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Purdue Frederick, USA); these increases were considered poten-
tially lethal, even in opioid-tolerant patients.1 Subsequently, this
formulation was voluntarily withdrawn by the US manufacturer
in July 2005.

1. Food and Drug Administration. FDA alert for healthcare profes-
sionals: alcohol-Palladone  interaction (issued 13th July, 2005).
Available at: http://www.fda.gov/cder/drug/InfoSheets/HCP/
hydromorphoneHCP.pdf (accessed 26/06/08)

Pharmacokinetics
Hydromorphone hydrochloride is rapidly but incom-
pletely absorbed from the gastrointestinal tract after
oral doses; peak plasma concentrations occur within
0.5 to 1 hour. Oral bioavailability is about 50% as it
undergoes extensive first-pass metabolism. Hydromor-
phone is about 8 to 19% bound to plasma proteins. A
plasma elimination half-life of about 2.5 hours has
been reported after oral or intravenous doses. Hydro-
morphone appears to be widely distributed in the tis-
sues; it crosses the placenta and is distributed into
breast milk. It is extensively metabolised by glucuroni-
dation in the liver and excreted in the urine mainly as
conjugated hydromorphone, dihydroisomorphine, and
dihydromorphine.
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Uses and Administration
Hydromorphone hydrochloride, a phenanthrene deriv-
ative, is an opioid analgesic (p.104). It is related to
morphine (p.89) but with a greater analgesic potency.
Hydromorphone hydrochloride is used for the relief of
moderate to severe pain and for the relief of non-pro-
ductive cough. 

In the treatment of pain, hydromorphone hydrochlo-
ride is a useful alternative to morphine for subcutane-
ous use since its greater solubility in water allows a
smaller dose volume. After injection onset of action
usually occurs within 15 minutes and analgesia is re-
ported to last for more than 5 hours; after oral doses
onset of analgesia is usually within 30 minutes. It is
given by subcutaneous or intramuscular injection in
initial doses of 1 to 2 mg every 4 to 6 hours as neces-
sary. It may also be given by slow intravenous injection
or by intravenous or subcutaneous infusion, with doses
adjusted according to individual requirements. Higher
parenteral doses may be given to opioid-tolerant pa-
tients using a highly concentrated solution containing
10 mg/mL that allows smaller dose volumes. In the
UK, the initial oral dose is 1.3 mg every 4 hours; there-
after the dose may be increased as necessary. In the
USA, initial oral doses of 2 mg may be given every 4
to 6 hours; doses may be increased to 4 mg or more for
severe pain. Modified-release preparations are availa-
ble for less frequent administration, but see Alcohol,
under Interactions, above. By rectum, the usual dose is
3 mg every 6 to 8 hours. 

For the relief of non-productive cough hydromor-
phone hydrochloride is given, as a syrup, in doses of
1 mg repeated every 3 to 4 hours.
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Preparations
USP 31: Hydromorphone Hydrochloride Injection; Hydromorphone Hy-
drochloride Tablets.
Proprietary Preparations (details are given in Part 3)
Arg.: Dolonovag; Austral.: Dilaudid; Austria: Dilaudid; Hydal; Belg.: Palla-
done; Canad.: Dilaudid; Hydromorph; Cz.: Jurnista; Palladone; Denm.:
Opidol†; Palladon; Fin.: Palladon; Fr.: Sophidone; Ger.: Dilaudid; Palladon;
Hung.: Palladone; Irl.: Palladone; Israel: Palladone; Mex.: Liberaxim;
Neth.: Palladon; Norw.: Palladon; NZ: Dilaudid†; Port.: Jurnista; Palladone;
Swed.: Opidol†; Palladon; Switz.: Palladon; UK: Palladone; USA: Dilaudid;
Palladone†.
Multi-ingredient: Swed.: Dilaudid-Atropin; Switz.: Dilaudid-Atropin†;
USA: Dilaudid Cough.

Ibuprofen (BAN, USAN, rINN)

Ibuprofeeni; Ibuprofén; Ibuprofenas; Ibuprofène; Ibuprofeno; Ibu-
profenum; RD-13621; U-18573. 2-(4-Isobutylphenyl)propionic
acid.
Ибупрофен
C13H18O2 = 206.3.
CAS — 15687-27-1.
ATC — C01EB16; G02CC01; M01AE01; M02AA13.
ATC Vet — QC01EB16; QG02CC01; QM01AE01;
QM02AA13.

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, US, and
Viet. 
Ph. Eur. 6.2 (Ibuprofen). A white or almost white, crystalline
powder or colourless crystals. M.p. 75° to 78°. Practically insol-
uble in water; freely soluble in acetone, in dichloromethane, and
in methyl alcohol; it dissolves in dilute solutions of alkali hy-
droxides and carbonates. 
USP 31 (Ibuprofen). A white to off-white crystalline powder
having a slight characteristic odour. Practically insoluble in wa-
ter; very soluble in alcohol, in acetone, in chloroform, and in
methyl alcohol; slightly soluble in ethyl acetate. Store in airtight
containers.

Ibuprofen Lysine (USAN)

Ibuprofen Lysinate; Soluphene. Lysine 2-(4-isobutylphenyl)propi-
onate.
Ибупрофен Лизин
C19H32N2O4 = 352.5.
CAS — 57469-77-9.
ATC — C01EB16; G02CC01; M01AE01; M02AA13.
ATC Vet — QC01EB16; QG02CC01; QM01AE01;
QM02AA13.

Stability. Solutions of ibuprofen lysine in Water for Injections
stored at room temperature were found to be most stable when
protected from light.1
1. Volonté MG, et al. Stability of ibuprofen in injection solutions.

Am J Health-Syst Pharm 2005; 62: 630–3.

Adverse Effects, Treatment, and Precau-
tions
As for NSAIDs in general, p.96. Ibuprofen may be bet-
ter tolerated than other NSAIDs. 
Adverse effects that may be associated with the use of
ibuprofen injection in premature neonates include in-
traventricular haemorrhage, periventricular leucoma-
lacia, bronchopulmonary dysplasia, pulmonary haem-
orrhage, necrotising enterocolitis, intestinal
perforation, oliguria, fluid retention, and haematuria;
hypoxaemia and gastrointestinal haemorrhage have
also been reported. In addition ibuprofen injection
should not be given to neonates with life-threatening
infection, with significant renal impairment, or with
known or suspected necrotising enterocolitis. Infants
who are bleeding (especially gastrointestinal bleeding
or intracranial haemorrhage) or who have thrombocy-

topenia or coagulation defects should also not be given
parenteral ibuprofen, and those given it should be mon-
itored during treatment for signs of bleeding. Renal
function should be monitored and if anuria or marked
oliguria is evident at the time of a scheduled second or
third dose, it should be delayed until renal function has
returned to normal. 
Symptoms of nausea, vomiting, and tinnitus have been
reported after ibuprofen overdosage. More serious tox-
icity is uncommon, but gastric emptying followed by
supportive measures is recommended if the quantity
ingested within the previous hour exceeds 400 mg/kg.
Breast feeding. No adverse effects have been seen in breast-
fed infants whose mothers were receiving ibuprofen, and the
American Academy of Pediatrics considers1 that it is therefore
usually compatible with breast feeding. The BNF also considers
the amount of ibuprofen distributed into breast milk to be too
small to be harmful to a breast-fed infant. A study2 estimated that
a breast-fed infant would ingest about 0.0008% of the maternal
dose. However, licensed product information for some prepara-
tions, including some topical preparations, recommends that
breast feeding should be avoided during ibuprofen treatment.
1. American Academy of Pediatrics. The transfer of drugs and oth-

er chemicals into human milk. Pediatrics 2001; 108: 776–89.
Correction. ibid.; 1029. Also available at: 
h t tp: / /aappol icy.aappublica tions.org/cgi /content /ful l /
pediatrics%3b108/3/776 (accessed 07/11/07) 

2. Walter K, Dilger C. Ibuprofen in human milk. Br J Clin Pharma-
col 1997; 44: 211–12.

Children. An analysis1 of the outcome of treatment of 83 915
children found that the risk of hospitalisation for gastrointestinal
bleeding, renal failure, or anaphylaxis was no greater in children
given ibuprofen than in those given paracetamol.
1. Lesko SM, Mitchell AA. An assessment of the safety of pediatric

ibuprofen. JAMA 1995; 273: 929–33.

Effects on the blood. Blood disorders including agranulocy-
tosis, aplastic anaemia,1 pure white-cell aplasia,2 and
thrombocytopenia3 have been reported in patients taking ibupro-
fen. Fatal haemolytic anaemia occurred in a man taking ibupro-
fen and oxazepam.4
1. Gryfe CI, Rubenzahl S. Agranulocytosis and aplastic anemia

possibly due to ibuprofen. Can Med Assoc J 1976; 114: 877. 
2. Mamus SW, et al. Ibuprofen-associated pure white-cell aplasia.

N Engl J Med 1986; 314: 624–5. 
3. Jain S. Ibuprofen-induced thrombocytopenia. Br J Clin Pract

1994; 48: 51. 
4. Guidry JB, et al. Fatal autoimmune hemolytic anemia associated

with ibuprofen. JAMA 1979; 242: 68–9.

Effects on the cardiovascular system. For a discussion of
the cardiovascular effects of NSAIDs, including ibuprofen, see
p.96.
Effects on the CNS. Aseptic meningitis has occurred in pa-
tients taking NSAIDs. A review1 of NSAID-related CNS ad-
verse effects summarised 23 literature reports of NSAID-associ-
ated aseptic meningitis; 17 reports involved ibuprofen, 4
sulindac, 1 naproxen, and 1 tolmetin. Of the 23 reports, 11 were
in patients with a diagnosis of SLE. Typically the reaction is seen
in patients who have just restarted NSAID therapy after a gap in
their treatment. Within a few hours of restarting the NSAID the
patient experiences fever, headache, and a stiff neck; abdominal
pain may be present. The patient may become lethargic and
eventually comatose. Symptoms resolve if the NSAID is
stopped. It is believed to be a hypersensitivity reaction but there
does not appear to be cross-reactivity between NSAIDs. 
Similar conclusions have also been reported more recently.2 Af-
ter experience of 2 cases, a review of the literature identified 71
episodes of ibuprofen-induced aseptic meningitis in 36 patients;
22 patients had recurrent episodes after repeated ibuprofen use.
An underlying auto-immune connective tissue disorder was
noted in 22 patients of whom 14 had SLE, 6 had an undifferenti-
ated or mixed disorder, 1 had rheumatoid arthritis , and 1 had
Sjögren’s syndrome. In most cases, symptoms developed within
24 hours of starting ibuprofen although 1 patient had been taking
ibuprofen for 2 years before the onset of symptoms. Cross-reac-
tivity was reported in only 1 patient who had also developed
aseptic meningitis with both naproxen and rofecoxib.
1. Hoppmann RA, et al. Central nervous system side effects of non-

steroidal anti-inflammatory drugs: aseptic meningitis, psychosis,
and cognitive dysfunction. Arch Intern Med 1991; 151:
1309–13. 

2. Rodríguez SC, et al. Characteristics of meningitis caused by ibu-
profen: report of 2 cases with recurrent episodes and review of
the literature. Medicine 2006; 85: 214–20.

Effects on electrolytes. Hyponatraemia has been described in
patients receiving ibuprofen;1-3 other risk factors such as pre-ex-
isting renal impairment or use with desmopressin were generally
present.
1. Blum M, Aviram A. Ibuprofen induced hyponatraemia. Rheuma-

tol Rehabil 1980; 19: 258–9. 
2. Rault RM. Case report: hyponatremia associated with nonsteroi-

dal antiinflammatory drugs. Am J Med Sci 1993; 305: 318–20. 
3. García EBG, et al. Hyponatraemic coma induced by desmo-

pressin and ibuprofen in a woman with von Willebrand’s disease.
Haemophilia 2003; 9: 232–4.
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