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TREATMENT OF LAND SNAKE BI’F&“W&ONING

by
Dr. Prasanna Fernando, M.B.B.S. (Cey.)
Medical Officer,
District Hospital, Puttalam.
Prof. N. D. W. Lionel, M.B.B.S.,, F.R.C.P.

Professor of Pharmacology,
Faculty of Medicine, Colombo.

INTRODUCTION

1. LAND SNAKES

The majority of land snakes are non poisonous. Of the
89 species of land snakes found in Sri Lanka only 10 are
poisonous. The latter are classified as follows:—

1.

The Elapids - ;)ah“;.v 2N j’»wl
Cobra (Naja naja. — Naya=S)

Indian Krait (Bungarus caeruleus. — Dhunu Kara-
wala. Thel Karawala or Maga maruwa==s).
Cevlon Krait (Bungarus ceylonicus, — Polon Kara-

wala=S).

Slender Coral Snake (Calliophis melanarus)

The Vipers Conlevkid /&w‘;n

Russell’s viper (Vipera russelli. — Tic polonga=S8)

Hump nosed viper (Agkistrodon hypnale, — Kuna-
katuwa or Polon thelissa=S). It is now placed
in the genus Hypnalae and named Hypnalae
hypnalae. Two other species in this’ group are
Hypnale nepa and Hypnalae valli. .

Saw-scaled viper (Echis carinatus. — Veli polonga
=S

Green pit viper (Trimeresurus trigonocephalus. —
Fala polonga==S).
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Bites by the last three named vipers are rarely if ever
fatal tc man. However symptoms such as local pain and
swelling and discolouration round the bite may be seen.

The Ceylon Cat Snake (Boiga ceylonensis — Nidi
Mapila=S8) is only very mildly poisonous and cause only
trivial local effects, although there is a general belief that
they are highly poisonous.

2. SEA SNAKES

All sea snakes belong to the family Hydrophidae. 13
species have been recorded in Sri Lanka and are found in
the coastal waters and river mouths. They sometimes
swimming several miles upstream. All sea snakes are highly
poisonous. One common species found in Sri Lanka is the
beaked sea snake (Enhydrina Schistosa. — Valakkadiya=S)
found chiefly in the Gulf of Mannar.

This article will be devoted to the effects of land snake"
bites and their freatment.

Pharmacology of Venoms

Snake venoms are secreted by modified parotid glands
and serve to immobilise the prey as well as assist in its
digestion. They are generally complex mixtures, consisting
chiefly of:—

(2) Toxins which are chiefly low molecular weight
polypeptides.

(b) Enzymes such as profteases, phospholipases and
nucleotidases ete.

(¢) Amines such as serotonin.

(a) Neurotoxic effects

They are very rapid in onset in the case of cobra
or krait bites and consist of drowsiness, haziness of vision,
ptosis and diplopia due to partial or complete ophthalmo-
plegia and difficulty in swallowing due to glossopharyngeal
palsy. Weakness of the limbs and respiratory distress due
to ‘paralysis of the respiratory muscles may also be seen.
Ptosis and ophthalmoplegia are the earliest signsof systemic
poisoning in all our land snake bite poisoning except in the
case of bites due to Echis carinatus.
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(b) Haemorrhagic effects

Haemorrhagie effects include bleeding from the
site of the bite, ecchymoses, subconjunctival haemorrhages
bleeding from the gums, haemoptysis and gastrointestinal
bleeding. An early sign of impaired coagulation is blood
stained spntum detected by asking the patient to cough
hard and spit. Later, blood shows no signs of clotting.

(c) Haéinolyfic effects

Haemolysis commonly follows viper bites and tests
for haemolysis are positive. Urine is also dark coloured.

(d) “€ardiovascular effects

A fall of blood pressure and shock may be seen
in severe cases, E.C.G. changes such as inversion of the
T. waves and S-T segment deviations may occur in severe
systemic poisoning.

Prognosis

In patients with systemic poisoning treated with anti-
venom, symptoms resolve rapidly, usually in a few hours
to three days in the case of elapid bites although rarely
symptoms may persist for 1-2 weeks. Symptoms of systemic
poisoning following viper bites usually resolve within a week.

Mortality from snake bite is low. In 3 different studies
of patients admitted to hospitals in this country suffering
from snake bite, the mortality rates were 13.4% (Visuvarat-
nam .et al. 1970), 11.5% (Karunaratne & Anandadas, 1973)
and 8.6% (Yoganathan, 1973)..

Deaths occur more rapidly after elapid bites (average
5 hours) than after viper bites (average 2-3 days). Deaths
from elapid bites are malnly from respiratory failure, while
in the case of viper bites the main causes are shock,
haemorrhage into vital organs and renal failure.

Where local effects are concerned, swelling usually dis-
appears in two-thrée weeks although in rare instances it
may persist for 2-3 months. Blisters rupture spontaneously
in about 2 weeks and dry up. Necrotic lesions may take
several weeks or months to heal depending on the extent
and the presence of bacterial infection.
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Treatment

Treatment of snake bite could be divided into:—
(1) First aid treatment
(2) Treatment in hospital

(1) First aid treatment

First aid treatment is defined as measures taken
by the victim or associates before reaching a hospital. This
should not be confused with medical treatment which is
given by a doctor in hospital.

First aid measures should be short, simple, practi-
cal and beneficial rather than harmiful.

They consist of:—
(1) Reassurance

Reassurance is the most important first aid
measure, as death rate from snake bite is low and the
danger of snake bite is greatly exaggerated. As a result
the commonest symptoms are fright and the fear of death.

(2) Immobilisation of the bitten part

The patient should be kept at rest and the
bitten part immobilised as for a fracture. The reason for
this is that the venom is absorbed rapidly from the area of
the bite and distributed to the rest of the body via the
lymphatics and the duperficial veins and absorption is
hastened by muscular activity in the limb which is bitten.
The bitten part must therefore be immobilised as quickly as
possible by splinting in some way to restrict movement of
the limb, which would otherwise hasten this process. Immo-
bilisation also eases the pain. The limb should be kept in a
dependent -position as this serves to reduce the lymphatic
flow. The patient should not be allowed to walk or run for
help but should be carried.

(3) Application of a tourniquet

A lightly constricting ligature should be
applied using a handkerchief or a piece of cloth just proxi-
mal to the bitten area tight enough to occlude the super-
ficial veins and lympatics draining the bitten area but
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without impending the arterial blood flow. This will restrict
diffusion of the venom from the area of the bite and delay
systemic absorption of venom, if venom has been injected,
as has been shown in studies using tagged snake venom.

The tourniquet should not be applied too tight
for if the arterial circulation is occluded it can precipitate
or aggravate local necrosis. It must be loosened for 1 minute
in every 30 minutes. The tourniquet should be taken off only
when specific therapy has been instituted.

(4) Local treatment of the bitten area

The bitten surface should be washed with
plain water or wiped without rubping, to get rid of any
venom tnat may have sput irom tae iangs, and which may
be absorbed later. Local application of cnemicals suci as
potassilum permanganate crystals is useless and may even
aggravate tne injuries sustained as a result of the bite.

(5) Administration of an analgesic

An analgesic such as _paracetamol may be
administered 1or tie pain. orpaine or petnldine ale con-
trainaicated obecause OI tneir respiratory depression acuion.
Asplrin sooula ve avoloed weCause 1t terieres witih haemo-
STasis Oy 18 antipiateiet acuwon. 1i tne snake nas oeen
Klled tne people snouid be asked to bring the snake for
laeauucation, 10r 1I 1t IS [on-poisonous no antivenin 1s
needed.

Yalue of incision and suction

There is laboratory evidence that some of the sub-
cutaneously 1njeciea venon can pe removed by incision and
aucuion periormed over tne area of tne pite, only i carried
out witnn 3SU minuves of tue pite. 1i incision and suction
are aone later tney do very little good. Such incising may
also give rise to serious complications such as intection and
persistent bleeaing from the wound if the venom tends to
interfere with haemostasis. Incision and suction are parti-
cularly dangerous where the bite involves the hands and
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feet because of the risk of injury to tendons, nerves and
blood vessels when performed by laymen. It may also lead
to unnecessary manipulation of the part. For these reasons
incision and suction are not recommended.

{2) Treatment in hospital

Hospitalisation is “advisable for all snake b1te
victims especially the cases seen within 24 hours of the bite.
They should be carefully observed for early evidence of
systemic poisoning.

Treatment consist of:

(1) Immediate jocal treatment

The area of the bite should be cleaned with
water if it has not ceen done berore and left alone without
appkymg any covering or dressing. Local dressings have
been found to increase the incidence of secondary oacterial
infection,

(2) Institution of specific therapy where
necessary

~ Since snake venoms are proteins and anti-
genic, antibodies to the venocms (known as antivenoms Or
anti-venins) can be prepared and used to neutralise the
venom injected as a result of the snake bite.

Anti-venom therapy is reguired only if signs of systemic
poisoning described earlier are present. II there is no
evidence of venom being injected as a result of the bite or
only. the immediate local eftects of the venom such as
swelling are seen, anti-venom therapy is unnecessary, (Local
effects of injected venom do not appear to be counteracted
by .anti-venom). In these cases Reid (1972) _recommends
administration of a placebo injection such, as 1lml. of
vitamin B complex injection i.m. to reassure the patlent and
the patient carefully observed for sometime for early
evidence of systemic poisoning. There is no harm in waiting
for clear evidence of systemic poisoning such as “ptosis,
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ophthalmophgia or blood incoagulability before administra-
tion of anti-venom because clinical trials show that anti-
venom therapy is effective in such cases even if given several
hours after the bite. However if a krait bite is suspected it
is best to give the antivenin at once because the first
systemic effects may only be weakness and ptosis and even
a smalil dose of venom (lmg) may be fatal.

Administration of anii-venom (anti-venin)

Polyvalent anti-venom serum has been produced which
contain antioocdies to venoms of diiierent snakes and can
neutralise tiiese venoms when administered. 'L'he prepara-
tion availawle in tils country is kuonown as Lyophilised
Poiyvalent Anii-snake Venom Serum manufacturea by
the malrkine institute, Bomwpay. It is prepared by hyper-
Immunizing horses against tne venoms oi tiie four poisonous
snakes of India, namely (1) Cobra, (2) Indian Krait,
(3) Russell’s viper, (4) Saw scaled viper. The plasma
obtained irom tue hyper-immunized horses is concentrated
and purified an. then lyopailised by drying it from the
frozen state under high vacuum. It is not eiiective against
the hump nosed viper and the greem pit viper. It may be
effective against the Ceylon Kkrait bite poisoning as an
antigenic similarity with the Indian krait may be expected.

The lyophilised form is stable and retains its potency
for 10 years, if stored in a cool dark place even without cold
storage facilities.

The contents of each vial is dissolved in 10ml sterile
distilled water. The reconstituted serum is crystal clear.
Froth and undissolved particles should not be drawn mto
“the pyringe.

Mode of administration of antivenom

In order tc obtain maximum benefit the serum should
be administered at the first sign of systemic toxicity.
"Administration by intravenous drip is the most effective
route. Intramuscular administration is not as effective as
it may take about 12 hours for 30-40% of the iniected anti-
venom to reach the circulation.
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Tests for serum gsensitivity must be carried out first as
serious reactions may occur, 0.2ml is injected sub-
cutaneously (0.02ml in the case of persons with a positive
history of allergy). If a severe reaction occurs, desensitiza-
tion should be attempted with graded doses. If reactions
occur even with such measures, anti-venom therapy has to
be a2bandoned.

If the sensitivity test is negative, at least 50ml. (5
ampoules) for the average case and 100ml, (10 ampoules)
for the severe cases should be diluted in 2-3 times its volume
of normal saline or 5% dextrose injection and given initially
slowly iv. at a rate of 15 drops per minute. If a reaction
occurs the drip should be temporarily stopped and 0.5ml
adrenaline 1:1v00¢ solution given im. Some give 10Umg
hydrocortisone i.v. in adaition. Usually the drip can be
cautiously restarted and if reactions recur the counter
measures repeated. In some cases several injections of
adrenaline are needed. If no reaction is seen with initial
slow administration the speed of administration is progres-
sively increased so that the infusion is completed within
about an hour.

The dosage of anti-venom for children is the same as
that for adults. In patients with evidence of systemic
poisoning the response to anti-venom therapy is dramatic.
In neurotoxic poisoning if there is little significant improve-
ment within an hour the dose should be repeated because
polyvalent anti-venoms are usually less potent against
elapid than against viper venoms.

Local effects of venom such as necrosis is not affected
by iv. anti-venom therapy. Studies with radio active
material indicate that local injection of anti-venom does not
confer any additional benefit.

Value of corticosteroid therapy

Although corticostercids have been recommended for
snake bite poisoning, the value of such therapy is doubtfui.
In animals experimentally poisoned with cytotoxic snake
venems, it has been found that corticosteroids do not affect
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the survival rate. The present opinion is that corticoste-
roids should only be used as an adjuvant to anti-venom
therapy for the treatment of reactions to anti-venom.
Predinisolone 30mg orally or hydrocortisone sodium succinate
100mg i.v. should be used in such cases. Some however give
hydrocortisone i.v. routinely to all patients in the belief that
while it does no harm, it may do some good.

Treatment of immediafe complications
(1) Shock

Shock is often seen after viper bites and is due to
haemorrhage particularly in anaemic patients. It is best °
treated with blood transfusions. Metaraminol 10mg im. is
often usetul as a transient measure. Anti-venom therapy
alone is effective in combatting shock not due to
haemorrhage, if given in adequate dosage.

(2) Acute renal failure

In severe systemic poisoning, acute renal failure
may occur with bites by all types of poisonous snakes,
usually several days after the bite.

It is therefore important in all cases of severe snake
bite poisoning, to chart the urine and the urine specific
gravity daily. An early indication of impending renal failure
is a low urine volume and low specific gravity. A high fluid
intake during the early period following the bite, can help
in preventing the onset of renal failure. About 3 litres of
5% dextrose should be given during the first 24 hours
following the bite. The patient should be observed for
evidence of a rising jugular venous pressure or crepitations
at the lung bases, indicating overhydration and iv. fluid
therapy stopped in such instances. )

If oliguria occurs, 200ml of 20% mannitol, should be
given intravenously. If it fails to increase the urint output
the dose may be repeated and if yet there is not response,
treatment as for established renal failure must be instituted,
namely fluid restriction (400ml/day combined with perito-
neal dialysis when indicated).
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(3) Respiratory paralysis

If respiratory paralysis develops, tracheostomy may
be required, followed by artificial ventilation. For most
cases insertion of an endotracheal tube and positive pressure
ventilation is sufficient.

(4) Severe glossopharyngeal palsy

Patients should be nursed in the prone position to
prevent vomit or secretions from the throat being inhaled.
Intragastric feeds or intravenous infusion may be required
in such cases till the symptoms disappear in 2-3 days.

(5) Complications due to Ayurvedic treatment

(a) Aspiration pneumonia following administra-
tion of medicines through the nostrils.
(“Nasna”)

(b) Infection of the site of the Lite due to appli-
cation of herbal pastes (Pathu).

Treatment of delayed complications

(1) Blisters

Blisters around the site of the bite are commonly
seen in poisoning due to viper or cobra bites. Blisters are
best left alone and no dressing applied. They rupture
spontaneously about two weeks after the bite and dry up
within a week or twoe, provided there is no underlying
necrosis. Application of dressings offen result in infection
resulting in greatly prolonged healing time. -

(2) Necrosis

Local necrosis is seen usually after cobra bites and
may take several days to appear. It can be extensive but
is usually superficial. In rare cases it may involve muscle
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and tendons. As soon as local necrcsis is obvious, sloughs
should be excised. The best local dressing after excisicn of
slecughs is normal saline. Skin grafting may be needed if
sloughs are excessive.

Other measures which are used if necrosis occurs are:—

(a) Systemic antibiotic therapy to combat any
infection. If it occurs benzyl penicillin 1 million unlts is
given im. twice daily till the wound has healed.

(b) Measures for the prevention of tetanus

In rare instances, deaths have occurred due to
development of tetanus as a late complication. Therefore
in the case of non-immunized patients some advocate a
prophylactic dose of tetanus anti-toxin (1500 wunits) im.
routinely to every patient. Others prefer to give it only if
necrosis is clinically evident. If the patient has heen actively
immunized then toxoid should be given instead of anti-
toxin.

Value of exchange blood transfusion

A limited study of exchange blood transfusion in the
treatment of Russell’s viper bite has shown a striking rever-
sal of the neurotoxic effects. Correction of blood loss and
haemolysis may also be achieved. Further studies are
necessary to determine clearly the value of this form of
therapy. It may be tried if no beneficial effects are seen
in 12-18 hours after administration of anti-venom. About
6 pints of blood are necessary for an exchange transfusion
(Peiris, et al. 1969).
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THE NEWER AMINOGLYCOSIDE ANTIBIOTICS
S. D. Atukorala M.B.B.S. (Cey.), Dip. Bact. M.R.C. (Path.)
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and
Prof. N. B. W. Lionel, M.B.B.S., F.R.C.P.,
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The aminoglycoside antibiotics are so called because
they are composed of aminosugars connected by glycosidic
linkages.

The oldest antibiotics in this group are:—-

Streptomycin

Kanamyecin

Neomycin & Framycetin
Paromomyein

The newer members of the group are:—

Gentamicin
Tobramycin
Amikacin
Sisomicin
Netilmicin

Spectrum of Antibacterial Activity

They are effective against Gram-negative aerobic
bacilli. These include members of the family, Enterobacte-
riaciae such as the Esch. coli, Enterobacter, Klebsiella,
Proteus Providencia and Serratia. They are also effective
against the Pseudomonas. :

Salmonella and Shigella are also susceptible both in
vitro and in vivo but aminoglycosides are seldom used to
treat Shigella or Salmonella infections because equally or
more effective but less toxic antibacterial agents are avail-
able.
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Gram FPositive Bacteria such as Staphylococei including
strains resistant to other antibiotics were originally highly
sensitive to gentamicin but resistant strains have now been
reported. Streptococei are usually resistant but a combina-
tion of benzylpenicillin and gentamicin is synergistic
against enterococeci (Strep. faecalis).

Mechanism of action

The aminoglycosides are bactericidal. They interfere
with bacterial protein synthesis by binding to a particular
protein site of the 30S subunit of bacterial ribosomes. This
binding of the amino-glycosides to the subunit results in a
misreading of the m-RNA codons. Consequently wrong
aminoacids are incorporated into growing peptide chains
and faulty bacterial proteins are produced.

It has also been postulated that aminoglycosides cause
detachment of ribosomes fromm-RNA and cell death ensues.

Bacterial resistance

Certain bacteria produce enzymes that inactivate the
aminoglycosides. Some enzymes will inactivate certain
aminoglycosides but not others. The clinical implications
are obvicus. If an organism becomes resistant to one
aminogliycoside it may still be sensitive to another aminogly-
coside.. For example strains of Pseudomonas resistant to
gentamicin or tobramycin may be sensitive to amikacin.

Pharmacokinetics

They are very poorly absorbed from the gastrointestinal
tract, usually less than 1% of a given dose. Repeated oral
administration may result in accumulation in toxic concen-
trations in patients with impairment of renal. funection.
Aminoglycosides when applied topically to large wounds, or
burns may cause systemic toxicity in patients with impaired
renal function.

They are well absorbed after im. administration, peak
levels occurring in 30-90 minutes. Once absorbed they  are
well distributed throughout the body but diflusion into the
CSF and eye is poor even in the presence of inflammation.
Intrathecal or intra-ventricular administration may be
necessary in cases oi gram-negative bacterial meningitis.
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Similarly, since penetration into ocular fluids is poor, peri-
ocular injection of aminoglycosides is necessary in bacterial
endophthalmitis due to susceptible organisms.

In the case of neonates, intrathecal administration does
not confer additional benefit probably because penetration
into the CSF from the klood is better in them because of
immaturity of the blood brain barrier.

They are not metabolised in the body and virtually all
of the administered drug is excreted unchanged by the
kidney by glomerular filtration. Urine concentrations range
from 50 — 200 meg/ml.

Adverse effects

The most important adverse efiects of the group are
those affecting the cochlear — vestibular apparatus and the
kidneys.

1. Ototoxicity

It is due to destruction of the vestibular and to
some extent the cochlear hair ceils. Vestibular damage
manifests as nystagmus, vertigo, nausea and vomiting and
acute Meniere's synarome. Coculear damage results in tin-
nitus, a sensation of fuilness of the ears and loss of percep-
tion of tones at high irequencies.

Ototoxicity is related to high serum levels of the drugs
for periods of 10U days or more. The toxic eitects are related
more to the peak concenitration than tiae traugh concen-
tration. Prolonged peak levels above 12 ug/ml and trough
levels above 3 ug/ml spould be avoided. Penetration of the
drug into the perilymph of the inner ear occur predomi-
nantly when such blood levels are exceeded. Back diffusion
into the blood is also low with high blood levels, and is
facilitated when plasma concentrations fall to- low levels.

Prolonged use of aminoglycosides, high dosage and pre
existing renal disease increase the incidence of ototoxicity.

The frequency of ototoxicity varies to scme extent with
the aminoglycoside. In large scale surveys it has been
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found that the incidence is about 2% for gentamicin, 1%
for tobramycin and 3% for amikacin, in patients wno are
treated for less than 2 weeks. Sometimes ototoxicity may
manitest 10-14 days after stopping gentamicin tnerapy.
Such instances are rare excepi in pavents with marked
impaiment oi renal iunction.

Some drugs poientiate the ototoxic effects of aminogly-
cosines and Tnelr use Concurrentiy suoula pe  avowsea it
POSsivi€.  1he€se 1NCIuGe €uuaCiylll acia alld Iruseilae.

Local instiliation of gentamicin ear drops may cause
damage U0 e luher €ar «lld ucaillesS 1 tie eal Qiuus 1S
pberiorated. Use of gentamicin ear drops is thereiore not
advocated (Jones R.AXK. 19¢6. Lancet, i. 1lol).

2. Nephrotoxicity

Aminoglycosides may damage the proximal tubular
cells of the kianey and witn mmouerate coses tnere is cilouday
swelling of tie cells put with nigh doses toere is acute
tubuiar necrosis. ‘1The renal damage is proovaply relatea to
the accumulation of these antiviotics in tne renal cortical
tissue. it may pessist for days atter a single aose of the
drug. The neparotoxicity is related more to tne trough
levels. Renal damage is usually reversible if the drugs are
discontinued at the iirst signs of renai damage such as a
rising blood urea, serum creatinine, the presence of casts in
the urine and proteinuria. Oliguria may or may not be
present.

Various renal proximal tubular enzymes may be excreted
in the urine during the very early stages of renal damage
and the finding of lysosomal hydrolase enzymes in the urine
is one of the earliest signs of nephrotoxicity and precedes
the rise of serum creatinine. However most laboratories are
unabple to perform such tests.

These drugs should be used -cautiously in patients
with pre-existing renal disease and where other factors
known to impair renal function such as dehydration are
present.
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Several drugs are capable of potentiating aminoglycc-
side induced nephrotoxicity. These drugs are:—

Methoxyiiurane
Polymyxins
Amphotericin-B
Vancomycin
Frusemide
Etnacrynic acid

Some reports have revealed enhanced nephrotoxicity of
aminogliycosides witin tie cephalosporins-cepnalothin and
cepnaioridine although this was not seen in one study.
However the consensus oi opinion is that there is proobably
an increased risk oi nephrotoxicity when aminoglycosides
are used in compination witn these two cephalosporins.

The incidence of clinically significant renal damage
varies with the aminoglycoside. Mila abnormalities of renal
function occur in abeut 8% of patients given gentamicin or
tobramycin and more severe effects occur in about 2%.
In controlled studies thie toxicity of tobramycin has been
found to be less than that of gentamicin.

Neuromuscular blockade

Aminoglycosides may rarely cause neuromuscular
blockade resulting in respiratory paralysis and respiratory
arrest.

Apnoea may occur
1. After rapid i.v. injection

2. Administration to patients with myasthenia
gravis

3. Concomitant use of neuromuscular blocking
agents

The blockade can usually be counteracted by prompt admi-
nistration of neostigmine or calcium gluconate if there is no
response to neostigmine.
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4. Hypersensitivity reactions

Allergic skin rashes may very rarely follow systemic
gentamicin therapy and also with local application of genta-
micin cream or cintment. Amnaphylaxis has been reported
following i.v. gentamicin administration (Hall, F. J. 1971.
Lancet. 2. 455).

U'se in pregnancy

The safety of gentamicin during pregnancy has not been
established. It is known to cross the placenta but whether
this could result in ototoxicity to the fetus is not known.

Interaction of gentamicin with other drugs

The most important interaction seen in clinical practice
is that between gentamicin and the anti-pseudomonal peni-
cillins sucn as carsenieniin and ticarciliin, Although genta-
micin shows marked synergy with the latter drugs against
gram negative rods, they cause chemical inactivation of
gentamicin both in vivo and in vitro, leading to loss of
bactericidal activity. Thereifore these drugs should not be
mixed in infusion fiuids or syringes but given separately.
The inactivation occurring in vivo at body temperature is
very slow if the drugs are given separately and thereiore a
synergistic effect may be ootained. However in uraemic
patients the haif life of gentamicin may be consideraply
shortened if the patient is also receiving carbenicillin or
ticarcillin.

Clindamyein appears to interfere with the bactericidal
activity of aminogiycosides whaile gentamicin has been
shown to potentiate the production of pseudomembranous
colitis by clindamycin. Therefore they should not be used
together.

Toxic effects are enhanced when the anti-fungal drug
flucytosine is given together with gentamicin in patients
with impaired renal function. Gentamicin also enhances
the nephrotoxic effects of cephaloridine and such as a com-
bination is best avoided.
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Causes of poor response to aminoglycoside therapy

Treatment of susceptible infections with aminoglyco-
sides usually results in a significant response in 24-48 hours.
A poor response may be due to:—

1. Natural or acguired resistance to the aminoglyco-
side

2. Imadeguate dosage

The minimum inhibitory concentration (MIC) of
aminoglycosides particularly against Pseudomonas and coli-
forms is high and therefore high peak levels must be
attained. In some patients adeguate peak concentrations
may not be attained withh the dosage used and the response
may be poor. The peak level should be estimated in such
cases and the dosage adjusted to achieve a serum concen-
tration, 4-8 times the in vitro MIC.

3. Inabkility of the drug to reach the site of infection

This is seen for example in meningitis as difiusion
into the CSF is poor.

4. Neutiopenia

Aminoglyccsides have a poor bactericidal effect in
neutropenic patients particularly against Pseudomonas
infections.

Clinical value

They are the most valuable drugs at present available
for the treatment of serious life threatening infections
caused by Gram-negative bacilli.

Aminoglycosides although potent antibiotics:

Are relatively expensive
Produce ototoxicity and nephrotoxicity

R

Their excessive use has led to the emergence of
resistant strains to them particularly Pseudomonas,
Klebsiella, Proteus, Providencia and Serratia.
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for these reasons they must be used only when there
are clear cut indications and when less expensive and less
toxic drugs are not effective. It is best therefore to select
one aminoglycoside for primary use preferably gentamicin
or tobramycin and to keep the other aminoglycosides like
amikacin in reserve for treatment of patients with infec-
tions caused by organisms resistant to gentamicin or tobra-
mycin.

Clear cut indications for use
They are:—

1. Gram negative septicaemia

Gentamicin has been widely acknowledged as the
drug of first choice in the treatment of life threatening
septicaemia due possibly to aerobic gram negative bacilli as
it is effective against most of the commonly encountered
members of the group.

For initial emergency treatment of a septicaemia
before the causative organism is identified it is best com-
bined with other drugs. For example in septicaemia in
cancer patients with neutrcpenia, gentamicin is best given
in combination with ecarbenicillin or ticarcillin. In septi-
caemia associated with intra-abdominal or female genital
tract sepsis both aerobic as well as anaerobic Gram-negative
bacteria may be involved and gentamicin is best combined
with metronidazsle intravenous. (or clindamycin)

2. Serious pseudomonas infections

A combination of carbenieillin or ticarcillin and an
aminoglycoside should be considered for the treatment of
serious Pseudomonas infections, as the combination exerts
o synergistic effect against this organism in vivo.

3. Pneumeonia due to gram-negative bacilli

This is seen in hospitalized patients, patients on
respirators and those with impaired defence mechanisms of
the body; gentamicin or tobramycin is used usually in com-
bination with carbenieillin or ticarcillin particularly if the
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causative organism is Pseudomonas. Gentamicin is best
combined with a cephalosperin against Klebsiella and in
combination with ampicillin against Esch. coli and Proteus
mirabilis.

4. Urinary tract infections

Althcugh gentamicin is eflfective against many of
the organisms causing wrinary tract infections, it is not
generally used for these conditions because of the availabi-
lity of eqgually effective and safer oral drugs. It is however
valuable for the treatment of infections due to Gram nega-
tive aerobic hbacilli resistant o the commonly used drugs
and particularly if such infections occur in an abnormal
urinary tract.

The antibacterial effect is greatly enhanced in an
alkaline urine and if the urine is diluted. A concenirated
urine has an inhibitory effect on the antibacterial activity.

5. Bacterial endocarditis due to Strep. faeealis or gram
negative bacilli

A combination of benzylpenicillin and gentamicin
has a synergistic effect in Strep. faecalis endocarditis and
is now the combination of first choice in this condition.

A gentamicin/carbenicillin combination is effective
in Ps.aeruginosa endocarditis and also in some cases of
Serratia marcescens endocarditis.

6. Severe staphylococez! infection

Gentamicin is 2 valuable drug for use alone or in
combination with other drugs for infections due to staphy-
lococei resistant to the penicillinase resistant penicillins
like cloxacillin or flucloxacillin. Aminiglycosides such as
gentamicin- shows in vitro synergy against Staphylococcus
aureys when used in combination with a penicillinase
resistant penicillin or cephalosporin. Such 2 synergistic
drug combination would be useful in Staphylococcal endo-
carditis not responding to penicillinase resistant penicillins
or cephalosporins, despite sensitivity of the strains in vitro
to these drugs.

21



7. 'Topical uses of gentamicin

Gentamicin is generally not recommended for
topical use because of the development of resistant strains
after such wuse, causing serious problems. The special
circumstances in which gentamicin is indicated for topical
use are:.—

(a) Severe infected hburns

The use of local application of gentamicin in
burns should be restricted as far as possible because it
encourages emergence of gentamicin resistant bacilli. Its
use should be limited to severe infected burns due to
Pseudomonas that are life threatening and where 20% or
more of the total body surface is involved. Parenteral
therapy is also indicated if there is associated septicaemia.

(b) Eye infections

Corneal ulcers and bacterial endophthalmitis
are often due to Gram negative bacilli such as Pserdomonas
and respond to local application or subconjunctival injec-
tion of gentamicin.

8. Neonatal meningitis

For initial chemotherapy before the causative
organism is identified, the treatment of choice is ampicillin
combined with gentamicin, If the causative organism is a
Gram negative bacillus such as Each. coli, Klebsiella spp. or
Pseudomenas, gentamicin is effective given parenterally
alone. | = | R

The role of intrathecal gentamicin in conjunction
with parenteral treatment for meningitis is controversial
and there is doubt whether any clinical benefit accrues
from intrathecal gentamicin (Mc Cracken G. M. Jr. & Mize,
8. G. (1978) J. Paediatrics. 89. 66). Prcblem patients not
responding or not likely to respond to parenteral therapy
alone, should be given the drug intraventricularly as well.
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9. Biliary fract infections

Gentamicin in combination with ampicillin or one
of the cephalosporins is useful in treating acute cholan-
gitis. In seriously ill patients particularly the elderly, there
is the additional possibility of a Gram-negative anaerobic
bacterial infection and therefore metronidazole or clinda-
mycin may be given in addition.

Gentamicin and/or a Cephalosporin has been
successiully used as a single dose just before surgery to
prevent post operative sepsis after elective cholecystectomy
or performed during the first week after an attack of acute
cholecystitis. (Cunha, B. A., Pyrick, L. J. & Quintilliani, B.
(1978) Prophylactic antibiotics in cholecystectomy Lancet 1.
207).

Preparations of newer aminiglycosides
1. Gentamicin

1. Gentamicin sulphate injection

A sterile aqueous solution containing gentamicin
sulphase 40mgz per ml in 2ml vials for i.m. and i.v. use. The
solution is stable at room temperature and does not requn‘e
refrigeration.

2. Gentamicin paediatric injection
A sterile aqueous solution containing gentami-
cin sulphate 10mg per ml in 2ml vials.
3. Geatamicin intrathecal injection
Available as proprietary preparations of diffe-
rent strengths.
(a) “Genticin intrathecal injection” (Nicholas).
Aqueous solution containing 1mg/mi

(b) “Garamycin intrathecal” (Schering).
Aqueous solution containing 4mg/2ml

el

Gentamicin topical applications
(a) Gentamicin Eye/Ear drops
Contains 0.3% gentamicin sulphate
(b) Gentamicin Cream & Ointment
Contains 0.3% gentamicin sulphate
23,



Parenteral dosage

All aminoglycosides have a low therapeutic index, the
therapeutic dose being quite close to the toxzic dose. There
is also a considerable variation among individuals both iIn
the peak as well as trough serum levels of the drug pro-
duced by a given dose and in the half life of the drug.

Successful therapy depends on achieving adeguate peak
levels while high trough levels lead to toxicity. Where
facilities are available it is best to measure the peak and
trough levels every few days to ensure that the patlent is
neither being overdosed or underdosed.

The acceptable peak and trough levels for the different
aminoglycosides are shown in the table below and the dose
should be adjusted accordingly.

Desirable serum levels
Aminogliycosides

Peak (ug/ml) |Trough (ug/ml)

Gentamicin &

Tobramycin 6 — 10 <2.0
Amikacin 20 — 30 <8.0
Sisomicin 4 — 10 <2.0
Netilmicin 10 — 20 <5.0

The peak serum level is estimated by taking a blood
sample one hour after an intramuscular dose and 15
minutes after an i.v. dose. To estimate the trough levels, a
blood sample must be taken just before the next dose.

Where facilities are not available to estimate the blood
levels the dosage is estimated on the basis of body weight.

The adult dose is 3-5mg/kg body weight per day given
usually by intramuscular injection in equally divided doses
8 hourly. The higher dosage is necessary for severe infec-
tions. For patients weighing over 60kg the average dose is
80mg every 8 hours.
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The intravenous route is essential for patients in shock
and also for those who have a bleeding tendency. Each
dose is added to 50-200ml of 5% dextrose or 0.9% sodium
chloride injection and administered over a period of 30
minutes. It is given in a smaller volume of diluent over a
period of 1-2 hours in the case of infants. (U.S. Pharma-
copoeia dispensing information 1981. p 310).

Entrathecal administration

Penetration of gentamicin into the CSF after intra-
muscular administration is not sufficient to produce
therapeutic concentrations in the CNS, and so intrathecal,
or intraventricular administration is also used in the treat-
ment of meningitis.

The preparation available for parenteral administration

contains preservatives and is not suitable for intrathecal
use. Adult dose is 2-4mg daily.

After haemodialysis

Aminoglycosides are removed only in small amounts by
peritoneal dialysis but in large quantities during haemo-
dialysis. 7Therefore patients requiring haemodialysis and
gentamicin therapy should begin supplemental doses of
gentamicin 1-1.7mg/kg of body weight, depending on the
severity of infection, after each haemodialysis.

Patients with impaired renail function

Whenever possible the serum levels of gentamicin
should be determined to help in modifying the dosage to
avoid toxic effects. Modification is chiefly in the frequency
of administration which will depend on the degree of
impairment of renal function. When renal function Iis
impaired the peak and trough levels after a given dose are
raised and the halflife prolonged.

In orcder to saturate the tissues and fluids with adequate
concentrations of the antibiotic, the initial dose is the same
as that for patients with normal renal function irrespective
of the degree of renal impairment, but the interval between
raised and the half life prolonged.
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There are several methods of calculating the interval
hetween doses if serum levels cannot be estimated. A con-
venient one is based on measurement of creatinine clearance
and is as follows:—

Creatinine clearance Interval between doses
30—170 ml/min 12 hours
10—30 ml/min 24 hours
5—10 ml/min 48 hours

Other methods are based on estimation of the serum
creatinine concentration or use of nomograms but calcula-
tions of dosage based on all these methods are only approxi-
mations.

Children’s dosage

Children need relatively higher doses of gentamicin
than adults to achieve similar serum levels. The serum
gentamicin half life is prolonged during the frst week of
life. The recommended doses for children are:—

Newborn & premature infants — 5mg/kg/day in two

divided doses at 12 hour intervals.

Children under 5 yrs. of age — 7.5mg/kg/day in three

divided doses at 8 hour intervals.

Children 5 — 10 years of age — 6mg/kg/day in three

divided doses at 8 hour intervals.

Intrathecal dose:—

Infants up to 3 months — dose not established
3 months of age and over — 1-2mg once a day.

‘Preparations of Aminoglycosides available in Sri Lanka

. Trade Name Manufacturer Cost (Retail)
in Rupees
Lyramycin Lyka Labs.
India. Rs. 24.00
Garamycin Schering Rs. 35.42
Gentasporin Pharmaceutical Co.
of India Rs. 16.60
Ensamycin
(Sisomicin) Schering 50mg — Rs. 48.50
75mg — Rs. 59.30
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TORRAMYCIN “NEBCIN®” (LILLY)

Tobramycin has a spectrum of antimicrobial activity
similar to gentamicin with however few Iimportant excep-
tions. It is 2-4 times more ackive by weight than genta-
micin against some strains of Pseudomonas acruginosa. It
is also less active against Serratia marcescens and entero-
cocci such as Strep. jaecalis.

‘In the case of Pseudomonas aeruginosa there is cross
resistancé between gentamicin and tobramycin which how-
ever is not complete. Strains with low level of gentamicin
resistance, are susceptible to tobramyein. A

Staph.aureus including penicillin resistant strains are
sensitive to tobramycin but  Strep. peumonice  Strept.
pyogenos and viridans have a low degree of sensitivity or
are combpietely resistant to it.

Tobramycin when combined with carbenicillin is more
effective than tobramycin alone in severe Pseudomonas
aeruginose iniections.

Resistance

There is almost complete cross - resistance between
tobramycin and gentamicin,

Adverse eiffects

Tobramycin Ilike other aminoglycosides cause both
ototoxicity and nephrotoxicity. Studies in animals suggest
that it causes less cochlear and vestibular damage and less
renal tubular damage than gentamicin but this has nct been
conclusively estaplished in human subjects although some
preliminary data supports this view.

Clinical value

Indications for the use of tobramycin are similar to
those for gentamicin. However tobramycin is preferable for
the - treatment of Pseudomonas infections because of its
.superior .activity against this organism. In confirmed
severe Ps aeruginosa infections it should usually be used in
combination with carpenicillin or ticarcillin,

" Qentamicin is preferred for Serratin marcescens infec-
tions as it is about 4 times more active than tobramycin.
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It is of no value in the treatment of gentamicin resistant
enteric Gram-negative infections other than Pseudomonas
infections.

AMIEKACIN “AMIKIN” (BRISTOL)

It is the first semisynthetic aminoglycoside produced
and is a derivative of kanamycin A.

It has a broad spectrum of activity similar to gentami-
cin. It is resistant to most of the bacterial enzymes that
inactivate gentainicin, tooramycin and kanamycin and
thereiore it is active against many tooramycin and genta-
micin resistant strains of Eneropacteriacae, penicillinase
proaucing staphylococeiare uniformly insensitive.

It is similar to kanamycin in its pharmacokinetic pro-
perties ana cdosage. Like tue otuer aulinoglycosiaes ooth
ototoxic and nepnrotoxic efiects are seen with amikacin.

Clinical value

It is best reserved for the treatment of serious infec-
tions due to Gram negative bacilli resistant to gentamicin.
It is tne aminogiycosiae of choice for the initial treatment
of severe iniecuions presumanly aue to Gram-negative orga-
nisms in  nospitals Or unlls wiere gentamicin resistant
strains are known to occur or in patients with cancer and
neutropenia. 1ln these circumstances it is pest used in
compinavion with carpenicillin,

SISOMICIN “ENSAMYCIN” (SCHERING)

Its spectrum of antimicrobial activity is very similar to
gentamicin. some- have reported that it is sligntly more
active than gentamicin against some Gram negative bacilli
particularly Kleopsiella and indole positive Proteus. It is
not as active as tobramycin against Pseudomonas aerugi-
nosa. 1ts pharmacokinetics and methods of administration
are similar to those of gentamicin, and the toxicity of these
two drugs is also probably about the same.

There is almost complete cross-resistance between
sisomicin and gentamicin.
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Clinical value

It has the same indications and uses as gentamicin and
does not offer any advantage over gentamicin. It is also
more expensive.

NETILMICIN “NETROMYCIN” (SCHERING)

It is a semisynthetic derivative of sisomicin and also has
a spectrum of antibacterial activity similar to that of genta-
micin. But most strains of Psendomonas aeruginosa are
approximately two fold less sensitive than to gentamicin.
There is synergy between netilmicin and carbenicillin against
many strains of Pseudomonas ~aeruginosa.

Unlike sisomicin it is active against a proportion of
gentamicin resistant Gram-negative bacilli. Gentamicin
resistant strains of FEach. cli, Proteus mirabilis, Enteroc
bacter, Klebsiella and Serratia spp are usually sensitive to
netilmicin but gentamicin-resistant strains of Esch. coli and
Serratia resistant to netilmicin have also been isolated.
Indole positive Proteus and Acinobacter Sp. resistant to
gentamicin are usually resistant to netilmicin.

Adverse effects

Adverse effects are similar to those of gentamicin.
Experimental work on animals indicate a lower cochlear
toxicity when compared to gentamicin but clinical use has
been limited to confirm this.

Clinical value

Netilmicin is a useful alternative to amikacin in the
treatment of infections due to Gram-negative bacilli resis-
tant to gentamicin but sensitive to netilmicin,

It has been shown that in Esch. coli induced meningitis
in animals that netilmicin achieved better in vivo bacteri-
cidal activity than gentamicin in the CSF. For this reason
and its possible lesser otoxicity it has been suggested that
netilmicin may be superior to gentamicin in the treatment
of meningitis due to Gram-negative bacilli.
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NEW DRUGS

KRTOTIFEN “Zaditen” (Wander)

Ketotifen is a new chemical compound — a tricyclic
benzocyclo-heptathiophene derivative chemically related. .to
the anti migraine drug pizotifen. :

Pharmacological actions

In experimental studies in animals and man it has been
shown to have:— ;

(2) Potent long acting antihistaminic properties and
also marked anti-anaphylactic properties.

(b) A protective effect against allergen and histamine
induced bronchospasm. : - ;

Mechanism of action

Tts action resembles that of sodium cromoglycate in
that it stabilises the mast cell membrane and blocks the
release of chemical mediators such as histamine and SRS-A
following an antigen-antibody reaction — mediators which
are responsible for initiating the asthmatic attack.
Pharmacokinetic effect =

TUnlike sodium cromoglycate it is effective when given
orally and is absorked within one hour. Its effects lasts up
to 12 hours. : SRR EERE

Adverse effects

t produces drowsiness in ahout 10 — 15% of patients
initially, which generally passes off with continued usage in
a short time. Sometimes drowsiness may be so marked. as
to necessitate withdrawal of the drug. Other side effects
include dry mouth, headache and dizziness. :
Precautions and warnings Wy e el

Patients should be advised to take care: when -driving
cars or operating machinery because of the drowsiness pPro-
dueced.- The effects of hypnohics and aleohol, -are poten-
tiated. R

30



Glinical value

It is useful in preventing attacks of allergic asthma. It
is as effective as sodium cromoglycate. TUnlike sodium
cromoglycate it takes several weeks to produce its full
effects. Maximum efficacy os obtained in 6-12 weeks and
this maximum effect is subsequently maintained.

In a cross-over study comparing the effects of sodium
cromoglycate 20mg four times daily with Kketotifen 1lmg
twice daily for 3 months in 60 patients ketotofen was effec-
tive in 65% and cromoglycate in 53%. The difference was
however not statistically significant.

Because of its slow onset of action if it is devided to
change from sodium cromoglycate to ketotifen the treat-
ment should overlap over a period of two weeks.

Ketotifen has also been found to have an important
steroid sparing effect in patients on maintenance cortico-
steroid therapy. :

Preparations and dosage
1. Ketotifen tablets
Each tablet contains 1mg ketotifen.

Adult dese: lmg (ltab.) twice daily. Some require doseé of
2mg twice daily.

Children’s doses:

12-22kg — 0.5mg (§ tab) twice daily
22-32kg — 0.5mg (3 tab) thrice daily
Over 32kg — 1.0mg. (1 tab) twice daily

2. Ketotifen Syrup
Each 1ml contains 0.2mg ketotifen

Children’s doses:

14-18kg — 2ml (0.4mg) twice daily
19-25kg — 3ml (0.6mg) twice daily
26-35kg — 4ml (0.8mg) twice daily

>.35kg — 5ml ( 1lmg) twice daily
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Cost
The approximate cost of a day’s use is as follows:

Cost of a daily dose
Ketotifen Tablets (Zaditen) 9 Tablets — Rs. 8.30
Sodium Cromoglycate (Intal) 4 Capsules — Rs. 21.40

References
i. Craps, L., Greenwood, C., Radiovic, R. (1978) Clin.
Alerg. 8. 373
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