
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



A STUDY OF PENICILLIN CONCENTRATIONS 

IN BOVINE CONJUNCTIVAL SAC FLUID 

AS IT PERTAINS TO THE TREATMENT 

OF MORAXELLA BOVIS INFECTION 

A THESIS 

PRESENTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS 

FOR THE DEGREE 

OF 

DOCTOR OF PHILOSOPHY 

AT 

MASSEY UNIVERSITY 

Preeni Abeynayake 

1984 

. � . 



AB STRACT 

Infec t ious bovine keratoconj unc t ivitis  is one of the commonest 

eye d iseases of cattle . A special ised organism Moraxel la bovi s ,  

i s  generally held t o  b e  responsible for the often serious damage 

to the cornea and the conj unctiva . Temporary b l indness  is common 

but even without treatment , mos t  cat t le eventually regain their 

vision . Although the disease has been recognised for more than 

30 years in mos t  cattle-farming areas of the world , only in the 

past 8-10 years has it become evident in New Zealand . 

A wide range of ant ibacterial produc ts has been used for treatment 

but there has been very little definitive work undertaken which 

would f orm a sound basis f or any schedule of medication . In view 

of the informat ion lacking in this respect , it was dec ided to 

study the pharmacokinetics of an antimicrobial drug in the 

conj unct ival sac f luid after different formulations of the drug 

had b een administered by different routes . Penic illin was chosen 

as the model ant ib iotic because i t  is  remarkably free of s ide 

effect s , effec t ive against M.  bovis and available in a range of 

product s  suitable  f or administrat ion by various means . The overall 

aim o f  the work was to determine a concentration-time profile for 

penicillin in c onjunct ival sac f luid (CF) and it was reasoned 

that this data could then be used to establish a schedule of 

treatment that would produce an opt imum effect against M. bovi s .  

The preliminary requirement of the research programme was t o  
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investigate a suit�ble method o f  collecting unchanged samples of 

CF over a number of days ( i . e .  1-7 days) . As soon as the projec t 

was initiated , it became c lear that any substantial distress to 

the animals caused lachrymat ion , and the possibility of the CF 

then c ontaining endogenous ant ibac terial substances could not be 

discounted . Of the three methods of collec t ion tested , the use 

of b lunted capillary tubes was found to be best for the purpose 

b ecause the method avoided any local t issue irritation and the 

cattle soon learned to tolerate any associated handling and minor 

restraint . Special safeguards were built into the experiment to 

conf irm the absence of ant ibacterial substances  other than 

p enicillin .  The specific ity of the inhibi tory substance in CF , 

namely pen ic i llin ,  was regularly conf irmed by testing for 

parallelism against s tandard dilutions of penicillin ,  and 

periodically by neutralizing all  antibac terial ac tivity in a 

s ample , using penic illinase . 
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Estimat ions of the penicillin concentration in CF samples were 

c arried out by means of the agar-well  diffusion technique . Minor 

mod if ications to the basic assay system were required to ensure 

that the sensitivity would  cover the range of penicillin 

c oncentrations expected to appear in CF . After a series of 

t it rat ions involving the s ize o f  the inoculum of the indicator 

organism ,  the depth and volume of the agar med ium , the volume 

o f  the test solution for each wel l  and the incubation schedule , 

each var iable was standardized for all subsequent assay s .  A 

large plate (28 x 28 cm, containing 64 wells 4 . 5  mm in diameter , 

ill 



2.5 cm apart ) permitted the assay of 12 CF samples alongside f our 

standard d ilutions of penic ill in under uniform conditions . Using 

Bacill us subtilis a� the indicat or organism, the assay sys tem was 

sensitive in the range between 10 and 0.07 iu/ml penicillin ,  

with a s tandard error o f  predic ted values o f  0 . 04-0 . 17. 

In order to nominate a penicillin concentration in CF that would 

be effec t ive against M.  bovi s ,  the pen icillin sensitivity of 

several s trains of the organism were measured in terms of their 

minimum inhibitory concentration (MIC) . The four New Zealand 

isolates tested were highly sensitive ; mos t  having a MIC of 

penicillin of 0 . 03 iu/ml , and this was identical for the 

bactericidal concentrat ion . Af ter making allowance for an 

in vi vo safety factor of 5 , the minimum therapeutic concentration 

(MTC )  of penicillin against M. bovis was def ined for this series 

of experiments to be  0.15 iu/ml . The length of time that the 

penicillin concentrat ion in CF remained equal to or above the 

MTC following treatment with any particular produc t ,  was 

considered as the duration of therapeutic concentration (DT�;}�D:1!.F�-.1 
for that particular treatment .  

The maj or experiment s  using c l inically normal cows involved the 

estimation of penicillin concentrat ion in CF following systemic , 

subconj unctival or topical administration . Every treatment was 

repeated in five or s ix animals  but without exception any 

variation in the DTC between eyes and animals wa-s found to be 

not significant . In all experiments , the dec line in penicillin 
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concentrat ion in CF followed an exponential pat tern ,  irrespective 

of the route of administrat ion . 

A series of systemic inj ections �as l carried out by the 

appropriate route using three different product s  of penic illin 

at a s tandard dose-rate of 20 , 000 iu/kg . Penic illin concentrations 

observed in CF (± SEM) following the intravenous inj ection of 

sodium b enzyl penicillin (peak 2 . 0  iu/ml and DTC 5 . 5  ± 0 . 25 hours )  

and the intramuscular inj ection o f  procaine penicillin (peak 1.0 

iu/ml and DTC 1 6 . 5  ± 1 . 25) , were considered inadequate for the 

treatment of IBK. 

Penethamate hydriodide , administered by either the intramuscular 

or the subcutaneous route , achieved an approximate peak 

concentration of 3 . 0  iu/ml and produced a minimum therapeutic 

duration of 61 ± 5 . 57 hours . Such a difference between the 

kinetics of penethamate hydriodide and benzy l penicillin was 

attributed to the greater lip id solubility of the diethylamino

ethyl ester of penicillin .  Although the prof ile o f  penic illin 

in CF following penethamate administration seems favourable , the 

cost of the product would probably prohib it its  regular use . 

In a further experiment in which half the dose was used , the 

DTC was reduced to 23 . 5  ± 4 hour s .  

A subconjunc tival inj ection o f  procaine penic illin a t  a dosage o f  

6 x 105 iu in 2 ml , adminis tered either through the skin or 

through the conj unct iva , achieved an approximate peak of 8 iu/ml 
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for both routes and DTCs of 67.6 ± 5.0 hours and 40 ± 2.6 hours 

respec t ively . The fas ter rate of penicillin decay following an 

inj ect ion given through the c onj unctiva , is possibly·attributable 

to the back diffusion of the drug through the needle puncture . 

In general ,  the penicillin prof ile in CF following a 

subconj unctival inj ec t ion is  conducive to an extended bac tericidal 

effec t and the trial results tend to c onfirm the clinical 

impres sions of i t s  usefulness in the f ield . Treatment by this 

means is relatively cheap and easily undertaken . If a more 

prolonged effec t  is desirable ,  another dose might be adminis tered 

two day s  after the f irst . 

Topical application of sodium benzyl penicillin in aqueous 

solution at a c oncentration isotonic with 0.9% saline , produced 

a DTC in CF for 12.6 ± 1.5 hour s .  This duration i s  considered 

long for a water soluble salt in an aqueous base . When this 

sal t  and other less water soluble ones were formulated in an 

ointment base , the t ime of ef fect was s�gnificantly prolonged . 

Sodium benzyl penic illin and procaine penic illin in the ointment 

base , produced DTCs of 39.8 ± 2 hours and 37 ± 4 hours respect ively , 

while the ointment formulation of benethamine penic illin produced 

a DTC of 56 ± 4.5 hours . The prolonged decline observed for 

all  eye ointment s  can be partly accounted for by the viscous 

nature of the b ase but o ther differences may be dependent on the 

relative water solubility of each penicillin sal t .  In addition , 

the various s t ructures o f  the surface muco�ae such as c rypts and 

specialised cel l s ,  are l ikely t o  retard f ree diffusion 
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and therefore retain penicillin ,  in CF . The extent of 

dissociation of a substance depending on i t s  \pKa I may also 

influence the overall rate of dec line . 

Regular examinat ion of the treated eyes and cell counts undertaken 

on CF samp les , did not indicate any inflammatory reaction even 

af ter repeated app lication of ointments .  

The var ious penicillin profiles observed in CF now provide a sound 

basis for establishing treatment schedules . Optimum treatment 

schedules can be advocated for dif ferent penicillin produc t s ,  

based on concentrations and durations that could b e  expec ted t o  

c ontrol M .  bovis infect ion in superf icial tissues o f  the eye . 

However , in order to confirm the therapeutic effectiveness of such 

schedules , controlled clinical trials using infected animals  are 

obligatory . 
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PREFACE 

Infectious bovine keratoconj unc t ivitis ( IBK) is well known as an 

economically important eye condition in cattle and it occurs in 

mos t  farming areas of the world . Outbreaks of the disease were 

first reported in New Zealand only recently (Anon , 1 97 5 ) , but it 

quickly became established and the condition is now prevalent in 

cattle throught the country . 

The d isease is caused by the bacterium Moraxella bovi s often in 

association with certain predisposing factors which have been 

incriminated in spontaneous outbreaks . While the disease is not 

responsible for a high rate of mortality , and indeed outbreaks 

are eventually self-limiting , its economic importance stems from 

unthriftiness in diseased animals and consequent losses in 

produc tion . In addition , the disease causes disrup t ion to the 

normal farm routine as b lind animals  warrant extra attention . 

In the long term the use o f  vacc ines seems the mos t  promising 

approach to control of IBK but product s  giving a high protection 

rate are not yet avai lab l e .  Fortunately M.  bovis is  sensitive 

to a range of commonly used ant ibacterial drugs and treatment , 

particularly of early cases , is usually successful . 

Effec t ive chemotherapy o f  IBK demands the maintenance of 

therapeutic concentrations of the administered drug in f luids 

covering the bovine eye for suff ic ient t ime to eliminate the 



infec t ive organism , M. bovi s. In spite of the variety of chemicals 

that have been used over the years for that purpose , there is very 

little information in the l iterature on drug concentrations 

obtainable in conj unctival f luids after administration of product s  

b y  any route .  

Accordingly i t  was dec ided t o  undertake investigations in this 

area ; to determine if the route of adminis tration and any specific 

features o f  the drug product would inf luence either the peak 

concentrat ion obtainable in conj unctival sac f luid or the length 

of t ime effective levels c ould be sustained . 

Penicillin may not necessarily be the drug of choice to treat IBK 

under field conditions , but it was chosen as the model  antibiotic 

in this s tudy for special reason s .  These were , its overall safety , 

its effec tiveness against M .  bovis and in particular , the range 

of produc ts available containing different sal t s  of penicillin in 

a form suitable for administration by a number of routes . 

In broad terms , this s tudy set out to estab l ish basic information 

on the pharmacokinet ic s  of penicillin in conj unctival sac f luids . 

I t  was hoped that the inves tigations would lead to a greater 

understanding of the drug ' s distribution and such knowledge would 

enab le more rat ional schedules of treatment to be devised . 
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