


Risk Assessment

e Toxicological risk assessment:

e To predict & guides triaging of patients & initiation of
therapy — resuscitation & supportive care.

e To Identify:
e poison (what?),
e exposure (how much?),
e duration (how long?)
e patient factors (who?)

e timing (when?).
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Risk Assessment

e A Toxidrome (shared clinical characteristics)

¢ e.g., serotonin toxicity, sympathomimetic, cholinergic,
opioid, and anticholinergic

* may help identify a poison when clinical information is
lacking.

e Investigations the toxicological risk assessment:
o electrocardiogram
e blood gas
* routine blood chemistry including kidney function

o drug assays.
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Risk Assessment

e Chronic poisoning (e.g., over weeks)
* may be associated with persistent toxicity

e due to intercurrent illness with AKI or drug-drug
interactions— accumulation of a therapeutic drug over
time. e.g.:

e neurotoxicity including confusion and seizures from
lithium
o complete heart block from digoxin

 clinical toxicity may be severe
acute poisoning.
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Risk Assessment

* risk assess
e is adjusted according to
e new information from history and/or investigations
 clinical progression

* Advice by a clinical/medical toxicologist or Poison Control
Center.

e Is recommended in most cases
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Schematic approach to extracorporeal treatment.(1)

Risk assessment: is the exposure to the poison causing or likely to cause clinical toxicity No
(e.g., salicylate ingestion >500 mg/kg, seizures associated with lithium poisoning)?

lYes

Alternative treatments: is toxicity expected to be reversed or prevented with supportive
care, antidotes, gastrointestinal decontamination, and/or corporeal methods to enhance
elimination (e.g., rapid reversal of opioid-induced coma with naloxone)?

Yes

b’

No !EC'!'R
not indicated

Toxicokinetic factors: does the poison have an endogenous clearance >5 ml/kg/min or a Yes
volume of distribution >2—-3 L/kg (e.g., amitriptyline, verapamil)?

[no

Risk—benefit balance: are the benefits of ECTR expected to outweigh its risks and costs No
(e.g., reduction of mechanical ventilation from 5 days to 1 day in carbamazepine poisoning)?

Yes

ECTR, extracorporeal treatment; HCO, high cutoff filter; MCO, middle cutoft filter.
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Schematic approach to extracorporeal treatment.(2)

lYes

What percentage of the poison is protein bound at the current concentration?

i>95% <80% l80—95%
Y
Therapeutic What is the molecular weight Hemoperfusion
plasma exchange of the poison?
<10,000 Da 10-25,000 Da 25-50,000 Da >50,000 Da
Intermittent Hemofiltration HCO/MCO hemodialysis Therapeutic
hemodialysis Hemoperfusion plasma exchange

ECTR, extracorporeal treatment; HCO, high cutoff filter; MCO, middle cutoft filter.
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Gastrointestinal Decontamination

Activated charcoal

* | severity & duration by | amount absorbed

* Activated charcoal:
* The most commonly used (50 g in adults)
* should within ~2 hours of ingestion

* exceptions: extended-release medications (e.g., diltiazem, theophylline) &
enteric-coated medicines (e.g., valproic acid)

* A second dose:

° may be 2—4 hours later in large exposures (e.g., acetaminophen, valproic
acid, salicylates).

* is not effective for:
* acids/alkali, alcohols, ions, or metals

* e.g., ethylene glycol, methanol; lithium, iron
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Gastrointestinal Decontamination

Whole bowel irrigation

e enteral administration of a large volume (1 L/h) of an isotonic
solution until the rectal effluent is clear

e polyethylene glycol (macrogol)
 Indications:

e nonresponsive to activated charcoal

o extended-release formulations

e “body packers”

 highly toxic exposure

CJASN 18: 12101221 September, 2023



Gastrointestinal Decontamination

e Patients at risk of aspiration:
e vomiting, depressed conscious state, or seizures.

e using a nasogastric or orogastric tube once intubated for
airway protection

e Other forms: gastric lavage & forced emesis
e almost never recommended
e Lavage requiring intubation.

* large bore orogastric tube
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Antidotes

* Direct or indirect agonists or antagonists to— effect of a poison
e Actions at a receptor (e.g., naloxone for opioids),
* Inhibitors of metabolism (e.g., fomepizole for methanol),
* Binding for inactivation (e.g., chelators, antivenoms).

* Dosage varies depending on the poisoning exposure

* specific considerations relevant to nephrologists:

* up-titration (e.g., ethanol or fomepizole)<—removal by extracorporeal
treatments

e down-titration (e.g., EDTA)<—accumulation in advanced kidney disease

* repeated doses of antidotes (e.g., dabigatran, digoxinio )< persistent or
recurrent toxicity in advanced kidney disease
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Examples of poisons for which antidotes are recommended.

Poison

Antidote

Acetaminophen(paracetamol)

N-acetylcysteinea

Anticholinergic drugs

Physostigmine for significant delirium

Anticholinesterase insecticides

Atropine and possibly pralidoxime or obidoxime

Benzodiazepines

Flumazenil (rarely required)

B-adrenergic antagonists

Adrenaline, insulin-dextrose infusion

Calcium channel blockers

Calcium, insulin-dextrose infusion

Carbon monoxide

Oxygen

Cyanide Hydroxocobalamin and/or thiosulfate
Dabigatran ldarucizumab
Digoxin Digoxin Fab antitoxin, atropine

Envenomation(e.qg., snake, spider)

Antivenom

Ethylene glycol/methanol

Ethanol or fomepizolea

lron Deferoxamine

lsoniazid Pyridoxinea

Lead Ca,Na2 -EDTA or succimer (DMSA)
Methotrexate Folinic acid, glucarpidase

Opioids Naloxone

Poison-induced methemoglobinemia (e.q., dapsone, alkyl nitrite)

Methvlene blue

Salicylates

Bicarbonate

Sulfonylureas

Octreotide, glucose

Tricyclic antidepressants

Bicarbonate

Valproic acid

| -carnitinea

Warfarin

Vitamin K

DMSA, dimercaptosuccinic acid. (2,3- — %3 T % for &% 5K #f $5)
aThe dose of the antidote must be adjusted during extracorporeal treatment.
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Enhanced Elimination

Elimination enhancement modalities

e Modalities divided:

. , which augment physiological
process
e Extra , which require an artificial

device located outside the body.

e Extra treatments and are
increasingly used.
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Corporeal Treatments

® Urine Alkalinization

Often for: salicylate, chlorpropamide, phenobarbital, herbicides (e.g., 2,4-dichlorophenoxyacetic
acid [2,4-D], 4-chloro-2-methylphenoxyacetic acid, mecoprop), fluoride, methotrexate

1 urine pH — 1 solubility tionized weak acid

efficacy < relative contribution of kidney clearance to total body clearance

* Criteria: (1) eliminated unchanged by kidney (2) smaller Vd (3) lower protein binding (4)
a weak acid(pKa 3~7)

Target urine pH 7.5-8.5 (maintain blood pHx< 7.55)
Serum K should > 4 mml/L prior to
Complication: hypokalemia, hypocalcemia, hypernatremia, pulmonary/cerebral edema

Carbonic anhydrase inhibitors are contraindicated, especially in salicylate poisoning.

* Fecal Elimination Enhancement

* Forced Diuresis
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Corporeal Treatments

* Urine Alkalinization
¢ Fecal Elimination Enhancement
e Multiple doses of activated charcoal (MDAC)

* Typical dosage: 25 g every 2 hrs until clincical or biochemical end
points.

* Used For: carbamazepine, dapsone, phenobarbital, quinine,
theophylline, colchicine, Amanita phalloides, salicylates, cardiac
glycosides, or phenytoin.

* Jon exchange resins: sodium polystyrene sulfonate | lithium half-life
* Prussian blue: binds radiocesium and thallium in the bowel lumen

* Forced Diuresis
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Corporeal Treatments

e Urine Alkalinization
e Fecal Elimination Enhancement
e Forced Diuresis

* large volumes of isotonic fluids with or without loop
diuretics — rarely used today (low efficacy, risk of
complications: pulmonary edema/electrolyte
abnormalities).
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Extracorporeal Treatments(1)

e Recommendations :

o EXtracorporeal TReatments In Poisoning (EXTRIP)
workgroup

e Decision Making in the Absence of Recommendations
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EXTRIP

THE EXTRACORPOREAL TREATMENTS IN POISONING WORKGROUP

Blood Purification in Toxicology:Reviewing the Evidence and Providing Recommendations

OBJECTIVES PUBLICATIONS RECOMMENDATIONS NEWS & EVENTS PARTICIPANTS REPRESENTED SOCIET

ACETAMINOPHEN (PARACETAMOL)

View full publication

General Recommendation
« ECTR is suggested in severe acetaminophen (APAP) poisoning (2D)

Indications
ECTR is recommended:
 |f the [APAP] more than 1000 mg/L (6620 pmol/L) and NAC is NOT administered (1D)
 |f the patient presents with altered mental status, metabolic acidosis, with an elevated lactate, and an [APAP] is more than 700 mg/L (4630 umol/L) and
NAC is NOT administered (1D)
» |f the patient presents with an altered mental status, metabolic acidosis, an elevated lactate, and an [APAP] is more than 900 mg/L (5960 pmol/L) even if
NAC is administered (1D)
ECTR is not recommended
« On the basis of the reported ingested dose if NAC is administered (1D)
ECTR is not suggested
» On the basis of reported ingested dose alone even if NAC is NOT administered (2D)



Extracorporeal Treatments(1)

* Decision Making in the Absence of Recommendations

* risk assessment, clinical effects, time course of poisoning, other treatments
available, expected risk versus benefit of extracorporeal treatments, the
poison’s physicochemical characteristics and pharmacokinetics, available
extracorporeal treatments (Figure)

* case-by-case basis. (Ex, AKI in metformin, baclofen)
* A. Clinical toxicology of the poison
* B. Expected clinical impact of extracorporeal treatments
* C. Characteristics of poisons that influence the irremoval by extracorporeal treatments
* Molecular Weight
* Protein Binding
* Endogenous Clearance

* Volume of Distribution
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Schematic approach to extracorporeal treatment.(1)

Risk assessment: is the exposure to the poison causing or likely to cause clinical toxicity No
(e.g., salicylate ingestion >500 mg/kg, seizures associated with lithium poisoning)?

lYes

Alternative treatments: is toxicity expected to be reversed or prevented with supportive
care, antidotes, gastrointestinal decontamination, and/or corporeal methods to enhance
elimination (e.g., rapid reversal of opioid-induced coma with naloxone)?

Yes

b’

No !EC'!'R
not indicated

Toxicokinetic factors: does the poison have an endogenous clearance >5 ml/kg/min or a Yes
volume of distribution >2—-3 L/kg (e.g., amitriptyline, verapamil)?

[no

Risk—benefit balance: are the benefits of ECTR expected to outweigh its risks and costs No
(e.g., reduction of mechanical ventilation from 5 days to 1 day in carbamazepine poisoning)?

Yes

ECTR, extracorporeal treatment; HCO, high cutoff filter; MCO, middle cutoft filter.
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Schematic approach to extracorporeal treatment.(2)

lYes

What percentage of the poison is protein bound at the current concentration?

i>95% <80% l80—95%
Y
Therapeutic What is the molecular weight Hemoperfusion
plasma exchange of the poison?
<10,000 Da 10-25,000 Da 25-50,000 Da >50,000 Da
Intermittent Hemofiltration HCO/MCO hemodialysis Therapeutic
hemodialysis Hemoperfusion plasma exchange

ECTR, extracorporeal treatment; HCO, high cutoff filter; MCO, middle cutoft filter.
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Examples of poisons for which antidotes are recommended.
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Antivenom

Ethylene glycol/methanol
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lsoniazid Pyridoxinea

Lead Ca,Na2 -EDTA or succimer (DMSA)
Methotrexate Folinic acid, glucarpidase

Opioids Naloxone

Poison-induced methemoglobinemia (e.q., dapsone, alkyl nitrite)

Methvlene blue

Salicylates

Bicarbonate

Sulfonylureas

Octreotide, glucose

Tricyclic antidepressants

Bicarbonate

Valproic acid

| -carnitinea

Warfarin

Vitamin K

DMSA, dimercaptosuccinic acid. (2,3- — %3 T % for &% 5K #f $5)
aThe dose of the antidote must be adjusted during extracorporeal treatment.
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Poisons whose elimination may be enhanced by corporeal
techniques.

Table 2. Poisons whose elimination may be enhanced by corporeal techniques

: ST Multiple-Dose Sodium .
Urine Alkalinization Activatelc)i Charcoal Polystyrene Sulfonate Pruseian Blue
Chlorophenoxy herbicides Carbamazepine Lithium Radiocesium
(2,4-D, MCPA, MCPP) Colchicine Potassium Thallium
Chlorpropamide Dapsone
Diflusinal Digoxin
Fluoride Phenobarbital
Methotrexate Phenytoin
Phenobarbital Quinine
Salicylates Salicylates
Theophylline

Yellow oleander
Amanita phalloides

2,4-D, 2,4-dichlorophenoxyacetic acid; MCPA, 4-chloro-2-methylphenoxyacetic acid; MCPP, methylchlorophenoxypropionic
acid (Mecoprop).




Extracorporeal Treatments(2)

e D. Available extracorporeal treatments

Hemodialysis

Hemoperfusion

Hemofitration

Continuous Techniques

Peritoneal Dia

Therapeutic P

ySIS

asma Exchange

Exchange Transfusion

Extracorporeal Liver Assist Devices
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General chemical structure of organophosphorus compounds. E

O[S]

R,——P —X

R,

Figure 1. General chemical structure of organophosphorus compounds. Each
organophosphorus agent (OP) has different alkyl substituents. The leaving
group (X) is displaced upon binding of the OP to the active site of the acetyl-

cholinesterase (AChE) enzyme. Crit Rev Toxicol. 2020 Oct;50(9):764-779.
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Role of acetylcholinesterase (AChE) in the hydrolysis of acetylcholine (ACh).

Acetylcholine Acetic Acid
CH, HO ﬁ
H3C\ | /CH3 I
N= C_C—OTCHa 0 o
HSC\T /:;CH3
Electrostatic gAttraction O A c—G—o0t
\é/ HO Choline
I
Anionic Site Serine residue
Acetylcholinesterase “Esteratic Site”

Crit Rev Toxicol. 2020 Oct;50(9):764-779.
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Hemodialysis

e Several studies including retrospective analyses (Dong et al. 2017;
Jiang et al. 2019) and a non-randomized controlled trial (Peng et
al. 2004) assessing the clinical efficacy of hemoperfusion alone
and hemoperfusion combined with hemodialysis have
demonstrated several advantages for these procedures.

e — associated with reduced incidence rates of poisoning
complications and medication-related adverse reactions,
shortened AChE reactivation time, shortened ventilation
time, improved clinical outcomes, elevated overall survival
rates.

Crit Rev Toxicol. 2020 Oct;50(9):764-779.
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calcium channel blocker poisoning

Table 1. Characteristics of calcium channel blocker classes

Predominant site of toxicity Vascular smooth muscle Myocardium

Specific drug examples Amlodipine, nifedipine, nicardipine Diltiazem, verapamil
Laboratory findings Possible hyperglycemia Hyperglycemia

Expected hemodynamic changes Hypotension, tachycardia Hypotension, bradycardia
Primary cause of shock Distributive Cardiogenic

Curr Opin Crit Care 2024, 30:603-610



Mechanisms of potential synergistic vasodilation between
amlodipine and high-dose insulin.

Vascular lumen

Vasodilation

t

cGMP

L-arginine

' L-citrulline

Guanylate :

PI3K, phosphatidylinositol 3-kinase. PKB, protein kinase B. eNOS, endothelial nitric oxide synthase. NO, nitric
oxide. sCG-Fe2, soluble guanylate cyclase. GTP, guanosine triphosphate. cGMP, cyclic monophosphate.

Curr Opin Crit Care 2024, 30:603-610



Comparison of contemporary Guidelines for
calcium channel blocker poisoning management

Guideline

Experts Consensus Recommendations for the Management
of Calcium Channel Blocker Poisoning in Adults

American Heart Association Focused
Update on the Management of

Patients With Cardiac Arrest or Life-
Threatening Toxicity Due to Poisoning

Year of publication
Treatment

Intravenous calcium

Atropine

Pacing

Vasopressors

HDI

ECMO
LE

Methylene blue

2017
Recommendation
Recommended as first-line in symptomatic patients (1D)¢

Suggested for symptomatic bradycardia or conduction delays

(2D)°

Suggested for unstable bradydysrhythmia without myocardial
depression (2D)

Recommend vasopressors in shock (1D); recommend
norepinephrine in distributive shock (1D); suggest epinephrine
or dobutamine in cardiogenic shock (2D)

Recommended for myocardial dysfunction (1D); suggested as
monotherapy for myocardial dysfunction or in conjunction with

vasopressors {flabsencetor myocardial dysfunction (2D)

Suggested for refractory shock, periarrest, or cardiac arrest, if
available (2D)

Recommended for refractory shock, periarrest, or cardiac arrest
(1D); suggested for shock refractory to first-line treatment

NB# recommended as first-line treatment (1D)

2023

Reasonable to administer (2a, C-LD)°

Reasonable for hemodynamically
significant bradycardia (2a, C-LD)

Might be reasonable for refractory

bradycardia (2b, C-LD)*
Recommended for hypotension (B-NR)®

Recommended for hypotension (B-NR)

Reasonable for refractory cardiogenic
shock (2a, C-LD)

Routine use not recommended (No
benefif, C-LD)'

Usefulness is Ufigertaint (2b, C-LD)

“Strong recommendation, very low level of evidence.

®Weak recommendation, very low level of evidence.
“Moderate strength recommendation based on limited data.
4Weak recommendation based on limited data.

ECMO: venoarterial ECMO
HDI: High-dose insulin

®Strong recommendation based on nonrandomized studies.
*No benefit based on limited data.

ILE: Intravenous lipid emulsion
Curr Opin Crit Care 2024, 30:603-010
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o TCA #EH#1#H] pre-synaptic nerve terminal neurotransmitter 2

receptor > KM #jifimuscarinic H1 }% Alpha-1 adrenergic receptor
e R -

o =T | y» anti-cholinergic effect i %, gastric emptying J# 4% >
B ALY o

o MNMH NEIR PRI EEE seizure B E RS b > M AR -
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Tricyclic antidepressant

R -

Doxepin(sinequa®) ~ imipramine(tofranil®)
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TCA

* Mild-to-moderate toxicity
* Drowsiness/ lethargy
e Slurred speech
* |BP, THR
* Hypoventilation

* Severe toxicity
* Coma
* Seizures

* Arrhythmias

* Hypotension



TCA: Severe Toxicity

e Complications::
e Marked conduction disorders (ORS >120 ms)
e Marked tachycardia/bradycardia
e Ventricular arrhythmias
o Significant hypotension

e Seizures or coma
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L) AR RR{E HEF W ERMEDNER B BERE
TCA
Amitriptyline ++++ ++++ +++ +++ +++
Clomipramine ++++ -+ ++ ++++ +++
Doxepin +++ ++++ ++ ++++ ++
Imipramine +++ +++ ++++ +++ +++
Trazodone 0 ++++ +++ ++ +
SSRI
Fluoxetine 0 0 0 ++ 0
Fluvoxamine 0 0 0 ++ 0
Paroxetine + + 0 ++ 0
Sertraline 0 0 0 ++ 0
SNRI
Venlafaxine + + 0 ++ +
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V/S: 36 80 12 100/65§ mmHg

GCS: E1ViMy
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Torsades de Pointes (Polymorphic VT)
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TCA L EEH|Ip 5

Repeat dose activated charcoal A i HERR » {H Z/N0 o

RBHP RS T RLME - WAL ZEar RO =R AR - TR
aVRI R & 5 5O AEL > 1] alkalinization | sodium

bicarbonate 1 mEq/Kg fif serum pH 7.45 ~ 7.55 °
T~ %) 25 5L ERE % fd B Physostigmine » beta-blocker >

verapamil }2 la 2 antiarrhythmics -
Forced diuresis }z Ifil#gZ&EAT (HD) 8% > A 4> SO LT FEVE
(HP) BTy 5] 2




TCA W& Z i

NaHCO3 - best antidote!
e Target pH: 7.45 to 7.55
Levophed (avoid Dopamine)
Avoid procainamide and physostigmine
Stop TCA seizures with bicarbonate, BZDs,, phenytoin

Circulatory-assist devices in cases refractory to maximal medical
therapy

Prolonged CPR if cardiac arrest: good neurologic outcome possible



= IR EE EF' B

=EEPiEEh B R LA

Bk P

&&

1 moderate to serious exposures - 10 to 20 mg/kg PO.
2 QTc prolonged, QRS widening, /(>R on T, Torsade de pointes

3 conscious disturbance

4 PR BE > ANE 7459 5 i i O vl




=RPPEE
2. [EUN{O;5HE ?

1 NaHCO3 sAmp+N/S 500c.c.+15§%KCI 5c.c. IV for one hour st
NaHCO3 2Amp+N/S 500c.c.+15%KCl 5c.c. IV gbh

fr¥F pH 7.45 ~ 7.5580UR ¥ pH 7.5 ~ 8.0
2 41 VT Hj#g ACLS 49 > A~af45 antiarrhythmia Class la 2 2E%9)

(51 procainamide)

3 SRR




N\ BE/EEE

BRAMBERBE HPEREBERER 6 NEUREL - —RPERESBOEME
RAFZEFESE - DD ESEZIERNSBEEXZEWIU - QRS BME RENMEER) - AEFE
AERAIRERMOVERS ~ K &2 - EMIE A A RNAERE - BERIEREFE -
FHEEEFRIERAFERE | (MR ATERAGEE)

1.EBREEY)  [FREMR 1 gkg (BRAE:50 o)IRMIEEYEE5E B B R (ERITIRNEREIL)
2. ORS EE (E11EFERY) : IV NaHCO; 1-2 mEq/g » ##FIMBH pH 7.45-7.55 » & NaHCOs

R EN1EFER2 A NE - BISXA lidocaine & bretylium
3. A : IV diazepam 5-10 mg, or lorazepam 1-2 mg

o~

Wl

LA

4. BWHR(FH T5%Y) . Flumazenil, procainamide, physostigmine, quinidine, disopyramide.
5. BSIER 8 | EAEMRI EKG ~ (O\BEINEE K PR 2 &

hd\

GA



TCA Screen(Rapid test kit) L

2024/12/25 14:24:28

‘W 4905
wBEE | 5 R
(%) —IERENMIE EER R B2 EE 10801B a1 e 66019123
ﬁ:ﬁiﬁ TCA Screen(Rapid test kit) AE& e EE 3127
2mRE | = f“ﬁﬁmﬁ:’;”ﬁ; F | mEHISIETRIBRR T
§jﬁﬁﬂi’. i e
RR= W Kig | =
A5
BIOEE | % R
miEsE 10 ml
IS B Z R R
il
RRET | e (@ ‘ -
ﬁgﬁﬁ TR R
mABT )
migieg | SORTRAME S-YAIELARBORE (B5:47)
BiE - REENEE |
ﬁémﬁﬁﬁ #R#‘Iﬁ*gsk 14:1'%{* o8 %%En§ﬂ§;E$E







JHEE (lithium) H3

1. S8 S b 5 0 g B B BE 7

1 IR E (manic-depressive disorder) 3 n] g {di A
2 TEVEBR BIE ] » EIREARIUR

2. SRS P EEAR 2

URERE ~ WERRAL A I MR - Bk

IimlLA S ~ PREATE S REE - R
W~ WU RIS ~ FED) 4 FRE

2 G B ERE RO > NEr ~ TS
3 BEEME - K ~ IRBIE ~ i B NERRIAE ~ 2 B /NVE S (R 2R 2 8 R i B 2h
HESEH

4 OfgatE o ST-T By E% - FUERHEE - QT MR - U B K M 28 M A% 1 B



3. #HEEr

1.0 E B

o

R

s AR S

i (lithium) H &

ERETRL ~ BIAR MLIRSA RS A

2 IR BE o AN e B 2B ) At R B P O ] i
a. JBEEE - 0.6-1.2mEq/L

¢

ORI

7 RE 2t BE ol =208 g -
EEPEFFRE

1.5-2.5 mEq/L

HERRE ¢ 2.5-3mEq/L
. TAEH

TR ¢ 3-4 mEq/L

A

b BER E 3-6 mEq/L w8878 A EEAR



4.

JHEE (lithium) H3

S 8 rp FR VR

10.9% HYESEN I

2

furosemide F| jR7|f# B > {B4& thiazides and spironolactone 2 {ii

] s 1T e G EE - o

BT

R EE 3.5-4 mEq/L

EVESRE R - PRAPAS S O IE ~ B EWRHIAEAR

&Mt 0 <3.5-4 mEq/L s SEHR (+)
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2) LX) Y 24hr B FBL O MEZ T F & %i% 0 *iﬁﬁﬁa&%fﬁﬂl:
H ~ LG ~ JETE KK AY M2 TR BB

3) BN ] I R H e B (sodium dithionite) > #JR A E (4 > H

= NG A



SETRIILRE

2. BRN PR IGE
1) B BB BV B B I Uz o B R T P e o

2) B K BT > 2500 ~ 3500c.c./day > AR AAEEE KO0 il T RET R > 4 1K B T R
= IR E T R EE

3) BETEA RS 7 SRR > nain hydrocortisone ~ VitC -
VitE - acetylcysteine - - 7R8[ > {HRL R A

4) SR NI i E R BIE SR \ BT > %502 fiff PaO2 #iRR00 mmHg 224 i

5) HP $1fl i+ 2 paraquat %8 > (A48 Z paraquat > BIBCR A BT
E%E@Q%Tﬁ ? %QEIEH%FHEJ 3"’4/]\]5]%[?(‘[ » H H[ﬁﬁﬁ Dum , _‘}%T@ @Fﬁ

3. EHX] g R AR R > OO R B e T B Z IR IR B > 3 AT L AR 0 A
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Acetaminopheni &



Schematic diagram of APAP metabolism & Liver Toxicity

HO\O\ o glucoronosyl-transferase
A, sulfo-transferase
H 3

Acetaminophen (APAP, Paracetamol) @ /

( ZEEEBUP o 70%)
« BREEKL(~30%)

CYP450f (FEECYP2El > KECYP1A2, CYP3A4)
»

-

APAP: N-acetyl-p-aminophenol;
CYP450: cytochrome P450;
NAPQI: N-acetyl-p-benzoquinone imine;
GSH: glutathione.

Redox Biology 17(2018)274-283
TOXICOLOGICAL SCIENCES, 174(2), 2020, 159-167
Journal of Clinical and Translational Hepatology 2016 vol. 4 | 131-142

Annu. Rev. Pathol. Mech. Dis. 2024. 19:453-78

THE JOURNAL OF PHARMACY 243 S538H J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2022 23(4):265-285



Mechanism of hepatocellular injury by acetaminophen overdose

HO.
\O\ o
NJKCH
H 3

Acetaminophen (APAP, Paracetamol) @

Paracetamol (APAP)

~2%

£ Re"ta_l Glucuronides and
xcretion sulfates metabolites

(Non-toxic)

APAP-protein adducts
Oxidative stress
Mitochondrial dysfunction
DNA Fragmentation

<
|
.

yO6

If glutathione<30%

36hours.—
Then bind covalent to tissue

Mercapturic Acid
(Non-toxic) :
macromolecules in Zone 3 of

e IR LS Liver—Necrosis of liver.

(mercaptide)

APAP = N-acetyl-p-aminophenol (acetaminophen); CYP450, Cytochrome P450 enzyme;
NAPQI, N-acetyl-p-benzoquinoneimine.

CLEVELAND CLINIC JOURNAL OF ME@

4

W ALY I @

Most people : enough GSH as long as

CINE




Table 1. Causes of high and normal anion gap metabolic acidosis.

Increased anion gap

Normal anion gap

e Lactic acidosis

o Ketoacidosis: diabetes mellitus, starvation,
alcohol use-associated

e Ingestion: methanol, ethylene glycol, aspirin,
toluene (if early or if renal failure), diethylene
glycol, propylene glycol

e D-lactic acidosis

e Massive rhabdomyolysis

e Pyroglutamic acidosis

¢ Chronic kidney disease

Toluene ingestion (if late and if renal function is preserved)
Diarrhea or other intestinal losses

Type 2 renal tubular acidosis (proximal)

After treatment of ketoacidosis

Carbonic anhydrase inhibitors

Ureteral diversion

Chronic kidney disease and tubular dysfunction (but
relatively preserved glomerular filtration rate)

Type 1 renal tubular acidosis (distal)

¢ Type 4 renal tubular acidosis (hyperaldosteronism)

S D Med. 2021 Oct;74(10):468-470




5-oxoproline (pyroglutamic acid)



Gamma-glutamyl cycle

Amino Acid (A4) |
y-glutamyl transpeptidase

Glutat!]ione l \ W w

| Cysteine-Glycine | | Glutamate-AA |

Extracellular

/Intracellular \
Y Y

,---“ Glutathione “ Cysteine-Glycine v-Glutamyl-AA

t glutathione dipeptidase | "Y-glutamyl-

synthetase cyclotransferase
| ;
| Glycine \ .

v-glutamyl-
| v-Glutamylcysteine Qe L . . 5-Oxoproline

| aoaive { P 5-oxoprolinase
+ feedback

-glutamyl-

Zygtginey l L-Glutamate

\2

synthetase

Clinical Toxicology (2013), 51, 817-827



Gamma-glutamyl cycle

Amino Acid (A4) |
\_ Y- glutamy! transpeptidase

Glutat:]ione | 3 3\

| Cysteine-Glycine | | Glutamate-AA |

Extracellular

' ' Pyroglutamic acid

Cysteine-Glycine v-Glutamyl-AA Ay, o

N
H  OH
\t\ lutathione dipeptidase ¥-glutamyl- oA N0
synthetase cyclotransferase H  OH
-GI i Pyrog| ic aci
cine yroglutamic acid
(also known as PCA,

5-oxoproline,

A ’Y.g;g?a,%'f;aras o pidolic acid)
| v-Glutamylcysteine 49' ------ - = =>1 5-0xoproline 4

R 5-oxoprolinase

| negative
, feedback

-glutamyl-
Zyg:efne 4 | L-Glutamate
S D Med. 2021 Oct;74(10):468-470 synthetase I ol 1: 441447, 2008

European Journal of Clinical Pharmacology. Clinical Toxicology (2013), 51, 817-827



Glutathione(GSH)

Glutathione ; GSH % H iXE FHEARREL - MEARBAT H ARBAFRAERRRY=RERK - 9 F=4H307 > TEMERESICERERM -
MY EZRNEEERMERAEENMAEMNE » BEHNRESEYWE (reactive oxygen species, RO)

. Glutamate
glutathione (GSH) _
ATP yq{steme
ADP + Pi '
O .
)(‘)\ O T \)‘\ r-Glutamylcysteine
N .
Glycine
- I/\/L';' r <A ATP >/
ADP + Pi~
+ NH3 H o
: ¥
_ glycine
glutamate cysteine RS @
SARRER F ARt O CHz O
Clin J Am Soc Nephrol 1: 441-447, 2006 8 NH (I:H g NH—CH-
| |
COOr COOr CH, CO0"
| |

H—C—CH,—S—S—CH,—C—H | @  Glutathione

NHy’ NH3’ (lzoog



Actein (N-acetylcysteine)(NAC)

 direct antioxidant properties on oxidant species (e.g. OH )
 indirectly as a precursor to glutathione

APAP-inducted hepatotoxicity
o)

JWA .

HO SH

HN CH,4 Q Hm
\ Y direct

Indirect Hg/\r‘k()H

. N . APAP
antioxidant effect \3<,e\ NAC° antioxidant effiect;_ HN._CH3 (Overdose)
. per | Hydrolysis
X ' e o B NAC T dosH— ¥ GSHl
HO SH l . NO, (Antioxidant) :
NH, _Disulfide breaking activity / \K
Cys y l ()fj O
. v Nrf2-keapl A

G SH < e Prot-S-5-Cys : NAPQI

\ 4
v \

* NAC-Cys +Prot-SH

. . - Nrf2
direct antnoxudar)t . *  Cys + Prot-S-NAC
* substrate of antioxidant enzymes DU —
Q H
J\ L(O NQOI Oxidative stress
H,C” N
e :
Acute-liver injury
Oxidant Scavenging APAP: paracetamol/acetaminophen; NAPQI: N-acetyl-p-benzo-
Glutathione (GSH) replenishment Disulfide reduction quinone imine; GSH: reduced glutathione; GSSH: oxidized glutathione;
_~ R0 Nrf2: nuclear factor erythroid 2-related factor 2; Keap1: Kelch-like
NAC —— NO. ’ JOL s NAC-SH + RSSR -> RSH + NAC-SSR ECH-associated protein 1; CAT: catalase; SOD: superoxide dismutase;
S HOM) o . GPx: glutathione peroxidase; GST: glutathione s-transferase; HO-1:

| heme oxigenase-1; NQO1: oxidoreductase 1.
NP
DT

\I/ Oxidative Medicine and Cellular Longevity, 2021, 3320325, 12 pages, 2021.

L
e Antioxidants 2023, 12(10), 1867



Actein (N-acetylcysteine)(NAC)

 direct antioxidant properties on oxidant species (e.g. OH )
 indirectly as a precursor to glutathione

APAP-inducted hepatotoxicity
o)

JWA .

HO SH

HN CH,4 Q Hm
\ Y direct

Indirect Hg/\r‘k()H

. N . APAP
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direct antnoxudar)t . *  Cys + Prot-S-NAC
* substrate of antioxidant enzymes DU —
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J\ L(O NQOI Oxidative stress
H,C” N
e :
Acute-liver injury
Oxidant Scavenging APAP: paracetamol/acetaminophen; NAPQI: N-acetyl-p-benzo-
Glutathione (GSH) replenishment Disulfide reduction quinone imine; GSH: reduced glutathione; GSSH: oxidized glutathione;
_~ R0 Nrf2: nuclear factor erythroid 2-related factor 2; Keap1: Kelch-like
NAC —— NO. ’ JOL s NAC-SH + RSSR -> RSH + NAC-SSR ECH-associated protein 1; CAT: catalase; SOD: superoxide dismutase;
S HOM) o . GPx: glutathione peroxidase; GST: glutathione s-transferase; HO-1:

| heme oxigenase-1; NQO1: oxidoreductase 1.
NP
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Actein ;8% Protocol

IV Oral

* 3 sequential infusions over a * (total duration of treatment,
total period of 21 hours (For 72 hours):
BW > 40Kkg):

» Loading dose: 150 mg/kg in * Loading dose: 140 mg/

200 mL of 5% dextrose kg
(DSW), infused over 60
minutes. e followed by 17 doses
of 70 mg/kg at 4 hour
e Second infusion: 50 mg/kg intervals

in 500 mL D5W, infused
over 4 hours (12.5 mg/kg/h).

* Third infusion: 100 mg/kg in (R EEIEA TS ERIE BN
1000 mL DSW infused over EIEREEIS - BIFEE B S REFIREE - )

16 hours (6.25 mg/kg/h).

BRI AMREZALBMENES > & CTEEREMEREZNEREEZEZEAK -

support from McNeil Consumer Healthcare
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