Profile
Closantel is an anthelmintic used in veterinary medicine for the
treatment of fluke and nematode infections.

Effects on the eyes. Loss of eyesight was reported in 11 wom-
en who received closantel (Flukiver) in mistake for a gynaeco-
logical product.* Sight was restored after closantel was stopped
but incapacitating eye pain remained.

1. 't Hoen E, et al. Harmful human use of donated veterinary drug.
Lancet 1993; 342: 308-9.

Diamfenetide (AN, iNN)

Diamfenetida; Diamfénétide; Diamfenetidum; Diamphenethide.
B,B"-Oxybis(aceto-p-phenetidide).

AnambeHeTnA,

CyoHosN,O5 = 372.4.

CAS — 36141-82-9.
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Profile
Diamfenetide is an anthelmintic that has been used in veterinary
medicine for the control of fascioliasis in sheep.

Dichlorophen AN, iNN)

Dichlorophéne; Dichlorophenum; Diclorofeno; Di-phenthane-
70; G-4. 2,2"-Methylenebis(4-chlorophenol).

AuxropodeH

C3H,0ClLO; = 269.1.

CAS — 97-23-4.

ATC — P02DX02.

ATC Vet — QP52AGO1.

OH OH

Cl Cl

Pharmacopoeias. In Br. and Fr.

BP 2008 (Dichlorophen). A white or slightly cream-coloured
powder with a not more than slightly phenolic odour. Practically
insoluble in water; freely soluble in alcohol; very soluble in ether.
Profile

Dichlorophen is an anthelmintic that was used in the treatment of
infection by tapeworms but has been superseded by praziquantel
or niclosamide.

Dichlorophen also has antifungal and antibacterial activity and
has been used topically in the treatment of fungal infections and
as a germicide in soaps and cosmetics.

Preparations

BP 2008: Dichlorophen Tablets.

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: S.Afr.: Mycotat; UK: Mycota.

Diethylcarbamazine Citrate
(BANM, INNM)

Citrato de dietilcarbamazina; Diethylcarbam. Cit; Diethylcar-
bamazine Acid Citrate; Diéthylcarbamazine, citrate de; Diethyl-
carbamazini citras; Diethylkarbamazin-citrdt; Dietilkarbamazin-
citrdt; Dietilkarbamazino citratas; Dietylkarbamazincitrat; Dietyy-
likarbamatsiinisitraatti; Ditrazini Citras; RP-3799. NN-Diethyl-4-
methylpiperazine- | -carboxamide dihydrogen citrate.
AuaTrakapbamasuiHa LiyTpat

CoHy N3O, CHgO; = 391.4.

CAS — 90-89-1 (diethylcarbamazine); |642-54-2 (di-
ethylcarbamazine citrate).

ATC — P02CBO2.

o
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(diethylcarbamazine)

H3C

Pharmacopoeias. In Chin., Eur. (see p.vii), Int., Jpn, and US.
Ph. Eur. 6.2 (Diethylcarbamazine Citrate). A white or almost
white, crystalline, slightly hygroscopic powder. Very soluble in
water; soluble in alcohol; practically insoluble in acetone. Store
in airtight containers.

USP 31 (Diethylcarbamazine Citrate). A white, crystalline,
slightly hygroscopic powder, odourless or has a slight odour.
Very soluble in water; sparingly soluble in alcohol; practically in-
soluble in acetone, in chloroform, and in ether. Store in airtight
containers.

Adverse Effects

Adverse effects directly attributable to diethylcar-
bamazine include nausea and vomiting. Headache, diz-
ziness, and drowsiness may occur.

Hypersensitivity reactions arise from the death of the
microfilariae. These can be serious, especially in on-
chocerciasis where there may also be sight-threatening
ocular toxicity; fatalities have been reported. Encepha-
litis may be exacerbated in patients with loiasis and fa-
talities have occurred.

¢ Reactions occurring during diethylcarbamazine treatment of
lymphatic filariasis are basically of 2 types: pharmacological
dose-dependent responses and a response of the infected host to
the destruction and death of parasites.:

« Reactions of the first type include weakness, dizziness, lethar-
gy, anorexia, and nausea. They begin within 1 to 2 hours of
taking diethylcarbamazine, and persist for a few hours.

« Reactions of the second type are less likely to occur and are
less severe in bancroftian than in brugian filariasis. They may
be systemic or local, both with or without fever.

Systemic reactions may occur a few hours after the first oral
dose of diethylcarbamazine and generally do not last for more
than 3 days. They include headache, aches in other parts of the
body, joint pain, dizziness, anorexia, malaise, transient haem-
aturia, allergic reactions, vomiting, and sometimes attacks of
bronchial asthma in asthmatic patients. Fever and systemic re-
actions are positively associated with microfilaraemia. Sys-
temic reactions are reduced if diethylcarbamazine is given in
spaced doses or in repeated small doses. They eventually
cease spontaneously and interruption of treatment is rarely
necessary; symptomatic treatment with antipyretics or analge-
sics may be helpful.

Local reactions tend to occur later in the course of treatment
and last longer; they also disappear spontaneously and inter-
ruption of treatment is not necessary. Local reactions include
lymphadenitis, abscess, ulceration, and transient lymphoede-
ma; funiculitis and epididymitis may also occur in bancroftian
filariasis.
It has been suggested that the release of interleukin-6 may be im-
plicated in diethylcarbamazine’s adverse effects in patients with
lymphatic filariasis.?
In most patients with onchocerciasis, the microfilaricidal activi-
ty of diethylcarbamazine leads to a series of events with dermal,
ocular, and systemic components, known as the Mazzotti reac-
tion, within minutes to hours after its use.3

« Clinical manifestations can be severe, dangerous, and debili-
tating. Systemic reactions include increased itching, rash,
headache, aching muscles, joint pain, painful swollen and
tender lymph nodes, fever, tachycardia and hypotension, and
vertigo. Most patients have eye discomfort in the first few
hours after diethylcarbamazine treatment. Punctate keratitis
can develop as can optic neuritis and visual field loss.

WHO no longer recommends the use of diethylcarbamazine in

onchocerciasis as safer alternatives exist.

1. WHO. Lymphatic filariasis: the disease and its control: fifth re-

port of the WHO expert committee on filariasis. WHO Tech Rep
Ser 821 1992.

2. Yazdanbakhsh M, et al. Serum interleukin-6 levels and adverse
reactions to diethylcarbamazine in lymphatic filariasis. J Infect
Dis 1992; 166: 453-4.

3. WHO. WHO expert committee on onchocerciasis: third report.
WHO Tech Rep Ser 752 1987.

Precautions

Treatment with diethylcarbamazine should be closely
supervised since hypersensitivity reactions are com-
mon and may be severe, especially in patients with on-
chocerciasis or loiasis. Patients with onchocerciasis
should be monitored for eye changes. (The use of di-
ethylcarbamazine to treat onchocerciasis is no longer
recommended.) In patients with heavy Loa loa infec-
tion there is a small risk of encephalopathy and diethyl-
carbamazine should be stopped at the first sign of cer-
ebral involvement.

Infants, pregnant women, the elderly, and the debilitat-
ed, especially those with cardiac or renal disease, are

The symbol T denotes a preparation no longer actively marketed
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normally excluded when diethylcarbamazine is used in
mass treatment schedules.

Pregnancy. Pregnant women are normally excluded when di-
ethylcarbamazine is used in mass treatment schedules.

Animal studies® suggest that the uterine hypermotility induced by
diethylcarbamazine is mediated via prostaglandin synthesis; this
might explain the mechanism of the abortifacient action previ-
ously reported.?

1. Joseph CA, Dixon PAF. Possible prostaglandin-mediated effect
of diethylcarbamazine on rat uterine contractility. J Pharm Phar-
macol 1984; 36: 281-2.

. Subbu VSV, Biswas AR. Ecbolic effect of diethyl carbamazine.
Indian J Med Res 1971; 59: 646-7.

N

Renal impairment. For a study on the effects of renal impair-
ment on the pharmacokinetics of diethylcarbamazine, see under
Pharmacokinetics, below.

Pharmacokinetics

Diethylcarbamazine is readily absorbed from the gas-
trointestinal tract and also through the skin and con-
junctiva. Itis widely distributed in tissues and is mainly
excreted in the urine unchanged and as the N-oxide
metabolite. Urinary excretion and hence plasma half-
life is dependent on urinary pH. About 5% of a dose is
eliminated in the faeces.

Disposition. A pharmacokinetic study in 6 patients with
onchocerciasis® indicated that diethylcarbamazine is absorbed
quickly and almost completely from the gastrointestinal tract,
and is eliminated largely as unchanged drug in urine, with rela-
tively small amounts being excreted as the N-oxide metabolite.
After a single radioactively labelled oral dose of diethylcar-
bamazine citrate 0.5 mg/kg given as an aqueous solution, peak
plasma concentrations of 100 to 150 nanograms/mL were
achieved in 1 to 2 hours, followed by a sharp decline, then a
marked secondary rise 3 to 6 hours after dosing, followed by a
steady decline. The half-life ranged from 9 to 13 hours. Urinary
excretion of diethylcarbamazine and diethylcarbamazine N-ox-
ide was complete within 96 hours; between 4 and 5% of the dose
was recovered in the faeces. Disposition was similar in 5 healthy
subjects given a single 50-mg tablet of diethylcarbamazine cit-
rate. Peak plasma concentrations were initially 80 to
200 nanograms/mL., with a secondary rise 3 to 9 hours after dos-
ing, the terminal half-life ranged from 5 to 13 hours, and urinary
excretion of unchanged diethylcarbamazine and the N-oxide was
complete within 48 hours.

When an alkaline urinary pH was maintained, the elimination

half-life of diethylcarbamazine and the area under the plasma

concentration versus time curve were significantly increased

compared with when an acidic urinary pH was maintained.?

1. Edwards G, et al. Diethylcarbamazine disposition in patients
with onchocerciasis. Clin Pharmacol Ther 1981; 30: 551-7.

2. Edwards G, et al. The effect of variations in urinary pH on the
pharmacokinetics of diethylcarbamazine. Br J Clin Pharmacol
1981; 12: 807-12.

Renal impairment. Results in patients with chronic renal im-
pairment and in healthy subjects, given a single 50-mg oral dose
of diethylcarbamazine citrate, indicated that the plasma half-life
of diethylcarbamazine is prolonged and its 24-hour urinary ex-
cretion considerably reduced in those with moderate and severe
degrees of renal impairment.* Mean plasma half-lives in 7 pa-
tients with severe renal impairment (creatinine clearance less
than 25 mL/minute), in 5 patients with moderate renal impair-
ment (creatinine clearance between 25 and 60 mL/minute), and
in 4 healthy subjects, were 15.1, 7.7, and 2.7 hours, respectively.
The patient with the longest plasma half-life of 32 hours did not
have the poorest renal function, but it was considered likely that
the abnormally slow elimination of diethylcarbamazine was due
to the high urinary pH (7) resulting from sodium bicarbonate
therapy. A further patient with a half-life longer than expected
also had a less acidic urine.
1. Adjepon-Yamoah KK, et al. The effect of renal disease on the
pharmacokinetics of diethylcarbamazine in man. Br J Clin Phar-
macol 1982; 13: 829-34.

Uses and Administration

Diethylcarbamazine is an anthelmintic used in the
treatment of lymphatic filariasis due to Wuchereria
bancrofti (bancroftian filariasis), Brugia malayi, or B.
timori (both known as brugian filariasis and as Malay-
an and Timorian filariasis respectively). It is also used
in loiasis due to Loa loa. It was used in onchocerciasis
due to Onchocerca volvulus before ivermectin became
available. Diethylcarbamazine is active against both
the microfilariae and adult worms of W. bancrofti, B.
malayi, and Loa loa, but only against the microfilariae
of O. volvulus. It has been tried in Mansonella infec-
tions and may be most effective against M. streptocer-
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ca. Diethylcarbamazine is also used in the treatment of
toxocariasis (visceral larva migrans). For discussions
of these infections and their treatment, see under
Choice of Anthelmintic, p.134, and under the individ-
ual headings below.

Diethylcarbamazine is usually given orally as the cit-
rate.

In the treatment of lymphatic filariasis the recom-
mended dose of diethylcarbamazine citrate is 6 mg/kg
daily in 3 divided doses for 3 weeks, given in an initial
dosage of 1 mg/kg daily and then gradually increased
to 6 mg/kg daily over 3 days to reduce the incidence
and severity of hypersensitivity reactions due to the de-
struction of microfilariae. However, adverse effects of
diethylcarbamazine may be reduced, without loss of
efficacy, by giving a single dose of 6 mg/kg at weekly
or monthly intervals. In areas where lymphatic filaria-
sis is endemic, mass treatment campaigns can reduce
the intensity of transmission and incidence of disease.
Diethylcarbamazine may also be used in the form of
medicated salt to control lymphatic filariasis. For fur-
ther details, see below.

In the treatment of loiasis diethylcarbamazine citrate
6 mg/kg daily in 3 divided doses for 2 to 4 weeks has
been given. In heavy infections rapid killing of micro-
filariae can cause severe adverse effects including en-
cephalitis and treatment should start with very small
doses, increasing gradually over 4 days. A corticoster-
oid has been given concurrently. In the prophylaxis of
loiasis, a dose of 300 mg weekly is recommended by
WHO.

In the treatment of toxocariasis diethylcarbamazine
citrate 9 mg/kg daily in 3 divided doses for 21 days has
been given. Diethylcarbamazine is considered by some
to be the treatment of choice while others do not rec-
ommend its use due to higher rates of severe adverse
effects.

Administration. Diethylcarbamazine was first used as the
chloride, but was subsequently produced as the dihydrogen cit-
rate which contains only half its weight as base. In reporting dos-
es it was therefore important to indicate whether they referred to
aspecific salt or to the base; unless otherwise stated, it could gen-
erally be assumed that the dose referred to the citrate.!

1. WHO. Lymphatic filariasis: fourth report of the WHO expert
committee on filariasis. WHO Tech Rep Ser 702 1984. Available
at: http://libdoc.who.int/trs/WHO_TRS_702.pdf (accessed
16/07/08)

Loiasis. Diethylcarbamazine is the main drug used in the man-
agement of loiasis (p.137).

References.

1. Nutman TB, et al. Loa loa infection in temporary residents of
endemic regions: recognition of a hyperresponsive syndrome
with characteristic clinical manifestations. J Infect Dis 1986;
154: 10-18.

. Nutman TB, et al. Diethylcarbamazine prophylaxis for human
loiasis: results of a double-blind study. N Engl J Med 1988; 319:
752-6.

. Nutman TB, Ottesen EA. Diethylcarbamazine and human loia-
sis. N Engl J Med 1989; 320: 320.

4. Klion AD, et al. Effectiveness of diethylcarbamazine in treating

loiasis acquired by expatriate visitors to endemic regions: long-
term follow-up. J Infect Dis 1994; 169: 604-10.
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Lymphatic filariasis. Diethylcarbamazine is used in the man-
agement of lymphatic filariasis (p.137). In endemic areas mass
treatment of the entire population (excluding neonates, pregnant
women, and debilitated individuals) can reduce the intensity of
transmission and the incidence of disease. In countries where
there is no co-endemic loiasis or onchocerciasis, the Global Pro-
gramme to Eliminate Lymphatic Filariasis launched by WHO to-
gether with other international agencies, advocates a single dose
of diethylcarbamazine citrate 6 mg/kg with a single dose of al-
bendazole 400 mg, given once each year for at least 5 years. If
diethylcarbamazine-medicated salt is to be employed then intake
of salt needs to be on a daily basis for 6 to 12 months.

Preparations

BP 2008: Diethylcarbamazine Tablets;
USP 31: Diethylcarbamazine Citrate Tablets.

Proprietary Preparations (details are given in Part 3)

Fr.: Notezine; Gr.: Hetrazant; Notezine; India: Banocide; Hetrazan; Thai.:
Diethizine.

Multi-ingredient: India: Helmazant; Unicarbazan.

Disophenol

Disofenol. 2,6-Diiodo-4-nitrophenol.
CgH3lbNO5 = 390.9.

CAS — 305-85-1.
|
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Disophenol is an anthelmintic used in veterinary medicine.

Doramectin (AN, USAN, rINN)

Doramectina; Doramectine; Doramectinum; Doramektiini; Do-
ramektin; UK-67994.

AopameKTuH
CAS — 117704-25-3.
ATC Vet — QP54AA03.

_.CH

Profile

Doramectin is an avermectin anthelmintic used in veterinary
medicine for nematode infections. It is also used as a systemic
veterinary ectoparasiticide.

Embelia

Vidang.

Buaarra

CAS — 550-24-3 (embelic acid).

O
OH

HO
HsC
(embelic acid)

Profile

Embelia consists of the dried fruits of Embelia ribes and E. ro-
busta ( = E. tsjeriamcottam) (Myrsinaceae), containing about
2.5% of embelic acid (embelin). It has been used in India and
other Asian countries for the expulsion of tapeworms.
Preparations

Proprietary Preparations (details are given in Part 3)
Multi-ingredient: India: Happy'tizer:

Eprinomectin (USAN, iNN)

Eprinomectina; Eprmomectine; Eprinomectinum; Eprinomektiini;
Eprinomektin; MK-397. A mixture of eprinomectin component
B/, and eprinomectin component B,

SDNPUHOMEKTUH

CAS — 159628-36-1 (eprinomectin); 123997-26-2 (epri-
nomectin); 133305-88-1 (component B,.); 133305-89-2
(component B ).

ATC Vet — QP54AA04.

Pharmacopoeias. In US.

USP 31 (Eprinomectin). Eprinomectin is a mixture of compo-
nent By, (CsH;sNOy,=914.1) and component By,
(CygH73NOy, = 900.1). It contains not less than 90% of compo-
nent By, and not less than 95% of components B,, and B, cal-
culated on the anhydrous, solvent-free, and antoxidant-free basis.
Antoxidants may be added. A white to off-white powder. Insol-
uble in cold water. Store in airtight containers at 2° to 8°.

Profile

Eprinomectin is an avermectin anthelmintic used in veterinary
medicine for nematode infections. It is also used as a systemic
veterinary ectoparasiticide.

Epsiprantel 4N, NN

BRL-38705; Epsipranteeli; Epsiprantelum. 2-Cyclohexylcarbonyl-
1,2,3,4,6,7,8,12b-octahydropyrazino[2, | -a][2]benzazepin-4-one.
SncvnpaHTea

ChoHN, O, = 326.4.

CAS — 98123-83-2.

ATC Vet — QP52AA04.
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Profile
Epsiprantel is an anthelmintic closely related to praziquantel. It
is used in veterinary medicine.

Febantel (BAN, USAN, rINN)

Bay-h-5757; Bay-Vh-5757; Febanteeli; Fébantel; Febantelum. 2'-
[2,3-Bis(methoxycarbonyl)guanidino]-5'-phenytthio-2-methoxy-
acetanilide; Dimethyl {2-[2-(2-methoxyacetamido)-4-(phenylth-
io)phenyllimidocarbonyl}dicarbamate.

DebaHTen

CyoH»N4OLS = 446.5.

CAS — 58306-30-2.

ATC Vet — QP52AC05.
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Pharmacopoeias. In Eur. (see p.vii) for veterinary use only.
Ph. Eur. 6.2 (Febantel for Veterinary Use; Febantel BP(Vet)
2008). A white or almost white, crystalline powder. It exhibits
polymorphism. Practically insoluble in water; slightly soluble in
dehydrated alcohol; soluble in acetone.

Profile

Febantel is an anthelmintic used in veterinary medicine for the
treatment of nematode infections of the gastrointestinal tract and
lungs and in tapeworm infections.




