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Legionnaires’ disease (p.176) is commonly transmitted
via cooling water in air conditioning systems or hot
water supplies. Hyperchlorination has been attempted to
eradicate the organism from contaminated water sources
but has been largely ineffective6,7 and is no longer recom-
mended. Other disadvantages of using chlorine-based sys-
tems at these temperatures and concentrations are corro-
sion of the plumbing system7 and the production of
potentially carcinogenic byproducts.8 Effective disinfec-
tion can be achieved by raising and maintaining the water
temperature above 50°, ultraviolet light, and copper-silver
ionisation. 
Haemodialysis patients are exposed to large quantities of
municipal drinking water as it is used for the production of
dialysis fluids and may also be used for dialyser rinsing
and reuse. Many of the chemical substances in the water,
such as calcium, sodium, aluminium, chloramines, fluo-
ride, copper, zinc, sulfates, and nitrates are potentially dan-
gerous for dialysis patients, and can lead to acute or chron-
ic poisoning. There is also a microbiological risk
associated with the control of bacterial growth in the water
treatment and distribution system. Contaminants are there-
fore removed by water purification systems. Water is pre-
treated with activated carbon filters to remove chlorine and
its derivatives and other suspended particles, and the hard-
ness of the water is decreased with sodium exchange cati-
onic resins, which remove calcium and magnesium. The
final purification process then involves the removal of dis-
solved salts, bacteria, and endotoxins by reverse osmosis.
Reverse osmosis membranes need to be regularly disin-
fected with chemical agents (such as hypochlorite and per-
acetic acid), heat, or ozone.9
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Hand hygiene
Hospital-acquired infections, including those due to multi-
drug-resistant pathogens, such as meticillin-resistant Sta-
phylococcus aureus, vancomycin-resistant Staph. aureus,
and vancomycin-resistant enterococci, are a major prob-
lem in health care facilities.1 Hand hygiene is one of the
most important factors in preventing such infections, as it
prevents transmission of pathogens by contact and the fae-
cal-oral route. However, healthcare workers frequently do
not wash their hands, and compliance rarely exceeds
40%.2 A randomised study3 to compare the efficacy of an
alcohol-based solution for hand rubbing with hand wash-
ing with a medicated soap in reducing bacterial hand con-
tamination during routine patient care found that the alco-
hol-based solution was significantly more effective (83%
reduction versus 58%). The authors considered that the
difference in efficacy might have been due to the duration
of hand washing. Participants rubbed or washed their
hands for about 30 seconds, but the recommended dura-
tion for hand washing is 30 seconds to 1 minute, a time that
was adhered to in less than 35% of instances. 
Authorities recommend1,2 that alcohol-based hand rubs
should replace hand washing as the standard for hand hy-
giene in all situations in which the hands are not visibly
soiled. The basis for this is that hand rubbing requires less
time, is microbiologically more effective, and is less irri-
tating to skin than traditional hand washing with soap and
water. The CDC in the USA advises4 hand washing with a
non-antimicrobial or antimicrobial soap and water when
hands are visibly dirty or contaminated with proteinaceous
material, blood, or other body fluids and if exposure to Ba-
cillus anthracis is suspected or proven. Alcohols, chlor-

hexidine, iodophores, and other antiseptic agents are not
recommended for B. anthracis contamination as they have
poor activity against the spores. If hands are not visibly
soiled, an alcohol-based hand rub may be used. Decontam-
ination of the hands with an antiseptic hand rub or hand
wash should occur before direct contact with patients, and
before putting on sterile gloves when inserting catheters or
other invasive devices that do not require a surgical proce-
dure. Decontamination of the hands should also occur after
contact with a patient’s intact or non-intact skin, body flu-
ids, mucous membranes, and wound dressings if hands are
not visibly soiled. Hands should be decontaminated if
moving from a contaminated body site to a clean body site
during patient care, after contact with inanimate objects
(including medical equipment) in the immediate vicinity
of the patient, and after removing gloves. When perform-
ing surgical procedures hand hygiene with either an anti-
microbial soap or an alcohol-based hand rub with persist-
ent activity is recommended before putting on sterile
gloves. 
The CDC4 considers that the best antimicrobial efficacy
can be achieved with alcohol (ethanol), isopropyl alcohol,
and propyl alcohol, as their activity is broad and they are
fast acting. Ethanol at high concentrations is the most ef-
fective treatment against non-enveloped viruses, whereas
propyl alcohol seems to be more effective against the res-
ident bacterial flora. Combinations of alcohols may have a
synergistic effect. The antimicrobial efficacy of chlorhexi-
dine (2 to 4%) and triclosan (1 to 2%) is both lower and
slower. Bacterial resistance may occur, although the risk is
higher for chlorhexidine than triclosan. Even if used in
conjunction with hand washing, they are still less effective
than the alcohols. Plain soap and water has the lowest effi-
cacy of all.
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Injection site and catheter care
The need to disinfect the skin before injection is controver-
sial.1 Routine skin preparation of the injection site by
swabbing with antiseptic has been reported to be both
ineffective and unnecessary.2,3 Central venous and arterial
catheters, however, require the application of strict aseptic
technique and injection site antisepsis to reduce the chance
of infection.4 Disinfection of catheter insertion sites with
aqueous chlorhexidine 2% has been reported to be associ-
ated with fewer local and systemic infections than site
preparation with either 10% povidone-iodine solution or
70% isopropyl alcohol,5 although this has been chal-
lenged.6 A subsequent study reported lower rates of cathe-
ter colonisation and catheter-related infection with an alco-
holic solution of chlorhexidine 0.25% and benzalkonium
chloride 0.025% than with povidone-iodine 10%.7 In a
study in preterm infants, technique had greater influence
on bacterial counts at injection sites than the antiseptic
used; chlorhexidine 0.5% in isopropyl alcohol and aque-
ous povidone-iodine 10% were equally effective, but
cleansing with alcoholic chlorhexidine for 30 seconds or
for two 10-second periods was more effective than cleans-
ing for 5 or 10 seconds.8 
The use of catheters impregnated with antiseptics or anti-
bacterials has also been studied. Catheters impregnated
with chlorhexidine and sulfadiazine silver on the external
luminal surface, appear to be effective in reducing both
catheter colonisation and related bloodstream infection in
high-risk patients when used within 14 days.9 Central ve-
nous catheters impregnated with minocycline and rif-
ampicin have been reported to be associated with a lower
infection rate than standard silicone catheters10 and those
impregnated with chlorhexidine and sulfadiazine silver.11 
Guidelines have been produced for the prevention of in-
fection associated with both peripheral intravascular and
central venous catheterisation.12-14
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Pre-operative skin disinfection
Skin preparation with antiseptics before surgery is gener-
ally carried out in an attempt to reduce the risks of surgical
infection (see p.195), but the evidence base for the practice
is conflicting. The CDC recommends1 pre-operative
cleaning of skin at the incision site with either iodophores
(e.g. povidone-iodine), alcohol-containing products, or
chlorhexidine gluconate. While alcohol is considered to be
the most effective and rapidly acting skin antiseptic, there
are no appropriate studies to assess comparative efficacy.
Furthermore, an analysis2 of randomised studies compar-
ing the use of pre-operative skin antiseptics with no anti-
septics and studies comparing different skin antiseptics,
found that there was insufficient evidence to conclude
whether pre-operative skin antiseptics were effective in
preventing postoperative surgical wound infection.
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Wound disinfection
Antiseptic preparations are widely used to treat or prevent
superficial infections and wounds, but their usefulness on
broken skin and wounds has been questioned.1 For further
information on wound care, see p.1585. Chlorine-releas-
ing antiseptic solutions are generally regarded as irritant
and although there is little direct evidence in patients there
is concern that they may delay wound healing. Cetrimide,2
tosylchloramide sodium,3 hydrogen peroxide 3%,4 iodo-
phores,4 and sodium hypochlorite solutions2 are all report-
ed to be cytotoxic in vitro or in animal models. Long-term
or repeated use of these antiseptics for wound cleaning
should probably be avoided. Chlorhexidine is relatively
non-toxic.2,3
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Acridine Derivatives
Acridina, derivados.

Description. Acridine derivatives are a group of quinoline an-
timicrobial dyes structurally related to acridine.
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The symbol † denotes a preparation no longer actively marketed The symbol ⊗ denotes a substance whose use may be restricted in certain sports (see p.vii)

Acriflavinium Chloride (rINN)

Acriflavine; Acriflavine Hydrochloride; Acriflavinii Chloridum;
Acriflavinii Dichloridum; Acriflavinium, Chlorure d’; Akriflavinium-
chlorid; Cloruro de acriflavinio. A mixture of 3,6-diamino-10-
methylacridinium chloride hydrochloride and 3,6-diaminoacrid-
ine dihydrochloride.
Акрифлавиния Хлорид
CAS — 8063-24-9; 65589-70-0.
ATC — R02AA13.
ATC Vet — QG01AC90; QR02AA13.

NOTE. The nomenclature is confusing. Acriflavinium Chloride is
rINN but also the BP name for Acriflavinium Monochloride (see
below).

Acriflavinium Monochloride
Acriflavinii monochloridum; Acriflavinio, monocloruro de; Acri-
flavinium, monochlorure d’; Akriflavinio monochloridas; Akrifla-
viniummonoklorid; Akriflaviniummonokloridi; Euflaviini; Euflavin;
Euflavine; Euflavinum; Neutral Acriflavine; Neutroflavin. A mix-
ture of 3,6-diamino-10-methylacridinium chloride and 3,6-diami-
noacridine monohydrochloride. The latter is usually present to
the extent of between 30 and 40%.
CAS — 68518-47-8.
ATC — D08AA03.
ATC Vet — QD08AA03.

NOTE. The nomenclature is confusing. Although the BP name
was Acriflavinium Chloride this is also rINN for a related com-
pound (see above).

Aminoacridine Hydrochloride (BANM, rINNM)

Aminacrine Hydrochloride (USAN); Aminoacridine, Chlorhydrate
d’; Aminoacridini Hydrochloridum; Hidrocloruro de aminoacridi-
na; NSC-7571. 9-Aminoacridine hydrochloride monohydrate.
Аминоакридина Гидрохлорид
C13H10N2,HCl,H2O = 248.7.
CAS — 90-45-9 (aminoacridine); 134-50-9 (anhydrous
aminoacridine hydrochlor ide).
ATC — D08AA02.
ATC Vet — QD08AA02.

(aminoacr idine)

Ethacridine Lactate (BANM, rINNM)

Acrinol; Aethacridinium Lacticum; Etakridiinilaktaatti; Etakridin-
laktat; Etakridin-laktát; Etakridino laktatas; Etakrydyny mleczan;
Éthacridine, lactate d’; Ethacridini lactas; Ethakridin-laktát; Lactato
de etacridina; Lactoacridine. 6,9-Diamino-2-ethoxyacridine lac-
tate.
Этакридина Лактат
C15H15N3O,C3H6O3 = 343.4.
CAS — 442-16-0 (ethacr idine); 1837-57-6 (ethacridine
lactate); 6402-23-9 (ethacridine lactate monohydrate).
ATC — B05CA08; D08AA01.
ATC Vet — QB05CA08; QD08AA01.

(ethacridine)

Pharmacopoeias. Chin., Eur. (see p.vii), and Jpn describe the
monohydrate. 
Ph. Eur. 6.2 (Ethacridine Lactate Monohydrate). A yellow crys-
talline powder. Sparingly soluble in water; very slightly soluble
in alcohol; practically insoluble in dichloromethane. A 2% solu-
tion in water has a pH of 5.5 to 7.0. Protect from light.

Proflavine Hemisulfate
Proflavine Hemisulphate (pINNM); Hemisulfato de proflavina;
Neutral Proflavine Sulphate; Proflavine, Hémisulfate de; Proflavini
Hemisulfas. 3,6-Diaminoacridine sulphate dihydrate.
Профлавина Гемисульфат
(C13H11N3)2,H2SO4,2H2O = 552.6.
CAS — 92-62-6 (proflavine).

(proflavine)

Profile
The acridine derivatives are slow-acting antiseptics. They are
bacteriostatic against many Gram-positive bacteria but less ef-
fective against Gram-negative bacteria. They are ineffective
against spores. Their activity is increased in alkaline solutions
and is not reduced by tissue fluids. 
The acridine derivatives have been used for the treatment of in-
fected wounds or burns and for skin disinfection, although they
have been largely superseded by other antiseptics or suitable an-
tibacterials. Prolonged treatment may delay healing. They have
also been used for the local treatment of ear, oropharyngeal, and
genito-urinary infections. 
Aminoacridine is reported to be non-staining and is used as the
hydrochloride as eye drops in the treatment and prophylaxis of
superficial eye infections. 
Ethacridine lactate is included in some preparations for the treat-
ment of diarrhoea. It has also been given by extra-amniotic injec-
tion for the termination of pregnancy (p.2004) but other methods
are usually preferred. 
Other acridine derivatives covered elsewhere in Martindale in-
clude mepacrine (p.836), which is used in the treatment of giar-
diasis, and pyronaridine (p.612), which is used to treat malaria.
Amsacrine (p.681) is a 9-anilinoacridine drug that is used in the
treatment of adult leukaemias. Other acridine derivatives are also
under investigation as anticancer drugs because of the ability of
the acridine chromophore to intercalate DNA and inhibit topo-
isomerase enzymes. 
Hypersensitivity to acridine derivatives has been reported.
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Preparations
BPC 1973: Proflavine Cream.
Proprietary Preparations (details are given in Part 3)
Austral.: Aminopt; Ger.: Metifex; Neochinosol; Rivanol; Uroseptol†; In-
dia: Emcredil; Vecredil; Pol.: Rivanol; Rivanolum; Rivel; Rywanol; Turk.: Ri-
vanol.
Multi-ingredient: Arg.: Carnot Topico; Nene Dent; Otocuril; Austral.:
Medijel; Austria: Dermowund; Braz.: Acridin; Cystex; Senol†; Chile: Mol-
ca; Cz.: Tannacomp†; Fr.: Chromargon; Pyorex; Ger.: Anaesthesin-Rivanol;
Nordapanin N†; Otolitan N mit Rivanol†; Tannacomp; Hong Kong: Burn
Cream†; Medijel; Hung.: Glycosept; India: Anaebell†; Emscab; Israel:
Medijel; Malaysia: Burnol Plus; Medijel; NZ: Medijel; Pol.: Septalan; S.Afr.:
Achromide; Daromide; Vagarsol; Singapore: Burnol Plus; Medijel; Spain:
Antigrietun; Hepro; Switz.: Euproctol N; Flavangin†; Haemocortin;
Haemolan; Tyrothricin; Thai.: Burnol Plus; Flavinol; UK: Iglu; Medijel; USA:
Alasulf; Deltavac; DIT1-2.

Alcohol ⊗ 
Aethanolum; Alcool; Alkol; Etanol; Etanol (96%); Etanol bezwod-
ny; Etanoli; Etanolis; Éthanol; Ethanol; Ethanolum; Ethyl Alcohol.
Алкоголь; Этанол
C2H5OH = 46.07.
CAS — 64-17-5.
ATC — D08AX08; V03AB16; V03AZ01.
ATC Vet — QD08AX08; QV03AB16; QV03AZ01.

NOTE. The following terms have been used as ‘street names’ (see
p.vi) or slang names for various forms of alcohol: 

Booze; Drinks; Grog; Juice; Jungle juice; Liq; Liquor; Lunch
head; Moonshine; Piss; Sauce; Schwillins.
Pharmacopoeias. Various strengths are included in Br., Chin.,
Eur. (see p.vii), Int., Jpn, US, and Viet. Also in USNF. 
In Martindale the term alcohol is used for alcohol 95 or 96% v/v. 
Ph. Eur. 6.2 (Ethanol, Anhydrous; Ethanolum Anhydricum; Etha-
nol BP 2008). It contains not less than 99.5% v/v or 99.2% w/w
of C2H5OH at 20°. A colourless, clear, volatile, flammable, hy-
groscopic liquid; it burns with a blue, smokeless flame. B.p.
about 78°. Miscible with water and with dichloromethane. Pro-
tect from light. 
The BP 2008 gives Absolute Alcohol and Dehydrated Alcohol
as approved synonyms. 
Ph. Eur. 6.2 (Ethanol (96 per cent)). It contains not less than
95.1% v/v or 92.6% w/w and not more than 96.9% v/v or
95.2% w/w of C2H5OH at 20°, and water. A colourless, clear,
volatile, flammable, hygroscopic liquid; it burns with a blue,
smokeless flame. B.p. about 78°. Miscible with water and with
dichloromethane. Protect from light. 
The BP 2008 gives Alcohol (96 per cent) as an approved syno-
nym. 
BP 2008 (Dilute Ethanols). The monograph describes several di-
lute alcohols containing between 20 and 90% v/v of C2H5OH,
and one of these, ethanol (90%), is also known as rectified spirit. 
USP 31 (Alcohol). It contains not less than 92.3% w/w or
94.9% w/v and not more than 93.8% w/w or 96.0% w/v of
C2H5OH at 15.56°. A clear, colourless, mobile, volatile liquid
with a characteristic odour and burning taste; it is flammable.
B.p. about 78°. Miscible with water and with almost all other or-
ganic solvents. Store in airtight containers. Protect from light. 
USP 31 (Dehydrated Alcohol). It contains not less than
99.5% v/v or 99.2% w/w of C2H5OH (sp. gr. not more than
0.7962 at 15.56°). Store in airtight containers. Protect from light. 
USNF 26 (Diluted Alcohol). It contains 48.4 to 49.5% v/v or 41
to 42% w/w of C2H5OH. Store away from fire in airtight contain-
ers.
Alcoholic strength. This is expressed as a percentage by vol-
ume of alcohol. It was previously often expressed in terms of
proof spirit. Proof spirit contained about 57.1% v/v or
49.2% w/w of C2H5OH, and was defined as ‘that which at the
temperature of 51°F weighs exactly twelve-thirteenths of an
equal measure of distilled water’. Spirit of such a strength that
100 volumes contained as much ethyl alcohol as 160 volumes of
proof spirit was described as ‘60 OP’ (over proof). Spirit of
which 100 volumes contained as much alcohol as 40 volumes of
proof spirit was described as ‘60 UP’ (under proof). 
An alternative method of indicating spirit strength was used on
the labels of alcoholic beverages in the UK when the strength
was given as a number of degrees, proof spirit being taken as
100°. In the USA alcoholic strength is expressed in degrees, the
value of which is equal to twice the percentage by volume. Thus
70° proof (old UK system) is equivalent to 40% v/v, and there-
fore to 80° proof (USA system).

Adverse Effects
Adverse effects of alcohol arise chiefly from the intake
of alcoholic beverages. The concentration of alcohol in
the blood producing a state of intoxication varies be-
tween individuals. 
• Low concentrations (up to 180 mg per 100 mL) of

alcohol may result in impaired vision, reaction time,
and coordination and emotional lability. 

• At low to moderate concentrations (180 to 350 mg
per 100 mL), alcohol acts as an apparent stimulant;
depression of cortical function causes loss of judge-
ment, slurred speech, diplopia, blurred vision, ataxia,
lack of coordination, blackouts, sweating, tachycar-
dia, nausea, vomiting, and incontinence. Alcohol in-
hibits the release of antidiuretic hormone resulting in
enhanced diuresis. Acidosis (especially in children),
hypoglycaemia, and hypokalaemia may occur. 

• High concentrations (350 to 450 mg per 100 mL) of
alcohol result in cold clammy skin, hypothermia, hy-
potension, stupor, coma, dilated pupils, and de-
pressed or absent tendon reflexes. Severe hypogly-
caemia, convulsions, respiratory depression, and
metabolic acidosis may occur. Cardiac arrhythmias
such as atrial fibrillation and AV block have been re-
corded. 

The median lethal blood-alcohol concentration is gen-
erally estimated to be about 400 to 500 mg per 100 mL.
Death may occur at lower blood-alcohol concentra-
tions due to inhalation of vomit during unconscious-
ness. 
Chronic excessive consumption of alcohol may cause
damage to many organs, particularly the brain and the
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