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Heinz body hemolysis
Hemoglobin /

+

IOxidative stres\ NADH cytochrome b,
reductase
MetHb

P HbFe?*

NADPH
MetHb
reductase

Methylene blue

HbFe2*

* Auto-oxidation during oxygenation-
deoxygenation of hemoglobin
e Oxidative stress

e Exogenous compounds such as nitrites

7 N

Hemoglobin (Fe*?) Methemoglobin (Fe*?)

" Cytochrome b5—
Nonenzymatic pathways 1 NADH pathway

Flavin— NADPH pathway

Mechanism of Action :

« Pathophysiology
o Oxidized iron sites on MetHb unable to bind oxygen

o Remaining binding sites with increased affinity for binding oxygen
o Causes a leftward shift in the oxyhemoglobin dissociation curve

o Results in decreased tissue oxygen delivery

« Normal situation
o Red cells constantly exposed to oxidant stress

o NADH MetHb reductase keeps oxidative stress in check by reducing
MetHb to Fe* state

« Methemoglobinemia occurs when either
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o There is an deficiency of the reducing enzyme (NADH MetHb reductase)

o There is increased oxidative stress that cannot be handled by the body

Presence of MetHb renders pulse-oximetry readings inaccurate
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MetHDb (%) Symptoms

Less than 10 %

No symptoms

A
30 % to 50 %

Breathing diffi culty
Weakness
Confusion
Chest pain

10 % to 20 %

Slight discoloration
of the skin

.

50 % to 70 %

Arrhythmia
Altered mental status

Delirium

Seizures ‘
Coma Ao A
Acidosis A

<3 Asymptomatic
3-15 Slight discolouration of skin
15-20 Mild cyanosis (normally apparent on the lips,
nail beds and mucous membranes)
25-50 Headache, dyspnoea, light-headedness,
weakness, confusion, palpitations
50-70 Abnormal cardiac rhythms, delirium, altered
mental state, seizures, coma, acidosis
=70 Circulatory collapse, death
I?:llm(‘l Signs and Symptoms of Methemoglobinemia
(Symptoms are proportional to methemoglobin Level)
e P . W .

20 % to 30 %

Anxiety A
Headache

Increased heartbeat
Lightheadedness

Greater than 70 %

High mortality

Death
rate




Chocolate Brown coloured Blood
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High risk

Moderate risk

Low to no risk

* Prilocaine

* Benzocaine

» Sulfonamides

* Primaquine

* Napthalene

» Nitroglycerine

» Acetanilid

* Chlorates

e Nitric Oxide

* Phenacetin

* Dapsone

* Quinine Sulfate

* Phenobarbital

* [sosorbide Dinitrate
* Nitrofurantion

* Phenazopyridine

» Metoclopramide

» Nitrates/nitrites

* Amyl nitrate

» Nitroprusside

* Aniline (dyes, ink)
* Chloroquine

» Paraquat

* Resorcinol

* Benzene derivatives
* Trimethoprim

* Phenelzine

* Ciprofloxacin

* Lidocaine
 Nitrous oxide

» Bupivacaine

* Aspirin

* Acetaminophen
* Mepivacaine

* Articaine

» Etidocaine

* Fentanyl

* Phenothiazines
Meperidine
Thiopental

Inhalational
anesthetics

Propofol
Benzodiazepines
Succinylcholine
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Oz T Oy
F-344 = 102 F-344 = 0O
<D = &7 oD = 05
MMice = 5.1 OEOLH O_gy Mice = o]
\ T On
se-nitrophenol
F3d44= 0O
Oy IS = 1z
OH  klice = 0.1
F-344 =192
<D =10.3
hfice = &3 NO2 MOz

~— o
OSO5E
—-_— —_ = nitrosobenzene
O
/ nitrobenzene

- - o OH ¢
cD = 05 -nitrophenol
hiice = 0O.1 F-344 =0 NHOH

ch = 2.2 Unknown 1 Unknown 2

o-@1 Mice= 0.8 F-344 =98  F-344 =0 hydroxylamino-
Do 223 oD — 57 enzene
MNHCOCH: Mlice = 4.8 Mice = 2.6
F-344 =19.0 ¢
cD = 58
MHCOCHs ITHL:
- 2
nvlice o4 aniline
D204 I—I - 5344 i 8
Idice = o
NHCOCH3 HE
B o hydroxy _____ ophenol
2344 - 1 g acetanilide F7344 ] Haz 1;_1_‘3)44 - 8
F3d4d4 = 0O oD = o -
hfice = 3.1 D = 13 hdice = 0.1 Fia4= 0 Miee = =4
S Mice = 0.4 cL =0
Mice 0.2 ©ROsH
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& CH
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G-6-P

G6PDH

an's

NADPH-cyt b5 reductase

\ NADPH A HyC\ /@ :CL /CH3

6-PG

HCn /(:[ ]Q\N _CHy metHb (Fe+)

CH3 cng
Leucomethylene blue (red.)
(colorless)

Hb (Fe2*)

CH,
Methylene blue (ox. )
(blue)
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Glucose

Glucose 6-P® 6-Phosphogluconate

+
NARF NADP"

(Reduced) (Oxidized)

GSSG GSSG

2H.0
Glutathione
Peroxidase

We prepare 250 cc methylene blue solutions for infusion by adding methylene blue to DsW to
create a methylene blue concentration of 1 mg/mL. Our continuous infusion rate, then, will
begin at 0.1 mg/Kg/hr, which is 0.1 cc/Kg/hr.

NDC 0 74-05 § ampules
ProvayBlue™
(methylene blue) Injection USP, 0.5%
. 50 mg/10 mL (5 mg/mL)
N Intravenous use only - For slow intravenous injection.

10 mL - Single dose ampule -
Discard unused portion

L Bx only

AMERICAN
Distributed by: REGEP_J}/

i

Patented : US 8,765,942; US 9,227,945

NOC 17478-504-10 =
Methylene Blue
Injection , USP

1% (10mg/mL)

For slow 1.V. administraton
0 mL Single Dose Vil

Ronty WAkorn

AA¥E

BRkE
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Aniline
O, M-, p-Aminophencl M-Acetylanilime
(- and N-conjugates) ] [g 5. 1‘,‘2]
Glukose-6-P MADP- Hb-Fe2*—0y
(=)
M Phenylrwd cxykanine E
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|5-P-Glukonat MADPH Hb.Fe3~ NADPH
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