenate were not observed.

4. Boron

Banner et al.[’¥ investigated acetylcysteine
therapy in groups of 5 to 6 rats intoxicated with
chromium, lead or boron. For boron, rats were
gavaged for 3 days with boric acid and received a
total dose of 2 g/kg of boric acid. They were given
acetylcysteine 500 mg/kg intraperitoneally or
succimer (2,3-dimercaptosuccinic acid) 32.8
mg/kg intramuscularly starting 1 hour after the fi-
nal boric acid dose. Total urine output was in-
creased by both drugs (p < 0.02) and boric acid
excretion was increased during both drug treat-
ments (p < 0.01). A rechallenge 2 weeks later with
acetylcysteine 500 mg/kg produced a marked in-
crease in boric acid excretion (p = 0.005) with no
increase in urine volume. Acetylcysteine appeared
to increase the renal excretion of boric acid and
may reverse the oliguria associated with the toxic-
ity. The mechanism of action is unknown.

5. Cadmium

Henderson et al.l'3 studied the efficacy of
acetylcysteine in the treatment of copper, sodium
arsenite, thallium and cadmium poisoning com-
pared with chelating agents. Mice were given in-
traperitoneal doses of acetylcysteine 200 mg/kg or
dimercaprol 10 mg/kg, 30 to 60 minutes after ad-
ministration of the heavy metal. Cadmium chloride
was administered subcutaneously at the LDsgg of
mice. In the cadmium group, neither treatment
changed mortality rates. A 4-fold increase (p <
0.05) in urinary cadmium excretion was noted by
Ottenwalder and Simonl16l after male rats were
given acetylcysteine 100 mg/kg subsequent to sub-
lethal doses of cadmium chloride, all by intra-
peritoneal injection.

0 Adis International Limited. All rights reserved.

A cell culture study!1”l examined cytoprotection
from cadmium toxicity afforded by acetylcysteine.
Although intracellular glutathione levels were in-
creased nearly 2-fold (p < 0.05), inhibition of this
increase by buthionine sulfoximine did not abolish
the protection by acetylcysteine. Protection against
cadmium toxicity by acetylcysteine appears to be
independent of glutathione; moreover, it lowered
(p < 0.05) the uptake of cadmium into cells which
may be responsible for the cytoprotection.

To investigate whether oxidative stress may
contribute to cadmium toxicity, 6 groups of rats
were given subcutaneous injections of cadmium
chloride for up to 22 weeks.['8 Five treatment
groups received these agents. buthionine sul-
foxime (glutathione depleter), aminotriazole (in-
hibitor of catalase), acetylcysteine (antioxidant),
tocopheral (vitamin E) [antioxidant] and Stronger
Neo-Minophagen C which contains glycyrrhizin,
glycine and cysteine (a Japanese drug used for
treating hepatic disorders that has antioxidant
properties).

In this study, glutathione depletion and catalase
inhibition enhanced cadmium toxicity, thereby in-
dicating arolefor oxidant stress. Given early inthe
course of cadmium exposure, the 3 antioxidants
prevented hepatic and renal toxicity in this model
of long term cadmium exposure. The protection
from cadmium-induced nephrotoxicity in rats may
also be related to continued treatment with acetyl-
cysteine during cadmium exposure.[*®! The discon-
tinuation of acetylcysteine in this model during
continued cadmium exposure resulted in quick
progression of nephrotoxicity.

6. Carbon Monoxide

A 26-year-old man who was assumed to be poi-
soned with carbon monoxide, exhibited loss of
consciousness, cerebral oedemaand seizuresfor 5
days despite supportive care and supplemental
oxygenation.221 On the fifth day he received intra-
venous acetylcysteine 150 mg/kg over 15 minutes
followed by 50 mg/kg over 4 hours, and 100 mg/kg
over 16 hours. He also received alopurinol 100
mg/day via gastric tube. During the next 3 weeks

Drug Safety 2000 Feb; 22 (2)
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he made a full recovery. The authors speculated
that acetylcysteine and allopurinol protected isch-
aemic nervous system tissue from oxidative dam-
age during the hypoxic/reperfusion injury phase of
carbon monoxide toxicity.

7. Carbon Tetrachloride

Carbon tetrachloride (CCly) is converted to a
toxic trichloromethyl free radical (CCls) resulting
in lipid peroxidation and damage to cell mem-
branes. The free radical may also undergo anaero-
bic conversion to carbon monoxide, chloroform or
aerobic metabolism to trichloromethanol, aprecur-
sor of phosgene, with hydrolysisto carbon monox-
idel? In an animal study,? rats (5 per group)
were given acetylcysteine 2 g/lkg orally 30 minutes
before, and 6 or 10 hours after radiol abelled carbon
tetrachloride 5 ml/kg in a5 or 20% solution intra-
peritoneally.

Acetylcysteine administered prior to carbon tet-
rachloride administration partially decreased the
binding of the reactive metabolite at 1 and 3 hours
and decreased the concentration of carbon tetra-
chloridereaching theliver at 3 hours. The extent of
histologically evident necrosis was decreased by
acetylcysteine administration. Acetylcysteine
alone slightly increased lipid peroxidation, but de-
creased carbon tetrachloride-promoted lipid per-
oxidation slightly or significantly at 1 and 3 hours
post poisoning. This suggests that acetylcysteine
may offer some early and late hepatoprotective ef-
fects.

The potential protective effects of acetylcys-
teine against the toxic effects of carbon tetrachlo-
ride are suggested by a report of 19 patients poi-
soned by carbon tetrachloride from 1981 to 1984,
whose diagnoses were confirmed by laboratory
analysis.[23 A total of 13 patients received acetyl-
cysteine intravenously according to a standard in-
travenous dose regimen for paracetamol (acet-
aminophen) poisoning. Of the 13 patients, 7
showed mild hepatic injury, 1 had moderate hepatic
injury, and 1 had severe hepatorenal damage. Of
the 6 patients not treated with acetylcysteine, 3 had
hepatorenal failure and 1 died suggesting acetyl-

0 Adis International Limited. All rights reserved.

cysteine may minimise hepatorenal failure. One
patient experienced a mild anaphylactoid reaction
(rash) after acetylcysteine administration.
Mathieson et al.[24 reported a case of a61-year-
old man who ingested 250ml of carbon tetrachlo-
rideand survived. After gastriclavage, intravenous
acetylcysteine was initiated 4 hours post ingestion
with aloading dose of 150 mg/kg over 15 minutes
followed by 50 mg/kg over 4 hours, then 100
mg/kg over 16 hours. Despite high blood concen-
trations of carbon tetrachloride (31.5 mg/L), the
patient experienced minimal symptoms of diar-
rhoea, mild dehydration, and transient oliguria. No
adverse reactions from acetylcysteine were noted.
The patient survived, but he experienced elevated
plasma AST levels which peaked at 1000 U/L on
the fourth day post ingestion, and an elevated pro-
thrombin time ratio peak of 3 on the second day
after ingestion of the carbon tetrachloride. The
mechanism of action of acetylcysteinein the treat-
ment of carbon tetrachloride poisoning is uncer-
tain. It may serveasafreeradical scavenger or may
maintain intracellular glutathione stores.[22.:24]

8. Caustic Alkali

I'n attempts to minimise stricture formation fol-
lowing caustic alkali injury, acetylcysteine and
cysteine have been investigated for their potential
to interfere with collagen synthesis. Caustic alkali
burns of the oesophagus were produced in an-
aesthetised rats by irrigation with sodium hydrox-
ide 50% in situ for 2 minutes.[?] Acetylcysteine
20% 0.5ml or prednisone 1 mg/kg was injected in-
traperitoneally on a daily basis in 31 and 27 ani-
mals, respectively, for the duration of the study.
Another 39 rats received no treatment and served
as controls.

Histological examination revealed that acetyl-
cysteine nearly halved the rate of stricture forma-
tion (45% of animals) compared with controls
(80%), and was similar to the prednisone-treated
group (52%). In the animalswith evidence of stric-
tures, severe stenosis developed in 40% of con-
trols, 14% of acetylcysteine-treated animals, and
14% with prednisonetreatment. Moreanimalsdied

Drug Safety 2000 Feb; 22 (2)
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early inthefirst 2 weekswith acetylcysteine (16%)
or no treatment (19%) compared with thosereceiv-
ing prednisone (7%). Acetylcysteine and pre-
dnisone exhibited similar efficacy in reducing the
development of strictures and stenosis in this ani-
mal model. In humans, cysteine was used as an
adjunctive irrigant to reduce corneal ulcersin 13
patients whose eyes were burned with caustic al-
kali.[26] The use of acetylcysteine has not been re-
ported in humans injured by caustic alkali inges-
tion.

9. Chromium

Since acetylcysteine is believed to have signif-
icant antioxidant efficacy, it may servearoleinthe
treatment of chromium toxicity. Chelation therapy
was investigated by Banner et al.[**! in groups of 5
to 6 ratsintoxicated with chromium, lead or boron.
For the chromate tests, ratsintoxicated with potas-
sium dichromate (50 mg/kg) were given acetylcys-
teine (500 mg/kg), sodium calcium edetate 67.4
mg/kg or saline at 1, 24, and 48 hours after intox-
ication. Average urinary concentration of chro-
mium did not increase, but urine volume and total
chromium excretion were increased on all 3 days
of the study period (p < 0.01) following acetylcys-
teine administration. Sodium calcium edetate was
also effective (p < 0.05), but to a lesser extent.
Acetylcysteine appears to chelate and increase the
renal excretion of chromium and may reverse the
oliguria associated with toxicity. The mechanism
of action is unknown.

A 25-year-old man presented to the emergency
department 20 hours after ingesting 60ml of a28%
sodium dichromate and chromate solution.2”]
Symptoms included abdominal pain, haema-
tochezia, haematemesis, dehydration and orthosta-
sis. Serum chromium concentration was 8067
Hg/L. Other laboratory studies revealed haemato-
crit 62%, pH 7.20, partial carbon dioxide pressure
(pCO,) 26mm Hg, blood urea nitrogen (BUN) 35
mg/dl, serum creatininelevel 4.1 mg/dl, AST level
252 U/L, and bilirubin level 1.9 mg/dl. Endoscopy
showed severe erosive gastritisand duodenitis. An-
uria developed and haemodialysis was started 9

0 Adis International Limited. All rights reserved.

hours after admission and continued intermittently
for 14 days during which serum chromium concen-
trations did not decrease appreciably.

Intravenous acetylcysteine 140 mg/kg every 4
hours was started 12 hours after admission and
continued for 48 hours. Renal and hepatic function
initially worsened, but by day 15 urine output and
hepatic function were normal. Renal function im-
proved gradually thereafter and no haemolysiswas
observed.

Endo and Watanabe!28] found that the incidence
of congenital malformations in mice exposed to
chromium trioxide was greater (p < 0.025) with
acetylcysteine treatment (11.6%) compared with
controls (5.2%). Again, the underlying mechanism
is unknown.

10. Cisplatin

The mechanism of cisplatin nephrotoxicity is
not well known, but it may be related to the total
dose and duration of therapy. Sulfhydryl-contain-
ing compounds, such as acetylcysteine, may theo-
retically prevent cisplatin nephrotoxicity, because
cisplatin appears to bind irreversibly to certain
sulfhydryl-containing enzymes. Glutathione pre-
vents this effect by binding cisplatin, and acetyl-
cysteine may act to replenish glutathione.[29:30

To investigate the potential effectsof acetylcys-
teine on cisplatin nephrotoxicity, rats were given
cisplatin 0.6 mg/100g intraperitoneally concomi-
tantly with acetyl cysteine 100 mg/100g subcutane-
oudly, cisplatin and acetylcysteine mixed in one
solution and injected intraperitoneally, cisplatin
0.3 or 0.6 mg/100g intraperitoneally only, or acetyl-
cysteine 100 mg/100g subcutaneously only.[29
Acetylcysteine concomitantly or in solution with
cisplatin prevented the nephrotoxic (proteinuria
and oliguria) effects of cisplatin despite a slight
elevation of BUN. Cisplatin concentrations in the
kidney were decreased and its urinary excretion
increased. The authors hypothesised that renal pro-
tective effects of acetylcysteine could result from
the formation of a cisplatin-acetylcysteine com-
plex which would be unsuitable for renal tubular
reabsorption.

Drug Safety 2000 Feb; 22 (2)
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Cisplatin-induced nephrotoxicity may be
caused by generation of reactive oxygen spe-
cies.[39 Cisplatin was found to cause cytotoxicity
in bladder cancer cells by the production of reac-
tive oxygen species which was exacerbated by the
depletion of intracellular glutathione.[3! Cell cul-
ture studies suggest that toxicities induced by cis-
platin and glutathione depletion can be blunted by
acetylcysteine.l3 Elevated glutathionelevelswere
observed by incubation of acetylcysteinein cancer
bladder cells, which suggests that the protective
effect of acetylcysteine may be mediated by its
ability to raise glutathione levels. Acetylcysteine
was also shown to be able to scavenge cisplatin-
induced reactive oxygen species. Theinvestigators
concluded that in cisplatin-induced injury acetyl-
cysteine scavenges free radical s and augments glu-
tathione levels.

In another cell culture study using human
gliomacells, cisplatin toxicity could be reduced by
various antioxidants including acetylcysteine;
however, glutathione depletion or free radical for-
mation was not associated with cytotoxicity.[33
These researchers hypothesised that cisplatin tox-
icity is mediated by a pro-oxidant that is subject to
inhibition by antioxidants such as acetylcysteine
and isindependent of freeradical formationinthis
cell line.

A 38-year-old woman diagnosed with large cell
lymphoma of the small intestine was inadvertently
given atotal cisplatin dose of 640mg intravenously
over 4 days.3¥ Two days after the completion of
the drug course, the patient developed acute pan-
creatitis, hepatic and oliguric renal failure. On the
eighth day after the cisplatin treatment, acetylcys-
teine was given in an attempt to minimise cisplatin
nephrotoxicity. Acetylcysteine 140 mg/kg fol-
lowed by 70 mg/kg every 4 hoursfor 4 days (route
not specified) was initiated. On the second day of
acetylcysteine therapy, the patient’s BUN and cre-
atinine peaked at 103 and 9.7 mg/dl, respectively,
and then declined. Four days after initiation of
acetylcysteine, the patient’s urine output increased
to 3 L/day with aBUN and serum creatinine of 71
and 6.4 mg/dl, respectively. The patient died from

0 Adis International Limited. All rights reserved.

sepsis, disseminated intravascular coagulation, and
severe leucopenia which were unlikely to be
caused by acetylcysteine. The improvement in the
patient’s renal function suggests some potential
benefits of acetylcysteine in the treatment of cis-
platin rena toxicity, but its role is impossible to
discern in this case.

11. Clozapine

Clozapine is associated with a 0.8 % incidence
of agranulocytosis.[3>31 The mechanism of the
agranulocytosis has not been determined. Clozap-
ine does not appear to exhibit direct toxicity to
polymorphonuclear leucocytes, but it is metabo-
lised to demethylclozapine and clozapine N-oxide
which form a reactive intermediate. Myeloper-
oxidase, a mgjor enzyme in polymorphonuclear
leucocytes (neutrophils, eosinophils, basophils),
can bioactivate clozapine to a radical cation and
nitrenium ion.[35:36]

Mononuclear and polymorphonuclear leuco-
cytes were isolated from the blood of healthy vol-
unteers to determine whether the reactive metabo-
lite was cytotoxic by generating the metabolitesin
situ.[37] Clozapine and its stable metabolites were
not cytotoxic; however, other metabolites, with the
exception of clozapine N-oxide, exhibited cytotox-
icity. Bioactivation of clozapine was accompanied
by the formation of C6-glutathionyl clozapine, and
both C6- and C9-glutathiony! clozapine without
and with the addition of exogenous glutathione.
Addition of glutathione, acetylcysteine and ascor-
bic acid (vitamin C) reduced cytotoxicity for both
cell types to background values.

12. Copper

In an animal study, Henderson et al.[13 studied
the efficacy of acetylcysteine in the treatment of
copper, sodium arsenite, thallium and cadmium
poisoning compared with chelating agents. Groups
of micewere given intraperitoneal doses of acetyl-
cysteine 200 mg/kg, dimercaprol 10 mg/kg or peni-
cillamine 50 mg/kg at 30 to 60 minutes after ad-
ministration of the heavy metal. Cupric sulfate was
administered subcutaneously at a L Dsp of mice. In

Drug Safety 2000 Feb; 22 (2)



Utility of Acetylcysteine for Poisonings and ADRs

131

the copper group, mortality was nearly halved (p <
0.05) with acetylcysteine or dimercaprol treat-
ment, but pencillamine had a negligible effect.

13. Cotrimoxazole
(Trimethoprim-Sulfamethoxazole)

The high frequency of hypersensitivity reac-
tions observed in HIV-positiveindividualswho re-
ceived cotrimoxazol e (trimethoprim-sulfamethox-
azole) may be because of systemic glutathione
deficiency and a decreased ability to scavenge re-
active sulfamethoxazole metabolites. In a clinical
study!38] when cotrimoxazole was initiated as pri-
mary Pneumocystis carinii pneumonia prophy-
laxis, 238 patients were randomised to receive or
not receive acetylcysteine 3g 1 hour before each
dose of cotrimoxazole (trimethoprim 80mg with
sulfamethoxazole 400mg) twice daily. Cotrimox-
azole was discontinued in 45 patients within 2
months because of fever, rash or pruritus. There
was no difference in the occurrence of hypersensi-
tivity reactionsin 25 out of 102 patients(25%) who
received cotrimoxazole alone, and in 20 out of 96
patients (21%) who were al so receiving acetylcys-
teine. Another study reported similar findingswith
a daily dose of acetylcysteine 800mg. Moreover,
there was no detectable change in plasma glutathi-
one levels.[39

14. Cyanide

The events preceding cyanide-induced cell
death were studied to determine whether cyanide
produces DNA damage in vitro, the nature of the
DNA damage and whether the damage is time and
dose dependent.[“! Freshly isolated rat thymocytes
and nonlymphoid cells from baby hamster kidney
cells(BHK-21) wereexposed to 1.25to 10 mmol/L
potassium cyanidefor varying periodsof time. The
cellswere evaluated for viability, lactate dehydro-
genase leakage and DNA strand breaks (fragmen-
tation). The protective effects of zinc sulfate,
acetylcysteine, and diltiazem were evaluated by si-
multaneous introduction with potassium cyanide.

For the thymocytes, potassium cyanide 5
mmol/L for 6 hours significantly reduced cell via-
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bility and increased DNA fragmentation. Inter-
nucleosomal DNA fragmentation was blunted
when equimolar doses of zinc sulfate, acetylcys
teine and diltiazem were added. Simultaneous
treatment with zinc, diltiazem and acetylcysteine
were equipotent in preventing the cytotoxicity, but
diltiazem and acetylcysteine did not attenuate the
DNA damage as effectively as zinc.

15. Cyclophosphamide

Cyclophosphamide, a derivative of nitrogen
mustard, is used in cancer chemotherapy. It is me-
tabolically activated by cytochrome P450 (CY P)
by hydroxylation at C-4, primarily by isoenzymes
2C11 and 2C6.[41 Metabolites such as 4-hydroxy-
cyclophosphamide and aldophosphamide are fur-
ther converted to acrolein and phosphoramide
mustard. Since acrolein may deactivate CYP by
covalently binding the thiols of CYP, free sulfhy-
dryl-containing groups may protect against the
acrolein-induced injury. Other studies have indi-
cated that the effect is not caused by direct inacti-
vation by acrolein.[4d A previous in vitro study
demonstrated that acetylcysteine may provide
lymphocyte protection from nitrogen mustard.[43]

Theeffectsof cyclophosphamideand acetylcys-
teine on hepatic CYP were studied in male rats
(180 to 200g) that were assigned randomly to 6
groups.[*l Animals in group | were given saline
intraperitoneally and sacrificed after 7 days.
Groups I1, 1l and 1V were given a single dose of
cyclophosphamide 200 mg/kg and sacrificed on
days 1, 4, and 7, respectively. Group V was given
cyclophosphamide and acetylcysteine with acetyl-
cysteine 200 mg/kg given 0.5 hours before and af -
ter the cyclophosphamide dose. The animals were
sacrificed 7 days later. The animals in group VI
received acetylcysteine 400 mg/kg only and were
sacrificed on day 7. Assays were performed for
protein level, P450 content, microsomal andro-
stenedione hydroxylase, nicotinamide adenine di-
nucleotide phosphate (NADPH) CYP reductase,
aminopyrine and erythromycin demethylase ac-
tivity.
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Cyclophosphamide had no effect in vivo on
CYP content or erythromycin demethylase activ-
ity. Aminopyrine demethylase was elevated on day
4 and NADPH CY P reductase was increased after
day 1 with no change at day 4. Seven days after
cyclophosphamide administration, all variables
decreased. One and 4 days after cyclophosph-
amide, therewereno changesintheactivity of CYP
2A1/2, 3A2 and 2C11 isoenzymes, CYP 2B1 was
increased on day 1 only. There were no adverse
changes in study variables when acetylcysteine
was given, but its use was associated with elevated
aminopyrine demethylase, CYP 2A1/2, 3A2 and
2C11 activity when compared with saline only. In
vitro acrolein or some other metabolite capable of
interacting with acetylcysteine reduced CY P con-
tent, NADPH CYP reductase, aminopyrine de-
methylase, erythromycin demethylase, CYP
2A1/2, 3A2 and 2C11 activities. This study sup-
ported the hypothesis that acetylcysteine acts as a
free sulfhydryl donor in cyclophosphamide-in-
duced cytochrome toxicity and may preserve CYP
activity.[49]

16. Cyclosporin

The effect of acetylcysteine on ameliorating
cyclosporin-induced renal toxicity was studied in
rats.[6] Animalswere treated with oral cyclosporin
25 or 50 mg/kg alone or in combination with in-
traperitoneal acetylcysteine in dosages of 10, 20
and 40 mg/kg daily for 3 weeks. After 3 weeks, the
rats were sacrificed 24 hours following the last
dose. Treatment with acetylcysteine ameliorated
several indicators of cyclosporin-induced struc-
tural and functional renal damage. Acetylcysteine
produced a dose-dependent reduction in BUN and
serum creatinine levels. Indices of oxygen-derived
free radical damage (lipid peroxidation, conju-
gated dienes, and glutathione depletion) aswell as
histopathol ogical changes (tubular vacuolation, tu-
bular necrosis, interstitial fibrosis, and parietal cell
hyperplasia) were reduced by acetylcysteine.
Treatment with acetylcysteine did not affect blood
cyclosporin concentrations. The mechanism of the
protective effect is not clear; however, cyclo-
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sporin-induced damage may berelated to oxidative
stress and the antioxidant effects of acetylcysteine
may be useful in reducing cyclosporin-induced re-
nal toxicity.

17. Daunorubicin

The efficacy of antineoplastic drugs such as
daunorubin and doxorubicinisoften limited by the
development of irreversible cardiac toxicity which
may be caused by the formation of reactive oxygen
species. In an experiment in which acetylcysteine
was used as an antioxidant to delineate the mecha-
nism of daunorubicin toxicity, pretreatment with
acetylcysteine did not prevent daunorubicin-in-
duced cell apoptosis in isolated rat cardiac myo-
cytes[4]

18. Doxorubicin

To determine the effectiveness of acetylcysteine
in the prevention of doxorubicin-associated car-
diac toxicity, 24 patientswith varioustumour types
were given doxorubicin 75 mg/m? intravenously
every 4 weeks alone or pretreated with acetylcys-
teine 5.5 g/m? orally 1 hour prior to doxorubicin
administration.[“8! A total of 24 drug-treated pa-
tients were matched to 30 control patients. Electro-
cardiograms were obtained prior to treatment and
gjection fractions were measured at rest and after
exercise. These variables were measured again
when the patients received total doses of doxo-
rubicin of 300 to 350 mg/m? and 500 to 550 mg/m2.
Patients were excluded if they were hypertensive,
had a medical history of heart disease or had re-
ceived over 600 rad of cardiac irradiation.

Adverse effects observed during the study were
primarily attributed to doxorubicin. Diarrhoeawas
only noted in patients receiving acetylcysteine and
an erythematous flare developed at venipuncture
sites in 3 patients receiving this agent. Hair loss
was marginally observed more often in patientsre-
ceiving acetylcysteine. Nausea was less severe in
patients receiving this compound, but 5 patients
refused further treatment with acetylcysteine be-
cause of nausea. Many patients were thought to
have developed a conditioned nausea response,
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whereby the odour of acetylcysteine was associ-
ated with doxorubicin-induced nausea. Occasion-
ally vomiting would occur in patients after receiv-
ing acetylcysteine, but acetylcysteine was retained
at least 1 hour in 96 of 130 cycles (74%).

The rate of progression of cardiac injury was
similar in the control and treatment groups and the
number of patients who eventually devel oped con-
gestive heart failure was the same in both groups.
The investigators hypothesised that doxorubicin
may produce a defect in free radical defences
which spans several days and which requires more
than a single dose of acetylcysteine for efficacy.

Studies in vitro and in vivo have demonstrated
that areduced level of glutathione is an important
factor in the development of doxorubicin car-
diotoxicityl4950 and cytotoxicity.[>! Furthermore,
acetylcysteine administration has been shown to
provide protection against this cardiotoxicity and
cytotoxicity.[49-51

19. Alcohol (Ethanol)

Sulfhydryl compounds have been shown to re-
duce injury to gastric mucosa®? and acetylcys-
teine may provide protection via its sulfhydryl
component. Other investigatorshavefound that in-
traperitoneal acetylcysteine actually increased the
degree of gastric injury induced by alcohol (etha-
nol).[%% To resolve these contradictory findings,
rats were given 1ml of 100% alcohol oraly and
assigned to 1 of 4 treatments. acetylcysteine 1.2
ag/kg (20%) buffered to pH 7.0 with sodium hy-
droxide orally, intraperitoneal injection of acetyl-
cysteine 1.2 g/kg (20%) and saline given orally or
intraperitoneally.[®¥ The animals were sacrificed
within 5 minutes of alcohol administration.

At necropsy mucosal injury patterns were con-
sistent among the saline-treated animals. Oral pre-
treatment with acetylcysteine protected the gastric
mucosa, but intraperitoneal acetylcysteine pro-
moted injury. The authors claimed the protective
effect was due to the ability of acetylcysteine to
induce glutathione when given orally. The en-
hanced injuries when acetylcysteine was given in-
traperitoneally seemed to be related to irritation of
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the peritoneum which caused third-space fluid
losses resulting in hypovolaemic shock.

When acetylcysteineisneutralised with sodium
hydroxide, a high sodium content results and hy-
pertonic saline has been shown to prevent gastric
injury.[®% Since the contribution of the hypertonic
sodium is an important confounding variable, in
vitro studies were performed to test this observa-
tion.[°8! Female rats were given 100% alcohol
orally and the stomachs were examined immedi-
ately. In several experimental phases rats were
given sodium acetylcysteine, sodium acetylserine
(not a sulfhydryl donor), sodium acetate and so-
dium chloride. Gastric protective effects appear to
be related to the sodium content of the agent used
for protection (sodium acetylcysteine, sodium
acetylserine, sodium chloride). Therole of acetyl-
cysteine in gastric protection is not apparently re-
lated to the presence of a sulfhydryl group and
therefore isnot mediated by promotion of glutathi-
one production. Neither prostaglandins nor dilu-
tion play arolein cytoprotection.

In rats and humans alcohol has been shown to
cause hypertension.[5”:58 Elevated cytosolic cal-
cium in vascular smooth muscle has been sug-
gested as the mediator of this effect. It is unclear
whether acetaldehyde, a metabolic by product of
alcohol, plays arolein the elevated cytosolic free
calcium seenin patientsor rats devel oping al cohol-
induced hypertension. As aconsequence of its car-
boxyl moiety, acetaldehyde is very reactive and
can bind to amino and sulfhydryl groups present
onmany proteins. If acetylcysteine binds acetal de-
hyde, it might prevent its damaging effects on pro-
teins.

In an in vivo study,[> rats were given alcohol
5% or water orally for 14 weeks. Treatment groups
weregiven ora alcohol 5% plus acetylcysteine 1%
for 4 weeksfollowed by a cohol 5% and acetylcys-
teine 2% for 10 weeks, or alcohol 5% for 7 weeks
followed by acetylcysteine 2% for 7 weeks. Sys-
tolic blood pressure and cytosolic calcium were
higher (p <0.001) inthe alcohol group. Acetylcys-
teine given concomitantly with alcohol lowered
(p < 0.001) both the systolic pressure and cytosolic
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calcium level. Sequential administration of acetyl-
cysteine for 7 weeks after 7 weeks of alcohol pre-
treatment also lowered (p < 0.05) these variables.
Blood acetaldehyde concentration was highest in
the group receiving only alcohol, but thisincrease
was attenuated by acetylcysteine.

Acetaldehyde may alter calcium channel ho-
meostasis by binding to the sulfhydryl groups of
calcium channel proteins. Thisbinding disruptsthe
calcium channel leading to increased vascular ten-
sion and blood pressure. Glutathione protects
against the toxic effects of acetaldehyde, but it be-
comes depleted with chronic alcohol ingestion.
Acetylcysteine may act as a glutathione surrogate
and diminish the hypertension and calcium surge
that follows chronic alcohol ingestion.

20. Gold

Although gold therapy is helpful in the treat-
ment of rheumatoid arthritis, serious adverse ef-
fects may occur which can result in thrombo-
cytopenia, granulocytopenia and pancytopeniain
approximately 3% of patients. Numerous ap-
proaches have been used to manage these reactions
with varying success and acetylcysteine has been
proposed as an alternative.

The heavy metal complexing potential of
acetylcysteine was explored in aninvitro and clin-
ical study by Lorber et al.l% In the in vitro study,
acetylcysteine at a final concentration of 6 pg/L
was incubated with human serum which was pre-
viously incubated with silver nitrate, 1%gold so-
dium thiomalate, or 2°3mercury neohydrin. Serum
protein was removed and the supernatant showed
that acetylcysteine apparently complexes gold,
mercury, and silver. In the clinical study, the com-
plexing potential of acetylcysteine was investi-
gated in patients receiving gold injections for the
treatment of rheumatoid arthritis. Multiple 50mg
doses of 1%8gold sodium thiomal ate (approxi mately
one-half of which is gold) were injected to main-
tain serum gold concentrations between 300 and
500 pg/L for acumulative dose of 0.5to 11g. Daily
urinary gold excretion was monitored for 7 days.
At the end of the sixth day, acetylcysteine 3g was
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administered intravenously over 6 hours after
50mg of 1%gold sodium thiomalate was given to
23 study participants.

Between days 6 and 7, the 17 control patients
showed a 15% decline in gold excretion whereas,
thosereceiving acetylcysteine demonstrated a54%
increase (p < 0.01) in gold excretion. This differ-
ence was unrelated to the cumulative dosage of
gold. No adverse effects of acetylcysteine were en-
countered. The authors also reported successful
acetylcysteine treatment of severe bone marrow
suppression due to gold therapy in 2 patients. In-
travenous acetylcysteine 3 to 6 g/day given for 7
days, increased serum sulfhydryl content (approx-
imately 100%) and urinary gold excretion. Im-
provement was seen after 3 days with restoration
of normal white cell count and platelets within 2
weeks. The authors suggested that acetylcysteine
may be an effectivetreatment for gold intoxication.

Twelve patients, aged 20 to 69 years, who expe-
rienced blood dyscrasias as a complication of gold
therapy were given acetylcysteine.[6] Thrombo-
cytopenia was found in 4 patients, granulocyto-
peniain 2, and pancytopeniain 5. One patient had
granulocytopenia and thrombocytopenia. The re-
actions occurred within the first 6 months of treat-
ment with an average total dose of gold of 555mg.
Time from the last injection of gold to recognition
of theblood dyscrasiaranged from 0 to 35 daysand
time from the last gold dose to acetylcysteine ther-
apy varied from 1 to 150 days.

A 20% acetylcysteine solution was filtered and
diluted to an unspecified concentration for intrave-
nous use. The daily dose of acetylcysteine ranged
from 20 to 130 mg/kg. Patients with thrombocyto-
peniaand granulocytopeniarecovered. One patient
with pancytopeniawas given acetylcysteinewithin
4 days of the last gold injection and achieved near
normal cell line levels. Two pancytopenic patients
died. Daily urinary gold excretion measured in 9
patients nearly doubled and correlated with a 50%
increase in serum sulfhydryl groups. All 8 patients
given intravenous acetyl cysteine within 20 days of
their last gold injection recovered.
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The adverse effects of gold therapy may be me-
diated by an immunological mechanism or via a
toxic effect of the metal. Heavy metal toxicity af-
fecting the blood may be mediated by blockage of
enzyme reactive sulfhydryl groups. Elimination of
the gold is less important than reversing the inhi-
bition of the essential enzyme groups. Acetylcys-
teine can increase gold excretion,[81 and it may
reverse enzyme inhibition through the action of
acetylcysteine-donated sulfhydryl groups displac-
ing the gold. Although acetylcysteine may be able
to chelate gold and enhanceits urinary elimination
in animals,[1660] it may also reverse the enzyme
inhibition which occurs in gold-induced haem-
atological toxicity.l%2

21. Lead

Chelation therapy with acetylcysteine was in-
vestigated in rats intoxicated with chromium, lead
or boron by Banner et al.l'® Urine samples were
analysed for urinary toxin, amount, and volume.
Acetylcysteine was not significantly different than
normal saline in increasing lead excretion, but it
was effective for chromium and boric acid. A 2-
foldincrease (p < 0.0005) in urinary lead excretion
and a 34% increase (p < 0.0005) in faecal lead
elimination was noted by Ottenwalder and Si-
monl18l after male rats were given acetylcysteine
100 mg/kg subsequent to sublethal doses of lead
given as Pb(NO3),, al by intraperitoneal injection.

An animal study!®® investigated the role of
acetylcysteine or succimer in reducing blood lead
concentrations and indicators of oxidative stress
from lead in red blood cells. Rats were fed lead
acetate 2000 ppm in their drinking water for 5
weeks which was replaced with acetylcysteine 800
mg/kg/day or succimer 90 mg/kg/day in their
drinking water for 1 week. Blood lead concentra-
tions (ug/dl) were 35 + 4 in lead-treated control
animals and were reduced to 2.5 + 1 with succimer
and 25 * 3 with acetylcysteine. Treatment with
acetylcysteine or succimer reversed lead-induced
lipid perioxidation and decreased glutathione con-
tent of red blood célls indicating relief from lead-
induced oxidative stress.
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Intracellular &-5-aminolevulinic acid is aheme
precursor that accumulates in lead poisoning and
has been shown to induce free radical generation
that may cause damage to proteins and DNA. Chi-
nese hamster ovary cells which were incubated in
solutions of &-5-aminolevulinic acid (1 to 5
mmol/L) and lead acetate 100 pg/L for 4, 12, and
24 hours were treated with acetylcysteine (1
mmol/L) or 2 other agents (superoxide dismutase
or the antioxidant enzyme catal ase).[84 Oxidative
damage to DNA was determined by measuring the
increase in a chemical marker. Exposure of the
cells to increasing &-5-aminolevulinic acid con-
centrations resulted in alinear increase (p < 0.05)
in oxidative damage over the study time. Treatment
with acetylcysteine returned the level of oxidative
injury to control levels which suggested apossible
protective role.

22. Mercury

Acetylcysteine has been studied as achelator of
mercury. Acetylcysteine was administered orally
to mice in their drinking water (10 mg/ml) at the
time of or 48 hours after intraperitoneal injection
of radiolabelled methylmercury chloride or mer-
cury chloride (inorganic mercury).[89 Urinary or
faecal elimination of the inorganic mercury was
not affected by acetylcysteine. Nevertheless, acetyl-
cysteine produced significant tissue redistribution
and accelerated methylmercury elimination in
urine and redistribution from tissues.

The lack of effect on inorganic mercury is con-
sistent with observations with other divalent met-
as. A study of healthy volunteers investigated the
change in plasma and urine concentrations of cal-
cium, magnesium, iron, zinc and copper following
oral administration of acetylcysteine 200mg 3
times aday for 2 weeks. No significant changesin
the concentration or excretion of thesetrace metals
were observed.[%8] A report by Ottenwal der and Si-
monl18! indicated that acetylcysteine does not in-
crease mercury elimination in male rats following
intraperitoneal injections of mercury chloride and
acetylcysteine.
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Othershavefound that inorganic mercury levels
may be decreased with acetylcysteine treatment.
Rats were exposed to mercury vapours (30 mg/mq)
for 1 or 2 hours which is known to produce lung
tissue injury by denaturing proteins or inactivating
enzymes such as superoxide dismutase.[57 Ani-
mals treated with acetylcysteine received daily in-
traperitoneal injections of 300mg for 6 days fol-
lowing the mercury exposure. In the animals
exposed for 2 hoursto mercury vapours, acetylcys-
teine treatment increased survival time and rate.
The changes in lung superoxide dismutase activity
were not consistent with treatment or duration of
exposure. Mercury concentrations were decreased
in blood and lung following acetyl cysteine admin-
istration.

The action of acetylcysteine to enhance the
elimination of methylmercury may be selectivefor
aparticular form of mercury, the route of mercury
exposure or other unknown factors. A study in rats
found that the magnitude and site of uptake of mer-
curicionsin the kidney may be affected by acetyl-
cysteine.[68.69

23. Methylmercury

Organic mercury can be teratogenic and
embryotoxic and is a common environmental pol-
lutant.”®! There are contradictory results of the ef-
fect of acetylcysteine on the development of con-
genital malformations following exposure to
methylmercury. Acetylcysteine was given intrave-
nously and orally to pregnant mice pretreated with
methylmercury chloride 25 mg/kg or a long term
daily dose of 3 or 6 mg/kg during organogene-
sis.[”1] Palatoschisis was partially blocked and ap-
peared to be related to the dose of acetylcysteine.
Embryotoxicity induced by long term maternal ex-
posure was completely prevented by multidose
acetylcysteine. Acetylcysteine showed aprotective
effect given at or after the time of methylmercury
chloride administration.

Endo and Watanabel28! investigated the protec-
tive effects of acetylcysteine on the teratogenicity
of several heavy metals in mice. Acetylcysteine
was contained in the diets of the mice for 4 weeks

0 Adis International Limited. All rights reserved.

before and throughout gestation. A single in-
traperitoneal injection of methylmercury chloride
(8 mg/kg), chromium trioxide (15 mg/kg) and cad-
mium chloride (2 mg/kg) was given on the ninth
day of gestation. On the seventeenth day of gesta-
tion, the animals were sacrificed and the fetuses
examined for malformations. Theincidenceof con-
genital malformations with acetylcysteine treat-
ment was 2 to 3 times higher than control values.
For methylmercury, malformations occurred in
24.5% of animals treated with acetylcysteine (p <
0.025) compared with arate of 13.2% for controls.
The underlying mechanism for this observed in-
crease is unknown.

Lower plasma and placental concentrations of
methylmercury have been observed following
acetylcysteine administration in animals.’? An-
other study supported the general ability of acetyl-
cysteine to lower methylmercury concentra-
tions.[6%] Acetylcysteinewasadministered orally to
mice in their drinking water (10 mg/ml) at the time
of, or 48 hours after intraperitoneal injection of
radiolabelled methylmercury chloride or mercury
chloride (inorganic mercury). Mice that received
acetylcysteine excreted 87% and 47 to 54% of the
methylmercury dose compared with 4 to 10% of
the control group when acetylcysteine was given
immediately or 48 hours after methylmercury ad-
ministration, respectively. Acetylcysteine also
mobilised methylmercury from brain, kidney and
liver tissue. No change in tissue levels of glutathi-
one was observed in the treated versus nontreated
animals. Acetylcysteine accelerated methyl-
mercury elimination in urine and redistribution
from tissues, however, clearance of inorganic mer-
cury was not changed by acetylcysteinein this an-
imal study.

A 20-year-old man ingested haloperidol, benza-
tropine and a fungicide containing methylmercury
for which hereceived gastric decontamination with
gastric lavage and activated charcoal within 2
hours of ingestion.[”3] On the basis of high blood
methylmercury concentrations (1930 and 1007
Mg/l at 2 and 24 hours after ingestion, respec-
tively), haemodialysiswas begun with theinfusion
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of acetylcysteine into the blood as it entered the
dialyser to achieve a concentration of 1 mmol/L.
Urinary organic mercury elimination rate in-
creased nearly 40-fold during and 84-fold after
acetylcysteine dialysis compared with elimination
during initial treatment with pencillamine.

24. Nitrite

Since acetylcysteine may function as an antiox-
idant and methaemoglobinaemia results from the
oxidation of iron in haemoglobin from the ferrous
to the ferric form, acetylcysteine may be able to
reduce drug-induced methaemoglobinaemia.

Blood samples from 5 healthy volunteers were
obtained and incubated with phosphate-buffered
saline and sodium nitrite, or acetylcysteine and so-
dium nitrite.[” The samples were tested for met-
haemoglobin at 0, 30, 90, 150, 210, 270 and 330
minutes. The control specimens had methaemoglo-
bin levels under 0.3%. Peak methaemoglobin lev-
elsoccurred at 90 minutes and were 65.1% of con-
trol for the phosphate-buffered saline and sodium
nitrite samples, and 62.7% for the acetylcysteine
and sodium nitrite samples. From 90 to 330 min-
utes methaemoglobin declined at arate of 10.7 +
1.0% per hour for the acetylcysteine and sodium
nitrite samples, whereas it declined at 2.9 + 2.3%
per hour (p = 0.002) for phosphate-buffered saline
and sodium nitrite. Acetylcysteine appears to en-
hance the reduction of methaemoglobin in vitro.

Acetylcysteine may have several mechanisms
of action, which include direct reduction of the
heme molecule, metabolic shunting of the induc-
ing agent into pathways that do not produce an ox-
idative agent, and direct reduction of the oxidising
agent. One potential advantage of acetylcysteine
over the typical treatment of methaemoglobinae-
mia, that is methylthioninium chloride (methylene
blue) iswhether acetylcysteineactsin patientswith
glucose-6-phosphate dehydrogenase deficiency.
Patients deficient in this enzyme may not have the
requisite NADPH for methylthioninium chloride
action, thereby rendering this agent ineffective.[”
In anin vitro model of glucose-6-phosphate dehy-
drogenase deficiency, acetylcysteine was shown to
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reduce methaemoglobin to haemoglobin.[78 Acetyl-
cysteine may enter cells directly from plasma and
can reduce the methaemoglobin directly or react
with cytosolic glutamate and glycine to form glu-
tathione, which can reduce the methaemogl obin.

In atrial with healthy volunteers, intravenous
acetylcysteine 150 mg/kg produced no improve-
ment in subtoxic methaemogl obinaemiacompared
with a control infusion of 5% dextrose in water
within 130 minutes.[”” Further studies are needed
to determine whether acetylcysteine can replace or
supplement methylthioninium chlorideinthetreat-
ment of methaemoglobinaemia.

25. Nitrofurantoin

Acetylcysteinewastested with 7 other agentsin
isolated perfused rat liversto determine a potential
treatment strategy for nitrofurantoin-induced hep-
atotoxicity. Liver damage is thought to be caused
by a nitrofurantoin superoxide radical that is nor-
mally reduced by glutathione. When glutathioneis
depleted beyond acritical level, protein thiols be-
come vulnerable to attack by nitrofurantoin-in-
duced reactive oxygen species, potentially causing
cell death. In anin vitro study, acetylcysteine was
hypothesised to protect the liver by maintaining
tissue levels of glutathione.[8! Rat liverswere per-
fused with blank perfusate or acetylcysteine, then
perfused with nitrofurantoin. The treatment group
livers were co-perfused with acetylcysteine 0.25
mmol/L. Tissue levels of glutathione and protein
thiols were used as markers of progression to tox-
icity, and lactate dehydrogenase leakage into the
perfusate was used as amarker of irreversible cell
death. Acetylcysteine was found to delay, but not
significantly prevent, hepatotoxicity. There was a
diminished declinein glutathione tissue levels, but
gradual deterioration of the liver continued. Infu-
sion of acetylcysteine 0.1 mmol/L was also inef-
fective with acetylcysteine 0.5 mmol/L charac-
terised as being toxic, but details of the toxicity
were not described.
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26. Paracetamol (Acetaminophen)

The problem of paracetamol poisoning hasbeen
described in adultd 7989 and children.!81.821 More-
over, therole of acetylcysteinein thetherapy of acute
paracetamol poisoning is widely accepted world-
wide.[83-85] Since the first reports of paracetamol-
induced hepatotoxicity were published in
1966,[8687 gignificant advances have been made
and applied to patient care. Theseinclude: elucida-
tion of aputative mechanism of hepatotoxicity that
involves a reactive metabolite, acetyl-p-benzo-
guinoneimine, formed by the CY Poxidase system,
particularly CYP2E1 and 3A4, following intracel-
lular depletion of glutathione,[8-91 demonstration
of the efficacy of an antidote, acetylcysteine, to
alter the evol ution of hepatotoxicity,[9293 devel op-
ment of clinical treatment nomograms based on se-
rum paracetamol concentrations and time after
acute ingestion for the assessment of risk for hep-
atotoxicity and for initiation of therapy with acetyl-
cysteine,[94-98] characterisation of the effectiveness
of acetylcysteine in a large series of patients poi-
soned with paracetamol and ostensibly reducing
mortality and morbidity when administered opti-
mally within 10 hours of the ingestion of paracet-
amol [9497] recognition that late administration of
acetylcysteine may minimise hepatorenal toxicity
and associated complications by alternative mech-
anisms,[97-1001 and identification of high-risk pa-
tients with predisposing conditions, e.g. poor nu-
tritional status, use of enzyme-inducing drugs, and
long term abuse of alcohol, who may require spe-
cial assessment and more aggressive treat-
ment_[82,101,102]

Despite these advancesin arelatively short pe-
riod of time, several major issues such asthe mech-
anism of action of acetylcysteine, the value of
acetylcysteine for delayed treatment of or chronic
toxicity from paracetamol overdosage, and the op-
timal regimen for acetylcysteineadministration are
still under investigation.

The mechanism of action of acetylcysteine in
the early phases (pre-injury) of paracetamol poi-
soning may involve several independent and com-
plementary actions. Acetylcysteine can produce
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cysteine, which is a metabolic precursor of gluta-
thionethat detoxifies acetyl-p-benzoquinoneimine
when glutathione stores are adequate.[103.104] |t
may also act asasurrogatefor glutathione by virtue
of its sulfhydryl content (fig. 1).[1%! Furthermore,
acetylcysteine may increase intracellular sulfate,
which serves as a substrate for the sulfate conjuga-
tion of paracetamol to nontoxic metabolites.[92.106]
There is evidence that paracetamol overdose also
depletes cellular sulfate stores which presumably
leads to increased formation of acetyl-p-benzo-
quinone imine by limiting alternative metabolic
pathways.[197.108] | astly, acetylcysteine may pro-
mote chemical reduction of acetyl-p-benzoquinone
imine back to paracetamol instead of proceeding to
react with cellular constituents.[199 All of these
pre-injury actions minimise formation of the toxic
metabolite, acetyl-p-benzoquinone imine, and
thereby decrease cellular injury.

Although acetylcysteine optimally prevents
hepatotoxicity wheninitiated within 10 hours of an
acute ingestion,[96.119 jt may prove beneficial in
some patients after hepatic injury has already oc-
curred (post injury). Several clinical studies of
paracetamol poisonings, albeit with small patient
numbers, suggested that acetylcysteine use in pa-
tients with fulminant hepatic failure or patients
starting acetylcysteine treatment 15 hours after
paracetamol ingestion may improve clinicaly (i.e.
improvement in cerebral oedema or circulatory col-
lapse) and have better outcomesthan similar patients
not treated with acetylcysteine.[95-97:99.100,110]

In patients with liver injury unrelated to para-
cetamol toxicity, general improvement in hepatic
and renal function have been demonstrated foll ow-
ing acetyl cysteine use.[1 Furthermore, acetylcys-
teine may provide protection as an antioxidant to
reduce oxygen free radicals formed by hepatic ne-
crosis.[112 |t may also restore intracellular systems
to proteolyse arylated proteinsthat may result from
interaction with acetyl-p-benzoquinone imine.[113]
After cellular injury acetylcysteine may improve
the microcirculation to injured tissue thereby im-
proving the function of the affected organ.[124 The
improved microcirculation may result from stimu-
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Table Il. Acetylcysteine regimens for treatment of acute paracetamol (acetaminophen) poisoning

Regimen  Loading dose Maintenance dose Total dose

20h IV 150 mg/kg in 200mI D5W over 15 min After loading dose infusion: 50 mg/kg in 500ml D5W over 4h, 300 mg/kg
then 100 mg/kg in 1L of DSW over 16h

52h IV 140 mg/kg as 3% solution in DSW over 1h 4h after start of loading dose: 70 mg/kg as 3% solution in 980 mg/kg
D5W over 1h for 12 doses

72h oral 140 mg/kg as 5% solution 4h after start of loading dose: 70 mg/kg as 5% solution for 17 1330 mg/kg

doses

D5W = 5% dextrose in water for injection; h = hours; IV = intravenous; min = minutes.

lation of local nitric oxide production which medi-
ates vasorel axation.[119]

These post-injury actions suggest that adminis-
tration of acetylcysteine after the occurrence of
hepatorenal injury may prove beneficial in some
patients. Some investigators have recommended
that acetylcysteine therapy be continued until the
international normalised ratio is below 2 and en-
cephalopathy is resolved.[” Better definitions of
a ‘late acetylcysteine regimen’ and patient selec-
tion criteria are needed.

The toxicity of long term supertherapeutic
doses of paracetamol is not well defined, but hep-
atotoxicity has been reported.[95:9.116] A|though
the value of acetylcysteine in these situations is
often unknown because of the delayed recognition
of a patient’s risk for toxicity, the post-injury ac-
tions of acetylcysteine may also prove to be bene-
ficial in some patients.

Several empiric dosage regimens for the treat-
ment of acute paracetamol poisoning are currently
in use (table I1).[95:96.116] Qutside of the US, one of
the intravenous regimens is typically em-
ployed.[848595102117 An oral regimen has been
used in the US since the mid-1970s as an investi-
gational regimen and as a US Food and Drug Ad-
mini stration—approved indication since 1985.[94%l
Since only an ora and inhalational formulation is
availableinthe US, it hasbeen administered orally
via a gastric tube, or filtered and given intrave-
nously.[118]

Most clinical studiesof paracetamol toxicity de-
fine a negative outcome measurement of hepato-
toxicity as a serum transaminase level (i.e. ALT,
AST) exceeding 1000 U/L .[93.95.96.110] A compari-
son (fig. 2) of the regimens with this measurement
indicates that patients given the 20-hour regimen

0 Adis International Limited. All rights reserved.

have greater prevalence of hepatotoxicity when
therapy is delayed beyond 10 hours of the paracet-
amol overdose.['1% Severa of the adverse effects
of acetylcysteine therapy are associated with the
route of administration. The intravenous regimens
are associated with anaphyl actoid reactions such as
flushing, urticaria, angioedema, and broncho-
spasm in an apparently small number of pa
tients.[95.98.110.118-120] A clinical guideline’? to
manage these reactions has been tested and in-
cludes using diphenhydramine and slowing thein-
fusion rate.[119.120] The oral regimen may produce
rashesin hypersensitiveindividuals and diarrhoea,
but nauseaand vomiting are common problems be-
cause of the foul odour and taste of acetylcys
teine.[?6:1201 Vomiting may necessitate repeating
the dose of acetylcysteine and the concurrent or
prophylactic use of metoclopramide.l!2ll A meta-
analysis of the clinical outcomes of paracetamol
indicates that the intravenous route of acetylcys-
teine administration may be preferable for most
patients.[122 Acetylcysteine can effectively treat
paracetamol poisoning, but no randomised, clini-
cal study has compared the route and duration of
therapy despite some apparent advantages of each.

27. Pennyroyal Oil

Pennyroya oil, avolatile oil extracted from the
leaves of the Mentha pulegium and Hedeoma
pulegioides, is promoted as an aid to regul ate men-
struation and as an abortifacient, and its use has
been associated with hepatotoxicity. Buechel et
al.['23 published a case of a 20-year-old woman
who had ingested pennyroyal tea3timesdaily dur-
ing the 2 weeks intermittently prior to her admis-
sion. After the first week the patient took a gelatin
capsule packed with pennyroyal leaves which re-
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Fig. 2. Comparison of paracetamol (acetaminophen)-induced hepatotoxicity in patients treated with different acetylcysteine regimens
initiated at different intervals after paracetamol overdose. Risk categorisation was based on serum paracetamol concentration after

time of ingestion as reported in Smilkstein et al.[10]

sulted in menstrual spotting later that day. Two
days prior to admission the patient took 2 more
pennyroyal-filled capsules and on the day of ad-
mission swallowed 15ml of pennyroyal oil. Within
2 hours of the capsule and oil ingestion, the patient
felt*high,” vomited once and passed out. Two hours
and 15 minutes | ater upon arrival to the emergency
department the patient waslethargic and responded
only to painful stimuli.

After gastric decontamination with gastric la-
vage, activated charcoal and a cathartic, acetylcys-
teine 140 mg/kg followed by 70 mg/kg every 4
hours for 17 doses was given by nasogastric tube.
Within 1 hour of the treatment the patient became
more alert. The patient was discharged 96 hours
after thelast ingestion. An evaluation 2 weeks | ater
revealed that laboratory studies remained within
normal limits. The authors postulated that acetyl-
cysteine may be beneficial because of its ability to
act as a glutathione surrogate and bind toxic con-
stituents or metabolites of pennyroyal.

0 Adis International Limited. All rights reserved.

A seriesof pennyroyal ingestionsreported inthe
literature and 4 cases reported to a poison centre
werereviewed.[124 Two casesintheseriesreceived
acetylcysteine, with one of the cases previously re-
ported by Beuchel et al.['23 The other case in-
volved a22-month-old femal e infant who ingested
an unknown amount of pennyroyal oil from a30ml
bottle. The patient arrived in the emergency depart-
ment within 15 minutes of theingestion. Besides a
blood pressure of 104/55mm Hg, respirations of 30
beats/min and temperature of 36.3°C, the patient’s
physical examination was normal. Gastric lavage,
activated charcoa and sorbital were administered
within 30 minutes of the ingestion. Immediately
thereafter, acetylcysteine 190 mg/kg was given
orally followed by 70 mg/kg every 4 hours for 17
doses. The patient’s course was unremarkabl e and
she was soon sent home. Three serum samples
drawn during the child's hospitalisation were pos-
itive for menthofuran, a toxic metabolite of
pulegonethat isfound in pennyroyal. Menthofuran
is produced by CYP and appears to be a hepato-
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toxin by binding to intrahepatic cellular proteins.
Pulegone also forms metabolites that deplete glu-
tathione, but menthofuran modestly depletes glu-
tathione.[124 Acetylcysteine may protect hepatic
cells from pennyroyal toxicity and may be effec-
tivein the later stages of cell injury.

28. Phenytoin

The use of acetylcysteine to treat drug-induced
hypersensitivity syndrome and toxic epidermal
necrolysiswas described in 2 cases.[125] A 47-year-
old woman with temporal |obe glioblastomamulti-
forme was diagnosed with a hypersensitivity re-
action to phenytoin (fever, rash, conjunctivitis,
enanthem, strawberry tongue, and hepatospleno-
megaly) 1 month after initiation of phenytoin
100mg 3 times a day. Her therapy included dexa-
methasone, famotidine, cisplatin, carmustine, and
radiation. Infection was excluded. Phenytoin ther-
apy was stopped and val proic acid (sodium val pro-
ate) substituted. The patient also received 2g of
acetylcysteine every 6 hoursafter which sheimme-
diately improved clinically. The authors suggested
that acetylcysteine reacts with phenytoin metabo-
lites and replenishes intracellular cysteine levels
needed for the production of the antioxidant gluta-
thione. Furthermore, in vitro acetylcysteine has
been found to inhibit the production of tumour ne-
crosisfactor-a andinterleukin-1p implicatedinthe
pathogenesis of toxic epidermal necrolysis and
possibly other toxic drug reactions. It was impos-
sible to determine whether the improvement could
have occurred spontaneously in this patient.

In the other case,[1%9] a patient who devel oped
phenytoin-induced toxic epidermal necrolysiswas
successfully treated with intravenous acetylcys-
teine, S-adenosy!-L-methionine (aglutathione pre-
cursor), and pentoxifylline. Improvement was at-
tributed to pentoxifylline, although it is possible
that acetylcysteine and S-adenosyl-L-methionine
were more therapeutically important than origi-
nally thought. The authors speculated that acetyl-
cysteine might be effective in treating hypersensi-
tivity syndrome and toxic epidermal necrolysis by
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repl enishing cell swith antioxidant capacity andin-
hibiting cytokine-mediated immune reactions.

A study in rodents suggested that the readily
oxidised disulfide form of acetylcysteine can act as
a potent immunomodulator which can enhance or
reduce contact sensitivity or delayed-type hyper-
sensitivity reactions depending upon the experi-
mental conditions,[128]

29. Phosgene

Phosgene-induced lung injury is thought to re-
sult from endogenous production of reactive oxy-
gen metabolites after levels exceed inactivation by
glutathione. Acetylcysteinewasinvestigated forits
possible protective effects on pulmonary oedema
formation in isolated perfused rabbit lungs after
phosgene exposure.['27] Rabbits in the control
group were exposed to a cumulative dosage of
1500 ppm/min of phosgene, which causes repro-
ducible dose-related lung injury. In the treatment
group, a total of 130mg of acetylcysteine (40
mg/kg) was given as an intratracheal bolusat 45 to
60 minutes post-phosgene exposure. At the end of
the experiment (150 min), intratracheal acetylcys-
teine significantly lowered pulmonary artery pres-
sure (p < 0.001), lung weight gain (p < 0.05), and
arachidonic acid metabolites (p < 0.01) which may
be markers of pulmonary injury. The measure of
lipid peroxidation was not significantly different
than that in the untreated controls, but the glutathi-
one redox state was preserved at normal levelsin
the acetylcysteine group.

The effectiveness of acetylcysteine was attrib-
uted to its ability to maintain the glutathione redox
state, possible direct antioxidant effects of acetyl-
cysteine, and intratracheal administration of
acetylcysteine that delivered the drug directly to
the alveolar surface, which is the likely site of in-
jury and site of action of acetylcysteine.

30. Ricin

Ricin, acytotoxic plant protein, affects the 28S
RNA of the 60S ribosomal subunit to inhibit pro-
tein synthesis which produces apoptotic death in
several cell lines. Oxidative stress has also been
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postul ated to be a common mediator of apoptosis.
Human myeloid leukaemiacellswere used to eval-
uate the ability of acetylcysteine to affect ricin-in-
duced cytotoxicity and intracellular glutathione
levels.[128] Cells were treated with or without acetyl-
cysteine (5 to 20 mmol/L) for 1 hour then incubated
with varying ricin levels (0.001 to 10 pg/L) in the
presence or absence of acetylcysteine. Treatment
with acetylcysteine inhibited ricin-induced cy-
totoxicity and DNA fragmentation, but it had no
effect onthe protein synthesisinhibitory activity of
ricin. Cellular content of glutathione and other
nonprotein thiolswere found to decrease after ricin
treatment which was consistent with the appear-
ance of apoptotic cells. Acetylcysteine prevented
glutathione depl etion. Glutathione biosynthesisin-
hibitorswere al so tested and they decreased cdllular
glutathione levels, but ricin-induced apoptosis was
not produced under these conditions.

Acetylcysteine appeared to be effective in pro-
tecting these cells from apoptosis. The investiga-
tors proposed that inhibition of glutathione deple-
tion is only one of the mechanisms by which
acetylcysteine is able to protect cells from the
apoptotic effects of ricin.

31. Sulfasalazine

A 37-year-old woman with spondylarthropathy
developed a life-threatening adverse reaction to
sulfasalazine which was thought to be reversed by
sulfasalazine withdrawal and intravenous acetyl-
cysteine.['29 Three weeks after starting sulfasal az-
ine (daily doses up to 1.5g), the patient developed
fatigue, fever, and erythematous cutaneous lesions
at which time the sulfasalazine was stopped. Her
clinical condition did not improve and the patient
was hospitalised 2 days later. Infection was ruled
out and she was given paracetamol 0.5t02.0g daily
for 5daysfor fever of unknown origin. By thetenth
day of hospitalisation, the patient had adiffuse skin
rash, high grade fever, a mononucleosis-like syn-
drome, disseminated intravascular coagulation,
and hepatocellular necrosis with portal inflamma-
tion. Paracetamol was stopped and intravenous
acetylcysteine was started with the patient receiv-
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ing atotal dose of 24g over 3 days. Concurrently,
the patient improved dramatically with complete
defervescence and progressive normalisation of
hepatic and coagulation tests. She left the hospital
on the seventeenth day and a follow-up evauation
2 weeks later showed complete resolution of clin-
ical symptoms and normalisation of laboratory
tests.

Although the pathogenesis of the adverse reac-
tion is unclear, an immune-mediated response in-
duced by reactive sulfasalazine metabolites is
hypothesised. These destructive metabolites are
thought to be partially detoxified by sulfhydryl
compounds such as glutathione; acetylcysteine
may replenish glutathione stores. In vitro, acetyl-
cysteine has aso been reported to reverse sulfon-
amide-related adverse effects.[130] Coincidental
spontaneous resolution and the contribution of
paracetamol cannot be ruled out in this case, but
excessive doses of paracetamol were not used. No
adverse effects of acetylcysteine were noted.

32. Thallium

Since thallium binds sulfhydryl groups, the use
of acetylcysteine was considered to be a potential
antidote for thallium poisoning. Henderson et
al .[13 studied the efficacy of acetylcysteine in the
treatment of copper, sodium arsenite, thallium and
cadmium poisoning compared with chelating
agents. Intraperitoneal doses of acetylcysteine 200
mg/kg or dimercaprol 10 mg/kg were given to
groups of mice, 30 to 60 minutes after administra-
tion of the heavy metal. Thallium acetate was ad-
ministered subcutaneously at the LDsq of mice. In
the thallium group, dimercaprol or acetylcysteine
were not effective in reducing mortality.

Theefficacy of Prussian blue and acetylcysteine
were compared in female mice that were injected
subcutaneously with thallium acetate 70 mg/kg
(LDgg) or 85 mg/kg (>L D1qg).[*31 For each of these
2 doses, 4 treatment groups were used: control,
Prussian blue, acetylcysteine, and Prussian blue
with acetylcysteine. Survival at 120 hours was the
outcome measurement. The mice were treated ev-
ery 8 hoursfor 3 dayswith thefirst treatment given
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immediately after injection with thallium. Prussian
blue 50 mg/kg was given by oral gavage and
acetylcysteine 200 mg/kg was given by in-
traperitoneal injection. For thallium doses of 70
mg/kg survival at 120 hourswas 10% for controls,
50% for Prussian blue (p = 0.014), 35% for acetyl-
cysteine (p = 0.13), and 60% for Prussian blue plus
acetylcysteine (p = 0.002). Increasing the acetyl-
cysteine dose to 1 g/kg did not improve survival.
At the higher dose of thallium, therewas no change
in survival with any treatment. Overall, adding
acetylcysteine to Prussian blue did not improve
survival.

In astudy of femaleratsthat were injected with
thallium 2 mg/g measurements of nephrotoxicity
and thallium levels in renal cortex and medulla
were determined.l132 |n renal tissues glutathione
levels were not decreased by thallium and the in-
crease of glutathione level by acetylcysteine pre-
treatment did not influence thallium nephrotoxic-

ity.
33. Zidovudine

Therole of zinc and acetylcysteinein reversing
zidovudine-induced bone marrow toxicity was
tested by exposing murine bone marrow cellsto 5
concentrations of zidovudine (0.1, 1, 5, 10 and 50
pmol/L) either alone (control) or in the presence of
zinc acetate or acetylcysteine.[33 Thecell survival
rate was determined by the colony-forming assay
of erythroid and granulocytic-macrocytic lineage.
A concentration-dependent inhibition of colony
formation was produced with zidovudine causing
an inhibitory concentration for 50% of cells (1Csp)
of 3.0 umol/L in the colony-forming assay of ery-
throid and 4.3 pmol/L in the colony-forming assay
of erythroid and granulocytic-macrocytic lineage.
Simultaneous addition of zinc acetate 100 pmol/L
or acetylcysteine 100 pmol/L protected progenitor
cells from zidovudine-induced toxicity at several
concentrations of zidovudine for both agents. Zinc
acetate increased the 1Cs, value approximately 3-
fold (from 3.0 to 9.5 umol/L) in the colony-form-
ing assay of erythroid, and 7-fold (from 4.3t0 28.8
pmol/L) in the colony-forming assay of erythroid
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and granulocytic-macrocytic lineage. Acetylcys-
teine increased the 1Csg values by 2- and 4-fold to
6.6 and 15.4 pumol/L, respectively.

The mechanism of zidovudine toxicity is not
well understood, but it is possibly due to the for-
mation of a toxic azido radical of zidovudine. A
protective effect may be produced by scavenging
the toxic radica by the sulfhydryls of acetylcys
teine, or zinc-induced biosynthesis of metallo-
thionein, aproteinrich in cysteineresidues. In this
study, murine bone marrow cellsincubated in zinc
acetate showed a 42% increase in metallothionein
levels. Although there is no direct evidence that
acetylcysteine and metallothionein are responsible
for inactivating the toxic metabolites of zidovud-
ine, these cell culture studies indicate that zinc or
acetylcysteine may be beneficial in reducing
zidovudine-induced myel osuppression.

34. Conclusion

Of the 45 potential uses of acetylcysteine that
have been studied for the treatment of poisonings
or adverse drug reactions (tablel11), 14 of thetoxic
effects have little support for its use, while prom-
ising results have been demonstrated for 27 toxic-
ities. Currently, treatment of acute paracetamol
poisoning is the only widely accepted clinica in-
dication for acetylcysteine astreatment for poison-
ing or adverse drug reactions. With other applica-
tionsit is often difficult to determine the benefit of
therapy with acetylcysteine because of the nature
of the toxicity being treated, use of other therapy,
the presence of comorbid conditions, and the small
number of patients studied. Nevertheless, the di-
verse nature of the investigations summarised in
this review suggests that there is considerable in-
terest in acetylcysteine as aresearch tool and phar-
macological agent.[134]

With increased understanding of the mecha-
nisms of action of acetylcysteine, the pathogenesis
of adverse drug reactions, the pathophysiology of
drug and chemical poisoning, the interaction of
toxins with mechanisms of cellular apoptosis (pro-
grammed cell death), and the body’s response to
cellular injury,[15134.135] the role of acetylcysteine
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Table Ill. Summary of evidence for acetylcysteine use in cases of poisoning and adverse drug reactions by type of investigation?

Agent Toxicity Nature of evidence

in vitro in vivo case reports clinical studies
o-Amanitin Hepatic - U
Arecoline Mutagenesis +
Arsenic General +
Boric acid Excess concentrations
Cadmium Cytotoxicity +
Cadmium Lethality -
Cadmium Hepatorenal
Cadmium Excess concentrations
Carbon monoxide Neurological
Carbon tetrachloride Hepatorenal +
Caustic alkali Stricture formation
Caustic alkali Lethality -
Chromium Excess concentrations +
Chromium Teratogenicity -
Chromium Hepatorenal U
Cisplatin Renal + U
Clozapine Agranulocytosis +
Copper Lethality +
Cotrimoxazole Hypersensitivity -
(trimethoprim-sulfamoxazole)
Cyanide DNA fragmentation +
Cyclophosphamide Enzyme inhibition
Cyclosporin Renal
Daunorubicin Cytotoxicity -
Doxorubicin Cardiac -
Doxorubicin Cytotoxicity +
Alcohol (ethanol) Gastritis
Alcohol (ethanol) Hypertension +
Gold Haematologic +
Gold Excess concentrations
Lead Cytotoxicity
Lead Excess concentrations +
Mercury Excess concentrations +
Methylmercury Excess concentrations + U
Methylmercury Embryotoxicity +
Nitrite Methaemoglobinaemia + -
Nitrofurantoin Hepatic -
Paracetamol (acetaminophen) Hepatic + + +
Pennyroyal oil Hepatic +
Phenytoin Hypersensitivity
Phosgene Pulmonary +
Ricin Cytotoxicity +
Sulfasalazine General U
Thallium Lethality -
Thallium Renal -
Zidovudine Haematopoietic +

a Invivo studies do not include those with human participants. Presence or absence of a beneficial effect does not necessarily imply

therapeutic value nor advocacy for use in humans.

+ = beneficial effect was observed; — = no benefit was determined; + = contradictory or mixed evidence of benefit; U = benefit was undeterminable.
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will become better defined than its current empir-
ical usein many clinical situations.
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