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AU: D [1]

US: N (Not classified yet) [1]

Hydroxychloroquine
Hydroxychloroquine  (HCQ),  sold  under  the
brand  name  Plaquenil  among  others,  is  a
medication  used  to  prevent  and  treat  malaria  in
areas  where  malaria  remains  sensitive  to
chloroquine.[2]  Other  uses  include  treatment  of
rheumatoid arthritis, lupus, and porphyria cutanea
tarda.[2]  It  is  taken  by  mouth.[2]  It  is  also  being
studied as a treatment for coronavirus disease 2019
(COVID-19),  although  evidence  for  its  efficacy  is
lacking.[3][4][5]

Common  side  effects  may  include  vomiting,
headache,  changes  in  vision,  and  muscle
weakness.[2] Severe side effects may include allergic
reactions, vision problems, and heart problems.[2][6]

Although all  risk cannot be excluded, it  remains a
treatment  for  rheumatic  disease  during
pregnancy.[7]  Hydroxychloroquine  is  in  the
antimalarial  and  4-aminoquinoline  families  of
medication.[2]

Hydroxychloroquine was approved for medical use
in the United States in 1955.[2] It is on the World
Health Organization's  List  of  Essential  Medicines,
the safest and most effective medicines needed in a
health  system.[8]  In  2017,  it  was  the  128th  most
commonly  prescribed  medication  in  the  United
States,  with  more  than  five  million  prescriptions.
[9][10]
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Routes of
administration

By mouth (tablets)

ATC code P01BA02 (WHO (https://www.wh

occ.no/atc_ddd_index/?code=P0

1BA02))

Legal status

Legal status AU: S4 (Prescription only)

UK: POM (Prescription only)

US: ℞-only

In general: ℞ (Prescription only)

Pharmacokinetic data

Bioavailability Variable (74% on average); Tmax

= 2–4.5 hours

Protein binding 45%

Metabolism Liver

Elimination
half-life

32–50 days

Excretion Mostly kidney (23–25% as

unchanged drug), also biliary

(<10%)

Identifiers

CAS Number 118-42-3 (http://www.commonche

mistry.org/ChemicalDetail.aspx?r

ef=118-42-3)

PubChem CID 3652 (https://pubchem.ncbi.nlm.ni

h.gov/compound/3652)

IUPHAR/BPS 7198 (http://www.guidetopharmac

ology.org/GRAC/LigandDisplayFo

rward?ligandId=7198)

DrugBank DB01611 (https://www.drugbank.

ca/drugs/DB01611)

ChemSpider 3526 (http://www.chemspider.com

/Chemical-Structure.3526.html)

UNII 4QWG6N8QKH (https://fdasis.nl

m.nih.gov/srs/srsdirect.jsp?regn

o=4QWG6N8QKH)

Pharmacokinetics

Pharmacodynamics

Mechanism of action

Society and culture
Cost
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2020 COVID-19 use

Research
COVID-19
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External links

Hydroxychloroquine is used to treat systemic lupus
erythematosus, rheumatic disorders like rheumatoid
arthritis, porphyria cutanea tarda, and Q fever, and
certain types of malaria.[2] It is considered the first-
line treatment for systemic lupus erythematosus.[11]

Certain  types  of  malaria,  resistant  strains,  and
complicated  cases  require  different  or  additional
medication.[2]

It is widely used to treat primary Sjögren syndrome,
but  has  not  been  shown  to  be  effective.[12]

Hydroxychloroquine is widely used in the treatment
of  post-Lyme arthritis.  It  may  have  both  an  anti-
spirochaete  activity  and  an  anti-inflammatory
activity,  similar  to  the  treatment  of  rheumatoid
arthritis.[13]

The  drug  label  advises  that  hydroxychloroquine
should not be prescribed to individuals with known
hypersensitivity  to  4-aminoquinoline
compounds.[14]  There  are  a  range  of  other
contraindications[15][16]  and  caution  is  required  if
patients  have certain heart  conditions,  diabetes or
psoriasis.

The  most  common  adverse  effects  are  nausea,

IUPAC name

Hydroxychloroquine - Wikipedia https://en.wikipedia.org/wiki/Hydroxychloroquine

2 of 14 5/20/2020, 12:50 PM



KEGG D08050 (https://www.kegg.jp/entr

y/D08050)

C07043 (https://www.kegg.jp/entr

y/C07043)

ChEBI CHEBI:5801 (https://www.ebi.ac.

uk/chebi/searchId.do?chebiId=C

HEBI:5801)

ChEMBL ChEMBL1535 (https://www.ebi.a

c.uk/chembldb/index.php/compou

nd/inspect/ChEMBL1535)

CompTox
Dashboard (EPA)

DTXSID8023135 (https://compto

x.epa.gov/dashboard/DTXSID802

3135)

ECHA InfoCard 100.003.864 (https://echa.europa.

eu/substance-information/-/subst

anceinfo/100.003.864)

Chemical and physical data

Formula C18H26ClN3O

Molar mass 335.872 g/mol gꞏmol−1

3D model
(JSmol)

Interactive image (https://chemap

ps.stolaf.edu/jmol/jmol.php?mode

l=Clc1cc2nccc%28c2cc1%29N

C%28C%29CCCN%28CC%29C

CO)
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stomach  cramps,  and  diarrhea.  The  most  serious
adverse  effects  affect  the  eye,  with  dose-related
retinopathy  as  a  concern  even  after
hydroxychloroquine  use  is  discontinued.[2]  For
short-term  treatment  of  acute  malaria,  adverse
effects  can  include  abdominal  cramps,  diarrhea,
heart problems, reduced appetite, headache, nausea
and vomiting.[2]

For  prolonged  treatment  of  lupus  or  rheumatoid
arthritis,  adverse  effects  include  the  acute
symptoms,  plus  altered  eye  pigmentation,  acne,
anemia,  bleaching  of  hair,  blisters  in  mouth  and
eyes,  blood  disorders,  convulsions,  vision
difficulties, diminished reflexes, emotional changes,
excessive  coloring of  the  skin,  hearing  loss,  hives,
itching, liver problems or liver failure, loss of hair,
muscle paralysis, weakness or atrophy, nightmares,
psoriasis,  reading  difficulties,  tinnitus,  skin
inflammation and scaling, skin rash, vertigo, weight
loss,  and  occasionally  urinary  incontinence.[2]

Hydroxychloroquine  can  worsen  existing  cases  of
both psoriasis and porphyria.[2]

Children may be especially vulnerable to developing
adverse effects from hydroxychloroquine.[2]

One of the most serious side effects is retinopathy
(generally  with  chronic  use).[2][17]  People  taking
400  mg  of  hydroxychloroquine  or  less  per  day
generally have a negligible risk of macular toxicity,
whereas  the  risk  begins  to  go  up  when  a  person
takes the medication over five years or has a cumulative dose of more than 1000 grams. The daily safe
maximum dose  for  eye  toxicity  can be  computed from a  person's  height  and weight.[18] Macular
toxicity is related to the total cumulative dose rather than the daily dose. Regular eye screening, even
in  the  absence  of  visual  symptoms,  is  recommended  to  begin  when  either  of  these  risk  factors
occurs.[19]

Toxicity from hydroxychloroquine may be seen in two distinct areas of the eye: the cornea and the
macula. The cornea may become affected (relatively commonly) by an innocuous cornea verticillata or
vortex keratopathy and is characterized by whorl-like corneal epithelial deposits. These changes bear
no relationship to dosage and are usually reversible on cessation of hydroxychloroquine.

The macular changes are potentially serious. Advanced retinopathy is characterized by reduction of
visual acuity and a "bull's eye" macular lesion which is absent in early involvement.
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Serious symptoms of overdose generally occur within an hour of ingestion.[20] These symptoms may
include  sleepiness,  vision  changes,  seizures,  stopping  of  breathing,  and  heart  problems  such  as
ventricular fibrillation and low blood pressure.[20][21] Loss of vision may be permanent.[22] Low blood
potassium, to levels of 1 to 2 mmol/L, may also occur.[20][23]

Chloroquine has a  risk of  death in overdose in adults  of  about 20%, while  hydroxychloroquine is
estimated  to  be  two  or  three  fold  less  toxic.[20]  While  overdoses  of  hydroxychloroquine  have
historically been uncommon, one report documented three deaths out of eight cases.[24]

Treatment recommendations include early mechanical ventilation, cardiac monitoring, and activated
charcoal.[20] Intravenous  fluids  and  vasopressors  may  be  required  with  epinephrine  being  the
vasopressor  of  choice.[20] Gastric  lavage  may  also  be  used.[24]  Seizures  may  be  treated  with
benzodiazepines.[20] Intravenous potassium chloride may be required, however this may result in high
blood potassium later in the course of the disease.[20] Dialysis has not been found to be useful.[20]

The drug transfers into breast milk[1] and should be used with care by pregnant or nursing mothers.

Care should be taken if combined with medication altering liver function as well as aurothioglucose
(Solganal), cimetidine (Tagamet) or digoxin (Lanoxin). HCQ can increase plasma concentrations of
penicillamine  which  may  contribute  to  the  development  of  severe  side  effects.  It  enhances
hypoglycemic  effects  of  insulin  and  oral  hypoglycemic  agents.  Dose  altering  is  recommended  to
prevent profound hypoglycemia. Antacids may decrease the absorption of HCQ. Both neostigmine and
pyridostigmine antagonize the action of hydroxychloroquine.[25]

While there may be a link between hydroxychloroquine and hemolytic anemia in those with glucose-
6-phosphate dehydrogenase deficiency, this risk may be low in those of African descent.[26]

Specifically,  the  US  Food  and  Drug  Administration's  drug  label  for  hydroxychloroquine  lists  the
following drug interactions:[14]

Digoxin (wherein it may result in increased serum digoxin levels)

Insulin or anti-diabetic medication (wherein it may enhance the effects of a hypoglycemic
treatment)

Drugs that prolong QT interval and other arrhythmogenic drugs (as Hydroxychloroquine prolongs
the QT interval and may increase the risk of inducing ventricular arrhythmias if used
concurrently)[6]

Mefloquine and other drugs known to lower the convulsive threshold (co-administration with other
antimalarials known to lower the convulsion threshold may increase risk of convulsions)

Antiepileptics (concurrent use may impair the antiepileptic activity)

Methotrexate (combined use is unstudied and may increase the frequency of side effects)

Cyclosporin (wherein an increased plasma cyclosporin level was reported when used together).
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Hydroxychloroquine  has  similar  pharmacokinetics  to  chloroquine,  with  rapid  gastrointestinal
absorption, large distribution volume,[27] and elimination by the kidneys. Cytochrome P450 enzymes
(CYP2D6, 2C8, 3A4 and 3A5) metabolize hydroxychloroquine to N-desethylhydroxychloroquine.[28]

Antimalarials  are  lipophilic  weak  bases  and  easily  pass  plasma  membranes.  The  free  base  form
accumulates  in  lysosomes  (acidic  cytoplasmic  vesicles)  and  is  then  protonated,[29]  resulting  in
concentrations within lysosomes up to 1000 times higher than in culture media. This increases the pH
of the lysosome from four to six.[30] Alteration in pH causes inhibition of lysosomal acidic proteases
causing a diminished proteolysis effect.[31] Higher pH within lysosomes causes decreased intracellular
processing,  glycosylation  and  secretion  of  proteins  with  many  immunologic  and  nonimmunologic
consequences.[32] These effects are believed to be the cause of a decreased immune cell functioning
such  as  chemotaxis,  phagocytosis  and  superoxide  production  by  neutrophils.[33]  HCQ  is  a  weak
diprotic base that can pass through the lipid cell membrane and preferentially concentrate in acidic
cytoplasmic vesicles. The higher pH of these vesicles in macrophages or other antigen-presenting cells
limits the association of autoantigenic (any) peptides with class II MHC molecules in the compartment
for peptide loading and/or the subsequent processing and transport of the peptide-MHC complex to
the cell membrane.[34]

Hydroxychloroquine  increases[35]  lysosomal  pH  in  antigen-presenting  cells.  In  inflammatory
conditions, it blocks toll-like receptors on plasmacytoid dendritic cells (PDCs).[36] Toll-like receptor 9
(TLR 9), which recognizes DNA-containing immune complexes, leads to the production of interferon
and causes  the  dendritic  cells  to  mature  and  present  antigen  to  T  cells.  Hydroxychloroquine,  by
decreasing TLR signaling, reduces the activation of dendritic cells and the inflammatory process.

In 2003, a novel mechanism was described wherein hydroxychloroquine inhibits stimulation of the
toll-like receptor (TLR) 9 family receptors. TLRs are cellular receptors for microbial products that
induce inflammatory responses through activation of the innate immune system.[37]

As with other quinoline antimalarial drugs, the antimalarial mechanism of action of quinine has not
been  fully  resolved.  The  most  accepted  model  is  based  on  hydrochloroquinine  and  involves  the
inhibition of hemozoin biocrystallization, which facilitates the aggregation of cytotoxic heme.  Free
cytotoxic heme accumulates in the parasites, causing death.[38]
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The wholesale cost in the developing world was about US$4.65 per month as of 2015, when used for
rheumatoid arthritis or lupus.[39] In the United States the wholesale cost of a month of treatment is
about US$25 as of 2020.[40] In the United Kingdom this dose costs the National Health Service about
£5.15.[41]

It is frequently sold as a sulfate salt known as hydroxychloroquine sulfate.[2] 200 mg of the sulfate salt
is equal to 155 mg of the base.[2]

Brand  names  of  hydroxychloroquine  include  Plaquenil,  Hydroquin,  Axemal  (in  India),  Dolquine,
Quensyl, Quinoric.[42]

On  17  March  2020,  the  AIFA  Scientific  Technical  Commission  of  the  Italian  Medicines  Agency
expressed a favorable opinion on including the off-label use of chloroquine and hydroxychloroquine
for the treatment of COVID-19.[43]

In  the  US,  several  state  pharmacy  boards  reported  that  some  doctors  and  dentists  were  writing
prescriptions for hydroxychloroquine and a related drug, chloroquine, to themselves, family members,
and staff.[44][45] Sudden demand spikes caused by hospital use for severely ill COVID-19 patients and
prescriptions for prophylaxis have resulted in shortages; doctors have expressed concern that patients
who have long taken hydroxychloroquine for other approved indications, like lupus and rheumatoid
arthritis, will be unable to procure needed medicine.[45][46]

On  28  March  2020,  the  US  Food  and  Drug  Administration  (FDA)  issued  an  Emergency  Use
Authorization  (EUA)  to  allow  hydroxychloroquine  sulfate  and  chloroquine  phosphate  products
donated to the Strategic National Stockpile (SNS) to be distributed and used for certain people who are
hospitalized with COVID-19.[47][48]

In  anticipation  of  product  shortages,  the  FDA  issued  product-specific  guidance  for  chloroquine
phosphate and for hydroxychloroquine sulfate for generic drug manufacturers.[49]

During  a  press  briefing  on  March  19,  2020;  Donald  Trump,  the  President  of  the  United  States,
promoted the drugs chloroquine and hydroxychloroquine as a potential treatment for Covid-19.[50][51]

Trump claimed that  chloroquine had been FDA "approved very,  very  quickly"  as  a  treatment  for
COVID-19.  The  FDA later  disavowed such  approval,[52] but  was  now allowing  chloroquine  under
compassionate  use  guidelines.[53][54]  Trump's  remarks  led  to  a  shortage  of  chloroquine  and
hydroxychloroquine in the United States and panic-buying in Africa and South Asia.[55][56]

In the state of Arizona, a man died, leaving his wife in critical condition, as a result of ingesting fish
bowl cleaner, which contained chloroquine phosphate. The couple believed the chemical cleaner could
prevent them from contracting COVID-19, although the chloroquine phosphate in fish bowl cleaners is
not the same formulation found in the medicines chloroquine or hydroxychloroquine.[57]

On 18 May 2020, Trump publicly stated that he was taking hydroxychloroquine during the COVID-19
pandemic,  despite  evidence  indicating  that  it  is  "linked  to  higher  rates  of  death  in  hospitalized
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COVID-19 patients with pre-existing conditions", and other studies that show it to be ineffective.[58]

As  of  22  April  2020,  there  is  limited  evidence  to  support  the  use  of  hydroxychloroquine  for
coronavirus  disease  2019  (COVID-19).[59] Studies  are  ongoing  with  the  benefits  versus  harms  of
treatment being unclear.[3][60] While its use is not approved by the FDA for COVID-19 as of 7 April
2020, there is an Emergency Use Authorization for such use.[61] Some are also using it off label for the
disease.[62] On 24 April 2020, citing the risk of "serious heart rhythm problems", the FDA posted a
caution against using the drug for COVID-19 "outside of the hospital setting or a clinical trial".[63]

As of 8 April 2020, there has been one randomized controlled trial on 36 patients which found no
difference with HCQ, suggesting that if HCQ has an effect it is at most modest.[64]

The publication status of one non-randomized trial, which claimed hydroxychloroquine benefits for
COVID-19 is ambiguous.[65][66][67][68][69] According to an official statement from the International
Society of Antimicrobial Chemotherapy (ISAC):[70]  "ISAC shares the concerns regarding the above
article  published  recently  in  the  International  Journal  of  Antimicrobial  Agents  (IJAA).  The  ISAC
Board believes the article does not meet the Society’s expected standard, especially relating to the lack
of better explanations of the inclusion criteria and the triage of patients to ensure patient safety."[70]

Additionally,  on 13 April  2020 a joint  ISAC and Elsevier statement was issued,  that  included the
following text:[71]  "At present, additional independent peer review is ongoing to ascertain whether
concerns about the research content of the paper have merit. Given this process of post-publication
assessment is on-going, it would be premature to comment at this time. The study authors have been
contacted and asked to address the concerns."[71]

In April 2020, the US National Institutes of Health (NIH) began a trial of the medication.[72][73]

"Hydroxychloroquine Use During Pregnancy" (https://www.drugs.com/pregnancy/hydroxychloroqui
ne.html). Drugs.com. 28 February 2020. Retrieved 21 March 2020.

1. 

"Hydroxychloroquine Sulfate Monograph for Professionals" (https://www.drugs.com/monograph/hy
droxychloroquine-sulfate.html). The American Society of Health-System Pharmacists. 20 March
2020. Archived (https://web.archive.org/web/20200320234847/https://www.drugs.com/monograph/
hydroxychloroquine-sulfate.html) from the original on 20 March 2020. Retrieved 20 March 2020.

2. 

Cortegiani A, Ingoglia G, Ippolito M, Giarratano A, Einav S (March 2020). "A systematic review on
the efficacy and safety of chloroquine for the treatment of COVID-19" (http://www.sciencedirect.co
m/science/article/pii/S0883944120303907). Journal of Critical Care. doi:10.1016/j.jcrc.2020.03.005
(https://doi.org/10.1016%2Fj.jcrc.2020.03.005). PMID 32173110 (https://pubmed.ncbi.nlm.nih.gov/
32173110).

3. 

COVID-19

Hydroxychloroquine - Wikipedia https://en.wikipedia.org/wiki/Hydroxychloroquine

7 of 14 5/20/2020, 12:50 PM



Grady D (1 April 2020). "Malaria Drug Helps Virus Patients Improve, in Small Study" (https://www.n
ytimes.com/2020/04/01/health/hydroxychloroquine-coronavirus-malaria.html). The New York
Times. Archived (https://web.archive.org/web/20200401220357/https://www.nytimes.com/2020/04/
01/health/hydroxychloroquine-coronavirus-malaria.html) from the original on 1 April 2020.
Retrieved 1 April 2020.

4. 

https://clinicaltrials.gov/ct2/show/NCT043707825. 

"Guidance on patients at risk of drug-induced sudden cardiac death from off-label COVID-19
treatments" (https://newsnetwork.mayoclinic.org/discussion/mayo-clinic-provides-urgent-guidance-
approach-to-identify-patients-at-risk-of-drug-induced-sudden-cardiac-death-from-use-of-off-label-c
ovid-19-treatments/). newsnetwork.mayoclinic.org. 25 March 2020.

6. 

Flint J, Panchal S, Hurrell A, van de Venne M, Gayed M, Schreiber K, et al. (September 2016).
"BSR and BHPR guideline on prescribing drugs in pregnancy and breastfeeding-Part I: standard
and biologic disease modifying anti-rheumatic drugs and corticosteroids" (https://academic.oup.co
m/rheumatology/article/55/9/1693/1744535). Rheumatology. 55 (9): 1693–97.
doi:10.1093/rheumatology/kev404 (https://doi.org/10.1093%2Frheumatology%2Fkev404).
PMID 26750124 (https://pubmed.ncbi.nlm.nih.gov/26750124). Archived (http://archive.is/xfHOf)
from the original on 8 April 2020.

7. 

World Health Organization (2019). World Health Organization model list of essential medicines:
21st list 2019. Geneva: World Health Organization. hdl:10665/325771 (https://hdl.handle.net/1066
5%2F325771). WHO/MVP/EMP/IAU/2019.06. License: CC BY-NC-SA 3.0 IGO.

8. 

"The Top 300 of 2020" (https://clincalc.com/DrugStats/Top300Drugs.aspx). ClinCalc. Retrieved
18 March 2020.

9. 

"Hydroxychloroquine Sulfate – Drug Usage Statistics" (https://clincalc.com/DrugStats/Drugs/Hydro
xychloroquineSulfate). ClinCalc. Retrieved 7 April 2020.

10. 

Chew CY, Mar A, Nikpour M, Saracino AM (October 2019). "Hydroxychloroquine in dermatology:
New perspectives on an old drug". The Australasian Journal of Dermatology.
doi:10.1111/ajd.13168 (https://doi.org/10.1111%2Fajd.13168). PMID 31612996 (https://pubmed.ncb
i.nlm.nih.gov/31612996).

11. 

Wang SQ, Zhang LW, Wei P, Hua H (May 2017). "Is hydroxychloroquine effective in treating
primary Sjogren's syndrome: a systematic review and meta-analysis" (https://www.ncbi.nlm.nih.gov
/pmc/articles/PMC5427554). BMC Musculoskeletal Disorders. 18 (1): 186.
doi:10.1186/s12891-017-1543-z (https://doi.org/10.1186%2Fs12891-017-1543-z). PMC 5427554
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5427554). PMID 28499370 (https://pubmed.ncbi.nl
m.nih.gov/28499370).

12. 

Steere AC, Angelis SM (October 2006). "Therapy for Lyme arthritis: strategies for the treatment of
antibiotic-refractory arthritis". Arthritis and Rheumatism. 54 (10): 3079–86. doi:10.1002/art.22131
(https://doi.org/10.1002%2Fart.22131). PMID 17009226 (https://pubmed.ncbi.nlm.nih.gov/1700922
6).

13. 

"Plaquenil- hydroxychloroquine sulfate tablet" (https://dailymed.nlm.nih.gov/dailymed/drugInfo.cf
m?setid=34496b43-05a2-45fb-a769-52b12e099341). DailyMed. 3 January 2020. Retrieved
20 March 2020.

14. 

"Plaquenil (hydroxychloroquine sulfate) dose, indications, adverse effects, interactions" (https://ww
w.pdr.net/drug-summary/Plaquenil-hydroxychloroquine-sulfate-1911). pdr.net. Retrieved 19 March
2020.

15. 

"Drugs & Medications" (https://www.webmd.com/drugs/2/drug-5482/hydroxychloroquine-oral/detail
s). webmd.com. Retrieved 19 March 2020.

16. 

Hydroxychloroquine - Wikipedia https://en.wikipedia.org/wiki/Hydroxychloroquine

8 of 14 5/20/2020, 12:50 PM



Flach AJ (2007). "Improving the risk-benefit relationship and informed consent for patients treated
with hydroxychloroquine" (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2258132). Transactions
of the American Ophthalmological Society. 105: 191–94, discussion 195–97. PMC 2258132 (http
s://www.ncbi.nlm.nih.gov/pmc/articles/PMC2258132). PMID 18427609 (https://pubmed.ncbi.nlm.ni
h.gov/18427609).

17. 

"Plaquenil Risk Calculators" (https://www.eyedock.com/plaquenil-calcs). EyeDock. Retrieved
7 April 2020.

18. 

Marmor MF, Kellner U, Lai TY, Lyons JS, Mieler WF (February 2011). "Revised recommendations
on screening for chloroquine and hydroxychloroquine retinopathy" (https://ontariorheum.ca/images
/uploads/content_documents/OPHTHA_2011_MarmorMarmor2011dj_AAO_plaquenil.pdf) (PDF).
Ophthalmology. 118 (2): 415–22. doi:10.1016/j.ophtha.2010.11.017 (https://doi.org/10.1016%2Fj.o
phtha.2010.11.017). PMID 21292109 (https://pubmed.ncbi.nlm.nih.gov/21292109).

19. 

Ling Ngan Wong A, Tsz Fung Cheung I, Graham CA (February 2008). "Hydroxychloroquine
overdose: case report and recommendations for management". European Journal of Emergency
Medicine. 15 (1): 16–18. doi:10.1097/MEJ.0b013e3280adcb56 (https://doi.org/10.1097%2FMEJ.0b
013e3280adcb56). PMID 18180661 (https://pubmed.ncbi.nlm.nih.gov/18180661).

20. 

Smith ER, Klein-Schwartz W (May 2005). "Are 1-2 dangerous? Chloroquine and
hydroxychloroquine exposure in toddlers" (https://bezoar.georgiapoisoncenter.org/wp-content/uplo
ads/2012/08/Chloroquine-and-Hydroxychloroquine-Exposure-in-Toddlers.pdf) (PDF). The Journal
of Emergency Medicine. 28 (4): 437–43. doi:10.1016/j.jemermed.2004.12.011 (https://doi.org/10.1
016%2Fj.jemermed.2004.12.011). PMID 15837026 (https://pubmed.ncbi.nlm.nih.gov/15837026).

21. 

Roque MR, Foster CS (23 March 2020). "Chloroquine and Hydroxychloroquine Toxicity: Practice
Essentials, Background, Pathophysiology" (https://emedicine.medscape.com/article/1229016-over
view). Medscape. Archived (https://web.archive.org/web/20200408211319/https://emedicine.meds
cape.com/article/1229016-overview) from the original on 8 April 2020. Retrieved 7 April 2020.

22. 

Pillay VV (2012). Modern Medical Toxicology (http://www.prip.edu.in/img/ebooks/VV-Pillay-Modern-
Medical-Toxicology-4th-Edition.pdf#page=474) (PDF). Jaypee Brothers Publishers. p. 458.
ISBN 978-93-5025-965-8.

23. 

Aronson JK (2015). Meyler's Side Effects of Drugs: The International Encyclopedia of Adverse
Drug Reactions and Interactions (https://www.google.com/books/edition/Meyler_s_Side_Effects_of
_Drugs/NOKoBAAAQBAJ?hl=en&gbpv=1&dq=Hydroxychloroquine+overdose&pg=RA1-PA261).
Elsevier. p. 261. ISBN 978-0-444-53716-4.

24. 

"Russian Register of Medicines: Plaquenil (hydroxychloroquine) Film-coated Tablets for Oral Use.
Prescribing Information" (http://www.rlsnet.ru/tn_index_id_2615.htm). rlsnet.ru (in Russian).
Sanofi-Synthelabo. Archived (https://web.archive.org/web/20160816113809/http://www.rlsnet.ru/tn
_index_id_2615.htm) from the original on 16 August 2016. Retrieved 14 July 2016.

25. 

Mohammad S, Clowse ME, Eudy AM, Criscione-Schreiber LG (March 2018). "Examination of
Hydroxychloroquine Use and Hemolytic Anemia in G6PDH-Deficient Patients". Arthritis Care &
Research. 70 (3): 481–85. doi:10.1002/acr.23296 (https://doi.org/10.1002%2Facr.23296).
PMID 28556555 (https://pubmed.ncbi.nlm.nih.gov/28556555).

26. 

Schrezenmeier E, Dörner T (March 2020). "Mechanisms of action of hydroxychloroquine and
chloroquine: implications for rheumatology". Nat Rev Rheumatol. 16 (3): 155–66.
doi:10.1038/s41584-020-0372-x (https://doi.org/10.1038%2Fs41584-020-0372-x). PMID 32034323
(https://pubmed.ncbi.nlm.nih.gov/32034323).

27. 

Kalia S, Dutz JP (2007). "New concepts in antimalarial use and mode of action in dermatology" (htt
ps://www.ncbi.nlm.nih.gov/pmc/articles/PMC7163426). Dermatologic Therapy. 20 (4): 160–74.
doi:10.1111/j.1529-8019.2007.00131.x (https://doi.org/10.1111%2Fj.1529-8019.2007.00131.x).
PMC 7163426 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7163426). PMID 17970883 (https://
pubmed.ncbi.nlm.nih.gov/17970883).

28. 

Hydroxychloroquine - Wikipedia https://en.wikipedia.org/wiki/Hydroxychloroquine

9 of 14 5/20/2020, 12:50 PM



Kaufmann AM, Krise JP (April 2007). "Lysosomal sequestration of amine-containing drugs:
analysis and therapeutic implications". Journal of Pharmaceutical Sciences. 96 (4): 729–46.
doi:10.1002/jps.20792 (https://doi.org/10.1002%2Fjps.20792). PMID 17117426 (https://pubmed.nc
bi.nlm.nih.gov/17117426).

29. 

Ohkuma S, Poole B (July 1978). "Fluorescence probe measurement of the intralysosomal pH in
living cells and the perturbation of pH by various agents" (https://www.ncbi.nlm.nih.gov/pmc/article
s/PMC392768). Proceedings of the National Academy of Sciences of the United States of
America. 75 (7): 3327–31. Bibcode:1978PNAS...75.3327O (https://ui.adsabs.harvard.edu/abs/197
8PNAS...75.3327O). doi:10.1073/pnas.75.7.3327 (https://doi.org/10.1073%2Fpnas.75.7.3327).
PMC 392768 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC392768). PMID 28524 (https://pubme
d.ncbi.nlm.nih.gov/28524).

30. 

Ohkuma S, Chudzik J, Poole B (March 1986). "The effects of basic substances and acidic
ionophores on the digestion of exogenous and endogenous proteins in mouse peritoneal
macrophages" (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2114118). The Journal of Cell
Biology. 102 (3): 959–66. doi:10.1083/jcb.102.3.959 (https://doi.org/10.1083%2Fjcb.102.3.959).
PMC 2114118 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2114118). PMID 3949884 (https://pu
bmed.ncbi.nlm.nih.gov/3949884).

31. 

Oda K, Koriyama Y, Yamada E, Ikehara Y (December 1986). "Effects of weakly basic amines on
proteolytic processing and terminal glycosylation of secretory proteins in cultured rat hepatocytes"
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1147481). The Biochemical Journal. 240 (3):
739–45. doi:10.1042/bj2400739 (https://doi.org/10.1042%2Fbj2400739). PMC 1147481 (https://ww
w.ncbi.nlm.nih.gov/pmc/articles/PMC1147481). PMID 3493770 (https://pubmed.ncbi.nlm.nih.gov/3
493770).

32. 

Hurst NP, French JK, Gorjatschko L, Betts WH (January 1988). "Chloroquine and
hydroxychloroquine inhibit multiple sites in metabolic pathways leading to neutrophil superoxide
release". The Journal of Rheumatology. 15 (1): 23–27. PMID 2832600 (https://pubmed.ncbi.nlm.ni
h.gov/2832600).

33. 

Fox R (June 1996). "Anti-malarial drugs: possible mechanisms of action in autoimmune disease
and prospects for drug development". Lupus. 5 Suppl 1: S4–10.
doi:10.1177/096120339600500103 (https://doi.org/10.1177%2F096120339600500103).
PMID 8803903 (https://pubmed.ncbi.nlm.nih.gov/8803903).

34. 

Waller D, Sampson T. Medical Pharmacology and Therapeutics (2nd ed.). p. 370.35. 

Schrezenmeier E, Dörner T (March 2020). "Mechanisms of action of hydroxychloroquine and
chloroquine: implications for rheumatology". Nature Reviews. Rheumatology. 16 (3): 155–66.
doi:10.1038/s41584-020-0372-x (https://doi.org/10.1038%2Fs41584-020-0372-x). PMID 32034323
(https://pubmed.ncbi.nlm.nih.gov/32034323).

36. 

Takeda K, Kaisho T, Akira S (2003). "Toll-like receptors". Annual Review of Immunology. 21:
335–76. doi:10.1146/annurev.immunol.21.120601.141126 (https://doi.org/10.1146%2Fannurev.im
munol.21.120601.141126). PMID 12524386 (https://pubmed.ncbi.nlm.nih.gov/12524386).

37. 

Sullivan DJ (December 2002). "Theories on malarial pigment formation and quinoline action". Int J
Parasitol. 32 (13): 1645–53. doi:10.1016/S0020-7519(02)00193-5 (https://doi.org/10.1016%2FS00
20-7519%2802%2900193-5). PMID 12435449 (https://pubmed.ncbi.nlm.nih.gov/12435449).

38. 

"Single Drug Information" (https://www.msh.org/sites/default/files/msh-2015-international-medical-p
roducts-price-guide.pdf) (PDF). International Medical Products Price Guide. Retrieved
31 December 2019.

39. 

"NADAC as of 2019-08-07" (https://data.medicaid.gov/Drug-Pricing-and-Payment/NADAC-as-of-20
19-08-07/m7ng-9e3x). Centers for Medicare and Medicaid Services. Retrieved 19 March 2020.
"Typical dose is 600mg per day. Costs [$]0.28157 per [daily] dose.…"

40. 

Hydroxychloroquine - Wikipedia https://en.wikipedia.org/wiki/Hydroxychloroquine

10 of 14 5/20/2020, 12:50 PM



British national formulary: BNF 69 (https://rudiapt.files.wordpress.com/2017/11/british-national-form
ulary-69.pdf#page=752) (PDF) (69 ed.). British Medical Association. 2015. p. 730.
ISBN 9780857111562. Archived (https://web.archive.org/web/20200416001726if_/https://rudiapt.fil
es.wordpress.com/2017/11/british-national-formulary-69.pdf#page=752) (PDF) from the original on
16 April 2020 – via rudiapt.files.wordpress.com.

41. 

"Hydroxychloroquine trade names" (https://drugs-about.com/ing/hydroxychloroquine.html). Drugs-
About.com. Retrieved 18 June 2019.

42. 

"Azioni intraprese per favorire la ricerca e l'accesso ai nuovi farmaci per il trattamento del
COVID-19" (https://aifa.gov.it/-/azioni-intraprese-per-favorire-la-ricerca-e-l-accesso-ai-nuovi-farmac
i-per-il-trattamento-del-covid-19). Italian Medicines Agency (AIFA) (in Italian). 17 March 2020.
Retrieved 18 March 2020.

43. 

Gabler E (24 March 2020). "States Say Some Doctors Stockpile Trial Coronavirus Drugs, for
Themselves" (https://www.nytimes.com/2020/03/24/business/doctors-buying-coronavirus-drugs.ht
ml). The New York Times. ISSN 0362-4331 (https://www.worldcat.org/issn/0362-4331). Archived (h
ttps://web.archive.org/web/20200324203009/https://www.nytimes.com/2020/03/24/business/doctor
s-buying-coronavirus-drugs.html) from the original on 24 March 2020. Retrieved 31 March 2020.

44. 

Rowland C. "As Trump touts an unproven coronavirus treatment, supplies evaporate for patients
who need those drugs" (https://www.washingtonpost.com/business/2020/03/20/hospitals-doctors-a
re-wiping-out-supplies-an-unproven-coronavirus-treatment/). Washington Post.

45. 

Torres S. "Stop hoarding hydroxychloroquine. Many Americans, including me, need it" (https://ww
w.washingtonpost.com/opinions/2020/03/24/stop-hoarding-hydroxychloroquine-many-americans-in
cluding-me-need-it/). The Washington Post. Archived (https://web.archive.org/web/202003251727
23/https://www.washingtonpost.com/opinions/2020/03/24/stop-hoarding-hydroxychloroquine-many-
americans-including-me-need-it/) from the original on 25 March 2020. Retrieved 31 March 2020.

46. 

Denise M Hinton (28 March 2020). "Request for Emergency Use Authorization For Use of
Chloroquine Phosphate or Hydroxychloroquine Sulfate Supplied From the Strategic National
Stockpile for Treatment of 2019 Coronavirus Disease" (https://www.fda.gov/media/136534/downlo
ad). US Food and Drug Administration. Retrieved 30 March 2020. "Having concluded that the
criteria for issuance of this authorization under 564(c) of the Act are met, I am authorizing the
emergency use of chloroquine phosphate and hydroxychloroquine sulfate, as described in the
Scope of Authorization section of this letter (Section II) for treatment of COVID-19 when clinical
trials are not available, or participation is not feasible, subject to the terms of this authorization."
This article incorporates text from this source, which is in the public domain.

47. 

"Emergency Use Authorization" (https://www.fda.gov/emergency-preparedness-and-response/mc
m-legal-regulatory-and-policy-framework/emergency-use-authorization). FDA. 29 March 2020.
Retrieved 30 March 2020. "On March 28, 2020, FDA issued an EUA to allow hydroxychloroquine
sulfate and chloroquine phosphate products donated to the Stategic National Stockpile (SNS) to
be distributed and used for certain hospitalized patients with COVID-19. These drugs will be
distributed from the SNS to states for doctors to prescribe to adolescent and adult patients
hospitalized with COVID-19, as appropriate, when a clinical trial is not available or feasible."
This article incorporates text from this source, which is in the public domain.

48. 

"Product-Specific Guidances for Chloroquine Phosphate and Hydroxychloro" (https://www.fda.gov/
regulatory-information/search-fda-guidance-documents/product-specific-guidances-chloroquine-ph
osphate-and-hydroxychloroquine-sulfate). U.S. Food and Drug Administration. 13 April 2020.
Retrieved 13 April 2020.

49. 

Nisen, Max (19 March 2020). "Trump Is Overhyping Unproven Coronavirus Drugs" (https://www.wa
shingtonpost.com/business/trump-is-overhyping-unproven-coronavirus-drugs/2020/03/19/ed1ff4e2
-6a1a-11ea-b199-3a9799c54512_story.html). The Washington Post. Bloomberg. Retrieved
24 March 2020.

50. 

Hydroxychloroquine - Wikipedia https://en.wikipedia.org/wiki/Hydroxychloroquine

11 of 14 5/20/2020, 12:50 PM



"Remarks by President Trump, Vice President Pence, and Members of the Coronavirus Task
Force in Press Briefing" (https://www.whitehouse.gov/briefings-statements/remarks-president-trum
p-vice-president-pence-members-coronavirus-task-force-press-briefing-6/). White House.
Retrieved 24 March 2020.

51. 

Dale, Daniel (20 March 2020). "Fact check: Trump wrongly claims FDA 'approved' drug
chloroquine to treat the coronavirus" (https://edition.cnn.com/2020/03/19/politics/fact-check-chloro
quine-trump-fda/index.html). CNN. Retrieved 29 March 2020.

52. 

Naftulin, Julia (20 March 2020). "The FDA is allowing two drugs to be used for 'compassionate use'
to treat the coronavirus. Here's what that means" (https://www.businessinsider.com/chloroquine-re
mdesivir-compassionate-use-coronavirus-what-it-means-2020-3). Business Insider. Retrieved
1 April 2020.

53. 

Coppock, Kristen (19 March 2020). "FDA Announces Two Drugs Given 'Compassionate Use'
Status in Treating COVID-19" (https://www.pharmacytimes.com/news/fda-announces-two-drugs-ap
proved-for-compassionate-use-in-treating-covid-19). Pharmacy Times. Retrieved 1 April 2020.

54. 

Rowland, Christopher (23 March 2020). "As Trump touts an unproven coronavirus treatment,
supplies evaporate for patients who need those drugs" (https://www.washingtonpost.com/business
/2020/03/20/hospitals-doctors-are-wiping-out-supplies-an-unproven-coronavirus-treatment/). The
Washington Post. Retrieved 24 March 2020.

55. 

Parkinson, Joe; Gauthier-Villars, David (23 March 2020). "Trump Claim That Malaria Drugs Treat
Coronavirus Sparks Warnings, Shortages" (https://www.wsj.com/articles/trump-claim-that-malaria-
drugs-treat-coronavirus-sparks-warnings-shortages-11584981897). The Wall Street Journal.
Retrieved 26 March 2020.

56. 

Gander, Kashmira (24 March 2020). "Health Officials Warn Against Self-Medicating With
Chloroquine for Coronavirus After Man Dies From Taking Fish Tank Cleaner" (https://www.newswe
ek.com/health-officials-warn-against-self-medicating-chloroquine-coronavirus-after-man-dies-takin
g-fish-1493874). Newsweek. Retrieved 25 March 2020.

57. 

"Trump Says He's Taking Hydroxychloroquine" (https://web.archive.org/web/20200519022435/http
s://www.bloomberg.com/news/articles/2020-05-18/trump-says-he-s-taking-anti-malaria-drug-hydro
xychloroquine?utm_source=twitter&cmpid=socialflow-twitter-business&utm_campaign=socialflow-
organic&utm_medium=social&utm_content=business&__twitter_impression=true).
www.bloomberg.com/web.archive.org. 19 May 2020. Archived from the original (https://www.bloom
berg.com/news/articles/2020-05-18/trump-says-he-s-taking-anti-malaria-drug-hydroxychloroquine)
on 19 May 2020. Retrieved 19 May 2020.

58. 

"Assessment of Evidence for COVID-19-Related Treatments: Updated 4/3/2020" (https://www.ash
p.org/-/media/assets/pharmacy-practice/resource-centers/Coronavirus/docs/ASHP-COVID-19-Evid
ence-Table.ashx). ASHP. Retrieved 7 April 2020.

59. 

Mahase E (March 2020). "Covid-19: six million doses of hydroxychloroquine donated to US
despite lack of evidence". BMJ. 368: m1166. doi:10.1136/bmj.m1166 (https://doi.org/10.1136%2Fb
mj.m1166). PMID 32205321 (https://pubmed.ncbi.nlm.nih.gov/32205321).

60. 

"Coronavirus Disease 2019 (COVID-19)" (https://www.cdc.gov/coronavirus/2019-ncov/hcp/therape
utic-options.html). Centers for Disease Control and Prevention. 11 February 2020. Retrieved
9 April 2020.

61. 

Kalil AC (March 2020). "Treating COVID-19-Off-Label Drug Use, Compassionate Use, and
Randomized Clinical Trials During Pandemics". JAMA. doi:10.1001/jama.2020.4742 (https://doi.or
g/10.1001%2Fjama.2020.4742). PMID 32208486 (https://pubmed.ncbi.nlm.nih.gov/32208486).

62. 

Hydroxychloroquine - Wikipedia https://en.wikipedia.org/wiki/Hydroxychloroquine

12 of 14 5/20/2020, 12:50 PM



"FDA cautions against use of hydroxychloroquine or chloroquine for COVID-19 outside of the
hospital setting or a clinical trial due to risk of heart rhythm problems" (https://www.fda.gov/drugs/d
rug-safety-and-availability/fda-cautions-against-use-hydroxychloroquine-or-chloroquine-covid-19-o
utside-hospital-setting-or). FDA. 24 April 2020.

63. 

"Hydroxychloroquine | Johns Hopkins ABX Guide" (https://www.hopkinsguides.com/hopkins/view/J
ohns_Hopkins_ABX_Guide/540748/all/Hydroxychloroquine). www.hopkinsguides.com. Retrieved
24 April 2020.

64. 

Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M, et al. (March 2020).
"Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an open-label non-
randomized clinical trial" (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102549). International
Journal of Antimicrobial Agents: 105949. doi:10.1016/j.ijantimicag.2020.105949 (https://doi.org/10.
1016%2Fj.ijantimicag.2020.105949). PMC 7102549 (https://www.ncbi.nlm.nih.gov/pmc/articles/PM
C7102549). PMID 32205204 (https://pubmed.ncbi.nlm.nih.gov/32205204).

65. 

Marcus A (6 April 2020). "Hydroxychloroquine-COVID-19 study did not meet publishing society's
"expected standard" " (https://retractionwatch.com/2020/04/06/hydroxychlorine-covid-19-study-did-
not-meet-publishing-societys-expected-standard/). Retraction Watch. Retrieved 13 April 2020.

66. 

Bik E (24 March 2020). "Thoughts on the Gautret et al. paper about Hydroxychloroquine and
Azithromycin treatment of COVID-19 infections" (https://scienceintegritydigest.com/2020/03/24/tho
ughts-on-the-gautret-et-al-paper-about-hydroxychloroquine-and-azithromycin-treatment-of-covid-1
9-infections/). Science Integrity Digest. Retrieved 13 April 2020.

67. 

Marcus A (12 April 2020). "Elsevier investigating hydroxychloroquine-COVID-19 paper" (https://retr
actionwatch.com/2020/04/12/elsevier-investigating-hydroxychloroquine-covid-19-paper/).
Retraction Watch. Retrieved 13 April 2020.

68. 

Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M, et al. (March 2020).
"Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an open-label non-
randomized clinical trial" (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102549). International
Journal of Antimicrobial Agents: 105949. doi:10.1016/j.ijantimicag.2020.105949 (https://doi.org/10.
1016%2Fj.ijantimicag.2020.105949). PMC 7102549 (https://www.ncbi.nlm.nih.gov/pmc/articles/PM
C7102549). PMID 32205204 (https://pubmed.ncbi.nlm.nih.gov/32205204).

69. 

"Statement on IJAA paper" (https://www.isac.world/news-and-publications/official-isac-statement).
International Society of Antimicrobial Chemotherapy. Retrieved 13 April 2020.

70. 

"Joint ISAC and Elsevier statement on Gautret et al. paper [PMID 32205204]" (https://www.isac.wo
rld/news-and-publications/isac-elsevier-statement). International Society of Antimicrobial
Chemotherapy. Retrieved 13 April 2020.

71. 

"NIH clinical trial of hydroxychloroquine, a potential therapy for COVID-19, begins" (https://www.ni
h.gov/news-events/news-releases/nih-clinical-trial-hydroxychloroquine-potential-therapy-covid-19-
begins). National Institutes of Health (NIH) (Press release). 9 April 2020. Retrieved 11 April 2020.

72. 

"Outcomes Related to COVID-19 Treated With Hydroxychloroquine Among In-patients With
Symptomatic Disease (ORCHID)" (https://clinicaltrials.gov/ct2/show/NCT04332991).
ClinicalTrials.gov. 3 April 2020. Retrieved 11 April 2020.

73. 

"Hydroxychloroquine" (https://druginfo.nlm.nih.gov/drugportal/name/hydroxychloroquine). Drug
Information Portal. U.S. National Library of Medicine.

Retrieved from "https://en.wikipedia.org/w/index.php?title=Hydroxychloroquine&oldid=957734176"

Hydroxychloroquine - Wikipedia https://en.wikipedia.org/wiki/Hydroxychloroquine

13 of 14 5/20/2020, 12:50 PM



This page was last edited on 20 May 2020, at 08:34 (UTC).

Text is available under the Creative Commons Attribution-ShareAlike License; additional terms may apply. By using this
site, you agree to the Terms of Use and Privacy Policy. Wikipedia® is a registered trademark of the Wikimedia Foundation,
Inc., a non-profit organization.

Hydroxychloroquine - Wikipedia https://en.wikipedia.org/wiki/Hydroxychloroquine

14 of 14 5/20/2020, 12:50 PM


