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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 . 

/ 

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 , 
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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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CHAPTER 1 

L ITERATURE REVIEW 

1 . 1  GENERAL FEATURES OF INFECTIOUS BOVINE KERATOCONJUNCTIVITIS  

1 .  1 . 1  Introduction 

Infect ious bovine keratoconj unct ivitis (IBK) is  a very common and a 

highly c ontagious eye infection of cattle . The acute s tage of the 

disease is characterized by inflammatory changes in the conj unct ivae , 

ulceration of the cornea with profuse lachrymation ,  photophobia , 

spasm o f  the eyelids and blepharitis (Jackson , 1 95 3 ;  Formston ,  1 954 ) . 

The morb idity rate is high . Comprehensive reviews on all aspect s  of 

the d isease have included more detailed descrip t ions of the clinical 

appearance (Barner , 1 95 2 ; Henson & Grumbles , 1 96 0 ;  Wilcox , 1 968 ; 

Hughes & Pugh , 1 97 2 ;  Bap t ista , 1 97 9 ) . 

Infectious bovine keratoconj unct ivitis was firs t described in the late 

nineteenth century by Billings ( 1 889 ; cit . Barner , 1 952) . More 

recen t ly the disease has been ident if ied in mos t  cattle-farming 

areas o f  the wor ld (Wat t ,  1 95 1 ; Jackson , 1 95 3 ;  Formston , 1 954 ; 

Gal lagher , 1 954 ; Adinarayanan & Singh , 1 96 1 ;  Pedersen , 1 970) . 

In New Zealand the disease became evident in 1 973-74 (Cooper , pers . 

comm. ) and the f irst  outbreak was reported in 1 9 7 5  (Anon , 1 97 5 ) . The 

absence of any records before this suggests  a recent introduct ion o f  

the disease to New Zealand (Harris e t  al , 1 980) . The disease is less 

common in the South Island than in the North Island and there appears 



to have been an increasing pattern of outbreaks over the years 

1 975-79  (Corrin ,  1 980 ; Harris et al , 1 980) . 

A survey carried out in the North Island has also shown that IBK 

appears to have been recently introduced into New Zealand and has 
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now become a widespread disease ( Sinclair , 1 982 ) . The same survey 

indicates that the annual inc idence is s t ill  r ising ; outbreaks 

following a seasonal pattern and being mos t  evident in the late summer .  

The disease is economically important to the c attle industry of New 

Zealand . The main losses are due to unthrif t iness in beef animals 

(Thrift  & Overfield , 1 974 ; Thomas et al , 1 97 8 )  and reduced milk 

produc tion in dairy herds ( Bedford , 1 9 76) . S ome losses are sustained 

as a result of deaths associated with misadventure (Sinc lair , 1 98 2 ) . 

An additional impac t on economic management may be assoc iated with 

ineffic ient grazin g ,  the cost of veter inary s ervices and the disrup tion 

caused by the need to handle and treat infect ed animals ( Slatter 

et al , 1 982a) . 

1 . 1 . 2  Causative agent 

It  is  now general ly accepted that the disease is caused by the bact erium, 

Moraxel la bovis (Henson & Grumbles , 1 960 ; Pugh & Hughes ,  1 97 2 ;  Chandler 

et al, 1 980) , and certain predisposing factors such as  solar radiat ion 

(Kopecky et al, 1 98 0 ;  Kopecky et al , 1 98 1 )  have been incriminated . 

Moraxel la bovis is an aerobic , capsulated , f imbriated , nonmotile , 

nonsporing , Gram negative , bipolar staining , short diplobacillus 

(Henriksen , 1 9 5 2 ;  Jackson , 1 953) . The bac terium belongsto the genus 
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Moraxella; members of which are capable o f  colonizing and multip ly ing 

on the external mucosae warm blooded animals (Henriksen , 1 9 76 ) . 

Moraxella bovi s can be recovered from the conj unctival sac of diseased 

animals with the use of moistened swabs and culturing these on b lood 

agar plates (Pedersen , 1 970) . After incubation at 37°C  for 24 hours , 

colonies of M .  bovis exhibit beta haemolysis (Henriksen , 1 9 5 2 )  and 

can be conf irmed by their unique b iochemical reac tions ; alkaline 

peptonization of litmus milk , proteolysis  on Loeffler ' s  serum ,  

production of cytochrome oxidase , nonfermentation o f  carbohydrates , 

inab ility to grow on MacConkey agar and inability to reduce nitrate 

(Jackson , 1 9 5 3 ;  Pugh et al , 1 966 ; Wilcox , 1 9 7 0 ;  Carter , 1 976 ; Fraser 

& Gilmour , 1 9 7 9 ) . Certain s trains of M. bovis are nonhaemolytic and 

many of these  have been isolated from c l inically normal eyes ( Pugh 

et al , 1966) . 

1 . 1 .  3 Transmission o f  the disease 

The disease outbreaks are general ly prevalent in summer and early 

autumn (Harris et al , 1 980 ; Webber & Selby , 1 9 8 1b )  and this pattern 

of disease could be attributed to ocular susceptibility assoc iated 

with increased solar radiation (Hughes et al , 1 965) . The mode o f  

natural transmission i s  believed to be  b y  d irect contact (Gallagher , 

1 954 ; Pugh & Hughes , 1 972 ) . In addition , the face fly Musca 

a ut umnali s  (De Geer) has been reported to act as a mechanical 

vector (Brown & Adkins , 1 972 ) . 

Pure cultures of M. bovis grown on b lood agar plates are 

of producing IBK in cattle when dropped into the undamaged 

capab le 



conjunc tival sac (Pugh & Hughes , 1 9 7 2 ; Chandler et al , 1 980 ; Wilson 

e t  al , 1 98 1 ) . More consistent results are c laimed following the 

use of ultra-violet radiat ion on challenged eyes  (Hughes & Pugh , 

1 9 7 1 ;  Pugh & Hughes , 1 97 6 ) . 

1 . 1 . 4  Control of the d isease in herds 
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Segregat ion of infected animals and the stric t quarantine o f  animals 

are traditional measures app lied to  the con trol of any contagious 

disease , and the same may be prac tical f or IBK under certain condit ions . 

In addition ,  control o f  transmission o f  the disease by mechanical 

vectors has been attempted using an insecticide (Beug , 1 976 ; McNut t ,  

1 976)  such as  cypermethrin (Caballo , 1 980) . 

Under experimental conditions , the use of l ive vaccines has induced 

an increase in serum antibodies with increased inoculations and the 

resistance developed was comparable to that seen in animals  developing 

natural immunity after recovering from IBK (Hughes & Pugh, 1 97 1 ) . 

Some protec tion against IBK has been achieved in new-born calves after 

feeding colostrum from vacc inated cows (Pugh et al , 1 980) . However , 

the use of either specific ribosomes ( Pugh et al , 1 98 1 )  or pili  

f ract ions (Pugh & Hughes , 1 976)  of  M .  bovis in attempt s  to improve the 

immunogenicity of the vaccine , was equivocal . It  was also found 

that inj ec t ing vaccines into the conj unct iva rather than administering 

them subcutaneously did not produce signif icantly bett er result s  

(Webber & Selby , 1 98 1a) . In one study , some reduction in the incidence 

of IBK was obtained by weekly preventive treatment using furazolidone 

eye spray (Hughes et al , 1 979 ) . 



6 

Individual animal treatment with ant imicrob ial products has been widely 

used for the past thirty years (Pugh , 1 9 78)  and it is still considered 

to be the best  approach to control infection in the event of an outbreak . 

Aspec ts o f  antimicrob ial treatment will be dealt with in greater detail 

in the following sec t ion . 

1 . 2 

1 . 2 . 1 

TREATMENT OF INFECTIOUS BOVINE KERATOCONJUNCTIVITIS 

Introduction 

The mild f orm of IBK involves the inf lammation of both cornea and 

conjunc t iva , causing little damage . Animals  often recover in 3-6 

weeks without any treatment being administered (Pugh , 1 9 78 ) . As a 

result , IBK has been described as a self-limiting disease (Bedford , 

1 9 76) . However , severely aff ected eyes in which the change s  inc lude 

extensive ulceration may take many months before resolution is complete 

and corneal scars may persist .  Early ant ibacterial treatment of the 

disease is benefic ial , because M. bovis infection is c leared and further 

development of the disease is stopped.  Accordingly , there is no serious 

damage to the cornea (Formston ,  1 954 ) and control of M. bovi s prevents 

further spread o f  the disease . I t  is well recognized that at the 

advanced s tages o f  the disease in which there is severe corneal 

ulcerat ion , ant ibacterial treatment has only a limited effect on the 

proce s s  of reso lut ion (Cooper , 1 960) . 

Although specif ic treatment of IBK requires the use of ant ibacterial 

produc t s ,  support ive surgical measures have been adopted in the 

U . S . A. and the U . K. (Anderson et al , 1 976 ; Dalton ,  1 97 6 ) . For 

instance ,  the membrana ni cti tans has been drawn across  the cornea 



and sutured to the lateral conj uncti.va� fornix thereby forming a 

conj unc t ival f lap (Anderson et ai, 1 9 76 ) . It  has been sugges ted 

that this surgical measure helps to improve the effectivenes s  of 

medicines by delaying drug eliminat ion from the conj unctival f luids 

and in addit ion it protects the cornea against further damage . 
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In spite of the obvious advantages associated with individual animal 

treatment and the signif icant economic impact of the disease , only 

1 1 %  of New Zealand farmers treat their cattle for IBK ( Sinc la ir , 

1 9 8 2 ) . In contrast , a survey / in
'

Australia has shown that 86% of 

dairy herd s ,  38% of beef herds and 80% of mixed-type herds are 

routinely trea ted ( Slat ter et ai, 1 982a) . The f requency of treatment 

ranged from either three t imes daily t o  once weekly , or it  was limited 

to a s ingle dose when the disease was f irst observed . Those farmers 

who were reluc tant to treat IBK cases , believed either that the 

disease did not warrant attent ion (Slatter et ai, 1 982a) or that there 

were insufficient benefits f rom medicat ion (Sinclair , 1 98 2 ) . The 

failure to treat by some farmers has been attributed to ignorance 

of the widespread nature of the disease and the ef fec t  it might have 

on produc t ion . Furthermore , the rat ionale for any particular 

treatment schedule is not widely understood . However farmers who 

routinely treated their animals , have reported satisfac tory cure 

rates and o ther benefits associated with a quick recovery ( Slatter 

e t  ai, 1 98 2a ) . 

The result s  of a recent survey revealed that homidium bromide 

( 27 % ) , oxytetracycline (23%) , chloramphenicol derivatives ( 14%)  



and pen icillin derivat ives ( 1 4%) were the drugs mos t  frequently 

used by Aus tralian cattle producers (Slatter et ai, 1 982a) . The 

latter two were rated highly for their effectiveness .  

1 . 2 . 2  Treatment schedules and drugs used 

Systemic routes  of administration : 
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Different comb inat ions of antimicrobial substances ,  somet imes including 

a corticosteroid , have b een used occasionally through one of the 

systemic routes of administration. For example , intravenous inj ect ions 

of sulfametha z ine at a dose rate of 1 00mg/kg , have b een used to 

eliminate the carrier state and to avoid any subsequent recrudescence 

of the disease (Pugh , 1 9 7 8 ) . 

When two dose rates of oxytetracycline were used intramuscularly 

for the treatment of experimentally induced IBK, some lesions 

resolved after the use of the higher dose rate ( 1 1  mg/kg) . Uncured 

eyes were treated effec t iveiy with tylos in at 5 mg/kg and at 7 mg/kg; 

the higher dosage brought about a higher rate of recovery (Pugh & 

McDonald , 1 9 7 7 ) . The same authors f ound that a mixture of 

penicillin and d ihydrostreptomycin given intramuscularly. used .in 

comb ination with topically applied nitrofurazone powder , was also 

successful . In another s tudy (Pugh et ai, 1 982)  the prophylact ic 

use of tylosin by intramuscular inj ec tion in cows before 

parturition , failed to prevent the transmiss ion of M. bovi s 

infect ion to their offspring . 

Subconj unc tival inj ections : 

This route of administration of drugs is believed to maintain 



therapeutic act ivity in ocular tissues for an extended period 

(Leopold , 1 964 ; Slatter , 1 98 1 ) . It is therefore being widely 

used in treating IBK in New Zealand (Cooper , pers . comm . ) ,  and 

overseas (Table 1 . 1 ) .  

Topical instillations : 
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A wide range of medicament s  including antisep t ics  and antimicrobial 

sub stances are used topical ly under f ield conditions in the treatment 

o f  IBK (Table 1 . 2 ) .  The effectiveness  of most products is unproven . 

Slow release mechanisms : 

In treating IBK under f ield conditions , the frequency with which 

t reatment can be administered is bel ieved to be insufficient to maintain 

therapeutic drug concentrat ions ( Slatter et al, 1 982a) . Thus , there 

is a general interest in the use of slow release devices that are 

retained in the conj unc t ival sac for an optimum period and that do not 

cause undue reactions . 

For example , a 7 / 32 inch diameter eye pellet consisting of 

oxytetracycline ( 5  mg) , polymyxin B sulphate ( 10 , 000 iu) and 

tetracaine hydrochloride ( 1  mg) was reported to be  successful in 

treating IBK without c ausing any side ef fec t s  (Hawley , 1954 ) . A 

residual tetracycline concentration of 0 . 6 7 microgram/ml was noted 

in tears , 31 hours af t er applicat ion . 

A ring device made up o f  p olyvinyl tubing has been satisfactorily 

retained in the bovine eye (Hughes & Pugh , 1 97 5 )  but prolonged 

retention was accompanied by increased tear and mucous 'secretion . 



The incorporation of an ant ibiotic into this device would enable 

it  to be  used therapeutically . 
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Various collagen inserts o f  thickness  ranging from 0 . 075 t o  0 . 1 25 mm 

were also found to be easily inserted into the conj unctival sac . 

These have been retained for periods of up to eight  days without causing 

signs of irritation ( S latter et al, 1 982c ) . The rate of release of 

gentamic in from such a collagen insert produced relat ively low 

concentrations during the f irst f ew hours but af ter eight to nine hours 

a s teady s tate concentration of 1 microgram/ml was achieved and the 

drug was gradually eliminated over 24 hours . 

Hydrophilic contact lenses with 75% water content have also been 

developed specifically for the bovine eye .  Retention over four days in 

the bovine eye has been accompanied by ocular irritation , corneal 

opacity and local oedema ( Slatter et al, 1 982b) . 

An apparatus for subpalpebral lavage was construc ted in order to treat 

a case of IBK. Complete restorat ion of vis ion was attained within 

two weeks after frequent infusion of gentamicin ophthalmic solution 

(Nyack & Padmore ,  1 98 2 ) . 

1 . 3  SENSITIVITY OF MORAXELLA BOVIS TO ANTIBACTERIAL SUBSTANCES 

Mos t  M. bovis isolates are susceptible to a range of commonly used 

antibacterial substances .  However ,  t o  obtain optimum results ,  the 

in vi tro sensitivity of a single isolate should be determined (Pugh 

& McDonald , 1 9 7 7 )  and a r ange of me thods are avai lable for use . 
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The disc diffusion techn ique is routinely used to invest igate the 

sens itivity of recently i solated s trains of bacteria and the numerous 

results concerning M. bovis , are listed in Table 1 . 3 . In particular , 

M. bovi s was repeatedly reported to be highly sensitive to penic illin 

when eva luated by the disc diffusion technique (Barner , 1 952 ; 

Henriksen , 1 952 ; Kliewer & Gee , 1 96 0 ;  Pedersen , 1 970 ; Wilcox , 1 970) . 

The tube  dilution technique i s  a more laborious method but is 

occasional ly used in sensitivity testing . Chloramphenicol was 

fractionally more effec t ive than! A,ureomycin in s tudies using the tube 

dilut ion technique (Gallagher , 1 954 ) . 

By definition , the minimum inhibitory concentration (MIC) of an 

antibacterial substance is the lowest concentration at which the test  

organism does not produce any visible opacity after incubation 

(Cruickshank et ai, 1 975 ) . The test to determine the MIC of an 

antibac terial subs tance against a bac terium ,  although more complicated 

than other routine sens itivity test s ,  provides a quantitative 

measurement of the" in vi tro susceptibility . Use of the microd ilution 

technique in MIC s tudies on M .  bovis has been reported by Webber et al 

( 1 982)  who undertook a comprehensive programme to investigate a number 

of commonly used antimicrobial agents against different isolates of 

M. bovi s .  The sensitivities o f  numerous M.  bovis strains were not 

significantly different one f rom another , although they were obtained 

from f ield outbreaks over a wide geographic area in Missouri and over 

a period of years . In addit ion , haemolytic isolates had higher MIC 

values than nonhaemolytic isolates against gentamic in , penicillin 

and s treptomyc in . However , M .  bovi s constantly showed some resistance to 
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cloxac illin (Wilcox , 1 97 0 ;  Webber et al, 1 98 2 )  at 1 microgram/mI . 

Subsequent studies of Buswell et al ( 1 982)  showed that the MIC o f  

cloxac illin against M. bovis ranged between 0 . 3 1  and 2 . 5  microgram/mI . 

1 . 4  PENICILLIN CONCENTRATION IN SUPERFICIAL TISSUES OF THE EYE 

AFTER DIFFERENT METHODS OF ADMINISTRATION 

1 . 4 . 1 Introduct ion 

The specific treatment of IBK necessitates the maintenance of an 

adequate concentration of a given antibiotic at the site of infec t ion , 

namely the cornea and the conj unc tiva . Many dif ferent antimicrobial 

sub stances have been used by various routes in an attempt to attain 

optimum concentrat ions in the extraocular tissues . In particular , 

penic illin is widely used for IBK ( section 1 . 2 ) as many isolates of 

the causative organi sm M .  bovis are highly sensitive to the ant ib iotic 

( sect ion 1 . 3 ) .  The nontoxic nature of the drug to farm animals even 

at higher dosages and the nonirritant nature of the ant ibiotic on 

eye t issues , account for its popularity . 

1 . 4 . 2  Systemic inj ect ions of penicillin t o  produce concentrations 

in the conjunc tival sac fluid 

The writer was unab le to f ind any references  that dealt with penicillin 

concentrations in the bovine eye following s ingle dose treatment .  

References to other species of animal are l imited too , apart from 

cer tain exceptions , and much of the work referred to was undertaken 

more than 20 years ago . The only availab le information on penicillin 

excretion in bovine tears was presented by Pedersen ( 1 97 3) . In those 

experiments he maintained a constant plasma concentration of e ither 

benzyl penicill in or penethamate hydriodide by cont inuous intravenous 
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infusion , and thereaf ter assayed penicillin appearing in the conj unctival 

sac fluids .  For benzyl penicillin he  achieved a tear : plasma 

concentration ratio of 0 . 00 2 : 1 and 0 . 00 3 : 1 .  In a similar experiment 

using penethamate hydriodide , the corresponding ratio ranged from 1 . 9 : 1  

to 2 . 1 : 1  (i . e . a drug concentrat ion in tears which is approximately 

twice as high as  the concentration in p lasma) . The same study 

demons trated that the ratio was not influenced either by the p lasma 

concentration per se or by the rate of tear secretion . The higher 

tear : plasma ratio that resulted from the use of penethamate 

hydriodide could be explained by the largely unionized nature of the 

diethylaminoethyl ester molecules of penicillin in p lasma . They would 

be more inc lined to accumulate in tears which are found to have a pH 

slightly lower than that of blood , 7 . 2 9 ± . 003 as against 7 . 49  ± . 1 0 

respectively . 

The intravenous inj ect ion of 50 , 000 iu 'pure penicillin ' into rabbits  

achieved a concentrat ion of 1 . 0  iu  of penicillin in the cornea after 

30 minutes ( Sorsby & Ungar , 1 946) . Similar inj ections of 25 , 000 iu 

resulted in a concentration of 0 . 5  iu penicillin by 2� hours af ter 

the inj ect ion .  

Af ter intravenous inj ection o f  1 2 , 800 fu/kg into dogs , Struble & 

Bellows ( 1 94 4 )  found that penetration of soluble penicillin into the 

eye tissues had occurred within 1 5  minute s .  Drug concentrations in 

the cornea were lower than those of the sc lera and conjunctiva . 

By three hours af ter administration , traces were still detec tab le 

in the extraocular fluid although the b lood was completely free of 

penicillin . 
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It was shown that 10 , 000 i� of penethamate hydriodide inj ec ted into 

rabbits  intramuscularly achieved on average , 0 . 1 2  iu penicillin/gram 

of wet t is sue of the cornea (Bleeker & Mas s ,  1958). 

1.4.3 The concentrations produced following subconj unc tival inj ections 

The subconjunc tival route is  often preferred in ophthalmological practice 

because o f  the traditional belief in its duration of effec t and it does 

appear to be effective in the management of acute eye infect ions 

(Table  1.1). However , pat ient apprehension , pain , inconvenience ,  

subsequent inf lammation and expense have all been offered a s  limitat ions 

(Gelat t , 1968; Havener , 1974). 

Two methods of subconj unct ival inj ection have been described . One 

involves the piercing of the conj unct iva , while in the o ther , the skin 

of the eyelid i s  pierced leaving the c onj unct iva intact (Wine et al, 

1964; Havener , 1974; Gay , 1981; Sinclair et al, 1981). When using 

the conj unc tival route, leakage of deposited drug back on to the eye 

through the,needle puncture has been recorded (Wine et al, 1964) and 

the same study suggested that the drug could be partly lost through 

the lymphatic and vascular circulations . 

Oakley etal (1976) estimated t he concentration o f  penicillin in the 

cornea of rabb its after subconj unc tival inj ect ion of soluble benzyl 

penicillin .  This study showed that there was a graded concentrat ion 

from the periphery towards the centre of the cornea (Fig . 1 . 1 ) ;  such 

a c oncentration gradient supports the view that drug distribution 

takes p lace through the corneoscleral limbus .  
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Intracorneal distribution o f  
penicillin G ,  � hour after 
subconj unctival inj ect ion of 
50 mg (Oakley et ai, 1976). 

Absorption of penicillin from the subconj unc t ival space into the 

general c irculation has been shown on several occasions . For 

instance ,  a subconj unctival inj ect ion of a dose of 25, 000 iu of 

penicil lin into both eyes of rabbits followed by arterial blood 

analyses , I produced ; concentrations of 2.0, 0.25, 0.125, 0.06 iu/ml 

and a trac e ,  at 1, 2, 3, 3� and 4 hours respec t ively ( Sorsby & Ungar , 

1946). A subconj unc tival inj ection of twice the above dose in 

rabbits  has produced a peak b lood concentrat ion of 3.7 i u/ml within 

� hour (Andrews , 1947). 

1.4.4 The concentrat ions produced following topical inst illat ions  

Simplicity of  treatment without the need for inj ection or  patient 

15 

apprehension has made topical inst illation a widely acceptab le method 

of treating eye diseases (Gellat , 1968; Brightman , 1980). Penicillin 

is often used by this route in the treatment o f  IBK in cat t le (Tab le 1.2). 
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Penic illin in distil led water at concentrations between 20, 000 and 

50, 000 iu/ml is considered isotonic with 0.9% sal ine and therefore it 

is ind icated for topical instillation ( Sorsby & Ungar , 1946). Such 

isotonic preparations are nonirritant to the superfic ial tissues of 

the eye ( Struble & Bellows , 1944; Sorsby & Ungar , 1946; Sorsby , 1960). 

Treatment by topical inst illation causes very high drug concentrations 

init ially on the surface of the eye . This is followed by a rapid 

phase of dec line due both to absorpt ion through the conjunctiva and 

cornea ( Havener , 1974) and to elimination via the nasolachrymal duct 

(Janes & Stiles , 1963). Elimination of instilled solut ion f rom the. 

conj unct ival sac ha s been shown to fol low first-order kinet ic s and the 
-

rate of decl ine is  proportional to the viscosity of the instilled 

solut ion (Chrai et al, 1973). 

It is believed that increased viscosity prolongs ocular contact and 

thereby increases the drug absorpt ion (Havener ,  1974; Brightman , 1980; 

Maurice ,  1980). In order to improve the duration of action , penic illin 

is often incorporated into an ointment base . Instillat ion of 0.1 gram 

of ophthalmic ointment containing 50, 000 iu/gram penic illin into the 

eyes of rabbits has produced corneal concentrations of 2.0, 0.75, and 

0.25 iu/ml at 1, 2 and 4 hours respec tively (Sorsby & Ungar , 1946). 

A similar ointment at one tenth the strength has been recommended 

for human use (McWilliam, 1972). 

Some current work undertaken in the U . K . at the same time as  the Massey 

work was being evaluated , demonstrated that a single topical inst illation 

of 125 mg benzathine cloxacillin in an oily base had maintained a 



therapeutic concentration (4.01 ± 3 .3 microgram/ml ) agains t  M. bovi s 

for approximately 56 hours on the surface of the bovine eye (Buswell 

et al, 1 982 ). 

1 . 5  SUMMARY 

Infectious bovine keratoconj unctivitis is caused by M. bovi s and 
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t oday the disease is economically important in New Zealand . This 

d isease is controlled using chemotherapy with the obj ec tive of 

maintaining sufficient ly high concentrations of ant ibacterial sub s tance 

at the site of infect ion . 

Moraxella bovi s is sensitive to a range of antibac terial substances . 

Penicillin has been shown to p lay an important role in arresting 

the infect ion . Penicillin is regularly used in veterinary pract ice 

to treat IBK, although the scientific literature does not provide 

suitable evidence to subs tant iate its use by any route of 

administration . 



Table 1 . 1  Use of dru'gs by the subconj unc t ival route in the treatment of infectious bovine keratoconj unc t ivitis 

Drug 

chloramphenicol 

comb ination of amp ic illin 
benzathine penicillin ) 
procaine penicillin ) , 

t riamc inolone acetonide 
atrop ine 

methyl prednisolone 

penicillin with 
dihydrostreptomycin 

aqueous procaine penicillin 
aqueous amp icillin 

penicillin/streptomycin 

p rocaine penicillin 
benzathine penicillin 

Formulat ion 

20% aqueous solution 

200 mg/m1 

1 5 0 , 000 iu/m1 

2 mg/m1 
0 . 5  gram/ml 

0 . 5  m1 (20 mg/ml) 
Depomedro1 

0 . 5m1 (20 , 000 iu/ml 
(0 . 25 gram/ml 

Distrycillin 

My lip en 
Penbritin 

Streptopen 

Duplocillin 

Treatment schedule 

0 . 74 - 1 . 5  m1 single 
inj ect ion or once in 6 days 

2-3 m1 of the combinat ion 

s ingle treatment 

2 m1 

2 m1 

1-2 ml s ingle treatment 

Comments made by the 
author ( s )  

responded within 3 days and 
"cornea healed within 2 1  days" 

Refe,rence 

Flemin g ,  1 9 75 

Murray , 1976 

responded within 7 days Schrimshe r ,  1 970 

" s ingle inj ect ion was effective 
in 160 eye s ,  some of which had 
been inf ec ted up to 3 weeks" James , 1 9 76 

immediate & substantial drop in 
the prevalence of M. bovis was 
noted Sinclair , 1 982 

improved within 2-6 days and 
only few cases required second 
inj ection Cryer , 1 9 76 ...... 

00 



Table 1 . 2  Use of drugs by top ical app l ication in the treatment of infec t ious bovine keratoconj unc t ivitis 

Drug Formulat ion 

(a) Antiseptics and antimicrobial subs tances : 

zinc sulphate 

cyanide of mercury 
hyperchloride of mercury 
arsenical p reparations 

s ilver nitrate ' 

boric acid or mercuric 
chloride followed by 
Metaphen or Mercurophen 

ethidium bromide 

tylos in tartrate 

tylosin-neomycin 

2 %  solution 

1 : 4000 solut ion ) 
1 : 1000 solution ) 

1 . 5% solution 

1 : 2000 solution 

Furacin powder (Eaton) 
Topazone (Eaton) 

0 . 5% eye ointment or 
aqueous solut ion 

aqueous solution 
50 mg/ml spray 

ophthalmic p owder· 

Trea tment schedule 

used at the initial s tages 

2 or 3 t imes daily at 
initial s tages 

once or twice daily for 5 
consecutive days 

twice daily for 3 
consecutive days 

Comments made by author ( s )  

"ef fec t ive as antibiotics" 

effec tive in treating IBK 

found to be of benefit in 
preventing the disease in new 
born calves 

Possibi lity of this treatment 
was indicated only in dairy cows 

"given good results" 

equally ef fec t ive as other anti
b io t lcs at the initial s tages ; 
healing proceeded quickly without 

Reference 

Faull & Hawksley , 1954 

Brown . 1 9 311 

Brown . 1 9 34 

Pugh . 1 9 7 8  

Klussendorf . 1 95 2  

Beu g .  1 97 6  

toxic effects Cooper . 1 96 0  

"all but c orneal opac ity and 
ulceration disappeared within Ellis & Barnes .  196 1 

5 days" 

once·:or twice daily for 3 days effective in treating IBK Sampson & Gregory . 1 974 



Tab le 1 . 2  cont inued 

Drug 

chloramphenicol 

chloramphenicol 

sulfathiazole 

comb inat ion of 
chloramphenico l ,  urea , 
isopropyl alcho l ,  
propylene glycol ,  
methyl violet & 
propellants 

gentamic in 

Penici l l in 

(b) Miscellaneous compounds 

cod l iver oil 

atropine 

p.hys iolo·gica1 saline & 
foreign protein 

Formulation 

ophthalmic solution 

1 %  ophthalmic ointment 

ointment 

5% powder 

aerosa1 

eye spray 

Trea tment . schedule . 

2 . 5 mg instilled twice daily , 
at init ial s tages 

single dose 

once daily for 3 consecutive 
days 

. twice daily 

prophylactic use 

in tramammary preparation 5 0 , 000 iu ins tilled twice 
daily 

twice daily 

eye ointment 

inj ec t ion 

. Commen t s  made by author ( s )  

effective i n  c learing visual 
signs of the disease within 
2 - 3  days . 

early infec t ion arrested in 24 

. hours, repeated applicat ion 
required for advanced s tages 

given beneficial result s  

"handy 'aerosal container" & 
effective in .:,treatment 

effec tive at ini tial s tages of 
inefec tion , responded within 
2 - 3 days 

"did not al ter the course 
of infection" 

given good results 

given good results 

Reference 

Faull & Hawksley , 1 9 54 

Gallaghe r ,  1 954 

Jackson , 1 954 

Pugh , 1 9 7 8  

Nyack & Padmore . 1 98 2  

Pugh, 1 9 7 8  

Anon , 1 9 6 1  

S taples , Kotta & Smith. 1 9 8 1  

Faull & Hawksley , 1 95 4  

Faull & Hawksley , 1 954 

Beug . 1 9 7 6  

Beu g ,  1 9 7 6  
N 
o 



Table 1 . 2  continued 

Drug 

warm phys iological sal ine 
with t incture of op ium 

thyrotropin releas ing 
hormone 

cort isone acetate 

Formulat ion 

5 minims /ounce 

0 . 0 1 %  aqueous solution 

powder or 0 . 5% 
suspension 

Treatment schedule 

twice daily for 6 
consecutive days 

Comments made by author ( s )  

beneficial on ulcerated cornea 

opac ity was cleared without 
toxicity 

imp:roved 

Reference 

Brown , 1 9 34 

Kato & Ono , 1 9 8 1  

Sco t t ,  1 9 5 7  

N 
...... 



Table 1 .3 Sensitivity of Moraxella bovis towards antibac terial substances as determined by a disc diffusion technique 

Antimicrob ial sub stance 

ampicillin 

bacitrac in 

chloramphenicol 

cloxacillin 

erythromyc in 

Disc potency 

1 0  microgram 
1 0  microgram 

2 microgram 

2, 1 0  & 2 0  iu 
2 iu 
1 0  iu 

1 0, 30, 60 iu 

5 microgram 
30 microgram 
1 0  microgram 

1 0  microgram 
1 microgram 
5 microgram 

2 microgram 
1 0  microgram 

Sensitivity 

69.4% sensitive 
sensitive 

1 00% sensitive 

95% 
sens itive 
sensitive 
sensitive 

sens itive 
sensitive 
sensitive 

98.1 % sensitive 
sensitive 

1 00% sensitive 

1 00% 
1 00% 
52 % 

sensitive 
resistant 
resistant 

sens itive 
94.4% sensitive 
1 00 % sensitive 

Number of 
isolates 
tested 

1 60 
84 
2 5  

4 
1 60 

84 

4 
1 0  

1 56 
84 
2 5  

2 5  
84 
2 5  

1 60 
25 

Reference 

Pugh & McDonald , 1 977 
Webber . Fales & Selby , 1 982 
Wilcox . 1 970 

Barner , 1 952 
Pugh & HcDonald , 1 977 
Webber , Fales & Selby , 1 982 

Arora & Killinger , 1 976 
Barner , 1 952 
Pedersen . 1 970 
Pugh & McDonald ,  1 977 
Webber . Fales & Selby . 1 982 
Wilcox , 1 970 

Cullinane , pers . corom. 
Webber , Fales & Selby , 1 982 
Wilcox , 1 970 

Arora & Killinger , 1 976 
Pugh & McDonald , 1 977 
Wilcox , 1 970 

N 
N 



Tab le 1. 3 .  cont inued 

Ant imicrob ial sub stance Disc potency Sensitivity Number of Reference 
isolates 
tes ted 

furazolidone 200 microgram 100% sensitive 25 Cul linane , pers . comm. 

gentamicin 10 microgram sensitive 84 Webber , Fales & Selby , 1982 

kanamycin 30 microgram 97. 5% sensitive 160 Pugh & McDonald , 1977 
5 microgram sensitive 84 Webber , Fales & Selby , 1982 

lincomycin 2 microgram 75 % resistant 160 Pugh & McDonald , 1977 

miconazole 1 microgram 100% sens itive 12 Van Cutsem, Van Gerven , & 
De Keyser , 1983 

neomycin sensitive Arora & Killinger , 1976 
sensitive 10 Pedersen , 1970 

5 microgram 96.9% sensitive 160 Pugh & McDonald , 1977 
30 microgram sensitive 84 Webber , Fales & Selby , 1982 

nitrofurantoin 50 microgram 97.5% sens itive 160 Pugh & McDonald , 1977 

N 
w 



---------------------------------------------- - -

Table 1 .3 continued 

Ant imicrob ial substance 

nitrofcrazone 

oxytetracycline 

penicillin 

polymyxin B 

Disc potency 

1 00 microgram 

10, 30, 60 microgram 
5 microgram 
30 microgram 

.5, 1 . 0, 1 0  iu 
2 iu 

1 0  iu 
1 0  iu 
1 . 5  iu 

300 iu 

Sensitivity 

sensitive 

sensitive 
76. 9% sensitive 

sensitive 

sensitive 
sensitive 

68 % sensitive 
sensitive 

60.6% sens itive 
sensitive 

1 00 % sensitive 

sensitive 
sensitive 
sensitive 

Number of 
isolates 
tested 

84 

4 
160 

84 

4 
25 
10 

1 60 
84 
25 

1 0  
84 

Reference 

Webber , Fales & Selby , 1982 

Barner , 1 952 
Pugh & McDonald , 1 977 
Webber , Fales & Selby , 1 982 

Arora & Killinger , 1 976 
Barner , 1 952 
Cullinane , pers . comm . 
Pedersen , 1970 
Pugh & McDonald , 1 977 
Webber , Fales & Selby , 1 982 
Wilcox , 1 970 

Arora & Killinger , 1976 
Pedersen , 1 970 
Webber , Fales & Selby , 1 982 



Table 1 . 3  cont inued 

Antimicrob ial sub stance 

streptomycin 

Disc potency 

10 microgram 

1 0' microgram 
1 0  microgram 

d ihydros treptomycin . 5 ,  I ,  10 microgram 
1 0  microgram 

sulphamethoxypyridiazine 150  microgram 

sulphonamides 

triple sulphonamide 300 microgram 

sulphafurazole 100 microgram 

Sensitivity 

resis tant 
80 % sensitive 

sensitive 
68 % resistant 
100% sensitive 

'least sensitive ' 
7 7 . 5% sensitive 

64 . 4% resistant 

sens itive 

sensitive 

80% resistant 

Number of 
isolates 
tested 

5 
25 
10 ' 
66 
25 

4 
1 6 0  

160  

10  

84  

25  

Reference 

Arora & Killinger , 1 9 76 
Cullinane , pers . comrn .  
Pedersen , 1 970 
Webber , Fales & Selby , 1 982  
Wilcox , 1 9 70 

Barner , 1 952 
Pugh & McDonald , 1 9 7 7  

Pugh & McDonald , 1 9 7 7  

Pedersen , 1 970 

Webber Fales & Selby , 1 982  

Wilcox , 1 970 



---------------------- - -

Table 1 .3 continued 

Antimicrob ial substance Disc potency 

tetracycline 
1 0  mg 

5 microgram 
1 0  microgram 

tylosin 1 5  microgram 

Sensitivity 

sensitive 
1 00 % sensitive 

sensitive 
85 % sensitive 
1 00 % sens itive 

1 00 % sensitive 

Number of 
isolates 
tes ted 

25 
1 0  

1 6 0  
25 

4 

Reference 

Arora & Killinger , 1 976 
Cullinane , pers . comm. 
Pedersen , 1 970 
Pugh & McDonald , 1 977 
Wilcox , 1 970 

Pugh & McDonald , 1 977 



----------------------------------- - - -

Table 1 . 4  Antib iotic concentrat ions in the extraocular tissues af ter pen:i,c illin administrat ion by subconj unc tival inj ect ion 

Product 

penicillin 

sodium p enicillin 

sodium penicillin 

penicilHn 

penicillin 

Potassium penic illin G 

Dosage 

20 , 000 iu 

5 0 , 000 iu 

5 0 , 000 iu in 0 . 5  ml 
saline 

0 . 5  ml of solut ion 
containing 5 , 000 

iu/ml 

2 , 500 iu in 0 . 25 ml of 
normal saline 

25 , 000 or 50 , 000 iu in 
0 . 5  ml water 

0 . 25 ml con tain ing 
50 mg 

Species Penic illin concentration in the cornea or coajunc tiva 
, ' time (hours) 

Comments made by 
the author ( s )  

� ' 1 2 

rabbits >30 iu/g 

rabb its 9 7  iu/g 7 6  iu/g 35 iu/g 

rabbits 167 iu/g ' 39 . 3  'iu/g 5 . 4  iu/g 

3 4 

0 . 8  iu/g higher dosage has 
resul ted in longer 

1 8 . 7 5 iu/g 4 . 87 iu /g durat ion of ac t ion 

1 .  7 iu/g "economical in 
skilled hands" 

Reference 

Sorsby & 
Ungar , 1 94 7  

Andrews , 1 94 7  

rabb its 5 3 . 2 iu /g 34 . 9  iu/g traces result s  were not 
von Sallmann , readily interpreted 
1 945 for other species 

rabbits (highest level ob served in the cornea was 28 iu/g 
(highes t  level observed in the conjunctiva was 
( 1 06-449 iu/g and was not detec table after 3 hours 

rabb its concentration in cornea was . 25 iu/ml at 5 hours 

rabbit co�centration in cornea was 1 39 microgram/g in 
1 5  minutes 

highest tolerable 
s trength 

dosage was well 
tolerated 

signif icant leve ls 
were achieved in 
all areas of the 
cornea 

Strub le & 
Bellows , 1 94,4 

Sorsby & 
Ungar , 1 946 

Oakley , Week::; 
& Ellis , 
1 9 7 6  

N 
...... 
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CHAPTER 2 

ESTIMAT ION OF PEN I C ILLIN CONCENTRAT ION IN CONJUNCTIVAL 

SAC FLUID U S ING A B IOAS SAY TECHNIQUE 

INTRODUCTION 

A bioassay may be defined as an estimation of the relative potency 

of an unpurified drug by comparing it s biochemical , pharmacological 

or toxic effects  with a highly purified preparat ion of the same 

drug (Fingl & Woodbury , 197 5). When equivalent doses of the 

standard preparat ion and the unknown sample produc e the same 

response in the same range , the dose-response curves constructed 

can be used to estimate direct ly the drug concentration of the 

unknown samp le . 

For inves tigating mat erials in which the ant ibiot ic concentration 

requires to be es tima ted , modificat ions of the basic bioassay 

technique have inc luded the cup p late method (Foster & Woodruff ,  

1944; Grove & Randall , 1955) and the agar-wel l  diffusion method 

(Bennett et al, 1966; Litwack et al, 1969). These two , with various 

minor modif ications have been used extensively for assaying a range 

of ant ibiotic s  present in c linical spec imens . 

The agar-well  diffusion method which was ultimately selected for 

use in this s tudy involved seeding an agar p late with an 

appropriate indicator organism, filling precut wells  in the agar 

with the samples of either unknown concentrations or the standard 



dilutions , and after incubation observing the zone of growth 

inhibit ion around the wells . 

Numerous variab les are encountered in bioassay techniques (Lees 

& Tootil l ,  1 955)  and maj or ones fall into groups assoc iated with 

the indicator organism, preparation of the assay p late and time 

schedule of incubation . 

The b ioassay technique requires that the end point measured must 

not be  inf luenced by the solvent in which the standard dilutions 

of active material are prepared (Bennet t  et ai, 1 966) . Bovine 

CF is only available in very small quantities  and therefore the 

suitability of other solvents for preparing s t andard dilution 

series of penicillin had to be investigated . 

MATERIALS AND METHODS 

The assay method , which had to be specially modif ied for small 

volumes of specimens , has been described by Lees & Tootill ( 1 9.55 ) , 

Kavanagh ( 1 963) , Bennett et al ( 1 966)  and S imon & Yin ( 1 970) . 

2 . 1 ROUTINE BIOASSAY TECHNIQUE 

2 . 1 . 1 .  Indicator organism 

In prel iminary experiments , the minimum inhibi tory concentration 

of penicillin agains t  M. bovi s had been determined and details 

30 

of these investigat ions  appear later in Chapter 4. After making 

al lowance for a safety fac tor to ensure a therapeutic concentrat ion 

in the conj unctival sac f luid (CF) , it was decided that Bacillus 



B C o E 

Plate 2 . 1 Materials used for b ioassay 

A. assay p late p laced over the paper guide 
B .  tube borer 
c .  needle 
D. adj ustable micropipette 
E.  vernier calliper 
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subtili s would be the most appropriate indicator organism to cover 

the range of concentrations of interes t  (Foster & Woodruf f ,  1 944 ) . 

A preparation of B. subtili s spore suspension § was stored at 4 ° C  

and before use diluted 1 : 200 in distilled water t o  ob tain the 

working strength of suspension . 

2 . 1 . 2  Preparation of the assay plate 

The assay medium (Appendix 2 . 1 )  was p repared by adding 0 . 5  ml of 

diluted spore suspension to 200 ml of  mel ted agar held  at 60° C .  

The inoculated agar medium was well mixed and poured into square 

glass  plates , 28 x 28 cm in dimens ion . The plates containing the 

cooling agar were left uncovered for approximately 5 minutes before 

having aluminium lids applied . Poured plates were left  on the bench 

for a further 30 minutes and then transferred to storage at 4 ° C  in 

order to harden the agar before cutting _ the wells . 

2 . 1 . 3  Preparat ion of agar wel ls  

A specially designed tube borer (Plate 2 . 1B)  having an outs ide 

d iameter of 4 . 5  mm was used to make 64 wells in the assay medium. 

A paper guide placed under the plate indicated the wel l positions 

(Plate 2 . 1 A) and the cut pieces of agar were picked up using a 

sterile needle (Plate 2 . I C ) . The well  p lacings were randomly 

numbered from 1 to 1 6  in replicates of f our . 

§ B .  subtili s spore suspension supplied by courtesy of Glaxo 

Laboratories , NZ Ltd . 



2 . 1 . 4  Standard dilut ion series of penicillin 

Dilut ions of sodium benzyl penic illiJI in dist illed water were 

freshly prepared daily and used on the plate in strengths of 5 . 00 ,  

1 . 00 ,  0 . 1 and 0 . 083 iu /ml . A standard curve calculated from the 

zones of  inhibition produced at each concentration ,  was plotted 

for each p late every t ime an assay was undertaken . 

2 . 1 . 5  Filling the wells  with test  samples 

Each well  held a volume of  35 �l and every specimen was assayed as 

four subsamples in four randomly s ituated wel ls . Thus , the 

technique required only a maximum of 150  �l of the clinical spec imen 

for the estimat ion . Samples were distributed using an adj ustable 

micropipette # (Plate 2 . 1D) . The assay plate contained f our standard 

concentrations of penicillin in d istilled water and twelve samples 

of CF containing unknown concentrations of penic illin .  Each o f  the 

16 samples was tested in quadruplicate . 

The f illing operat ion was complete within twenty minutes and the 

loaded assay plates were left at room temperature for one hour . 

This allowed the diffus ion of the antibiotic into the agar before 

incubation at 3 7 ° C  f or 1 8-24 hour s .  After incubation the diameter 

of the inhibitory zone was measured from three d irections using a 

vernier cal liper (Plate 2 . 1 E) , and the mean va lue of the three 

measurements was calculated . 

'1 Crys tapen , Glaxo Laboratories Limited , Greenford , England 

# P ipetman 200 (Gilson )  

3 2  
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2. 1 . 6  Est imation of penicillin conc entrat ion in test samp les . 

� Standar� dilutions of penicillirl were transformed to 

logarithms to s tabilize variance ( Snedecor & Cochran , 1972) . These 

transformed results of standard d ilut ions of penicillin were fitted 

by least  squares analysis (Appendix 2 . 2 ) .  Such regression lines 

produced a standard curve (Appendix 2 . 3) from which the 

concentrations of penicil lin in CF were estimated ( Simon & Yin , 

1970 ; Carlone & Cuf f ini , 1982) . The calculat ion was carried out 

by fitting the above transformed data to the regression equation . 

where 

y - y = b (X - X) 

X = diameter of the inhib itory zone (mm) 

Y log l O penicillin concentration ( iu/ml) 

The errors in estimated penic illin concentrations were calculated 

using the formula 

where , 

and 

A • / 1 X2 s� = Sy. x �  In + IIx 2 ( Snedecor & Cochran , 1972) 

sO sample standard deviat ion of  Y as an estimate 

Syx = sample standard deviat ion from regression 

n number of observat ions on regression line 

x X - X (deviat ion from mean) 

2 2 
Ix = Ix 

2 
(Ix) 

n 

2. 2 DETERMINATION OF THE DOSE-RESPONSE RELATIONSHIP AND THE 

HOMOGENEITY OF THE SOLVENTS IN WHICH THE STANDARD 

DILUTIONS WERE PREPARED 

To test  the suitab ility of alternatives to CF as a solvent , a 

standard dilut ion series of penicillin was made up in distilled 

water and another s imilar series in a CF - substitute (Appendix 2 . 4) .  



Subsequently each series was as sayed under uniform experimental 

condit ions on a s ingle assay p late .  

2 . 2 . 1 Determination of the relationship between inhibitory 

zones and penicillin concentrations 

34 

The regression of ' zone of inhib ition '  on penicillin concentration 

was calculated (Appendix 2 . SA) as described previously ( Section 

2 . 1 . 6 ) for both series of dilut ions prepared in either dist illed 

water or CF - sub s t itute . An analysis of variance for each 

regres sion line was calculated according to the method of Bliss 

( 1 96 7 )  to test the significance of the correlat ion between the 

penic illin dilut ions and the inhib itory zone produced at each 

dilution (Appendix 2 . SB) . 

2 . 2 . 2 Determination of homogeneity of regression_ l ines 

derived from the assay us ing two different d iluents 

The regression l ines obtained from assay s  on the two series 

(penicillin dilut ions prepared either in dist illed water or in 

CF - substitute) were compared as described by Snedecor & 

Cochran , 1 97 2  (Appendix 2 . SC ) . 

2 . 2 . 3  Interpretation of s tatistical analysis 

The statistical signif icance of differences was expressed according 

to the probab ility (P) of  such differences having arisen by chance .  

In keeping with convent ion , a probab ility o f  S percent (P < :05*) I 
ha s been taken as ' signif icant ' .  Unless otherwise stated , the 

other levels o f  s ignificance throughout the study are expressed 

as fol lows , 
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** P<O . Ol ' highly significant ' 

NS ' non signif icant ' 

Values with common letters do not dif fer stat istically 

one from another at the five pe�cent level of  probability . 

RESULTS 

It was observed that s tock cultures of B .  s ubtil is spores are very 

s tab le and suspens ions stored at 4 ° C  did not lose potency over a 

three year period . Pouring the agar at 60 t o  70°C  ensured an even 

distribution ,  and germination of spores was not impaired . Sharp ly 

defined edges and an excellent contrast between inhibitory zones 

and other part s  of  the agar , were well illustrated (Plate 2 . 2 ) . 

The large assay plates which were described by Kavanagh ( 1 97 2 )  

proved suitab le for routine use , were easily prepared and permit ted 

1 to 12 samples of CF to be assayed at one time under uniform 

condit ions . 

The coe f f icient of correlation between dose (penicill in dilution 

factor)  and response (zone of  inhib ition) was c lose to unity on 

all  plates tested : examples are presented in Table 2 . 1 in terms 

of the coe f f ic ient of determination (r2 ) ,  along with the 

regression coe f ficient (b ) .  

The estimated c tandard error of the predicted penicillin concentrations 

ranged from . 0400 to . 1 700 (Appe�dix 2 . 6 ) . These s tanuard errors 

increased in magnitude as the predicted penic illin concentrat ion 

departed from the same mean (when X - X became greater ) , as  

described by  Snedecor & Cochran ( 1 97 2 ) . 



Plate 2. 2 An assay p late c ompr1s1ng agar seeded with 
Bacillus subtilis and wells  containing 
various concentrations of penicillin ,  
after incubation a t  3 7 ° C  for 24 hours . 
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Well  Tes t  solution Zone diameter (nun) Penicillin 
number (average of 4 )  concentration 

( iu/ml) 

1 t o  5 samples taken from 
different eyes zero zero 
before treatment 

6 after treatment 1 3 . 55 0 . 5  (estimated) 

7 before treatment zero zero 

8 af ter treatment 1 2 . 1 3  0 . 32 (estimated) 

9 8 . 1 0  0 . 08 3  

J 
standard 

10 penicillin 8 . 89 0 . 10  (standards) 
dilut ions 

1 1  1 8 . 1 3  1 . 0 

12  23 . 46 5 . 0  

1 3  to 1 6  samples taken at zero undetectable 
the end of  
experiment 



Table 2 . 1 Some examples of the coeffic ient of determination and 
regres s ion coef f icient derived from routine assays of 
penicillin s tandards made up in dist illed water . 
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Plate Identity Coef f ic ient of Regression coe f f icient : b 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

determination : 

. 9988 

. 9843 

. 9976 

. 9 969 

. 9979  

. 9979 

. 9989 

. 99 14  

. 9958 

. 9978 

r 2 

. 1 347 

. 1 397 

. 1 244 

. 1 008 

. 1 1 5 1  

. 1 264 

. 1 2 1 9  

. 1 270 

. 1 243 

. 1 394 

A repeatedly high coef f icient determinat ion demons trated the existence 

of a c lose positive correlat ion between the variables , when e ither 

dis t i lled water or CF - substitute was used as the penic illin diluent 

(Table  2 . 2) .  The highly significant F value (P < 0 . 0 1 )  rej ec ts the 

nul l  hypothesis ( 6  = 0 )  and highlights the dependence of response 

(zone of inhibit ion) upon the dose (penicillin dilution factor) 

regard less of the d iluent . 

The d if ference between regression lines was not s ignif icant ( i. e .  

F l 
. = 0 . 03 3 1 ) when calculated from the same assay using either 

3 7  
dis t illed water or CF subst itute (Table 2 . 3 ) .  



Table  2 . 2 .  Degree of correlation between zone of inhib ition and 
penicil lin concentration when either distilled water 
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or conj unctival sac fluid substitute was used as d iluent 

Source of difference 

Plate diluent r2 
identity n 

1 dw 20 . 9702 

2 dw 20 . 9526 

3 dw 1 5  . 9467  

4 dw 1 6  . 9082 

5 dw 24 . 88 1 6  

1 CFS 1 9  . 9702 

2 CFS 20 . 97 8 1  

3 CFS 1 2  . 9702 

4 CFS 14 . 9274 

5 CFS 24 . 8987 

n number of  individual wells 

dw dist illed water 

CFS conj unc t ival f luid substitute 

r 2 coe f f ic ient of determinat ion 

F Significance 

594 * *  

36 1 ** 

228 * *  

9 . 26 * *  

7 . 1 5 ** 

546 ** 

7 7 5  * *  

330 ** 

1 1 .  7 4  ** 

8 . 4 9  * *  



39 

Table 2 . 3  Similari ty of two regression l ines derived from the same 
assay (Table 2 . 2 ) using distilled water or the substitute of  
conj unctival sac f luid as diluents for  penicillin .  

Source o f  difference Regression 

plate identity/diluent coef f ic ients 
: b  

1 dw . 233 
CFS . 232 

2 dw . 24 1  
CFS . 226 

3 dw . 226 
CFS . 1 6 2  

4 dw . 24 7  
CFS . 229 

5 dw . 2 1 3  
CFS . 2 1 1  

dw dist i lled water 

CFS substitute for conj unctival 

df degrees  of freedom 

Standard F 
error of (df )  

b 

. 0096 } . 0 33 1  

. 0099 ( 1 :  37 ) 

. 0 1 26 } . 6097 

. 0082 ( 1 :  38) 

. 0 1 50 } 6 . 1 7 32 

. 0090 ( 1 : 25) 

. 02 10 } . 3846 

. 0 1 90 ( 1 : 28) 

. 0 1 70 } . 0035 

. 0 1 50 ( 1 :  46 ) 

sac f luid 

Significance 

NS a 

a 

b 
NS b 

c 
NS 

c 

NS d 

d 

NS e 

e 



DISCUSSION 

The results that confirmed the suitabil ity of B .  subtilis as an 

indicator organism for penic illin b ioassay in the concentration 

range of interest , are in agreement with the resul ts of Fos ter & 

Woodruff ( 1 944) . However , the part icular suscep t ibility of B .  

subtilis towards a range of common ant ib iotic s  ( Sabath , 1 97 6 )  

4 0  

meant that the animal under study had t o  be protected from exposure 

to any o ther ant ibacterial produc t throughout the experimental 

period . The areas of error that might be  encountered in the 

b ioassay technique were identif ied and measures taken to minimize 

these variab les . The repeatability and s imp licity of the agar-well  

assay offered an accurate and convenient method to estimate the 

concentrations of penicillin in sequential samples of conj unct ival 

sac fluid . 

The standard penicillin dilution series prepared in either distilled 

water or CF - substitut e ,  produced uniform results . However , 

, distilled water was preferred to CF - subst itute in this s tudy 

as it did not demand additional preparat ion . For the serum assay s , 

a standard series of penicillin concentrations was prepared in 

penicillin - f ree serum ,  obtained from the same animal prior to 

treatment . 
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CHAPTER 3 

A SAMPLING PROCEDURE FOR BOVINE CONJUNCTIVAL SAC FLUI D  

INTRODUCTION 

Any proj ec t designed to monitor penic illin concentrations at the 

site of infection by M. bovis, the causat ive organism of IBK, 

necessitates sequent ial sampling o f  bovine conj unc tival sac f luid 

(CF) . The duration of the experiment may need to extend for up 

to seven days depending on the treatment . 
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The conj unc tival sac f luid that col lect s  in the lower cul-de-sac 

comprises excess p recorneal tear f i lm. Under normal c ircums tances , 

the precorneal tear film consists o f  three layers , namely a 

superficial oily layer , a middle aqueous layer and a deep mucoid 

layer (Mishima , 1 965)  and they are derived from accessory 

lachrymal glands situated in the c onj unctival fornices (Wolf f ,  

1 94 6 ; Botelho et ai, 1 969) . During blinking , the lid act ion 

distributes mucous and fluid (Holly , 1 97 3 ) . 

The constituents and the volume of  CF are liable to f luctuate under 

dif ferent c ircumstances such as local irritation , pain , emot ional 

stress and anger (Mutch , 1 944 ; Davson & Eggleton , 1 96 8 ;  Bes t  & 

Tay lor , 1 97 3) . These f luc tuat ions are due to the addition of 

secret ions derived from the main lachrymal gland which responds to 
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any nervous stimuli (Best & Tay lor , 1 973 ) . If the hope is to 

obtain a sample of CF representative of material at the time of  

collection ,  it is vital to selec t a sampling technique that will 

avoid any substantial st imulus so that the volume and constituents 

of CF  remain unchanged . 

Pedersen ( 1 9 73 )  used constric t ion pipettes o f  1 000 microlitres to 

obtain tear samples from bovine eyes and the fluid was subsequent ly 

used for a variety of analytical techniques including b ioassay . 

Nasolachrymal duc t cathe ters have also been used to collect f luid 

from the conj unc tival sac and also to estimate the tear f low-rate 

in cattle (Hoffmann & Spradbrow , 1 978 ; Slatter & Edwards , 1 982 ) . 
For human eyes , a variety of sampling equipment has been used and 

this inc ludes ultramicropipettes (Brunish, 1 95 7 ) , suc t ion p ipettes 

(Norn , 1 966 ) , microcapillary pipettes (Chrai et a1 , 1 97 3 ;  Broekhuyse , 

1 974 ) , strips  of  filter paper ( Josephson & Lockwood , 1 964 ) , 
preweighed p ieces of cotton wool (Thaysen & Thorn , 1 954 ) and 

surgical sponges (McClellan et a1 , 1 9 7 3 ) . 

The obj ective of  this preliminary s tudy was to assess the 

sui tabil ity of three of these procedures mentioned ; namely the 

use of paper disc s ,  nasolachrymal duc t  catheters and capillary 

tubes .  

3 . 1 ALTERNATIVE SAMPLING TECHNIQUES 

Experimental procedure 



Plate 3 . 1 Method of  head restraint 
used for the collection 
of conj unc tival sac f luid . 



3 . 1 . 1  An imals 

Cows were chosen for their quiet temperamen t and were selected from 

a dairy herd belonging to Massey University . The herd consisted 

of Jerseys , Friesians  and their cross breeds ; representative o f  

New Zealand dairy cows . 

3 . 1 .  2 Restraint 

The animals were housed in individual holding pens throughout the 
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experimental period . The selec ted animal s  were trained to tolerate 

a head bail and at the time of sampling , were further restrained 

by fastening the head ha lter to the headgate by means of  a metal 

c l ip (Plate 3 . 1 ) . 

3 . 1 .  3 Paper disc me thod 

Dry , s terile paper discs�1 of 8 . 00 mm in diameter were left  in the 

lower conj unc t ival sac f or five minutes before removal .  The 

saturated disc s were stored in c losed sterile containers at 4 ° C 

until  the assay was performed : a period not exc eeding eight hours . 

3 . 1 .  4 Nasolachrymal duc t catheter method 

The nasolachrymal duc t was cannulated through the lower puncta 

using a c lear vinyl expanded catheter§ . The nasal end of  the 

catheter was connected to a slow suc t ion c ircuit to maintain a 

� Biolab , Biological Laboratories Ltd . , Auckland NZ 

§ Cat SVE 1 2 ,  Dural  Plastics  & Engineering Pty , Ltd , NSW 
Aus tralia 



minimum nega tive pressure . At the end o f  a day ' s collection , 

the catheter was d isconnected f rom the c ircuit , co iled and then 

t aped on to  the head halter , before the animal was released in to 

the ho lding pen . The suct ion c ircuit was re-established for 

s ub sequent samp l ing . 

3 . 1 . 5  Capillary tube method 

The capillary tub es 'f were f it ted with sma l l  rubber bulb s ,  as 

capillary ac t ion alone provided insuff ic ient volume of  CF . 

3 . 1 . 6  Bioassay 
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Samples  o f  CF ob tained f rom untreated anima l s  using the three metho d s  

described above , were assayed on an agar p l a t e  using the b ioass ay 

method described in Chapter 2 .  

Ob servat ions 

Practical considerat ion s :  

The paper discs  were f ound t o  absorb their maximum capacity o f  

fluid within f ive minutes .  

Using  nasolachrymal catheters ,  f luid volumes o f  approximately 2 ml 

were  collec ted from each eye over a 30 minute period . The collect ion 

of the f luid samples  was not c onsistent because at the proximal end , 

the c onjunctival folds  ac ted as a valve and inhibited the f low of  

f luid into the opening of the cathe ter . In addition , a flow of  

lachrymal f luid over the lower eye l id was often observed . 

,[ Terumo capillary tubes ,  Terumo Corporation , Tokyo , Japan 



Us ing the c ap i llary tube method , variab le amounts o f  f luid ( 1 5 0  

to 2 5 0  mic ro l i tres ) were obt ainab le f rom t he medial c anthus o f  

each eye , usua l ly over a period o f  1 0  t o  2 0  minutes .  

Bioassay : 

Inh ibi tory z on e s were ob served on b ioassay plates around the 
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samples  ob t a ined u s ing e ither paper d is c s or nasolachrymal 

catheters . However , there was no evidenc e of  inhib i t ory s ub s t an c e s  

i n  t h e  samp l e s  c o l lected using cap i l lary tube s . 

Discus s ion 

Natural ant ib ac t er i a l  sub s t ances are known to be present in s ome 

b ovine and human glandular s ecretion s . Morr ison & Al len ( 1 96 6 )  

i s o lated lac toperoxidase f r om bovine lachrymal g land s ; an enzyme 

which cataly z e s  the oxidat ion reac t ion , p roduc ing hypothiocyanate 

which has been shown to inhib it the growth of Baci l l us cereus 

mj orck et al , 1 9 7 5 ;  Zajak et a1 , 1 98 1 )  in bovine milk . 

C onj unc t ival sac f luiq having this ac t iv i ty might be cap ab le o f  

af fec t ing the growth o f  Baci llus subt i l i s  i n  the as say s y s t em .  

I n  addition , the enzymes lysozyme ( Fleming , 1 9 2 2 ) , betaly s in 

( Ford e t  a1 ,  1 9 7 6 )  and prealbumin ( Se l s t e d  & Mar t inez , 1 98 2 )  

have a l l  b een i dent i f i ed in human tear s ,  a l though their presence , 

espe c ia l ly that o f  lysozym� has not b een d emonstrated in bovine 

lachrymal secret ions induc ed by mechanical irritat ion (Pad gett  

& Hirsch , 1 9 6 7 ) . Although the iden t i f icat i on of  these inhib i tory 

sub s tances  was beyond the s cope of this  s tudy , it i s  l ikely that 

they are s ecreted  f r om the maj or lachrymal g land (Davson & 

Egglet on ,  1 96 8 ) . 



P late 3 . 2 Collec t ion of conj unctival sac f luid from the 
medial canthus of the eye us ing a b lunted 
c apillary tube . 
(N . B . Fluorescein s tain has been used to improve 
the contras t . ) 



The smoothness of the blunted capillary tubes and the general 

care that had to be taken in collec ting f luid by this method , 

avoided sensitive t issues (Plate 3 . 2 ) and i t  meant that there 

was no local irritat ion to s t imulate ref lex lachrymat ion . 

In addit ion to the appearance of inhib itory zones around the 

samp l e s  that had been collected using either d iscs or the 

nasolachrymal duc t catheters , both techniques caused excess 

stres s  which agitated the animal s .  Moreover , any long term 

reten t ion of the cathe ter changed its physical properties and 

it became easily broken within the duct . Al l these f actors 

collec t ively , made it imprac t icable and undes irable to use 

either discs or the catheter for the sequentia l  samp ling over 

four to seven days as required for the proj ec t .  

4 7  

The s implic ity of  obtaining f luid using the capil lary tube method , 

meant that addi tional restraint of the animal was not required 

and such f reedom minimized apprehension . The capillary tube 

techn ique was therefore selec ted for further investigat ion . 

3 . 2  ABSENCE OF NATURAL INHIBITORY SUBSTANCES IN SAMPLES 

COLLECTED BY THE CAPILLARY TUBE METHOD 

The CF samples collec ted in capil lary tubes were further tested 

for the presence of any natural antibac terial substances that 

might produce erroneous results in the pen ic illin assay sys tem . 

Because of the extreme spec ificity of  the enzyme penic illinase 

(Ogawara et al , 1 978), it was considered that after incubat ion 
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o f  C F  s amp l e s  with p en ic i l l inase , they would not show any 

inhib itory ac t ivity in the bioas say sy s t em if they did not c onta in 

any ant ibac te r i a l  sub s t ances other than p enic i l l in .  

In c arrying out a b ioas say , conf irma t i on that the ac t ive materia l  

i n  unknown samp l e s  i s  s imil ar t o  that o f  the s tandards can b e  

provided by a c omparison o f  s lopes o f  the d o se-respon se regr e s s ion 

lines derived f r om the two series of d i l ut i on s . If the ma ter ial 

c a u s ing the z on e  of inhib i t ion is d i f f eren t  in the two serie s ,  

i t  is unlikely that the d o s e-respon s e  l ines w i l l  b e  parallel 

( Burn , Finney & Goodwin , 1 950) . 

Experimen tal procedure 

3 . 2 . 1 Inac t ivat ion o f  p enic illin in C F  u s ing p enic i l l inase 

Samples  of C F  were collected from c ows af t er they had been trea t e d  

with penic i l l in .  Each sample was divided in to two aliquot s .  

One o f  thes e  was s tored a t  4 ° C  unt i l  the a s say wa s carried out ; 

a p eriod not exc eeding e i ght hour s . The o ther aliquot wa s mixe d  

50 : 1  with p en i c i l l inase .  ( 1 0 5 iu/ml ) , and incubated for three 

hours at 37 ° C .  Thereaf t er ,  all s amp l e s  con s i s t ing of e i ther 

penic i l linas e- t reated C F  or  untreated C F ,  were a s sayed for 

penicil lin on a s ingle p late using the a s s ay method described 

in Chap ter 2 .  

'1 Penic i l l ina s e ,  Wel lc ome Reagent s  Limited , Beckenham , 

England , BR3 3BS 



3 . 2 . 2  Con f irming the ab sence o f  natural inhib i t o ry sub s tanc e s  

b y  para l l e l i sm .  

A series o f  C F  samples  were ob t a ined from trea ted cows at a t ime 
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a f t e r  penic i l l in admin i s t ra t i on ,  when i t  was expec ted that 

c onc ent rat ion s of penici l l in in CF would be high and approxima t ely 

in t he same range , as concentrat ions o f  s t andard solut i ons o f  

p enic i l l in u s e d  f or t h e  s t andard curve . Thes e  t e st samples  

and d i lut i on s  o f  t hem were assayed on a s ingle p late alongside 

a penic i l l in s tandard d ilution ,  a s  d e s c r ibed in Chap ter 2 .  

Regr e s s ion l ines were c ons tructed for each o f  t he se d ilut ion 

series using the method described by Snedecor & C ochran ( 1 97 2 ) . 

An ana ly s i s  o f  varianc e for t e s t ing l inearity o f  each regr e s s ion 

l ine was c ar r ied out according to me thods described in Chap ter 2 .  

The regre s s i on l ines were ana ly sed for  paralleli sm accor d ing t o  

the s t a t i s t ic a l  procedure advoc a t ed b y  Snedecor & Cochran ( 1 97 2 )  

(Append ix 2 . 6 ) .  Thi s  enab l ed the ac t iv i ty o f  p enic i l l in t o  

b e  c ompared at  a l l  d ilut ion leve l s . 

Re sul t s  

Inac t iva t ion with penic i l l inas e :  

The samp l e s  o f  untrea t ed C F ,  col lec t ed a f t er p enic i l l in treatment 

o f  t he anima l , produc ed z ones o f  inh ib i t ion on the a s say p la t e . 

The o ther a l iquot of the s ame s ampl e  which had been treat e d  with 

p en ic i ll in a s e  did not produce any inhib i tory z ones . 



As say f or para l leli sm :  

The depend ence of the ' zone of inhib it ion ' upon the penic i l l in 

dilut i on fac tor of the s t andard s o lut ions wa s h ighly s ignif ican t . 

There was a high degree o f  positive correlat i on be tween those two 

variabl e s  represen ted by the c oe f f ic ient of determinat ion ( Tab l e  

3 . 1 ) . The degree of correlation was equa lly high , both f or 

s tandard d il u t ion s of penic i l l in and for  d i lut ions of CF (Tab l e  

3 . 1 )  . 

Regr e ss ion l in e s  der ived from penic i l l in s tandards and the 

d ilut ions of CF s amp l e s  a s sayed on a s ingle plate , did not d if f er 

s igni f ican t ly in the ir s lopes ( Tab l e  3 . 2  ) . 
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Table 3 . 1 Examp l e s  o f coef f ic ient o f  det erminations and degree 
of c orre lat ions derived f r om penic i l l in s tandards and 
s amp l e  dilutions ( c onj unc tival sac f luid) . 
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Sourc e o f  d i f ferenc e Coe f f icient o f  F d f  S igni ficance 
plate / te s t  s o l u t ion determina t i on :  r 2  

Standard . 9894  93  1 : 1 0 * *  

CF/4J (R)  . 97 5 8  6 4  1 :  1 2  * *  

CF/ 5J (R)  . 9 7 5 3  84  1 :  1 4  * *  

Standard . 9 906 50  1 : 1 0 ** 

CF/ 2 T ( L )  . 99 9 1  45  1 : 2  * 

CF/3T ( L )  . 99 0 0  3 3  1 : 2  * 

Standard . 98 4 2  4 8  1 :  10  * *  

C F / 2M (R) . 9 1 80 8 1 :  4 * 

CF/ 3M (R) . 70 3 3  1 3  1 :  4 * 

CF/4M (R)  . 7 1 5 1 - 3 2  1 :  4 * *  

Standard . 9 9 5 8  8 5  1 : 1 3 * *  

CF/ 2T ( R) . 9380 8 1 : 4 * 

CF/4T ( R )  . 97 8 4  1 0  1 : 4  * 

Standard . 99 6 9  9 9  1 : 1 4 * *  

3J ( L )  . 95 2 9  1 3  1 :  4 * 

df : d egrees o f  freedom 

CF/4J ( R ) : c on j un c t ival sac f luid samp le from the r i ght eye 
o f  c ow number 4J  



Tab le 3 . 2 Ana ly s is for  paralle l i sm o f  regr e s s ion l ines that were 
derived f rom the d ilut ion series o f  ei ther penic i l l in 
s t andards  o r  CF sampl es . 

Source o f  d i f ference Regres s ion 
p l a te / t e s t  s olut ion coefficient : b 

1 

S tandard 

CF/4J (R) 

CF/ 5 J (R)  

S tandard 

2 CF/ 2T ( L )  

CF/ 3T ( L )  

Standard 

3 CF/ 2M (R) 

CF/ 3M (R) 

CF/4H (R)  

S tandard 

4 CF/ 2T (R)  

CF/4T (R) 

Stan dard 

5 3J ( L )  

. 1 0 7 5  

. 1 2 6 5  

. 1 1 58 

. 1 2 8 2  

. 1 1 35 

. 1 5 84 

. 1 348  

. 1 4 36 

. 1 1 93  

. 1 345  

. 1 2 0 9  

. 1 2 9 1  

. 1 338 

. 1 326 

. 1 1 1 8 

S tandard F 
error o f  b ( d f )  

Signif icance 
o f  d i f ference 

. 02 2 4  

. 03 2 0  0 . 3538 N S  

. 0 2 5 4  ( 2 : 40 )  

. 06 8 6  

. 32 3 6  0 . 0067  NS 

. 3 1 92 ( 2 : 1 4 )  

. 05 6 9  

. 1 2 5 3  0 . 0 2 6 5  N S  

. 1 4 0 2  ( 3 : 2 2 )  

. 1 5 6 1 

. 0080  

. 0 3 9 3  0 . 006 8 NS 

. 2 7 5 6  ( 2 : 1 9 )  

. 02 6 8  0 . 1 6 0 1  NS 

. 09 2 5  ( 1 : 1 8 )  

5 2  
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DISCU S S I ON 

The enzyme penic i l l inase complet ely neu tralized penic i l l in ac t iv ity 

pres ent in CF samp l e s  a s  demon s trated b y ;  the abs ence o f  

inhib i t ory z ones in the assay sys t em wi thout residual ant ibac terial 

activi t y . Had there b een natural ant ibac t er ial sub s tances  in the 

samp l e s  c o l lected , residual ac t ivity would have b een exp ec t e d  t o  

per s i s t  and have shown up in the a s say procedure . I t  was concluded 

there f ore that naturally occurring ant ibacterial subs tances  were 

not pre sent in CF samp les c o l le c t e d . 

The d ilut i on series  derived f r om C F  s amp l e s  collec ted a f t e r  p en ic i l l in 

trea tmen t , provided data leading t o  regr e s s ion l ines that were 

s tr ic t ly in para l l el with thos e  of the p en ic i l l in s t andard and 

s amp l e s  b ehaved in a s imilar manner on the b ioas s ay p la t e  at a l l  

dilut i on l evel s .  I f  ant ibac terial sub s t anc e s  other than penic i l lin 

had b een presen t , i t  i s  unl ike ly that e i ther the c orrelat ion 

between inhib i t ory zones and the d ilut ion fac tor of penic i l l in ,  or 

paral l e l i sm ,  could have been sustained . The resul t s  a l s o  indicate 

that the ant ibac t erial ac t iv ity in CF samples  was caused by the 

s ame ac t ive sub s t ance ( i . e .  p en i c i l lin) as tha t of the p en i c i l l in 

s tan d ar d s . Hen c e , a common regr e s s ion l ine c ould be used t o  determine 

the p o t ency of individual CF s amp le s . 

I t  was conclus ively e s tab l i shed from thi s exper iment that under 

c on t r o l l e d  condi ti ons the t echnique o f  s ample c o l lect ion u s ing 

capil lary tub e s  did not cause e i ther exc e s s ive lachryma t i on or 



inhib i tory sub s tance s  to appear in the CF . However , in order 

to c on f irm the reproducib i l i ty of the me thod and i t s  freedom 

from unpredic tab l e  errors , c ontrol te s t s  were carried out during 

each series of  experiment s .  Samples  o f  CF f o r  b ioas s ay were 

alway s ob tained b efore treatment and af ter the di sappearance o f  

pen i c i l lin f r om C F ,  t o  determine i f  any inhib itory a c t ivity was 

pre s en t . In add i t ion , samples o f  CF that were known to c on t a in 

the highes t  p en i c il l in c oncentrat ion s  were d i luted and a s sayed at 

several d i ff erent l eve ls  alongs ide dilut ions of the p enic i l l in 

s tandard , in order t o  c onf irm parall e l ism . 

Samp l e s  o f  c on j unc t ival sac f luid ob t a ined by using blun ted 

c ap il lary tub e s  were no t c ontaminated with n aturally oc curring 

antibacterial sub s tances .  The technique was simp l e  and the a s say 

resul t s  c ould be acc epted with c onf iden c e . The s amp l in g  procedure 

wa s adop ted for a l l  sub sequent s tud ies reported in thi s  the s i s . 

5 4  
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INTRODUCTION 
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The minimum inhib itory c oncentration (MIC)  o f  an antibac terial 

sub s t ance may be defined a s  the l owest concentrat ion a t  which the 

t e s t  organism does not produc e any v i s ible opac i ty a f t er incub a t i on 

( Cruickshank , et al , 1 9 7 5 ) . Thus the minimum b ac tericidal 

c oncentra t ion (MBC ) i s  the l owe s t  c oncentrat ion in which all 

or gan i sms are killed . The t e s t  provides a quantitative measurement 

of the in vi tro s en s i t ivity of the micro-organi sm and f r om that 

value , an in vivo therapeutic c oncentrat ion may be e s t imated 

af t er mak ing allowance for some appropr iate s a f e ty fac to r . 

The obj e c t ive of  thi s  s tudy was t o  de termine the MIC o f  ben zyl 

penic i l l in against a number o f  New Zealand i so l a t es o f  M .  bovi s 

cul tured under s tandar d i z ed l aboratory c ondi t i on s . 

MATERIALS AND METHODS 

4 . 1 TECHNIQUE TO DETERMINE MINIMUM INHIBITORY CONCENTRATION 

The tube dilut ion t echn ique ( Gou l d , 1 96 0 )  was used in this s tudy . 

This t e c hnique involve s the prep arat ion of  a p enicil l in dilution 

series in Heart Infus ion Broth § (HIB) . At e ach leve l o f  d ilut ion 

a s t andard volume of the med ium c ontaining ant ib iotic was 

inoculated with a s tandard amount of M. bovis i solate taken 

§ HIB ( dehydrated ) , D i f c o  Labora torie s ,  Detro i t , Michigan ,  U . S . A .  



f r om an overn ight cul ture . A ref erence strain of Staphyl ococcus 

a ureus , was t e s t ed in p arallel and each test  was repeated three 

to f ive t ime s .  

The tube d ilution me thod required tha t the ant ibiotic b e  d i luted 

and the inoculated ser i e s  incubated at 3 7 ° C  f or 24  hour s ; the 

t emperature at which M. bovi s shows its opt imum growth 

charac ter i s t i c s  (Henriksen , 1 95 2 ) . As the s tab ility o f  

p en i c i l l in d i lut ion s i n  b r o t h  medium under such exper imen tal 

c ond i t ions was unknown , a preliminary experiment to c onfirm 

the an t ib io t i c  s t ab il i ty had t o  b e  undertaken (Wick , 1 964 ) . 
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4 . 2  CONFIRMATION OF PENIC ILLIN STABILITY IN HEART INFUSION BROTH 

A s tandard d i lut ion series  of penic i l l in in d i s til led water was 

made up t o  provide concentrat ions of 5 . 00 ,  2 . 5 ,  1 . 0 ,  0 . 5 ,  0 . 2 5 ,  

and 0 . 1 2 5  iu /ml . A s imilar series was made up u s ing HIB a s  the 

d i luen t .  Al iquo t s  of b o th the s e  series were a s s ayed f o r  penic i l l in 

on a s ingle a ss ay plate u s ing the me thod described in Chap ter 2 .  

Further aliquots o f  d i lut ions o f  both series were incubated at 

3 7 ° C  f or 24 hour s and then a ssayed f or peni c i l l in ,  in paral lel 

with a freshly prepared d ilut ion s e r ie s  o f  penic il lin in d i s t i l l e d  

water . Reg r e s s ion analy s i s  ( Snedecor & C ochran , 1 9 7 2 )  wa s 

c arried out t o  t e s t  f or the degree o f  dependence o f  two variab l e s , 

name ly , the p enic i l l in d ilut ion f ac t or in HIB and the zone o f  

inhib it ion . Subsequent ly the regres s ion lines c ons truct e d  from an 

analys i s  o f  p enicillin c onc entra t ions in RIB e i ther before or 

a f ter incub a t ion . were c ompared ( Snedecor & Cochran , 1 97 2 )  f or any 

indicat ion o f  l o s s  o f  ac t iv i ty dur ing incubat ion . 



4 . 3  TEST ORGANISMS 

New Zealan d  and Br i t i sh isolates  o f  M. bovi s which were used in 

the s tudy are detailed in Table 4 . 1 .  Staphyl ococcus a ureus 

5 8  

NCTC 6 5 7 1  ( th e  "Oxford"  s train) wa s chosen a s  the ref erenc e s tandard ; 

us ing the s train in this l abora tory , pen i c i l l in had regularly 

shown an MIC of . 0 38 iu /ml ( Cu l linane , per s . c arom . ) .  

Tab l e  4 . 1 Isolates o f  Moraxel l a  bovi s and the r e f erence s tra in o f  
Staphyl ococcus a ureus used in the MIC s tudy . 

Iden t i ty o f  organism 
/ source 

Mas sey C o d e  numbers 
case/freeze dried 

Nat ional Health Ins t itute 
/Wel l in g t on 

Highden § 
/Manawat u  District 

Highden § 
/Manawatu District 

Palme r s  ton North § 
/Manawatu District 

C omp ton 'l 
/England 

Staphyl ococcus a ureus 
" Ox fo r d "  NCTC 6 5 7 1  

8 30 / 5 9 4  

1 8 4 / 5 9 3  

1 0 5 / 58 9  

8 0 4 0 4 9 / 5 4 8  

CAV2 S / 6 2 5  

/ 1 4 8  

Featur e s  of  
i s o l a t e  

N . Z .  national type 
s train 

I s o lated f rom a 
c a s e  o f  b ilateral 
s evere I BK 

I s o lated f rom a 
c as e  o f  b ilateral 
severe IBK 

I s o lated f rom a 
c a s e  showing 
acute I BK 

(Chandler e t  a1 , 

1 9 7 9 )  

Internat ional 
r e ference s train 

§ Local i solate , Faculty of Veterinary Sc ience , Mas sey Univer s ity 

' 1  S train supplied by courtesy o f  Dr R . L .  Chandler , Agric ul t ural 
Re search Counc i l ,  C omp t on ,  Berkshire , England . 



4 . 4  CONFIRMING THE IDENTITY OF MORAXELLA BOVIS ISOLATES 

The following four tests  were perf ormed on each s train to conf irm 

ident ity . 

a) Subcul ture on blood-agar plates 

b) Subculture on MacConWey- agar plates 

c)  Cul ture in li tmus milk 

d)  Gram s taining and bac ter ial morphology 

4 . 5  PREPARATION OF THE INOCULUM 

Freeze dried cul tures of M. bovis were suspended in 0 . 5  ml HIB 

and streaked out on blood-agar plates to  produce single colonies 

af ter inc uba t ion . Typical colonies were picked of f ,  conf irmed as 

M .  bovi s and s imilar colonies used to prepare the inoculum .  

Universal bot tles containing HIB were each inoculated with a s ingle 

colony of a specific isolate in order to  produce overnight broth 

cultures .  A viable  bacterial count was performed (Miles & Mi sra , 

1 9 38) on each cul ture and a volume of 0 . 1 ml used as the inoculum 

for each level of dilut ion in the sub sequent MIC estimation .  

4 . 6  RANGE OF PENICILLIN CONCENTRATIONS 

The range o f  penic il l in concentrat ions was extended above the 
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highes t  c oncentration likely to be f ound in t issues during treatment , 

and downwards to a level at which the growth of the mos t  sensitive 

bacteria would not be inhibited (Cruickshank et ai , 1 9 7 5 ) . 

Accordingly , the penic illin dilut ion series in HIB resulted in f inal 

concentrat ions of 5 . 0 ,  2 . 5 ,  1 . 0 ,  0 . 50 ,  0 . 2 5 ,  0 . 1 25 ,  0 . 06 ,  0 . 0 3 ,  

0 . 0 1 5 ,  0 . 00 7  and 0 . 0 04 iu /ml . 



Plate 4 . 1 Selec ted tub e s  taken f rom an MIC series o f  
pen ic i l l in a ga in s t  Staphylococcus aureus 
(af ter incub a t ion ) . 

A - tube contain ing HIB only (nega tive contr o l )  

B & D - adj o in in g  tub e s  to t h e  end-po int 

B - no opac ity 

D - minimum opac ity 

C - tube conta in ing the mlnlmum amount o f  
penic i l l in which prevented opacity ( end -p o int ) 

E - tube contain ing HIB & S .  aureus inoculum 
without penic i l l in (po s i t ive c ontrol ) 

N . B .  MIC s e r ies u s ing M .  bovis a s  the inoculum 
resulted in l e s s  d i s t inc t ive opac ity for 
pho t o graphic purpo ses . 



4 . 7  EXPERIMENTAL PROCEDURE 

A constant volume of  3 ml of each dilut ion was inoculated with 

0 . 1 ml of an overnight broth-culture of a s ingle i solate ; and 

incubated at 3 7 ° C  for 20 hours . 

4 . 7 . 1 Positive and negative controls of the experiment 

For each test organism,  the following controls were incubated in 

parallel with penic illin-treated inocula described above . 

a) RIB alone (negative control)  

b)  RIB + M. bovis (positive control)  

c )  Blood agar plate + M.  bovi s ( to  ensure viability and 

purity)  . 

4 . 7 . 2  Determinat ion of  the Minimum Inhib itory Concentration 

Af ter incubat ion , broth-cultures were examined visually for opacity : 

a comparison with both positive and negat ive con trol tubes 

facilitated the reading of  end-point s  ( Plate 4 . 1 ) . The lowest  

c oncentration of  penic illin which inhibited the  development of  

visual opacity af ter overnight incubation was taken as  the end-point . 

4 . 7 . 3  Determination o f  the Minimum Bacteric idal . Concentra tion 

The bactericidal end-point was taken as the tube containing the 

l owe s t  concentration of penic illin ;  which , when all penicillin 

activity had b een neutralized , fai led to indicate viable organisms . 

Thi s  was determined by subculturing on blood-agar plates those 

broth cultures about the MIC end-point, which showed minimal or no 
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opac ity . Residual penicillin in the broth-cultures was 

inac t ivated by incubating with the enzyme penic illinase " 

(enzyme : broth = 1 : 50)  for two hours at 37 ° C as described by 

Cruickshank et al ( 1 9 75) . 

RESULTS 

Stability o f  penic illin 

6 1  

The correlation between variables , namely , the penicillin dilut ion 

factor and the inhibitory zone in the assay plate , was extremely 

good ( i . e .  r 2 = 0 . 98)  (Appendix 4 . 1 )  when penic illin was diluted 

in either distil led water or RIB . The difference between the 

slope o f  regression lines derived from penic illin dilutions 

in either RIB or dis t illed water , was not significant (Appendix 

4 . 2 ) .  Similarly the s lope of the regression lines derived 

from the penicillin d ilut ions in RIB either before or after 

incubat ion , did not dif fer significantly . 

Ident if icat ion o f  Moraxel la bovi s 

The results  of cultural , staining and b iochemical tests  on all  

isolate s  were c ons istent with the charac teristics o f  M .  bovi s 

(Table  4 . 2 ) as described by Carter ( 1 97 6 ) . The viable bacterial 

count on overnight cultures ranged between 6 x 10 8 and 

2 x 1 0 9 co lony forming units /mI . 

,r Penic illinase , Wel lcome Reagents Limited , Beckenham, 

England BR3 3BS 



Table 4 . 2  Charac teristics of Moraxel la bovi s strains 

Isolate 
origin f reeze 

/ dried no . 

Growth on 
b lood-agar / MacCon�ey 

plate plate-
Litmus 
milk 
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Staining/ 
morphology 

NHI / 594 haemolytic - ve + ve Gram negative / 
Wel lington colonies typical 

Highden 593  haemolytic - ve + ve Gram negative / 
colonies typ ical 

Highden 589 haemolytic - ve + ve Gram negative/ 
colonies typ ical 

Palmers ton 548 haemolytic - ve + ve Gram negative/ 
North colonies typ ical 

Compton/ 625 haemolytic - ve + ve Gram negative/ 
England colonies typical 

Litmus milk + ve alkaline peptonization 

Bacteriostatic and bactericidal concentrations 

Apart from strain 589 , all M. bovi s isolates tested showed c learly 

distinguishab le bacteriostatic and bac teric idal end-points at a 

concentrat ion of 0 . 03 iu/ml of  penic illin and these result s  were 

reproduc ib l e  (Table 4 . 3 ) .  The bac teriostatic end-po int of  

S. aureus was reproducible at 0 . 038 iu/ml (Plate 4 . 1 ;  tube C )  

but bacteric idal results  varied between experiments .  In addit ion , 

surviving organisms of S .  aureus were demonstrated in some of  

the higher concentrations of penicillin wel l  above the MIC . 



Tab l e  4 . 3 Effec tive concentrat ion of penic illin against 

Moraxella bovi s in vi tro 

I solate Number of 
orig in / freeze experiments  MIC ( iu /ml) MBC ( iu /ml ) 

dried no . repeated 

NHI / 5 94 3 0 . 03 0 . 03 

Highden/ 593  3 0 . 03 0 . 03 

Righden/ 589 2 0 . 0 1 6  0 . 0 1 6  

Palmerston 548 4 0 . 03 0 . 03 North / 

Compt on/ 625 5 0 . 03 0 . 03 

Staphylococcus 5 0 . 038 inconsistent 
a ureus 

MIC Minimum Inhib i tory Concentrat ion 

MBC Minimum Bac tericidal Concentration 

DI SCUSSION 

As p enicillin in RIB was shown to express s imilar ac t ivity to  
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that observed when the ant ib iotic is dissolved in distilled water , 

i t  was possible to use the established b ioassay technique 

( Chap ter 2) to assay penicillin s tability in RIB . The s imilarity 

b etween regression lines (differences in s lope ; not significant)  

derived from penicillin dilutions in RIB when assayed b efore and 

a fter incubation at 37°C , conf irmed that  the ac t ivity of  

p enic illin did not change as a result o f  either dilut ion in the 

broth-medium or after incubat ion . 

The minimum inhibitory concentration of  penicillin against  New 

Zealand isolates of M .  bovi s is taken as 0 . 03 iu/ml and under 



the test condit ions described , it was ident ical to that of  the 

Brit ish strain , CAV 2S . Similar tests carried out in the U . S . A .  

have shown an average figure o f  0 . 25 iu/ml (Webber e t  al , 1 982) . 

However , the relatively high sensitivity observed amongst local 

isolates could be attributed to the fairly recent history of 

IBK in New Zealand (Harris et al , 1 980) and consequently the 

l imited opportunity there has been for different M. bovi s 

s trains to be exposed to penic illin .  

The mode o f  action of penic illin against M .  bovi s appears to 

b e  wholly bac tericidal (Weinstein ,  1 975)  and because of  the 

dilution interval chosen for this experiment , it was not 

pos s ib le to demonstrate any bacteriostatic effec t  at a lower 

concentrat ion . 
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Dif f iculties in determining the bac tericidal end-point for 

beta- Iactam ant ibiotics against s .  aureus have been reported 

recently (Pearson et al , 1 980 ; Gwynn , et al , 1 981 ; Kim & Anthony , 

1 98 1 ;  Taylor et al , 1 983) . The survival of some organisms on the 

walls  of test  tubes ,  inc luding those containing quite high 

c oncentrat ions of penicillin ,  might account for the growth of  

these organisms on subculture . 

The minimum inhibitory concentration test conditions are s tr ictly 

artif icial and results of  such experiments cannot be extrapolated 

d irec t to the f ield situation .  In the conj unc tival sac , resident 



f lora , phagocytes , cellular debr�s�nd the various produc t s  of 

cellular metabolism are likely to increase the barrier be tween 

ant ibiotic and bac terium, and such metabolites may antagon ize 

the an tibiotic ac tivity . Moraxella bovis lying in the crypts  
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o f  the cornea (Chandler e t  al, 1 983)  may be protected from 

exposure to the drug unless it is present in high c oncentrations . 

Accordingly , a safety factor of three to f ive times the MIC has 

been generally considered as necessary before predict ing a 

l ikely minimum therapeutic concentrat ion (Weinstein , 1 9 7 5 ; 

Baggot , 1 980) . Based on the results of this study , it was 

c alculated that the "minimum therapeutic concentrat ion" to 

ensure antibac terial act ivity against M. bovis at the s ite of 

infec tion would be likely to range from 0 . 09 to 0 . 1 5  iu/ml of 

p enic illin .  By adopt ing the latter threshold , i t  was poss ible 

in subsequent experiments to determine the "duration of 

therapeutic concentrat ion" produced by a variety of penic illin 

t reatments ( Fig.  4.1 ). 
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(5 X MIC) 
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Fig . 4 . 1 
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!.--duratlon of therapeutic I 
: concentration ---...: 
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A semilogarithmic plot dep icting the exponential decay of 
pen ic illin concentration in conj unctival sac f luid and 
determination of the duration of therapeutic concentrat ion . 



# The abbreviation S . Ct .  for subcutaneous was chosen for this thesis  

in order that there would be no confusion with the subconj unctival 

route of inj ect ion . In addition the word subconjunctival was 

always written out in ful l .  
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CHAPTER 5 

PEN I C ILL IN CONCENTRAT I ON IN CONJUNCTIVAL SAC FLUID 

FOLLOWING SY STEMIC TREATMENT 

INTRODUCTION 

6 8  

Penicillin i s  one of  the most widely used antibiotics  in veter inary 

prac tice ; a maj or attraction being its considerable degree of safety 

(Brander & Pugh , 1 97 7 ) . Its  potential for use has been considerably 

extended by the production of salts and esters which possess 

different physical and pharmacokinetic propert ies . 

The or iginal sal t , sodium benzyl penic illin is highly soluble in 

water and can be administered intravenously . It produces a very 

high blood concentration immediately after inj ec tion due to the 

instantaneous distribut ion within the circulatory system but this 

level persists for only a short t ime (English,  1 965) . 

In contrast ,  procaine penicillin is a sparingly soluble salt of 

penicillin , which after extravascular administration forms a deposit  

a t  the site  of  the inj ect ion resul ting in a slow rate of  absorpt ion 

(Weins tein , 1975 ) . Formulated procaine penicillin is maintained in 

aqueous suspension by buffers , stabilizers and suspending agent s  but 

upon inj ect ion into the biological system ,  contact with tissue f luids 

starts the process of dissolution (Dowrick,  1 9 80 ) . Absorption and 

distribut ion take p lace over approximately 24 hours but the 

concen trat ion reached in the b lood is relatively low (Engl ish , 1 96 5 ) . 
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Penetharnate hydriodide l�s l the diethylarninoethyl ester of 

penic illin (Bleeker & Mas s ,  1 958) , having a l � of 8 . 5  (Rasmussen , 

1 95 9 ) . It  is weakly alkaline in reac tion , highly lipid solub le 

and therefore readily penetrates biological membranes (Bleeker 

& Mas s ,  1 95 8 ;  Edwards , 1 966 ) . The drug itself has no antibacterial 

ac t ivity unt il it hydrolyses into benzyl penic illin and diethylamino-

ethanol (Bleeker & Mass , 1 958 ) . Therefore ,  b lood may contain both 

the basic ester and ac tive penic illin s imultaneously as a result of 

hydrolysis , but the e s ter molecules penetrate b iological membranes 

more readily than benzyl penicillin .  I t  has been shown that a pH 

difference of 0 . 3 between blood plasma and peripheral tissue f luids 

can result in concentrations of penicillin twice as high outside the 

c irculation as that f ound within (Rasmussen ,  1 9 5 9 ;  Pedersen , 1 97 3) . 

In spite of this advantage , penethamate hydriodide is an expensive 

product of penicillin and it is therefore desirable to use it at the 

lowest possible dose rate .  

Pharmacokinet ic analysis o f  drugs presents a relat ively new means 

of interpreting the ent ire t ime course of a drug within the body . 

When distribution within the body is slow ,  a longer time may be 

required before equil ibrium i s  estab lished between the so cailed 

central (blood) and peripheral (extravascular) compartments .  

For analyt ical purposes such a scheme represents  a two-compartment 

open model (Notari , 1 973)  and the distribution of simple salts of 

benzyl p enic illin was considered to behave according to this model 

(Dittert et ai , 1 96 9 )  after intravenous inj ection . I 
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Many p roducts of penicillin have been used in the control of eye 

diseases in veterinary prac tice but to the wri ter ' s  knowledge , the 

relevant veterinary literature does not c ontain report s  of the 

distribut ion of pen icil lin to the surface of the bovine eye , following 

a s ingle dose regime . Accordingly , a series o f  experiments ' w�s : 

undertaken to obtain informat ion on the distribution of penicillin 

into the conjunct ival sac f luid (CF) . The studies involved var ious 

pharmaceutical preparations of penic illin being given by a variety of 

routes , as the physical charac teristics of produc t s  and their site 

of administration are known to have an inf luence on both the rate of 

absorpt ion and the distribution of the ac tive ingredient in tissues 

(Engl ish , 1 965 ) . 

MATERIALS AND METHODS 

5 . 1 ANIMALS 

Clinically norma l ,  non lactating cows were selected from a dairy herd 

belonging to Massey University and were maintained indoors in 

individual boxes . Each experiment was performed on two animals at a 

time and the full series of  investigations eventually involved each 

pair . The series o f  experiments was repeated using different pairs 

of animals in a random sequence .  To ensure that any residual 

penicillin would have been excreted , a time interval of not les s than 

three days was allowed between the terminat ion of  one experiment and 

the c ommencement of the next . 

5 . 2  TREATMENTS 

5 . 2 . 1 Sodium benzyl penicillin " , 20 , 000 iu/kg by intravenous 

'1 Crystave t , Glaxo Laboratories (NZ) Ltd . , Palmerston North 
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inj ec tion (Treatment 1 ) . 

5 . 2 . 2  Procaine p enicillin" , 20 , 000 iu/kg by intramuscular 

inj ect ion (Treatment 2) 

The total dose was administered at a s ingle site ; or when spec i f ied , 

the total dose was divided equally between two s ites (right and 

left  s ide of the animal) . 

5 . 2 . 3  Penethamate hydriodide§ , 20 , 000 iu/kg by intramuscular 

inj ec tion (Treatment 3) 

5 . 2 . 4  Penethamate hydriodide , 20 , 000 iu/kg by subcutaneous 

inj ec tion (Treatment 4 )  

5 . 2 . 5  Penethamate hydriodide , 1 0 , 000 iu/kg by intramuscular 

inj ection (Treatment 5) 

5 . 3 SITE AND METHOD OF INJECTION 

The drugs were administered by hypodermic syringe using 1 8  gauge 

needles . 

a) Intravenous inj ections (IV) were made into the j ugular 

vein . 

b)  Intramuscular inj ections ( 1M) were made into the 

cranial portion of the biceps femori s muscle using a 

4 cm long needle . 

c) Subcutaneous inj ections ( S . Ct . )  were made into the part 

of  the neck which was covered when the left ear was 

laid back f lat, using a 2 . 5  cm long needle . 

5 . 4  SAMPLE COLLECTION 

In all experiments , both CF and blood were collected prior to 

the administration of the drug and periodically after treatment , 

until  it was shown that drug concentrations had reduced to a 

" Mylipen , Glaxo Laboratories (NZ) Ltd . , Palmerston North 
§ 

Leocillin ,  Leo Pharmaceutical Products , Ballerup , Denmark 



level which could no longer be measured by the assay system.  

5 . 4 . 1 Collec tion of b lood 

To facilitate f requent blood sampling over an extended period 

( 2 1  to 30 days ) , one jugular vein of the cow was cannulated with 

an intravenous catheter �[ ( 14 gauge x 10 cm in length) under 

general anaesthesia .  The catheter was attached t o  an approximately 

1 50 cm length o f  s ilas tic tub ing§ which was sutured to the skin 

of  the neck . This tube ended in a three-way tap . The patency 

of the catheter and system was maintained for up to 4 weeks using 

heparinized # saline ; a weak solut ion (50 iu/ml saline) being used 

during frequent sampling and a stronger solution ( 200 iu/ml saline) 

s ix hourly on nonsampling days . After general anaesthesia , the 

animal was rested for two to three days to ensure the eliminat ion 

of res idual dru g .  

During a single experiment , blood samples were collected a t  the 

following intervals ; 0 ,  5 ,  1 5  and 30 minute s ,  1 ,  2 ,  and 3 hours and 

thereafter at two hourly intervals for up to 35 hours . Direc tly 

after collection b lood samples were kept at room temperature for 
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a period not exceeding two hours , thereaf ter centrifuged at 3000r . p . m .  

f o r  ten minutes ( relat ive c entrifugal force = 1 766g)  and the serum 

taken off  and s tored at 4 ° C .  The assay prqcedure was undertaken 

within eight hour s . 

�[ I . V . CATH , Bec ton , Dickinson & Company , U . S . A .  

§ Medical Grade Tub ing ,  Dow-Corning Corporation , 

Medical products , Midland , Michigan , U . S . A .  

# Heparin B . P . , Evans Medical Ltd . , Speke , Liverpool 



5 . 4 . 2 .  Collection of conj unctival sac f luid 

Conj unctival sac f luid samples from both eyes were collected using 

s terile disposable  capillary tubes as described in Chapter 3 

( Sect ion 3 . 1 . 5 ) .  During an experiment ,  CF samples were collected 

at the following intervals ; 0,  1 5 ,  30 minutes , 1 ,  2 and 3 hours 

and thereaf ter  at three hourly intervals for up to 72 hours af ter 

drug administra tion . The CF samples were stored at 4 ° C  while 

awaiting bioassay , which was performed within eight hours of 

collection . 

5 . 5  ASSAY PROCEDURE 

The assay procedure adopted for both types  of samples followed 
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that described in Chapter 2 .  The reference standards of penicillin 

for the serum assay were prepared in normal serum while dist illed 

water was used as the solvent in CF analysis . 

5 . 6  STATISTICAL ANALYSIS 

The degree of  dependence of the penicillin concentrat ion in CF (Y) , 

on t ime (X) , was determined using regression analysis (Chapter 2 ,  

Sec tion 2 . 2 ) .  For this experiment the symbol Y in the formulae 

represented the log l o p enic illin concen tration , and the symbol X ,  

t ime . 

In addition , the standard error of  the regression coefficient ( Sb )  

and the 95%  con fidence l imits for the s lope (b ± tSb )  were 

determined using the technique describ ed by Snedecor & Cochran ( 1 9 72 ) . 

When appropriate , to enab le the determination of a common regression 
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l ine for each treatment , regression lines was 

calculated by a series o f  F tests ( Snedecor & Cochran , 1 9 7 2 )  using 

the method described in Chapter 2 ( Sec tion 2 . 2 . 2 ) .  

The rate of  decl ine of  penicillin concentration in CF was compared 

for differen t  treatment s  using the formula 

t 
b i  - b 2  ( Steel & Torrie , 1 960)  

t distribution with (n l  + n 2  - 4 )  degrees of f reedom 

where b regression coe f f icient 

Sb standard error of regression coeff ic ient . 

The duration of the therapeutic c oncentration of penicillin in CF 

(Chapter 4 ,  Fig.  4 . 1 )  was calculated for individual eyes within 

each treatment using the equation , 

y = Y + b (X - X) ( Snedecor & Cochran , 1 9 7 2 ) . 

The mean durat ion for given treatment together with its standard 

error of the mean ( SEM) was calculated using 

SEM = SD/F 

where ( Swinscow, 1 97 8 )  
n 

n 

Because the rate of decline and the durat ion of the therapeutic 

concentrations of penicillin in CF were calculated by different 
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means , the estimates given in the last column of Table 5 . 1 and the 

intersec t of  the slope of the common line depicted in Figs 5 . 2 ,  

5 . 4 ,  5 . 5 ,  5 . 7 ,  5 . 9  and 5 . 1 1  are not strictly comparable . 

5 . 7  DISPOSITION KINETICS OF PENICILLIN 

The penicillin concentrat ion in serum for individual animals 

following different forms of treatment , was calculated utilizing 

compartment models ( Gibaldi et al, 1 96 9 ;  Ziv et al, 1 9 7 3 ;  Ritsche l ,  

19 76 ; Baggot , 1 97 7 ; Notar i ,  1 980) a s  follows : 

a)  The two compartment open model (Baggot , 1 97 7 )  was used to 

evaluate sodium benzyl penic illin following intravenous 

administration (Treatment 1 :  Fig . S . l a) . 

b �
,
The s ingl� l compartment open model (Ritschel , 1 97 6 )  was u sed to 

evaluate procaine penicill in and penethamate 

hydriodide following extravascular administration 

(Treatment 2 ,  3 & 4 :  Fig . 5 . lb ) . 

Details of the pharmacokinetic calculations are given in Appendix 5 . 1 .  

Determinat ion of the penicillin concentration in serum at periods 

after drug adminis tration was carried out on samples from a s ingle 

c ow receiving any given treatment , whereas assessment of the penicillin 

concentration in CF was carried out on all four animals o f  each 

treatment group . 



Fig . 5 . 1 Diagrammatic representat ion of  pharmacokinetic analysis using compartment models . 
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RESULTS 

Generally , an inverse relationship between penic illin concentrat ion 

and t ime was observed for all ind ividual experiments .  A negative 

correlation involving highly s ignif icant F values (P < 0 . 0 1 )  was 

illustrated between the two variab les for all experiments without 

excep tion (Appendix 5 . 2 ) .  

When each experiment was repeated in different animals , the observed 

d i f ferences in the rate of penic illin decay in CF were minimal (NS) . 

These nonsignif icant differences between repeat experiments 

( involving all  treatments)  are illustrated by the low F values 

(Appendix 5 . 3) .  The minimal differences observed in experiments 

between animals enabled the c onstruc t ion of a common regression 

l ine represent ing all replicates for each chosen treatment and 

these were sub sequently used to compare the effects of different 

treatments (Treatment nos .  1-5) . 

Treatment 1 :  Intravenous inj ect ion of sodium benzyl penic illin 

The intravenous inj ec tion of sod ium benzyl penic illin resulted in 

a peak concentrat ion in CF of  2 iu/ml on average within 1 5  minutes 

o f  adminis trat ion (Fig . 5 . 2 ) . However , the concentration in CF 

rapidly dec lined . The minimum therapeutic concentration was 

exceeded in the CF for only 5 . 5  ± 0 . 25 hours (Table 5 . 1 ) . 

In the serum, the peak concentration of penicillin was evident 

immediately af ter inj ec tion and the pat tern of dec line was 

moderately steep : it followed a s imilar pat tern to that observed 

in CF .  However , penicillin in  serum became undetec tab le af ter rf ive\ 



hours (Fig.  5 . 3 ) and had a half-li fe of 0 . 7  hours (Tab le 5 . 2 ) .  

In addit ion , the disposit ion rate constants (k1 2 1 �, k2 1 )  which -
were / l . 7 l and I 3 . 29 hour- l respec t ively , highlighted a rather slow 

tissue distribution of sodium benzyl penic illin .  

Treatment 2 .  Intramuscular injection of procaine penicillin 

Af ter the intramuscular inj ection of procaine penicillin ,  the 

init ial appearance of penicillin in the CF was delayed by 

approximately 30 minutes . Apart from one eye (40JR) a relatively 

low peak concentrat ion ( 1 . 0  iu/ml) was achieved (Fig.  5 . 4 ) and 

maintained above the therapeutic level for 1 6 . 5  ± 1 . 25 hours 

(Tab le 5 . 1 ) .  This illustra ted a very slow rate of dec l ine for the 

penic illin concentration in CF . When the same total dose was 

d ivided and inj ected at two site s ,  a s lightly greater persistence 

of  the therapeutic concentration was observed in CF (Fig . 5 . 5  & 

Tab le  5 . 1 ) , but this difference was not statis tically significant . 

The dispos ition curve for penic illin in serum illustrated � I 
distinct phases , namely , absorpt ion I and elimination , 

(Fig .  5 . 6 ) . The peak penicillin concentration in serum was 

relatively low (2 . 0  iu/ml) but was maintained for up to 1 2  hours 

with minor f luc tuations . Thereaf t er ,  the penic illin concentrat ion 

in serum dec lined slowly and was undetectable af ter 2 9  hours . 

The pharmacokinetic analys is illustrated a half-life of l s . 9 l hours 

and the eliminat ion rate c ons tant was ! 0 . 1 2 ! hour- 1 (Table 5 . 20 . 

Treatment 3 :  Intramuscular injec t ion of penethamate hydriodide 

The intramuscular inj ect ion of penethamate hydriodide caused a 

78 



peak penicil l in concentrat ion (on average 3 . 0  iu/ml) in the CF 

within 1 5  minutes af ter administrat ion (Fig . 5 . 7 ) .  Penicillin 

concentrat ions in CF persisted above the minimum therapeutic level 

for 57 . 5  ± 5 . 8  hours (Table 5 . 1 ) . 

The pen icillin concentrat ion in serum d id not follow a s imilar 

7 9  

pat tern to that in CF . The peak c oncentrat ions in serum were 

achieved within two hours after inj ection and only af ter I f�ur ho�rs l 
( Fig .  5 . 8 ) d id an excretion phase become evident . The concentration 

in serum showed a moderately rapid dec line thereaf ter. 

Penic illin became undetec table after 1 4  hours . Pharmacokinetic 

analysis illustrated a half-life of /2 . 5 jhours and I ��f el iminat ion 

rate constant of 0 . 3 hour- 1 (Table 5 . 2 ) .  

Treatment 4 :  Subcutaneous injec t ion of penethamate hydriodide 

A subcutaneous inj ection of penethamate hydriodide resulted in a 

peak concentration in CF (average 3 . 0  iu/ml) immediately after 

administration ( i . e .  within 15 minutes , Fig.  5 . 9 ) . The therapeutic 

concentrat ion of penicillin in CF was maintained for 6 2 . 6  ± 7 hours 

(Table  5 . 1 ) .  

There were no substantial differences in the d isposition of 

penethamate hydriodide as shown by penicillin analy s i s ,  when it 

was administered by either the intramuscular or subcutaneous routes . 

The penicillin concentration in serum did not follow a complementary 

pat tern to that of CF . The peak concentration in serum was observed 



within l f ive' (hours ,  but thereaf ter it f luc tuated about the same 

level for a further two hours (Fig . 5 . 10 ) . Penic illin in serum 

80 

was not detectable after /24 hours . Pharmacokinet ic analysis 

indicated a half-life  ofr3 . 9Jhours and lan / elimination rate constant 

of to . 1 8 Ihour- l (Tab le 5 . 2 ) .  

Treatment 5 :  Intramuscular inject ion of penethamate hydriodide 

When a low dosage ( 1 0 , 000 iu/kg) of penethamate hydriodide was 

inj ec t ed intramuscularly , the peak concentrat ion in CF was s light ly 

lower ( 2 . 0  iu/ml) than for Treatment 3 ( Fi g .  5 . 1 1 ) .  The penic illin 

concentrat ion in CF followed a moderately rapid decline , and the 

therapeutic concentrat ion persisted only for 2 3 . 5  ± 3 . 8 hours 

(Table 5 . 1 ) .  A reduced dosage significantly shortened (P < 0 . 0 1 )  

the p er iod during which penicillin concentration in CF remained 

above the minimum therapeutic level (Table 5 . 1 ) . 
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Table 5 . 1 Comparison of different systemic treatments using the common regression line of each treatment 

TREATMENT Regression coef ficient Signif icance of Duration of therapeutic 
of  the common line difference concentration : � 5 x MIC 

number / produc � /dose/route (± 95% confidence limits)  hours ( ±  SEM) 

1 sodium benzyl penicillin - . 3 1 9 3  ** a 5 . 5  ± 0 . 2544 
20 , 000 iu/kg , L V .  ( ± . 0402) 

2 procaine penicillin - . 04 1 1  NS b 1 6 . 5  ± 1 . 2500 
20 , 000 iu/kg , 1 . M. ( ± . 0 1 1 l) 

2 procaine penic illin - . 04 2 1  NS b 20 . 9  ± 3 . 6089 
20 , 000 iu/kg , 1 . M. ( ± . 0 107 )  

(divided dosage : two sites) 

3 penethamate hydriodide - . 02 1 2  NS c 57 . 5  ± 5 . 8 1 52 
20 , 000 iu/kg , 1 . M. ( ± . 004 2) 

4 penethamate hydriodide - . 02 16 NS c 6 2 . 6  ± 6 . 9 1 56 
20 , 000 iu/kg , S .  ct .  (± . 0035)  

5 penethamate hydriodide - . 0424 * d 23 . 5  ± 3 . 7 9 1 5  
1 0 , 000 iu/kg , 1 . M. ( ± . OO85 ) 

\0 
N 



'Table 5 . 2  Disposition kinet ics of penicillin derived from serum profiles following different systemic 
treatments in cattle . 

Kinetic Units  of Sodium benzyl Procaine Penethamate Penethamate 
parameter measurement penicillin penicillin hydriodide hydriodide 

(Treatment 1 ) (Treatment 2 ) (Treatment 3) (Treatment 

dose iu/ml 20 , 000 20 , 000 20 , 000 20 , 000 

route 1 .  V. 1 . M.  1 . M .  S . Ct . 

4 ) 

kinetic model two compartment s ingle compartment single compartment single compartment 
(page 76 )  intravascular extravascular extravascular extravascular 

chosen time when ) 
elimination phase started) 0 . 50 hours 4 . 00 hours 3 . 00 hours 5 . 00 hours 

13 hour- 1 1 . 0 1 32 0 . 1 1 78 0 . 2825 0 . 1 76 2  

B iu/ml 9 7 . 282 3 . 3545 7 . 1 958 3 . 8534 

a hour- 1 5 . 7658 0 . 4067 0 . 8 1 46 0 . 3987 

A iu/ml 105 . 52 2 . 1 0 7 . 8 758 3 . 9453  

CO iu/ml 202 . 802 3 . 354 3 7 . 1 958 3 . 8534 p 

t� hour 0 . 684 1 5 . 888 2 . 4545 3 . 9338 

Vd ml/kg 1 7 2 . 6 7 9  n . d .  n . d .  n . d .  

kab hour- 1 n . d 0 . 406 7 0 . 8 146 0 . 398 7 

k 1 2  hour- 1 1 . 7 1 1 9 n . d .  n . d .  n . d .  

k2 1 hour- 1 3 . 2930 n . d .  n . d .  n . d .  

kel  hour- 1 1 . 774 1 0 . 1 1 78 0 . 2825 0 . 1 762 
1.0 
W 

n . d .  = not done 



DISCUSSION 

The experiment was designed to evaluate the distribut ion of 

penicillin in CF and to determine the duration of  -therapeutic 

concentration following a single dose regime of different systemic 

treatments . Both the product used and the route of administration 

were shown to inf luence the penicillin concentrat ions in serum and 

sub sequently in CF . 

The most useful attribute of the common lines plotted in Figs 

5 . 2 , 5 . 4 ,  5 . 5 ,  5 . 7 ,  5 . 9 ,  and 5 . 1 1  is  that they estimate an average 

rate of decay for penic illin in CF derived from all individual 

observations with appropriate weightings (method of calculation 

described in Section 2 . 2 ) . On the other hand , the durat ions of  

therapeutic concentrat ions shown in Table 5 . 1 are estimates 

derived from the unweighted means of  a number of individual eyes 

and therefore their mean will be  different from the point depicted 

by the common l ine which is a ' weighted average ' l ine . Differences 

increase in magnitude as duration increases ( Snedecor & Cochran , 

1 9 7 2 )  . 

Because sodium benzyl penic illin is a h ighly water soluble salt 

(English , 1 96 5 ) , it was expected that its tissue distribution would 

tend to be  slow in keeping with the change in concentration gradient 

across b iological membranes . In spite of this , the initial dec l ine 

of penic illin concentration (a phase : Fig 5 . 3 ) can be attributed to 

distribution between the vascular and peripheral tissue compartments 

(Durr , 1 976 ) . Thereaf ter , the rapid s erum dec l ine is much more  

94 
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likely to be  attributable to the high water solubility o f  penicillin 

which facilitates its rapid renal c learance (Love et al . 1 983) . The 

disposition rate c onstants (Table 5 . 2 ) calculated for sodium benzyl 

penicillin highl ight a rather s low tis sue distribution in comparison 

with its  relat ively rap id renal excret ion (English . 1 96 5 ) . 

T�e rapid dec line of penicillin concentrat ion in CF can be exp lained 

both by an efficient nasolachrymal drainage system and by little if  

any penicillin continuing to  be provided from the plasma pool . as 

circulat ing penicillin would be rapidly c leared by renal excretion . 

According to the principle that increasing the dose of penicillin 

above 25 . 000 iu/kg would not proportionately increase the serum 

levels (English . 1 965) . it is  most unlikely that any significant 

improvement in therapeutic durat ion in CF could be brought  about 

by raising the dosage . 

The prolonged absorpt ion phase in the d isposition curve of procaine 

penicil lin (Fig . 5 . 6 ) may be accoun ted for by the gradual 

dissolution of the produc t at the site of administration (Dowrick . 

1 980) . Such slow absorption would provide time for c irculating 

penicillin to be excreted forthwith without accumulat ion in the 

plasma pool . Accordingly . the serum concentration never reached 

the threshold which would be necessary before significant distribution 

could take place into the CF.  
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The use of two s ites for the administration of the total dose of 

procaine penic illin produced a slight improvement in the magnitude 

and duration of penic illin concentration in the CF (Fig.  5 . 1 2 ) 

although the effect was not signif icant (Table 5 . 1 ) . However , this 

result does sugge st that there was probably some improvement in 

ab sorpt ion result ing from d ividing the dose and the effec t  might 

have b een due s imply to an increase  in the surface area between 

deposit ed drug and tissues of the host .  

It was known , that if the concentrat ion of penicillin in plasma and 

t issues are measured at dif ferent times following extravascular 

administration , the period to peak concentration in each case 

indicates the t ime required to reach equilibrium (Curry , 1 97 7 ) . 

Any group of t issues requiring the same time was considered to 

comprise a ' compartment ' .  In the case of penethamate hydriodide 

it was f ound that the time to reach a peak serum concentration never 

exceeded two hours and this ob servation together with the known high 

lipid solub ility o f  penethamate hydriodide (Bleeker & Mass , 1 9 58) . 

permitt ed the use of the s ingle c ompartment model for its pharmacokinetic 

analysis  following extravascular inj ection . 

The persistence of the penic illin concentration in CF following 

administrat ion of penethamate hydr iodide did not follow a similar 

pattern to that occurring in the serum.  An early . high concentra tion 

of penicillin was observed in CF and that remained remarkab ly s teady ; 

above the minimum therapeutic level for a considerable period 

(Table  5 . 1 ) . A s imilar extended p eriod for penic illin concentrat ions 
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af ter p enethamate hydriodide had b een administered b y  different routes , 

was reported for bovine tears (Pedersen , 1 973) , aqueous and vitreous 

humor of rabb its (Bleeker & IM ass , 1 958) , cerebrospinal f luid in 

humans (Gylfe et ai , 1 954 ) , lung t issue of guinea-p igs ( Jensen 

et ai , 1 95 1 ; Goslings & Hers , 1 95 3 )  and bovine and ovine milk 

(Edwards , 1 966 ; Ziv et al , 1 97 3) . 

The early appearance and maintenance of a high penicillin concentration 

in the CF following extravascular inj ect ion could be attributed to 

the high l ipid solubility of the undissociated penethamate 

hydriodide ester and its  ab ility t o  transverse membranes speedily 

(Bleeker & Mass ,  1 958 ; Edwards ,  1 96 6 ) . Once within the CF however , 

the ! pKa of penethamate hydriodid e ,  8 . 3 (Rasmussen ,  1 9 5 9 )  and the 

pH of the CF ,  7 . 3  (Pedersen , 1 9 7 3) would have favoured dissociation 

to form the weakly ionized radic les of benzyl penicillin .  As this 

dissoc iated product is less soluble  in lip ids , it  is  l ikely to be 

retained longer within the peripheral f luids , in thi s  case, CF due 

to reduced membrane penetrab ility . Benzyl penicillin ,  was therefore 

observed in the CF for a long period , but in the serum a rapid decline 

of the p enicillin concentration was observed (Fig.  5 . 8) .  This rapid 

dec l ine could be attributed to the same d issociated product (benzyl 

penic illin)  present in the b lood c irculation and its high water 

solub i l ity , favour ing rapid excretion in the urine (Love et ai , 1 983) . 

Nei ther extension nor reduc t ion in the duration of therapeut ic 

concentrat ion was observed when penethamate hydriodide was 

administered by the subcutaneous route (Fig.  5 . 1 2 ) . Thus , as 



suggested by Marshall & Palmer ( 1 980) in o ther pharmacokinet ic 

s tudies , this finding adds further doubt to the estab lished belief 

that b lood concentrat ions of antibact erial products are greater 

following the intramuscular route of administration than the 

subcutaneous route .  
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Because of the high cost  of p enethamate hydriodide , half of the 

standard dose ( 1 0 , 000 iu/kg) was evaluated , but the concentration of 

penic illin obtained in CF and its persistence was insuff ic ient for 

further consideration as a more economical treatment of IBK.  

The chemotherapeutic concentrations s imultaneously produced in 

both eyes , for a l l  drugs test ed , is a distinct advantage assoc iated 

with the parenteral routes of administrat ion . However , the s tudy 

revealed that the parenteral inj ection of either sodium benzyl 

penic illin or procaine penicillin did not produce prof iles in CF 

of adequate concentration for the treatment of superf icial eye 

infections inc luding IBK (Fig . 5 . 1 2 ) . If it is decided to utilize 

systemic inj ec t ions , penethamate hydriodide at high dosage 

(20 , 000 iu/kg) could be  of some value , but treatment would be 

expensive . 
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Subconj unctival inj ections of chemotherapeutic substances have been 

used extensively in veterinary practice in order to increase the 

intraocular c oncentrat ions of poorly penetrating drugs (Wyman , 

1 9 7 5 ) . In part icular , the sUbconj unctival route of administration 

is widely appl ied in the treatment of IBK a t  the acute stage of 

the disease ( Schrimsher , 1 970 ; Fleming ,  1 97 5 ;  Beug , 1 97 6 ;  Cryer , 

1 97 6 ; Dalton , 1 976 ; Jame s ,  1 976 ; Murray , 1 976) . In New Zealand , 

the use of subconj unctival inj ect ions of procaine penicillin for 

IBK treatment is well accepted , and it is  used espec ial ly ori 

those farms in which herds of beef cattle are brought in only 

occasionally f rom out lying paddocks for treatment . Although the 

c l in ical effect s  are usually satisfactory , it is still  important 

to know from pharmacokinetic data whether or not a s ingle 

subconj unct ival inj ect ion of procaine penicillin could be capable of 

e liminating M. bovi s infection from the treated eye s .  

The subconj unc tival route o f  administration o f  drugs is believed 

to maintain therapeutic ac tivity in ocular tissues f or an 
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extended period (Leopold , 1 964 ; Gelatt , 1 968 ; Oakley et �l , 1 976 ; 

Brightman , 1 980)  and yet there are no published report s  on the 

concentrat ions of penicillin in CF which are obtainable after 

subconj unc tival inj ec tion of proca ine penic illin.  

Amongs t  the few pub l ications dealing with subconj unctival 

inj ect ion of antib iot ics  in the treatment of eye diseases , 

soluble penicillin has received some attention .  For example 

Oakley et al , ( 1 976)  reported the presence of high concentrations 

of penicillin in the cornea , while Sorsby & Ungar ( 1 946)  and 

Andrews ( 1 94 7 )  have dealt with the absorption of penicillin into 

the general c irculat ion after subconj unc t ival inj ec tion . 

Two routes of approach are avai lable to reach the subconj unctival 

space . They are (a) inj ection through the skin , or 

(b)  inj ect ion through the palpebral conj unct iva 
(Plate 6 . 1 ) . 

The preferred method is usually determined by custom or 

convenience rather than for any technical reason .  Penetration 

of C 1 4  hydrocortisone into the CF after administrat ion by the 

per-conj unc tival route was reported (Wine et al,  1 964 ) but similar 

drug level s  in CF were not observed when the same produc t was 

administered through the skin of the eye lid . Thus the appearance 

of drugs in CF after subconj unc t ival inj ection made through the 

conjunct iva was attributed to back d iffusion of chemicals through 

the needle puncture (Wine et al , 1 964) . 



This study was designed to inves t i gate the magnitude and duration 

of penicillin occuring in CF aft er subconj unctival inj ection .  

I t  was hoped that the evidence would substantiate the use of 

procaine penicillin as an effec t ive treatment method . 

MATERIALS AND METHODS 

6 . 1 ANIMALS 

The animals  were selected and maintained in a similar manner to 

that reported in Chapter 5 (Sect ion 5 . 1 ) .  Each experiment was 

performed on two animals at a time and each pair was used in more 

than one experiment . A period o f  not less than three days after 

the termination of one experiment and before the commencement of 

another ,  was allowed for the eliminat ion of any residual  drug . 

6 . 2  TREATMENTS 

The following subconj unctival treatments were carried out in a 

random order . 
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6 . 2 . 1 Procaine penicillin ,  6 x 1 0 5 iu ( 2ml) inj ected through the 

skin (Treatment 6)  

6 . 2 . 2  Procaine penicillin ,  6 x 1 0 5 iu ( 2ml) inj ected through the 

c onj unctiva (Treatment 7 )  

6 . 2 . 3  Procaine penicillin , 3 x 1 0 5 iu ( 1  ml) inj ected through the 

conjunctiva (Treatment 8 )  



6 . 3  TECHNIQUES OF SUBCONJUNCTIVAL INJECTION 
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Procaine p enic illin,r was administered using a hypodermic syringe 

and 19 gauge x 2 . 5  cm long needles . 

6 . 3 . 1  Through the skin of the upper eye lid 

The needle was inserted through the skin of the dorsal aspect 

of the upper eye lid close to the lateral canthus and then 

through the tarsal plate unt il the needle point had reached a 

position immediately beneath the palpebral conj unc tiva l ining 

the inner surface of the eye lid . 

6 . 3 . 2  Through the palpebral conj unct iva 

The palpebral conj unctiva of the upper-lid was everted by 

pressing the lower-lid over the bulb of the eye .  The conj unct iva 

of the inner surface of the upper eye lid was pierced whi le the 

needle was being d irected caudo-dorsal-medially . This was at a 

point one third of the distance f rom the lateral canthus . 

6 . 4  

6 . 4 . 1 

COLLECTION OF SAMPLES AND BIOASSAY 

Conj unctival sac f luid 

Conj unc t ival sac f luid samples from both eyes  were collected using 

s terile d i sposable capillary tubes as described in Chapter 3 

( Section 3 . 1 . 5 ) .  Collec tion t imes and subsequent processing of 

CF was undertaken as described previously (Chapter 5 ; page 7 3 ) . 

,r Mylipen , Glaxo Laboratories (NZ) Ltd . , Palmerston North 



6 . 4 . 2  Serum samples 

Blood samp les  were collected at 1 hour and 3 hours following 

Treatment 6 ,  and they were processed as previously reported in 

section 5 . 4 . 1 (page 7 2 )  . 

6 . 4 . 3  Assay procedure 

The general assay procedure adopted f or both types of samp les 

is described in Chapter 2 ( sect ion 2 . 1 ) . As for the previous 

assay experiments (Chapter 3, page 54 ) , the initial CF samples 

had to be free of any inhibitory subs tance before the assessment 

could be cons idered valid.  

6 . 5  STATI STICAL ANALYSIS 
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The degree of correlation between decreasing concentrations of 

penicillin in CF with t ime , was determined using l inear regression 

analysis ( Sec tions 5 . 6  and 2 . 2 ) .  These individual regression 

l ines derived from different animals were analysed f or homogenei ty ,  

in order t o  determine the common l ine representing a single type 

of treatment . Thereafter , Treatment s 6 ,  7 and 8 were compared 

using their c ommon regression l ines ( Snedecor & Cochran , 1 97 2 ) . 

The t ime dur ing which the penic illin concentration in CF remained 

above the ' therapeutic level '  (Fig . 4 . 1 ) was calculated for each 

eye in every experiment according to the method descr ibed in 

Section 5 . 6  ( page 74 ) .  



RESULTS 

The penicillin concentration in CF was inversely related to time . 

A high negative correlat ion involving significant F values 

(P < 0 . 0 1 )  was observed for the two variables for all ind ividual 

experiment s  without except ion (Appendix 6 . 1 ) .  

The rate o f  decline in penicillin concentrat ion with t ime did not 

differ s ignificantly between individual experiments using the 

1 0 5  

same treatment . This included cow 40J (L) (Fig . 6 . 3:  Appendix 6 . 2 ) .  

The s imilarity observed between eyes  and animals enabled the 

drawing of common lines to represent each Treatment ( i . e . Treatment s  

6 ,  7 and 8 ) . Generally , a subconj unctival inj ection of procaine 

p enicillin produced a relatively high concentration of penic illin 

in the CF immediately after inj ection (Figs 6 . 1 ,  6 . 2  and 6 . 3 ) .  

The subconjunc tival inj ect ion given through the skin (Treatment 6 )  

produced a significantly longer duration ( P  < 0 . 0 1 )  above the 

therapeut ic c oncentration than administration of the same dose 

through the c onjunctiva (Treatment 7 ) ; 6 7 . 6  ± 5 hours against 

40  ± 2 . 7 hours respectively (Table  6 . 1 ) .  

When 50% of the dose in a correspondingly reduced volume 

( 3  x 1 0 5 iu in 1 ml) was inj ected through the conj unctiva 

( Treatment 8 ) , the duration of action ( 35 ± 4 hours )  

was less  than tha t produced b y  Treatment 7 but the difference 

was not s igni f icant (Table 6 . 1 ) .  
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Fig.  6 . 1 
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A semilogarithmic plot of individual eye regression l ines 
for penic illin in conj unct ival sac fluid agains t  t ime , 
a f ter subconj unctival inj ect ion of procaine penic illin 
through the skin of the upper lid ( 6  x 1 0 5 iu in 2 ml ) .  
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A semilogarithmic plot of individual eye regression lines 
for pen ic illin in conj unc t ival sac fluid against time , 
after subconj unc tival inj ection of procaine penicillin 
through the conj unct iva ( 6  x 10 5 iu in 2 ml) . 
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A semilogarithmic plot o f  ind ividual eye regression l ines 
for penicillin in conj unctival sac fluid against t ime , 
after subconj unctival inj ect ion of procaine penic illin 
through the conj unctiva ( 3  x 10 5 iu in 1 ml) . 



1 00 

1 0.0 

= 
E 
...... 
.2 -
c 0 
;: 1 .0 • � .. c e u c 0 u 

� 
U 
C e A. 

. 1 0  

1 09 

• • Procaine penicillin, e x  10 lu through .kln 
e Procaine penicillin, exu t lu through conjunctiva 
A Procaine penlcilltn, 3 X 1 O· lu through conJunctiva 

_ _ minimum ...!�rapeutlc_ 
(5X IIIC) 

.0 1�----,-----,-----�----�----�----�--��--��--� 
o 

Fig . 6 . 4  

1 0  20 30 40 50 eo 70 80 gO 
Time (hour.) 

A semilogarithmic plot of common regression l ines 
representing the penic i l l in concentration in conj unc tival 
sac fluid after subconj unctival inj ections of procaine 
penicillin 



Table 6 . 1  Comparison of three different treatments of procaine penic illin given by the subconj unc tival route 

TREATMENT 

number / dose / route 

6 6 X 10 5 iu 
through the skin 

7 6 x 1 0 5 iu 
through the conj unct iva 

8 · 3 x 10 5 iu 
through the conj unct iva 

Regression coef f icient 
of the cornmon line 
( ±  95% conf idence l imi t s )  

- . 0245 
( ± . 004)  

- . 04 39 
( ± . 0053) 

- . 0481  
( ± . 0069 )  

Significance o f  
difference 

* *  a 

NS b 

NS b 

Duration of therapeutic 
concentration : �  5 x MI C  

hours ( ±  SEM) 

6 7 . 6  ± 4 . 9 1 93 

40 ± 2 . 6743  

35 ± 4 . 1 930 



The results  o f  serum analysis indicated that penicil lin is 

absorbed f rom its subconj unc t ival site of administration into 

the general c irculation (Table 6 . 2 ) .  

Tab le 6 . 2  Penicillin concentrat ion observed in serum after 
subconjunc tival inj ect ion adminis tered through 
the skin (Treatment 6 )  

Time after inj ection Penicillin concentration 

1 hour 3 . 33 iu/ml 

3 hours 0 . 64 iu/ml 

DISCUSSION 

The results  taken together illustrated an exponential decay of 

penic i l l in in CF (Fig.  6 . 4 ) . The peak concentrations ( i . e .  6- 10  

iu/ml ) in  CF observed for all  treatments immediately af ter 

inj ection were well  above the minimum therapeutic concentrat ion 

of penicillin ( 0 . 1 5  iu/ml ; Fig . 4 . 1 ) .  In order to have 

achieved these high levels , there must have been rapid diffusion 

of penic illin through tissues surrounding the inj ect ion site .  

Comparat ively high concentrat ions ( 1 39 microgram/gram) throughout 

the rabbi t  cornea have been reported (Oakley et al, 1 97 6 )  af ter 

a single subconjunct ival inj ect i on of ' solub le '  benzyl penicillin .  

The same authors further observed higher concentrations in the 

peripheral parts of the cornea than in the centre (Fig . 1 . 1 ) .  

The peculiar distribution has been attributed to diffusion of 

penic illin around the corneoscleral borders (Oakley et al, 1 97 6 ) . 

1 1 1  

On the o ther hand , in current experiments concerning the bovine eye , 



s imple int ercellular and transcellular dif fusion would account 

f or the a lmost immediate appearance of penic illin in CF .  

The prolonged duration of therapeutic concentration ob served 

generally , may be attributed to the gradual and continuous 

release of penic illin from the sparingly soluble procaine salt 

(British Pharmacopoeia - Veterinary , 1 9 7 7 )  as described in 

Chapter 5 .  

The transient uptake of penicillin from the subconj unctival site 

into the general c ircula tion which was ob served , is in agreement 

with a previous report by Sorsby & Ungar ( 1 946 ) . 

A s ignif icantly shorter (P < O . O l )  duration above the therapeut ic 

concentrat ion was observed when the drug was inj ected through 

the conj unc t iva , rather than through the skin . Some inj ected 

material was observed issuing immediately from the needle track 

and this feature could account for the shorter period of activity 

as  previously observed by Wine et al ( 1 964 ) . However ,  both 

t echniques of drug administration into the subconj unc tival site . 

p roduced suffic ient c oncentrations of penic illin in CF , f or an 

adequate length of t ime . In such c ircumstances , an organi sm 

as sensi t ive as M .  bovi s should b e  adequately controlled . 

The reduct ion of the dose (Trea tment 8 )  did not significantly 

change the initial concentrat ion in CF nor the rate of penicillin 

1 1 2 



decay and therefore the durat ion of therapeutic concentration 

was not materially inf luenced .  

The current study therefore suppor t s  the widespread use of 

penicillin by subconj unctival inj ection in the treatment of IBK. 

If it was felt necessary , the therapeutic concentration o f  

penic illin produced b y  a s ingle dose could b e  further extended 

by a second inj ect ion administered 2 - 3 days later . 

1 1 3 

Penic illin profiles in CF obtained f rom these studies were derived 

from c l inically normal animals . I t  would be neces sary to conduct 

trials u s ing animal s  affected with IBK, if claims for therapeutic 

effec t ivenes s were to be investigated . 
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The cornea , a maj or component of the eye , is covered by a s truc tured 

layer of fluid approximately 7-9 micrometers thick, which is referred 

to as  the precorneal tear f ilm (Ehlers , 1 965b ; Mishima et al , 1 96 6 ) . 

Under normal c ircumstances , f luid making up the precorneal tear f ilm 

is derived from various local glands of the conj unc t iva (Wolf f ,  1 946) , 

and excess material is collec ted in the lower cul-de-sac o f  the eye , 

where  i t  is known as conj unct ival sac f luid (CF) . The conjunct ival 

sac together with the cornea , is covered by a single continuous 

sheet of epithelium, which is constantly kept moist by the same 

tear f ilm and in this way supplies  the metabolic needs of the 

avascular cornea (McEwen , 1 962 ) . The f lu id collected in the 

conj unct ival sac is dispersed by the l id act ion during blinking 

(Hol ly , 1 97 3 )  and also by the movements of the folds of the 

conj unct ival mucous membrane ; a structure which has been described 

by Ehlers ( l 965a)  as "perfec t ly moveable and yielding" . 

Studies dealing with the dynamic s  of superfic ial f luids on rabbit 

eye s  have shown that the loss of instilled solution is related to 

the volume of solution instilled and the rate of disappearance 

follows first order kinetics (Chrai et al , 1 9 7 3) . The rapid decay 
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has been attributed partly to nasolachrymal drainage of the instilled 

solution (Chrai et al , 1 9 7 3 ;  Wyman , 1 97 5 )  and partly to absorpt ion 

through the cornea and conj unct iva (Maurice ,  1 962) . However ,  

when drugs in solution are instilled , the viscosity and the nature 

of the vehicle in which the drug is dissolved is considered to have 

a maj or effec t in determining the rate of drug decay (Linn & Jones , 

1 968 ; Havener ,  1 9 7 4 ;  Wilson et ai , 1 983) . 

The purpose of the experiments that are described in thi s  chapter , 

was to determine the penicillin profiles in CF result ing from the 

topical application of certain p enicillin perparation s .  It was 

hoped that such information would  be useful for advice on topically 

applied medication .  

Therapeut ic ophthalmic solut ions are reported t o  b e  acceptable 

if they have a t onicity equivalent to 0 . 9% saline ( Sorsby & Ungar , 

1946 ; Martin :_& / Mims , 1 950) . Therefore different salts of 

penic illin ,  having different degrees of solubility , were used at 

the same tonicity and at the same dose rate in either an aqueous 

or a b land ointment base . The t opical treatments were also 

evaluated for their freedom f rom causing irri tation on the normal 

bovine eye .  

MATERIALS AND METHODS 

7 . 1  ANIMALS 

The c ows were selected and maintained in a s imilar manner to that 
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described in Chapter 5 ( Sec tion 5 . 1 ) . Experiments were performed 

on two animals at a time . One eye received the penicillin 

treatment whi le the contralateral eye received the p lacebo 

treatmen t . Each pair of animals was used in more than one 

experiment after allowing a period of not less than three days 

between the t ermination of one experiment and the commencement of 

the next . The treatments were repeated in different animals chosen 

in a random order . 

7 . 2  TREATMENTS 

Pen ic i l l in salts were incorporated in either distilled water or a 

b land ointment base consis t ing of l iquid paraffin (5%)  and soft  

white paraff in ( 95%)  (Swinyard , 1 975) . Each preparation was 

formulated so that the mass of material administered into each eye 

contained 5 , 000 iu of penic illin in either 0 . 1 ml of aqueous solution 

or 0 . 3  gram of ointment . 

Treatments  comprised 

7 . 2 . 1 Sodium benzyl penic illin" 5 , 000 iu in 0 . 1 ml dist illed 

water (Treatment 9) 

7 . 2 . 2  Sodium benzyl penicillin 5 , 000 iu in 0 . 3  gram o in tment 

base § (Treatment 1 0 )  

7 . 2 . 3 Procaine penic illin 5 , 000 i u  i n  0 . 3  gram ointment 

(Treatment 1 1 )  

7 . 2 . 4  Benethamine penicillin 5 , 000 iu in 0 . 3  gram oin tment 

base § (Treatment 1 2 )  

" Crys tapen , Glaxo Laboratories Limited , Greenford , England 

§ Suppl ied by courtesy of Glaxo Laboratories , N . Z .  Ltd . 
Palmerston North . 



The p lacebo treatment consisted of either 0 . 9% saline or the 

b land ointment base 

Each topical treatment was repeated in five animals  chosen in a 

random order . 

7 . 3  METHODS OF INSTILLATION 

7 . 3 . 1  Aqueous preparation 
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Two drops ( 0 . 1 ml ) of  sodium benzyl penicillin solution in distilled 

water were inst illed into the lower conj unct ival sac using a 

dropper pipet te . The same volume of 0 . 9% s terile saline was 

ins t illed into the contralateral eye . 

7 . 3 . 2  Ointment s  

Approximately 0 . 3 gram containing a total o f  5 , 000 iu benzy l 

penicillin was delivered direct ly into the lower cul-de-sac . 

The amount o f  ointment that needed to be introduced in order to 

deliver 5 , 000 iu penic illin was estimated beforehand and confirmed 

for each experiment by weighing the tubes before and after treatment . 

The same amount of o intment base was delivered int o  the 

conj unctival sac of the contralateral eye (placebo t reatment) . 

Care was taken to avoid any overflow or mechanical irritat ion of 

the eye . The volume appl ied was based on the s tudies of Mishima 

et al ( 1 96 6 )  who estimat ed the average normal lachrymal volume of 

humans to be 7 microlitres and they suggested that the human 

conj unctival sac could accommodate approximately 30 microlitres 

without overf lowing.  



7 . 4  SAMPLE COLLECTION AND BIOASSAY 

Samples of CF were collected from both eyes , one direc t ly after 

the other , using sterile disposable capillary tubes as described 

in Chap ter 3 .  Collection t imes and subsequent processing o f  CF 

was undertaken as described previously (Chapter 5 ;  page 7 3) . 

7 . 5  SUITABILITY OF TOPICAL TREATMENTS 
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Before and after instillation of treatments , the eyes of all animals 

were s tudied f or signs of local irritation . They were visually 

examined for c linical signs such as lachrymation , vascularization , 

blepharospasm or corneal opaci ty . 

During the course of every samp ling schedule , randomly selected 

subsamp les were centrifuged in a Cytopsin centrifuge,r for f ive 

minutes (relative centrifugal f orce = 1 979) . The cell but ton 

ob tained was s tained using MacNeal ' s  t echnique ( 1 922 ; cit . Gurr , 

1 960)  in order to determine any changes in the number or the ratio 

of different cell types . 

7 . 6  STATISTICAL ANALYSIS 

Changes in the penicillin concentration in CF with t ime were 

determined using l inear regres sion analysis in the manner described 

in Sec tions 2 . 2  (Appendix 2 . 6 ) and 5 . 6 .  These individual 

e 
regression lines were analysed for homogenity , in order to 

� 

determine the common l ine representing each treatment . Thereafter 

treatments were compared using their common regression l ines 

( Snedecor & CochraD , 1 9 7 2 ) . 

,r Shandon seA 0030 , Shandon Souttern Products Ltd . 
9 3-96  Chadwick Road , England WA7 IPR. 



7 . 7  DURATION OF THERAPEUTIC CONCENTRATION 

The duration of therapeut ic concentrat ion of penicillin in CF was 

calculated for each treatment according to the method described 

in Chap ter 5 (Page 74) . 

RES ULTS 

The eye drops were retained within the conj unctival sac and 

overflow was not observed . The ointment melted quickly and 

spread in between the folds of the c onj unc tiva and into the 

precorneal tear film.  
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The topical treatments used in this s tudy did not produce c l inical 

signs of local  irritation except for a slight increase in tear 

f low which disappeared almost immediately . No changes were observed 

in the total number of cells or in differential cell counts of CF,  

even after repeated treatments . 

Generally , an inverse relationship between penicillin concentrat ion 

and t ime was observed for all individual experiments .  A negative 

correlation involving highly signif icant F values (P < 0 . 0 1 )  was 

confirmed between the two variab les for each treatment (Appendix 

7 . 1 ) . When each single treatment was repeated in different animals , 

any difference in the rate of p enicillin decay in CF was minimal 

(NS) . These nonsignif icant differences between repeat experiments 

( involving all t reatments ) are illustrated by the low F values 

( i . e .  F l � = 1 . 7 9 : Appendix 7 . 2 ) .  The minimal differences observed 
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in experiment s  between animals , enabled the construction of a common 

regression l ine represent ing all  replicates for each chosen 

treatment and these were sub sequently used to compare the effects 

of different treatments .  

The peak concentrat ion o f  penic illin observed in CF af ter topical 

ins t illation of the aqueous solution of sodium benzyl penic illin 

illustrated a greater variation between repeat experiments ( i . e .  

5-6 3  iu/ml : Fig 7 . 1 ) than that of the ointment form ( i . e .  5- 1 2  

iu/ml : Figs 7 . 2 ,  7 . 3  & 7 . 4 ) . 

Top ical application of sodium b enzyl p enicillin in an aqueous 

vehic le (Treatment 9) produced the shortest duration of penicillin 

concentration above the minimum therapeutic concentration 

( 1 2 . 6  ± 1 . 5  hours : Table 7 . 1 ) .  The average peak concentration 

of 1 0  iu/ml was observed immediately after the treatment . 

Oin tment preparations of all  three penicillin salts significantly 

prolonged (P < 0 . 0 1 )  the duration of therapeutic concentration 

in C F .  The durations observed for aqueous soluble sodium benzyl 

penicillin and the less aqueous-soluble  procaine penicillin were 

s imilar , when each was appl ied in the o intment base . The mean 

durat ions for sodium penic illin and procaine penicillin were 

39 . 8  ± 2 hour and 37 . 0  ± 4 hour (Table 7 . 1 ) and the approximate 

peak concentration 7 iu/ml (Fig . 7 . 2 ) and 13 iu/ml (Fig . 7 . 3) 

respect ively . 



Benethamine penic illin in the same ointment base showed a 

signif icantly extended (P < 0 . 0 1 )  durat ion , the mean of . which 

for four animals was 56 ± 4 . 5  hours ( Table 7 . 1 ) .  The estimated 

peak concentration of 14 iu/ml was ob served immediately after 

administration . 
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A semilogarithmic plot of individual eye regress ion lines 
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a f ter topical appl icat ion of sodium benzyl penic illin in 
d ist illed water ( 5 , 000 iu in 0 . 1 ml) . 
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A semilogarithmic plot of individual eye regression l ines 
for penic i l l in in conj unctival sac fluid against time , 
after topical app licat ion of procaine penic illin in the 
ointment base ( 5 , 000 iu in 0 . 3 gram) . 



1 00 

1 0.0 

-
i 
...... 
= -
c 0 ;: 
• .. 

1 .0 -c • u c 0 u 
.5 
= 
U 
C • � 

. 1 0  

• Cow numb.r 84F(R) 
0 Cow numb.r 58F(L) 
& Cow numb.r 40J(R) 
A COW numb.r 7e F(L) 

- - common lin. 

minimum �h�r�.utlc co�.ntr.tlo� 
(5X IIIC) 

126  

. 0 11-----,-----T-----T-----r-----�--�r_--��--�r_--_, 

Fig . 7 . 4 

1 0  20 30 40 50 eo 70 10 80 
Tim. (hour.) 

A semilogarithmic plot of individual eye regression lines 
f or penicillin in conj unc tival sac f luid against time , 
af ter topical appl icat ion of benethamine penic illin in the 
o intment base (5 , 000 iu in 0 . 3 gram) . 



1 27 

1 00 

o .ocMu", benzyl penlclllln/weter 
o .odlum benzyl penicillin/ointment 

1 0.0 e procelne penicillin/ointment 
• benethemlne penlcllHn/ ointment 

..... 
e 
"-
.a -
c 0 ;: 
• � -c 1 .0 • u c 0 u 
� 
:2 c e A. 

minimum therepeutl� concentretlon 
(5X MIC) 

. 1 0  

. 0 1 �----�--��--�----r---�----'-��r---�----, 
o 

Fig .  7 . 5  

10 20 30 40 50 10 70 10 10 
TI .... (hour.) 

A semilogarithmic plot of c ommon regression l ines 
representing the penic illin concentration in conj unc tival 
sac fluid after topical instillat ion of different sal ts 
of penicillin .  



Table 7 . 1 Comparison of different topical treatments of penic illin using the common regression line of each treatment 

TREATMENT 

number / produc t / vehicle  

9 sodium benzyl penic illin 
/distilled water 

10 sodium benzyl penic illin 
/ointment base 

1 1  procaine penicillin 
/ointment base 

1 2  benethamine penicillin 
/ointment base 

Regression coefficient 
of the common line 
( ±  95% confidence l imits)  

- . 1 279  
( ± . 0248) 

- . 0440 
( ± . 008 

- . 0492  
( ± . 0 1 06) 

- . 03 1 5  
(± . 005)  

Signif icance of 
difference 

* *  a 

NS b 

NS b 

* *  c 

Duration of therapeutic 
concentrat ion : � 5 x MIC 

hours ( ±  SEM) 

1 2 . 6  ± 1 .  5205 

38 . 8  ± 2 . 1 0 1 9  

37 . 0  ± 3 . 9802 

56 . 0  ± 4 . 5000 

...... 
N 
00 



DI SCUSSION 

The resul ts of this s tudy clearly showed that peak concentrations 

and duration of therapeut ic level were strongly inf luenced 

both by the base of the f ormulation and by the relative water 

solub ility o f  the penicil lin salt used . 

The substantial differences in peak concentration between 

individual cattle eyes observed af ter topical inst illation 
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of sodium benzyl penicillin in aqueous solution, could be attributed 

to the immediate availability of the drug , in contras t  to a 

s lower release from the o intment base . Except for the above

ment ioned variability , a minimal difference in peak concentration 

and durat ion was observed between repeat experiment s  using the 

same treatment on different animals  and this enab led the 

construc tion of a common regression line for each treatment . 

Sub sequently , comparisons between treatments could be  made using 

such common l ines . 

The results of all topical inst illations , generally illustrated 

an exponent ial decay of penic il l in in CF (Fig . 7 . 5 ) . The peak 

c oncentrations observed immediately after topical administrations 

were mostly in the same range ;  (approximately 10 iu/ml : Fig . 7 . 5 ) 

and this s imilarity could b e  attributed to the effect of equivalent 

dosages that were instil led at the common s ite . On the o ther hand 

the rate of penicillin concentration decl ine in CF (described by 

the regression coeff icient ) and as a result , the duration of a 



therapeutic c oncentration ,  differed substantially between 

d i f ferent penicillin produc t s . 

Sodium benzyl penicillin in aqueous solution provided the base 

l ine against which all other treatments were compared . 
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Although the topical applicat ion of sodium benzyl penic illin in 

the aqueous phase produced the shortest durat ion ( 1 2 . 6  ± 1 . 5  hours)  

o f  all four treatments carried out  in  this serie s ,  even that is 

c onsidered longer than might have been expected from general 

information on therapy of eyes . For example , the l iterature 

dealing with treatment in human eye diseases and also that concerning 

treatment of IBK (Faull & Hawksley , 1 954 ) advocates frequent 

ins tillations of penici ll in ,  in some cases as of ten as every 30 

minutes ( Sorsby , 1960) , in order to maintain the des ired 

therapeutic concentration . According to the results  of the present 

s t udy such f requent inst illation would be unnecessary � Perhaps 

s ome physiological peculiari ty of cattle accounts f or this longer 

retention time even though normal tear flow rates f or humans ; 

0 . 5 - 2 . 2  � l/minute (Mishima et al , 1 966)  are substantially slower 

than for cattle ;  9 - 3 1  � l/minute (Hoffmann & Spradbrow ,  1 978) . 

Assuming that 5 , 000 iu of p enicillin are distributed immediately 

throughout 1 00 �l in the bovine CF and that the flow rate is 10 � l /  

minute (Hoffmann & Spradbrow , 1 978 )  the concentration of penicillin 

in CF  should have reached the minimum therapeutic concentration 

in 1 00 minutes . As it  was , in the cattle experiments , the aqueous 

s o lution of penicillin pers isted for more than 1 2  hours ; 

therefore any assump tion of a simple physical dilut ion effect 



mus t  be incorrec t .  The volume and dose o f  penicillin instilled 

would have been capab le of saturating the thin layer of f luid 

covering the entire conj unc t iva and cornea (Adler et al , 1 9 7 1 )  

and therefore other factors concerned with relative solubility 

or specific binding proper t ies of the penic illin molecules must 

account for the extended period of therapeutic duration . 
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For each treatment investigated , the results c onf irmed that 

products  f ormulated with the ointment base produced a relatively 

ext ended duration of therapeutic concentrat ion : a f inding in 

keeping with those of Linn & Jones ( 1 968) : humans , Havener ( 1 974) : 

humans , Hardberger et al ( 1 975) : rabbit s ,  and Wilson et al ( 1 983) : 

rabb its . They reported a d irect relat ionship between the 

duration of drug concentration in f luids on the surface of the eye ,  

and the viscosity of the vehicle in which the drug was formulated . 

In addition , the slow l iberation o f  penicillin from an o intment 

base into the aqueous phase of CF could also account for part of 

the observed p ersistence . 

The duration of therapeutic concentration produced by the 

relatively insoluble procaine penicillin (British Pharmacopoeia

Veterinary , 1 9 7 7 )  in the o intment base , was s imilar to that of 

the far more water-soluble sodium benzyl pen ic illin when that 

was incorporated into an o intment base (Fig . 7 . 5 ) .  This similarity 

suggest s  that a slowed dissolution of the formulat ion is more of 

a determining factor in sustaining a concentrat ion in CF than the 

o i l /water partition coe f f ic ient of either penic illin salt . 



Benethamine penicillin is  chemically def ined as N-benzyl- S

phenylethylamine of benzyl penicillin (Nelson et al, 1 954 ; Basil 

et al, 1955) . The present study il lustrated that benethamine 

penicillin in the ointment form further extended the duration 

of  the therapeutic concentration and that the prolonged effect 

could be attributed to i t s  relative aqueous insolubility (British 

Pharmacopoeia-Veterinary , 1 9 7 7 ) . Such a f inding is supported by 

the recent work of Buswell  et al ( 1 982)  who obtained an extended 

duration of effect (namely 56 hours )  when using benzathine 

c loxacillin in an oily base . 

In general ,  the extended duration of  therapeutic concen trations 

observed for all topical treatment s  in this series , could be due 

par t ly to the high dose o f  penicillin which would have saturated 

tne fluid layers covering the mucosae . When such f luid is 
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entrapped in deep fornices , penicillin in solution may take some 

t ime to reach equilibrium with the same material in the precorneal 

tear film s o  that there may be sub stantial delays before signif icant 

amounts disappear into the lachrymal duc t .  In addit ion , the 

l ipophilic nature of the tear f ilm is likely to retain l iquid 

paraffin on its surface  ( Ehlers , 1 965b )  and this effec t  could have 

prolonged the presence in the CF of  penicillin ,  had it been 

app l ied in an ointment base . The l ipophilic nature of  the corneal 

epi thelium itself (Lee et al, 1 98 3 )  has been shown to retain drugs 

which are in a lipid (ointment)  vehicle .  Thereafter a slow 

release of the active ingredient into the tear film and eventually 

CF , could b e  expected (Nagataki & Mishima , 1 980 ; Wyman , 1 975) . 



A s imilar extended duration associated with the use of ointment 

in o ther species was reported by Massey et al ( 1 976)  and Nagataki 

& Mishima ( 1 980) . Finally , the f ine structure of the lining 

muco sae , such as crypts , infold ings (Carrol l  & Kuwabara , 1 968) , 

microvilli (Pedler , 1 96 2 ;  Pf ister & Burstein , 1976)  and goblet 

cel l s  (Wanko et al , 1 96 4 )  may be c onsidered as contributory 

fac t ors in retarding the movement of any molecules not in solution 

and therefore they too would  contribute in delaying removal of 

the drug from the site . 
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The various topical treatments used appeared to be quite safe . 

Neither the bland ointment alone nor an insoluble salt of penicillin 

in an ointment base caused any visible clinical changes .  Excessive 

lachrymation observed momentarily j ust after topical administration 

of medication could be due to the ref lex nerve stimulation as 

suggested by Mishima e t  al ( 1 966 ) . Temporary b lurring of vision 

associated with the use of eye ointments is considered undesirab le 

in human therapeutics (Adler et al , 1 97 1 ;  Evans , 1 97 1 ) . However ,  

in the treatment of IBK , such a f i lm over the cornea could be 

advantageous if it proved to be a b arrier to ultra violet rays 

s t r iking the exposed surface of the bovine eye . However ,  where 

open corneal wounds are involved (Wyman , 1 9 7 5 ) , ointments  are 

contraindicated because they may p redispose to severe inflammatory 

reactions . Some stages of IBK would be  assoc iated with severe 

corneal changes of this type and accordingly ointment s  ought 

not to be used under such c ircumst ances . 
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With the except ion o f  such extreme cases , the topical instillation 

of chemotherapeutic subs tances , particularly as ointments ,  is 

c onsidered a satisfactory method of IBK control (Faull & Hawksley , 

1 954 ; Gallagher , 1 954 ; Jackson , 1 954 ; Cooper , 1 960 ; Ellis & Barnes ,  

1 96 1 ;  Pugh , 1 9 7 8 ;  Buswell  et ai , 1 982 ; Nyack & Padmore , 1982)  and 

the ob servations on drug distribution made in the present s tudy 

tend to support this contention . For a number of ant ibacterial 

agents including penic il lin ,  far more data on the eliminat ion of 

M. bovis infections following an optimum treatment schedule , 

are needed . Such information would only be obtainable from a 

number of well designed c linical trials . 



CHAPTER 8 

GENERAL D I SCU S S ION 

Moraxel la bovi s ,  the causative organism of  infect ious bovine 

keratoconjunct ivitis (IBK) is sensitive to many different 

ant imicrob ial products  (Pugh & McDonald , 1 9 7 7 ; Webber et al , 

1 982) . However ,  the distribution of these chemotherapeutic 

sub stances ,  particularly in t erms of the magnitude and the 

durat ion of drug concentration in the conj unctival sac is 

largely unknown . It  was for this reason and because of the 

important nature of the disease and the already extensive use 

of antibiotic s  in the treatment , that the work reported in this 

thesis was undertaken . Further , the dearth of knowledge 

concerning the absorption and duration of any of these chemo

therapeutic agents necessitated the use of a relatively familiar 

and well  tried antibiotic . Accordin gly penicillin was chosen 

although it is not necessarily the ant ib iotic of choice in the 

treatment of either M. bovi s infections or indeed any bac terial 

condition of the eye . However , it is possib le to obtain a range 

of penic illin produc ts all containing the same act ive principle 

and d if fering only in either the salt , or components of  the 

formulation . Thus , individual experiment s  of  this proj ect were 

concerned with determining the penic illin concentration in CF 
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after various penicillin produc t s  had been administered by different 

routes .  It was decided t o  inves t igat e  the use of a single dose 

treatment rather than repeated ones , because the aim of this 

s tudy was to obtain information which would be useful in deriving 



a prac t ical treatment schedule for IBK, in the field . 

As the proj ect developed , it  became c lear that the method used 

for obtaining CF samples  was of  prime importance.  The 
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collection procedure had to be nonirritating to the eye . In 

addition , the animal itself had to be relatively undisturbed in 

order that local and systemic nerves were not stimulated to produce 

lachrymal fluid . I t  is known that lachrymal f luid which has been 

secreted by distressed animals (Best & Tay lor , 1973)  contains 

endogenous antibac t erial substances (Morrison & Allen , 1 966)  which 

might invalidate the results  of penicillin assays using a 

biological system .  Animals had to be trained to the collecting 

procedure as any form of chemical restraint may have invalidated 

for one reason or another results of the b ioassay .  Under such 

circumstances and using blunted cap illary tubes ,  it proved 

possib le to collect uncontaminated samples with relative ease , 

and this satisfied the requirements of the assay system.  

The selection of a b ioassay technique for penicillin estimations 

was based on the widespread use of such sys tems in the determinat ion 

of antibiotics in a variety of biological f luids (Simon & Yin ,  

1 970 ; Kavanagh , 1 9 7 2 ) . Because  of the small volume of the test 

sample available , an agar-well  dif fusion assay technique was 

chosen and certain modif ications had to be made (Chapter 2 ;  

Section 2 . 1 )  in order to obtain sufficient sensitivity in the 

spec ified range of activity . The large assay p late in which 

B .  subti lis was incorporated into the agar as the indicator 



organism ,  provided a high degree of  accuracy and reproducibility 

throughout . 
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While a bioassay system can be used to detect penicillin at very 

low concentrations , in this s tudy attention was restricted to a 

range of  levels at which it c ould be predicted with conf idence that 

a bac teric idal effect on M . bovi s would be evident . Accordingly , 

a ' minimum therapeutic concentration ' in CF was adopted . This 

f igure was based on the MIC for penic illin agains t local s trains 

of M. bovis and had superimposed on that a liberal safety factor 

to make allowance for local conditions in the conj unctival sac . 

From such derived minimum therapeutic concentrations for various 

treatment forms , it was possible to predict for each produc t , the 

period of t ime during which the therapeut ic concentration of 

penic i l l in in CF would be exceeded (Fig . 4 . 1 ; page 6 6 ) . 

The sys t emic route of drug administration is not uncommonly used in 

treatment of eye diseases (Havener , 1 974 )  and therefore intra

muscular or subcutaneous inj ect ions were included amongst the 

other more pract ical means of administrat ion investigated in this 

study . The aim o f  these preliminary series of experiments was to 

ob tain basic information on penicillin disposition in CF ; in terms 

of the speed of  distribution , magnitude of  concentration and 

duration of level s  after d if f erent treatments had been given . In 

order t o  illustrate disposition throughout the body , data dealing 

with p enic illin profiles in serum were processed according to an 

appropriate pharmacokinetic model ,  but penicillin concentrat ions 
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in CF were always evaluated using regression analysis . The results 

indicated that systemic inj ections of either sodium benzyl penicillin 

or procaine penic illin are unlikely to be  successful in the treatment 

of IBK. It was observed however , that penethamate hydriodide could 

be of  some value in situations where systemic routes have to be  

relied upon. Although potentially effec t ive , the high cost of  

penethamate hydriodide would probably prohib it its  general use 

under extensive f arming conditions . 

Even though both eyes of an animal may be treated by a single drug 

administration, systemic routes cannot be considered the best approach 

to therapy as the s ite of administration is too far removed f rom 

the focus of infection . The distance involve d ,  the dilut ion e f f ec t  

and the resistance imposed b y  biological membranes tend t o  be 

limit ing factors in distribution and consequently , to obtaining 

an adequate concentration of drug at the site  of infection . In 

cont rast , any form of  local administration , is  likely to be more  

ef fec tive because it is now known that i t  produces the desired 

therapeutic concentration in superf ic ial tissues of the eye 

(Chapters 6 & 7 ) . 

Procaine penicillin given by subconj unct ival inj ec t ion is commonly 

employed in the treatment of IBK in New Zealand . The resul t s  of  

stud ies reported in this thesis tend to support the f ield practice 

because adequate drug concentrations were maintained in CF for 

over 48 hours . By administering procaine penic illin through the 

skin of the eye l id and leaving the conj unc tiva intac t , it was 



possible to extend that duration of effect.  However in using the 

skin route , the animal ' s  resistance to handling and general 

apprehension were increased as the needle had to be direc ted 

through a greater number of tissues including the tarsal p late of 

the eye lid . 

The topical inst illation of penic illin or its product s  into the 

human eye is not generally recommended ( Ellis , 1 97 7 )  because of 
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the risk of hypersensitivity reac t ions .  However , the route is 

considered safe in veterinary therapeut ics (Brightman , 1 980) , and 

topical adminis trat ion of penicillin as  well  as other drugs has been 

widely used in the treatment of IBK ( Faull & Hawksley , 1 954 ) . In 

view of the widely held belief that subconj unc tival inj ections 

produce extended per iods of therapeut ic effect , it was surprising to 

f ind that the top ical use of either sodium or procaine penicillin 

in the ointment f orm gave periods of effect that were not significantly 

shorter . 

Benethamine penicillin in the ointmen t  form further extended the 

duration of a therapeutic concentrat ion . In this respec t ,  the 

persistence o f  penic illin activity was similar to durations 

reported by Buswell  et al ( 1 982)  who had compared the topical 

inst illation of benzathine cloxac illin in an oil formulation with 

subconj unc t ivally inj ected amoxycillin .  These workers  conf irmed 

the effec t iveness of topical ins tilla tion in the treatment o f  

IBK, b y  a f ield trial in which they observed a rapid clearance o f  

c linical signs  and conj unctival infec tion . 
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Although clinical trials were not carried out in the current s tudy , 

there is every indication that instillation of penicillin would be  

a f easible curat ive measure for IBK .  The t opical treatment could 

eas ily be carried out by farmers and repeated applications if 

required should not cause any reac t ion . Even in the event of 

serious outbreaks , treatment begun by veterinarians using 

subconj unctival inj ections c ould be continued by farmers using 

topical ointments .  Nevertheless , as a prerequisite to any 

authoritative s tatement on a treatment s trategy for IBK, the 

effectiveness  of the currently s tudied treatments needs to be 

confirmed by controlled c linical trials . 

Any investigations made on infected eyes are unlikely to yield 

results comparable to the current series of experiment s  using normal 

animals . In the f irst  p lace different s tages of IBK in different 

eyes would produce variable degrees of increased lachrymation and 

secondly , endogenous ant ibacterial substances and inf lammatory cells  

might well  invalidate the assay system presently used . However , in 

preliminary experiments involving four animals which were infected 

with IBK, the subconj unc t ival inj ection of 300 , 000 iu of procaine 

penicillin in 1 ml produced a rate of dec line in CF that was not 

significantly dif f erent f rom that of c linically normal animals  

(Chapter 6 :  Treatment 8 ) . 

No attempt was made in the current study to include any other 

products that have been tried in the treatment of IBK .  Penicillin 

is c ertainly cheap , safe and apparently effective under New Zealand 



conditions , but that situa tion may not prevail . In countries 
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in which IBK has been recognized for many years , there have been 

report s  of developing resist ance against penicillin by some strains 

of  M. bovi s (Pugh & McDonald , 1 97 7 ;  Webber et ai , 1 98 2 ) . This 

state of affairs could possible be attributable to the long-term 

exposure of M .  bovis to penicillin .  T o  avoid similar 

developments in New Zealand , the sensitivity of a number of  M. bovis 

isolates should be investigated on a regular basis . There is an 

obvious need too for a review o f  the non-antibiotic ant ibacterial 

produc t s  that might prove useful in the treatment of this disease . 

Work needs to be undertaken with such products to ensure that 

adequate drug levels are sustained in CF , and that M .  bovi s 

infection will  b e  eradicated by the concentration achieved . 

Simp lif ied methods of administration mus t  continue to be  sought 

too , b ecause at the present t ime , it is this aspec t of treatment 

which presents the greatest s ingle limitation to the c ontrol of 

IBK amongst groups of grazing cat tle . 

Infectious bovine keratoconj unct ivitis is considered to be a 

disease of  recent origin in New Zealand ( Harris et ai , 1 980) . The 

present work has shown the sensi t ivity of  some local i solates of  

M.  bovis towards penicillin and while this antibiotic continues to  

be  used for the treatment of  IBK ,  every effort should be  made to see 

that the schedule of medicat ion produces the optimum ant ibacterial 

ef fec t . As a result of  pharmacokinetic data obtained during the 

present s tudy , it is now poss ib le to devise treatment schedules for 

each of the penicillin product s  t ested . 
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Peptone 

Yeast extract 

Beef extrac t 

Agar 

APPENDIX 2 . 1 

Assay Medium No . 5 

6 gram 

3 gram 

1 . 5  gram 

1 5 . 0  gram 

Dist illed water to make 1000 ml 

pH 7 . 8-8 . 00 after sterilizat ion 

(Grove & Randal l ,  1955 ; Arret et al , 1 97 1 ) . 

1 5 9  



APPENDIX 2 . 2  

ESTIMATION OF PENICILLIN CONCENTRATION IN THE SAMPLE OF 

CONJUNCTIVAL SAC FLUID BY REFERENCE TO A STANDARD CURVE . 

An example of a calculation to find the line of best fit  using 

least square analysis ( Snedecor & Cochran , 1 972) ; 

Diameter of the Penicillin 
inhibitory zone 

(nun) 

2 2 . 735 
1 7 . 306 

8 . 4 10 
7 . 732 

concen tration 
( iu/ml) XY 

5 . 00 1 5 . 8 9 1 8  
1 . 00 0 

. 1 0 -8 . 4 100 

. 08 3  -8 . 3575 

X zone of inhib ition (mm) 

X2 

5 1 6 . 88 
299 . 49 

70 . 7 3 
5 9 . 784 

Y 10g 1 0 penicillin concentrat ion (iu/ml) 

The regression c oef f icient (b ) was calculated using the formula , 

b = IXY - nXY 
IX2 - nX2 

1 6 0  

Having calculated the regression coeff icient , the s tandard curve o f  

penicillin was c onstruc ted which represented the l ine of best fit . 

For selected X values , corresponding Y values can be calculated 

according to the formula , 

Y - Y = b (X - X) ( Snedecor & Cochran , 1 97 2 )  

This  example is expressed graphically in Appendix 2 . 3 . 

Using the construc ted standard curve , penic illin concentrat ion 
A 

(Y)  in CF samples  was estimated . 
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APPENDIX 2 . 3  

1 .0 

c 
.2 -
G 0 .. -C II U C 0 U 

� 
:2 c II Q. 

0 
or 
.2 

- 1 .0 
o 

-2.04-----------------�----------------�------------------�--------------r_------------� 
4 8 1 2  1 6  20 

zone of Inhibition (mm) 

A STANDARD CURVE USED TO PREDICT THE LOGI O PENICILLIN 
CONCENTRATION FOR AN OBSERVED ZONE OF INHIBITION 

24 



APPENDIX 2 . 4  

Sub s titute for conjunc t ival sac f luid 

Sodium chloride 

Potassium chloride 

Methyl cellulose 

B lood cells 

0 . 854 1 gram 

0 . 03 1 3 gram 

0 . 00 1 0  gram 

0 . 10  ml 

dissolved in distilled water to make 1 00 ml 

pH was adj usted 7 . 0  - 7 . 3  

( Thaysen & Thorn , 1 954 ; Pedersen , 1 9 7 3 ) . 

1 6 2  
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APPENDIX 2 . 5  

(A) Regression analys is of two series of  penicillin dilutions 

Penicillin dilution series were prepared in either distilled water 

or  CF subst itute . An example of two series of results obtained 

on a single assay plate is given below .  

Resul ts of the b ioassay when penic illin i s  dissolved in distilled 

water : 

Penicillin Zone of inhibi tion (nun) c oncentration 
(iu/ml ) Y X 

10 . 0  1 . 0  25 . 20 24 . 80 24 . 55 24 . 40 

5 . 0  . 6989 23 . 00 2 2 . 90 2 1 . 80 22 . 00 

1 . 0  0 1 8 . 1 5  1 6 . 90 1 7 . 70 1 7 . 50 

. 10 - 1 . 0  9 . 1 0  9 . 30 9 . 1 0  9 . 20 

. 083 - 1 . 0809 8 . 50 8 . 20 8 . 00 7 . 30 

Results of the b ioassay when penicillin i s  dis solved in the 

conjunctival sac f luid substitute : 

Penicillin Zone of  inhibit ion (nun) 
c oncentration 

(IU/ml ) Y X 

1 0 . 0 1 24 . 25 2 3 . 90 24 . 45 24 . 00 

5 . 0  . 6 989 2 1 . 46 2 2 . 75 22 . 1 5 2 1 . 60 

1 . 0  0 1 7 . 50 1 7 . 50 1 7 . 50 1 7 . 20 

. 10 - 1 . 0  9 . 0  9 . 1 5  9 . 1 0  

. 083 - 1 . 0809 8 . 0  7 . 9  8 . 05 7 . 60 

The regression l ines for each series , r epresenting the relationship 
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b etween penicillin concentration and zone o f  inhibition were 

calculated using the following formulae ( Snedecor & Cochran , 1 97 2 ) . 

IX 2  IX2 

I y 2 Iy2 

Ixy = IXY 

( LX) 2 

n 

( I Y) 2 
n 

IX.  IY 
n 

where X zone of  inhibi t ion (rom) 

Y = log l o  penicillin concentration ( iu /ml) 

(B) Analys is of variance of each regression l ine 

The following tab le is an example of  calculations used in testing 

the signif icance of  the regres sion equation and its  l inearity . 

S ource of variance df S S  MS F Signif icance 

Original 1 9  922 . 807  

due to regression 1 562 . 5 74 5  562 . 574 {B2 ) 
( slope) 

deviat ion from regression 1 8  
(scatter about line) 

df = degrees of freedom 

5 . 4 36 2  . 3020 { S2 ) 

S S  = sum of  square deviation from regression 

MS mean square deviation from regression 

S2 error variance about the l ine 

The ratio B2 / S2 (F value) tests the nul l  hypothesis ; 

1862  * *  

( i . e .  dependence of inhibitory zones upon penicillin concen tration . 

Thus 13 = 0 ) . The F value rej ects the null hypothesis (P < . 0 1 )  

and confirms the dependence o f  Y upon X .  
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(C)  Comparison of two regression lines 

The f ollowing is an example of values that were used to determine 

the s ignificance of difference between dose-response curves 

derived from two penicillin dilution series made up in different 

solvents . 

deviation 

Source of from regress ion 

variance d f  �X2 �xy �y 2 b df SS 

penicillin in 
distilled 1 9  1 4 . 5 1 1 1  1 1 5 . 3779  922 . 80 7  7 . 95 1 8  5 . 4 362 
water 

penicillin in 
CF substitute 1 8  1 3 . 6 1 26 105 . 3788 820 . 6 1 2  7 . 74 1 7  4 . 8464 

for individual 
regression 35 1 0 . 2826 
l ines 

for the common 
regression 37  2 8 . 1237  220 . 7567  1 74 3 . 4 1 9 7 . 85 36 10 . 59 1 5  
l ine 

difference 
between slopes 

b regression coeffic ient 

df = degrees o f  freedom 

5S = sums of  squares 

MS mean squares 

1 . 3089 

1 .  OS 14  (NS) 

The hypothesis  that there is no dif ference between the slopes  for 

the two penic i l l in dilut ion series was upheld . 

MS 

. 3020 

. 2551  

. 29 38B 

. 2942 



1 6 6  

APPENDIX 2 . 6  

EXAMPLES OF STANDARD ERRORS OF SOME PREDICTED PENICILLIN CONCENTRATIONS 

OBTAINED USING THE BIOASSAY TECHNIQUE 

X - X S].l X - X S].l X - X S].l 

Treatment 1 0 . 1 Treatment 1 1 . 1 Treatment 1 2 . 3  

. 4235 . 1 5 1 5  . 4442 . 1 644 . 3938 . 1 323  

. 3582 . 1 32 7  . 35 1 0  . 1 36 1 . 34 7 9  . 1 200 

. 2 393 . 1008 . 3474  . 1 350 . 32 10 . 1 1 29 

. 2 1 1 3 . 094 1 . 2458 . 1063  . 2 379  . 09 2 1  

. 0843 . 07 0 1  . 1 94 1 . 0932  - . 1476  . 07 2 8  

. 0033 . 00 1 1 . 1 293 . 07 9 3  .• 1 807 . 07 9 3  

. 02 18 . 0650 . 106 1 . 0752  . 1 885 . 08 1 0  

. 0 1 l l . 0647  . 0 1 5 7  . 06 6 3  - . 1 526 . 07 37 
- . 1 0 1 8  . 06 5 2  

. 0094 . 05 7 5  
-0 . 0770  . 0620 

Treatment 1 0 . 2 Treatment 1 1 . 2  - . 0647  . 0607 

. 4474  . 16 2 7  . 4404 . 16 2 8  
. 050 1 . 0594 

. 3227  . 1 2 7 7  . 3305 . 1 2 9 7  

. 2 1 4 1  . 1 007 . 2432 . 1055  
- . 006 3 - . 0728  - . 0538 . 0685  

. 0789 . 07 1 3  

Treatment 1 2 . 2 Treatment 1 2 . 1 

. 4296 . 1 503  . 4 1 50 . 1549 

. 354 1 . 1 284 . 374 1 . 1 424  

. 29 32 . 1 l 1 4 . 3 1 32 . 1 243  

. 06 38 . 06 2 8  . 1 1 98 . 0759  
. 07 1 2  . 0685  
. 0 107  . 0642  

- . 0372  . 06 5 3  
- . 0992  . 0724  

X - X = deviation f rom mean (x) 
A A 

S].l sample standard deviation .of Y as an estimate 
(standard error of predic ted penicillin concentration) 
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APPENDIX 4 . 1 

Degree of correlation between penicillin d ilution factor and 

the diameter of  the inhibitory zone ; when dilutions were 

prepared either in dis ti lled water or Heart Infusion Broth . 

Source of difference Coefficient of F df Signif icance 
plate identity /diluent determination 

(r2 ) 

2 1 /3 dw . 9952 50 1 : 1 4 * *  

24/3  dw . 9943 90 1 :  1 3  * *  

27/3  dw . 9848 48 1 : 10 * *  

2 1 / 3  HIB . 9899 267 1 : 26 * *  

24/3 HIB . 9947 320 1 : 26 * *  

27/3  HIB . 9950 1 5 9  1 : 1 8 * *  

27/3  HIB . 9951  2 34 1 : 22 * *  

dw dist illed water 

HIB Heart Infusion Broth 

df degrees of freedom 
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APPENDIX 4 . 2  

Confirmat ion of penic illin s tab ility after overnight incubat ion 

in Heart Infusion Broth 

Source of dif ference 
plate identity/diluent 

2 1 / 3  dw 

2 1 / 3  HIB (fresh) 

24/ 3  dw 

24 / 3  HIB �after 
. 1ncubat 10n) 

27/3  dw 

2 7 / 3  HIB �after 
. 1ncubat 1on) 

27/3  HIB ( fresh) 

27/3  dw ( fresh) 

d (after wincubation) 

dw dis t i l led water 

Regression 
coef f icient 

(±  se)  

. 1 224 
(± . 0329)  } 
. 1 285 
(± . 00 1 6 )  

. 1 1 4 1  } ( ± . 0242)  

. 1 1 6 3  
(± . 0 1 29 )  

. 1 269 
( ± . 0374)  

. 1 1 6 7  } 
(± . 0 1 85 )  

. 1 307 
( ± . 0 1 70)  

. 1 253 
(± . 025 1 )  } 
. 1 1 83 
( ± . 0 1 4 3) 

HIB Heart Infusion Broth 

se standard error 

df  degrees o f  freedom 

F df Signif icance 

1 .  0294 1 : 40 NS 

0 . 2 3 1 9  1 : 39 NS 

0 . 4844 _ 2 : 50 NS 

0 . 53 18  1 : 40 NS 



APPENDIX 5 . 1 

COMPARTMENT MODELS USED TO CALCULATE DISPOSITION KINETICS 
OF PENICILLIN IN BOVINE SERUM . 

Treatment 1 :  Sodium benzyl penicillin ( 20 , 000 iu/kg) I . V .  

The two compartment open model was used t o  evaluate intravenous 

administration of  sodium benzyl penicillin , using the method 

described by Baggot ( 1 9 7 7 ) . The drug c oncentration ( iu/ml) 

1 6 9  

i n  serum i s  expressed as a funct ion of t ime according to the equation 

where B 

A 

B 

a 

e 

c 
p 

-at 
= Ae 

_ Dt 
+ Be I-' 

intercept of back extrapolated 

int ercept of back extrapolated 

s lope o f  elimination phase 

slope of  distribution phase 

base of natural logarithm On )  

slope of elimination phase 

slope of  distribut ion phase 

Iterative linear regression lines were then calculated starting f rom 

the terminal phase of eliminat ion , using the equation 

Y = a + bX 

where Y natural logarithm of penicillin concentration in serum ( iu/ml) 

and X t ime (hours)  

The l ine of best fit  for . .::. and !3hases( 
the highest F value , using the equation 

was selected based on 

(r-2)  r2 
F = 

(MacDiarmid , pers •. conun . ) 
(1 -r 2 ) 

where r coeff icient o f  correlation . 

The residual data points representing the distribution phase , were 

obtained by the f eathering technique (Baggot , 1 9 7 7 ) . Thereafter the 



'. 

1 70 

following disposition kinetics were calculated ; 

a )  the distribut ion rate constant ( from peripheral to central compartment) , 

A S  + Ba 
A+B 

b )  The eliminat ion rate constant , 

as  
k2 1  

(Baggot , 1 9 7 7 )  

(Baggot , 1 9 7 7 )  

c )  The distribut ion rate constant ( from central to peripheral 

compartment) , 

k 1 2  = a + S - k2 1 - Kel (Baggot , 1 9 7 7 )  

d )  The half-life o f  a drug , which is the t ime taken f o r  the serum 

concentration of a drug to dec line by 50% during the eliminat ion phase 

ln 2 -S-

(Baggot ,  1 9 7 7 )  

e )  The apparent volume o f  distribut ion , which is hypothetical value 

defined as the volume of body water required to contain the amount 

of drug in the b ody if it were uriiformly present in the same 

concentrat ion in which it is in the blood (Gibaldi et al , 1 96 9 ;  

Notari , 1 97 3 ;  Baggot , 1 977 ; Curry , 1 9 7 7 )  at any t ime after 

distribution equilibrium has been attained . 

Vd 
dose (I . V. ) kel 

CO = A + B 
P 

S . C o 
p 

Treatment 2 :  Procaine penicillin ( 20 , 000 iU/kg) I . M.  

A two compartment open model was used to evaluate the use of 

proc�ine pen ic illin administered by the intramuscular 
" 

route • . The .. . . ab
. sorption and e limination h· . ,"ere ] -� 

p ases _ ea .cula ted 
according to the method used previously o 

., . .... .. _ .  -- ....... --�. � - ..... _ .  

. '�' '" 
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The absorpt ion rate cons tant , 

kab s lope of the regression l ine which represents 

the absorp tion phase (Ritsche l ,  1 976) . 

Trea tments 3 & 4 :  Penethamate hydriodide ( 20 , 000 iu/kg) 

The single compartment open model following extravascular 

1 7 1  

administration (Ritschel , 1 976)  was used t o  describe the disposit ion 

kinet ics  of penethamate hydriodide inj ected by the intramuscular or 

subcutaneous route . 

The drug concentrat ion in serum as a func tion of t ime was expressed as , 

c p 
c o  

P 

= Be 

B 

- 8t ( Baggot , 1 9 7 7 )  

(Ritschel , 1 976)  

As  penethamate hydriodide is a highly l ip id soluble ester of  

penicillin , only two phases namely , absorp tion and elimination phases 

can be  defined . The method involved in calculating the eliminat ion 

phase was the same as that used for Treatment 1 .  The regression 

l ine calculated from res idual data points represents the absorption 

phase , the s lope of which represent s the absorption rate constant 



APPENDIX 5 . 2  

THE CORRELATION BETWEEN PENICILLIN CONCENTRATION IN CONJUNCTIVAL 
SAC FLUID WITH TIME , AFTER DIFFERENT SYSTEMIC TREATMENTS 

1 7 2  

Treatment/ 
animals/eyes 

Coefficient of 
determinat ion F ratio df Signif icance 

sodium benzyl penicillin , 20 , 000 iu/kg ( I . V . ) 

38J (R) 

38J (L) 

78J (R) 

7 8J (L) 

40J (R) 

40J (L) 

70J (R) 

70J(L)  

. 9368 

. 9547 

. 9645 

. 9 1 22 

. 9038 

. 8438 

. 68 1 3  

. 6606 

procaine penicillin ,  20 , 000 iu/kg ( I . M. ) 

total dosage at a single site 

70F (R) 

70F (L) 

40J (R) 

40J (L) 

. 8488 

. 9984 

. 8488 

. 9983 

d ivided dosage ( two sites ) : 

40J (R) 

40J (L) 

. 8 1 36 

. 7586 

89 

1 26 

1 36 

6 2  

65  

22  

1 2  

1 7  

57  

3030 

1 1  

4000 

10  

29  

1 :  6 

1 : 6 

1 : 5  

1 : 5  

1 : 6  

1 : 3  

1 :  8 

1 : 6  

1 : 2  

1 : 3  

1 :  3 

1 : 3  

1 : 6  

1 : 6  

** 

** 

** 

** 

** 

* 

** 

** 

* 

* *  

** 

** 

* 

** 
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Appendix 5 . 2 c ontinued 

Treatment/ Coef f ic ient of F rat io df Significance animals/ eyes determination 

Eenethamate h�driodide , 20 , 000 iu/kg ( I . M . ) 

40J (R) . 36 7 2  9 1 : 1 3 * 

40J (L) . 260 1 5 1 :  1 3  * 

70F (R) . 7 983  2 1  1 : 1 0 * *  

70F(L) . 6 10 3  5 3  1 :  1 1  * *  

78J (R) . 6432 1 1  1 : 5  * 

78J (L) . 6432  1 1  1 : 5  * 

7 9J (R) . 8987 5 3  1 :  5 ** 

7 9J (L) . 9 370 58 1 :  4 * *  

38J (R) . 5837  1 8  1 :  6 ** 

38J (L) . 76 1 8  1 6  1 :  6 ** 

Eenethamate h�driodide , 20 , 000 iu/kg ( S . C t )  

40J (R) . 7002 1 4  1 : 5  * 

40J (L) . 8755  1 9  1 : 6  ** 

70J (R) . 6 754 1 0  1 : 6  * 

70J (L) . 7 508 45 1 : 6 * *  

7 9J (R) . 6 8 5 1  1 6  1 : 9 * *  

79J (L) . 8254 25 1 : 9  * *  

78J (R) . 66 1 0  2 1  1 :  6 ** 

78J (L) . 7 32 7  1 5  1 : 6 ** 

36J (R) . 5069 1 1  1 :  9 ** 

36J (L) . 8208 35 1 :  9 ** 

Eenethamate h�dr iodide , 1 0 , 000 iu/kg ( I . M . ) 

40J (R) . 8 100 30 1 :  6 ** 

40J (L) . 6 336 1 4  1 : 7  * *  

79J (R) . 9980 1 2 9  1 :  3 ** 

7 9J (L) . 8593  18  1 :  3 * 

78J (R) . 8 308 22 1 : 3  * 

78J (L) . 6034 6 1  1 : 3  ** 

36J (R) . 9 1 9 7  2 3  1 : 2  * 

36J (L) . 96 8 3  1 4 9  1 :  3 * *  
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APPENDIX 5 .  3 

HOMOGENEITY OF REGRESSION LINES DERIVED FROM DIFFERENT 
ANIMALS WHICH RECEIVED THE SAME SYSTEMIC TREATMENT 

Treatment/ Regression 95%  confidence 
animal identity coeff icient l imits :  tSb 

s odium benzyl Eenicillin ,  20 , 000 iu/kg (L V .  ) 

38J (R) - . 3990 ± . 1 1 74 

38J (L ) - . 3500 ± . 0763  

78J (R) - . 3460 ± . 0764 

7 8J (L) - . 3980 ± . 1 296 

40J (R) - . 34 1 0  ± . 1 028 

40J (L) - . 2390 ± . 16 39 

70J (R) - . 25 1 8  ± . 1 404 

70J (L) - . 2689 ± . 0862 

Erocaine Eenic i llin ,  20 , 000 iu/kg ( L M .  ) 

total dosage at a s ingle site : 

70F (R) - . 0260 

70F (L) - . 0 3 10 

40J (R) - . 0400 

40J (L) - . 0270  

divided dosage at  two sites : 

40J (R) 

40J (L) 

- . 0380 

- . 04 20 

± . 0200 

± . 0280 

± . 0 1 4 9  

± . 0 1 5 3  

± . 0940 

± . 0040 

Signif icance of 
difference 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 
7 F S l  = 0 . 6 1 32 (NS) 

NS 

NS 

NS 

NS 

F r s = 0 . 7836 (NS) 

NS 

NS 
1 F 1 2 = 1 .  222 (NS) 
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Appendix 5 . 3  c ont inued 

Treatment/ Regression 95% conf idence Significance o f  
animal identity coef fic ient limi t s : tSb difference 

Eenethamate hydriodide . 20 , 000 iu/kg ( 1 0 M . ) 

40J (R) - . 02 1 5  ± . 0 1 58 NS 

40J (L) - . 0 1 58 ± . 0 1 5 8  NS 

70F (R) - . 0 140 ± . 0 1 07 NS 

70F (L) - . 0340 ± . 02 6 9  NS 

78J (R) - . 0222 ± . 0078  NS 

78J (L) - . 0 1 60 ± . 0058 NS 

79J (R) - . 0398 ± . 0 1 33 NS 

79J (L) - . 0297  ± . 0 1 4 9  NS 

38J (R) - . 0 1 4 3  ± . 0 108  NS 

38J (L) - . 0 1 8 1  ± . 0 1 1 3  NS 9 
F a  2 = 1 .  7 206 (NS) 

Eenethamate hydriodide , 20 , 000 iu/kg ( S . C t )  

40J(R) - . 02 7 1  ± . 0204 NS 

40J(L) - . 0403 ± . 0 1 4 1  NS 

70J(R) - . 024 1 ± . 0 1 54 NS 

70J(L)  - . 0320 ± . 0 1 84 NS 

79J(R) - . 0 2 1 7  ± . 0 1 1 1  NS 

79J(L)  - . 0 1 7 7  ± . 00 6 1 NS 

78J(R) - . 0 1 44 ± . 00 1 9  NS 

78J(L) - . 0 1 70 ± . 0 1 1 3  NS 

36J (R) - . 0 1 96 ± . 0 1 39 NS 

36J (L) - . 0 1 06 ± . 0067  NS 
9 

Fa l = 1 . 3 1 6 5 (NS)  

penethamate hydriodide , 1 0 , 000 iu/kg ( 1 0 M .  ) 

40J (R) - . 0474  ± . 02 10 NS 
40J (L) - . 0266 ± . 0 1 70 NS 
79J (R) - . 0685 ± . 0020 NS 
7 9J (L) - . 0650 ± . 04 26 NS 
78J (R) - . 0639  ± . 05 30 NS 
78J (L) - . 0637  ± . 09 2 1  NS 
36J (R) - . 0560 ± . 0500 NS 
36J (L) - . 05 7 9  ± . 0 1 50 NS 

7 
F 3 0 = 1 .  3965 (NS) 



APPENDIX 6 . 1  

THE CORRELATION BETWEEN PENICILLIN CONCENTRATION IN CONJUNCTIVAL 
SAC FLUID WITH TIME , AFTER SUBCONJUNCTIVAL INJECTIONS OF PROCAINE 
PENICILLIN 

Treatments /  Coefficient of F ratio df S igni ficance animals/eyes correlation 

6 x 1U  5 iu through skin 

40J (R) - . 8228 20 . 96 1 : 9 * *  

40J (L) - . 9295 6 3 . 57  1 : 9 * *  

79J (R) - . 9660 1 8 1 . 69  1 : 1 2 ** 

7 9J (L) - . 7 9 6 3  22 . 52 1 : 1 2 ** 

78J (R) - . 8845 32 . 35 1 : 8  ** 

6 x 10 5 iu through conjunc tiva 

40J (R) - . 786 3 25 . 92 1 : 1 5 ** 

36J (L) - . 9595 92 . 78 1 : 7 * *  

79J (L) - . 9 7 74 64 . 24 1 : 2  * 

78J (R) - . 994 1 5 86 . 2 3 1 : 6 * *  

7 9J (L) - . 9768  1 25 . 02 1 : 5 * *  

3 x 10 5 iu through conjunctiva 

40J (L) - . 7 38 5  7 2 . 38 1 : 2 * 

79J (R) - . 98 3 1  1 1 5 . 46 1 : 3  ** 

7 9J (L) - . 99 1 3  226 . 95 1 : 3  ** 

78J (R) - . 9 376  4 3 . 64 1 : 5 * *  

78J (L) - . 9536 50 . 14 1 : 3 ' ** 

1 76 
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APPENDIX 6 . 2 

HOMOGENEITY OF REGRESSION LINES DERIVED FROM DIFFERENT EYES WHICH 
RECEIVED SIMILAR SUBCONJUNCTIVAL INJECTIONS 

Source of difference Regression 95% confidence Significance of  
animals /eyes coefficient l imits : tSb difference 

6 x 10 5 iu through skin 

40J (R) - . 029 . 0 1 5  N S  

40J (L) - . 028 . 008 NS 

7 9J (R) - . 02 1  . 003 NS 

7 9J (L) - . 02 1  . 009 NS 

78J (R) - . 030 . 0 1 2  N S  
l+ 

F s 0 = 1 . 0 1 5 3 (NS) 

6 x 10 5 iu through conjunct iva 

40J (R) - . 040 . 0 1 7  N S  

36J (L) - . 048 . 0 1 2  NS 

7 9J (L) - . 058 . 03 1  NS 

78J (R) - . 04 3  . 004 NS 

78J (L) - . 039 . 009 NS 
l+ 

F 3 S  = 0 . 7 359 (NS) 

3 x 1 0 5  iu through conjunct iva 

40J (L) - . 07 3  . 0 37 NS 

7 9J (R) - . 045 . 0 1 3  NS 

7 9J (L) - . 04 1  . 009 NS 

7 8J (R) - . 050 . 0 1 9  NS 

7 8J (L) - . 05 1  . 020 NS 
l+ 

= 0 . 4043 (NS) F 1 7  



APPENDIX 7 .  1 

THE CORRELATION BETWEEN PENICILLIN CONCENTRATION IN CONJUNCTIVAL 
SAC FLUID WITH TIME , AFTER TOPICAL TREATMENT . 

Treatment / 
animals /eyes 

Coeffic ient of 
correlation 

sodium benzyl Eenicillin 

/5 , 000 iu/water 

94F (L) - . 9381  

36J (R) - . 96 18 

76F (R) - . 9400 

58F (L) - . 9937 

40J (R) - . 9998 

sodium benzyl Eenicillin 

/5 , 000 iu/ointment 

58F (R) - . 9503 

40J (R) - . 9504 

94F(L) - . 9 1 52 

36J (L) - . 9 335 

76F(R) - . 8 995 

procaine Eenicillin 

/5 , 000 iu/ ointment 

94F (L) - . 9853 

58F (R) - . 9838 

36J (R) _ . 9 9 1 9  

40J (R) _ . 8764 

76F (L) - . 8785 

benethamine Eenicillin 

/5 , 000 iu/o intment 

94F (R) - . 9 7 1 0  

58F (L) - . 9548 

40J (R) - . 9868 

76F (L) - . 9409 

F ratio df Significance 

2 2 . 0 1  1 :  2 * 

6 1 . 69 1 :  4 ** 

37 . 94 1 :  4 ** 

3 1 6 . 57 1 :  3 ** 

8 265 . 82 1 :  2 * *  

37 . 25 1 :  3 * *  

65 . 30 1 :  6 ** 

36 . 1 1 1 :  6 * *  

20. 32 1 :  2 * 

2 1 .  2 1  1 :  4 * 

100 . 00 1 :  2 ** 

1 20 . 78 1 :  3 ** 

1 83 . 32 1 :  2 * *  

2 3 . 1 9 1 :  6 * *  

20 . 30 1 : 5  ** 

49 . 52 1 :  2 * 

7 2 . 30 1 : 6  ** 

1 85 . 02 1 : 4  ** 

6 2 . 92 1 :  6 ** 

1 7 8  
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APPENDIX 7 . 2  

HOMOGENEITY OF REGRESSION LINES DERIVED FROM DIFFERENT EYES 
WHICH RECEIVED SAME TOPICAL INSTILLATIONS OF 5 , 000 iu PENICILLIN 

Treatment/  Regression 95% conf idence Signif icance 
animals/eyes coef ficient limits :  tSb of  difference 

Sodium benzyl Eenicillin 

O . lml water 

94F (L) - . 2 1 5 1  . 1 975 NS 

36J (R) - . 1 744 . 06 16 NS 

76F (R) - . 1087 . 0489 NS 

58F (L) - . 1 809 . 0325 NS 

40J (R) - . 1 529 . 0073  NS  
4 F 1 5 = 2 . 5096 (NS ) 

Sodium benzyl Eenicillin 

0 . 03gm o intment 

58F (R) - . 0458 . 02 38 NS 

40J (R) - . 0454 . 0 1 37 NS 

94F (L) - . 0549 . 0223 NS 

36J (L) - . 0442 . 0422 NS 

76F (R) - . 0354 . 02 14  NS 
4 F 2 1 = . 82 1 6 (NS) 

Procaine Eenic illin 

0 . 03gm o intment 

94F(L) - . 07 1 5  . 0310  NS  

58F (R) - . 0591  . 0 1 7 2  N S  

36J (R) - . 0769 . 0244 NS 

40J (R) - . 0423 . 02 1 5 NS 

76F (L) - . 04 33 . 0604 NS 

Fi e = 1 . 4 1 1 (NS) 

Benethamine Eenicillin 

0 . 03gm o intment 

94F (R) - . 04 34 . 0 1 96 NS 

58F (L) - . 0270 . 0075 NS 

40J (R) - . 0403 . 0076 NS 

76F (L) - . 0342 . 0099 NS 
3 F 1 8  = 1 .  7 924 (NS) 
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